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PROPOSAL 

We propose to investigate the net effect of the Danskammer 

facility in respect to the plankton populations that actually paea 

through the plant. Our operating null hypothesis is: "There are no 

significant differences between plankton populations taken at 

incurrent stations and populations taken at excurrant stations in 

terms of population numbers and population diversity." 

We also propose to investigate a time effect by incubating 

incurrent and excurrent plankton samples in specially designed "river 

incubating chambers" for periods of twenty-four hours, forty-eight 

hours and ninty-six hours for subsequent population analysis. 

We also propose to investigate possible chemical changes in the 

water as it passes through the generating facility using approved 

field techniques. 

The use of· the "river incubating chambers" seems to be a unique 

innovation in the study of thermal effects on populations of plankton 

The chambers will permit a free interchange of gases and liquids in 

the natural river environment, yet maintain a barrier to plankton 

gains or losses from outside the chamber. 

In add~tion to the research objectives, we propose the following 

educational objectives as a part of the grant proposal: 

1. Utilize first year students enrolled in the Natural Resource 

Conservation Curriculum at Dutchess Community College. This study 

will provide the students an opportunity to refine skills in identi

fication and sampling techniques as well as providing an opportunity 

to earn funds to continue their education. 
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2. Utilize summer session students enrolled in field-oriented 

courses as an educational.technique for instruction. ~rlpntiL~~Q~inn 

and analysis of plankton populations. 

Laboratory space and supplementary equipment will be provided by 

Dutchess Community College upon approval of President James F. Hall. 

Equipro~nt and references acquired as a part of the research grant 

will become the property of Dutchess Co~~unity College at the end of 

the grant period. 

A statistician will be hired on a consulting basis to establish 

a statistical basis for population sampling schedules and counting 

techniques. The statistician will alsc meet with other research 

groups on the Hudson River to assess their methods of data handling. 

Analysis of the data will be done by computer programs already 

available. 

The principal investigators will be responsible for publication 

and distribution of copies of the final report to the advisory 

committee and to Central Hudson Gas and Electric Corporation. 
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OBJECTIVES AND TASKS 

Overall objective: To determine the differences in chemical. 

physical, and biotic characteristics of water passing through 

the Danskammer generating facility. 

Objective 1: To determine the differences in chemical 

characteristics. 

Task A. Collect samples at incurrent and excurrent stations. 

" 

" 

II 

.. 

II 

II 

" 

.. 

B. Determine (with pH field meter and/or field kits) 
the pH of water at collection stations. 

C. Determine the level of dissolved oxygen (with D.O. 
meter or field test kits} of the water at collection 
stations. 

D. Determine residual chlorine level of the water at 
the collection stations. 

E. Determine chlorine ion concentration 
from water at collection pOints. (Performed in 
laboratory) . 

F. Determine total phosphate ion concentration from 
water at collection points. (Performed in laboratory). 

G. Determine total nitrate ion concentration from water 
at collection points. (Performed in laboratory). 

H. Determine oxygen demand index (ODI) from water at 
collection points. (Performed in laboratory). 

I. De"termine hardness from water taken at', collection 
points~ (~erformed in laboratory). 

Objective 2: TO determine the differences in certain physical 
characteristics from water at the sampling stati?ns. 

-Task A. Determine turbidity using Secchi disc and colorimetric 
method~ from water at the sampling points. 

.. B. Determine temperatures and temperature fluctuations in 
water at the sampling points. 
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Objective 3: To determine differences in the biotic character
istics from water samples taken at the sampling 
stations •. 

Task A. Collect 3 liter samples at 1 meter depth with Kemerer 
sampler from each sampling station. 

.. 

II 

II 

B. Place 1 liter of each sample into incubating chambers 
and incubate in river at ambient conditions.for: 

24 hrs. 

48 hrs. 

96 hrs. 

c. Return 1 liter of each sample to laboratory for 
immediate .analysis (time - 0 hrs. incubation). 
Using Sedgewick-Rafter method for concentration 
and analyzing with use of Sedgewick-Rafter and 
Palmer counting cells. 

D. Identify organisms found in each sample and 
record species and numbers of each type. 

Objective 4: Analysis of data •. 

Task Ao Preparation of species list from samples taken at 
each station. 

II 

II 

B. Statistical analysis for determination of significant 
differences in numbers of ·each species and for 
numbers of species collected from each station. 

c. Statistical treatment to determine correlation 
coeffeci~nts of significant species with physical 
and chemical parameters measured. 
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INTRODUCTION 

Studies of the effects ~f thermal discharges on aquatic eco

systems are proliferating nearly as fast as the power generating 

facilities that produce the major portion of the thermal discharges. 

Reviews of the literature on thermal effects demons,trate the bur

geoning scientific inquiry on a world-wide basis (Coutant and 

Goody~ar, 1971). The studies fall generally into two major cate

gories; laboratory tests of thermal effects on individual species 

or broad-based field surveys that encompass a multitude of parameters 

and interrelationships (Coutant." 1972). The latter often results in 

data of such complexity that many primary concerns are not clearly or 

adequately demonstrated. 

Normally the direction of these field inves tiga tions is tot-lard 

the acsessment of the impact of heated 'llater on the total aquatic 

environment, rather than analyses of specific ecosystem compartments 

(Brezina, 1970; Cairns, 1971; Hechte1, 1970; Merriman, 1970; 

Normandeau, 1970; Whitehouse, 1971 and Williams, 1971). These studies 

often present evidence of ecosystem change, but not at significant 

levels or not attributable to thermal discharges. However, the inves

tigators suggest that cooling devices be employed to minimize the 

potential ecological effects of heated discharge waters. 

Other investigators, such as Castenholz (1969), Cairns (1969, 

1970), Moll (1971), Morgan and Stross (1969) and Patrick (1971), have 

limited their inquiries to specific population compartments within 

'the aquatic ecosystem and-have cited significant differences within 



those compartments that can be attributed to thermal discharges. 

Individual population studies do produce less complex data that 

can and does demonstrate significant changes. 

2 

A third area of investigation, entrainment effects, is beginning 

to appear in the literature, but in limited numbers (Cairns, 1971). 

These studies make an effort to determine the effects on water and 

its biological inclusions produced by·~assage through high tempera

ture zones in the steam-electric generating facilities. As larger 

and larger volumes of fresh water will be used for cooling waters in 

the future, we must begin to examine more critically the passage or 

entrainment effects. Singer (1968) estimates that one quarter of the 

nation's available freshwater will pass daily through cooling devices 

for steam electric generating plants by 1985 .. 'l'his incredibly large 

use of water can .have a serious effect on all aquatic ecosystems if 

entrainment does cause significant changes in the physical, chemical 

and/or biological characteristics of the cooling water. 

In an effort to elucidate some of the aspects of entrainment 

effects, a seven week study was conducted .at the Danskammer steam 

electric generating plant. This fossil-fueled 532 rnegmoJatt facility 

is owned and operated by Central Hudson Gas and Electric Corporation. 

The plant is located 65.1 miles north of the Battery on the west bank 

of the Hudson River, near the community of Roseton, New York. (cf. 

Figure 1) The plant uses Hudson River water for cooling purposes 

and returns the discharge directly to the river. (cf. Figure 2) A 

previous study carried out in this area by Feldman (1971) was useful 

in the desigh and implementation of thi~ study. 
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The primary thrust of the study was to investigate plankton 

communities found in samples taken directly from intake and dis

charge waters at the Danskammer plant. Samples were examined in 

respect to population numbers and species diversity. 
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Measurements of selected physical and chemical characteristics 

of influent and effluent waters were also recorded in an effort to 

correlate these parameters with biological data. 

~ time effect was also incorporated into the study through 

incubation of intake and discharge samples in specially designed 

IIriver incubating chambers. II Samples .were incubated for periods of 

twenty-four hours, forty-eight hours and ninety-six hours at ambient 

river conditions. The plankton populations in the samples were ana

lyzed following the incubation period. 

The study sought to define potential plankton species that were 

apparently less tolerant of the sudden increased temperatures experi

enced during the four minute entrainment period. Less heat-tolerant 

.species t·JOU Id provide future entra inment. inves tiga tions with potentia 1 

bioassay information in respect to intensity of heat in high temper

ature zones o In effect, they would provide clues that would demon

strate the highest temperature during the entrainment period, rather 

than temperatures recorded at discharge points. 

The research also added to the baseline data produced by pr~vious 

surveys of the Danskammer - Roseton area of the Hudson River. This 

may be particularly important in view of the construction of the 1200 

megawatt Hoseton generating facility which is approximately one half 

mile downriver of the Danskammer plant. The new plant, soon to be 
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in fUll operation, will add to the existing thermal load of the 

Hudson River in this area. It is possible that Danskammer dis

charge waters may elevate temperatures of intake waters for the 

Roseton plant, thereby causing subsequent problems at discharge. 

Existing baseline data may help to demonstrate a threshold tempera

ture in the Hudson River that cannot be exceeded without significant 

changes to the ecosystem • 

. Students enrolled in the Natural Resources Conservation Program 

at Dutchess Community College, Poughkeepsie, New York., were employed 

as field and laboratory technicians. The students were able to refine 

skills in identification and sampling techniques while earning the 

necessary funds to continue their education in environmental sciences. 

This research project was funded through a $13,250 research 

grant from Central Hudson Gas and Electric Corporation. Laboratory 

facilities and materials were provided through the cooperation of 

Dutchess Community College. 

METHODS AND 1YLATERIALS 

Sampling Technioues 

Intake samples were collected using a Millipore 1/6 horsepower 

vacuum pump connected through a vacuum flask to clean glass-collecting 

conta inel's. A one-quarter i.nch, weighted, rubber hos e from the 

coll~cting container was immersed in the incurrent channel. The 

sample site was on a bridge apprOXimately 150 feet upstream of the 

traveling screens in front of the plant pumping machinery. Samples 

were taken at an average'depth'of 10-15 centimeters. At least a 

four liter sample was taken at this station for analysis. 
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Discharge samples were taken with similar apparatus, but with 

some modification of technique. Due to the high velocity and the 

subsequent turbulence of the discharge, it was impossible to use 

any flexible tubing for the collection. One-qua-rter inch steel 

collecting pipes were imbedded in the plant's discharge pipes, so 

that samples could be taken directly from the effluent waters before 

the discharge had an opportunity to mix with other waters in the 

river. The collecting pipes were designed by the authors and 

installed by Central Hudson personnel at the Danskammer station. 

The Millipore pump with the vacuum flask was attached to the steel 

pipes and samples were taken in the glass-collecting containers as 

in the intake samples. It was necessary to draw off several liters 

of water prior to sampling in order to eliminate rust and other 

sediments accumulated in the steel pipes between sampling sessions. 

Chemical and Physical Measurements 

1'Iater temperature vJas recorded daily at each sample site. 

Temperatures were taken using a Yellow Springs Instrument Company 

dissolved oxygen - temperature meter, Model 54. Temperatures were 

cross-checked, "Jith an inexpensive, battery-powered fishing ther

mometer. Both instrume~1ts gave similar readings in all tests .. 

Dissolved oxyg~n, in parts per million, was determined at each 

site by two-methods. A Hach Chemical Company dissolved oxygen 

field kit vJas employed daily at intake and discharge stations for 

the dissolved oxygen data. Frequently the results were verified-

-. 

'tvith th.e Y.S.I. dissolved oxygen - temperature meter, Model 54. 

DiffE:rences were infrequent between thetvlO methods and never exceeded 

0.5 ppm. 



The pH value of incurrent and excurrent samples were de

termined on .site employing a Hach Chemical Company pH Field Kit. 

Water samples were returned to the laboratory for further 

tests of physical and chemical parameters, including turbidity, 

total phosphate level, chloride level, and amount of residual 

chlorine. 
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Intake and discharge turbidity in Jackson Turbidity Units (JTU) 

was measured by colorimetric methods, employing the Hach Chemical 

Company Engineering Kit, Model DR-EL. and a Bausch and Lomb Spectronic 

20 colorimeter. 

Total phosphate levels in parts per million for each sample was 

determined by tests included in the Hach Chemical Company Engineering 

Kit. 

Chloride determinations in parts per million for each sample 

\,iere also accomplished with the Bach Engineering Kit. The ktt was 

also employed for the residual chlorine tests. 

The Hach material was selected so that data \'!Quld correspond 

with data from the previous study of the Danskammer area (Feldman, 

1971). 

Biological Measurements 

Population analysis of samples was accomplished through direct 

counts of organisms present and identified to genera from randomiy 

selected portions of. intake and discharge samples. 

The initial.one liter water.samples were separated into equal 

. portions with a Folsom Plankton Splitter assuring randomness in the 

sepnration process. 



Following separation, 500 mI. portions of the sample were 

concentrated to 10 mI. volumes using the sand filtration method 

defined in Standard Methods for the Examination of Water and 

'Vlastewater, 12th Edition. Filter discs in the funnel had a pore 

size of 64 microns. Frequently, samples contained excessive silt 

loads which forced a reduction in the amount of sample that could 

effectively be filtered. In those cases, the volumes filtered 

were reduced to 200 - 250 ml. 

Concentrated samples \vere transferred from the concentration 

funnel to 50 mi. beakers and subsequently transferred to 13 ml. 

glass vials. 

9 

A 0.1 mI. portion of the concentrated sample was pipetted into 

a Palmer· counting cell as described by Palmer (1962). Counts vJere 

done using standard, mechanical stage laboratory microscopes with 

lOX, IJ.3X and 97X objectives. The lOX ocular lenses were equipped 

\Ii i th a Whipple disc to define the count areas. 

Strip counts involving one-tenth of the volume of the Palmer 

cell were made and organism present in these strips were identi-

fied and recorded. A minimum of four separate strip counts per

formed by ai least two different individuals were made for each 

sample. The strip count results "Jere averaged for the determination 

of the number of organisms present per sample. 

Using the appropriate figures for concentration factors and 

sample volumes selected, the number of organisms per 100 mI. were 

calculated from the raw counts using the following formula: 

Number /lOOml. = Number counted x vol. filtrate x 10,000 
Vol. filtered 
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A scan of the entire Palmer cell was made following. each strip 

count to separately identify and record organisms not encountered 

on the strip counts. This was done to add additional specimens to 

the organism baseline data as well as to determine possible mechan

ical damage to larger organisms. 

Following the counting operation, the 10 mi. concentrated 

samples were preser.ved with 3 mI. of 40 percent formalin for 

pe·rmanent storage. 

Sample Incubation 

All samples to be incubated (intake and discharge samples for 

24, 48, and 96 hours) were placed in specially designed chambers 

immediately follo11Jing collection. The chambers were then fixed to a 

floating rack for incubation in the river. 

The inCUbation chaxbers were constructed from pyrex glass tubing, 

18.5 cm. long and 8.3 cm. in diameter. Total volume of the chamber 

was one liter. Each end of the cha~ber was covered by 40 micron mesh 

fiber glass pads, sand,,! iched bet''1een two layers of nylon plankton 

netting, number 25 rr.esh with 64 micron pore size. 

The floating rack was designed so six chambers would incubate 

in the river at a depth of 0.5 meters. The rack was located 

upriver from the incurrent channel of the Danskammer plant at a 

point approximately 25 meters from the shoreline. A Ryan Model D 

recording thermometer was attached to the incubation platform to 

monitor incubation temperatures. 

Operating Procedures 

One liter :i.ncurrent and excurrent samples ,~ere returned five 

days per week (Monday - Friday) to the laboratory for analysis. 
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This set of samples produced the 0 hour data and was used for the 

chemical and physical laboratory tests. 

Four times a week, a one liter sample from intake and discharge 

stations were incubated in the river chambers for 24 hours before 

they were returned to the laboratory for biological analysis. 

Twice a week, one liter incurrent and excurrent samples were 

incubated in the river chambers for 48 hours before they were 

returned to the laboratory for biological analysis. 

Once a week, one liter incurrent and excurrent samples were 

incubated in the river chambers for 96 hours before they were 

returned to the laboratory for biological analysis. 

Chemical and physical data was taken on site and in the 

laboratory daily from 0 hour samples. 

Data for grC?ss megmvatt output from each of Danskammer I s four 

turbines were determined by plant engineers at the plant's control 

room. The megawatt data was recorded closely as possible to the 

time of sampling. 

Air temperature was recorded daily at the sampling site using 

the Y.S.lo Model 54. 

Daily precipitation data was provided by the Federal Aviation 

Administration at the Dutchess County Airport. 

Tidal conditions during sampling were estimated visually at 

the site by the authors. 

The Ryan recording thermometer operated seven days per week, 

during the study peri~d, except during Tropical Storm Agnes, 

June 23-26 0 During the storm the equipment was removed from the 

river for its protection. 



The entire procedure was tested for one week prior to the 

recording of data to acquaint research personnel with all the 

operational techniques in collection and analysis. 

Statistical Analysis of Data 

12 

Data collected and recorded consisted of counts of all plankton 

samples collected on that day. Actual counts were converted to 

numbers of organisms per 100 mI. of water sampled and recorded on 

bench sheets and cumulative master sheets. Physical data taken each 

day were recorded in the same manner along with the gross megawatt 

output for the power plant. In addition to totals of organisms of 

each genera, other data \liere CD lculated from the counts and were 

recorded including total number of Cyanophyta, total numbers of 

Chlorophyta, total numbers of Chrysophyta~ total numbers of Phyto

plankton and total numbers of Zooplankto~. 

Data on pop~lations and physical - chemical factors were 

mainta~ned (as shown in-tables elsewhere in this report) with corre

sponding intake and discharge samples in parallel. Thus, ready 

references could be made to compare populations of each type of 

organism prior to and after entrainment through the cooling coils 

of the power plant. Number of genera in each category of organisms 

were also counted and recorded. _ The percentage of all samples in 

~hich each genus appeared is recorded with the genus in the species 

list. (cf. Appendix I) 

Analysis of the sample data, including correlations, graphs, 

st~tistical characteristics (p6pulationmean, median, mode, range, 

mean, deviation and sto.ndard deviation) 1,'Jere done on an IBlv1 Model 

360-65 computer. 
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Tests of significant differences in the populations were done 

using the Wilcoxon's signed ranks tests by one of the principal 

investigators (Barnett). This test of signed ranks was chosen as 

the statistical instrument for determination of significant 

differences betw~en incurrent and excurrent populatio~s for several 

reasons. In addition to its simplicity, it is especially useful for 

comparing matched sets of measurements, as represented by the samples 

in th~s study. It is also especially well-adapted for use when some 

of the differences in the varieties are negative values. The test 

is reputed by Langley (1968) to produce results, when twelve or more 

pairs of variates are used, comparable to the Student's T- test. 

Results were calculated and are given as p-values on the basis 

of a one-tailed test, since the investigators were primarily inter

ested in determining potential detrimental effects of entrainment. 

In other words, primary concern was 'with reductions in populations 

as they pass through the high temperature zones during entrainment. 

A?y positive differences from discharge v~lues minus intake values 

must be attributed to random variation in sampling, since it would 

be impossible for actual population growth to occur during the 

four m:Lnute entrainment period. 
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RESULTS AND DISCUSSION 

Physical and chemical data from intake and discharge stations 

fall within expected boundaries (cf. Data Table 1). It is reason

able to expect variations in both ~ater temperature and turbidity 

of a river as large as the Hudson. However~ it is apparent that 

both water temperature and turbidity were consistently increased 

as a result of entrainment. vlhile the increase in water temperature 

at effluent points is easily explained, the increased turbidity 

(mean increase of 5.97 JTU) is still a matter of conjecture. It is 

possible that the steel collecting pipes at the discharge station 

did contribute significantly to the increased levels of turbidity. 

Dissolved oxygen values show a range of two parts per million 

in the intake samples~ but exhibit a wider range (four parts per 

million) in the discharge samples. Also, the mean value for 

discharge samples is 0.46 ppm lower than the mean value for intake 

samples 0 Apparently, the entrainment does cause minor reductions 

in dissolved oxygen values. 

The pH values also show a greater range of values in the 

discharge samp1es, although the difference between the mean values 

is only 0.02. 

Phosphate values· do not show differences in levels between the 

intake and discharge samples. 



DATA TABLE 1 

Physical Parameters- Statistical Characteristics 

o Hour 

Variable r,1aximum Minimum Mean Mean Dev. 

Intake Water 
26.1 oC 18. 3 ~C 23.12 oC Tempe ra t u're 2.19 

Discharge l/Ja ter 
22.2

o
C 29.3OC Temperature 33.0oC 2.20 

Intake 
Turbid ity 54 16 36.{4 5.$4 

DischarGe 
T'.)y-bidity 65 20 41.71 6.76 

Intake pH 8 6.8 7.47 .12 

Discharge pH 3.5 6.2 7.49 .11 

Intake D/O 8 pPf11 6 ppm "(.24 ppm .54 

Discharge D/o 9 ppm 5 ppm 6.88 ppm .58 

Intake 
Phosphate .5 ppm .01 ppm .23 ppm .0"( 

Dischar-ge 
Phosphate .5 PPITt .001 ppm .22 ppm 0'7 • f 

Sample size (N) = 34 

Turbidity values in Jackson Turbidity Units 

D/o = dissolved oxygen 

Phospha te == P04 

15 

Std. Dev. 

2.53 

2.65 

9.27 

.19 

.29 

.65 

.81 

.10 

.10 
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It is apparent algae of the division Chrysophyta comprise 

the major portion of Hudson River phytoplankton in the Danskammer 

area (cf. Data Table 2). It is also apparent that all major 

categories, either in combination or by Division show extensive 

fluctuations over a sampling period. This is quite consistent with 

the literature and has been demonstrated on the Hudson River by several 

studies including Hm-jells and Feldman .. 

Coscinodiscus sp .. was the most prevalent diatom collected during 

the sampling period (cf. Data Table 3). It is interesting to note 

the extreme range of that population, including samples lacking 

Coscinodiscus. Navicula sp.was the only genus collected in all 

samples. The large nurr~ber of spec ies in this genus may be the pri

mary factor in determining its cO~3istency in ·the samples. The 

Na vic ula populations seem less variable> ag:a in perhaps due to the 

large nQmber of species in· the genus. 

As in the major categories, data demonstrates extensive vari

ation in sample populations as ~ell as a multi-modal distribution. 

Population variations of diatom populations has been widely·cited 

by Patrick and others. 

Follol';ing a 24 hour incubation period at ambient river condi

tions, all diatom populations increase by nearly one order- of 

magnitude (cf. Data Table 4). Standard deviations of the samples 

show a similar increase in magnitude. The increase in nurr1bers 

and in sample var-iability. may have masked differen;es that may 

have been present. 

It is possible that part of the increase in numbers of indi

viduals could be related to a trapping potential of the incubation 
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DATA TABLE 2 

Biological Populations - Statisitical Characteristics 

o Hour-

Variable Maximu.m P Tvlinimum P Mean r,1ean Dev. Std. Dev. # of Modes 

- :al Organisms 
=:-cake 37750 185 6000 4000 7000 2 

- :a1 Organisms 
_~char'ge 11325 1000 4000 1000 2000 L~ 

- ',a1 Chlor-ophyta 
.. .ake 2250 750 600 300 400 3 

: "':al Chlorophyta 
- ~cho.rGe 2700 100 700 300 500 1 

= to. 1 Ci1:;:") sophyta 
~al{e 11100 1125 3000 1000 2000 2 

.. ·~al Chr' J2 ophyta 
;chal"ge 103'(5 1100 3000 1000 2000 1 

= ta 1 Zooplanxton 
~~ake 850 0 100· 100 100 1 

:-tal Zooplanlcton 
_scharge 400 0 100 100 100 1 

,.....:al Phytoplankton 
-:-. take 25250 1425 5000 2000 4000 1 

:a 1 Phytoplankton -_ scharc;e 112'(5 860 4000 1000 2000 ~ 
...J 

: rnple size -. 34 

.".....ca,/ 100 Tal. samples 
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DATA TABLE 3 

Biological Populations - Statistical Chara~ter'ist ic s 

0 Hour 

- Var·iable Na x im ur:1 P Minimum P lYiean Mean Dev. Std. Dev. .!/.. of Nodes 1T 

los ira sp. 
-:=-:-rta ke 1900 0 459 398 495 1 

losir'a sp. 
__ schay·ge lr(50 0 355 341 453 2 

scinodiscus sp. 
- .tal{e 8750 0 1590 1780 2320 1 

iSC inocl isc us sp. 
scharge 8000 0 1460 1600 2060 1 

-,~ y- 0 3 j. :::;rna sp. -
-- ,take 7'00 0 205 148 181 1 

-- :]1"03 i',9Tl9. SPit 
a~sc liar:.ge 750 0 189 112 11.1-5 4 

~rir-ella sp. 
_ itake 1250 0 284 248 310 1 

_-J.rire lla sp. 
_ ischarge 1300 0 287 2~6 324 1 -' 

_\vicu1a SPit 
~_ntal(e 950 75 388 182 234 2 

J.vicula sp. 
_.isct1arge 3300 0 449 333 608 1 

3~mple size (N) = 34 

_-lta/ 100 mI. samples 



DATA TABLE 4 

Biological Populations - Statistical Characteristics 

Variable MaximLJ.m 

?losira . sp. 
_ntal(e 

::losira sp. 
"" Jischar;e 

:)sc inod isc us sp. 
"~'1taKe 

- ;)Sc inod i sc us sp. 
ischar·~2 -

:. '}Y- 0 S i ~)71a sp. 
nt2.1(2 

}.~lr·Q s i '3n~a sp. 
iccl1ar~e 

3ur:"r-ella sp. 
Dtake 

Surir'ella sp. 
~~\~ Q·C ;·1 ...................... ('0 

..l...1o..i ... <';;'.l.. s--

-:-ravicula 3p. 
=:.ntalce-

_av~Lcula 3p. 
- ~"j ~ ~ i' a r :)' ~"' _..I ...... "'\...o.L... ,,,?"-' 

~ample size (N) = 26 

~ata/ 100 ml. sample 

22500 

28850 

7"2000 

38100 

2500 

4200 

12000 

13230 

23800 

26500 

P 

24 Hour 

Ninimum P Mean Mean Dev. Std. Dev. 

150 5660 5830 7230 

75 4720 l~370 5680 

0 9580 11100 17210 

0 8180 7240 10240 

0 7"60 580 730 

0 910 ("20 1020 

0 1560 1690 2600 

0 1630 1650 2 r(50 

300 7220 5470 6640 

150 6670 5L~20 7330 

19 

# of .fI'lQdes 

1 

3 

1 

1 

1 

2 

1 

1 

1 

1 
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chambers~ rather than incubation effects. In spite of the efforts 

to keep river populations ou~ of the chambers, the ·authors feel that 

smaller, motile diatoms and other organisms could penetrate the 

filter barriers. 

There app2ars to be a slight trend toward the reduction in 

number-s of genera present in discharge samples whEm compared to 

numbers of genera appearing in intake samples (cf. Data Tables 

5 and 6). While the trend is not significant, it does represent a 

potential area for further study. The zooplankton category seems to 

demonstrate this trend most clearly. It is possible that the presence 

of a cell wall in algal species would prevent severe damages during 

the entr'ainment period and that this protection is not available to 

zooplankton. With exception of loricate rotifers and crustaceans 

(not collected in high numbers)~ the zooplankton would be expected 

to be mere fragile and more easily' destroyed by heat or mechanical 

effects that are a part of the entrainment process. Zooplankter 

gener'a decreased in 19 of. 34 dischar-ge s?mples, while shm'iing an 

increase in only 8 samples (no chance in 7 samples). Number of 

genera of phytoplankton decreased the same ntJJnber of times in 

discharge samples, but shm'ied increases 12 times (no change in 3 

samples). 

The 24 hour data does not show the trend toward reduction i0 

ntJJ;'lbers of genera clearly (cf. Data Tables 7 and 8). Phytoplankton 

show a decrease in 13 samples, and increase in 10 samples and no 

change in 3 samples. Zooplankton shmlJ decreases in 11· san;ples, 

incr'eases in 9 : .. 3amples and no c·hanse in 6 samples. Either the 

populations .have been replaced by the trapping effect or th2 sample 
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. DATA TABLE 5 

Number of Genera - 0 Hour Samples 

'Date Chlorophyta Chrysophyta Phytoplankton Zooplankton 

Int. Dis. Int. Dis. Int. Dis. Int. Dis. 

6/26/72 6 10 8 11 15 21 4 4 
6/27/72 8 .5 11 9 22 14 5 6 
6/28/72 6 4 11 8 17 13 2 1 
6/29/72 3 6 11 10 15 17 3 3 
6/30/72 4 4 13 8 18 12 7 5 

7/03/72 7 4 11 8 20 12 ~ 3 
7/05/72 6 4 9 13 15 20 4 
7/06/72 10 13 10 11 21 26 4 5 
7/07/72 6 16, 10 9 20 17 0 1 

7/10/72 11 9 14 14 27 26 4 6 
7/11/72 7 8 10 10 20 20 3 3 
7/12/7.2 6 12 12 12 20 20 0 5 
7/13/72 7 ~ 12 13 22 25 1 8 
7/14/72 9 12 1.4 23 26 8 1 

-- 7/17/72 7 10 11 13 20 26 6 3 
7/18/72 8 7 13 11 22 20 3 3 
7/19/72 8 7 13 13 23 22 5 4 
7/20/72 13 10 11 11 27 24 4 4 
7/21/72 9 7 11 11 23 21 5 4 

7/24/72 6 4 9 8 17 13 6 5 
7/25/72 7 7 8 9 17 19 6 4 
7/26/72 11 4 9 10 22 15 6 2 
7/27/72 7 10 11 13 21 24 5 4 
7/28/72 9· 6 10 10 20 18 4 4 

7/31/72 9 5 10 11 20 18 3 1 
8/01/72 10 10· 12 . 10 26 20 4 1 
8/02/72 10 11 13 10 27 23· 11 3 
8/03/72 .8 9 9 10 18 19 3 3 
8/04/72 7 12 12 10 21 24 3 4 

8/07/72 14 12 10 10 27 24- 8 2 
8/08/72 10 12 12 10 23 23 4 1 
8/09/72 12 14 9 11 23 26 4 1 
8/10/72 15 15 11 9 30 26 3 4 
8/11/72 .. 13 12 9 12 27 27 7 3 
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DATA TABLE 6 

Number of Genera - 0 Hour Samples 

> 

Total Genera (all organisms) 

Date Intake Discharge 

6/26/72 19 27 
6/27/72 27 18 
6/28/72 19 14 
6/29/72 18 20 
"6/30/72 25 17 

7/03/72 29 15 
7/05/72 23 24 
7/06/72 25 31 
7/07/72 20 18 

7/10/72 31 32 
7/11/72 23 23 
7/12/72 20 32 
7/13/72 23 33 
7/14/72 "31 22 

7/17/72 26 29 
7/18/72 25 23 
7/19/72 28 28 
7/20/72 31 28 
7/21/72 28 25 

7/24/72 23 18 
7/25/72 23 23 
7/26/72 28 17 
7/27/72 27 28 
7/28/72 24 22 

7/31/72 23 19 
8/01/72 30 21 
8/02/72 38 26 
8/03/72 21 22 
8/04/72 24 28 

8/07/72 35 26 
8/08/72 27 24 
8/09/72 27 27 
8/10/72 33 30 
8/11/72 34 30 



23 

DATA TABLE 7 

NUMBER OF GENERA - 24 HOUR INCUBATED SAMPLES 

Date Chlorophyta Chrysophyta Phytoplankton Zooplankton 

Int. Dis. Int. Dis. Int. Dis. Int. Dis. 

6/27/72 2 2 9 7 13 9 1 2 
6/28/72 5 4 8 11 13 17 2 1 
6/29/72 4 

* 
12 .18 16 29 4 2 

6/30/72 5 9 12 14 21 5 4 

7/06/72 4 5 8 17 12 23 0 8 
7/07/72 5 4 13 11 19 16 3 6 

7/11/72 1 2 8 11 10 14 2 1 
7/12/72 5 3 12 8 20 12 6 0 
7/13/72 3 4 12 12 16 18 4 1 
7/14/72 1 5 10 12 12 18 0 0 

7/18/72 3 2 11 11 16 15 2 2 
7/19/72 4 10 9 14 14 27 0 3 
7/20/72 4 7 14 9 20 17 1 1 
7/21/72 8 6 11 14 22 22 2 1 

7/25/72 6 2 12 13 19 17 0 4 
7/26/72 8 3 10 11 20 15 5 3 
7/2'l/72 3 1 10 10 14 12 2 3 
7/28/72 8 5 13 9 23 15 3 3 

8/01/72 7 5 8 10 17 15 2 4 
8/02/72 1 2 8 14 10 18 3 1 
8/03/72 .-, 2 11 9 15 12 2 2 :; 

8/04/72 4 5 12 11 17 17 2 2 

8/08/72 4 11 13 10 18 24 1 3 
8/09/72 10 9 10 10 22 22 1 4 
8/10/72 15 6 8 11 24 18 4 2 
8/11/72 14 9 12 10 28 20 8 5 
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DATA TABLE 8 

NUMBER OF GENERA - 24 HOUR INCUBATED SAMPLES 

Total Genera (a 11 organisms) 

Date Intake Discharge 

6/27/72 14 11 
6/28/72 15 18 
6/29/72 20 31 
6/30/72 19 25 

7/06/72 12 31 
7/07/72 22 22 

7/11/72 12 15 
7/12/72 26 12 
'(/13/72 20 19 
7/14/72 12 18 

7/18/72 ·18 17 
7/19/72 14 30 
7/20/72 21 18 
7/21/72 24 23 

7/25/72 19 21 
7/26/72 25 18 
7/27/72 16 15 
7/28/72 26 18 

8/01/72 19 19 
8/02/72 13 19 
8/03/72 17 14 
8/04/72 19 19 

8/08/72 19 27 
8/09/72 23 26 
8/10/72 28 20 
8/11/72 36 25 



25 

technique produces the change. However, the incubation time does 

not seem to have had an effect on the diversity of the genera present 

in either incurrent or excurrent samples. 

Data is not presented on 48 or 96 hour samples due to problems 

encountered in the laboratory with heavy sedimentation. Large 

volumes of silt passed through the filter barriers causing severe 

difficulties in the sand filtration process. Volumes of filtration 

were changed and the procedure for filtration and counting was 

changed in an attempt to salvage some data. The change in procedure 

does introduce a variable in the counts that may detract from the 

more reliable data in the 0 and 24 hour samples. 

The daily table~ on the physical and chemical data are ·self

explanatory and were discussed previously under statistical char

acteris~ics of this data (cf. Data Tables 9-14). The tables serve 

as the basis for the stati~tical characteristics on Data Table 1. 

Trends or changes are expected and need not be discussed in further 

detail here. 

The daily counts of the five most prevalent diatoms; Surirella 

sp., Navicul~ sp., Coscinodiscus sp., Melosira sp., and Gyrosigma 

sp. shows fluctuations of diatom populations (cf. Data Tables 15-19). 

The delta values (discharge minus intake) demonstrate the lack of 

significant population reductions. \'Jhile changes are frequent, data 

shows nearly as many positive values as negative values. Melosira sp. 

shows most consistent reduction 'with 20 negative values in 34 samples. 

This data may suggest that Melosira may be the least tolerant genus 

in terms of entrainment effects. 
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DATA TABLE 9 

Water Temperature °e. 

Date Intake .Discharge Delta T (D-I) 

6/26/72 18.5 27.0 8.5 
6/27/72 18.5 27.0 8.5 
6/28/72 19.0 26.0 7.0 
6/29/72 18.5 27.5 9.0 
6/30/72 18.3 25.6 7.3 

7/03/72 20.0 24.4 4.4 
7/05/72 21.1 24.4 3.3 
7/06/72 21.1 27.8 6.7 

'7/07/72 21.1 22.2 1.1 

7/10/72 22.2 27.8 5.6 
7/11/72 21.7 28.9 7.2 
7/12/72 22.2 30.0 7.8 
7/13/72 22.2 28.9 6.7 
7/14/72 23.3 28.3 5.0 

7/17/72 23.9 30.0 6.1 
7/18/72 26.1 31.7 5.6 
7/19/72 25.0 31.1 6.1 
7/20/72 25.0 31.1 6.1 
7/21/72 24.4 31.1 6.7 

7/24/72 25.6 31.1 5.5 
7/25/72 26.1 31.1 5.0 
7/26/72 25.6 31.1 5.5 
7/27/72 24.0 31.7 7.7 
7/28/72 25.0 33.0 8.0 

7/31/72 25.0 33.0 8.0 
8/01/72· 25.0 27.0 2.0 
8/02/72 25.0 32.0 7.0 
8/03/72 25.5. 31.0 5.5 
8/04/72 25.3 30.5 5. 2 

8/07/72 25.0 30.0 5.'0 
8/08/72 25.0 31.0 6.0 
8/09/72 25.0 31.0 6.0 
8/10/72 25.0 31.0 6.0 
8/11/72 22.0 31.0 9.0 

Number of negative delta values in 34 samples = 0 mean d == 6.18°c 

Nu.'11ber of 0 delta value == 0 



DATA TABLE 10 

Turbidity - Jackson Units 

Date Intake Discharge Delta Turbidity 

6/26/72 42 47 5 
6/27/72 ·36 49 13-
6/28/72 36 65 19 
6/29/72 42 47 5 
6/30/72 49 54 5 

7/03/72 39 44 5 
7/05/.72 39 47 8 
7/06/72 32 44 12 
7/07/72 36 42 6 

7/10/72 47 54 7 
7/11/72 39 42 3 
7/12/72 39 2·2 -17 
7/13/72 30 36 
7/14/72 39 44 

7/17/72 36 42 
7/18/'"(2 36 44 
7/19/72 22 30 
7/20/72 16 20 
7/21/7·2 32 39 

7/24/72 42 36 
7/25/72 39 47 
7/26/72 36 36 

·7/27/72 30 36 
7/28/72 32 39 

7/31/72 36 39 
8/01/72 42 42 
8/02/72 54 56 
8/03/72 36 39 
8/04/72 47 51 

8/07/72 44 44 
8/08/72 44 44 
8/09/72 30 26 
8/10/72 20 32 
8/11/72 30 39 

Number of nEgative delta· values in 34 samples == 3 

Number of O.delta value = 4 

Mear. delta value == 6.26 JTU 

6 
5 

6 
8 
8 
4 
7 

-6 
8 
0 
6 
7 

3 
0 
2 
3 
4 

0 
0 

-4 
12 
9 

27 

(D-I) 
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DATA TABLE 11 

Dissolved Oxygen - PPM 

Date Intake Discharge Delta D/O (D-I) 

6/26/72 6 7 1 
6/27/72 7 7 0 
6/28/72 8 8 0 
6/29/72 8 7 -1 
6/30/72 7 7 0 

7/03/72 8 7 -1 
7/05/72 8 7 -1 
7/06/72 7 6· -1 
7/07/72 8 8 0 

7/10/72 7 7 0 
7/11/72 6 5 -1 
7/12/72 7 6 -1 
7/13/72 8 6 ,.2 
7/14/72 8 6 -2 

7/17/72 7 7 0 
7/18/72 8 6 -2 
7/19/72 6 6 0 
7/20/72 7 6 -1 
7/21/72 7 7 0 

7/24/72 8 7 -1 
7/25/72 7 7 0 
7/26/72 .7 7 0 
7/27/72 8 8 0 
7/28/72 8 9 1 

7/31/72 7 7 0 
8/01/72 8 8 0 
8/02/72 7 6 -1 
8/03/72 7 7 0 
8/04/72 6 7 1 

.8/07/72 7 7 0 
8/08/72 7 8 1 
8/09/72 7 7 0 
8/10/72 7 6 -1 
8/11/72 7 7 0 

Number of negative delta values in 34 samples = 13 

Number of 0 delta value:::: 16 

Mean delta value = 0.59 ppm. 
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DATA TABLE 12 

pH 

Date Intake Discharge Delta pH (D-I) 

6/26/72 7.8 7.8 0.0 
6/27/72 7.5 7.5 0.0 
6/28/72 7.6 7.6 0.0 
6/29/72 7.5 7.4 -0.1 
6/30/72 7.5 8.5 1.0 

7/03/72 7.5 7.5 0.0 
7/05/72 8.0 7.5 -0.5 
7/06/72 7.5 7.5 0.0 

. 7/07/72 7.4 7.4 0.0 

7/10/72 7.5 7.5 0.0 
7/11/72 7.5 7.5 0.0 
7/12/72 7.5 7.5 0.0 
7/13/72 7.5 7.4 -0.1 
7/14/72 7.4 7.4 0.0 

7/17/72 7.5 7.5 0.0 
7/18/72 7.5 7.5 0.0 
7/19/72 7.5 7.5 0.0 
7/20/72 7.5 7.5 0.0 
7/21/72 7.5 7.5 0.0 

7/24/72 7.5 7.5 0.0 
7/25/72 7.5 7.5 0.0 
7/26/72 7~5 7.5 0.0 
7/27/72 7.5 7.5 0.0 
7/28/72 7.5 7.5 0.0 

7/31/72 7.5 7.5 0.0 
8/01/72. 7.5 7.5 0.0 
8/02/72 7.5 7.5 0.0 
8/03/72 7.5 7.5 0.0 
8/04/72 7.3 7.5 0.2 

8/07/72 7.3 7.5 0.2 
8/08/72· 7.5 7.5 0.0 
8/09/72 7.0 7.5 0.5 
8/10/72 6.8 6.2 -0.6 
8/11/72 7.5 7.3 -0.2 

Nurnber of negative delta values in 34 samples = 5 

Number of 0 delta values = 25 

Mean delta value = 0.01 
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DATA TABLE 13 

Daily Phosphate PPtIl 

Date Intake Discharge Delta Phosphate CD-I) --

6/26/72 0.15 0.20 0.05 
6/27/72 0.30 0.10 -0.20 
6/28/72 0.25 0.10 -0.15 
6/29/72 0.20 0.10 -0.10 
6/30/72 0.30 0.25 -0.05 

7/03/72 0.10 0.50 0.40 
7/05/72 0.50 0.15 -0.35 
7/06/72 0.40 0.20 -0.20 
7/07/72 0.20 0.10 -0.10 

rr /10/72 0.20 0.20 0.00 
7/11/72 0.10 0.20 0.10 
7/12/72 0.10 0.20 0.10 
7/13/72 0.10 0.20 0.10 
7/14/72 0.20 0.20 0.00 

7/17/72 " 0.30 0.20 -0.10 
7/18/72 0.30 0.30 0.00 
7/19/72 0.20 0.20 0.00 
7/20/72 0".20 0.20 0.00 
7/21/72 0.20 0.20 0.00 

7/24/72 0.20 0.20 0.00 
7/25/72 0.20 0.20 0.00 
7/26/72 0.20 0.20 0.00 
7/27/72 0.20 . 0.20 0.00 
7/28/72 0.20 0.20 0.00 

7/31/72 0.30 0.30 0.00 
8/01/72 O.LW 0.30 -0.10 
8/02/72 0.30 0.30 0.00 
8/03/72 0.20 0.20 0.00 
8/04/72 0.30 0.40 0.10 

8/07/72 0.01 0.00 -0~01 
8/08/72 0.30 0.40 0.10 
8/09/72 0.20 0.30 0.10 
8/10/72 0.20 0.20 0.00 
8/11/72 0.20 0.30 0.10 

Number 'of nega ti ve de 1 ta va lues in 34 samples = 10 

Numbe~ of 0 delta values = 15 

Mean delta value = 0.07 ppm. 
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DATA TABLE 14 

Daily Chlorine - PPM 

Date Intake Dischar~e Delta Chlorine (D-I) 

6/26/72 0.005 0.005 0.000 
6/27/72 0.000 0.001 0.001 
6/28/72 0.000 0.000 0.000 
6/29/72 0.010 0.010 0.000' 
6/30/72 0.050 0.010 -0.040 

7/03/72 0.010 0.010 0.000 
. 7/05/72 0.000 0.000 0.000 
7/06/72 0.000 0.001 0.001 
7/07/72 0.000 0.005 0.005 

7/10/72 0.000 0.010 0.010 
7/11/72 0.001 0.001 0.000 
7/12/72 0.000 0.001 0.001 
7/13/72 0.001 0.001 0.000 
7/14/72 0~001 0.001 0.000 

7/17/72 0.000 0.002 0.002 
7/18/72 0.001 0.001 0.000 
7/19/72 0.001 0.001 0.000 
7/20/72 ·O.OQ]. 0.001 0.000 
7/21/72 0.000 0.002 0.002 

'"( /24/72 0.001 0.002 0.001 
7/25/72 0.001 0.002 0.001 
7/26/72 0.001 .0.002 0.001 
7/27/72 0.001 0.002 0.001 
7/28/72 0.001 0.001 0.000 

7/31/72 0.001 0.001 0.000 
8/01/72 0.001 0.001 0.000 
8/02/72 0.001 0.002 0.001 
8/03/72 0.001 0.001 0.000 
8/04/72 0.001 0.002 0.001 

8/07/72 0.001 0.001 0.000 
8/08/72 0.002 0.005 0.003 
8/09/72 0.001 0.001 0.000 
8/10/72 0.001 0.001 0.000 
8/11/72 0.001 0.001 0.000 

Number of negative delta values in 34 iamp1es = 1 

Number of 0 delta values::::: 19 

Mean delta value::::: 0.002 ppm. 
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DATA TABLE 15 

Daily Surirella sp. Count / 100 mI. 

Date Intake Dischar~e Delta P (D-I) 

6/26/72 350 400 50 
6/27/72 750 200 -550 
6/28/72 450 200 -250 
6/29/72 675 1300 625 
6/30/72 575 700 125 

7/03/72 325 300 -25 
7/05/72 325 600 275 
7/06/72 400 475 75 
7/07/72 850 350 -500 

7/10/72 . 1250 1200. -50 
7/11/72 500 550 50 
7/12/72 700 900 200 
7/13/72 250 250 0 
7/14/72 750 300 -450 

7/17/72 200 150 -50 
7/18/72 175 375 200 
7/19/72 100 125 25 
7/20/72 175 200 25 
7/21/72 50 100 50 

7/24/72 25 100 75 
7/25/72 50 50 0 
7/26/72 0 75 75 
7/27/72 75 25 -50 
7/28/72 0 50 50 

7/31/72 125 0 -125 
8/01/72 25 50 25 
8/02/72 50 100 50 
8/03/72 50 75 25 
8/04/72 50 125 75 

8/07/72 50 50 0 
-8/08/72 50 200 150 
8/09/72 250 50 ... 200 
8/10/72 0 75 75 
8/11/72 0 50 50 

N~mber ·of negative delta values irt 34 samples = 10 

Number of 0 delta values = 3 
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DATA TABLE 16 
Daily Navicula sp. Count / 100 mI. 

Date Intake Dischar~ Delta P (D-I) 
6/26/72 150 333 183 6/27/72 , 350 120 -230 6/28/72 125 200 75 6/29/72 225 400 175 6/30/72 425 0 -425 
7/03/72 125 50 -75 7/05/72 75 200 125 7/06/72 125 ' 50 -75 7/07/72 75 250 175 
7/10/72 500 250 -250 7/11/72 450 900 450 7/12/72 800 1100 300 7/13/72 600 275 -325 ' 7/14/72 750 325 -425 
7/17/72 175 175 0 7/18/72 475 525 50 7/19/72 425 200 -225 7/20/72 225 250 25 7/21/72 250 500 250 
7/24/72 400 300 -100 7/25/72 175 375 200 7/26/72 400 275 -125 7/27/72 400 75 -325 7/28/72 125 100 -25 
7/31/72 375 333 -42" 8/01/72 325 275 -50 8/02/72 450 400 -50 8/03/72 250 275 25-8/04/72 750 350 -400 

'8/07/72 350 400 50 8/0$/72 950 750 -200 8/09/72 "SOO 100 -700 8/10/72 400 450 50 8/11/72 700 1700 1000 

Number of. negative delta values in 34 samples = 18 
Number of 0 delta values = 1 



DATA TABLE 17 

Daily Coscin6discus sp. Count / 100 mI. 

Date Intake - Discharge Delta P 

6/26/72 50 67 17 
6/27/72 a 0 0 
6/28/72 0 0 0 
6/29/72 0 50 50 
6/30/72 50 50 0 

7/03/72 400 300 -100 
7/05/72 300 300 0 
7/06/72 250 125 -125 
'7/07/72 125 300 175 

7/10/72 600 350 -250 
7/11/72 200 500 300 
7/12/72 150 700 550 
7/13/72 150 375 125 
7/14/72 400 225 -175 

7/17/72 375 125 -150 
7/18/72 325 200 -125 
7/19/72 375 100 -275 
7/20/72 700 625 -75 
7/21/72 650 800 150 

7/24/72 500 167 -333 
7/25/72 900 625 -275 
7/26/72 1200 450 -750 
7/27/72 125 900 775 
7/28/72 625 575 -50 

7/31/72 1275 2700 1425 
8/01/72 1500 3225 1725 
8/02/72 4150 4750 600 
8/03/72 6250 3850 .-2400 
8/014/72 4900 3650 -1250 

8/07/72 6100 6750 650 
8/08/72 8750 8000 -750 
8/09/72 6050 4700 -1250 
8/10/72 4350 2100 -2250 
8/11/72 2400 . 2100 -300 

NQmber of negative delta values in 34 samples = 18 

Number of 0 delta values = 4 

34 

(D-I) 
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DATA TABLE 18 

Daily Melosira sp. Count / 100 mI. 

Date Intake. Discharge Delta P (D-I) 

6/26/'72 0 200 200. 
6/27/72 550 120 -430 
6/28/72 125 100 ~25 
6/29/72 425 300 . -125 
6/30/72 475 175 -300 

7/03/72 1175 350 -725 
7/05/72 175 260 85 
7/06/72 350 825 475 
7/07/72 775 1750 975 

7/10/72 1100 1100 0 
7/11/72 1450 350 -1100 
7/12/72 1300 1600 300 
7/13/(,2 1150 700 -450 
7/14/72 1900 750 -1150 

7/17/72 875 475 -400 
7/18/72 825 700 -125 
7/19/72 700 975 275 
7/20/72 400 475 75 
7/21/72 100 . 250 150 

7/24/72 0 67 67 
7/25/72 50 25 -25 
7/26/72 0 50 50 
7/27/72 100 25 -75 
7/28/72 0 0 0 

7/31/72 75 33 -42 
8/01/72 75 . 0 -75 
8/02/72 50 50 0 
8/03/72 . 200 50 -150 
8/04/72 200 75 -125 

8/07/72 200 0 -200 
8/08/72 200 50 -150 
8/09/72 50 100 50 
8/10/72 200 0 -200 
8/11/72 350 100 -250 

Number of negative delta values in 34 sa~ples = 20 . 

Number of 0 delta values = 3 



36 

DATA TABLE 19 

Daily Gyrosigma sp. Count / 100 mI. 

Date Intake Discharge Delta P (D-I) 

6/26/72 0 67 67 
6/27/72 50 40 -10 
6/28/72 100 50 -50 
6/29/72 75 150 75 
6/30/72 125 0 -125 

7/03/72 75 25 -50 
7/05/72 25 25 0 
7/06/72 50 75 - 25 
7/07/72 50 100 50 

7/10/72 550 350 -200 
7/11/72 200 350 150 
7/12/72 50 300 250 
7/13/72 450 275 -175 
7/14/72 700 100 -600 

7/17/72 75 50 -25 
7/18/72 100 250 150 
7/19/72 150 100 -50 
7/20/72 125 150 25 
7/21/'T2 100 300 175 

7/24/72 250 267 17 
7/25/72 150 100 -50 
7/26/72 - 50 - 175 125 
7/27/72 100 75 -25 
7/28/72 125 125 0 

7/31/72 25 67 42 
8/01/72 275 125 -150 
8/02/72 400 250 -150 
8/03/72 250 150 -10.0 . 
8/04/72 400 250 -150 

-8/07/72 300 350 50 
8/08/72 500 750 250 
-8/09/72 550 300 -250 
8/10/72 300 150 -150 
8/11/72 250 300 50 

Number of negative delta v.alues in 34 samples ::: 17 

Number of 0 delta values::: 2 
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With the exception of Surirella sp., all diatom populations 

measured do show more negative values than positive values, however, 

it is necessary to note that there is not a significant difference 

between the number of negative and positive values of any of the 

diatom populations. Thus this data can only be a small indication 

that Surirella sp. may be more tolerant of entrainment effects. 

Daily counts of major plankton categories do not indicate major 

shifts in populations as a result of ent+ainment (cf. Data Tables 

20-24). The major categories include: Total Chrysophyta, Total 

Chlorophyta, Total Phytoplankton, Total Zooplankton and Total 

Organisms. The total phytoplankton show the largest number of nega

tive values with 20 negative values in 34 samples. 

Correlations were made between the f~ve most prevalent diatoms 

in incurrent samples with five physical parameters of those samples, 

including water temperature, turbtdity, pH, dissolved oxygen and 

phosphate levels (cf. Data Table 25). 

Coscinodi'Scus shows a 0.47 positive correlation with water 

temperature, suggesting a tolerance to eleVated temperatures, at 

least elevated to the extent found in this study. Surirella, on the 

other hand, shows a strong negative correlation (0.65) that suggests 

an intolerance to the elevated temperatures. HO\'lever, this organism 

did not show extensive losses when intake and discharge populations 

were analyzed. The data sets seem to be contradictory at this point. 

It may suggest that factors other than temperature may exert .pressur.es 

during entrainment or that Surirella is responsive to temperature 

related factors in ambient river water~ It is interesting to note that 

Navicula shows a strong positive correlation (0.68) ">lith Gyrosigma and 

that Nelosira shows a 0.61 positive correlation with Surire11a. 
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DATA TABLE 20 

Daily Total Chrysophyta Count / 100 mI. 

Date Intake Discharge Delta P (D-I) -
6/26/72 2400 2967 567 
6/27/72 3100 3600 500 
6/28/72 1450 1275 -175 
6/29/72 2175 2950 775 
6/30/72 2500 1375 -1125 

7/03/72 2875 1400 -1475 
7/05/72 1425 5900 4475 
7/06/72 1850 2400 550 
7/07/72 3450 3600 150 

7/10/72 7200 5300 -1900 
7/11/72 3625 3600 25 
7/12/72 5150 6550 400 
7/13/72 3425 3000 -425 
7/14/72 6600 2825 -3775 

7/17/72 2650 1675 -975 
7/18/72 3000 2475 -525 
7/19/72 2225 2450 225 
7/20/72 2050 2450 LI-OO 
'7/21jr(2 2575 2700 125 

7/24/72 1575 1100. -475 
7/25/72 1450· 1425 -25 
7/26/72 2250 1350 -900 
7/27/72 2200 1400 -800 
7/28/72 1125 1100 -25 

7/31/72 2300 3500 1200 
8/01/72 2425 4025 1600 
8/02/72 5475 6100 625 
8/03/72 7200 )~·600 -2600· 
8/04/72 7000 5025 -1975 

8/07/72 7500 7800 300 
8/08/72 ·11100 10375 -725 
8/09/72 7850 5650 -2200 
8/10/72 5550 2975 -2575 
8/11/72 3850 5000 1150 

Number o·f negative delta values in 34 samples = 19 

Number of 0 delta values = 0 



DATA TABLE 21 

Daily Total Chlorophyta Count / 100 mI. 

Date Intake Discharge Delta P 

6/26/72 800 533 -267-
6/27/72 550 100 -450 
6/28/72 275 275 . 0 
6/29/72 75 450 375 
6/30/72 200 100 -100 

7/03/72 425 270 -155' 
7/05/72 425 550 125 
7/06/72 500 800 300 
7/07/72 875 200 -675 

7/10/72 450 750 300 
7/11/72 850 650 -200 
7/12/72 1600 . 1850 250 , 
7/13/72 850 825 -25 
7/14/72 1350 400 -950 

?/17/72 450 1050 600 
7/18/72 500 lJ.25 -75 
7/19/72 375 475 100 
7/20/72 700 800 100 
7/21/72 900 ' 700 -200 

7/24/72 525 267 -258 
7/25/72 275 425 150 
7/26/72 650 525 -125 
7/27/72 525 525 0 
7/28/72 275 600 325 

7/31/72 250 433 183 
8/01/72 250- 375 125 
8/02/72 525 650 125 
8/03/72 550 325 -225 
8/04/72 500 275 -225 

8/07/72 1150 1200 50 
8/08/72 750 800 50 
8/09/72 1150 1800 650 
8/10/72 1400 2700 1300 
8/11/72 2250 1850 -400 

Nu~ber of negative delta values in 34 samples = 15 

Number of 0 delta values = 2 

39 

(D-I) 
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DATA TABLE 22 

Daily Total Phytoplankton Count / 100 mI. 

Date Intake Discharge Delta P (D-I) 

6/26/72 3225 3500 275. 
6/27/72 4000 860 -3140 
6/28/72 1725 1600 -125 
6/29/72 2275 3500 1225 
6/30/72 2525 1225 -1300 

7/03/72 3600 1725 -1875 
7/05/72 1850 6950 5100 
7/06/72 2550 3325 775 
7/07/72 4400 4200 -200 

7/10/72 9050 6500 -2550 
7/11/72 4875 4850· -25 
7/12/72 7550 10650 2100 
7/13/72 5375 4750 -625 
7/14/72 9950 4025 -5925 

7/17/72 4125 3625 -500 
7/18/72 4725 4125 -600 
7/19/72 3825 4425 600 
7/20/72 3950 4125 175 
7/21/72 l1-625 4500 -125 

7/24/72 2150 1400 -750 
7/25/72 1725 1950 225 
7/26/72 3000 1875 -1125 
7/27/72 2725 1950 -775 
7/28/72 1425 1750 325 

7/31/72 2500 4033 1533 
8/01/72 2750 . 4400 1750 
8/02/72 6100 6800 700 
8/03/72 7800 4925 -2875 
8/0L1/72 7850 5550 -2300 

8/07/72 8800 9050 250 
8/08/72 . 11850 11275 -575 
8/09/72 9200 7500 -1700 
8/10/72 7150 5775 -1375 
8/11/72 6650 7100 l~50 

Number of negative delta values in 34 samples == 20 . 

Number of 0 delta values = 0 



DATA TABLE 23 
Daily Total Zooplankton Count / 100 mI. 

Date Intake Discharge Delta P (D-I) 
6/26/72 525 267 -258· 6/27/72 275 140 -135 6/28/72 125 75 ..;.50 6/29/72 0 250 250 6/30/72 400 100 -300 
7/03/72 175 150 -25 7/05/72 250 150 -100 7/06/72 150 25 -125 7/07/72 . 0 300 300 
7/10/72 250 400 150 7/11/72 50 350 300 7/12/72 0 350 350 7/13/72 0 200 200 7/14/72 25 25 0 
7/17/72 25 75 50 7/18/72 75 50 -25 7/19/72 200 75 -125 7/20/72 150 150 0 7/21/72 200 350 150 
,]/24/72 125 200 75 7/25/72 75 75 0 7/26/72 150 50 -100 7/27/72 50 175 125 7/28/72 50 50 0 
7/31/72 25 0 -25 8/0)/72 o· 25 25 8/02/72 150 100 -50 8/03/72 250 50 -200 8/04/72 0 50 50 
8/07/72 50 250 200 8/08/72 250 50 -200 8/09/72 100 50 -50 8/10/72 400 100 -300 8/11/72 850 .350 -500 

Number of negative delta values in 34 samples ::::: 17 
Number oi 0 delta values = 4 

41 
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DATA TABLE 24 

Daily Total Organism Count / 100 mI. 

Date Intake Discharg.e Delta P (D-I) 

6/26/72 4750 3700 -50 
6/27/72 275 1000 -3275 
6/28/72 1850 1675 -175 
6/29/72 2275 3750 1475 
6/30/72 2565 1575 -990 

7/03/72 3775 1875 -1900 
7/05/72 2100 7100 - 5000 
7/06/72 2700 3350 650 
7/07/72 4400 4500 100 

7/10/72 9500 6900 -2600 
7/11/72 4925 5200 275 
7/12/72 7550 11000 3450 
7/13/72 5375 4950 -425 
7/14/72 10200 4050 -6150 

7/17/72 4150 3700 . -450 
7/18/72 4800 4175 -625 
7/19/72 4025 -4500 475 
7/20/72 4100 4275 175 
7/21/72 4825 4850 25 

7/24/72 2275 1800 -475 
7/25/72 1850- 2025 175 
7/26/72 3150 1925 -1225 
7/27/'l2 27'75 2125 -650 
7/28/72 1475 1800 325 

7/31/72 2600 4033 1433 
8/01/72 2750 4425 1675 
8/02/72 6250 6900 650 
8/03/72 7950 4975 -2975" 
8/04/72 7850 5600 -2250 

8/07/72 8050 9200 1150 
. 8/08/72 -12000 11325 -675 

8/09/72 9300 7550 -1750 
8/10/72 7t;t;0 5875 -1675 ././ 

8/11/72 7)+50. 7450 0 

Number of negative delta 'values in 34 samples == 18 

Number of 0 delta values ~ 1 
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DATA TABLE 25 

Intake Diatoms - Intake Physical Parameter Correlations 

Q) 
s::: 
Q) 

H bO 
~ >.. t/} 

+.J 8 ~ m tl 
H t/} 
Q) >.. '0 Q) 'M m as 
Pi -1.:1 Q) ~ 'd as ro r-l S 
S ·rl :> m 0 H r-l r-l bO 
Q) 'd r-l .c s::: 'M ~ Q) ·rl 

E-t oM 0 Pi .,.., t/} tl H t/} 

.0 t/} t/} tl 0 'M 'M 0 
tt: 'H t/J 0 en r-l >- H H 
0 ::! ::q ·rl .c 0 Q) m ::! >.. 
tt: 8 p. Q P-! 0 ;:E: Z 00 (.') 

HOH Temperature 1 .. 20 -:·36. .08 -;02 .47 -:26 .27 -:65 .32 . 
""rur bid i ty -:20 1 • 28 -;01 .14 .14 .01 .13 .25 .19 

-pH -;36 .28 1 .13 . .30 -:47 .00 -:37 .14 -;44 

_}isso1ved Oxygen -;08 -;01 .13 1 .14 .28 .07 -;23 .10 -;02 

:Jhosphate -;02 .1lj· .30 .14 1 -:01.j. -;31 -:15 -;06 -;13 

~oscinodiscus .47 .14 :47 :28 -:04 1. -:35 .47 :lj·2 .53 

le10s :i.ra :26 .01 .00 .07 -;31 :35 1 .26 .61 .25 

~~avicu1a .27 .13 -:37 -;23 -;15 .47 .26 1 -:01 .68 

Surirel1a -:65 .25 .14 .10 -:06 -;42 .61 -;01 1 .06 

GYTosir;ma .32 .19 "-l! 3 • r -;02 -;13 .53 .25 .68 .06 1 
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Discharge diatom populations were also correlated with the dis

charge physical parameters mentioned in the previous table (cf. Data 

Table 26). Results were inconclusive. Again, Surirella shows a 0.46 

negative correlation with water temperature in line with the incurrent 

correlation, although not as strong. The strong correlation between 

Navicula and Gyrosigma at intake stations becomes a minor or weak 

correlation at the discharge station. 

Correlations of intake and discharge diatom populations produces 

some interesting results (cf. Data Table 27). The correlations suggest 

which populations differ greatly follo~ing entrainment or which ones 

seem to be less changed by passage. Coscinodiscus (0.94) seems least 

changed by passage through the p0v.ler plant. Surirella (+0.77), Melosira 

(+0.66). and G.,yr'osigma (+0.50) show decreasing positive correlations." 

indicating a potential effect of the entrainment process. Navicula 
. 

(+0.25) shmis a 'very ION correlation, suggesting that this organism 

is affected by passage through the condensers. 

COl-relations of the 0 hour delta values do not show unexpected 

results (cf. Data Tables 28 & 29). It may be said that the correlations 

may be somewhat lower than expected. 

Tables were prepared for the daily total organism count and the 

daily Coscinodiscus count for the 24 hour samples (cf. Data Tables 

30 & 31). These tables do show the increase in populations count? over 

the 0 hour data (cf. Data Tables 17 & 24). As stated previously the 

counts are one Qrder of mngnitude higher than the 0 hour counts, sug-

gesting the trapping potential of the river incubat0rs. Experiments on 

the trapping potentia] could be determined by inoculating the chambers 

""lith sterile samples of "'wter and allOloJing them to incubate for a 2L~ hour 

period. 



DATA TABLE 26 

Discharge Diatoms - Discharge Physical Parameter Correlations 

(lJ 
s:: 
(lJ 

~ b.O ::s >.. til 
-j..) X ::s ('ij 0 C) 
~ til 
Q) >.. 'd Q) .~ ('ij cd 

~ .p Q) +J 'd ('ij Cd rl 6 
or-I :> ttl 0 ~ rl rl b.O 

Q) 'd rl .c s:: .~ ::s (lJ ·rl 
E-i .r! 0 Po! or-I til c:> ~ til 

.a t/.) til c:> 0 'M 'M 0 ::r: ~ til 0 til ....-l :> ~ ~ 
0 ::s ::r: 'M .c 0 OJ cd ::s >.. ::r: E-i Po! ~ p... 0 ~ Z tf) {) 

HOH Temp8rature 1 -;42 -;24 :12 .18 .35 -;36 .35 :46 .29-

Turbidity .42 1 .32 .2'- -;04 -;02 -;21 -: 14 .21 :12 

-pH -:2L~ .32 1 .18 .05 -;12 .01 -;12 .20 :14 

-Dissolved Oxygen :12 .25 .18 1 :01 .17 :28 :11 -;21 -;06 

_ Phosphate .17 -;04 .05 -;01 1 .27 -;18 .19 :19 .19 

Coscinodiscus .35 -;02 -;12 .17 .27 1 739 .20 -;36 .62 

t/lelos ira -;36 -;21 .01 -;28 -;18 -;39 1 -;06 .50 :02 

Navicula .35 -;14 :12 :11 .19 .20 -;06 1 -;10 .16 

Surirella -;46 .21 .21 -;21 :19 :36 .50 :10 1 .08 

Gyros ip;;Ym. .29 :12 :llt :06 .19 .62 :02 .16 .08 1 
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DATA TABLE 27 

Correlations - 0 Hour Incurrent - Excurrent Diatoms 

. • 
C) C) 

c X 
H riI 

• • • • 
tI) C) C) tI) • C) () 
;j C) () c c ~ () C) x x 
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() 0 .,.., .,.-i 0 () 0 .,.., .,-j 0 
w ,-j :> ~ ~ tI) ,-j > ~ ~ 
0 (!) c;l ~ :>:, 0 (!) C\j ;j :>:, 

0 ~ :z; U) d 0 ~ ~ U) 0 

)scinodiscus Inc. 1 :35 .47 -:-42 .53 .94 -;39 .08 -;36 .59 

elosira Inc. :35 1 .26 .61 .25 :35 .66 :03 .44 .01 

3vicula Inc. •. 47 .26 1 :01 .68 .47 .05 .25 :01 .62 

urirG11a Inc. -;42 .61 :01 1 .06 :42 .64 :13 .77 :12 

"'fros igma Inc. .53 .25 .68 .06 1 .49 :05 :10 :06 .50 

;oscinodiscus Exc. .94 -3!::i . -' .47 -;42 .49 1 :39 .20 :36 .62 

>1e108 ira Exc. :39 .66 .05 .64 :05 :39 1 :06 .50 -;02 

Navicula Exc. .08 -;03 .25 :13 -;10 .20 -:06 1 -; 10 .16 -

-Surire11a Exc. :36 .44 :01 .77 -;06 ·-:-36 .50 -;10 1 .08 . 

:lyros igma Exc. .59 .01 .62 -: 12 .50 .62 -:02 .16 .08 1 
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DATA TABLE 28 

Correlations - 0 Hour Delta Values 

s:: 
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Vl .0 ro «1 cO ro ro 

6 Vl r... .p .p .p .p .p 
-.-I ::s 0 0 0 0 0 

~ (::I E-t E-t 8 E-t E-t E-t 

HOH Temperature 1 .09 .09 .14 .04 .08 -;09 ;21 

Dissolved Oxygen .09 1 .05 .03 .01 .07 -;06 -;25 

Turbidity .09 .05 1 -;01 :02 ;03 -;06 733 

Total Chlorophyta .14 .03 :01 1 .02 .17 .19 -;05 

Total Chrys ophyta .04 .01 -;02 .02 1 .39 .47 -.08 

Total Organisms .08 .07 703 .17 .39 1 .63 .21 

Total Phytoplankton -;09 -;06 :06 .19 .47 .63 1 .29 

Total ZooplanKton :21 :25 ;33 705 .08 .21 .29 1 
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DATA TABLE 29 

Correlations - 0 Hour Delta Values 

c: 
Q) Q) 

~ b() 
::os ~ til 
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ttl 0 () til 
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30H Temperature 1 .09 .09 .03 .15 :18 .25 :05 .12 .23 

:Jissolved Oxygen .09 1 .05 :09 .18 .32 .06 -;15 :19 :10 

Turbidity .09 .05 1 -;1 :015 -;06 -;001 :23 .03 :26 

---::!oscinodiscus .03 -;09 :1 1 .18 .04 .37 .24 :01 :04 

"""":-yrosigma .15 .18 0 :15 .18 1 .37 .33 .19 .07 .45 

[elos ira :18 .32 -;06 .04 .37 1 .07 .03 .1 .08 

favicula .25 .06 :001 .37 .33 .07 1 .08 .21 .04 

)ediastrum -;05 :15 :23 .24 .19 .03 .08 1 .42 .25 

;ceneqesmus .12 :19 .03 :01 .07 .1 .21 .42 1 .3 

')urirella . .23 -; 10 -;26 :04 .45 .08 .04 .25 .3 1 



~ATA TABLE 30 

Coscinodiscus Counts - 24 Hour Samples / 100 mI. 

Date Incurrent Excurrent Delta P (E-I) 

6/27/72 100 200 100 
6/28/72 0 300 300 
6/29/72 150 325 175 
6/30/72 600 100 -500 

7/06/72 0 10100 10100 
7/07/72 1600 1650 50 

7/11/72 0 72.00 7200 
7/12/72 1333 0 -1333 
7/13/72 210c) 3100 1000 
7/14/72 2700 2450 -250 

7/18/72 500 .5000 4500 
7/19/72 0 600 600 
7/20/72 100 0 -100 
7/21/72 1500 4250 2750 

7/25/72 250 550 300 
7/26/72 5400 4000 -1400 
7/27/72 10500 13500 3000 
7/28/72 10700 9000 -1700 

8/01/72 5850 9225 3375 
8/02/72 23000 36500 13500 
8/03/72 6000 7400 1400 
8/04/72 10900 7950 -2950 

8/08/72 12607 16000 3393 
8/09/72 ·31500 16550 -14950 
8/10/72 49600 38100 -11500 
8/11/72 "-(2000 18750 -53250 

Number of negative values in 24 samples -- 10 

Number of 0 delta values = 0 
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DATA TABLE 31 

Total Organism Count - 24 Hour Samples / 100 mle 

Date Incurrent Excurrent Delta P (E-I) 

6/27/72 2100 1950 -150 
6/28/72 8100 11400 3300 
6/29/72 3275 8225 4950 
6/30/72 5650 10300 4650 

7/06/72 8050 38600 30550. 
7/07/72 38200 24350 -13850 

7/11/72 67200 100350 33150 
7/12/72 1023433 11425 -1012008 
7/13/72 51t250 38500 -15750 
7/14/72 72025 72800 775 

7/18/72 37250 11-6500 9250 
7/19/72 62650 19050 -43600 
7/20/72 12200 5350 -6850 
7/21/72 39750 .61250 21500 

7/25/72 6600 7150 550 
7/26/72 32200 31500 -700 
7/27/72 32500 26750 -5750 
7/28/72 51500 29000 . -22500 

8/01/72 9350 12675 3325 
8/02/72 41950 61500 19550 
8/03/72 10200 15300 5100 
8/04/72 20600 27025 6425 

8/08/72 18133 22100 3967 
8/09/72 1+8900 25100 -23800 
8/10/72 64000 47100 -15900 
8/11/72 15250 33000 17750 

Number of negative delta values in 24 samples = 11 

Number of 0 delta values = 0 
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Some of the higher correlations of the delta values deserve 

further discussion (cf. Data Table 32). Seme of the higher values 

show rather obvious relationships, while others are not obvious to 

the casual observer. Coscinodiscus, the most prevalent diatom, should 

and does show a high positive correlation with the total Chrysophyta, 

since it comprises the major portion of that category. Scenedesmus, 

a major contributor to the green algae o'r Division Chlorophyta, would 

also be expected to show a high positive correlation. The 0.54 

positive correlation between total phytoplankton and the total number 

of organisms is also expected as phytoplankton comprise the bulk of the 

total org8nisms sample. 

It is worth noting that Gyrosigma, not the most prevalent diatom, 

has a 0 .6L~ positive correlation with the total Chrysophyta. This may 

suggest that under the study conditions, Gyrosigma may respond to a 

similar range of tolerances that is exhibited by the division and 

therefore, could serve as an indicator species to demonstrite conditions 

that favor diatom growth in general. 

Some correlations at the 0.4 - 0.5 level merit some additional 

comment, since it may indicate potential relationships. Total 

zooplankton and Coscinodiscus correlate at a 0.41 level. This seems 

remarkable because 9oscinodiscus is the most common organism of any 

type in the samples, while zooplankton comprise the smallest category. 

Whether a causative relationship exists or not could be a problem for 

further consideration~ 

The 0.42 pos i ti ve correlat ion betli'leen Pediastrum and Scenedesmus 

may indicnted a similarity in tolerance ranges for these green algae. 
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The 0.42 positive correlation between Surirella, a diatom, and 

the total number of Chlorophyta is another interesting figure. While 

it may be COincidence, it may suggest similarities in tolerance ranges 

of the desmids in the Division Chlorophyta and the apparently sensi

tive, Surirella. 

Correlations with values between 0.3 and 0.4 are presented in 

the table, but are not discussed. It w:ould be stretching the values 

of correlations to discuss such low values. 



DATA TABLE 32 

CORRELATIONS OF DELTA VALUES 

Gyrosigma / Total number Chrysophyta 

Total Phytoplankton / Total Organisms 

Coscinodiscus / Total Chrysophyta 

Scenedesmus / Total Chlorophyta 

Total Chrys0phyta / Total phytoplankton 

Total Chlorophyta / Pediastrum 

Gyrosigma / Surirella 

Total Chlorophyta / Pediastrum 

Total Organisms / Melosira 

Navicula / Pedisatrum 

Scenedesmus / Pediastrum 

Surirella / Total Chlorophyta 

Melosira / Total Chlorophyta 

Total Zooplankton / Coscinodiscus 

Navicula / Total Chrysophyta 

Total Chrysophyta / Total organisms 

Melosira / Total Chrysophyta 

Gyrosigma / Total phytoplankton 

Gyrosigma / Mplosira 

Coscinodiscus / Melosira 

Navicula / Coscinodiscus 

Correlations with Delta values only. 

+0.64 

+0.63 

+0.59 

+0.54 

+0.47 

+0.47 

+0.46 

+0.46 

+0.42 

+0.42 

+0.42 

+0.42 

+0.42 

+0.41 

+0.40 

+o.lJ·o 

+0.38 

+0.37 

+0.37 

+0.37 

+0.37 

53 
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All organism .identified to genus were listed in taxonomic 

categories (division or phyla) and these are listed in Appendix I. 

The number of incurrent and excurrent samples and the percentage 

of samples in which each genus occurred is listed in this table. 

A total of 153 genera were encountered with the greatest 

variety occurring in the Division Chlorophyta •. Within this taxon, 

the Desmids predominated in numbers and the numbers of different 

types. Overall, the Division Chrysophyta had the greatest number 

of organisms. 

Cyclotella and Navicula were the only genera to occur in all 

collections taken at the intake sampling pOint. 

The most frequently occuring genera in the major groups were: 

Intake Discharge 

CYANOPHYTA Anabaena 56% 53% 

Oscillatoria 79% 62% 

CHLOROPHYTA Scenedesmus 9~10 94% 

Pediastrum 94% 94?b 

CHRYSOPHYTA Nqvicula 100% 97% 

Cyclotella 100% 91% 

PROTOZO.4 Codonella 38% 29% 

Euglena 44% 35% 

AS CHEUUNTHES Keratella 62% 68% 

Polyarthra 247b 21% 

CRUSTACEA Cyclops 21% 12% ----
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Tests of Significant Differences 

The tests of significant differences as determined by 1tJilc.:>xon IS 

signed ranks test are shown in Data Table 33. The results are shown 

in p values (probability of observed variations in s?mples being due 

·to no more than random sample variability, or the. probability that 

the sample sets compared actually represent the same population). 

Selected results are shown in the table to illustrate the pattern 

of the p values. With few exceptions, the p values do not show 

significant differences. As stated previously, the p values indicate 

a .:>ne-tailed test which is concerned ~ith sh.:>wing potential signifi

cance of population reductions as a result of entrain~ent. 

Gener'aof Chlorophyta showed a p value of 0.064, Tt<nile not 

slc;nificant, it does sUGGest the possibility that entr--ainmcnt may 

reduce viebllitjsince the value i~ recorded in the 24 hour sample 

as compared to a 0.031 E value in the 0 hour samples. 

Comparison of incurrent and excurrent samples f.:>r all genera 

of phytoplankton gives a p value of 0.07a after 24 h.:>ur incubation. 

Again, the figure is not significant, but suggests a reduction in 

population viability fo.llowing entrainment. 

The effects of entr-ainment may not be immediately observed, 

since it is nearly impossible to distinguish viable cells [r'om 

non-viable cells with an ordinary light microscope. Unless the 6ell 

wall is obviously disrupted, viability can only be determined easily 

throu~h the use of a fluorescent microscope. 

Genera of zooplankt9n in the 0 hour data sho~ed a definite 

redu·:~tl,"')n in di~;cllo.r/c G2rnplcs which is siinificant at the 1 percent 
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level (p = 0.008). The lack of a protective wall, except in the 

loricate rotifers and crustaceans probably accounts for their 

sensitivity tG events in t'he entrainment process. Zooplankton may 

serve a potential indicators of entrainment effects. 

The 24 hour samples seem to have recovered (p = 0.398) during 

the incubation period. This rapid recovery suggests tG the authors 

that the incubation chambers may well have trapped motile organisms. 

An alternative suggestion is that the zooplankton populations have 

the capability to recover following severe population losses. 

Counts of all organisms in the a hour samples show a sign4_fi

cant reduction in the number of genera present in the discharge 

samples (Q = 0.047), while no significant difference is demonstrated 

in the 24 hour samples. 

There does not seem to be a clearly defined pattern between 

the 0 hour an62'4 hour samples, From the tests, it appe2rs that 

simple counts of population diversity, rather than numbers, may be 

an effective bioassay of entr'ainment effects. This may be especially 

true of the more sensitive zooplankton populations. 
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DATA TABLE 33 

TESTS OF SIGNIFICANT DIFFEREN:;ES 
(AS DETEFlHNED BY \vILCOXON I S SIGNED RANKS TEST) 

Comparison of Excurrent - Incurr'ent Populations: in p values 

Test Q hour 24 hour 

Genera of Chlorophyta 0.30) 0.064 

Numbers of Chlorophyta 0.370 0.302 

Gr:=nera of ChI' jS ophyta 0.316 0.125 

l\Jum~Oer's of Chrysophyta 0.137 0.299 

Gener·a of Phyt :::plankton . 0.4Ll-4 0.or(8 

Nwnbers - Phytoplankton 0.103 0.237 

Genera of Zooplanl{t on 0.008 0.398 

Numbers - Zooplankton 0.348 0.355 

Genera of all Organisms o.oLn 0.319 

Number-s - all OrGanisms 0.264 0.444 



58 

CONCLUSIONS 

It is impossible to make conclusive statements as a result of 

a seven week suy·vey of any ecosystem, much less one as complex as 

the Hudson River. The conclusions, therefore, are tentative and 

suggestive, rather than definitive as they must be limited as to 

time and scope within the confines of the present study period and 

design. 

With the exception of water temperature and turbidity, no 

sienificant differences in physical and chemical characteristics 

of cooling waters were noted. Both water temperature and turbidity 

were increased as a r'esult of passage through the Danskammer plant. 

No significant differences of diversity or viability in the 

plan1cto~ populations ',~2r'2 noted '.Aith the .exception of zooplankton 

pc:.:ml8.tlom3. The DansL:ammer facility may produce changes in 

popula t ions .Jf pr;~'-c oplani-:t on as a r'es 1)1 t of entra inment, but not 

at ~i=ni[lcant levels. 

During the study period, zooplankton populations were si~nifi

cantly reduced in the discharge samples, Sut recovered after 24 hours 

of incubation. Zooplankton diversity is the best immediate indicator 

of entrainment effects. 

Multi-modal distribution in most populations suszest that plankton 

populations sampled in this study do not fit a normal distribution. 

Navicula sp. was encountered in more' samples than any other 

diatom. 

CoscinodiGcus cp. occurred in the s2mplcs in the greatest nwr.bers 

of any organism fo~nd in the study period. 
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The division Chrysophyta comprises the bulk of the plankton 

found in waters entering the Danskammer plant. 

Coscinodiscus sp. appears to be most tolerant of all diatoms 

to elevated ambient temperatures. The diatom also does not show 

effects of entrainment. 

Pediastrmfl sp. and Scenedesmus sp. were the most commonly 

encountered genera of Chlorophyta in the samples. They show simi

lar responses to changing conditions in the samples taken. 

ADDITIONAL STUDIES 

Additional studies should be made on entrainment effects in 

order to secure more data and to refine techniques. There is a 

need to be able to identify viable plankton more readily. A 

fluorescent microscope maybe a necessity for identifying the viable 

plankton forms •. 

Collection techniques need to be refined. The avoidance reactions 

of larger zooplanktors is well documented. Large zooplanktors were 

not present in large numbers in the present study, perhaps as a result 

of a deficiency in the sampling devices. 

Incubation devices need to be refined. It was· apparent that 

finer mesh filters may be necessary to restrict the inflow of silt. 

Perhaps incubation can best be accomplished in laboratory situations. 

Continued research in the Danskammer ar~a would be very productive 

in assessing the possibility of a threshold effect. The present 

temperatures at discharge could be elevated to threshold levels if 

incurrent temperatures are increased. The possibility of elevated 



incurrent temperatures is very real with the proposed increased 

construciton of " electric generating facilities upriver from the 

Danskammer facility. 
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The Hudson River is a valuable resource at the present and we 

are obliged to preserve its character so that it may serve as a 

valuable resource for future generations. 



61 

APPENDIX I 

ORGANISMS COLLECTED IN WATER SAMPLES 

Hudson River Roseton Study-Phase II, Summer, 1972 

. PHYTOPLANKTON (73. genera) . 

Intake Discharge 
Type No. Occo % Occ. No. Occ. % Occ. 

CYANOPHYTA (7 genera) 

Anabaena 19 56 18 53 

Anacystis 11 32 14 41 

Gonphosphaeria 1 3 1 3 

Merismodoedia 1 3 1· 3 

Oscilla toria 27 79 21 62 

Polyc~ls tis 1 3 0 0 

P,phanocapsa 1 3 0 0 

CHLOROPHYTA (40 genera) 

Actinastrum 22 ~5 18 53 

Ankistrodesmus 12 35 13 38 

Asterococcus 8 23.5 6 H3 

Bumi11nria 1 3 1 3 

Ch1amydomona s 5 15 3 9 

Ch1orococcum 6 H3 8 23.5 

Chro·ococcus 2 6 2 6 

C10sterium 16 47 17 50 

Cosmarium 0 0 1 3 

Crucigenia 1 3 1 3 

Chlorosnrclna 1 3 0 0 

D:imorphococcus , 3 0 0 -'-
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Intake Discharge 
Type No. OCC. % occ. No. OCC. % OCC. 

Chlorophyta (cont'd) 

Dictosphaerium 10 29 9 26 

Errerella 7 21 8 23.5 

Eudorina 9 26 8 23.5 

Gloeocystis 10 0 1 3 

Gomphosphaeria 0 0 1 3 

Kirchnerie11a 3 9 2 6 

Micractinium 10 29 6 H~ 

Microspora 0 0 1 3 

Nephryocytium 2 6 2 6 

Oocystis 7 21 7 21 

Palmel1a 1 -3 0 0 

Palrnellococcus 4 12 4 12 

PanderinG 8 23.5 6 18 

Plant\.tosphaer ia 1 3 1 3 

Pleodorina 9 26 4 12 

Pediastrum 32 94· 32 94 

Quadrigula 2 6 1 3 

Protoceccus 22 65 27· 79 

Scenedesmus 31 91 32 94 

. Selena.strum 2 6 2 6 

Sphaerocyst is 8 23.5 2 6 

Staurastrum 7 21 4 ·12 

Syn~ra 1 3 0 0 

Tetraedrcm 2 6 0 0 

Tetraspor3 4 12 0 0 
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Intake Discharge 
Type No. Occ. 7£ OCC. No.- Gcc. % occ. 

Chlorophyta (cont1d) 

Ulothrix 15 44 11 32 

Volvox 1 3 2 6 

Zygnema 1 3 1 6 

Chrysophyta (24 gene;ra) 

Amphipleura 0 0 2 6 

Al1'!phora 1 3 0 0 

Asterionella 20 59 H3 53 

Bacillaria 1 3 1 -=< 
-' 

Campylodiscus 1 3 0 0 

Cocconeis 23 68 25 74 

Coscinodiscus 31 91 31 91 

Cyclotel1a 34 100 31 91 

Cymbe11a 8 23.5 7 21 

Diatoma 12 35 13 38 

Fragillaria 31 91 23 68 

Frustulina 0 0 1 3 

Gornphonerna' 7 21 ~ 23.5 

Gyrosigma 33 97 32 94 

Melosira 30 8H 31 91 

Meridion 1 3 0 0 

Navicula 34 100 33 97 

Nitzchia 24 71 21 62 

Pinnu1aria 1 3 1 3 

Stauroneis 3 9 2 6 

Stephanodiscus 13 38 16 47 



64 

Intake Discharge 
Type No. OCC. % OCC. No. OCC. % Occ. 

Chrysophyta (cont t d) 

Surirella 31 91 33 97 

Synedra 3 9 ·3 9 

Tabellaria 16 47 15 44 

ZOOPLANKTON ( total 61) 

Protozoa (2C3 genera) 

Acanthocystis 0 0 1 3 

Acineta 1 3 1 3 

Actinophrys "2 6 0 0 

Amoeba 0 0 1 3 

Amphimon8.s 2 6 0 0 

As te-rnmeoba 1 3 0 0 

Carteria 1 3 3 9 

Ceratium 4 12 4 12 

·Codonel1a 13 .38 10 29 

Didinium 1 3 0 0 

Difflugia 2 6 3 9 

Epalxis 1 3 0 0 

Epistylis 4 12 2 6 

Euglena It; 
./ 

L~4 12 35 

Glenodinium 2 6 2 6 

Holophyra 1 3 0 0 

Lepocynclis 1 3 o· 0 

1'-'1a 11omo1l(;s 2 6 1 3 

Per"ldinium 2 6 1 3 

Ph(1CUS 6 18 7 21 
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Intake Discharge 
~ No. occ. ~ OCC. No. OCC. % OCC. 

Protozoa (cont'd) 

Spathidium 2 6 1 3 

Stokesia 1 3 0 0 

Tetrahymena 0 0 1 3 

Trachelomonas 7 21. 3 9,. 

Trachelophyllum 1 3 0 0 

Uronema 0 0 1 3 

Vorticella 1 3 2 6 

Xanthidium ... 
3 0 0 J.. 

Aschelminthes (20 genera) 

Brachionus 0 0 1 3 ... 

Cephalodel1a 1 3 2 6 

Chaetonotus 
(Ga s trotricha ) 1 3 1 3 

Chromogaster 1 3 0 3 

Collotheca 1 3 0 0 

Conochilus 3 9 0 0 

Filinia 1 3 1 3 

Hexarthra 1 3· 0 0 

Ichthyridium 
(Gastrotricha) 5 15 2 6 

Kellicottia 1 3 0 0 

Keratella 21 62 23 68 

Lepadella 1 3 0 0 

r"lonostyla 1 3 0 0 

Panagrolaimus 
(Nematode) 1 3 2 6 
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Intake Discharge 
Type No. Occ. % Occ. No. Occ. % Oec. 

Aschelminthes (cont1d) 

Philodina 0 0 2 6 

Polyarthra 8 23.5 7 21 

Rhabdolaimus 
(Nematode) 1 3 0 0 

Sinantherina "1 3 0 0 

Synchaeta 2" 6 2 6 

Trichocerca 3 9 1 3 

Nemerta (1 genera) 

Prostorna 1 3 0 0 

Crustacea (7 genera) 

Bosmina 2 6 1 '=< 
-' 

Cyclops 7 21 4 12 

Daphnia 1 3 "0 0 

Diaphanosoma 1 3 1 3 

Gammarus 0 0 1 3 

Limnocalanus 2 6 0 0 

Nauplius larvae 
(Copepod) 11 32 7 21 
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CHAPTER III 



-

A. INTRODUCTION AND 
STUDY OBJECTIVES 

III. PHYTOPLANKTON, MICROZOOPLANKTON 
AND MACROZOOPLANKTON 

The results or phytoplankton, microzooplankton and macrozooplankton abundance 

studies conducted during 1973 in the Roseton/Danskarnrner Point vicinity of 

the Hudson River and the Roseton/Danskarnrner power plants are presented in 

this Chapter. In addition, an in-depth discussion of the role planktonic 

organisms play in the aquatic ecology of a waterbody is presented. 

The interrelationships of phytoplankton and zooplankton populations are 

varied and complex. It is possible to identify some general principles 

about these relationships by cursory examination of two broad topics: 

grazing and seasonality. 

Many zooplankters are either obligate herbivores or obligate carnivores, 

eating only plants or animal material, respectively; others are omnivores, 

combining both modes of nutrition~ 'Some herbivores become rapitorial 

feeders on animal material when phytoplanktonic rations fall below a 

certain level (Adams and Steel, 1966). The effect, of grazing (ingestion of 

phytoplankton cells) on phytoplankton populations is probably a function 

of the standing stock,' age'groups, species present and species structure 

of the feeding zooplankton populations and the standing stock, rate of 

production, and s~ze range of the available phytoplankton population. 
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Most zooplanktonic herbivores ingest algae of very specific size ranges. 

Several investigators have shown that although many copepods filter-feed 

on a non-selective basis, the size of the algal cells ingested depends on 

the filtering apparatus of the organism under consideration (Gauld, 1958; 

J¢rgenaen, 1966). In general, the size of the zooplankter parallels the 

size of the cell it can ingest most efficiently; microzooplankters feed 

on nanoplankton and macrozooplankters feed on the larger net plankton. 

Detritus particles may form a large part of the food supply of filter feediilg 

zoop1ankters although preliminary experiments also indicate that some cope

pods do not feed heavily on detritus particles (Strickland, 1970). It has 

been shown (Raymont, 1963) that detritus may form an important component 

of the diet of estuarine copepoda. It has also been shown that the filter

ing rate of a- freshwater cladoceran was inhibited by high concentrations of 

suspended particulates (Burnes and Rigler, 1967; Crowley, 1973); this phen

omenon may be of importance in the feeding of Hudson River populations. 

The seasonality of zooplankton and phytoplankton in temperate waters is 

well-known (Sverdrup, 1953; Holland, 1969; Harris, 1973). Under the 

influence of increasing temperature and light intensity, phytoplankters 

grow and divide rapidly in the spring, sometimes reaching bloom concentra

tions within two weeks. The increase in zooplankton populations lags 

behind but is closely correlated with the rise in phytoplankton numbers 

(Menzel and Ryther, 1961). After low level production in the summer, a 

burst of growth occurs in the fall, followed by overwintering conditions 

(Riley, 1967). 
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~ny organism in an aquatic environment'is affected at all times by physical, 

chemical and biological parameters. Since each species has a different set 

of nutritional requirements and a different range of tolerances, it follows 

that as environmental parameters change, population numbers-and structure 

will also change. Due to the interconnections of the food web, a change 

in a single parameter could be followed by changes throughout the eco-

system. 

The in-plant studies were initiated in 1973 to begin investigations of the 

following subject areas: 

B. 

(a) Comparison of species abundance and occurrence between intake, 

discharge and river samples, 

(b) estimation of effects (both short arid long-term) resulting from 

discharge of heated condenser cooling water and condenser cooling 

water chlorination practices, and 

(c) development of procedUres to be used in evaluating long-term, 

e.g., 10 years, effects reSUlting from simultaneous operation 

of the Roseton and Danskarnmer Point plants. 

SELECTED WATER 
QUALITY DATA 

, , 

Water quality data collected at the intake (surface sample) of the Danskammer 

Point plant and a 'station (surface sample) approximately 1-1/2 miles north 

of Danskammer Point (designated as RQseton North Control) were selected for 
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comparison with the results of the plankton studies (See Chapter VII). 

Surface temperature was consistent within 2°F for both areas, increasing from 

56°F in late May to a high of 8l oF in late August. In ear~y October the 

temperature was approximately 72°F and declined to approximately 48°F by 

late November. 

salinity at the Danskammer Point intake was usually higher than the salinity 

at the river stations, rising from approximately 0.16 ppt in May to a 

high of 0.29 ppt in late October, after which salinity decreased to 0.19 ppt 

in late November. At the control area the range was 0.10 to 0.39 ppt, with a 

decrease to 0.13 ppt in late November. 

Total phosphorus values ranged from 0.02 mg/l at the North Control area 

on May 29 to 0.11 mg/l on August 22, then fell to levels of 0.06-0.07 mg/l 

during October and November. Data from the Danskammer Point intake show a 

similar trend. 

The concentration of nitrate-nitrogen for Danskammer Point intake showed peaks 

of 0.76 and 0.73 mg/1 on June 19 and November 27, respectively; nitrate

nitrogen varied from 0.27 to 0.47 mg/l in other months. The nitrate-nitrogen 

data for the North Control area showed similar concentrations. 

Ammonia-nitrogen at the intake and control were measured at 0.25 and 0.07 

mg/l and 0.22 and 0.15 mg/l, respectively, on May 29 and June 19. Thereafte c . 

no ammonia-nitrogen was detected at either site for the duration of the samplLng 

period, with the exception of a 0.06 mg/l concentration at the intake on 

August 22. 
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C. PHYTOPLANKTON 

1. Materials and Methods 

(a) Sampling. Phytoplankton samples were collected by pouring 18.9 

liters of surface water through an l8~ mesh Wisconsin-type plankton 

net. In order to obtain nanoplankton, approximately 900 milliliters 

of the water passing through the net was taken as a "filtrate" sample 

(approximately 300 mI. of the filtrate sample was collected at the 

beginning, 300 mI. in the middle and 300 mI. at the end 6f the pouring 

process). These aliquots were combined to make up the nanoplankton 

sample. The net was washed from the outside, and the cod-end bucket 

was rinsed into a collection bottle labelled "net" samples. Two 900 

milliliter "whole water" samples were also taken from the surface 

waters with a Van Dorn water bottle. All the phytoplankton samples 

were preserved with 2-4% formalin solution. 

The sampling sites, Roseton North Control East = RNCE, Roseton North 

Control West = RNCW, Roseton South Control East = RSCE, Roseton South 

Control West = RSCW, Roseton Intake = RI, and Roseton/Danskammer East = 

ROE, are shown in Figure III-I. The samples collected on each sampling 

date are shown in Table III-I. 

In addition, whole water phytoplankton a6"nples were collected weekly 

from the Danskammer Point intake chanhel in the manner described for 

monthly samples (above). These samples were used to obtain baseline 

data for comparison with monthly samples. 
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TABLE III-l 

PHYTOPLANKTON COLLECTING DATES - 1973 
ROSETON/DANSKAMMER POIN'f VICINITY 

STATION 
Date RNCW RNCE RSCW RSCE RDE ~ DI 

A. Net Phytoplankton 

May 31 x x x x x x 
June 26 x x x x 
July 24 x x x x x x 
August 21 x x x x x 
September 18 x x x x x x 
October 16 x x x x x 11: x 
November 12 x x x x x x x 
December 12 x x x x x x x 

B. Filtrate Phyt.oplankton 

May 31 x x x x x 
June 26 x x x x 
July 24 x x x x x x 
August 21 x x x x x 
September 18 x x x x x x 
October 16 x x x x x x x 
NoVember 12 x x x x x x x 
December 12 x x x x x x x 

C. Whole Water Phytoplankton 

May 31 
June 26 x x x 
July 24 x x x x x x 
August 21 x x x x x 
September 18 x x x x x x x 
October 16 x x x x x x x 
November 12 x x x x x x x 
December 12 x x x x x X x 

- Note: sampling stations locations are shown in Figure III-I. 

Quirk, Lawler ~Matusky Engineers 



III-6 

Tho purpose of collecting whole water, net and filtrate samples was to 

provide comparative data prior to the projected change to collecting only 

whole water samples during 1974. Only net phytoplankton samples were 

collected in the Roseton/Danskammer Point area during the 1971-1972 programs. 

(b) Laboratory Analysis. The methods and procedures Us.ed in 1973 were 

approximately the same as those used in 1971 and 1972 (Quirk, Lawler & 

Matusky Engineers, 1973). Three aliquots representing known percentages 

of a homogeneously mixed concentrated sample were counted at 200 x in a 

Palmer cell. Duplicate samples of each aliquot were counted. The counts 

of the aliquots were averaged and the number of algal cells (of each taxon) 

per milliliter was utilized to calculate the number of cells per liter 

(see American Public Health Association, 1971). 

(c) Statistical Analysis. Analysis of variance (ANOVA) was used to 

ascertain significant differences in mean numbers of organisms with respect 

to a given variable. Analyses were conducted as follows (Sokal and Rohlf, 

1969): 

1. For net, filtrate and whole water samples, tests for significant 

differences for each date between stations were conducted. 

2. For net, filtrate and whole water samples, tests for 

significant differences for each station between dates were 

conducted. 

3. To locate the significant variable within a source of variance, 

Student-Newman-Keuls ranking tests were applied where significant 

differences between stations were found. 

Quirk, Lawler ffjf' Matusky Engineers 



III-7 

A paired-t test or a Wilcoxon test for large samples was used to determine 

whether or not there were significant differences in abundance between 

whole water river sampLes and net plus filtrate river samples. 

(d) Discussion of Samp Ling .md Laboratory Ana lysis. The collection and 

analysis of net, filtrate and whole water phytoplankton samples provided 

a quantitative estimate of the surface phytoplankton population at a 

given station. The high concentrations of particulate matter in the 

Hudson River might have caused clogging of the small phytoplankton mesh 

size, and therefore, some estimates of abundance from net samples may 

be lower than natural populations. Although absolute numbers of phyto-

plankton might have been underestimated during periods of high produc-

tion, the seasonal trends of the phytoplankton populations were established. 

Many phytoplankters exist as individual cells; others, such as Asterionella 

or Oscillatoria, tend to form filaments, colonies or clumps; phytoplankton 

samples in 1973 were enumerated as both clumps and cells. Since cells 

comprise the basic unit of algal structure, cell counts provide a more 

absolute measure of standing crop than the enumeration of clumps; the 

emphasis in the results and discussion sections, therefore, has been 

placed on estimates expressed as cells/liter. 

The results are presented as 'net' and 'filtrate' samples because these 

samples express size ranges within the populations of primary producers: 

The results of whole water analyses are presented in comparative form, 

i.(!. major similarities and dissimilarities with net and filtrate samples 

are noted. 

Quirk, Lawler ®"Matusky Engineers 
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2. Results 

(a) Species Inventory. A species inventory is presented in Table I11-2. 

Abundance data for each sampling site on each sampling date are presented 

in Appendix III-Ai the data are presented as net, filtrate, and whole 

water samples expressed as algal cells/liter. 

(b) Seasonal Patterns of Abundance. The abundance of diatoms, green 

algae, and blue-green algae collected in net samples at each of the four 

sampling sites was graphed for the entire sampling period and is presented 

in Figure 1II-2. The percent composition of thes'e groups and all other 

net phytoplankters is presented in Figure 111-3. Similar graphs were 

generated for those algae which passed through the net (filtrate samples); 

these two graphs of abundance and percent composition are presented in 

Figures lII-4 and 111-5, respectively. 

Diatoms exhibited a typical bimodal seasonal distribution with inter

mediate fluctuations during the summer months at the four sampling 

sites. The late spring peak, composed of Melosira sP .• I Cyclotella sp,' I 

Asterionella sp., and Navicula sp., contained less than 106 cells/liter 

for filtrate samples and less than 105 cells/liter for net samples. 

The early winter peak was higher than the early spring peak of abundance 

for both collection techniques, with net diatom abundance reaching 

2.9 x 105 cells/liter and filtrate diatom abundance reaching 

1.2 x 106 cells/liter. The month of highest diatom count was 

December and the station with the highest value was RSCW. The 

seasonal pattern of diatom abundance in whole water samples approx-

Quirk,-Lawler ffifMatusky Engineers 



TABLE III-2 

PHYTOP~KTON SPECIES INVENTORY: 1973 
ROSETON/DANSKAMMER POINT VICINITY 

A. DIATOMS 

Achnanthes sp. 
Amphiprora sp. 
Amphora sp. 
Asterionella formosa 
Attheya zachariasi 
Ceratoneis sp. 
Chaetoceros sp. 
Chaetoceros sp.A. 
Cocconeis sP. 
Coscinodiscus sp. 
Cyclotella sp. 
CyD!bella sp. 
Diatoma :;p. 
!Jiploncis sp. 
J·!Wlotia. sp. 
J~raqilaria sp. 
J"ragiiaria crotonensis 
Gomphonema .sp. 
Gyrosi<J!ll'! .sp. 
Hantzschia sp. 
Melosira sp. 
M. <.:{ranulata 
Meridion circu1are 
Navicula sp. 
Navicula sp.A. 
Nitzschia sp. 
N. sigma 
Pinnularia sp. 
Rhoicosphenia curvata 
Stephanodiscus sp. 
Surirella .sp. 
s. patella 
Synedra sp. 
s. ulna 
Tabellaria sp. 
T. flocculosa 
T. fene strata 
lJID centric 
UID pennate 
UIO spined-centric 

B. EUGLENOIOS 

Euglena sp. 
Phacus sp. 
Trachelomonas sp. 
UlO euglenoids 

C. GREEN ALGA 

Actinastrum ~p. 
A. gracillimum 
A. hantzschii 
Ankistrodesmus . sp. 
Asterococcus ~~. 
Chlamydomonas ~p'. 

Chiorella sp. 
Chlorococcum sp. 
Choda tella sp. 
C. longiseta 
C. microporum 
C.subsalsa 
.s. quadrata 
Closteriopsis sp. 
Closterium sp. 
Coelastrum ~p. 
cosmari um s~. 
~ciqenia sI>' 
Dictyosphaerium ~p. 
Echinosphaerella sp. 
Elakatotht";i.)t ·_~r. 
Ellastrum ~p. 
Eudorina s.P. 
lE.. eleqans 
Franceia ~p. 
Golenkinia radiata 
Kirchneriella sp. 
Micractinium pusillum 
Micrasterias sp. 
Mougeotia ~p. 
oocystis ~. 
Pandorina ~p'. 
P. charkowiensis 
Pediastrum biradiatum 
P. duplex 
P. glanduliferum 

QUirk9 Lawler YMatusky Engineers 



TABLE III~2 (continued) 

C. GREEN ALGA CONT. 

P. simplex 
P. tetras 
Platydorina caudata 
polyedriopsis sp. 
Protococcus sp. 
Scenedesmus sp. 
S. abundans 
S. acuminatus 
S. arcuattis 
S. bijuga 
S. dimorphus 
S. denticulatus 
S. obliquus 
~. quadricauda 
Schroedria sp. 
schroederia setigera 
Selenastrum Sp. 
Sphaerocystis sp. 
Spirogyra sp. 
Staurastrum sp. 
Staurastrum aspinosa 
stigeoclonium sp. 
Tetradesmus sp. 
Tetraedron .?p. 
Tetraedron trigonum 
Tetrastrum sp. 
Ulothrix ~l? 
UID colonial 
UIO desmid 
UID flagellate 
UIO filamentous 
Uln four-spined 
Uln Gonilml-like 
UIO unicellular 
Volvox sp. 

D. YELLOW-BROWN ALGAE (DINOFLAGELIATES) 

DinQP;I:'ypn sp.. 
Glenodin~ urn I:lp. 
Peridinium ?p. 
Synura .~.P.' 
UID dinoflagellate 

E. BLUE-GREEN ALGA 

Anabaena sp. 
~ flos-aquae 
~. spiroides 
Aphanizomeno~ sp. 
Aphanocapsa ~p .• 
Aphanothece ~p. 
Chroococcus .~p. 
Cylindrospermum sp. 
Oactylococcopsis ~£. 
Gleocapsa . s.lt. 
Gleothece ~. 
Gomphosphaeria.~. 
Lyngbya ~. 
Merismopedia ~~. 
M. glauca 
!:!. major 
Microcystis sp. 
M. aeruginosa 
Nostoc sp. 
Oscill~toriasp. 
Phormidium ~p. 
Spirulina ~p_. 
Synechocoocus ~~. 
urn Aphanothece~like 
UIDbranched filamentous 
Uln colonial 
Uln filamentous 
UID Gleocapsa-like 
Uln long cell 
UIO sheathed cell 
urD two-celled colonial 
uro unicellular 

F. OTHER ALGA 

UIO flagellate 

QUirk? Lawler I&' Matusky Engineers 
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imated the patterns found in filtrate samples; species composition 

was also similar, but diatom abundance was generally higher in whole 

water samples than in either filtrate or net samples. 

By August and September the green algae, especially Scenedesmus' and 

Tetrastrum, increased in the filtrate samples. In the net samples 

Mougeotia, Ankistrodesmus, and two species of Pediastrum dominated 

II1-9 

the increase. Panadorina and Eudorina also contributed to net collection 

pulses in concentrations. Actinastrum hantzchii, Coelastrum ~p., Mougeotia 

sp., Panadorina sp., Pediastrum spp., Scenedesmus quadricauda and Ulothrix 

sp. were the dominant green algae in the whole water samples at that 

time. The dominant phytop1ankters were more abundant in· whole water 

samples than in filtrate samples, and were more abundant in filtrate 

samples thanin net samples. 

Blue-green algal blooms were extant from August through October. The 

numbers of Oscillatoria ranged from approximately 6.2 x 105 cells/liter 

at RNCE to 1.5 x 106 cells/liter at RNCW during October in the net samples 

(see Figure 111-2). Filtrate samples contained higher numbers of 

Oscillatoria, varying from 6.4 x 106 cells/liter at RSCE to 1.5 x 107 

cells/liter at RNCE (see Figure I11-4). In addition to Oscillatoria, 

bloom proportions of Lyngbya and Merismopedia existed in both filtrate 

and net samples. The same genera were dominant in the whole water 

samples, but abundance was higher in the whole water samples, ranging 

from 2.2 x 106 Oscillatoria cells/liter at RNCE to almost 1.1 x 107 

Oscillatoria cells/liter at RSCW on September 18. 

Quirk. Lawler IW"Matusky Engineers 



III-lO 

(i) Between Sampling Dates 

The results of analyses to determine whether there were significant 

differences in total algal abundance between dates at each station 

are presented in Table 111-3. There were significant differences 

in algal abundance in filtrate samples between dates at all river 

stations, but not at the Roseton or Danskammer Point intakes. This 

pattern was not found within phytoplankton populations in the net 

samples; rather, significant differences between dates were noted only at 

RNCE and RSCE in net samples. Significant differences in abundance 

between dates were found at stations RNCE, RSCW, and RSCE, and at 

Roseton intake for whole water samples. 

(ii) Between Stations 

Significant diffe+ences in algal abundance between statiorts were found 

on June 26 for net samples, on August 21 for filtrate samples, and 

on July 24 and August 21 for whole water samples (Table 111-4). Since 

the differences in algal abundance between dates reflected the seasonal 

changes described previously, no further analyses were conducted to 

refine the location of significant differences. However, a Student

Newman-Keuls ranking test was applied where there were significant 

differences in algal abundance between stations. The results of these 

analyses are presented in Table 111-5. On June 26 phytoplankton abund

ance at RNCW and RSCE was least similar while abundance in filtrate 

samples were least similar between RNCW and RSCW on August 21. As 

determined in whole water samples, algal abundance at RSCW and at 

Quirk, Lawler ~Matu8ky Engineer8 
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A. 

TABLE III-3 

PHYTOPLANKTON: ONE-WAY ANALYSIS OF VARIANCE BETWEEN DATES 
ROSETON/DANSKAMMER POINT VICINITY 

1973 

Source of Degrees of Mean 
Station Variance Freedom Square 

Filtrate Sample DI Date 7 0.937 
Error 85 0.483 
Total 92 

RI Date 7 0.424 
Error 152 0.517 
Total 159 

RDE Date 7 1.505 
Error' 97 0.463 
Total 104 

RNCW Date 7 1.928 
Error 172 0.465 
Total 179 

RNCE Date 7 2.501 
Error 162 0.643 
Total 169 

RSCW Date 7 3.895 
Error 163 0.540 
Total 170 

RSCE Date 7 2.378 
Error 152 0.486 
Total 159 

*Significant differences at a = 0.05 

F-Ratio 

1.940 

0.820 

3.252* 

4.146* 

3.890* 

7.217* 

4.892* 

Quirk9 Lawler Ifif Matusky Engineers 



TABLE I1I-3 (Continued) 

Source of Degrees of Mean 
Station Variance Freedom Square F-Ratio 

B. Net SamE1es DI Date 7 1.230 2.275* 
Error 79 0.541 
Total 86 

RI Date 7 1.598 2.592* 
Error 159 0.616 
Total 166 

RDE Date 7 1.388 2.283* 
Error 109 0.608 
Total 116 

RNCW Date 7 1.022 1.664 
Error 149 0.615 
Total 156 

RNCE Date 7 2.415 4.902* 
Error 277 0.493 
Total 284 

RSCW Date 7 1.096 2.044 
Error 163 0.536 
Total 170 

RSCE Date 7 1.223 2.110* 
Error 154 0.579 
Total 161 

*Significant difference at a = 0.05 

-
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TABLE III-3 (Continued) 

Source of Degrees of Mean 
Station Variance Freedom Square F-Ratio 

c. Whole Water Sam,Eles Dr Date 3 0.470 0.777 
Error 124 0.606 
Total 127 

RI Date 5 1.786 3.749* 
Error 174 0.476 
Total 179 

ROE Date 4 1.235 2.175 
Error 155 0.568 
Total 159 

RNCW Date 6 1.087 2.005 
Error 227 0.542 
Total 233 

RNCE Date 6 1.777 3.681* 
Error 206 0.483 
Total 212 

RSCW Date 5 6.821 13.226* 
Error 199 0.516 
Total 204 

RSCE Date 6 1.647 3.190* 
Error 216 0.516 
Total 222 

*Significant Difference at a = 0.05 

Quirk9 Lawler ffif Matusk}" Engineers 



TABLE 1II-4 

Phytoplankton: One-way Analysis of Variance 
Between Stations 

ROSETON/DANSKAMMER POINT VICINITY 1973 

A. Net Samples 

DATE SOURCE OF DEGREES OF MEAN F RATIO 
VARIANCE FREEDOM SQUARE C,T..CUIATED 

5/31 Station 5 0.17 0.57 
Error 94 0.29 
Total 99 

6/26 Station 3 1.249 3.93* 
Error 20 0.318 
Total 23 

7/24 Station 5 0.20 0.579 
Error 91 0. 347 
Total 96 

8/21 Station 4 0.325 0.644 
Error 110 0.505 
Total 114 

9/18 Station 5 0.775 0.978 
Error 112 0.792 
Total 117 

10/16 Station 6 0.75 0.920 
Error 161 0.81 
Total 167 

1L/12 Station 6 0.452 0.594 
Error 190 0.761 
Total 196 

12/12 Station 6 0.723 1.763 
Error 191 0.410 
Total 197 

*significant differences at a.= 0.05 

QUirk9 Lawler tWMatusky Enqineers 



TABLE 111-4 (con't) 

B. Filtrate Samples 

DATE SOURCE OF DEGREES OF MEAN CALCULATED 
VARIANCE FREEDOM SQUARE F RATIO 

5/31 Station 4 0.19 1. 31 
Error 19 0.15 
Total 23 

6/26 station 3 0.062 0.479 
Error 19 0.130 
Total 22 

7/24 Station 5 0.133 1.005 
Error 33 0.132 
Total 38 

8/21 Station 4 2.632 5.607* 
Error 191 0.470 
Total 195 

9/18 station 5 0.360 0.728 
Error 190 0.494 
Total 195 

10/16 Station 6 0.16 0.24 
Error 181 0.66 
Total 187 

, ...... 
11/12 Station 6 0.384 0.684 

Error 179 0.561 
Total 185 

12/12 Station 6 0.95 0.280 
Error 166 0.341· 
Total 172 

QUirk9 Lawler & Matusky Engineers 



TABLE I11-4 (con't) 

C. Whole Water Samples 

DATE SOURCE OF DEGREES OF MEAN CALCUIATED 
VARIANCE FREEOOM SQUARE F RATIO 

6/26 Station 2 0.240 0.621 
Error 77 0.386 
Total 79 

7/24 Station 3 4.361 10.869* 
Error 106 0.401 
Total 109 

8/21 Station 3 2.740 5.771* 
Error 154 0.475 
Total 157 

9/18 Station 3 0.582 1.075 
Error 121 0.542 
Total 124 

10/16 Station 3 0.011 0.018 
Error 130 0.653 
Total 133 

11/12 Station 3 O. 61~ 0.898 
Error 140 0.689 
Total 143 

12/12 Station 3 0.123 0.331 
Error 120 0.371 
Total 123 

Quirk, Lawler f1f Matusky Engineers 
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TABLE III-S 

PHYTOPLANKTON: STUDENT-NEWMAN-KEULS RANKING TEST 
ON DATES OF SIGNIFICANT DIFFERENCE BETWEEN STATIONS 

1973 
ROSETON/DANSKAMMER POINT VICINITY 

Net Phytoplankton, June 26, 1973 Rank 1 2 
Station RNCW RNCE 

Filtrate Phytoplankton, August 21, 1973 Rank 1 2 

i. 

3 4 
RSCW RSCE 

3 4 5 
Station RNCE RSCW RSCE RI RNCW 

Whole Water Phytoplankton, July 24, 1973 6 
Station RSCW RI RSCE RDE RNCE RNCW 
Rank 1 2 3 4 5 

4. Whole Water Phytoplankton, August 21, 1973 Rank 1 2 3 4 5 
Station RNCW RI RNCE RSCW RSCE 

Note: Underscoring denotes similarity. 



III-II 

RNCW was least similar to the other three stations on July 24 and 

August 21, respectively. Although the trend emerging from these re-

suIts indicated that one of the two west stations was generally differ-

ent from the remaining three stations, there were not enough instances 

of significant differences between stations to form a definite east-

west pattern. 

(iii) Between Whole Water and 
Fractionated Samples 

As shown in Table 111-6, abundance of diatoms and green algae were sig-

nificantly greater when calculated from whole water samples than from 

the combination of net and £iltrate samples. 

(iv) Between Roseton/Danskammer Point 
1971-1972 and 1973 

. 5 
In 1971-1972 none of the major phytoplankton taxa were found above 2 x 10 

algal ce11s/1iter~ during 1973 the major phytoplankton taxa were at least 

an order of magnitude more abundant. A shift of the composition from 

C~c10te1la, Melosira and Conscinodiscus to fYclotella, Melosira and 

Navicula occurred in the Hudson River between 1971-1972 and 1973. The 

plant intake sample showed a Melosira, Cyclote11a, Fragilaria, and 

Asterionella abundance. Peaking of Asterionella formosa was recorded 

in May and December of 1973 while 1972 river results showed no similar 

peaks. 

Blue-green algae, especially Oscillatoria, contributed to bloom conditions 

Quirk. Lawler ffif Matusky Engineers 
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TABLE III-6 

TESTS FOR SIGNIFICANT DIFFERENCES 
IN PHYTOPLANKTON ABUNDANCE 

WHOLE WATER SAMPLES AND NET PLUS FILTRATE SAMPLES 
ROSETON/DANSKAMMER POINT VICINITY, 1973 

PAIRED-t TEST 

DEGREES 
OF 

GROUP FREEDOM TEST STATISTIC *CRITICAL 

Blue-green algae 24 t = -0.513 2.064 

tDiatoms 26 t = -2.801 2.056 

Euglenoids 26 t == -0.904 2.056 

Yellow-brown algae 26 t = -2.032 2.056 

Total phytoplankton 26 t = -2.037 2.056 

WILCOXON SIGNED RANK TEST 

tGreen algae n= 27 z = 2.366 1. 96 

* critical values at « = 0.05 

t significant difference at « = 0.05 

VALUE 

Quirk, Lawler IWMatusky Engineers 
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in August-October 1973, whereas they were far less abundant during 

1971-1972 except for a pulse of Aphanizomenon in August 1971 •. 

Although no problem algae occurred at "trouble" levels in 1971-1972, 

the blue-greens, Oscillatoria, Anabaena, Microcystis, Merismopedia 

and Lyngbya, and the diatom Cyc10tella exceeded 5 x 105 cells/liter 

in 1973. At the plant intake, the diatom Melosira also reached bloom 

proportions. 

(v) Between Weekly and Monthly 

Figure III-6 shows the seasonal patterns of diatoms, green algae; 

and blue-qreen algae based on whole water samples taken weekly at 

the Danskammer Point intake. By comparing the trends depicted in 

this figure it can be seen that a clearer idea of seasonal patterns 

is obtained from weekly samples. The pattern of diatom abundance in 

particular was considerably different from the pattern based on 

monthly samples. 

3. Discussion 

(a) Seasonal Patterns of Abundance. In the Roseton/Danskammer Point 

vicinity of the Hudson River there were diatom pulses in May-June and 

again in December. Similar biomodal peaks of diatom occurrence have 

also been found in New England Coastal Waters (Riley, 1947), in 

Chesapeake Bay (Patten ~ al., 1963) and in Narragansett Bay (Pratt, 1965). 

QUirk9 Lawler &'Matusky Engineers 
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Several environmental parameters, especially light and temperature, have 

been reported to influence diatom communities (Patrick, 1967). During 

May and November, the average temperature in the Roseton/Danskammer Point 

area was relatively low (50-60°F; see Chapter VII), and growth of cold 

water diatoms was favored. As the river warmed the phytoplankton 

population composition changed to green algae, dominated by Scenedesmus, 

Tetradesmus, Pediastrurn spp., and Mougeotia~ This diatom-green algal 

succession in the Hudson River was noted earlier by Lauer (1972) and 

in Haverstraw Bay (Q~irk, Lawler & Matusky Engineers, 1974). 

Blue-green algae, generally considered "nuisance algae" because of 

their abundance and dominance in eutrophic environments, reached bloom 

concentrations in the Roseton-Danskammer Point vicinity from August 

through October 1973. oscillatoria and Lyngbya reached bloom pro

portions (75 x 105 cells/liter) at the river stations; Oscillatoria 

and Anabaena were found in equally high numbers at both the Roseton 

and the Danskammer Point intakes during the early fall months. 

Fogg et al. (1973) suggested that nitrogen fixation should be consid

ered a factor in blue-green succession and abundance. Nitrate, as well 

as phosphate, was present in the Hudson River in quantities (Chapter 

VII) sufficient to support the bloom populations (Figure 111-6). 

Other hypotheses to explain the blue-green algal blooms could include 

increase pH (Shapiro, 1973), bicarbonate addition from an unknown 

source (Dickman, 1973) or in'creased temperature. 

(b) Nuisance Algae. Algae which can create problems in water supplies 

Quirk, Lawler &'Matu8ky Engineer8 
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have been reviewed by MacKenthun (1969). The type of problem depends 

upon the composition of the phytoplankton population, as well as the 

quantity of organisms present. Palmer (1969) compiled a list of 

genera and species of pollution-tolerant forms, based on the published 

investigations of 165 authorities. His compilation basically repre-

sented the potential problem algae described in earlier reports. There-

fore, the term "pollution-tolerant algae" is to be considered synonymous 

with potential problem (nuisance) algae. Table III-7 lists algal genera 

found in the phytoplankton at Roseton/Danskammer point which Palmer 

(1969) classified as pollution-tolerant algae. 

Table III-7a lists the pollution-tolerant algae found in Roseton intake 

samples (a similar list for Danskammer intake was not compiled because 

August and/or September samples were not taken at that location). Com-

parison of these two tables shows that Acnanthes, Gomphonema, Euglena, 

Phacus and Trachelomonas were found at the river stations, but not at 

the intake, and that Seirulina and Pinnularia were found at the intake, 

but not at the river stations. The dominant nuisance algae occurred 

at all collecting sites. 

Whipple et ale (1948) formulated an algal density criterion pertaining 

to water quality; counts greater than 5 x 105 cells/l for a particular 

algae may be indicative of a problem, whereas serious trouble may exist 

if greater than 3 xl06 cells/liter are present. In the study area, 

Oscillatoria sp., Lyngbya sp., Merismopedia sV-, Microcystis sp., 

5 
Cyclotella sp., and Anabaena sp. occurred at more than 5 x 10 algal 

Quirk, Lawler ~Matu8ky Engineers 
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TABLE III-7 

IDENTIFIED POLLUTION-TOLERANT ALGAE 
1973 

ROSETON/DANSKAMMER POINT VICINITY 

GREENS BLUE-GREENS 

Actinastrum Anabaena 
Ankistrodesmus Lyngbya 
ChI orella Merismopedia 
Closterium Microsystis 
Coelastrum Oscillatoria 
Cosmarium 
Crucigenia 
Dictyosphaerium 
Eudorina 
Euglena 
Golenkinia 
Micractinium 
Oocystis 
Pandorina 
Pediastrum 
Phacus 
Scenedesmus 
Selenastrum 
Ulothrix 

OTHERS 

Trachelomonas 
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TABLE III-7a 

POLLUTION-TOLERANT ALGAE IDENTIFIED AT THE ROSETON INTAKE 
1973 

ROSETON/DANSKAMMER POINT VICINITY 

DIATOMS GREENS BLUE-GREENS 

Asterionella . Actinastrum Anabaena 
Cocconeis Ankistrodesmus Lyngbya 
Cyclotella Chlorella Merimopedia 
Cymbella Closterium Oscillatoria 
Diatoma Coelastium Spirulina 
Fragilaria Cosmarium 
Melosira Crucigenia 
Navicula Dictyosphaerium 
Nitzshia Eudorina 
Pinnularia Golenkinia 
Stephanodiscus Micractinium 
Surirella Oocystis 
Synedra Pandor ina 

Pediastrum 
Scenedesmus 
Selenastrum 
Ulothrix 

Based on Palmer (1969) • 
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cells/liter at least once during the course of the sampling program. 

More than 3 x 106 cells/liter of Oscillatoria were found on a single 

collecting date (September 18) at RNCW, RSCE and RSCW. Odum (1971) 

defined bloom conditions somewhat qualitatively as rapid growth over 

a short time duration; by this definition blooms of Asterionella formosa, 

Oscillatoria sp., Lyngbya sp., and Microcystis ~p. occurred during 1973. 

In general, blue-green algae increased by two orders of magnitude between 

late June and late October. Thus, according to several criteria, a bloom 

of blue-green algae, dominated by Oscillatoria sp., Lyngbya ~p. and 

Merismopedia sp., occurred in October. 

(c) Differences Between Stations. Significant differences in algal 

abundance between stations occurred on only three sampling dates. It is 

possible that some naturally occurring but unknown environmental factors 

such as current patterns may have caused these differences. 

(d) Differences Setween Whole Water and Fractionated Samples. Difference~ 

in the size and form of algae influence the differences in concentration 

of algae between the net and filtrate samples. Many diatoms tend to 

form small, single-cell colonies that are easily broken apart, and are 

thus likely to be more abundant in filtrate samples than in net 

samples. The four green algae generally dominating the summer pulse of 

abundance in the net samples tend to be larger in size than the two 

green algal genera dominant in the filtrate collections. In addition, sonle 

()uirk; I.awler IIifMatllsky Engin. :ers 
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genera have a gelatinous sheath that could help to retain individuals 

in the net. 

Statistical analyses indicated that more algal cells were found in 

whole water samples than net plus filtrate samples. In theory, 

there should have been no significant difference in abundance, but it is 

surmised that phytoplankters adhered to the mesh and cod-end bucket 

of the fractionating net, thus reducing the number of cells in the 

preserved sample used for laboratory analysis. 

(e) Weekly-Monthly Abundance Comparison. With the exception of patterns 

of diatom abundance, monthly samples provided adequate data for the 

delineation of seasonal trends in phytoplankton abundance. Significant 

short term changes in algal abundance were clearly distinguishable in 

weekly sample:>. 

(f) Differences Between 1971-1972 and 1973. The results showed that . 

an increase in the abundance of all phytop1ankters in net samples occurred 

between 1971-1972 and 1973. It is also notable that microzooplankton 

were more abundant in 1973 than in 1971-1972, which precludes the 

possibility that differences in zooplankton grazing may have caused the 

differences in phytoplankton abundance between years. 

4. Conclusions 

(a) Seasonal patterns of phytoplankton abundance and species composition 

were observed. 

(b) Blue-green algae were found above nuisance levels of abundance 

(5 x 105 algal cells/liter) during the fall. 

Lawler, Matusky ~ Skelly Engineers 
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(c) Although both species composition and algal abundance indicated 

eutrophic environmental conditions, healthy phytoplankton produc

tion levels provide a solid base for the consumers (zooplankton, fish 

larvae, fish, etc.) of the aquatic food web. 

(d) Comparison of the abundance of algal cells in whole water samples 

and in net plus filtrate samples showed that significantly more algae 

were collected using the whole water method than using the net plus 

filtrate method. Since net clogging may be a factor in underestimatinq 

algal abundance, it is recommended that whole water samples be used 

in future studies. 

D. MICROZOOPLANKTON 

1. Materials and Methods 

(a) Sampling. Microzooplankton samples were taken on the same dates 

as were phytoplankton samples by towing an 11.4 em diameter Wisconsin

type plankton net (#20 mesh; 76~) vertically through the water column. 

Immediately after each tow, the samples were washed from the cod-end 

bucket and preserved in 5-10% formalin (final concentration) for 

laboratory analysis. 

Three tows were made at each station: 10'-0', 20'-0', and 30'-0' 

to obtain data on the depth distribution of microzooplankton. Four 

river stations (the same stations at which phytoplankton was sampled) 

were sampled once a month from May through December. Three additional 

stations representing Roseton and Danskammer Point intakes and the 

Quirk, Lawler tEifMatusky Engineers 
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opposite side of the river were sampled from September through December 

and at selected times prior to September, as shown in Table III-S. 

During 1971, microzooplankton samples were collected from August 

through December at RNCW and RSCW; during 1972, samples were collected 

from May through December at the same stations as in 1973. Collection 

methods during the 1971 and 1972 studies were the same as the methods 

used during 1973 except that in 1971 and 1972 vertical tows were made 

only from a depth of thirty feet to the surface. 

(b) LaboratorY Analysis. The methods and procedures used in 1973 were the 

same as those used in 1972 (Quirk, Lawler and Matusky Engineers, 1973) •. 

Three aliquots representing known percentages of a homogeneously mixed 

sample were counted in a Sedgewick-Rafter cell. The counts of the 

three aliquots were averaged and the number of organisms per milliliter 

was used to calculate the nUmber of orqanisms per cubic meter (given 

the total sample volume, length of tow, and mouth area of the net). 

The most abundant cladocerans and rotifers were identified to genus. 

Copepods were identified by age class (nauplii, copepodites, and 

adults) and (calanoid, cyclopoid, and harpaticoid) within the adult 

age class. 

(c) Statistical Analysis. Analysis of variance (ANOVA) (Sokal and 

Rohlf, 1969) was conducted for total microzooplankton abundance among 

dates, depths, and stations to determine whether there were significant 

differences due to any of these three sources of variance., When sig

nificant differences were noted, a Student-Newman-Keuls ranking test 

was conducted to locate similarities within a source of variance. 

Quirk9 Lawler tW"Matusky Engineers 



TABLE 1II-8 

MICROZOOPLANKTON COLLECTION DATES 
1973 

ROSETON/DANSKAMMER POINT VICINITY 

FOUR RIVER 
DATE Dr RI RDE STATIONS 

May 31 x x x 

June 26 x 

July 24 x x x 

August 21 x x 

September 18 x x x 

October 16 x x x x 

November 12 x x x x 

December 12 )t x x x 

Note: Sampling station locations are shown in Figure 11-1 

Quirk, Lawler ffif Matusky Engineers 
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(d) Discussion of Sampiing and Laboratory Analysis. The use of an 

11.4 cm mouth diameter Wisconsin type net in a water column containing 

high concentrations of particulate matter may at times preclude ac

curate determination of the number of organisms/m3• The larger 

(>200~) microzooplankters may avoid an ondoming net and clogging of 

the meshes may result in non-quantitative samples. Although the 

absolute numbers of microzooplanktersmay have been underestimated 

due to possible net clogging during peak periods of abundance, the 

data reflect seasonal variations and the relationships between pop-., 
ulations found in the River. The estimates of abundance of micro-

zooplankton for the 10' - 0' tows are likely to be less affected by 

clogging than the deeper tows (Tonolli, 1971) and are therefore 

used more extensively in discussions concerning river populations 

and entrainment. Since Roseton Intake was sampled more frequently 

than Danskammer Point Intake and Roseton/Danskammer Point East, the 

data acquired at that location has been used for comparison with the 

river control stations as representative of "typical" intake water 

popula tions. 

2. Results 

(a). Species Inventory. A tabulation of microzooplankton abundance 

and composition data·collected at the Roseton and Danskammer Point in-

takes is presented in Appendix III-B. The results of the Roseton In-

take surface samples are. presented graphically in Figures 111";7 and 

III-B. Fourteen genera of rotifers, four genera of cladocerans, and 

three sub-orders of copepods were identified and are listed in 

Quirk. Lawler ffifMatusky Engineers 
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Table 111-9. With the exception of an unidentified bdelloidian 

rotifer, which was a significant contributor to the totalrotifer 

population, unidentified organisms within the copepod, cladoceran 

and rotifer groups were a small fraction of the total. 

(b) Seasonal Patterns of Abundance. The microzooplankton populations 

III-20 

in the Roseton/Danskammer Point area were characterized by two peaks of 

abundance: one in early summer and one in early fall. The early summer 

peak was caused by an increase in all three major groups (Figure 111-7). 

The early fall peak was caused by an increase in cladocerans and cope

pods with a subsequent rotifer increase in November (Figures I11-7 and 

111-8). At most stations, rotifers were the most abundant group in 

May and in November and December. Copepods, usually followed by 

cladocerans, were the most abundant group from June through September. 

October appeared to be a transition month, during which rotifers increased 

and copepods and cladocerans decreased from the previous month (Figures 

111-7 and 111-8). 

The seasonal pattern of abundance at the Roseton intake shown in Figure 

111-7 was similar to the patterns found at the river stations. The 

absence of the June peak of abundance at the Roseton intake was due 

to the lack of sampling during that month, and it is probable that such 

a peak did occur. The rotifer population at the Roseton intake was 

approximately the same as the river population especially in October when 

rotifers reached almost 30 x 103 organisms/100am3 at the Roseton intake. 

QUirk9 Lawler tW'Matusky Engineers 



TABLE III-9 

MICROZOOPLANKTON SPECIES INVENTORY - 1973 
ROSETON/DANSKAMMER POINT VICINITY 

A. COPEPODS 

Calanoids 
Cyclopoids 
Harpacticoids 
UID Copepods 

B. CLADOCERANS 

Bosmina sp. 
Daphnia sp. 
Leptodora sp. 
Pleuroxus sp. 
UID Cladocerans 

c. ROTIFERS 

Branchionus sp. 
Cephalodella sp. 
Diplois sp. 
Elosa sp. 
Filinia sp. 
Kellekotia sp. 
Keratella sp. 
Lecane sp. 
Nothulca sp. 
Ploesoma sp. 
Polyarthra sp. 
Proalides sp. 
Trichocerca s~. 
Trichotria sP .• 
UID Bdelloides 
UID in capsule 
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More than 90% of total copepod abundance at all four stations was 

due 1:0 high numbers of nauplii during the early summer peak. Slightly 

less than 90% of the total copepoda were accounted for by nauplii 

during the early fall peak at both the river stations and Roseton intake 

(Figures 1II-9 and 111-10). Although copepod adults increased in 

number both during and after naupliar peaks, their maximum numbers 

ranged from 7 x 103/m3 to 1.5 x 104/m3 as compared to a range of 

5.5 x 104/m3 to 3.2 x 105/m3 for copepod nauplii (Figure 111-8). 

Seasonal trends in the cladoceran population were due primarily to 

changes in the Bosmina population (Figures 111-7 and 111-9) which 

ranged from D/m3 to 4 x 104/m3. Daphnia and Leptodora contributed 

significantly (approximate maximum of 4.3 x 103 organisms/m3) to the 

total cladoceran population in the early summer and early fall. 

The density of rotifers was more variable from month to month than 

corresponding copepod or cladoceran densities. Although Keratella 

followed the general trend of the rotifer populations (Figures 1II-7 

and 111-9) at most times, Ploesoma, Polyarthra, Nothulca, and unidentified 

bdelloidians contributed significantly (from 1 x 103 to 1 x 104 organisms/ 

m3) to the total rotifer population. The total rotifer population ranged 

from about 3 x 103 to 2.7 x 104 rotifers/m3 • 

It is possible that "overwintering" populations (Riley, 1967) of 

approximately equal numbers of copepod adults and nauplii were sampled 

in November and December. Keratella appeared to be the dominant over

wintering rotifer, and Bosmina appeared to be the dominant overwintering 

cladoceran. 

QUirk9 Lawler IW'Matusky Engineers 
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(c) Comparisons 

(i) Between Sampling Dates 

The results of the three-way ANOVA indicated that there were 81.g-

nificant differences in the abundance of copepods, cladocerans, 

rotifers, and total microzooplankton between collecting dates (see 

Table III-IO). 

The results of the one-way ANOVA for dates (Table III-lOa) showed 

that significant differences in microzooplankton abundance occurred 

(disregarding the depth of tow) at all stations except RSCE. The 

stations for which differences in dates were proven varied depending 

on the depth of tow; the 0-20 foot and 0-30 foot depths were, with 

the exception of RNCE, similar in the locations of interdate djffer-

ences. 

(ii) Between Collecting Depths 

The same analysis of variance showed that there were significant 

differences in the abundance of rotifers and total microzooplankton 

between sampling depths (Table III-IO); the abundance of both de-

creased as the length (depth range) of the vertical tow increased. 

Student-Newman-Keuls ranking tests indicated (Table III-II) a decrease 

in total microzooplankton abundance with an increase in depth with 

a sharp decrease in roti£er abundance between 10 feet and 20 feet 

in depth. In both cases, abundance in the 0-20 feet and 0-30 feet 

tows were similar. 

Quirk. Lawler I&' Matusk~' Engineers 



TABLE III-I0 

Microzooplankton: Three-way Analysis of Variance 
ROSETON/DANSKAMMER POINT VICINITY 

DEGREES OF SUM OF MEAN 
GROUP SOURCE FREEDOM S~UARES SQUARE 

Total Depth 2 0.255 0.127 
Microzoo- Station 3 0.202 0.067 
plankton Date 6 10.003 1.667 

Depth _Station 6 0.120 0.020 
Depth-DatE 12 0.881 0.073 
Trans- ;Date 18 1.554 0.086 

36 1.341 0.037 
Total 83 14.355 

Rotifers Depth 2 0.865 0.432 
Station 3 0.127 0.042 
Date 6 2.181 0.363 
Depth Station 6 0.165 0.028 
Depth Date 12 1.229 0.102 
Trans Date 18 1. 796 0.100 

Depth Station Date 36 2.340 0.065 
Total 83 8.702 

Cladocerans Depth 2 0.412 0.206 
Station 3 8.875 2.958 
Date 6 92.370 15.394 
Depth ;Station 6 3.860 0.643 
Depth Date 12 23.489 1.957 
Trans Date 18 33.816 1.879 

Depth Station Date 36 21.573 0.599 
Total 83 184.394 

Copepods Depth 2 0.034 0.017 
station 3 0.491 0.164 
Date 6 23.796 3.966 
Depth;Station 6 0.172 0.029 
Depth;Date 12 0.743 0.062 
Trans:;)ate 18 2.190 0.122 

Depth Station Date 36 1.240 0.034 
Total 83 28.665 

... - .. -.... _ .. 
'--~--'-'-

*Signi t i_cant d i r ference at 0:==0.05 

F-RATIO 

3.432* 
O. '179 

19.384* 
0.§41 
1.973 
2.324* 

6.646* 
0.646 
5.584* 
0.431 
1.569 
1.538 

0.105 
1.574 
4.756* 
1.073 
3.267* 
3.137* 

0.500 
1.344 

32.508* 
0.853 
1.824 
3.588* 
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TABLE HI-lOa 

MICROZOOPLANKTON: ONE-WAY ANALYSIS OF VARIANCE BETWEEN DATES 
ROSETON/DANSKAMMER POINT VICINITY 

1973 

Source of. Degrees of Mean 
Station Variance Freedom Square . F-Ratio 

A. 0-10' SamEles D1 Date 3 0.318 1.559 
Error 33 0.204 
Total 36 

RI Date 6 0.441 2.087 
Error 48. 0.211 
Total 40 

RDE Date 4 0.294 1.003 
Error 36 0.293 
Total 40 

RNCW Date 7 0.639 2.787* 
Error 52 0.229 
Total 59 

RNCE Date 7 0.913 3.518* 
Error 57 0.259 
Total 64 

RSCW Date 7 1.379 4.285* 
Error 43 0.321 
Total 50 

RSCE Date 7 0.537 1.920 
Error 48 0.280 
Total 55 

'-' 
*Significant difference at a = 0.05 
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Station 

B. 0-20' Sam,E1es D1 

RI 

RDE 

RNCW 

RNCE 

RSCW 

RSCE 

TABLE III-lOa 
{Continued} 

Source of Degrees of 
Variance Freedom 

Date 3 
Error 33 
Total 36 

Date 6 
Error 52 
Total 58 

Date 4 
Error 41 
Total 45 

Date 7 
Error 58 
Total 65 

Date 7 
Error 59 
Total 66 

Date 7 
Error 51 
Total 58 

Date 7 
Error 65 
Total 72 

*Significant difference at a = 0.05 

Mean 
Square F-Ratio 

1.594 9.291* 
0.171 

0.833 3.171* 
0.262 

1.307 4.999* 
0.261 

0.357 1.302 
0.274 

0.613 2.579* 
0.238 

0.744 2.610* 
0.285 

0.588 1.748 
0.337 
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TABLE III-lOa 
(Continued) 

Source of Degrees of 
Station Variance Freedom Square F-Ratio 

C. 0-30' SamEles D1 Date 3 0.740 3.649* 
Error 38 0.202 
Total 41 

RI Date 6 0.671 2.495* 
Error 54 0.269 
Totai 60 

RDE Date 4 1.277 3.893* 
Error 41 0.328 
Total 45 

RNcW Date 7 0.350 1.388 
Error 57 0.252 

. Total 64 

RNCE Date 7 0.581 1.703 
Error 69 0.341 
Total 76 

RSCW Date 7 0.749 2.328* 
Error 60 0.322 
Total 67 

RSCE Date 6 1.320 0.769 
Error 59 0.417 
Total 65 

*Significant difference at () = 0.05 

Quirk, Lawler IW Matusky Engineers 



TABLE III-ll 

Student-Ne~~n-Keuls Ranking Test 
for Microzooplankton 

1) Total Microzooplankton, Depth 

RANK 1 2 3 

Depth 0-30 ft. 0-20 ft. 0-10 ft. 

2) Rotifers, Depth 

RANK 1 2 3 

Depth 0-30 ft. 0-20 ft. 0;..10 ft. 

Ranked by increasing abundance from left to right 

QUirk9 Lawler it1fMatusky EnginE:1erS 
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There were no significant differences in microzooplankton abundance 

between depths at aAy of the stations from which samples were ob

tained (Table III-lla). 

Significant depth~date and depth-station interactions were found 

in c1adoceran abundance data. 

(iii) Between Stations 

The same three-way ANOVA was also used to test for significant diff

erences of abundance among stations. Although no significant differ

ences in the abundance of any of the major microzooplankton groups or 

in total microzooplankton were found between stations, significant 

station-aate and station-station interactions were found (Tab1e"III-lO). 

(iv) Between 1971-1972 and 1973 

The microzooplankton collected in 1972 in the Roseton/Danskammer 

Point area of the Hudson River showed that copepods were the most 

abundant species in mid-June. As in 1973, copepod nauplii were 

more abundant in June than copepod adults, but copepod adults formed 

a larger fraction of total copepods in 1972 than in 1973. There were 

approximately half as many copepods present in June 1972 as there 

were in June 1973. During June 1972, rotifers were more abundant than 

c1adocerans; the opposite relationship was recorded in 1973. As in 

1973, a rapid decline in microzooplankton abUhdance followed the qune 

peak of 1972; however, a second much smaller increase in copepods oc

curred during late July 1972. Cladocerans and rotifers increased at the 

same time to approximately four times the density of copepods; the 

Quirk, Lawler &Matusk~' Engineers 



TABLE III-lla 

MICROZOOPLANKTON: ONE WAY ANALYSIS OF VARIANCE BETWEEN DEPTHS 
1973 

ROSETON/DANSKAMMER POINT VICINITY 

Source of Degrees of Mean 
station Variance Freedom Square F-ratio 

DI Depth 2 0.044 0.538 
Error 9 0.082 
Total 11 

RI Depth 2 0.111 0.904 
Error 18 0.123 
Total 20 

RDE Depth 2 0.079 0.455 
Error 12 0.174 
Total 14 0.417 

RSCW Depth 2 0.003 0.012 
Error 21 0.226 
Total 23 

RSCE Depth 2 0.092 0.520 
Error 20 0.177 
Total 22 0.420 

RNCW Depth 2 0.060 0.404 
Error 21 0.149 
Total 23 

RNCE Depth 2 0.058 0.304 
Error 21 0.191 
Total 23 

Quirk, Lawler ffifMatusky Engi neers 
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second major increase in numbers did not occur until September in 

1973. Microzooplankton populations had decreased again by early 

August, 1972, but increased again in late August, and thereafter 

declined to less than 1 x 104 organisms/m3 in October. 

In summary, the seasonal patterns of microzooplankton abundance 

were considerably different between 1972 and 1973: microzooplankters 

were more abundant in 1973 than 1972; there were three peaks of 

abundance in 1972 and two peaks of abundance in 1973; and seasonal 

succession of group dominance was not as easily discernible in 

1972 as it was in 1973. 

3. Discussion 

(a) Seasonal Variation in Abundance. The two copepod naupliar peaks 

noted in late June .and mid-September reflect reproduction of the popula

tion (Figure III-g). The development of the first ~eak was extremely 

rapid, representing an increase of approximately two orders of magnitude 

in less than a month. The incorporation of these nauplii into the 

adult copepod population could have been severely curtaile9 by lack of 

adequate algal foods; however, Figures 11I-4 and III-5 indicate that 

adequate populations (ca. I x 105 cells/liter) were available at that 

time. The subsequent decrease in diatom abundance during the first peak 

in naupliar abundance (late June) may, therefore, reflect grazing 

pressure. The increase in the number of adult copepods during the June 

naupliar peak was almost certainly due to successful recruitment from 

immature stages. 

Quirk, Lawler W' Matusk~· Engineers 
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A month later, however, naupliar abundance had decreased by an order of 

magnitude; this decrease was not matched by a recruitment increase in 

adult copepods (see Figure 111-9). Since phytoplankton did not appear 

to be limiting in late July and early August (Figures 111-4 and 111-5) 

it is conceivable that macrozooplankton and ichthyoplankton grazing on 

copepod nauplii were responsible for the decline in the abundance of 

copepod nauplii during July and August. The data on seasonal variation 

of macrozooplankton and ichthyoplankton tend to support this hypothesis. 

The same hypothesis would appear to be valid for the reduction of 

naupliar abundance during mid-September. However, in the absence of 

heavy predation, Heinle (1970) noted that production of nauplii in 

cultures was always greater than required to replace adult mortality 

losses, and low naupliar viability may thus be a normal occurrence. 

Since the cladoceran population responded in a pattern parallel to that 

of the copepod population, but at lower levels of abundance (approximately 

an order of magnitude less), it seems reasonable to assume that the 

cladoceran population was affected by the same factors and in the same 

manner as the copepod population. 

The parameters affecting fluctuations in the rotifer population are 

not easily discernible. Temperature may be a controlling factor for 

Keratella, since these organisms occurred in the greatest numbers in 

the late spring and early winter (see Figure 111-9). Since increases 

in Keratella abundance occurred when either diatoms or blue-green algae 

formed a large percentage (33%) of the phytoplankton (during May and 

October-November, respectively) it is also possible that these two 
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phytoplankters were necessarily dietary factors for Keratella. 

(b) Differences Between Collecting Dates. The observed significant 

differences in the abundance of microzooplankters between collecting 

dates was a reflection of the seasonal variations in numbers discussed 

in the preceding subsection. 

(c) Differences Between Depths. Total microzooplankton and rotifers 

decreased in abundance as the depth (length of tow) increased; there 

were no significant differences in cladoceran and copepod abundance 

with depth over the full course of the sampling program. 

These results offer support to two interpretations: 1) Rotifers were 

more abundant in surface waters, whereas copepods and cladocerans were 

homogeneously distributed throughout the water column, 2) as the 

depth (length) of tow increased, the filtration efficiency of the net 

decreased due to progressive clogging. Since highly productive condi

tions were found in the Roseton/Danskammer Point area during 1973, 

clogging of a 76~ net was a possibility. 

(d) Differences Between Stations. Although occasional differences 

were found in the abundance of micro zooplankton between stations, 

the micro zooplankton population was homogeneously distributed hori

zontally in the Roseton/Danskammer Point area over the full course of the 

sampling program. 

(e) Differences Between 1971-1972 and 1973. The increase in the 

standing stock of microzooplankton from 1971-1972 to 1973 may have 

been related to an. increase in phytoplankton, which form the bulk 
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of microzooplankton rations. It is also possible that the differences 

resulted from differences in the depth range of the samples used to 

describe microzooplankton populations; the 1971-1972 samples were 

based on bottom-to-surface tows,whereas the populations described 

in this report were obtained in the water between the surface and 

10 ft. 

4. Conclusions 

(a) Copepods were numerically the most important microzooplankton 

group in the Roseton/Danskamrner Point area; cladocerans were 

the second most abundant group and rotifers were third in 

abundance. 

(b) The seasonal patterns of microzooplankton abundance paralleled 

the seasonal patterns of phytoplankton abundance and were also 

related to the seasonal temperature pattern. 

(c) Microzooplankton abundance was dependent primarily upon phyto

plankton abundance; microzooplankton grazing influences phyto

plankton abundance. 

(d) Microzooplankters were a food source for macrozooplankton and 

fish larvae, and the feeding of these predators may have 

significantly reduced microzooplankton numbers in mid-summer, 

causing a depression of microzooplankton abundance 

(e) With the exception of temperature, which undoubtedly controlled 

the timing of the annual cycle of microzooplankton abundance, 
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no chemical or physical factors appeared to be correlated with 

microzooplankton abundance or distribution. 

(f) Total microzooplankton and rotifer abundance, as measured with 

a 76~ Wisconsin type plankton net, decreased as the depth of 

water increased. 

(g) Microzooplankton standing stocks were homogeneously distributed 

among the four sampling stations in the Roseton/Danskammer Point 

area. 

(h) Microzooplankton standing stocks increased from 1971-1972 to 

1973 probably due to increased availability of algal rations. 

(i) Microzooplankton standing stocks can be expected to increase 

or decrease in the future in response to food (phytoplankton) 

availability. 

E. MACROZOOPLANKTON 

I. Materials and Methods 

The macrozooplankton program was designed to estimate the importance 

of these organisms in the Hudson River ecosystem and the potential 

effects of entrainment on population numbers. Preliminary data were 

also obtaineq for the macrozooplankton/fish interface. 

(a) Sampling. Macrozooplankton populations were sampled in conjunc-

tion with the ichthyopla~kton progr~ in 1973. Four transects running 
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parallel to the shoreline between Roseton and Danskammer Point were 

sampled at 10 foot intervals from surface to 50 ft as applicable to a 

particular station (Figure III-l and Table III-12). Samples were taken 

with one meter diameter Hensen nets with a TSK or General Oceanics flow

meter mounted in the center of the net mouth; 571~ nylon mesh material 

was used in each net. 

Nets were towed at the same time at each station. Flowmeter readings 

were recorded before and after each tow, and the samples were preserved 

in 5-10% formalin for laboratory analysis. 

Samples were collected at the Roseton intake and discharge structures 

using one-half meter diameter nets of 57l~ mesh with a TSK or General 

Oceanics flowmeter mounted in the center of the net mouth. 

The nets were mounted in a fixed rigid frame such that they could be 

raised and lowered to take surface, mid-depth, and bottom samples at 

the intake. Discharge samples were collected from the discharge access 

pipe at the seal well. 

At the Danskammer Point plant one meter diameter mouth nets were used 

at the intake (set at surface and bottom) and directly in front of the 

Unit 3 condenser cooling water discharge pipe. In addition, three 

one-half meter nets were set in the Danskammer Point intake canal 

(surface, mid-depth and bottom) for comparison with similar sized nets 

used at the Roseton Generating Station. 

(b) LaboratOry Analysis. After being washed on a 420~ screen and resus

pended in vlater, the macrozooplankton samples were counted in a porcelain 
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TABLE III-12 

MACROZOOPLANKTON SAMPLING STATIONS 
1973 

ROSETON/DANSKAMMER POINT VICINITY 

Location Abbreviation Sampling Depths, Feet 

West ROW 0, 10, 20 

West Channel ROWctI 0, 10, 20, 3O, 40, 50 

East Channel RDECH 0, 10, 20, 30, 40, 50 

East RDE 0, 10, 20 

Roseton Intake RI 0, 10, 20 

Rose ton Discharge RD Discharge Pipe 

DanskatnIller Intake D1 1, 5.5, 9 

Danskamrner Discharge DD Unit 3 Discharge Pipe 

Quirk, Lawler ®' Matusk y Engineers 
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tray divided into four quadrats. During times of peak abundance 

subsamples were counted: if the first quadrat contained more than 

250 organisms but less than 1000 two quadrats were counted; one quadrat 

was counted if the first quadrat contained more than 1000 organisms. 

counts were corrected for volume sampled using the flowmeter cali

bration factor, the number of flowmeter revolutions, and the mouth 

area of the net (Quirk, Lawler and Matusky Engineers, 1973a). 

Samples for laboratory analysis were selected on the basis of pro

viding abundance data for each sampling date and station. This goal 

was achieved for the period May through mid-August and for station 

FDE from March through mid-August. 

(c) Statistical Analysis. Paired Student's 't ' tests were conducted 

to determine significant differences in abundance between day and night 

samples at individual stations throughout the sampling period. Day samples 

and night samples were defined as those closest to local noon time and 

midnight, respectively; the change-over hours between day and night 

samples were 0600 and 2000 hours. Analysis was limited to amphipods, 

dipterans, and total macrozooplankton. 

A two-way analysis of variance (ANOVA) was conducted to determine 

whether there were significant differences in abundance between stations 

and between dates. Separate analyses were done for amphipods, dipterans, 

and other macrozooplanktersi data from night collections were used be

cause macrozooplankton were more abundant in the water column during 

the night. The data used represented average abundance for the water 

column at a station. 
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A paired-t test was used to determine whether there were significant 

differences in macrozooplankton abundance between intake and discharge 

waters, and between abundance measurements based on one-meter nets and 

one-half meter nets at the Danskammer Point plant. 

(d) Discussion of Field and Laboratory Procedures. The macrozooplahk

ton program was initiated during 1973 and comparisons with previous 

data are, therefore, not possible. 

Since the macrozooplahkton were obtained from samples collected primarily 

for fish larvae, the period of macrozooplahkton abundance determinations 

was limited to the seasons of larval fish collection (March through 

August) • 

Intake/discharge comparisons were conducted for the Danskammer Point 

plant, for which a greater amount of data were available. 

2 •. yesults 

A tabulation of the macrozooplankton data collected at the Roseton and 

Danskammer Point intakes is presented in Appendix III-C. 

(a) Species Inventory. Several major macrozooplankton groups were 

found in the Roseton/Danskammer Point area in 1973 (see Table 111-13). 

Gammarus and dipterans were the most abundant groups, ranging from a 

few organisms per 1000 cubic meters to over 10,000 organisms/1000m
3

, 

Copepods, cladocerans, eyathura and Leptodora were often present in sig

nificant numbers; all others were present at one time or another. 

(b) Diel Migration. Since it is known that the vertical distribution 
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Phylum Class 

Arthropoda Insecta 

Crustacea 

---_. - --- -~- .. -.-.---- -

TABLE III-13 

INVENTORY OF MAJOR MACROZOOPLANKTON - 1973 
ROSETON/DANSKAMMER POINT VICINITY 

Sub Class Order Sub Order 

Apterygota Collembola 

Pterygota Coleoptera 

Diptera Orthorrhapa 
Nemocera 

Odonata Zygopteria 

Trichoptera 

Branchiopoda Diplostraca Cladocera 

Copepoda 

Malacostraca Isopoda Anthuridea 

Valvifera 

Amphipoda Gammaridea 
____ ~ ___ . J 

--~- - -

Family Genus 

Tendipedidae 
I 

Culicidae Chaoboru8 I 
I 

I 

Leptodoridae Leptodora 

Anthuridae Cgathura 

Idoteidae Chiridotea 

Gammaridae Gammarus 
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of many zooplankters, especially crustaceans, is a reflection of diel 

migration (see Introduction) a series of samples taken on a two-day 

sampling cycle were examined for the occurrence of diel migration of 

the macro zooplankton population in the Roseton/Danskammer Point area. 

Amphipods, as shown in Table III-14,migrated vertically and appeared 

to be relatively evenly distributed throughout the water column at 

night. During the day they were present in low numbers at the surface, 

but in greater numbers in deeper waters. Table 111-15 shows that 

there were significant differences between day and night catches of 

amphipods, dipterans, and total macrozooplankton, presumably a reflection 

of diel migration, ov~r the March to August time period; these results 

were based on paired-t tests of abundance at the stations and on the 

dates for which the most complete data were available. 

~les collected at the Roseton and Danskammer Point intakes and dis

charges also reflect diurnal migration. The abundance of macro zooplankton 

was greatest from midnight to dawn in these samples (Tables III-15a 

and III-ISb). 

(c) Seasonal variation. The abundance of total macrozooplankton at 

ROE, for example, remained under 100 organisms/lOo0m3 in March, April, 

and MaYi increased rapidly in June to an early July peak of almost 50,000 

organisms/loo0m3 and then decreased to about 1000 organisms/lOOOm
3 

in 

mid-August (Table III-15c). The rapid increase in abundance in June ap

peared to be a reflection of increases in Gammarus, although dipterans 

and other groups were increasing at the same time. Similarly, the de

cline from early July to mid-August appeared to be a reflection of changes 
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DEPTH 

0 

10 

30 

40 

50 

TABLE III-14 

VERTICAL DISTRIBUTION OF AMPHIPODS, 
RDECH ON JUNE 7 AND 8, 1973 

ROSETON/DANSKAMMER POINT VICINITY 

8:30 - 10: 30 pm 12:30 -

NO./I000m3 DEPTH 

684 0 

8843 10 

6780 20 

20997 40 

23958 50 

5:30 - 10:30 am 

DEPTH NO./100Om 
3 

0 12 

10 0 

30 1448 

40 4008 

50 10344 

4 :30 a."!I 

NO./IOO0m
3 

762 

1420 

19383 

11181 

10842 
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TABLE III-15 

COMPARISON OF DAY AND NIGHT MACROZOOPLANKTON 
SURFACE SAMPLES IN THE RDSETON/DANSKAMMER POINT VICINITY, 1973 

Paired t-Test 

a) May 22 - 23, 1973; all stations 

Degrees 
of 

t Freedom p at CJ. = 0.05 

Amphipods -14.26 7 <.001 Significant diff; night higher 

Dipterans - 4.68 7 <.001 II II 

Total Macro. -10.56 7 <.001 II .. 

b) June 7 - 8, 1973; all stations 

Amphipods - 5.16 7 <.001 Significant diff; night higher 

Dipterans - 4.72 7 <.001 II " 

Total Macro. 4.38 7 <.001 II " 

c) RDEi all dates 

...... ' 
Amphipods - 2.87 13 <.01 Significant diff; night higher 

Dipterans - 3.06 13 <.005 " " 
"'-

Total Macro. .99 13 <.2 No Significant diff. 
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TABLE III-15a 

MACROZOOPLANKTON ABUNDANCE 
MAY 22-23, 1973 

ROSETON/DANSKAMMER POINT VICINITY 

Numbers/100Om3 

Date Time Depth Amphipods Dipterans Others Total 

A. Intake - 1/2m Net 

5/22 1200 Surface 0 0 25.2 25.2 
Mid-Depth 0 23.1 46.3 69.4 
Bottom 24.8 99.1 24.8 148.7 

Average 8.3 40.7 32.1 81.1 

1900 Surface 33.3 0 33.3 66.6 
Bottom 0 34.2 102.7 136.9 

Average 11.1 11.5 45.3 67.8 

5/23 2400 Surface 1434.8 956.5 239.1 2630.4 
Mid-:Depth 494.6 164.8 0 659.3 
Bottom 4092.7 629.6 89.9 4812.3 

Average 2007.4 583.6 109.7 2700.7 

0625 Surface 67.9 0 67.9 135.B 
Mid-Depth 125.8 0 0 125.8 
Bottom 0 0 0 0 

Average 64.6 0 22.6 87.2 

0940 Surface 0 25.7 0 25.7 
Mid-Depth 0 0 0 0 
Bottom 0 0 0 0 

Average 0 8.6 0 8.6 
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Date Time Depth 

B. 

5/22 1245 Mid-Depth 

1826 Mid-Depth 

2310 Mid-Depth 
... -

5/23 0625 Mid-Depth 

TABLE III-15a 
(Continued) 

Arophipods Dipterans 

Discharge - 1m Net 

0 0 

5.8 0 

0 0 

99.9 99.9 

Others Total 

35.4 35.4 

23.1 28.9 

0 0 

49.9 169.8 
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TA$LE III-lSb 

lIJACROZOOPUOO<TON ABUNDANCE 
JULY 31~AUGUST 1, 1973 

ROSETON/DANSKAMMER POINT VICINITY 

Numbers/l00am3 

Date Time Depth Amphipods Dipterans Others Total 

A. Intake - 112m Net 

7/31 1107 Surface 29.5 0 236 . .2 275.7 
Bottom 80.2 53.5 .ul7.5 4251.2 

Average 54.85 26.75 ;U76.9 2258.5 

1600 Surface 0 783.6 ;3787.4 4571. 0 
Bottom 147.6 147.6 1476.3 1771.6 

Average 73.8 465.6 2631.9 3171.3 

2135 Surface 4832.2 1750.0 26.1 6608.3 
Bottom 7119.0 4004.4 46.8 11170.3 

Average 5975.6 2877.2 36.5 8889.3 

8/1 0106 Surface 32158.2 9687.4 2996.1 44841.7 
Bottom 66638.4 8807.3 4456.7 79902.4 

Average. 49398.3 9247.4 3726.1 62372.1 

0545 Surface 17220.5 3395.6 0 20616.1 
Bottom 27892.3 8974.0 242.5 37108.9 

Average 22556.4 6184.8 121.3 28862.5 

QUirk9 Lawler IfSfMatusky Engineers 



Date Time Depth 

B. 

7/31 1123 Mid-Depth 

1635 Mid-Depth 

2045 Mid-Depth 

8/1 0145 Mid-Depth 

0615 Mid-Depth 

-, 

TABLE III-15h 
(Continued) 

Amphipod Dipterans 

Discharge - 1/2m Net 

48.1 323.2 

188.6 754.6 

754.6 1383.4 

3174.1· 959.6 

5993.9 1771.6 

Others Total 

2347.1 2818.4 

565.9 1509.1 

251.5 2389.5 

0 4133.8 

29.5 7795.1 
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TABLE III-15c 

MACRO ZOOPLANKTON ABUNDANCE BY SAMPLING 
DATE AT ROE, 1973 

ROSETON/DANSKAMMER POINT VICINITY 

Date No./lOOOm3 

March 13 11.5 

March 21 0 

April 11 11.0 

May 10 55.1 

May 22 22.3 

June 8 102.5 

. June 19 770.3 

July 2 49,320.0 

July 17 27,629.7 

July 31 635.3 

August 14 1,004.3 

Note; Samples taken closest to noon at the greatest depths 
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in the Gammarus population. The data showed that populations of 

dipterans and others remained constant or even increased slightly 

during the July-August decline in overall macro zooplankton abundance. 

Other groups were present only in very small numbers and on relatively 

few sampling dates. 

Significant differences in abundance between dates occurred for all 

three taxonomic groups (Table 111-16); these differences mirrored 

the seasonal trends discussed previously. 

Cd) Differences Between Stations. There were no significant differ

ences in the abundance of amphipods, dipterans, or others between 

stations in the Roseton/Danskammer point area (Table 111-16). 

(e) Intake and Dischar~e Comparisons. 

(i) Between One-Meter Nets and One-Half Meter Nets 

A paired-t test (Table III-17) indicated that significantly more 

amphipods and total macrozooplankton were present at Danskammer 

Point intake as determined by the one-half meter nets than as de

termined by the one-meter nets. 

(iil Between Intake and Discharge Abundance 

A paired-t test (Table 111-18) showed that amphipods were sig

nificantly more abundant in intake waters than in discharge waters 

based on comparisons of abundance in one-meter net samples. 

(f) River and Intake Comparisons. One-way ANOVA were conducted to 

determine whether there were significant differences in macrozooplankton 
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TABLE III-16 

Macrozooplankton: Two-way Analysis of Variance 
Between Stations and Dates 

ROSETON/DANSKAMMER VICINITY, 1973 

DEGREES SUM 
OF OF MEAN 

GROUP SOURCE FREEDOM SQUARES SQUARE 

Arophipods Stations 3 0.17376 0.5792 
Dates 7 15.16040 2.16577 
Error 42 19.61155 0.46694 

Dipterans Stations 3 0.69911 0.23304 
Dates 7 15.46767 2.20967 
Error 42 13.01365 0.30985 

Others Stations 3 1.33649 0.44550 
Dates 7 43.47953 6.21136 
Error 42 18.12644 0.43158 

*Significant difference at a= 0.05 

F-RATIO 

0.124 
4.638* 

0.752 
7.131* 

1.032 
14.392* 
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TABLE tII-17 

MACROZOOPLANKTON: ONE-METER AND ONE-HALF METER NET COMPARISON 
FOR DANSKAMMER POINT INTAKE 

1973 
ROSETON/DANSKAMMER POINT VICINITY 

PAlRED-T TEST 

Degrees of 
Group Freedom t-va1ue p 

Total Macrozooplankton 4 t = -3.627 0.01 < p 0.025 

Amphipods 4 t = -2.898 0.025 < P 0.05 

Dipterans 4 t = -2.541 0.05 < P 0.10 

Others 4 t = -1.979 0.10 < P 0.20 

Critical t-value at a = 0.05: 2.776 
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TABLE III-18 

MACROZOOPLANKTONCOMPARISON OF ABUNDANCE 
IN DANSKAMMER POINT INTAKE AND DISCHARGE 

1973 
ROSETON/DANSKAMMER POINT VICINITY 

PAIRED-T TEST 

Degrees of 
Freedom t-value 

']'otal Macrozooplankton 4 t = -2.449 

l\mphipods 4 t = -2.945 

Dipterans 4 t -1. 582 

(jthers 4 t = -2.395 

Critical t-value at a = 0.05: 2.776 

p 

0.05 <p < 0.10 

0.025 < P < 0.05 

0.10 <p< 0.20 

0.05 <p< 0.10 
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data among stations~ data from night collections were used since macro

zooplankton were significantly more abundant at night. 

Table II1-l9 shows that amphipod abundance in surface waters was sig

nificantly different among stations. A Student Newman-Keuls ranking 

test indicated that amphipods at ROW were significantly more abundant 

than at the other stations. 

A similar one-way ANOVA was conducted for macrozooplankton in mid-depth 

samples~ there were no significant differences in macrozooplankton 

abundance among stations. 

3. Discussion 

(a) Diel Migration. River and plant macrozooplankton data collected 

during 1973 indicated greater concentrations of macrozooplankton in 

samples collected during night-time hours than in samples collected 

during daylight hours. Such diel migration will directly affect 

concentrations of entrainedmacrozooplankton; i.e., greater numbers 

will be entrained at night. 

Diel migration is, however, also of significance in terms of tropho

dynamics. Macrozooplankters feeding in deeper waters during 

the daylight hours may be obtaining most of their nutritional needs 

as benthic-based carnivores or omnivores. During the night hours 

they may be primarily planktonic herbivores or omnivores. In any 

case, their metabolic products, in the form of fecal pellets and 

dissolved organic matter, may contribute significantly to the nutri

tion of organisms throughout the water column. 
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TABLE III-l9 

MACROZOOPLANKTON: O~-WAY ANALYSIS OF VARIANCE 
BETWEEN STATIONS 

1973 
ROSETON/DANSKAMMER POINT VICINITY 

Source of Degrees of Mean 
Group Variance Freedom Square F-Ratio 

A. Surface Sam121es Total 
1m Net Macrozoo. Stations 4 1.579 2.104 

Error 73 0.751 
Total 77 

Alnphipods Stations 4 2.862 2.970* 
Error 73 0.964 
Total 77 

Dipterans Stations 4 1.438 1.843 
Error 73 0.780 
Total 77 

Others Stations 4 0.862 0.710 
Error 73 1.214 
Total 77 

B. Mid-DeEth SamEles 
1m Net Total Stations 4 2.444 1.882 

Macrozoo. Error 69 1.299 
Total 73 

Alnphipod Stations 4 3.485 2.202 
Error 69 1.582 
Total 73 

Dipterans Stations 4 0.640 0.734 
Error 69 0.872 
Total 73 

Others Stations 4 1.457 0.959 
Error 69 1.519 
Total 73 

*Significant difference at a = 0.05 QUirk9 Lawler YMatusky Engineers 
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TABLE J:II-19 
(Continued) 

STUDENT-NEWMAN-KEULS RANKING TEST 
FOR AMPHIPObS - SURFACE SAMPLES 

1 2 3 4 5 

Station RoWCH ROECH ROE DI ROW 
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Macrozooplankters formed a significant portion of the diet of fishes 

in the Roseton/Danskammer Point area. Selected fish stomach content 

examinations showed that alewives, white perch, and brown bullheads 

consumed a variety of macrozooplankters, including copepods, dipterans, 

water mites, leeches, cladocerans, ostracods, amphipods, isopods, 

and caridean shrimp. It is possible that the vertical distrihution of 

the macrozooplankters which contribute significantly to their diet. 

It may be hypothesized on the basis of the present data that macro

zooplankton populations are a crucial link in the rapid re-cycling of 

energy held in the benthos. At the same time, they may be the major 

trophic step between primary producers and populations of small herbi

vores and fish. Thus, any radical changes in macrozooplankton abundance 

could conceivably alter the abundance of commercially important fish 

species, as well as benthic populations and other planktonic populations. 

(b) Seasonal Variations. The initial increase in macrozooplankton 

numbers appeared to parallel the spring increase in temperature (see 

Chapter VII). However, by comparing the development and decline of the 

macrozooplankton population with the abundance of phytoplankton and 

microzooplankton populations over time (Figures 1II-2, 111-4, III-6 and 

111-8), a closer parallel is apparent. It is probable that the amphipods 

in particular were feeding on the microzooplankton, and may have been selecting 

for cladocerans (Hutchinson, 1967). Although the seasonal abundance data 

for macrozooplankton does not cover the full year, it is possible that 

the June-July abundance peak was matched by a fall pulse of abundance 
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since macrozooplankton food sources (phytoplankton and microzooplank

ton) were abundant during the fall months. 

(c) Intake and Discharge Abundance and Viability Comparisons. In 

general it appeared that fewer macrozooplankton organisms were collected 

in discharge samples than in intake samples. Statistical tests for amphi

pod concentrations confirmed this observation. However, the number of 

samples available for comparison was small, and in conjunction with the 

technical sampling difficulties involved, the results are inconclusive 

at this time. 

In conjunction with ichthyoplankton viability studies conducted at 

Danskammer Point and Roseton, viability observations were made on the 

dominant macrozooplankton populations. Evaluation for living and dead 

zooplankters was done on intake and discharge samples collected during 

the last two weeks in July and the first two weeks in August. 

Dipterans were the dominant group collected at both sites composing 

60% of the 14,720 specimens examined at Danskammer and 48% of the 

25,587 organisms at Roseton. This group exhibited a high degree of 

viability at Danskammer Point: 99% of the dipterans from the intake 

collections and 96% of the dip~erans from the discharge collection were 

alive. The viability percentage was slightly less in the Roseton i:,take 

and discharge collections (98% and 91%, respectively). At both pIa :ts~·· 

the dominant dipteran was Chaoborus sp., which composed 96% of the 

total. 

The second most abundant group in the samples examined was amphipods, 

represented by Gammarus sp.; they accounted for 36% of the Danskammer 
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Point macrozooplankton and 46% of the collection at Roseton. Little 

difference was noted between intake and discharge samples at Danskammer; 

both averaged 99% viability at the Roseton intake, amphipods exhibited 

98% viability; amphipods collected at the discharge averaged 92% viabil

ity. 

Overall viability at Danskammer for macrozooplankton averaged 99% 

the intake and 97% at the discharge. At Roseton the average intake 

viability was 95%,with 88% recorded in discharge samples. For both 

plants the difference between intake and discharge samples could be 

attributed to passage through the plant or to greater net mortalities 

experienced in the more turbulent discharge collections. The lower 

viabilities experienced at Roseton reflected poorer survival rates for 

cladocerans, which had a viability of 47% at Roseton intake and 26% at 

Roseton discharge. In the samples collected at Danskammer Point, clado

cerans exhibited 100% viability at both intake and discharge. 

(d) Differences Between Stations. There was no significant differ

ence in total macrozooplankton abundance between the Danskammer Point 

intake and stations in the Hudson River. However, amphipods were signi

ficantly more abundant at RDW than at other river stations. Other than 

a simple explanation of lateral distribution, the reasons for this are 

not clear at this time. The number of samples collected at the Roseton 

plant intake was insufficient for statistical comparison with other 

stations. 

4. Conclusions 

(a) Arophipods (Gammarus sp.) and dipterans were the most abundant 
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macrozooplankters in the Roseton/Danskammer Point area during 1973. 

(b) At least one peak of macrozooplankton abundance (in the early 

summer) occurs in the annual cycle of macro zooplankton abundance. 

(c) Macrozooplankters in the Roseton/Danskammer Point area were an 

important link between the plankton community and plank~.:!vorous fishes, 

serving also to cycle nutrients between the benthic and plankton com

munities. 

(d) One-half meter nets located in the Danskammer Point intake 

provided samples indicating significantly greater abundance of macro

zooplankters than were indicated by samples from one meter nets. 

(e) There was no significant difference between macro zooplankton 

abundance at the Danskammer Point intake and stations located in the 

Hudson River. 

(f) Amphipod abundance was found to be significantly greater at RDW 

than at other Hudson River stations. 
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NORTH CONTROL 
1 2 

1971: 
Fall 

Winter 
x = 7805.56 

1972: 
Spring 4.50 235.59 

x = 879.55 
Summer 118.22 104.31 

x = 381. 22 
Fall NB 96.53 

x = NO 
Winter 42.13 

x = NO 

1973: 
Spring 63.39 

x ::: 145.20 
Summer 62.17 

i = 68.72 
Fall 98.16 24.54 

x = 57.40 
Winter NB 

x = ND 

TABLE IV-13 

CALCULATED FISH SUPPORT POTENTIAL OF CRUSTACEANS PER rn2 

ROSETON/DANSKAMMER POINT VICINITY 
(BF = 0.950 BB) 

MAXIMUM 6T 75 6T 
3 1 2 3 1 2 3 

442.97 454.43 86.31 5.31 247.06 
x ::: 327.90 x = 126.19 

7805.56 NB 1750.24 215.56 229.88 64.63 
x = ND x = 147.26 

2398.55 1129.76 654.85 NB 271.20 48.68 
x ::: 892.31 x = NO 

921.14 174.66 1399.71 1423.02 166.89 1139.96 65.85 
x ::: 999.13 X ::: 457.57 

299.40 852.96 1098.24 NB 200.01 195.52 488.39 
x = ND x = 294.64 

NB NB 283.46 1734.30 NB 46.22 
it = NO x = ND 

227.01 36.39 37.63 249.93 52.76 188.97 48.26 
X :: 107.98 X ::: 96.66 

75.26 NB 146.84 1553.08 93.25 96.94 1037.31 
i :: ND X ::: 409.17 

49.49 160.33 219.45 119.44 38.86 22.90 128.02 
x:: 169.74 x = 63.13 

1229.54 329.27 4053.91 94.90 380.40 571.18 
x = 1870.91 x = 348.83 

SOUTH CONTROL 
1 2 3 

311. 27 
x ::: 311.27 

644.63 3330.75 
x = 1987.69 

71.17 1220.55 2769.56 
x = 1353.76 

NB 11515.48 1925.30 
X ::: ND 

361.46 7.76 1355.54 -x == 574.92 
220.47 4.50 3097.61 

x = 1107.53 

353.39 26.99 825.01 
X = 401.80 

225.78 39.26 2912.71 
X = 8509.99 

437.25 187.74 61.36 
it = 228.78 

851.19 NB 4461.31 
x ::: ND 
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NORTH CONTROL 
1 2 

1971: 
Fall 364.86 201.24 

x = ND 
Winter I 50.60 1670.91 

X :::: 963.92 

1972: 
Spring 58.08 1153.87 

x == 435.34 
Summer I 105.12 415.99 

x = 341.13 

Fall 479.39 754.25 
x = 691.67 

Winter I NB NB 
x :::; ND 

1973: 
Spring 121. 89 472.83 

x = 354.35 
Summer I 474.07 188.16 

x = 458.39 
Fall 343.59 175.07 

X :::: 253.74 
Winter I 1553.50 

X :::: 1198.67 

') 

TABLE Iv-12 

CALCULATED FISH SUPPORT POTENTIAL OF INSECTS PER m
2 

ROSETON/OANSKAMMER POINT VICINITY 
(BF = 0.950 BB) 

MAXIMUM ilT 75 6T 
3 1 2 3 1 2 

NB 43.77 195.52 NB 389.40 393.50 
x = NO it = 386.54 

1170.24 829.93 720.72 
X ::; 903.96 

94.08 212.70 1222.60 315.77 218.02 226.61 
x = 583.69 x ::; 258.38 

502.29 2,77.32 629.09 157.47 322.32 478.98 
x = 629.09 x = 394.44 

841.38 NB NB NB NB 58.08 
x = ND x = NO 

NB NB NB NB NB NB 
x ::; ND x :::: ND 

468.33 182.01 663.45 414.34 337.85 539.10 
x = 419.93 x = 461. 93 

712.94 675.72 854.05 7524.13 532.96 1070.43 
x ::; 854.05 X ::= 1139. 56 

242.55 892.91 110.86 19.23 274.05 321.49 
X = 341.00 x = 475.57 

843.83 835.65 282.23 NB 1031.58 873.28 -x:::: ND X :::; 924.68 

SOUTH CONTROL 
3 1 2 3 

376.63 371.39 NB 
x = ND 

1161.23 995.58 1906. 08 2171. 1 
x = 1690.93 

330.50 487.98 265.46 174.6 
x = 309,37 

382,03 477.34 327.64 205.3 
x = 336.77 

NB NB NB 551.3 
x = NO 

NB NB NB NB 
X == ND 

508.83 139,89 90.80 186.1 
x = 138.93 

lFH5.28 1155.10 40.50 1392.7 
x = 862.78 

831.16 123.10 162.38 605.7 
x = 297.09 

869.19 759.56 367.31 115.3 
x = 414.07 
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TABLE IV-ll 

CALCULATED FISH SUPPORT POTENTIAL OF OLIGOCHAETES PER m2 

ROSETON/DANSKAMMER POINT VICINITY 
(BF = 0.950 Sa) 
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The rate of benthic productivity, P , is derived from values presented a 
by Cerking (l(J62). Since productivity rate reportedly varies from 

approximately I to 10 times the average standing crop, a rate factor 

of 5 has been assumed. Most of the rates cited in Gerking (1962) were 

less than 5 although values up to 7.4 were reported. These values 

were based on studies of fresh water communities. Peer's (1970) 

work indicated production rates for a marine polychaete ranged from 

I to 10 times the standing crop. Since estuaries are generally more 

productive than the adjacent sea or freshwater systems (Odum, 1971) 

(Menzies and Rowe, 1973), the value of 5 may provide a reasonable 

estimate of benthic productivity. 

The fish support po:ential (B
F

) equation, with the appropriate 

values substituted, was used as follows: 

or 

BF = 0.190 (5) (BB) 

BF = 0.950 (Ba) 

Benthic biomass data was used to calculate the fish support potential 

of the major classes that account for the bulk of the biomass, namely, 

oligochaetes, insects, and crustaceans. Calculated fish support 

potential for the major groups collected in benthic samples are presented 

in Tables IV-II through IV-l3 for all transects from fall 1971 through 

winter 1973. Although gaps in biomass calculations occur during the 

fall and winter of 1972, general trends based upon BF may be discussed. 
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by some species (see Chapter VI). Other fish species were found to 

feed preferentially on other fish. This relationship of benthos 

at the lower levels of the trophic structure is the basis for the 

fish support potential analysis. 

Due to this substantial interaction, theoretical consideration of 

energy flow from benthos to fishes can be made. The following equation, 

based on information presented by Gerking (1962) and Hayne and Ball 

(1956), has bE-en developed to estimate the quantity of biomass (energy) 

transferred from the benthos to fish populations: 

~ -~ - B 
P 

(FB) (BB) 

where: BF f ish support potential, i. e., biomass of 
fish produced by consumption of benthos. 

F = weight of fish production. p 

B = weight of benthic productiou. 
p 

PB = rate of benthic productivity. 

BB = observed benthic standing crop biomass. 

Hayne and Ball (1956) calculated Fp as 181 lbs. and Bp as 811 lbs. 

Data from Allen's New Zealand study (cited in MacFayden, 1963) indicate 

an Fp value of 2,280 kg and a Bp value of 14,620 kg. Using data from 

Hayne and Ball (1956) ~ = 0.223 and based on Allen's data the ratio 
B p 

is 0.156. The mean of these two values, 0.190, is used in this study. 

The ratio is the percentage of benthic biomass biologically converted 

into fish biomass. 
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Fluctuations in benthic community composition are largely due to 

mortality. Except for periods of natality, when dispersal of 

IV-24 

larval forms occurs, movement of most benthos is limited (Scheltema, 

Unpubl.). Mortality is due to physiological death, interspecific 

competition,or predation (Odum, 1971). Deaths due to causes other 

than predation no doubt do occur in benthic communities: however, 

a number of investigators (see Gerking, 1962; Hayne and Ball, 1956) 

have suggested that the percentage of the community to be lost by 

this cause is negligible. Most losses are attributed to predation 

by bottom feeding organisms. Peer (1970) estimated that 80% of the 

mortality in a marine population of Pectinaria was due to predation. 

Predation on the benthos by fishes has considerable influence on 

benthic productivity. Hayne and Ball (1956) estimated fresh water 

benthic productivity to equal 17 times the standing crop when fishes 

were present in a pond. In the absence of fishes the production rate 

of the same pond was reduced but standing crop increased. 

Allen (1951) found that trout in a New Zealand stream consumed 100 

times the average benthic standing crop. Ball and Hayne (cited in 

Gerking, 1962) observed that following removal of the fishes from 

a Michigan Lake the standing crop of benthos was 2 to 3 times 

greater than at comparable periods before the fishes were removed. 

Stomach analysis conducted on selected species of fish in the Roseton/ 

Danskammer Point area indicated selective feeding on benthic organisms 
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5. Fish Support Potential 

Communities of organisms are in constant states of flux. Natality, mortality, 

immigration, and emigration influence community abundance, biomass, diversity, 

and stability (Odum, 1971). Periodic sampling of a community provides in

formation about the instantaneous standing crop (i.e. the community composi

tion, abundance, biomass, and diversity at that point in time and space). 

While this information is valuable, no estimate of community productivity 

is provided. Productivity is a measure of the amount of organic matter 

produced by a community per unit time and is usually derived from biomass 

data (Russell-Hunter, 1970). 

Estimates of productivity are useful in assessing energy flow through 

biological systems (Hayne and Ball, 1956). Energy flow is effected by 

predation of one organism upon another. Organic matter produced by the 

prey organism is utilized by the predator to produce new organic material 

(see Smith, 1966). Determination of energy transferred between trophic 

levels provides improved understanding of the ecosystem. 

Gerking (1962) has reviewed a number of estimates of benthic productivity 

in freshwater environments. Estimates based on direct measurements of 

productivity ranged from slightly more than 1.0 to 7.4 times the standing 

crop biomass. Production rates of certain organiSms such as Tanypus, 

Corethea, and Chironomus were generally greater than total community produc

tion rate. Annual production by the marine polychaete Pectinaria hyperborea 

ranged from 1 to 10 times the standing crop biomass (Peer, 1970). 
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oligochaetes reproduce during early summer (Edmondson and Winberg, 1971). 

A general increase in biomass per unit area occurred at North Control 

and Max~T, which may reflect successful recruitment at these locations. 

No trends were observed with increasing depth. 

Dipteran biomass distribution per unit area must be viewed cautiously, 

since seasonal biomass increase may be biased by major emergellc~. A 

general trend of increased biomass from spring through winter occurred 

at all stations in 1973. Biomass estimates were not determined for Max~T 

in the fall and winter of 1972. The greatest biomass per unit area 

occurred during the winter of 1971 at South Control. No apparent trends 

with depth or transect were observed. 

IV-22 

Crustacean biomass distribution reflects the contribution to community 

productivity by the isopod and amphipod groups. Greatest relative abundance 

was observed during the summer and fall of 1972 and winter of 1973. A 

general decrease in biomass per unit area occurred during the fall of 1972 and 1973 

which may indicate summer reproduction and greater fall predation. No trends 

were apparent, although higher biomass per unit area with increasing depth 

was observed at South Control. 

NO trends with depth in total biomass were observed at the transects. Two 

general biomass peaks occurred during spring-summer 1972 and summer-fall 1973 

at North Control and Max~T for all depths. Similar seasonal peaks were 

observed at J5~T for all depths. 

Quirk, Lawler !Iff' Matusky Engineers 
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IV-21 

4. Biomass Distribution By Class 

The standing crop of estuarine benthos may vary according to seasonal 

changes in community composition in response to alterations in physical 

and chemical components of a given location. Increases in standing 

crop are accomplished through reproduction and recruitment, whereas 

decrease may largely be the result of predation by benthic feeding 

organisms, interspecific competition, natural death and/or the 

emergence of adult stages of aquatic insects. Seasonal population 

densities, expressed as total biomass at each depth, are presented in 

Figures IV-26 and IV-27. Total biomass per unit area for oligochaetes, 

crustaceans, insects, molluscs and turbel1arians are presented 

in Appendix IV-A. 

Biomass comparisons of different classes will vary according to the 

number of species found within a class at a given transect (Figure IV-28). 

General trends are discussed for the dominant groups, namely oligochaetes, 

insects and crustaceans. The remaining groups (molluscs, turbellarians, 

arachnids and polychaetes) were patchy in distribution and represented a 

minor portion of the total community biomass. 

Oligochates were the most abundant class throughout the survey period from 

fall 1971 through winter 1973. Oligochate biomass was generally greater at 

Max~T throughout the sampling period. Biomass per unit area decreased 

from summer to winter 1972 at all transects. This observation may indicate 

a reduction due to predation or limited recruitment, since many 

Quirk~ Lawler ffiJ" Matusky l:ngineers 



;0,000 

40,000 

:,0,000 

20,000 

10,000 

9,000 

8,000 

7,000 

6,000 

5,000 

4,000 

3,000 

2,000 

1,000 

/ 

MONTHLY AND SEASONAL TRENDS IN BENTHOS ABUNDANCE 
AT THE 30 FOOT DEPTH OF MAX l1T TRANSECT 

/ 

/ 

/ 

/ 

~ .. 

/ 

\ 
\ 

\ 

'P'iqUile IV-2S 

Monthly 

Seasonal 

./ 

/ 
./ 

./ 
", 

J 
June July August Sept October November December 

1973 



50,000 
I 

4(),OOO I r-
I 
! 
I 

30,000 :-

- 20,000 i--

N 
~'-! 

) ; 
(\I .2 10, 000 i--
1 9000 I-
) 

H 8000 I 
r-z I 

~<:.t: 
? I 

7000 i-

. 
0 6000 :-

----'Z ! 

5000 ,-

4000 

I 
i , 
i 

3000 '-
I 

2000 r-

1000 

/ 
/ 

II I 

Figure IV-24 

MONTHLY AND SEASONAL TRENDS IN BENTHOS ABUNDANCE 
AT THE 3D-FOOT DEPTH AT THE SOUTH CONTROL TRANSECT 

/1 
i 

/ / 

/ 
I 

I 

/ 
I 

/ 

/ 

\1 
\ \\ 
\ \\ 

,,\ 
\ 

'\, ,/ 

,/ 

Monthly 
Seasonal 

/' 
/' 

,/ 

,/ 

.. --.1---_ .. ~ ______ ~ _____ --'--____ -__ J 
June July August Sept October November December 

1973 



!V-20 

In summary, oligochaetes and dipterans were more abundant than any other 

group of benthic organisms collected at the four transects. Oligochaetes 

were most abundant during the spring of 1972 and least abundant during the fall 

of 1971. Greatest oligochaete abundance was observed at the MaxAT transect. 

Dipterans were more abundant during the winter of 1971 and summer of 1973 than 

during any other season. Lowest dipteran abundance was recorded during.the fall 

of 1971 and spring of 1972. Neither oligochaetes nor dipterans exhibited sig-

nificant trends in depth distribution. Total benthos abundance and distribu-

tion generally followed the trends exhibited by the oligochaetes and dipterans. 

3. Comparison of Monthly and 
Bimonthly Samples 

Monthly benthos samples were collected from 10, 20 and 30-footdepths 

at each of the four transects from June through December 1973. All 

June, August, October and December samples were analyzed while only 

those samples from the 30-foot depth at South Control and MaxAT 

transects were analyzed in July, September, and November. The 1a-tter 

set of samples was used to evaluate the reliability of using bimonthly 

samples to assess fluctuations in the benthic community. Monthly 

total benthos abundance at the 3D-foot depth of the South Control and 

Max~T transects for 1973 is shown in Figures IV-24 and IV-2S, 

respectively, together with results of the seasonal analysis. 

Seasonal trends were generally similar to the observed monthly trends~ 

maximum and minimum values often occurred during months which were not 

one of the seasonal samples. Although these evaluations are limited 

to a single depth at two transects it appears that COllection and 

analysis of samples on a seasonal schedule is adequate to monitor 

the changes in benthos abundance. 

Quirk. Lawler &-Matusky Engineers 
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TABLE IV-Iu 

MOLLUSCA ABUNDANCE STUDENT-NEWMAN-KEULS PROCEDURE 
FOR DETERMINING THE SOURCE OF SIGNIFICANT MAIN EFFECTS 

ROSETON/DANSKAMMER POINT VICINITY 

1 

Groups Underscored by a Single Line 
Are Not SignificantlY Different at p<0.05 

2 3 4 5 6 

1.000 1.911 2.004 2.065 2.115 2.115 

7 

2.208 

8 9 10 

2.225 2.232 2.273 

F-1971 W-1973 Sp-1972 Sp-1973 W-1972 W-1971 Su-1973 F-1973 F-1972 Su-1972 



TABLE IV-9 

THREE-WAY ANALYSIS OF VARIANCE OF SEASONAL MOLLUSCA ABUNDANCE 
FROM FALL 1971 THROUGH WINTER 1973 
ROSETON/DANSKAMMER POINT VICINITY 

Data Transformed To Lo~ At a = 0.05 

DEGREES SUM 
OF OF MEAN 

SOURCE FREEDOM SQUARES ~UARE 

Depth 2 1.0268 0.5134 

Transect 3 5.6928 1.8976 

Season 9 8.0019 0.8891* 

Depth x Transect 6 4.6410 0.7735* 

Depth x Season 18 4.1112 0.2284* 

Transect x Season 27 5.8941 0.2183* 

Depth x Transect x Season 54 5.4810 0.1015 

Error 120 11.0160 0.0918 

*Significant at a = .05 

F-RATIO 

5.593 

20.671 

9.685* 

8.426* 

2.488* 

2.378* 

1.l06 
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TABLE IV-8 
(Continued) 

B. STUDENT-NEWMAN-KEULS PROCEDURE FOR DETERMINING THE SOURCE OF 
SIGNIFICANT MAIN EFFECTS ROSE'roN/DANSKAMr.1ER POIN'" VICINITY 

1 

2.368 

Groups Underscored by a Single Line 
Are Not Significantly Different at p<0.05 

2 3 4 5 6 

2.400 2.657 2.662 2.696 2.741 

7 8 

2.856 2.905 

9 10 

3.017 3.261 

F-1971 Sp-1972 F-1973 Su-1972 W-1973 Sp-1973 F-1972 W-1973 W-1971 Su-1973 



...., 

TABLE IV-8 .... ~ 

A. THREE-WAY ANALYSIS OF VARIANCE OF SEASONAL DIPTERAN ABUNDANCE 
FROM FALL 1971 THROUGH WINTER 1973 
ROSETON/DANSKAMMER POINT VICINITY 

Data Transformed to Log10 Plus One. 
Test Conducted At a = 0.05 . . . 

DEGREES SUM 
OF OF MEAN 

SOURCE FREEDOM SQUARES §2UARE F-RATIO 

)epth 2 0.0528 0.0264 0.345 

Transect 3 0.4539 0.1513 1.978 

Season 9 13.1274 1.4586 19.067* 

Depth x Transect 6 0.7548 0.1258 1.644 

Depth x Season 18 3.1734 0.1736 2.269 
~ 

Transect x Season 27 4.6953 0.1139 2.273 

Depth x Transect x Season 54 7.3008 0.1352 1.767* 

Error 120 9.1800 0.0765 

*Significant at a = .05 

Quirk, Lawler lfif Matusky Engineers 



..:-

---

-'-

IV-19 

Dipterans were the major component of the insect fauna collected in 

benthic samples. Greatest dipteran abundance was observed in the 

winter of 1971 and the summer of 1973, while lowest abundance was 

found during the fall of 1971 (Table IV-a). Neither depth nor tran

sect significantly influenced dipteran abundance during the study. 

Molluscs (pelecypods and gastropods) exhibited patchy distribution 

throughout the study area, possibly due to substrate preferences 

by the various species. Depth and transect locations are often 

indicative of substrate characteristics. No differences in abundance 

were observed between depths or between transects (Table IV-9). With 

the exception of the fall 1971 and winter 1973 collections, similar 

numbers of molluscs were collected during all other seasons (Table IV-10). 

The number of molluscs collected during the winter of 1973 was similar 

to the number collected during the winters of 1971 and 1972 and during 

the spring of 1972 and 1973. No molluscs were collected in fall 1971. 

Crustacean abundance was greatest during the summer and fall Of 1972 

and during the winter of 1973. A general trend of increasing crustacean 

abundance from the North Control transect to the South Control transect 

was evident. Considerable numbers of amphipods were observed in macro

zooplankton collections (see Chapter III), which illustrates the 

interrelationships between the various ecological communities in the 

ecosystem. 

Quirk, Lawler W>Matusky Engineers 
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TABLE IV-7 

STUOENT-NEWMAN-KEULS PROCEDURE 
FOR DETERMINING THE SOURCE OF SIGNIFICANT MAIN EFFECTS 

ROSETON/DANSKAMMER POINT VICINITY 

Groups Underscored by a Single Line 
Are Not SignificantlY Different at p<O.05 

1 2 3 

Mean Log (Data + 1) 
10 

3.198 3.324 3.350 

Transect 

Rank 

Mean Log (Data + 1) 
10 

Season 

KEY Sp - Spring 
Su - Summer 
F - Fall 
W - Winter 

75 IlT South Control North Control 

2.610 3.134 3.162 . 3.198 3.329 3.342 3.368 3.440 3.469 

F-1971 W-1973 F-1973 W-1971 Sp-1973 F~1972 Su-1973 W-1972 Su-1972 
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3.416 
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TABLE IV-6 

THREE-WAY ANALYSIS OF VARIANCE OF SEASONAL OLlGOCHAETE ABUNDANCE 
FROM FALL 1971 THROUGH WINTER 1973 
~SETON/DANSKAMMER POINT VICINITY 

Data Transformed To Lo9'10 Plus One. 
Test Conducted At alii 0.05 

DEGREES SUM 
OF OF MEAN 

SOURCE FREEDOM SQUARES ·~UARE F-RATIO 

Depth 2 0.3106 0.1553 1.586 

Transect 3 1. 9248 0.6416 6.554* 

Season 9 18.5418 2.0602· 21.044* 

Depth x Transect 6 1.5246 0.2541 2.596 

Depth x Season 18 6.5862 0.3659 3.737* 

Transect x Season 27 5.7429 0.2127 2.173 

Depth x Transect x Season 54 9.3852 0.1738 1.775* 

Error 120 11.7480 0.0979 

*Significant at a = .05 

." 
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TABLE IV-5 

STUDENT-NEWMAN-KEULS PROCEDURE 
FOR DETERMINING THE SOURCE OF SIGNIFICANT MAIN EFFECTS 

ROSETON/DANSKAMMER POINT VICINITY 

1 

Groups Underscored by a Single Line 
Are Not Significantly Different at p<O.OS 

1 2 

3.427 3.461 

3 

3.524 

75 IlT South Control North Control 

2 3 4 5 6 7 8 

2.815 3.398 3.422 3.507 3.523 3.581 3.614 3.651 

4 

3.646 

Max llT 

9 10 

3.705 3.892 

F-1971 F~1973· W-1973 W-1971 Sp-1973 F-1972 W-1972 Su-1972 Su-1973Sp-1972 

\ 

f 



TABLE IV-4 

THREE-WAY ANALYSIS OF VARIANCE OF SEASONAL TOTAL BENTHOS ABUNDANCE 
FROM FALL 1971 THROUGH WINTER 1973. 
ROSETON/DANSKAMMER POINT VICINITY 

Data Transformed to Log10 Plus one. 
Test Conducted At a = 0.05 

DEGREE SUM 
OF OF MEAN 

SOURCE FREEDOM SQUARES ~UARE F-RATIO 

Depth 2 0.3490 0.1745 3.666 

Transect 3 1.4562 0.4854 10.197* 

Season 9 14.7159 1.6351 34.351* 

Depth X Transect 6 0.7686 0.1281 2.691 

Depth X Season 18 4.8492 0.2694 5.660* 

27 
Transect x Season 3.6477 0.1351 2.838 

54 

Depth X Transect x Season 120 4.7736 0.10884 1.857* 

Error 5.7120 0.0476 

*Significant of 0: = .05 

QUirk9 I.awler ~Matusky Engineers 



IV-18 

numerical abundance occurred at the 20 ft. depth. These observations show 

possible yearly trends of abundance by depth at certain transects; however, 

no significant statistical difference was observed between depths over the 

entire sampling period. 

Total benthic abundance was significantly greater at Max6T than at other 

transects (Table IV-4). Collections from the South Control, North Control 

and 75~T transects were similar. The Max~T transect was located within 

the tidal influence (on surface water temperatures only) of the Danskammer 

Point Generating Station cooling water discharge; this transect 

may also be influenced by a small tributary from a backwater area 

at the transect. 

Significant differences in total benthos abundance were observed between sea

sons (Table IV-S). Fewer organisms were collected during the fall of 1971 

while greatest number of organisms were collected during the spring of 1972, and 

summer of 1973. Spring, fall and winter of 1973 comprised a period during 

which low to moderate numbers of organisms were collected. Moderate to high 

numbers of organisms were collected during the summer, fall and winter of 

1972 and during the summer of 1973. 

Oligochaetes were the most abundant group of benthic organisms from fall 1971 

through winter 1973. Greatest oligochaete abundance was observed during the 

spring of 1972. Fewest oligochaetes were collected in the ~all of 1971 (Table 

IV-6). Oligochaete abundance was similar at the North and South Control tran

sects and at Max~T but was significantly lower at 756T (Table IV-7). 

The influence of depth on oligochaete abundance was not apparent during 

the stud~ although significant interactions were noted for depth and 

season. 

Quirk. tawler illfMatusky Engineers 



J 
..: 
I... 

:) 
-.J 
j 

? 
~ 

) . 
; 

ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 

BENTHOS: TOTAL ABUNDANCE 
BY SEASON, TRANSECT,AND DEPTH 

1971-1973 
LEGEND 

10' 
-----20' 
_._ .. - 30' 

800 • .75AT SOUTH CONTROL 

600 

400~ 

" , 
200 

, , , 
,,~ . ...--' ---. -.-

1\ 

/ \ 

/ \ 

• 

\ .... ......... I 

" I \ 
I \ 

I \ 
I \ 

-... ~ /,' 
o • , . • 

F W SP SU F W SP SU F W F W SP SU F 

1971 1972 1973 1971 1972 

SEASONS 

It .. 
I \ . 

/ 
/ 

W SP SU F 
1973 

W 

"'T\ 
G) 
C 
::0 
rt1 

< 
I 

N 
01 



C\I r= 
LL. 

to 
C\J 
d 
" (f) 

~ 
(f) 

z 
<( 
(!) 
tr o 
LL. 
o 
0:: 
w 
m 
:lE 
:::> 
z 

ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIEC' 

BENTHOS: TOTAL ABUNDANCE 
BY SEASON ,TRANSECT,AND DEPTH 

1971-1973 LEGEND 
----10' 

---- - 20' 
-·_·-30' 

NORTH CONTROL 
MAX 6.T 

1400 • • 1400 , i I 

1200 

" 

1000 

800 

600 

A 
400 

200 

o ' 4' 

F W SP SU F W SP SU F W 

1971 1972 1973 

C\I r= 
L&.. 

to 
C\I 
o 
...... 
CI) 

~ 
~ 
Z 
<t 
(!) 
0::: 
o 
LL. 
o 
0:: 
W 
CD 
~ 
::> z 

SEASONS 

1200 

1000 

800 

600 

400 

200 

" , " 
J \ , \ , \ , ' , \ 

J 

J , 
, 
\ 
\ 
\ 

, , ~ 

\ i \ , '\ 
~ !. 
',I \ 

\' 

\ 

o r I 

F W SP SU F 

1971 1972 

w SP SU F 

1973 

w 

" -G') 
C 
:lJ 
fTl 

<: 
I 

N 
N 



N 
r: 
:.J... 

lO 
N o 
....... 
en 
:E 
~ 
Z 
<t 
(,!) 
0:: 
o 
Lt.. o 

800 r 
600 I-

400 l-

0:: 200 w 
CO 
os: 

1\ / ., 
i 

/ 
I 

/ 

ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 

BENTHOS: TOTAL ABUNDANCE 
BY SEASON AND TRANSECT 

1971-1973 

.75AT SOUTH CONTROL 
.. _-"-

I I " 

~ 
! 

/ ~ 
0" / 

~ / .I / ---........... 

r 
1 

"'J // / 

:::> 
z 

o r 1 j 
F w SP SU F 

1971 1972 

w SP SU F W F w 
1973 1971 

SEASONS 

SP SU F 
1972 

w SP 

f, 
( \ 

\ . 
\ 
\ 
\ 
\ 

SU F 
1973 

l 
i 

w 

." 
G) 
C 
;U 
(T1 

< 
I 

N 



C\I 
~ 
lL.. 

LO 
(\) 

0 
"-
CJ) 

:E 
CJ) 

Z 
« 
<!) 
a::: 
0 
ll.. 
0 
ex:: 
w 
ro 
:E 
:::> z 

FIGURE IV- 20 

ROSETON/OANSKAMMER POINT RIVER ECOLOGICAL STUDIES 

BENTHOS: TOTAL ABUNDANCE 
BY SEASON AND TRANSECT 

1971-1973 

MAX AT 
2000 Ii' 

2000 • NORTH CONTROL 

1800 1800 

1600 r I \ i 1600 

1400 r ; 1400 

1200 t- -I 1200 

1000 t- t /\ ; 1000 

800 ~ \ ,\ ; 800 

600 r- \ ; 600 

400 400 

2.00 200 

0 
F W SP SU F W SP SU F W OF W SP SU F W SP SU F 

1971 1972 1973 1971 1972 1973 

S£ASONS 

W 



BENTHOS 

PERCENT ABUNDANCE COMPOSITION OF 

SOUTH CONTROL TRANSECT BENTHOS BY DEPTH 

IOO~IM~IJJI!nIM_ 
90~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

80 ~F~~~"'P'~'7J---¥~4f~~b04~~I4~~~~~~~~~~~~~ 

70~~+-~~~~+-~~~~~~~~~~~~~~~~~~~~~~~ 

60~+-1--b~~~~r-~~~~~~~~~+-~~~~~~~~~~~~~~~ 

% 

LEGEND; 

o 
'fij 

B 
~ 

OLIGOCHAETA 

INSECTA 

CRUSTACEA 

MOLLUSCA 

POLYCHAETA 

40 II TURBELLARIA 

81 
fli):'::;i ,., .. 

" 

HIRUDINEA 

ARACHNIDA 

10 II COMBINATION OF ~ 
REMAINING CLASSES C 

AJ 

"' o. , ", " I ",' '" I, I I ,I , 
I 2 31' 2 31' 2 31 I 2 31 I 2 31 ' 2 31 ' 2 31 I 2 31' 2 31 I 2 3 
FALL WINTER SPRING SUMMER FALL WINTER SPRING SUMMER FALL WINTER 

<: 
• 

1971 1972 1973 
to 



BENTHOS 

. PERCENT ABUNDANCE COMPOSITION OF 

75 MAXIMUM 8T TRANSECT BENTHOS BY DEPTH-

100, J »A j 

LEGEND: -I4444Q'~/A~~~l~~·. r-l 90 ~ 11-~i.l~/"~;,. . '. " :.,,,_~.c~.~.;·~,,,, _ ",.,_",. ,,".<. . '. 

OLiGOCHAETA 

80WAaeVAm I I ~ ~ 
~ INSECTA 

70~~ PRIll ES8II ~ V~·~ m CRUSTACEA 

60~~ ~ I I E8I I ~ I VA I%:J ~ lUI 
~ MOLLUSCA 

1441 ~ ~ II E811 ~ 12a1111:L.11 vw vn III II I) 50 . 
POLYCHAETA 

40 I I I V=4 E%l I I ~ I ~ I I I I I n I ~ I I I I I I 

30 I I I I I ~. I I I I I ~ I I I· I I I I I tjfg. I I I I I I 

20 I I I I I ~ I I I I I I I I I I I I I I I' rn I I I I l J 

101 I I I I I I I I I I I I I I I I 1 I I I I I 1<1 I I I I I I 

0' '" '" , , , , , , 
I 2 31' 2 31' 2 31' 2 31' 2 31 1 

2 31' 2 31' 2 31' 2 31 1 
2 :3 

FALL WINTER SPRING SUMMER FALL WINTER SPRING SUMMER FALL WINTER 

1971 1972 1973 

iii TURBELLARIA 

fa HIRUDINEA 

tEl ARACHNIDA .... 
\ :.'\ 

II COMBINATION OF 
REMAINING CLASSES 

I 

G. 
C 
::t 
~ 

*"NCOMPLETE FILE FOR < 
I 

SUMMER 1972 DEPTH 2 OJ 



BENTHOS· 

PERCENT ABUNDANCE COMPOSITION OF 

MAXIMUM aT TRANSECT BENTHOS BY. DEPTH 

90 ___ mlllI 
80~~~~~~~-1~~~~~~~~~~~~~~~~~~~~~ 

·70~~~~~~~~~~~~~~~KA~~~~~~~~~~~~~~ 

60~~~~-r~~-;~r-r-r-~~~-K~~-1~r-~~~~~~~~.-;~~~ 

, 50~~~-+~~~~+-~~~~~~+-~~~~~+-~~-+-4~~~~~~-4~~ 

40~~~-+~~~~+-~~-4~~~T-~~~~~'-~~-+~~~'-4-~-+~~~ 

30~'-~-+~~~~+-~~~-4~+-~~~~~~'-1-~-+~~~~~~-+~~M 

rz 

o 
I 2 311 2 31' 2 31 1 2 31 1 2 311 2 311 2 31 J 2 311 2 311 2 3 
FALL WINTER SPRING SUMMER FALL WINTER SPRING SUMMER FALL WINTER 

1971 1972 1973 

LEGEND: 

o OLIGOCHAETA 

~. INSECTA 

~. CRUSTACEA 

~ MOLLUSCA 

III 
11 
lI'~:' ,.. 
'\ 

POLYCHAETA 

TURBELLARIA 

HIRUDINEA 

ARACHNIDA 

" IJ COMBINATION OF G) 
REMAINING CLASSES C 

::0 
fTl 

< 
I 

--.J 



BENTHOS 

PERCENT ABUNDANCE COMPOSITION OF 

NORTH CONTROL TRANSECT BENTHOS BY DEPTH 

100mmJIn~ 

%50 

40 n1111tti+t+1ft++-W-U-1lill 
30 I I II I I I I I I I I I I I I. I I I. I I I I I I I I I I I. I 

20 I I I I I I I I I I I I I I I I I I I I I II I I I I I I 1-1 

10 1 I I I I I I I I I I I I I I I I I 1.1 I I I I I I I I I I I 

o ' , , ,I, I, , , , " 
J 2 31 J 2 31' 2 

31 1 
2 311 2 31' , 31' 2 311 2 31' 2 31' 2 3 

FALL WINTER SPRING SUMMER FAll WINTER SPRING SUMMER FALL WINTER 

1971 1972 1973 

I I 

III 
II 
II··:;.' ,., ., 

TURBEllA.RIA 

HIRUDINEA 

ARACHNIDA 

'1 

II COMBINATION OF G) 

REMAINING CLASSES C ::u 
", 

< 
I 

m 



IV-I7 

Figures IV-16 through IV-l9 present relative class abundance by transect 

and depth to illustrate the differences observed. Total abundance is 

presented for all transects in Figures IV-20 and IV-21. variations in 

the number of classes and abundance of individuals according to depth 

are presented in Figures IV-22 and IV-23. 

The most abundant groups of organisms at all transects were oligochaetes, 

followed by dipterans and crustaceans (Isopoda, Amphipoda) and the occasional 

occurrence of the classes Polychaeta, Turbellaria, Mollusca, Hirudinea, and 

Arachnida. A complete list of taxonomic groups is presented in Table IV-2. 

Total benthos abundance and the abundance by major classes were tested for 

trends in distribution by season, transect, and depth by using analysis of 

variance and Student-Newman-Kuels procedures. 

With the exception of the North Control transect, all locations exhibited 

high abundance values during the spring of 1972 and summer of 1973 (Figures 

IV-22 and IV-23). At the North Control transect greatest abundance was 

recorded during winter 1971. Over the 10 sampling seasons abundance was 

greatest during the spring of 1972 and lowest during the fall of 1971. 

Abundance of organisms collected during the winter of 1971, the summer, fall 

and winter of 1972, and the spring of 1973 were similar. 

As indicated in Figures IV-22 and IV-23, peak numerical abundance at transect 

756T and Max6T, and South Control occurred at the 20 ft. depth during spring 

1972. During summer 1973 peak abundance of benthic organisms at these three 

transects occurred at the 30 ft. depth. At North Control transect, greatest 

Quirk, Lawler & Matusky Engineers 



IV-16 

Danskammer Point vicinity indicated no significant differences between 

stations in sediment type or organic content. No trend in organic 

matter versus depth or transect was evident; however, a greater organic 

content (8-14%) in the sandy loam sediments at MaxAT and.756T may 

account for oligochaete dominance. 

In conclusion, seasonal variation in affinity similarities o~curred at all 

transects. No consistent pattern of affinity association was found for 

depth, although South Control (30 ft. depth) was ecologically dissimilar during 

the seasons of highest community similarity (spring and 'winter 1972 and 'fall 

1973) at other transects. This may reflect the influence of brackish wat~r 

organisms at this location (for additional discussion on the occurrence of 

brackish water at this location see Chapter VII). 

2. Abundance and Distribution 

Estuarine benthic communities are subject to considerable seasonal varia~ions 

in salinity, temperature, nutrient influx, current strength, and turbidity 

(Carricker,l967). The resulting spatial and temporal distribution of benthic 

organisms is a product of physical, chemical, and biological gradients of the 

estuary and the limiting stresses imposed upon tne.organisms by these factors. 

Although estuarine species are broadly adaptable to such conditions, altera

tion of abundance and distribution of taxa may be indicative of the dynamic 

stresses imposed upon the benthic community. 

Quirk. tawler ®"Matusky Engineers 



Oligochaeti'_ 
North control 
Maximum llT 

.75 llT 
South Control 

Insecta: 
North Control 
Maximum AT 
,75 AT 
South Control 

Crustacea: 
North Control 
Maximum llT 

.75 AT 
South COntrol 

TOTAL 

TABLE IV-3 

SAMPLE LOCATIONS WHERE COMMUNITY ABUNDANCE STRUCTURE IS DOMINATED BY O~F. CLASS ~ASP.D ON Nl~ERICAL A~I~A~CE 
ROSETON/DANSKAMMER POINT VICINITY 

SEASON AND DEPTH 

Tall 1971 Winter 1971 Spring 1972 Summer 1972 Fall 1972 Winter 1972 - Spring i973 Summer 1973 Fall 1973 
10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 

+ + T + + + + + + + + ~ + + + + + + * + + + -'-

+ + .,.. + + :I- + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + 

+ + + . + + + + + + + + + + + + + + + 

+ 
+ + + 
+ + + + 

+ 

+ 

4 4 4 4 4 4 4 4 3 3 3 3 3 2 3 4 3 3 1 3 4 4 3 3 2 3 

~:-

+ indicates that the c~ass contributed ~ 50' of the -total community. 

Winter 1973 
10 20 30 TOTAL 

+ + + 26 
+ + 19 
+ + + 20 
+ 19 

1 
3 
4 
1 

+ 1 

+ 2 

4 3 4 
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IV-IS 

The North Control transect showed the only corresponding decrease in 

spring 1973 values at all depths sampled. The corresponding spring 

1973 diversity values at Max6T, and .756T indicated a more diverse community 

structure at 20 and 30· foot depths. From 1971-1973 the South Control 

generally displayed higher diversity at all depths than other transect 

locations. 

No consistent seasonal trend in benthic diversity with depth was evident 

for any particular transect location. Diversity at all depths was low 

during the spring and higher during the fall from 1972-1973. No con

sistent pattern was evident with depth on a yearly basis, at all 

transects, although greater diversity with increasing depth was noted 

at all transects during fall 1971 and fall 1972. 

Figures IV-6 through IV-IS present affinity values in trellis 

diagrams to indicate similarities in community structure based 

on organism abundance. High affinity values indicate sample stations 

that are most alike ecologically. The highest affinity values at all 

transects, and consequently the greatest similarity, occurred during 

spring and winter 1972 and fall 1973. These values were primarily the 

result of high oligochaete abundance at all transects (greater than 

50% community composition). 

As indicated in Table IV-3 oligochaetes represent more than 50% of 

the numerical community composition at all transects and at most 

depths throughout the sampling period. In addition, greater frequency 

of oligochaete dominance at all depths generally occurred at North 

Control. Sediment analyses (discussed in Chapter VII) for the Roseton/ 
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This general seasonal fluctuation of diversity values was more evident 

at North Control. Diversity values at North Control were higher in 

IV-l4 

fall 1972 and lower in spring 1973 than the remaining transect locations 

for the same years. 

In summary, from fall 1971 through winter 1973, all transect locations 

generally displayed low spring and high fall diversity values suggesting 

a more diverse and more evenly distributed community structure during 

the fall season. Generally similar numbers of species were collected 

during spring and fall; however, fewer individuals were collected 

during the fall which resulted in increased diversity values. 

Decreases in fall abundance may be attributable to emergence, predation 

or low abundance of over-wintering organisms. The range of diversity 

peaks (high vs. low) generally decreased from North to South Control, 

which suggests an increase in community stability from North to South 

Control (Margalef, 1968). 

Comparison of diversity values according to depth showed a general 

increase at the 30-foot depth stations for North Control, 75~T and 

MaxbT from fall 1971 to fall 1972; however, succeeding diversity 

values through winter 1973 indicate no patterns at the various depths 

for any transect location. With the exception of fall 1971, all 

depths show a general trend of low spring and high fall diversity. 

Quirk, Lawler mt'Matusky Engineers 
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1. Group Diversity Based 
on Class Abundance 

The Shannon-Weaver general diversity index (H) was used to determine 

species diversity at the four transect locations from 1971-1973. Data 

were tabulated on a seasonal basis and are presented in Table IV-2. 

Total (pooled) diversity values are graphically presented in Figures 

IV-2 and IV-3. Diversity values are indicated from fall 1971 through 

winter 1973. Diversity values are also presented by depth in Figures 

IV-4 and IV-S. 

IV-13 

Total (pooled) diversity index values may be examined for all transects 

to determine spatial and temporal (i.e., seasonal) patterns in community 

diversity. From spring 1972 to summer 1973 all transects showed a 

general increase in diversity; a yearly diversity occurred during the 

fall. From fall to winter diversity values decreased but, in general, 

were not as low as spring values of the same year. The increase in 

total diversity values at all transects reflects a more even 

distribution of individuals among the constituent classes at the 

stations. 

Diversity values at all transects for fall 1971 were lower than fall 

1972 and 1973. This may indicate a sampling artifact since the total 

number of animals collected during fall 1971 composed approximately 

one-third the total number of animals collected during the same period 

in 1972 and 1973. 

QUirk9 Lawler &f Matusky Engineers 



Gastropoda - generally found on substrate in water 10 em. to 2 m. deep 

Isopoda 

Polecypoda 

- primarily feed on algae; some omnivores have been reported 

- Amnicolidae, Pleuroceridae, and Valvatidae remove oxygen 
directly from the water 

generally fewer species and individuals are found in soft 
water than in hard water 

some species restricted to particular substrate type 

- mainly scavengers 

- usually remain secreted under rocks, vegetation and 
debris; shallow water forms 

unusual to find more than one species in one habitat 

food consists of zooplankton, phytoplankton, and organic 
detritus by filtration 

- most abundant in water less than two meters deep; 
occasionally found in deeper lake waters 

- burrow in fall to avoid harsh climate 

- growth period is from April to September 

Sphaeriidae are an important fish food source 

Turbel1aria - require well oxygenated water conditions 

- most appear to be negatively phototropic, i.e. shaded 
or secluded areas 

- triclads usually more active under coider conditions 

IV-12 
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Annelida 

- usually associated with plant material 
in waters up to two meters deep 

- active during daylight hours 

- some evidence of movement to weedy shallows in 
spring and movement back to deeper waters in fall 

Hirudinea - abound in warm protected shallows 

- chiefly nocturnal 

found at depths up to two meters; a few species 
occur in deeper water 

Oligochaeta 

Amphipoda 

- often abundant among filamentous algae 

- most occur in ten meter deep water or less 

- mainly detrital feeders 

- Naididae can reproduce by budding a new 
individual every two or three days 

- late summer-early autumn protective cocoons 
found as early as July 

- te~perature usually not limiting but often 
determines relative abundance 

- Tubificidae are deeper water forms 

- usually more active at night 

- voracious omnivorous feeders; general scavengers 

- breed between February and October 

- Gammarus faciatus has a general distribution 
in unpolluted clear waters 

- strongly thigomotropic and negatively phototropic 

- primary food source for fishes 

IV-II 
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Diptera 
Culicidae 

TABLE IV-l Continued 

Chaoborus punctipennis 
Chaoborus rotundifolia 

Ceratopogonidae 
Bezzia setulosa 
palpgeyia gibralis 

Tendipedidae .. 
Coelotanypus concinnus 
Procladius 
Cricotopus 
Polypedilium 
Prodiamesa 
Chironomus genuicaudatus 
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TABLE IV-l Continued 

Arthropoda 
Arachnida 

Acarina 

Crustacea 

Limnoldrilus udelcemianus 
Peloscolex ferox 
Homochaeta naIdIna 
Rhyacodrilus coccineus 

Naididae 
Nais.pseudobtusa 
Parariais frici 
Vejdorskgella intermedias 

Cladocera 
Copepoda 

Calanoida 
Cyc lopo ida 

Mysidacea 
Mysida 

Mysis 
Arophipoda 

Garomaridae 

Isopoda 

Insecta 

Gammarus fasciatus 
Oedicerotidae 

Monoculodes 

Osellidae 
Asellus militarus 

Anthuridae 
Cyathura polita 

Idoteidae 
Chiridotea almyra 

Collembola 
Istomidae 

Istomurus palustris 
Coleoptera 

Hydrophilidae 
Trichoptera 

Hydroptiiidae 
Oxyethira 
Agraylea costello 

Leptoceridae 
Athripsodes dilutus 
Oecetis inconspicua 
Ocetis cinerascens 

"tj 
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TABLE IV-l 

Roseton Benthos 1973 
Species List 

ROSETON/DANSKAMMER POINT VICINITY 

Platyhelminthes 
Turbe11aria 

Tric1adida 

Ectoprocta (Bryozoa) 
Phylactolaemata 

Plumate11ina 
Lophopodidae 

Pectinatella magnifica 

Mollusca 
Gastropoda 

Mesogastropoda 
Amnicolidae 

Amnicola 
Viviparidae 

Viviparus 
Pelecypoda 

Heterodonta 
Sphaeridae 

Annelida 

, Pisidium 
Sphaerium fabale 
Sphaerium simile 
Sphaerium striatinum 

Eulamellibranchia 
Unionidae 

Lampsilis 
Elliptio 

Polychaeta 
Sedentaria 

Spionidae 
Scolecolepides 

Sabellidae 
Manayunkia speciosa 

Clitellata 
Hirudinea 

piscicolidae 
Pisicola punctata 

Erpobdellidae 
Erpobdella punctata 

Oligochaeta 
Tubificidae 

Aulodrilus americanus 
Auiodri1us plyriseta 
Limnodri1us hoffmeisteri 
Limnoldri1us profundicola 
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The affinity values were arranged according to transect, e.g., Max~T 1, 

2, 3, to illustrate the ecological variation, if any, with depth. 

A high affinity index therefore indicated ecologically similar communities. 

In these studies an affinity index value of greater than 76 was used to 

indicate close ecological similarity. 

Biomass data were collected for most classes of benthic organisms. 

Occasional absence of biomass data for a single class resulted in 

inaccurate determination of total biomass for that collection. The 

frequency of this occurrence was relatively low; howeve~, the discon-

tinuity in the data limited its use for describing community biomass 

structure. Calculations of diversity based on biomass were not 

attempted; consequently much of the following discussion was based on 

numerical abundance data rather than biomass. 

C. RESULTS AND DISCUSSION 

An inventory of benthic organisms (Table IV-I) collected in the Roseton/ 

Danskammer Point area of the Hudson River indicated that at least forty-

five species representing seventeen classes were present. Brief descrip-

tions of the ecology for selected classes (from Pennak, 1953) are presented 

to provide a better understanding of each animal's relationship to the 

environment: 

Acari --- - common in littoral regions of lakes using rooted 
aquatic vegetation clearly associated with substrate 

- most are carnivorous or parasitic 

found at all times of year; usually more abundant in 
late spring and early autumn 
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components between two samples; the greater index value the more 

similar the communities. Affinity values were calculated by sununing 

the values of identical taxa between two stations, Le., oligochaetes 

are common between two stations and compose" a certain percentage 

of the total fauna for each. 

For example, affinity values ate calculated as follows: 

Station A Station B 
% Composition Connnon Classes % Composition Connnon value 

40 Oligochaeta 20 20 
5 Diptera 10 5 
8 Gastropoda 8 8 

TOTAL: 33 

A diagrannnatic presentation of the affinity index relationships is pre

sented by utilizing the trellis diagram (MacFayden, 1963). The calcu-

lated indices are arranged in the squares of the trellis diagrams with 

the linear order of the sample stations corresponding in the rows and 

columns. Stations with highest affinity values may then be considered 

as part of the same biological community and distinct from other groups 

in the diagram. The trellis diagram is therefore used to graphically 

indicate the degree of ecological similarity based upon values of 

the affinity index. 

The trellis diagrams are presented so that the degree of biological simi-

lari ty among the transect locations from North Control (He) to the ~outh 

Cgntrol (SC) can easily be viewed. 
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the data. Abundance data for total benthos, dipterans, molluscs and 

oligochaetes were tested. 

One sample from depth 2 on transect 75~T was misplaced from the August 

(summer) 1972 collections. To facilitate the ANOVA and affinity pro-

cedures and graphical presentation of the data, the number of organisms 

r-- in this sample were considered as being equal to the n~~er in the replicate 

for that collection. Paired t-tests indicated that there were no 

differences in the number of organisms in the paired samples at either 
.. 

depth I or depth 3 from transect 75~T on that collection date. 

For samples 1 and 1R,t = 0.121 with four degrees of freedom and for 

3 and 3R, t 1.085 with five degrees of freedom. Both t values were 

not significant at the 5% level. 

Student-Newman-Keuls procedures were applied to mean log-abundance or 

mean log-biomass values whenever ANOVA testing indicated significant 

differences between depths, transects, or seasons (Sokal and Rohlf, 

1969) • 

Community structure was determined by the percentage composition 

of the total community by each class. Percentage composition based· 

on biomass was calculated when possible. Composition was determined 

on the basis of abundance. 

The diversity components of samples were further compared by use of an 

affinity index (Sanders, 1960). This index is a numerical value that 

expresses the degree of similarity in the arrangement of the diversity 
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3. Data Analysis 

Diversity indices are valuable in describing community composition in 

terms of the relationship hetween individuals and groups (species, orders, 

classes, etc~) present in the community (Odum, 1971). Numerical diversity 

values are based on ratios of these factors which may be calculated from 

abundance, biomass, productivity, or other data (OdUm, 1971}. A variety 

of formulae are available for calculating diversity values (see McErlean 

and Mihursky, 1969). Pielou (1966) provided criteria for choosing the 

appropriate formula based primarily on sample size. 

Diversity values for Roseton/Danskammer Point area benthic communities 

were calculated from the formula suggested by Pielou (1966): 

s 
H = -r P. 10g2 Pi 

. 1 l. 1.= 

where s is the number of groups and Pi is the proportion of the i th group 

in the population. 

Egloff and Brakel (1973) have demonstrated the feasibility of using class 

abundance values for calculating diversity by this formula. Diversity 

values given for Roseton/Danskamrner Point area benthos were calculated 

from abundance or biomass values based on taxonomic classes. 

Abundance data were tested for differences between depths, transects 

and seasons by three-factor analysis of variance (Simpson, Roe and Lewontin, 

1962). All three factors were considered to be random. Analysis 

of variance (ANOVA) also tests for interactions between all possible 

combinations of the three factors. Tests were conducted for each year 

and each possible combination of years based on log transformation of 
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with determining specific identifications of large numbers of benthic 

organisms. These authors have suggested assigning the various benthic 

organisms to groups defined by the shape of the individuals or other 

arbitrary criteria. Certain groups are readily separated to genus and 

are considered as such. 

IV-6 

Preserved wet weight biomass was determined to an accuracy of = 0.01 mg 

for each group of organisms. This method is subject to considerable 

variability depending on the water content of the individuals (Russell

Hunter, 1970). Consistent handling of each sample aids in.controlling this 

problem. Corrections were not applied to mollusc weights to reduce the 

influence of shell weight on biomass (Holme and McIntyre, 1971; williams 

and Thomas, 1967). The contribution of molluscs ,to total community 

biomass was generally small; correction of these data would have had 

little influence on the present discussion • 

Sediment samples were collected by a core sampler from the four benthic 

transects in October 1973. Core samples were collected from all depths 

except NC-2 and SC-3. Sediment from the top of the core, up to 10.2 em, 

was removed for determination of organic content and particle size dis

tribution (Lambe, 1951). Organic content was determined by weight loss 

following volatization of dried sediment. Particle size distribution 

was determined by settling techniques (Lambe, 1951). The results of 

the core sampling program are presented in Chapter VII. 

The results of the benthic analysis studies are presented in Appendix 

IV-A. 
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(c) Sampling Frequency. Sampling date!3 in 1973 were as follows: 

June 7 
July 5 
August 3 
September 5 
October 4 
November 1 
December 3 

Samples representing the seasons: spring (June), swmner (August), 

IV-S 

fall (October), and winter (December) were completely analyzed in the 

laboratory to obtain information on seasonal trends in animal abundance 

and biomass. Selected samples were analyzed from the other monthly 

collections to monitor animal population fluctuations which would 

therefore more accurately pinpoint changes in conununity structure. The 

selected samples were from the 30-foot stations at Max~T and SC~ 

2. Laboratory Procedures 

Samples collected in the field were washed through a cone of SOO~ mesh 

screening. Screening procedures washed away sediment particles and 

most microbenthic organisms. Residue r3tained on the screens was pre-

served in a solution of 70% ethyl alcohol and phloxine-B dye. The red 

phloxine-B was taken up by the organism; and afforded easy distinction 

of animals and debris (Mason and Yevich, 1967). 

Samples were examined under a stereomicroscope and the organisms sorted 

by taxonomic group. Each group was blotted dry and weighed to the near-

est tenth of a milligram. Specimens were retained for speciation. 

King and Ball (1964), Cairns et ale (1968) and Cairns and 

Dickson (1971) have pointed out the problems associated 
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EngineerB and Oceanographic Analysts,Inc. (1969) on thecoo1ing 

wa~er discharge from the plant . 

The transect expected to experience 75% of the maximum temperature 

change (Quirk, Lawler & Matusky Engineers and Oceanographic 

Analysts, Inc., 1969)~ 

SC - The South Control transect was 3 miles south of the proposed 

discharge on the west side of the river. 

Transects NC and SC were estimated by Quirk, Lawler & Matusky Engineers 

and Oceanographic Analysts, Inc. (1969) to be outside the thermal 

influence of the Roseton plant. 

Each transect was sampled at depths of la, 20, and 30 feet (measured 

from mean low water). At each station these depths were designated as 1, 

2 and 3. Each station was marked by an anchored buoy. 

(b) ~;ampling Procedure. A 6" x 6" Ponar sampler with a 500 micron 

mesh covering was used to collect benthic samples during slack water 

periods. The sampler was lowered in a rapid, controlled descent from 

a boat moored to a station buoy_ The sampler was returned to the boat, 

and the sample washed into a plastic bag to which.40% formalin was 

added to achieve a final concentration of 5-10% formalin. A replicate 

sample was taken at each station. Each bag was sealed, labeled, and 

returned to the laboratory for analysis. 
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Feldman (1971) conducted studies on the microflora and microfauna at four 

locations: the Roseton area, Danskarnrner Point intake and discharge areas 

and at a control 2.5 miles north of Danskammer Point. He observed "sub

stantial benthic fauna" at three locations; the discharge area had 

absence of benthos. 

The studies reported herein consist of a summary of the results of a three 

year investigation of Hudson River macrobenthos in the Roseton/Danskammer 

Point vicinity. Details of the 1971 and 1972 studies have been presented 

previously (Quirk, Lawler & Matusky Engineers, 1973a). Emphasis is placed 

on seasonal abundance and the distribution, by depth and location, of the 

various classes of macrobenthos sampled in this region of the Hudson River. 

Consideration is given to biomass distribution and seasonality. 

B. MATERIALS AND METHODS 

1. Collection Procedures 

(a) Sampling Locations. Four sampling transects (Figure IV-I) were 

established in October 1971 and defined as follows: 

NC - The North Control transect was 2-1/2 miles north of the 

Roseton discharge on the west bank of the Hudson River. 

Max ~T - This transect is expected to experience the maximum temperature 

change during the operation of the Roseton plant. This desig

nation was based on predictions made by Quirk, Lawler & Matusky 
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of sediment is of considerable importance in determining the distribution 

of benthic organisms (Sanders, 1958; Lie and Kelley, 1970). Carricker 

(1967) has revieweQ these and other factors which influence estuarine 

benthic communities. 

IV-2 

Studies performed by Quirk, Lawler & Matusky Engineers and OceanOgraphic 

Analysts, Inc. (1969), Pierce (1971), Feldman (1971), Rehwoldt et al. (1972), 

Barnett (1973), and Quirk, Lawler & Matusky Engineers (1973a) have provided 

information on the aquatic biology in the vicinity of the Roseton and 

Danskammer Point plants. The study conducted in 1969 compared results of 

sampling efforts immediately south of the proposed Roseton plant, to 

those collected immediately south of (and within the probable area influenced 

by) the Danskammer Point cooling water discharge. 

Pierce (1971) conducted a qualitative survey of benthic organisms, aquatic 

weeds and plankton found 700 feet south of the Danskammer Point plant and at 

a control area two miles north of the plant. Pierce concluded that the same 

species were present in both the heated discharge area and the control area. 

No quantitative measures were performed, but general comparison of abundance 

indicated that fewer aquatic weeds were found in the discharge area than 

in the control area. In addition, organisms associated with the weeds were 

less abundant in the discharge area than at the control. 

Quirk, Lawler W" Matusky Engineers 
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IV. BENTHOS 

A. INTRODUCTION 

Benthic animal populations contribute to energy flow in estuarine systems ahd 

directly or indirectly support commercial and sport fisheries (Williams and !homas, 

1967). Energy flow is effected by consumption and utilization of phytoplankton, 

zooplankton, and detritus by the benthos (Townes, 1936) and the subsequent use 

of benthos as energy sources by other predators (Gerking, 1962; Hayne and Ball , 

1956). Benthos thus serve as an intermediary link between primary producers and 

consumers and third and fourth order conswners (Odum, 1971). 

In order to understand energy flow through estuarine systems and the role played 

by the macrobenthos, qualitative and quantitative investigations are necessary. 

Abundance and distribution of macrobenthos are influenced by a variety of physical, 

chemical, and biological factors acting alone or in combination (Reid, 1961). Thut 

(1969) discussed the influence of depth on the distribution of freshwater benthos. 

The depth patterns were primarily associated with photic relationships ~~ the 
f 

organisms to a particular plant food source and to seasonal migrations} to or from 

deeper wdter. 

Distribution and abundance of littoral marine benthos are influenced by salinity, --

dissolved oxygen concentrations, temperature, and mineral composition of the 

sediments (D'Agostino and Colgate, 1973). Preference for specific size or type 
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Oligochaetes represent the largest fish support potential at all 

transects with maximum values obtained during the summer and winter 

of 1972 and the summer of 1973 (Table IV-ll). During this period 

the oligochaete fish support potential was greater during the summer 

of 1972 with t:he highest values calculated at MaxllT and .7SllT. 

Although olig(.chaetes represent the largest food source per unit 

area, fish st(Jmach analysis of young striped bass and resident 

white perch has indicated general dietary preference for crustaceans 

and insects (Table IV-l2) (Quirk, Lawler & Matusky Engineers, 1974) 

Crustaceans (Table IV-13) reflected the greatest food source on a yearly basis 

with insects being comparable during the fall and winter. Highest fish sup

port potential was observed for drustaceans at the North and South Control 

transects during the survey period. Generally, higher values for crustaceans 

at South Control during the summer of 1973 may be indicative of the presence 

of the isopod eyathura polita which is generally more abundant at North and 

South Control during this period. 

In summary, oligochaetes, crustaceans, and insects offered the greatest source 

of fish food in the Roseton/Danskammer Point area. Seasonal abundance 

a~peared to determine the types of benthic organisms selected by fish. 

Crustaceans and insects represented the source of food most utilized by 

the young striped bass and white perch. 
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Substantial regional differences in the river benthos as fish food 

may reflect the biological transition between fresh and brackish 

water. Higher fish support potential values were calculated for 

Kingston (mile point 95), north of Roseton/Danskammer Point, and for 

Bowline (mile point 35), further south (Quirk, Lawler & Matusky Engineers, 

1973b). These values were calculated using the formula presented and 

converted to fish support potential per square meter. Based on the 

1972 mean total benthic biomass, fish support potential at Kingston 

was 1,667 gm/m2/year, 307 gm/m2/year at Roseton/Danskammer Point and 

766 gm/m2/year at Bowline. 

6. Salinity Influence 

Faunal gradients in an estuary reflect a series of salinity changes which 

vary in duration and amplitude (Y<ung, 1949). Runoff due to rainfall and 

melting ice and snow determines the general location and persistence of 

the salt front in the estuary. Daily tidal cycles expose faunal com-

munities to varying amplitudes of salt concentrations in the immediate 

vicinity of the salt front. 

In general these assemblages of organisms are noted: one above the area 

of influence of the salt front, il1cluding characteristically freshwater 

forms; a second marine grouping nE'ar the mouth of· the estuary; and a 

third characterized by euryhaline organisms in the area of fluctuating 

salinities (Carricker, 1967). Th( concentration and rate of salinity 

change are ecologically important and may act to determine community 

diversity and distribution (Reid, 1961). 

Quantitative and qualitative evaluation of the samples collected from fall 

1971 through winter 1973 indicated that oligochaetes and dipterans were the 
QUirk? Lawler ®"Matusky Engineers 
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dominant benthic organisms in the study area. Oligochaetes and dipterans 

also dominated the benthos at Kingston, thirty river miles north (Quirk, 

Lawler & Matusky Engineers, 1973b). However, the greater community 

diversity index found at Kingston suggests a more varied faunal assemblage 

than that of the RosetonjDanskammer Point area. 

Thirty river miles south, in the Haverstraw Bay area, a different community 

structure was noted: oligochates were the primary benthic organisms; poly

chaetes and molluscs replaced dipterans in the benthic community (Quirk, 

Lawler & Matusky Engineers, 1974). Kingston and Haverstraw Bay represent 

spatial differences in salinity gradients with fresh and primarily saline 

environments, respectively. The change in the community structure between 

the three areas is reflective of the differences in the salinity gradient. 

Biological observations suggest that the Roseton area is a transition 

zone or ecotone between brackish and freshwater benthic communities. 

Biological evidence for this observation is the distribution 0f various 

po1ychaet(!s. The freshwater species Manayunkia speciosa is found at 

Kingston and Roseton/Danskammer Point and the marine genus Scolecolepides 

is found at Roseton/Danskammer Point and Haverstraw Bay. Concentrations 

of Manayunkia were greater at Kingston and concentrations of Scolecolepides 

were greater in Haverstraw Bay. 

The presence of two species, in smail concentrations, one marine and 

one freshwater , suggests an area of transition between the two (Reid, 

1961). For the two species there also appeared to be a temporal 

Quirk. Lawler IW' Matusky Engineers 



IV-30 

change in composition with the freshwater species more abundant in the 

spring and the marine members increasing in the fall. The peak abundance 

periods for the two groups correspond to low and high chloride concentrations, 

respectively (see Chapter VII for further discussion). 

Cronin et.al. (1962) described a distinct and persistent change along the 

length of the Delaware River estuary which could be attributed to a salinity 

gradient. The amphipod Gammarus fasciatus was especially important in the 

upper reaches where salinity was less than 5% (an oligohaline condition). 

This amphipod species was present throughout the year; greatest densities 

were observed during the summer at all stations. The increase in abundance 

during the warmer water periods at all stations may indicate an interaction 

between temperature and salinity. 

The seasonal abundance of the estuarine isopod Cyathura po1ita may be 

further evidence of the interaction between temperature and salinity. 

Certain estuarine crustaceans have been observed to have greater survival 

in low salinities at higher temperatures (Pearse and Gunter, 1957; Kinne, 

1964). f. polita appears to reflect this tendency with increased abun

dance during the summer and fall. 

7. ~ittoral Survey 

A littoral survey was conducted on August 3, 7 and 13, 1973. Samples 

were collected in shallow water areas along the east and west shore of 

the Hudson RiVer in the vicinity of the Roseton/Danskammer Point generating 

stations (Figure IV-29). Rooted aquatic plants, bottom sediments and rock 

substrates were selected at specific sites to coincide with river sampling 

locations for fish and benthos. 
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(a) Materials and Methods. Representative species of rooted plants were 

carefully covered with a plastic bag and cut just below the surface of the 

s0diment. The bag was sealed to prevent the loss of any organisms or plant 

parts. Excess water in the bag was removed by pouring through a 400v wire 

mesh screen. All material retained on the screen was returned to the 

sample bag. The volume of each rooted plant was determined by water dis

placement and recorded to the nearest 1.0 mI. In addition, the wet.weight 

biomass of each plant was determined to the nearest 0.1 g. after rinsing 

the plant with water and blotting it with paper towels to remove excess 

moisture. 

The organi: :ms that were removed from each plant and retained on the 400 

micron mesh were classified to order and enumerated. The wet-weight 

biomass of each order was determined. 

Growth on small rocks was removed by scraping or brushing. The material 

removed was examined to determine qualitative species composition. 

(b) Results and Discussion. A total of ten species of rooted aquatic 

plants were collected during the survey (Table IV-14). The quantitative 

and qualitative results of associated epiphytic plants and animals are 

presented in Table IV-14. The vascular plants most frequently collected 

throughout the survey area included the cosmopolitan species Potarnogeton 

Richardsonii (pondweed) and Myriophyllum (water Milfoil). In terms of 

the diversity of vascular plant flora, greater members of plant species 

were collected at Roseton East South Control (RESC), Roseton Max. ~T 

(RM~T) and Danskammer Cove (DC). 

Quirk, Lawler W" Matusky Engin~ers 



r 

ROOTED AQUATIC PLANTS 

Galinso~a parviElora 

Lemna sp. 

Myriophyllum spicatum 

Potamogeton crispus 

Potamogeton epihydrus 

Potamogeton foliosus 

Potamogeton pectinatus 

Potamogeton Richardson!i 

Trapa natans 

Vallisneria americana 

ASSOCIATED FLORA 

~~ 

Cyclotelrla sp. 

Navicula sp. 

Melosira varians 

Coscinodiscus.sP~ 

"Cocconeis sp. 

TABLE IV-14 

ROSETON/DANSKAMMER POINT LITTORAL SURVEY 
SPECIES INVENTORY 

BLUE-GREEN ALGAE 

Lyngbya sp. 

Oscillatoria limosa 

Dinoflagellate 

Peridinum sp. 

Euglenophyte 

Gyrosigma obtusatum Phacus sp. 

Cymbella sp. 

Fragilaria sp. 

Stephanodiscus sp. 

Opephora sp. 

synedra sp. 

Diatoma sp. 

Gomphonema sp. 

Amphipleura sp. 

Achnanthes 

Surirella patella 

Nitzschia dissipata 

N. obtusa 

Campylodiscus sp. 

Hantzochia sp. 

GREEN ALGAE ASSOCIATED FAUNA 

Chiorella sp. Acari 

Pediastrum tetras Amphipoda 

P. duplex Bryozoa 

Scenedesmus quadricauda Copepoda 

Ankistrodesmus sp. Diptera 

Oocystis sp. Gastropoda 

Closterium sp. Hirudinea 

Ulothrix sp. Hydra 

Cosmarium sp. Isopoda 

Eudorina sp. Nematoda 

Mougeotia sp. Odonata 

Spirogyra sp. Oligochaeta 

Trichoptera 

Turbellaria 

Ostracoda 

Coleoptera 

Pelecypoda 

Lepidoptera 

Rotifer 

Trichocerea 

Keratella 

Ploe~oma 
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Several rooted aquatic species found in the study area provide food and 

protection for wildlife. The tape grass, Vallisheria americana, and 

Myriophyllum sp., which was relatively common in the survey area, are an 

excellent food for wildfowl and attract various marsh and shore birds, 

in addition to providing a substrate for colonization by epiphytic flora 

and fauna. 

The fauna observed on the various rooted aquatic species included 

gastropods, insects, crustaceans, water mites, oligochaetes, turbellarians, 

nematodes, pelecypods, isopods, bryozoans and copepods. In general, 

numerically dominant faunal groups throughout the survey area were 

dipterans, amphipods and oligochaetes. Dipterans were numerically 

dominant at all sampling sites and reflected the seasonal increase of this 

group found in river sampling stations (see Sectio~ C-2). A diverse and 

abundant fauna was observed only at RESC t REM6T and DC, possibly because 

of the variety of substrate provided by the different kinds of rooted 

aquatic plants at these locations. 

Associated algal groups found attached to rock and wood substrates at the 

sampling sites included diatoms, blue-green algae and green algae. In 

terms of numbers of different species, diatoms were most frequently 

represented on the rock and wood substrates. The faunal groups present 

at other stations included dipterans, rotifers, nematodes and ciliate 

protozoans. The relative paucity of fauna in these areas may be attributed 

to type of substrate available. 
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D. CONCLUSIONS 

Benthos collection efforts were conducted in 1973 in the Roseton/Danskammer 

Point vicinity of the Hudson River to determine abundance, distribution and 

composition of benthic populations. Similar studies were also conducted in 

1971 and 1972. These data will serve as baseline information for eventual 

comparison with data collected after initi<1tion of commercial operation of 

the Roseton Generating Station. The results of the 1971, 1972 and 1973 

studies indicate the following: 

1. The benthic community in the Ros(!ton/Danskammer Point vicinity 

during 1973 consisted of a large variety of organisms falling 

into the following categories: 

(a) oligochaetes 

(b) molluscs 

(c) insects 

(d) crustaceans 

(e) others 

The community was dominated throughout most of the year by 

oligochaete worms. 

2. The overall abundance of benthic organisms increased from the 

spring through the fall of 1973. Similar increases in abundance 

have been noted at the same location for the years 1971 and 1972. 

3. The diversity of the benthic comnunity increased from the spring 

to the fJll during the years 1971, 1972 and 1973. A decrease in 

diversity was noted in all years between fall and winter samples. 
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4. A gradient in species diversity was noted during 1973. Species 

diversity increased from the North Control transect to the South 

Control transect. No gradient in species qiversity was noted 

with depth. The seasonal differences in species diversity were 

found to be significant. 

5. Abundance of dipterans and molluscs was found to vary ~ignificantly 

with season. Variation in the numbers of dipterans was attributed 

to life cycle characteristics of the dipterans. 

6. Benthic b.iomass values were found to be associated primarily with 

the oligochaetes. Biomass of benthos was found to vary signifi

cantly with season for oligochaetes, molluscs, dipterans and 

crustaceans. Seasonal variation in abundance and biomass of the 

dominant groups composing the benthos were attributed to life 

history phenomena (oligochaetes) and to predation by fishes upon 

the benthos. 

7. Fish support potential for benthos varies significantly with season. 

The greatest fish support potential occurred during the fall in 

the years 1972 and 1973. Fish support potential in the vicinity 

of the study area was found to bE' the lowest of three sites 

studied in the Hudson River: Kingston (mile point 95), Roseton/ 

Danskammer Point (mile point 66), and Haverstraw Bay (mile point 

38). 

8. Species inventory population characteristics, community structure, 

and physical/chemical characteristics show that this sector of the 

Hudson River is in the transition zone where significant variations 
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in salinity occur on an annual basis. The biological characteristics 

of the Hudson River identify the area as being within the "species 

impoverished zone" generally found in estuaries where saline 

environments exist. 

8. Estuarine benthos characteristic of the 'species iffipoverished 

zone" generally demonstrate a capacity for resistance to environ

mental impact and a remarkable resiliency to the effects of 

predation, environmental stress, population decimation and habitat 

destruction. The background stress associated with the variable 

saline environment at Roseton/Danskammer Point has resulted in 

a benthic community 'capable of withstanding significant environ

mental impact without harm. Studies over three years (1971, 1972 

and 1973) confirm that the benthos in this vicinity are 

characterized by low diversity, the capacity to withstand stress 

and a resiliency to environmental impact. 
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V. FISH LARVAE 

A. INTRODUCTION 

Fish larvae are temporary members of the plankton community and react in much 

the same manner as zooplankton to various physical and chemical stimuli. 

Reports of diel migration of fish larvae, for example, have been published 

by Croker (1965). As documented for zooplankton by j~rgenson (1966), 

ichthyoplankters select food by size and type (Detwyler and Houde, 1970). 

Besides their classification as plankton because of small size and feeble 

swimming abilities, fish larvae are bound to the remainder of the plankton 

through similar nutritional requirements, until more adult feeding habits 

are assumed. Several species, including blueback herring and alewife, remain 

planktivorous throughout their lives. It is important then to investigate 

ichthyoplankton not only in terms of presence and abundance in. the water column, 

but also more importantly in terms of their role in the plankton community of 

the Hudson River. 

The effects of entrainment on aquatic organisms through the condenser systems 

of electrical generating stations utilizing once through cooling systems is 

another important e~ological consideration. Little actual information exists 

on the effects of entrainment. It is necessary, therefore, to investigate 

the actual effects of entrainment on the biotic community. 

When water is withdrawn from the river for cooling purposes, organisms that are 

contained in the water and which are small enough to pass through the traveling 

screens at the plant intake or which cannot actively avoid entrainment, are 
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drawn into the cooling system along with the water. Once inside the cooling 

system, these organisms may be subjected to changes in pressure and temperature 

and to possible mechanical damage when they pass through the condenser pipes. 

Planktonic organisms which occur within the influence of a plant intake are 

subject to entrainment. In an area such as the Hudson River Estuary, the 

entrained organisms may include a large nwnber of individuals of both phyto

plankton and zooplankton. Since little information ex~sts on the effects of 

entrainment on any of these organisms and since the presence and interactions 

of the plankton members is critical to the structure of the ecosystem, an 

accurate prediction of the effects of entrainment upon the ecosystem as a 

whole is not possible utilizing information that is currently available. 

Most of the current studies of entrainment covering the Hudson River plankton 

investigate the effects on fish eggs and larvae, since fish are the most 

obvious inhabitants of the river and are the only organisms present which have 

both a commercial and recreational value. Striped bass have received more 

attention basically because this species is of the greatest interest to sport 

fishermen. 

Several investigations concerning the distribution and abundance of fish 

eggs and larvae in the Hudson River have been completed in recent years. The 

first of these studies was the Hudson River Fisheries Investigation by 

Carlson and McCann (1969), designed to evaluate the potential effects of a 

proposed pumped storage plant at Cornwall, New York, on fish populations. 
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Fish eggs and larvae were collected from 1966-1968 at eight stations on the 

river, from Croton Point to Cr)xsackie, with the major sampling effort in the 

Cornwall area. The authors calculated that a withdrawal of water from the 

Hudson River by the proposed Storm King Pumped Storage Facility of an 

average volume of 18,000 cubic feet/second over an 8-hour period each night 

would result in the removal of 2.3-2.6% of the striped bass larvae produced 

in the entire estuary. 

The results of the Carlson and McCann study have been criticized because the 

authors neglected to consider tidal effects, utilized average values for 

larval abundance in a cross section of the river, did not consider behavioral 

characteristics which might have prevented entrainment, and did not consider 

cumulative effects that removal of larvae would have on the striped bass 

population of the Hudson River over a number of years. Although data were 

collected on all larval species of fish in the study area, detailed analysis was . 

conducted only for striped bass. 

That report, along with the study of Rathjen and Miller (1957) provided the 

basls of published knowledge concerning larval distribution of striped 

bass in the Hudson River. Several other reports exist, including 

Raytheon Corporation (1972) and Quirk, Lawler & Matusky Engineers (1973). 

The former contains information on the distribution of several species of 

larval fish in the Indian Point area. The latter reported on the occurrence 

and distribution of ichthyeplankton in the Roseton/Danskammer Point area. 
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The objective of the studies reported herein was to supplement and expand 

similar ichthyop1ankton investigations conducted in 1971 and 1972 in the 

Roseton/Danskammer Point vicinity (Quirk, Lawler & Matusky Engineers, 1973) 

of the Hudson River. 

The studies conducted in 1973 consisted of abundance collections of fish larvae 

in the Hudson River, at the Danskammer Point plant intake and discharge struc

ture and at the Roseton plant intake and discharge structure. 

In addition attempts were made to estimate viability of fish larvae associated 

with the intake and discharge structures. Inasmuch as very little work had 

been done at any power plant on the viability of entrained fish larvae, the 

viability study and the results obtained must be considered as preliminary. 

Studies planned for future years will be designed to attempt to substantially 

improve on fish larvae viability estimates. 

The results presented herein basically encompass the studies. conducted at the 

intake and discharge structures of the two plants. Where relevant, results 

from studies conducted in the Hudson River are also presented. 

The general objectives of the 1973 ichthyoplankton studies conducted in the 

Roseton/Danskammer Point area of the Hudson River were: 

1. to provide more substantive basic information on 

the composition, abundance, and distribution patterns 

of larval fish; and 

2. to determine the composition and abundance of fish 

larvae entrained in the cooling water systems of the 

two plants. 
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In addition to the two major objectives, consideration was given to the 

following areas ()f investigation: 

1. the abundancl: and distribution of fish larvae collected 

in 1973 compared to 1972; 

2. the relationship of the fish larvae entrained in the 

cooling water system of the two plants to the populations 

present in the river; and 

3. the viability of fish larvae before and after passage 

through the plant cooling water systems. 

B. MATERIALS AND METHODS 

1. Field Procedures 

V-5 

(a) River sampling. From March 13 to August 30, 1973 four transects in 

the Hudson River parallel to the shoreline between the Roseton and Danskammer 

Point plants were sampled (Figure V-I). Five minute horizontal tows were 

made against the tidal current, or, if collections were at slack tide, 

the tow was conducted against the direction of the next expected tide. 

Samples were collected at ten-foot intervals from surface to bottom to 

evaluate larval distribution by depth and location. Sampling was conducted 

every other week over a twenty-four hour period. The twenty-four hour 

collections permitted determination of diurnal patterns in larval distribution. 
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All tows were conducted using a one meter diameter Hensen type plankton 

net (#0 mesh net; 571 micron). A TSK flowmeter was positioned in the 

center of the net mouth to estimate the flow of water. All samples were 

preserved in a 10% formaldehyde solution. 

To obtain additional information on larval populations, selective 

simultaneous tows were conducted using both one meter and one-half meter 

nets. This permits comparison between sampling programs conducted in 

1971 and 1972 which used one-half meter nets to the 1973 data, as well 

as evaluation of efficiency and possible selectivity of the two nets. 

(b) Plant Sampling. To determine the number and viability of fish 

larvae in the cooling water systems, samples were obtained at the intake 

and discharge structures of both the Roseton and Danskammer Point plants. 

One meter and/or one-half meter plankton nets were used for the plant 

sampling. A flowmeter, either TSK or a General Oceanics, was mounted 

in the mouth of each net to estimate the volume of water sampled during 

each collection. Physical characteristics of the intake and discharge 

structures determined the size of the net utilized for sampling at each 

plant. Although it is preferable to use the same collecting gear at 

each plant location and in the river, it was physically impossible to 

fit the larger nets into the space available at the Roseton generating 

station. 

In all cases the method employed for setting the nets prior to and 

during sampling was the same. A framework of steel pipe was constructed 

extending from several feet above the surface of the water to the deepest 

sampling depth. Nets were fastened to polyvinyl chloride frames that 
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could be lowered on the steel pipes to a given sampling depth. The 

sampling locations and gear employed at each plant site are described 

below: 

(i) Danskammer Point 

The intake structure at Danskammer Point permitted the use of 

both one meter and one-half meter nets. A single one meter 

net was used at the Unit 3 cooling water discharge pipe. Two 

sampling frames were suspended in the intake from a catwalk 

spanning the intake channel. The frame on the west side of the 

channel held two one-meter nets vertically to sample surface 

and bottom. The frame on the east side of the channel held 

three one-half meter nets vertically to obtain surface, mid

depth and bottom samples. Both one meter and one-half meter 

nets were sampled simultaneously to obtain comparative larval 

concentration data across the intake channel and for gear com

parison information. 

The plant full flow calculated velocities were used in computing 

an average volume of water filtered by each net since plant operating 

conditions were full flow during most of the collection periods. A 

value of 28.73 m3/minute was used for the volume of water filtered 

by the one meter net and 7.18 m3/minute for the one-half meter net. 

The discharge value was 47.12 m~/minute. 
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(H) Roseton 

The Roseton intake and discharge permitted the use of only one

half meter nets. A frame was con~tructed between the trash 
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racks and travelling screens of Unit 1; three nets were placed 

vertically to sample the surface, mid-depth and bottom. A single 

net was used at· the discharge to obtain quantitative s~ples. 

The sampling frame was constructed above the discharge pipe at 

the shoreline seal well, and the net was lowered directly into 

the discharge pipe. 

During 1973 the Roseton plant was not fully operational and 

could therefore be sampled only on the dates when the circulating 

pumps were operating. This schedule was pre-arranged with plant 

personnel to include only dates that did not interfere with plant 

construction or peak power demands. Since the plant was not in 

operation, the collections indicated only pressure and/or mechanical 

effects of passage through the cooling water system. 

(iii) Field Analysis 

Field analysis of ichthyoplankton samples collected du~ing 1973 

consisted of determination of larval viability at the two plant 

sites. At the termination of each viability collection the cod

end bucket was transferred to an ambient water temperature table, 

and the larvae were separated into three categories: live, dead, 

or stunned. The larvae from these short term viability collections 

were placed in separate vials corresponding to the three categories 

to enable species viability determinations. 
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2. Laboratory Procedures 

Preliminary analysis to separate fish larvae from detritus and particulate 

matter and to enumerate total larvae per sample was conducted on all 

larval samples collected during the 1973 studies. For river sampling, 

the number of larvae in each sample were converted to concentration of 

larvae per thousand cubic meters of water filtered by the f01lowing 

formula: 

where: 

Larvae/IDDOm3 = # larvae 
ara 

a area of net mouth in m2 • 
r = number of meter revolutions 
a = flowmeter calibration coefficient. 

Calculated velocities based on plant flow data were used in computing 

larval abundance in the plant intakes and discharges. 

The second phase of laboratory analysis was to separate and identify all 

larvae of the genus Morone (striped bass, white perch) from the larva 

samples collected. At the completion of the Morone analyses, samples 

representing day/night collections from each sampling date were selected 

for complete taxonomic analysis. All remaining samples were catalogued 

and stored for possible future analysis. 

Samples for detailed analysis were usually chosen so that on a given 

date, each sampling depth was represented once during the day and once 

during the night, therefore providing data on the preferred depth of 

each species and possible diurnal variations in larval distribution. 

Quirk 9 Lawler &,Matusky Engineers 
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Attempts were made initially to speciate river herring larvae (shad, 

blueback herring and alewife), but these were discontinued due to the 

extreme difficulty in distinguishing between the species at most 

developmental stages. Yolk sac shad, however, are fairly obvious 

and were noted on the data sheets. 

Other fish identified included the Atlantic tomcod, tesselated darter, 

cyprinids (either carp or goldfish), rainbow smelt and sunfish. 

Individuals which could not be positively identified were classified 

as "others." 

The numbers of larvae per thousand cubic meters of water for all samples 

and the speciation of larvae from selected samples were tabulated 

according to station, date of collection and depth. 

The samples selected for speciation were further analyzed to yield 

length-frequency information on populations of striped bass, white 

perch and Alosa spp. If a sample contained small numbers (less than 

60) of these larvae, ~ll larvae of each species were counted and 

classified in I mm. length categories. If a large sample containing 

more than 60 larvae was analyzed, an aliquot (sub-sample) containing 

the first 60 larvae was processed; and the concentration was then 

proportionately adjusted to reflect the number of larvae of each 

species expected in the total sample. A complete tabulation of larvae 

abundance and composition data resulting from the 1973 studies is 

presented in Appendix V-A; length-frequency data is presented in Appendix 

V-B. 

QUirk9 Lawler IISf Matusky Engineers 



C. RESULTS AND DISCUSSION 

1. River Sampling 

(a) General Larval Distribution. River sampling was initiated on 

March 13 and continued through August 1973. Collections for March 

and April were made during the daylight hours only at ROWand RDE. 

Sampling commenced in May over a twenty-four hour period eve:.c~ -two 

weeks at the four transects RDW, RDWCH, RDECH and RDE. Larvae were 

present in the study area prior to the first sampling date and per

sisted through early August. 

A total larval distribution was obtained by averaging all samples 

collected on a given day at all stations (Table V-I). These data 

V-ll 

are presented graphically in Figure V-2. Two peaks of larval concentra

tion were noted duringl973; one during the middle of March and a second 

during the first week of June. Few larvae were collected during April 

or after the middle of July. 

The March peak of ichthyoplankton abundance was due almost exclusively 

to Atlantic tomcod which spawn during December and January (Bigelow and 

Schroeder, 1953; Booth, 1967). The smaller numbers of tomcod larvae 

collected during April indicate that the tomcod larvae migrate from the 

study area or are able to avoid the sampling gear. 

Similar concentrations of tomcod with a peak occurring approximately 

the third week of March were also noted in the Haverstraw Bay area 

(Quirk, Lawler & Matusky Engineers, 1974a). The same trend of a higher 

abundance of larvae during March and decline in abundance during April 

was found by Howe (1971) in the Weweantic River estuary of Massachusetts. 

Quirk, Lawler W" Matusky Engineers 
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Date 

I 
3/13 

3/21 

4/11 

5/3 

5/10 

5/22-23 

I 
6/7-8 

6/19-20 

7/2-3 

I 
7/17-18 

7/31-8/1 

8/14-15 

8/29 

TABLE V-I 

AVERAGE CONCENTRATION OF TOTAL LARVAE 
ROSETON/DANSKAMMER POINT VICINITY, 1973 

Number of Larvae/lOOOm3 

TRANSECT 

ROW ROWe RDECH 

N/S* N/S N/S 

1488 N/S N/S 

0 2 0 

38 N/S N/S 

240 245 334 

1119 313 1444 

880 1118 1270 

913 858 1220 

240 352 484 

2.9 27 65 

7 7 16 

2 2 8 

1 2 I 3 

Note: N/S Denotes No Samples 

l\verage 
RDE All Stations 

j 
i 

238 238 

297 893 

3 1 

N/S 38 

606 356 

1411 . 1072 

2202 1368 

1387 1095 

671 437 

34 39 

14 11 

0 3 

0 2 I 
-' 



FIGURE V-2 

HUDSON RIVER FISH LARVAE ABUNDANCE I 1972 -1973 
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With the exception of the Atlantic tomcod, the main spawning period for 

Hudson River fish populations in the Roseton/Danskammer Point vicinity 

occurs from May through July. This period encompasses the spawning of 

several anadromous species (blueback herring, alewife, American shad, striped 

bass) as well as resident species, including white perch and sunfish. Eggs 

spawned in the spring may have resulted in larvae at a stage of 

development in July and August capable of avoiding the larval net or others 

having already left the study area; either occurrence would result in 

the decline of abundance noted during late July and August. 

sampling conducted during 1972 encompassed the time period from the 

middle of May to the middle of August. During both years the same peak 

of larval abundance was observed, although the magnitude of the two 

peaks was slightly different. The decline and absence of larvae in 

the study area occurred during the same period during both years. 

The average total larval abundance was also calculated by date for each 

of the four transects sampled. These values are listed in Table v-I and 

shown graphically in Figure V-2. During March, only ROW and RDE 

were sampled; the largest average concentration of larvae at this time 

was at ROW on March 21; 1,487 1arvae/lOO0m3 of water sampled were collected 

along the west transect, whil~ 297 larvae/100em3 of water were collected 

along the east transect. 

The highest average concentrations of total larvae resulting from the 

spring spawn were collected along the eastern transects. RDE had the 

greatest average larVal concentration with 7028 larvae/lOO0m3.RDECH 

Quirk. Lawler Y Matusky Engineers 
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had the second highest concentration with 538 larvae/lOOQm3. The two 

western transects had similar average larvae concentrations of 347 and 

3 325 larvae/lOOOm , for ROWand RDWCH, respectively. 

Peak abundance of larvae at a single transect occurred during the June 

7-8 sampling effort. However, during the period from May 22 to June 20 

high concentrations of larvae were found at all transects. The greater 

number of larvae collected at the eastern transects could be attributed 

partially to the transect's proximity to a large shallow area around 

the mouth of Wappinger Creek, which could be an area preferred for 

spawning, and to the more pronounced shallowness of the eastern shore 

of the river affording protection and food availability. 

A one-way analysis of variance (ANOVA) was conducted to compare the 

total larval conc(,ntrations at the four transects. 

Transect Comparison of Total Larvae/100Qm3 

Source Degrees of Freedom Mean Square F-Ratio 

Transects 3 0.102 0.0471 

Error 36 2.174 

Total 39 

There was no significant difference found for the average larval 

concentration between the four transects. 

Sampling conducted at ~E during 1973 (Figure V-2-:) suggests a slightly 

greater larval abundance peak with a protracted residence time for 

larvae in the study area than in 1972. At ROW, larval abundance during 1~73 was 

Quirk9 Lawler iW' Matusky Engineers 
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fairly constant during the peak period, while a definite peak in 

abundance was found in 1972. The peak at ROW during 1972 also appeared 

at a later date than the comparable peak abundances at RDE during 1972 

and 1973, and later than the greatest concentration found in 1973 at the 

same location. 

Depth distribution for total larvae collected is presented in Table 

V-2 by month and transect. Many of the depth trends are not evident 

~ince a combination of larval species were collected, each species 

having varying patterns of growth and development and particular ecological 

requirements. A general trend in May of greater larval abundance 

in the surface waters to more larvae in bottom samples was observed. 

A more even distribution of larvae in the water column was found during 

June probably due to larval fish of several species at different 

stages of development occupying various levels in the water column. 

For the few larvae collected in August a pattern of avoidance of . 

surface waters during daylight hours was detected. 

(b) Species Occurrence. Atlantic tomcod (Microgadus tomcod) larvae 

dominated the r·:arch samples (see Appendix V-A). Throughout the 

remainder of the study the following larvae were collected: 

alewife (Alosa pseudoharengus), blueback herring 

(A1osa aestivalis), American shad (Alosa sapidissima), striped 

bass (Morone saxati1is), white perch (Morone americana), rainbow 

smelt (Osmerus mordax), tessel~ted darter (Etheostomaolmstedi), 

sunfish (Lepomis sPI?) and cyprinids (Carassius auratus and/or 

eyprinus carpio). 

QUirk9 Lawler W" Matusky Engineers 



MONTH 

May 

June 

July 

August 

Note: 

TABLE V-2 

TOTAL LARVAE DEPTH DISTRIBUTION BY MONTH 
AND TRANSECT, 1973 

ROSETON/DANSKAMMER POINT VICINITY 
Number of Larvae/l000m3 

DEPTH TRANSECT 
(ft) RDW RDWCH ROECH 

0 2308 (9640) 4491 (367) 9169 (7992) 
10 1397 (1574) 1275 (816) 11a61 (5626) 
20 523 (18) 2890 (75) 4651 (~3) 

30 2155 (65) 1691 (398) 4526 (66) 
40 224 1589 (93) 4288 (6) 
50 876 964 (12) 888 (15) 

0 9101 (4444) 2763 (4342) 2878 (2790) 
10 2271 (3947) 3519 (7175) 6918 (1742) 
20 1589 (2307) 2129 (3346) 551 (5277) 
30 3506 ( 3228) 4239 (3331) 3667 (4394) 
40 2379 (2668) 3988 (3333) 
50 3896 (2738) 5587 (2116) 

0 1471 (661) 5384 (330) 2777 (288) 
10 146 (1370) 97 (805) 231 (1625) 
20 202 (215) 85 (1251) 761 (1026) 
30 99 (728) 598 (2674) 
40 283 (585) 3348 (915) 

0 a (19) 0 (26) 0 (160) 
10 3 (35) 0 (25) 90 (87) 
20 o (29) 0 (27) 0 (90) 
30 17 (20) 15 (43) 
40 8 (24) 6 (127) 

Denotes Night Sample 

ROE 

6427 (2263) 
5592 (638) 

(1317) 
(1642) 

12875 (2172) 
14005 (1703) 

4779 (5591) 
1877 (3662) 

4349 (]48) 
2299 (4757) 
1086 (641) 

(107) 
O',(O~) 

o (5) 



V-IS 

Developmental keys were used for the identification of fish larvae. 

For some families of fish, such as the Cyprinidae, there is lack of 

specificity concerning many or all stages of growth. All samples 

were analyzed for Morone; selected sampJes were used for the complete 

identification of other taxa. Occurrence of the commercially important 

species (striped bass, white perch and the Alosa spp.) are discussed 

below. ) 

(i) Striped Bass (Marone saxatilis) 

The transect distribution of striped bass larvae (Table V-3) (ROW, 

66; RDWCH, 138; RDECH, 17; ROE, 13) points to greater concen-

trations at the western transects, especially ROWCH. Graphic 

presentation of the total abundance for all transects is shown 

in Figure V-3. 

The average number of larvae per transect was compared using a 

one-way analysis of variance and no significant difference was 

found between the transects. The test table is presented below. 

i .. / 3 Transect Compar son of Strl.ped" Bass Larvae 1000in 

Source Degrees of Freedom Mean Square F-Ratio 

Transect 3 0.403 0.3754 

Error 36 1.074 

Total 39 
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Peak concentration of striped bass larvae occurred during the June 

7-8 sampling effort; when approximately 90% of the total striped 

bass larvae were collected. The greatest numbers were collected 

at RDWCH; the fewest were collected at RDE. 

Only 14 striped bass larvae were collected during 1972; the majority 

were collected at RDE. The abundance peak occurred earl_Ler in the 

year on May 24; however, since this was the first sampling date, 

peak abundance could have occurred prior to the initiation of 

sampling. Length frequency analysis of the 1972 samples would 

appear to confirm an earlier peak in abundance (Quirk, Lawler, & 

Matusky Engineers, 1973a). 

Length distribution for striped bass larvae are presented graphically 

in Figure V-4 by transect and sampling date. Very few larvae were 

collected prior to May 22-23. Those larvae collected during samp

ling on May 22-23 approximated 3.0 rom in length, indicating that 

they were newly hatched (Pearson, 1938; Mansueti, 1958). Larva"e 

from the peak abundance collection of June 7-8 averaged 5.0 rom 

in length, the length usually attained two to five days after 

hatching (Mansueti, 1958). 

Striped bass eggs are free-floating and semi-buoyant during the 

first days after hatching; the larvae are poor swimmers and are 

barely able to maintain their position in the water column 

(Pearson, 1938; Mansueti, 1958). The type of egg and swimming 

ability of the larvae collected would suggest that spawning in 

1973 occurred north of the study area and that these organisms 

Quirk I I.awler IW Matusky Engineers 



DATE -

3/13 

3/21 

4/11 

5/3 

5/10-11 

5/22-23 

6/7-8 

6/19-20 

7/2-3 

7/17-18 

7/31-8/1 

8/14-15 

8/29 

TABLE V-3 

AVERAGE CONCENTRATION OF STRIPED BASS LARVAE, 1973 
. ROSETON/bANSKAMMER POINT VICINITY 

Number of Larvae/1000m3 

TRANSECT 

RDW RDWCH RDECH RDE 

I 
I 

N/S* N/S I N/S 0 

I 
0 N/S I N/S 0 

I 
0 O' I 0 0 

I 
0 N/S I N/S N/S 

I 
I 1 I 1 0 

I 
2 8 I 1 2 

I 
764 1306 I 110 97 

I 
16 59 I 41 31 

I 
8 1 I 2 19 

I 
2 8 I 15 7 

I "2. 1 o· I 2 

I 
0 0 I 2 0 

I 
0 0 I 0 0 

Note: N/S Denotes No Samples 

Average 
All Stations 

I 
I 

0 I 
I 

0 I 
I 

0 I 
I 

0 I 
I 

1 I 
I 

3 I 
I 

569 I 
I 

37 I 
I 

8 I 
I 

8 I 
I 

1 I 
I 

0 I 
I 

0 I 



FIGURE V-3 

HUDSON RIVER FISH LARVAE ABUNDANCE; 1912-1973 
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STRIPED BASS LARVAL LENGTH DISTRIBUTION 
ROSETON/OANSKAMMER POINT VICINITY 
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drifted into the area by the net water flow of the Hudson River. 

Larvae collected on June 19-20 averaged approximately 6.0 rom 

in length. During July and early August, length distribution 

indicated several different age groups, some from later spawning 

times. Absence of striped bass larvae from the collections 

after August 14-15 was possibly due to active avoid~nce of the 

plankton net, lower concentrations or preference for areas not 

sampled. 

Comparison of day-night collections on a monthly basis showed 

that overall 94% of the striped bass larvae were collected during 

night sampling. Except for RDWCH during May this was true for 

each transect during each month. 

Table V-4 lists the depth distribution of striped ba£3 larvae 

collected during day and night hours. For both day an~ night 

the greatest concentration of larvae occurred at the mid-depths. 

Fewer larvae were collected during the day by surface tows than 

were collected at night. 

(ii) White Perch (Morone americana) 

White perch are the dominant resident species in the Roseton/ 

Danskarnrner Point area of the Hudson River (Quirk, Lawler & 

Matusky Engineers, 1973a). Larvae of this species were collected 

from May 10 through August. 

QUirk9 Lawler I&' Matusky Engineers 



TABLE V-4 

STRIPED BASS DEPTH DISTRIBUTION BY TRANSECT AND l-10NTH, 1973 
ROSETON/DANSKAMMER POINT VICINITY 

Number of Larvae/100Om3 

Month Depth ROW ROWCH RDECH 

Surface o (11) 155 (10) 0 (5) 

MAY 
Mid 5 (5) 21 (3) 19 (311) 

Bottom 0 (11) 0 (4) 4 ( 0) 

Surface 0 (1190) 0 (1966) 5 (10) 

JUNE Mid 55 (1641) 222 (5279) 103 (552) 

Bottom 38 (803) 13 (894) 47 (74) 

Surface 0 (O) 0 (6) o (0) 

JULY Mid 9 (8) 14 (35) 20 (99) 

Bottom 27 (61) 9 (5) 32 (9) 

Surface 0 (5) 0 (5) 0 (5) 

AUGUST Mid 0 ( 0) 0 ( 0) 0 (28) 

Bottom 0 (5) 0 (3) 0 (30) 

Note: ( ) Denotes Niqht Collection 

RDE 

o (0) 

0 (6) 

0 (10) 

0 (352) 

32 (20) 

15 (218) 

0 (0) 

0 (236) 

11 (30) 

0 (30) 

0 (0 ) 

0 (O) 
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Table V-S presents the average number of white perch larvae col

lected by date and by transect; the average abundances are shown 

in Figure v-s by date for each transect. Peak abundance occurred 

during the June 19-20 sampling effort (approximately two weeks 

after the peak for striped bass). 

The average peak abundance found during 1972 (Quirk, Lawler & 

Matusky Engineers, 1973a) occurred around the beginning of June 

and was of greater magnitude than the 1973 peak abundance. ~he 

average number of larvae/lOO0m3 for the 1973 peak was 174, while 

in 1972 the corresponding abundance was greater than 700 larvae/ 

100Om3 • Larvae persisted in the area longer in 1972 than in 

1973. 

The largest average number of white perch larvae by transect were 

collected at the Roseton/Danskammer Point West Channel; ROWand 

ROECH were similar in abundance; the least number were collected 

at ROE. In 1972 greater numbers were found at the east transect, 

which had twice the abundance of the western transect (Quirk, 

Lawler & Matusky Engineers, 1973). 

A one-way analysis of variance was conducted to determine if any 

significant differences existed between the average numbers of 

white perch collected at each transect. There was no significant 

difference between transects at a = 0.05. The test table is 

presented below: 

QUirk9 Lawler ffifMatusky Engineers 



I 
DATE 

3/13 

3/21 

4/11 

5/3 

5/10-11 

5/22-23 

6/7-8 

6/19-20 

7/2-3 I 
I 

7/17-18 I 
I 

7/31-8/1 I 
I 

8/14-15 I 
I 

8/29 1 

TABLE V-5 

AVERAGE CONCENTRATION OF WHITE PERCH LARVAE, 1973 
ROSETON/DANSKAMMER POINT VICINITY 

Number of Larvae/l000m3 

TRANSECT 

RDW ROWCH RDECH RDE 

I 
I 

N/S I N/S N/S 0 

I 
0 N/S N/S 0 

I 
0 0 I 0 0 

I 
0 N/S I N/S N/S 

I 
2 1 I 2 8 

I 
1 0 I 2 0 

I 
10 20 I 85 19 

I 
169 292 I 162 71 

13 5 17 I 26 

I 
16 7 58 I 19 

I 
1 0 1 I 2 

I 
0 0 0 I 0 

I 
0 0 0 I 0 

Note: N/S Denotes No Sample 

Average 
All Stations 

I 
I 
I 0 

I 
0 

I 
0 I 

I 
0 I 

I 
3 I 

I 
1 I 

I 
34 I 

I 
174 I 

15 

25 

1 

0 

0 



FIGURE V-5 

HUDSON RIVER FISH LARVAE ABUNDANCE' -1972 -1973 
SPECIES' WHITE PERCH LARVAE 

ROSETON/OANSKAMMER POINT VICIN lTV 
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Transect Comparison of White Perch Larvae/lOOOm3 

Source 

stations 

Error 

Total 

Degrees of Freedom 

3 

36 

39 

Mean Square 

0.152 

1.025 

F-Ratio 

0.149 

Table V-6 lists the number of white perch larvae collected at 

surface, mid-depth and bottom by day and night for the four transects. 

During May, the majority of the larvae were collected during the 

daylight hours at surface and mid-depth; very few were collected 

from the bottom stations. In June, the number of larvae increased 

dramatically with the same trend of greater numbers during daylight 

hours at surface and mid-depth. In July, the number collected during 

the night sampling increased, and there was a shift in preference 

'from the surface mid-depth to the mid-depth bottom zone. The few 

specimens collected during August were collected at night. 

Mansueti (1964) stated that immediately after hatching white perch 

larvae try to assume a surface orientation, but upon tiring slowly 

sink, only to resume the activity after resting. The swimming 

activity combined with the turbulence could maintain the young off 

the bottom as indicated by the present data. He reported the more 

mature larvae assumed a more benthic life style." The larvae were 

also found to be positively phototactic. 

Quirk. Lawler tW' Matusky Engineers 
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TABLE V-6 

WHITE PERCH DEPTH DISTRIBUTION BY TRANSECT AND MONTH, 1973 
ROSETON/DANSKAMMER POINT VICINITY 

Number of Larvae/100Qm3 

Month Depth TRANSECT 
ROW RrMCH RDECH RDE 

Surface 0 (15) 4 (0) 8 (406) ":I (0) 

MAY Mid depth 15 (0) 10 (6) 21 (44) 28 (0) 

Bottom 5 ( 0) 0 (4) 4 (0) 0 (0) 

Surface 741 (72) 132 (35) 32 (46) 0 (17) 

JUNE Mid depth 418 (57) ~423 (98) 1035 (302) 138 (66) 

Bottom 106 (22) 0 (61) 72 (239) 108 (315) 

Surface 6 (26) 0 (6) 0 (4) 0 (0) 

JULY Mid depth 13 (114) 20 (44) 93 (370) 140 (414) 

Bottom 106 (71) 40 (7) 96 (81) 108 (302) 

Surface 0 (10) 0 ( 0) 0 (0) 0 (5) 

AUGUST Mid depth 0 (4) 0 (0) 0 (l7) 0 (0) 

Bottom 0 (5) 0 (0) 0 (24) 0 (0) 

Note: () Denotes Night Collection 
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Length frequency distributions were calculated for larvae collected 

on each collection date and are presented for the four transects 

in Fi(IUre V-6. The earliest collection containing white perch 

larvae was May 10-11. The larvae collected during the two May 

samplings averaged approximately 5.0-6.0 nun in length with the 

smallest larvae around 2.0 rom and the largest 8.0 rom. Larvae 

are around 3.0 nun upon hatching (Mansueti, 1964), and at upwards 

of one month old are 8.0 mm. This would suggest that some larvae 

in the study area were hatched and existed with larvae that had 

hatched several weeks earlier within the area or at a different~ 

spawning site. 

The average larval length in June was 4.3 Mm. The decline in the 

average length is probably due to a spawning period covering 

several weeks. Larvae· of the smaller-'~size were still beinq collected 

during the first weeks of July~ however, these were few in number" 

the majority of larvae were approximately 10.0 to 12.0 rom in 

lenqth. Larvae were not collected after the first week of August. 

(iii) A10sa spp. 

The Alosa qroup consists primarily of three species: blueback herring 

(Alosa aestivalis), alewife (Alosa pseudoharengus) and American shad 

(Alosa sapidissima). . These three species are anadromous, migrating 

up the estuary to freshwater to spawn during the spring. Alewives 

are usually the first to begin the spring spawning migration (early 

March) and are followed closely by the shad. Blueba~k herring are 

usually the last to enter. the estuary for spawning migration, 

Quirk, Lawler W>Matusky Engineers 



WHITE PERCH LARVAL LENGTH DISTRIBUTION 
ROSETON/DANSKAMMER POINT VICINITY 

1973 
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RDE 4RDECH 4RDWCH 4

RDW 

NO LARVAE 
T-O T-2 T-O 

2r.0 LARVAE 
T=O 
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0 0 0 0 

4 T a8 4 T a5 4 Ta3 41- T-3 
5110 

2 2 2 2 

0 0 0 0 
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0 0 0 
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:0 
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0 0 0 m 
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st;u;'ting around the end of March or early April (Hildebrand and 

Schroeder, 1972). The initiation and duration of spawning and 

number of eggs spawned is controlled by.environmental conditions 

and varies each year. 

In the Roseton/Danskammer Point area larvae identified as Alosa 

~. were first collected on May 3; the last were ccllected 

on August 15, 1973. The average number of Alosa larvae collected 

by date and transect is listed in Table V-7 and shown graphically 

in Figure V-7. 

The peak concentration was found during the May 22-23 collection 

with the greatest abundance at RDE and the least abundance at 

RDWCH. The east transects exhibited an overall greater abundance 

of Alosa throughout the study period. 

The area north and adjacent to the east transects is very shallow 

with large amounts of rooted aquatic plants. This is an excellent 

area for spawning and early development of A10sa spp. (Bigelow 

and Schroeder, 1953) which could account for the greater numbers 

along the eastern transects. The duration of large numbers of 

Alosa larvae over the study period was much longer than Morone spp., 

extending from May 10 through July 2-3; this is due partially to 

the inclusion of three species with different spawning times in 

the analysis. 

Comparison of the average number of larvae collected at each transect 

was conducted using a one-way analysis of variance. The results are 

presented below: 

Quirk9 Lawler It1fMatusky Engineers 



DATE 

3/13 

3/21 

4/11 

5/3 

5/10 

5/22-23 

6/7-8 

6/19-20 

7/2-3 

7/17-18 

7/31-8/1 

8/14-15 

8/29 

TABLE V-7 

AVERAGE CONCENTRATION OF ALOSA SPP. LARVAE, 1973 
R0SF.TON/bANSKAMMER POINT VICINITY 

Number of Larvae/lOOOm3 

TRANSECT 
RDW RDWCH RDECH RDE 

N/S' N/S N/S 0 

0 

I 
N/S N/S 0 

0 I 0 0 0 

38 I N/S N/S N/S 

I 
238 I 202 332 596 

I 
1096 I 307 1410 1517 

I 
120 I 366 282 1116 

685 504 I 769 671 

I 
310 179 I 235 628 

I 
24 22 I 23 26 

I 
5 5 I 11 8 

I 
1 1 I 3 0 

I 
0 0 

I 
0 0 

Note: N/S Denotes No Sample 

Average 
All Stations 

0 

0 

0 

I 
I 38 

I 
I 342 

I 
I 1083 

! 
I 471 

657 I 
I 

338 I 
I 

24 I 
I 

7 I 
I 

1 I 
I 

0 I 
I 
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Transect Comparison of Alosa spp. Larvae/lOOQm3 

Source 

Station 

Error 

Total 

Degrees of Freedom 

3 

36 

39 

Mean Square 

0.446 

2.253 

F-Ratio 

0.207 

The average values were not significantly different between 

transects. 

Although sampling commenced at a later date in 1972, comparison of 

data between 1972 and 1973 indicated that the duration of Alosa larvae 

abundance was longer in 1973 than in 1972 and had a hisher peak of 

abundance (Quirk, Lawler & Matusky Engineers, 1973). However, in 

1972 the average value was higher between the beginning and end 

of the greatest larval concentration. A greater abundance was 

found along the western transect than the eastern transect; the 

reverse of the 1973 results. There was also a difference of 

approximately two weeks in the peak abundance by trans~ct in 1972 

that was not observed in 1973. This difference could be the result 

of selectivity of the sampling gear relative to the differential 

spawning time of the Alosa. 

Alosa length frequency graphs for the four transects and average 

length frequency are presented in Figure V-8. Alewives range 

from 3.5 to 5.0 mm. at hatching; blueback herring from 3.5 to 

4.0 mm. and American shad between 7.0 to 10.0 mm. (Mansueti and 

Hardy, 1967). The yolk sac is absorbed in three to five days 

after hatching. 
Quirk. Lawler mtMatusky Engineers 



ALQ~A LARVAL LENGTH DISTRIBUTION FIGURE V-8 
ROSETON / DANSKAMMER POINT VICIN ITY 

1973 
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During early May, the larvae collected were approximately 5.5 rom 

to 6.5 mm in length, indicating larvae probably in the yolk sac 

staqe. At all transects except ROW the larvae exhibited a rapid 

increase in average length through the middle of June. The decrease 

noted at ROW could be the result of larvae hatching in the immediate 

vicinity of the transect &~ong the west side of -the river. The 

hatching area is probably the shallow cove area just north of 

Danskammer Point. 

A di~CreaS(; in the averas"e length was found at all transects around 

"the first of J"uly. The length frequency graphs show that larger 

numbers of smaller Alosa were collected. These smaller larvae 

were probably blueback herring which were spawned later than the 

other two species. Absence of larvae from collections after the 

end of July indicate avoidance of the plankton nets or movement 

of the maturing larvae from the area of investigation. 

Depth distribution of Alosa spp. over the duration of the study 

is presented in Table V-So The greatest numbers of individuals 

were collected during daylight hours from the surface and mid

depth station during May. At this time the larvae were the 

most abundant and are in a yolk-sac or early post yolk-sac stage 

of development. 

In June, a preference for surface water during daylight hours 

was noted; there was a more even distribution in the water column 

at night. This same trend was found in July. The few larvae 

Quirk9 Lawler !fit Matusky Engineers 



TABLE V-8 

ALOS}l SPP. DEPTH DISTRIBUTION BY DATE AND TRANSECT, 1973 
ROSETON/DANSKAMMER POINT VICINITY 

Number of Larvae/lOOOm3 

TRANSECT 

Month Depth RDW RDWCH RDECH 

Surface 2278 (9353) 4308 (520) 5179 (6::'42) 

MAY Mid 3918 (1570) 5840 (1675) 24636, (1937) 

Bottom 910 (218) 92.6 (4) 821 (15) 

Surface 1453 (1173) 117 (856) 1324 (784) 

JUNE Mid 690 (1624) 2435 (1202) 1676 (4090) 

Bottom 23 (952) 142 (1480) 52 (718) 

Surface 638 (282) 338 (286) 543 (246) 

JULY Mid 116 (1248) 37 ( 1111) 579 (464) 

Bottom 20 (891) 36 (158) 27 (830) 

Surface 0 ( 5) 0 (5) 0 (92) 

AUGUST Mid 3 (22) 17 (85) 99 (129) 

Bottom 8 (13) 6 (67) 25 (48) 

Note: () Denotes Night Collection 

RDE 

5540 (1426) 

5566 (1920) 

(1584) 

3502 (1627) 

327 (2463) 

84 (1824) 

1065 (116) 

2237 (3121) 

57 (574) 

10 (23) 
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collected and identified in August have a definite mid-depth to 

bottom preference during daylight hours, occurring in the 

surface waters at night. 

This depth pattern suggests larvae that prefer the upper water 

levels ufter hatching, gradually assuming a more demersal exis-

tence wj th maturity. A diurnal pattern was also obscl.~Jed in 

the older larvae, preferring the demersal waters during the day,...· 

light hours and moving to the surface waters at night. This 

pattern is probably associated with feeding preference for 

zooplankton. 

(c) Vertical Distribution. Day and night differences were tested for 

larval concentrations of striped bass, white perch and Alosa spp., at 

surface, mid-depth and bottom at each station for each sampling period*. 

For the period May 22 through August 1, daylight hours was defined as 

0445 hours to 1~15 hours. Station designations were: ROWand ROE, 

0' = surface; 30' = bottom; all other depths = mid-depth. At the two 

channel stations, 0' = surface; 50' = bottom; all other depths = mid-depth. 

*1. :f a sample was collected and not analyzed or if no sample 
was collected rm a specified date, a dash was entered on 
the table. 

2. If a sample was collected and no larvae of any species were 
collected, the sample was considered as having been analyzed 
for species. 

3. For those samples analyzed, an average for the date was entered. 
For example, if 5 night samples on a certain date were analyzed 
for species, but 60 white perch were found in only 1 sample, 
the average (12) was recorded. 

Quirk. Lawler ffif Matusky Engineers 



(i) Surface, Mid-Depth and Bottom 
Larvae Concentrations 

V-25 

since diurnal migration over a 24-hour period has been documented 

for a number of species of fish larvae, day and night abundances 

of larvae at surface, mid-depth and bottom were analyzed to 

investigate such occurrences. The null hypothesis that there 

were no significant differences in the occurrence of larvae 

(expres~;ed as number of larvae per IOOQm3 of water) of 

striped bass, white perch or Alosa spp. larvae during day or night 

collections at the surface, mid-depths and bottom for all dates 

was tested using one-way analysis of variance. The results are 

presented in Table V-9. 

Only two significant differences were found: striped bass larvae 

found in night collections at RDECH and white perch larvae found 

in night collections at RDE showed unequal vertical distribution. 

Those two results were further analyzed to ascertain which depth 

was significantly different from the other two depths. In both 

instances the surface samples had significantly fewer larvae of 

the species noted than did mid-depth or bottom samples (Table V-9) • 

(ii) Diurnal Migration 

Where homogeneity of variance was proven, tests were conducted to 

detect possible differences in the concentration of each species 

of fish larvae at a station between day and night samples. 

Therefore, day (surface) concentrations of striped bass were 

compared with night (surface) concentrations of striped bass for 

Quirk. Lawler W"Matusky Engineers 



TABLE "':"'9 

STATISTICAL TEST RESULTS: CATCH VARIATION WITH DEPTH, 1973 
ROSETON/DANSKAMMER POINT VICINITY 

A. Resul t~; of One-Way Analysis of 
Variance to Test for Significant 
Differences in Number of Larvae/ 
1000m3 at Surface, Mid-Depth and 
Bottom Collections. 

SPECIES TIME STATION 

Striped Bass Day RDW 
RDWCR 
RDECH 
RDE 

Night RDW 
RDWCH 
RDECR 
RDE 

White Perch Day ROW 
RDWCH 
RDECR 
RDE 

Night ROW 
RDWCR 
RDECH 
RDE 

Alosa spp. Day ROW 
ROWCH 
ROECH 
ROE 

Night ROW 
RDWCR 
RDECH 
RDE 

F-RATIO 

2.654 
0.019 
2.775 
1.676 
0.139 
1.414 
6.588 
1. 232 

0.071 
0.888 
2.123 
2.150 
0.832 
0.423 
0.705 
5.292 

0.363 
0.029 
0.163 
0.242 
0.078 
0.078 
0.307 
1.297 

*Significant difference at ex = .05 

B. Result of Student-Newman-Keu1s Test 
1 

Striped Bass Night RDECH 0.492 
S 

1 
White Perch Night RDE 0.514 

S 

Fr1, r2 = I 

F2' 9 = 4.26 

F2' 8 = 4.46 

F2' 9 = 4.26 
F?~, 8 = 4.46 

F2' 12 = 3.88 
F 2 , 11 = 3.98 

F2' 10 = 4.10* 
F2, 11 = 3.98 

F2 , 9 = 4.26 
F2 , 10 = 4.10 
F2, 10 = 4.10 
F?, 9 = 4.26 
F2, 11 = 3.98 
F 2 , 11 = 3.98 
F 2 , 10 = 4.10 
F.." 11 = 3.98* 

F 2 , 10 = 4.10 

F2' 9 = 4.26 

F2' 10 = 4.10 

F" 8 = 4.46 

F21 10 = 4.10 
F 2 , 10 = 4.10 
F 2 , 10 = 4.10 
F2 , 12 = 3.88 

2 3 
1.37 1.591 

M B 

2 3 
1.2 1.829 

M B 
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all dates at each station, and for a combination of stations 

where comparable data existed*. Similar comparisons for white 

perch and Alosa. spp. were also conducted. 

The results of these comparisons are presented in Table V-lO. 

In the three instances where the variance was non-homogeneous, 

a Wilcoxon Sign Rank Sum Test was conducted to test for signifi-

cant differences in comparable day and night samples. These 

results are also shown in Table V-lO. 

The combined results of both statistical tests showed only one 

significant difference: the night collections at mid-depth at 

RDW had significantly more Alosa spp., larvae/lOOQm3 of water 

than contained in the day collections. 

2. Plant Sampling 

(a) Danskammer Point 

(i) Concentration of Larvae. 

Samples were collected from May 22 through August 30, 1973 in the 

Danskammer Point intake channel and discharge. These samples were 

collected concomitantly with river collections. The concentration 

of total larvae and·of striped bass, white perch and Alosa spp. 

larvae over the sampling period at the intake and the discharge is 

presented in Table V-II. Average total larval abundance at each 

location and the abundance of dominant species at the two sampling 

locations are presented in Figure V-9. 

*There were only two instances where sample size was too small 
for analysis: station RDE (striped bass, surface) and station 
RDE (white perch, surface). 

QUirk9 Lawler iW'Matusky Engineers 



TABLE V-IO 

STATISTICAL TEST RESULTS: CATCH VARIATION WITH DAY/NIGHT 
ROSETON/DANSKAMMER pOlm VICINITY 

A. Paired t-Test to Test for Significant 
Differences in Number of Larvae/IOOOm3 

at a Station Between Day and Night Collections 

SPECIES STATION DEPTH 

Striped Bass RDW S 
RDWCH S 
RDECH S 
ALL STATIONS S 
ROWCH M 
RDECH M 
RDE M 
ALL STATIONS M 
ALL STATIONS B 

White Perch RDW S 
ROWCH S 
RDECH S 
ALL STATIONS S 
ROW M 
ROWCH M 
RDECH M 
RDE M 
ALL·STATIONS M 
ALL STATIONS B 

Alosa spp. ROW S 
ROWCH S 
RDECH S 
ROE S 
ALL STATIONS S 
RDW M 
RDWCH M 
RDECH M 
RDE M 

Striped Bass RDE S 

White Perch RDE S 

*Significant Difference 

B. Wilcoxon Siqn Rank Sum Test for 
Significant Differences in Number of 
Larvae/l000m3 at a Station Between 
Day and Night Collections 

SPECIES . STATION DEPTH 

Striped Bass ROW M 
ALL STATIONS B 

Alosa spp. ALL STATIONS M 

t-VALUE df p-VALUE -
-2.365 4 0.050Sp$0.100 
-1.177 3 0.200::p::0.400 
-0.484 4 p~O.500 

-1.314 17 0.200.sp$0.400 
0.171 4 pSO.500 

-2.015 4 0.1001Op~0.200 

-0.815 4 0.400$p::'0.500 
-0.962 19 0.200$p~.400 

-0.302 4 f's'0.500 

-1.237 4 0.200$p::'0.400 
0.178 4· p~O.SOO 

-1.683 4 0.100Sp::'0.200 
-1.837 19 0.050Sp~0.100 

0.265 4 pSO.SOO 
0.975 5 0.200!>p~O.400 

0.675 5 pSO.500 
-0.896 4 O. 400:>pSO. 500 

0.634 21 p~0.500 

-0.651 3 p::'0.500 

-0.466 4 pSO.500 
-0.852 3 0.400:>p:>0.500 

2.257 4 0.050~pS.0.lOO 

1.558 4 0.1001O.pSO.200 
1.013 18 0.200~p~0.400 

-3.102 4 0.02S.sp~0.OSO* 

-0.910 4 0~400Sps.o.SOO 
-0.489 5 p::'O.SOO 
-1.081 4 0.200s'p$0.400 

Sample Size 
too Small 

Sample Size 
too Small 

T" T- T n. CRITICAL RANGE 

12.0 3.0 3 5 O<T<IS = aO.062 
0.0 10.0 0 4 0<T<10 = aO.124 

WRST - Large Sample CRITICAL/VALUE 
z =0.9'?3 Zc = 1.96 



TABLE V-ll 

AVERAGE LARVAL CONCENTRATION FOR TOTAL LARVAE AND 
J~OR DOMINANT SPECIES AT DANSKAMMER POINT INTAKE AND DISCHARGE 

1973 

ROSETON/DANSKAMMER POINT VICINITY 

--
SAMPLES AVERAGE LARVAL CONCENTRATION/I000m3 

DATE COLLECTED STRIPED WHITE ALOSA TOTAL 
BASS PERCH Spp 

A. INTAKE 

May 22-23 57 5 4 668 2087 
Jun(! 7-8 31 104 10 116 554 
Jun(~ 19-20 30 18 34 565 1420 
Jul'1 2-3 38 12 21 66 398 
July 17-18 51 6 11 12 46 
July 30-August 1 39 1 4 .8 13 
August 14-15 54 0 0 0 1 
August 29-30 I 39 0 0 0 2 

B. DISCHARGE 

May 22-23 13 0 1 181 187 
June 7-8 5 69 17 76 256 
JunG 19-20 7 16 23 352 492 
July 2-3 8 4 10 45 124 
July 17-18 10 1 1 1 8 
Jul{ 31-August 1 12 1 1 4 6 
Aug 1St 14-15 11 1 0 0 1 
August 29-30 10 0 0 0 0 

'--- I 

Note: Larvae identified as "others" not shown. 
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Intake entrainment sample datal representing the average concentra

tions calculated from both one meter and one-half meter netcollec

tions, show a bimodal concentration of larvae. The sampling con

ducted on May 22-23 indicated that large numbers of larvae were 

present in the study area. This early abundance declined during 

the first weeks of June; abundance then increased to a second 

peak on June 19-20. Following the mid-June sampling peak, the 

numbers of larvae collected decreased, and few larvae were collec

ted during late July and August. 

The single peak in abundance noted for discharge collections 

coincided with the peak abundance at the intake (June 19-20). 

However, unlike the pattern recorded at the intake, the discharge 

data indicate neither a May 22 peak in larval abundance nor a 

decline in abundance after mid-June. 

Intake samples were collected in the channel prior to distribution 

of the water to the four generating units, and therefore yielded 

larval concentrations for all intake cooling waters. The discharge 

samples are representative only of the cooling water from Unit 3. 

The location of the intake for unit 3, the location of larvae in 

the water column of the intake in front of Unit 3 and use of only 

one part of the available intake water by Unit 3, i.e., patchiness 

problems, explains in part the disparity between the average 

larval concentration from the intake and discharge. 

QUirk9 Lawler & Matusky Engineers 
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The average concentration of striped bass larvae reached a peak 

abundance in both intake and discharge collections during June 6-7. 

Very few striped bass larvae were collected before or after this 

date. Peak abundance was recorded on the same date for river 

collections; however, the average concentration was higher for 

the western transect stations than the plant samples. The 

maximum number of larvae collected at the discharge was not as 

high as the maximum number collected at the intake. 

White perch were most abundant in the intake samples on June 19-~O, 

corresponding to peak abundance in the river collections. Peak 

abundance was found two weeks earlier in the discharge samples. 

The discharge abundance on June 7-8 was higher than the average 

river concentration of white perch and higher than the average 

abundance at the two western transects. The maximum intake 

concentrations on June 19-20 were lower than the corresponding 

abundance in the river. 

The average larval concentrations for intake and discharge samples 

containing Alosa spp. showed similar variations. Both sampling 

locations exhibited a peak concentration on May 22-23 with the 

highest abundance found in the intake samples. The highest 

abundance of Alosa spp. in the river also occurred on May 22-23. 

The average concentration of Alosa spp. larvae declined by June 

6-7. Abundance had again increased on June 19-20 when the 

magnitude of the intake and discharge abundances were very similar, 

both corresponding to a second peak observed in Alosa abundance 

Quirk. lawler illf' Matusky Engineers 
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in the river samplings. The abundance of Alosa larvae declined 

rapidly after the June 19-20 sampling date. 

(ii) Time of Day and Depth Patterns 
of Larvae in the Intake 

The placement of the plankton nets within the intake channel and 

the scheduled times of sampling resulted in observations on the 

depth distribution of larvae both by day and at night. The 

average larval concentrations for surface and bottom one-half meter 

and one meter nets for day and night collection are presented in 

Figure V-IO. 

The one-half meter nets yielded similar general trends of larval 

abundance in surface and bottom samples for both day and night 

collections. The surface net collected slightly greater numbers 

during the first sampling dates for both day and night; the 

number of larvae collected by the bottom nets increased during 

later sampling dates. Greater numbers of larvae were found in 

surface than in bottom nets during the day of the last sampling 

date. 

During the daylight hours the numbers of larvae collected in one 

meter nets were dissimilar for the first three sampling dates; 

thereafter both followed the same trend, with the bottom net 

exhibiting the greatest abun,dance. During the sampling on·May 

22-23 the average iarval abundance collected in the daylight 

surface net was 2750 larvae/lOO0m3, while the bottom net yielded 

260 larvae/lOOOm3 . The average abundance for the surface net 
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declined between successive sampling dates. Bottom net abundance 

remained the same for the May 22-23 and June 7-8 samplings and 

increased to a peak value during the June 19-20 sampling. 

Following the June 19-20 collection the numbers of larvae collected 

decreased rapidly. The same increase noted for the one-half meter 

net on August 29-30 was also observed for the one meter surface 

net; however, in this case an increase was also noted during the 

August 14-15 sampling. 

The depth of the intake channel at low tide precluded sampling 

with the one meter surface net at this time. Lack of comparable 

night samples from the early collections is due partially to this 

tidal problem and also to large amounts of detritus which ciogged 

the nets. Day and night collections appeared to follow the same 

trend in abundance throughout the study period with only minor 

differences during the earlier sampling periods. 

The data was further divided into six hour intervals for each 

sampling date (Table V-12). The fewest larvae were 

collected during the time period from 1201 to 1800, compared to 

other time periods; this was possibly due to negative phototaxis 

by the ichthyop1ankton. In general the time period from midnight 

(0000 hours) to 0600 hours yielded the most larvae; however, the 

overall period between sunset and sunrise (0600 to 1800) also 

appeared to indicate high larval abundance. 
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TABLE V-12 

AVERAGE LARVAL CONCENTRATION BY TIME PERIODS FOR EACH SAMPLING DATE 
DANSKAMMER POINT INTAKE CHANNEL 

DATE 

May 22-23 

June 7-8 

June 19-20 

. July 2-3 

July 17-18 

July 31-August 1 

August 14-15 

August 29-30 

1973 

ROSETON/DANSKAMMER POINT VICINITY 

Nos/1000m3 

Net Size 
TIME One Meter One-Half 

Surface Bottom Surface 

0601-1200 2825 626 3852 
1201-1800 441 81 214 
1801-0000 1167 1123 
0001-0600 4895 3881 

0601-1200 1109 219 577 
1201-1800 94 260 613 
1801-0000 1144 651 1000 
0001-0600 368 609 875 

0601-1200 2762 2276 
1201-1800 532 597 209 
1801-0000 4083 2266 
0001-0600 1233 945 

0601-1200 164 676 199 
1201-1800 119 266 149 
1801-0000 915 406 
0001-0600 169 229 

0601-1200 1 35 0 
1201-1800 13 38 0 
1801-0000 68 0 
0001-0600 97 104 20 

0601-1200 10 
1201-1800 0 0 0 
1801-0000 20 
0001-0600 20 40 0 

0601-1200 a 0 0 
1201-1800 7 5 0 
1801-0000 3 7 0 
0001-0600 0 3 a 

0601-1200 - 0 0 
1201-1800 10 0 10 
1801-0000 0 2 0 
0001-0600 - 0 0 

Meter 
Bottom 

1630 
284 
282 

1756 

994 
105 
651 
239 

3321 
328 

2087 
716 

627 
348 
516 
371 

40 
20 

189 
99 

10 
0 

33 
20 

0 
0 
0 
a 

0 
0 
0 
0 I 
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Average day-night larval concentrations were calculated for~the 

surface and bottom one meter and one-half meter intake nets 

during the different sampling dates (Table V-13). All possible 

combinations of nets or comparisons were tested to determine the 

difference with respect to location. Table V-14 lists each 

comparison and the results of each test. A significantly greater 

number of larvae were collected during night sampling hours than 

during the daylight hours. 

(iii) Length Frequency of 
Entrained Fish Larvae 

Larvae length frequencies for striped bass, white perch and Alosa 

spp. collected at the intake and discharge on the separate study 

dates are as shown in Figures V-II, V-12 and V-13, respectively. 

Mean total lengths for the individual length-frequency categories 

are also shown on these figures. Length-frequency data for the 

different larval groups collected on comparable dates from the 

Hudson River at the ROW transect are shown for purposes of 

comparison between plant and river populations. 

Striped Bass 

On the first plant collection date, May 22-23, striped bass larvae 

were collected only by the intake nets. Larvae from this collec-

tion date ranged in size from 3.0 rom to 7.0 rom in total length. 

The larvae collected had an average total length greater than 

those collected at ROW on the same date. Mean total length of 
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TABLE V-13 

AVERAGE LARVAL CONCENTRATION BY DAY AND NIGHT 
AT DANSKAMMER POINT INTAKE CHANNEL 

1973 

Net Size 
DATE TIME One Meter One-Half 

PERIOD 
Surface Bottom Surface 

May 22-23 Day 2756 263 2439 
Night 3981 - 3326 

June 7-8 Day 602 250 595 
Night 627 623 937 

June 19-20 Day 532 1344 1242 
Night - 3133 1385 

July 2-3 Day 142 512 151 
Night - 729 404 

July 17-18 Day 5 185 0 
Night 71 89 20 

July 31~August 1 Day 0 9 0 
Night 20 29 0 

August 14-15 Day 4 1 0 
Night 1 5 0 

August 29-30 Day 10 0 7 
Night 1 1 0 

Note: Concentrations expressed as number of 1arvae/lOO0m3 • 

Meter 
Bottom 

1052 
1710 

550 
445 

1824 
1173 

474 
442 

34 
135 

9 
30 

0 
0 

0 
0 
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TYPE OF SAMPLING 

1. Day; bottom 
2. Day; surface 
3. Night; bottom 
4. Night; surface 

5. Day; 1.0 meter net 
6. Day; 0.5 meter net 
7. Night; 1.0 meter net 
8. Night; 0.5 meter net 

9. Surface; 0.5 meter net 
10. Surface; 1.0 meter net 
11. Bottom; 0.5 meter net 
12. Bottom; 1.0 meter net 

13. Day; surface and bottom 
14. Night; surface and bottom 

15. Surface; day and night 
16. Bottom, day and night 

17. 1.0 meter; day and night 
18. 0.5 meter; day and night 

19. 1.0 meter; surface and bottom 
20. 0.5 meter; surface and bottom 

--

TABLE V-14 

TOTAL LARVAL COMPARISONS FOR.pAY AND NIGHT 
DANSKAMMER POINT INTAKE, 1973 

DEGREES OF 
COMPARISONS 

FREEDOM 

0.5 meter vs. 1.0 meter net 7 
0.5 meter vs. 1.0 meter net 7 
0.5 meter vs. 1.0 meter net 6 
0.5 meter vs. 1.0 meter net 5 

Surface vs. bottom 7 
Surface vs. bottom 7 
Surface vs. bottom 4 
Surface vs. bottom 7 

Day vs. night 7 
Day vs. night 5 
Day vs. night 7 
Day vs. night 6 

0.5 meter vs. 1.0 meter net 7 
0.5 meter vs. 1.0 meter net 4 

0.5 meter vs. 1.0 meter net 5 
0.5 meter vs. 1.0 meter net 6 

Surface vs. bottom 4 
Surface vs. bottom 7 

Day vs. night 4 
Day vs. night 7 

! 

CALCULATED T PROBABILITY 

0.013 P > 0.500 
-1.169 0.2 P 0.4 
-2.040 0.05 P 0.100 
-1.877 0.1 P 0.2 

-0.231 P 0.500 
-0.874 0.4 P 0.5 
-1.647 0.1 p 0.2 
-0.938 0.2 P 0.4 

-0.708 P 0.500 
-0.724 P 0.500 
-1.223 0.2 p 0.4 
-2.512 0.025 P 0.05* 

-1.168 0.2 P 0.4 
-1. 831 0.1 P 0.2 

-2.171 0.05 P 0.100 
-2.013 0.05 P 0.100 

-0.034 P 0.500 
-0.631 p 0.500 

-0.289 p 0.500 
-0.406 P 0.500 

-_._- ------ -
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Figure V-II 
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LARVAL LENGTH DISTRIBUTION: WHITE PERCH - 1973 

HUDSON RIVER, DANS KAMMER POINT INTAKE AND DISCHARGE 
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LARVAL LENGTH DISTRIBUTION: ALOSA SPP. - 1973 
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larvae for sampling dates June 7-8 and June 19-20 were 

approximately the same for plant and river, indicating that the 

same population became entrained as was located in the river near 

the plant. 

Striped bass larvae collected in the plant during sampling on 

July 2-3 had a mean total length slightly greater than the larvae 

collected in river sampling. The difference in mean total length 

for the last striped bass collected in the plant (July 17-18) was 

even greater, with the river fish averaging 12.3 mm and the intake 

fish 13.3 mm. 

White Perch 

White perch larvae were collected from May 22-23 through the 

July 3l-August 1 sampling dates at the Danskammer Point plant. 

Mean total length of larvae from the first collection was 2.7 mm, 

indicating that the larvae entrained were newly hatched (Mansueti, 

1964). Larvae collected during plant sampling on June 7-8 had a 

mean total length similar to those collected on May 22-23. Larvae 

collected from the ROW river station on June 7-8 had a mean total 

length of 4.8 rom, 2.1 mm greater than those from the plant. The 

same trend was observed, i.e., greater mean total length from 

river collections compared to plant collections, for June 19-20 

and July 2-3 sampling. 
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Between June 19-20 and July 2-3 the average mean length of white 

perch collected from the plant and river increased from approx

imately 4.5 mm to 12.3 mm, an average length increase of 8 mm. 

Mansueti (1964), working in the Chesapeake Bay area, noted that 

5 mm larvae were approximately one week old, and those 12 rom in 

length were one month to six weeks of age. The diff~rence in 

mean total length between the two samplirtg dates suggests sampling 

of two separate groups, one spawned in another area of the Hudson 

River and a second group spawned nearby. 

Further evidence of different spawning times was observed during 

collections on July 2-3, when larvae with a mean total length of 

4.4 rom were collected in the river. Collections during July 17-18 

from both the plant and river yielded larvae averagin~ 13.0 mm in 

mean total length. Very few larvae were collected on July 31-

August 1, and those white perch larvae collected at the intake 

location were young, with a 3.0 rom mean total length. 

Alosa ~ 

Mean total lengths were not calculated for the Alosa group. 

General trends are used to compare the plant collection to the 

available river population. 

Length for the larvae collected on May 22-23 were approximately 

5.0 rom; a second smaller peak (more noticeable in plant collections) 

occurred at 10.0 - 11.0 mm. The predominant length for June 7-8 

collections was similar to the figure for the May 22-23 collection; 
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however, fewer fish larvae were collected and a greater range of 

length intervals was found in the plant collections. 

An increase Ln abundance was observed during sampling on June 

19-20; most individuals were around 10.0 rom in length. Larval 

lengths were clustered around the highest length numbers during 

sampling on July 2-3, although a small peak at the slr..:llier lengths 

indicates the beginnings of later spawned population members. 

In the mid-July (17-18) plant collections two distinct length 

·intervals were exhibited, possibly representing two distinct 

larval populations. The smaller group was around 2.0 rom to 3.0 rom 

in length and probably newly hatched (Mansueti and Hardy, 1967). 

The older group averaged approximately 10.0 mm - 11.0 mm in length. 

River collections at this time indicate the majority of the fish 

larvae in the older age group and none from the newly hatched 

category. The difference in plant and river collections suggests 

the possible use of the cove area just north of the Danskammer 

Point plant as a spawning area. 

(b) Roseton 

(i) Concentration of Larvae 

Larval entrainment sampling was conducted from June 7 through 

August 15 at the Roseton intake and discharge concomitant with 

nanskammer Point entrainment and river sampling. 

The concentration of total larvae and of striped bass, white 

perch, and Alosa spp. larvae at the intake and at the discharge 
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TABLE V'-15 

AVERAGE CONCENTRATION OF DOMINANT FISH LARVAE 
SPECIES AND TOTAL LARVAE AT ROSETON INTAKE AND DISCHARGE 

1973 

TOTAL AVERAGE NUMBER LARVAE/1000m3 

SAMPLING DATE SAMPLES ALOSA STRIPED WHITE ! TOTAL 
COLLECTED SPP BASS PERCH I 

A. INTAKE 

June 7-8 5 203 608 0 878 
July 2-3 27 4544 41 129 4842 
July 17-18 37 26 5 32 88 
July 31-August 1 25 24 0 7 37 
August 14-15 22 0 0 0 1 

B. DISCHARGE 

June 7-8 10 1917 2022 72 4108 
July 2-3 8 837 104 66 ·1062 
July· 17-18 12 13 1 14 41 
July 31-August 1 12 9 0 .. 0 9 
August 14-15 6 0 0 0 0 

Note: Larvae identified as "others" not shown. 
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is presented in Table V-IS. Figure V-14 graphically displays 

the temporal variation in abundance of total striped bass, white 

perch and Alosa spp. larvae at the intake and discharge of the 

Roseton plant. 

For comparable sampling dates the average larval concentration was 

higher at Roseton than at the Danskammer Point plant. Peak values 

also occur at different times at the two plants. 

Peak abundance of striped bass occurred on June 7-0; sinilar data 

were found for striped bass at Danskammer Point. Comparable dates 

were not sampled for white perch and Alosa spp. peak abundance 

at the two plants. 

(ii) Length Frequency 

Length frequency by sampling date for the three major species, 

striped bass, white perch, and Alosa spp., is presented in Figure 

V-IS. In the June 7-8 collection striped bass exhibited a mean 

total length of 5.0 rom. This was similar to findings in river 

collections at ROWand slightly higher than figures from Danskammer 

Point. For the next comparable dates, July 2-3 and July 17-18, 

the mean total length found at Roseton was almost the same as 

the river and Danskammer Point. The size ranges were very com

parable on all dates except July 2-3, when a smaller number of 

striped bass larvae with a smaller length were collected at 

Roseton. 
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The size range and mean total length of white perch collected at 

Roseton were not similar to comparable measurements at Danskammer 

Point and in river collections. The mean total length of 3.9 mm 

was intermediate between the 2.9 mm and 4.8 rom at Danskammer Point 

and ROW, respectively. The smallest range of length was also 

recorded at the Roseton plant locations. The remaining two 

sampling dates were similar in both range of length intervals and 

mean length values, suggesting the same population present in this 

area of the Hudson River. 

Alosa spp. from the river and the Danskammer Point plant had 

generally the same peak length frequencies and length intervals 

as recorded at Roseton, except for July 17-18. On this date 

Roseton samples were composed exclusively of larvae within the size 

range of 10.0 mm to 14.0 mm, while both other locations had additional 

larvae from a smaller size range. 

The data indicate very little difference between the Roseton 

sample and those from ROWand Danskammer Point. This suggests 

non-selective entrainment of the population present in the vicinity 

of the intake structure. The differences that do exist occur mainly 

with larvae of smaller size, and this could be related to the 

patchy distribution of the larvae in the water column. 

(c) Viability Studies. To test for larval viability, short duration net 

samples were collected at the intake" and discharge locations at both 

Danskammer Point and Roseton plants. Sampling periods of short dura

tion (approximately 2 minutes) were used to reduce damage or mortality 

to the larvae as a result of the collection procedure; heavy detritus 
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loads in the river were an additional reason for the short time periods. 

The method of sampling was to collect the larvae at the different 

locations and transfer them immediately to an enamel pan in which 

ambient water temperature was maintained in a flowing water table. 

Samples were distributed evely among the pans. 

Larvae were then categorized as live, dead or stunned and were separated 

from the sample and placed in vials containing 70% ethanol. Further 

analysis for species in each category was done in the laboratory. The 

integrity of the sample was maintained and, for fish larvae not observed 

under field conditions, further analysis was performed in the laboratory 

on all viability samples. 

The major fish larval species or groups (Alosa spp., striped bass, 

white perch) were identified in all viability samples collected. 

Collection data for intake and discharge for Danskammer Point and 

Roseton are presented in Tables V-16 and V-17, respectiveiy. 

The greatest number of fish larvae were collected at the Danskammer Point 

intake and discharge during sampling on June 19720. These larvae 

were primarily Alosa spp. and unidentified others. The least number 

of larvae were collected on August 14-15. 

Approximately 87% of the larvae collected in the Danskammer Point 

intake samples on June 7-8, June 19-20, and July 2-3 were categorized 

as dead. This value dropped to 37% on July 17-18 and increased to 50% 

during July 31-August I sampling. During the early sampling dates the 
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SAMPLING DATE 
AWSA SPP. 

L D S 
A. INTAKE 

June 7-8 3 61 0 
June 19-20 20 293 15 
July 2-3 22 245 13 
July 17-18 8 13 4 
July 31-August 1 9 7 0 
August 14-15 0 0 0 

B. DISCHARGE 

June 7-8 0 160 0 
June 19-20 0 233 '0 
July 2-3 4 41 0 
July 17-18 1 4 0 
July 31-AUgust 1 0 7 0 
August 14-15 0 0 0 

~ 

TABLE V-16 

DANSKAMMER POINT VIABILITY COLLECTION 
1973 

ROSETON/DANSKAMMER POINT VICINITY 

S P E C I E S 
STRIPED WHITE 

OTHERS 
BASS PERCH 

L D S L D S L D 

2 7 0 0 0 0 14 84 
7 6 0 2 12 0 33 327 
1 1 0 3 2 1 26 264 
1 2 4 9 0 0 18 15 
0 0 0 0 1 0 9 12 
0 0 0 0 0 0 0 0 

0 8 0 0 3 0 0 85 
0 18 0 0 15 0 7 328 
0 0 0 0 0 .. 0 4 43 
0 0 0 0 1 0 1 5 
0 0 0 0 1 0 1 7 
0 0 0 0 0 0 0 1 

Note: 1. Individual samples on given day are not specified. 
2. L denotes Live 

D denotes Dead 
S denotes Stunned 

WTAL LARVAE PERCENT OF 
COLLECTED IN TOTAL IN 

EACH CATEGORY EACH CATEGORY 
S L D S L D S 

2 19 152 2 11 88 2 
19 62 638 34 8 87 5 
13 52 512 27 9 87 4 

8 36 30 16 44 37 19 
1 18 20 1 46 51 3 
0 0 0 0 0 0 0 

0 0 256 0 0 100 0 
2 7 594 2 1 98 1 
0 8 84 0 9 91 0 
0 2 10 0 17 .83 0 
0 1 15 0 6 94 0 
0 0 1 0 0 100 0 I 

I 
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SAMPLING DATE ALOSA SPP. 

L D S 

A. INTAKE 

July 2-3 6 22 9 
July 17-18 8 11 4 
July 31-August 1 5 6 0 
August 14-15 0 1 0 

B. DISCHARGE 

July 2-3 0 86 0 
July 17-18 0 8 0 
July 31-August 1 0 6 0 
August 14-15 0 0 '0 

-

TABLE V-17 

ROSE TON VIABILITY COLLECTION 
1973 

ROSETON/DANSKAMMER POINT VICINITY 

S P E C I E S 
STRIPED WHITE OTHERS 

BASS PERCH 
L D S L D S L D 

2 0 1 2 2 1 14 26 
0 4 2 1 6 0 15 18 
0 0 0 0 0 0 5 1 
0 0 0 0 0 0 0 1 

0 2 1 0 10 0 14 86 
0 0 0 1 7 2 1 15 
0 0 0 0 2 0 0 2 
0 a a a 0 a a a 

Note: 1. Individual samples on given day are not specified. 
2. L denotes Live 

D denotes Dead 
S denotes Stunned 

TOTAL LARVAE PERCENT OF 
COLLECTED IN TOTAL IN 

EACH CATEGORY EACH CATEGORY 
S L D S L D S 

12 24 50 23 25 51 24 
7 24 39 13 32 51 17 
0 10 7 0 59 41 0 
0 0 2 0 0 100 0 

1 14 184 2 7 92 1 
2 2 30 4 6 83 11 
0 0 10 0 0 100 0 
0 0 0 a 0 0 0 
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larvae collected were very small in size. As the larvae grow, their 

ability to withstand stress increases; this may explain the observed 

increase in live and/or stunned larvae in later collections. 

A great percentage of the larvae collected (more than 80%) from the 

discharge was categorized as dead. However, the relatively high 

percentages of dead larvae recorded before entrainment suggests 

collection techniques killed a substantial fraction of the dead larvae 

collected at the discharge. The problem of net kill will be fUrther 

investigated during 1974. 

During the Roseton entrainment study the plant was not operational; 

however, circulating water pumps were operating during sampling periods. 

This yielded data on mechanical stress during passage through the 

cooling water system without thermal input. The numbers of larvae 

collected from intake and discharge locations declined from a peak 

found on the first sampling date. The majority of these larvae 

were Alosa spp. and unidentified. 

Larvae collected at the Roseton intake exhibited increased viability 

with time. In discharge samples the greatest percentage (more than 

80%) were found to be dead; however, the same small peak found at 

Danskammer Point for live and/or stunned larvae during sampling on 

July 17-18 was observed. 

The higher percentage of non-viable fish larvae found at the Roseton 

discharge compared to intake collections would suggest that, aside 

from damage due to the collection device itself, mechanical damage 

was the major cause of death to fish larvae entrained through the 
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cooling water system. March (1973) working on entrained fish larvae at 

a Connecticut River power plant, found that mortality due to mechanical 

damage ranged between 72 and 87%, averaging approximately 80%. The 

remaining 20% mortality was attributable to thermal shock. 

The results of the entrainment viability sampling suggest that collec

tion techniques were the primary cause of mortality for yuung or newly 

hatched larvae. As the larvae matured and grew, the ability to with

stand damage caused by the collection nets also increased, resulting 

in a higher percentage of viable organisms. The percentage mortality 

in discharge samples exceeded 80% on all collection dates, and was 

above 90% on all but one date (July 17-18) at both plant sites. The 

greater proportion of the discharge mortality is most likely dUe to 

mechanical net induced stress and a smaller percentage to thermal 

stress. 

3. Fish Egg Entrainment 

During 1973 the ichthyoplankton sampling program was conducted to 

determine the vertical and horizontal distribu~ion of fish eggs in 

the Hudson River and the corresponding relationship to fish egg 

entrainment at the Danskammer Point generating station. 

Samples were collected at the intake (DI) and discharge (DD) channels 

of the Danskammer plant and along four north-south transects in the 

river (Figure III-i). Fish egg collections were conducted on 7, 8, 

and 19 June at surface, mid and bottom depths at the plant and along 

the river transects. 
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The average number of eggs per lOOOm3 varied from 42 during 7 June (DO) 

to 225 during 8 June (01). During these periods, corresponding river 

collections showed highest concentrations along the Roseton/Oanskarnmer 

West Channel transect (55/l000m3) on 7 June and Roseton/Danskarnmer West 

transect (32/l000m3 ) on 8 June. During the sampling period, greater 

numbers of eggs were collected in the intake channel which may indicate 

either egg rupture during passage through the condensers or reduced 

sampling efficiency in the form of egg destruction during net capture 

at higher velocities in the discharge tunnel. Generally, greater numbers 

of eggs were collected at bottom depths during the night at the river 

and Danskammer plant stations. Furthermore, a comparison of fish egg 

concentration in relation to tidal currents indicated a general increase 

in egg concentrations in the vicinity of the Danskarnmer plant with the 

incoming (flood) tide. This observation may indicate that fish eggs 

were transported into the area from other river locations during a 

particular tidal period. 

4. Special Study: Comparison of Catch 
Between One-Half and One Meter Nets 

Sampling for ichthyoplankton during 1972 and 1973 in the Roseton/Oanskammer 

Point study area was conducted using two different plankton nets. During 

1972 collections made in conjunction with a fish larvae distribution 

program in the Hudson River relied on a 0 mesh (571 microns) conical net 

having one-half meter mouth opening. The 1973 river collections were made 

using a Hensen style net having 0 mesh and a one meter mouth opening. 
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The design, construction and me.thod of use determines to a large extent 

the efficiency of a plankton net and its applicability to an ecological 

program (Hopkins, 1963; McGowan and Fraundurf, 1966; Schwoerbe1, 1970; 

Barkley, 1972). Fish larvae exhibit a patchy distribution or form 

tight schools whi,;h necessitate an extensive sampling program for more 

accurate evaluation of the community structure (Cassie, 1962; Schwoerbel, 

1970). As fish larvae mature,their swimming abilities and awareness of 

the environment becomes more advanced, increasing avoidance of the 

collection gear (Bridger, 1956; Fleminger and Clutter, 1965). Several 

studies have been conducted which indicate that nets of different design 

are selective in collection of populations present in the study area 

(McGowan and Fraundorf, 1966; Barkley, 1972; Quirk, Lawler & Matusky 

Engineers, 1974b). The interrelationship of these variables affect 

the results of an ichthyoplankton survey and must be considered when 

making final conclusions. 

To test for possible differences between the numbers of ichthyoplankters 

collected by separate nets, selective simultaneous tows of one meter 

and one-half meter nets were conducted throughoit the 1973 study period. 

Larvae concentrations were calculated per volume of water filtered 

(1000m3) . and the numbers compared using a Student-t Test. This 

statistic was chosen as the values were found to have homogeneity 

of variance. The results of the test are presented below: 
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Comparison of One Half and One Meter Nets Using 
Student-t Test. 

Station Date t-Value Degrees of Freedom p-Value 

RDW all 1.962 84 O.050<p<O.100 

RDWCH all 0.304 115 p>O.500 

RDECH all 1.242 107 0.200<p<0.400 

RDE all 1.607 83 O.lOO<p<0.200 

At each station sampled by the different nets, over the period of the 

entire study, no significant differences in number of larvae, calculated 

per 1000 cubic meters of water filtered, was found. 

The data did suggest that there was a difference in the numbers of the 

dominant fish larvae collected by the two nets. This observation was 

tested for striped bass and Alosa spp. using the Students-t Test and 

white perch using the Wilcoxon Signed Rank Test. A significantly 

greater number of white perch and Alosa spp. were collected by the 

one meter net than by the one-half meter net. No significant difference 

was noted for striped bass. 

These comparisons suggest that community est~tes based on total 

larvae might not be altered significantly using either net in an 

ecological survey. However, if the study was primarily directed at 

population dynamics the one meter net might yield values significantly 

different from the one half meter net. 

In addition to the gear comparison tows conducted along the four river 

transects, placement of the one meter and one-half meter nets in the 

intake channel at Danskammer Point enabled additional direct statistical 
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evaluation of the collection data. The net comparability studies 

for total abundance and direct collection comparisons for total larvae 

and dominant species/loo0m3 were conducted using the Paired-t Test. 

Surface and bottom one meter net collections and surface, mid-depth 

and bottom one-half meter net collections were compared for differences 

in vertical distribution of larvae at the collection location in the 

intake channel. No significant difference was noted in the number of 

3 
larvae/IOOOm collected at the two stations. 

The average of the surface and bottom one meter nets was compared to 

the average of the surface and bottom one-half meter nets. No signi-

ficant difference in abundance was found between the two intake 

channel stations. 

The surface collections for one meter and one-half meter nets and the 

bottom collections for the one meter and one-half meter nets were 

compared for difference in abundance. There was no significant dif-

ference for larval abundance between the bottom one meter and one-half 

meter nets, however, there was a significant difference found for the 

surface nets. The number of larvae/lOD0m3 was significantly greater 

for the one meter plan~ton net compared to the one-half meter net. 

The test table for the four total larval abundance comparisons is 

given in Table V-lB. 

Collections for the one meter nets occurred at approximately the same 

time as the one-half meter nets. The total number of larvae collected 

by surface and bottom one meter nets and one-half meter nets and the 
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TABLE V-IS 

TOTAL LARVAL ABUNDANCE NET COMPARISONS 
1973 

ROSETON/DANSKAMMER POINT VICINITY 

COMPARISONS 

One meter surface and one bottom 
vs. one-half meter surface and bottom 

One meter surface and one-half meter surface 
vs. one meter bottom and one-half meter bottom 

Surface one meter vs. 
surface one-half meter 

Bottom one meter vs. 
bottom one-half meter 

PAIRED T 
CALCULATED 

1.974 

0.572 

2.619* 

0.951 

DEGREES OF 
FREEDOM 

25 

21 

41 

54 

~ *Significant difference • ... 
~ 
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a = 0.05 
T TABLE VALUE 

2.06 

2.0S 

2.021 

2.004 

PROBABILITY OF 
LARGER VALUE 

0.005<p<0.100 

p>0.500 

0.01<p<0.025 

0.2<p<0.4 
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TABLE V-19 

SIMULTANEOUS NET COLLECTION COMPARISONS TOTAL LARVAE AND DOMINANT SPECIES 

ROSETON/DANSKAMMER POINT VICINITY 

SPECIES PAIRED T DEGREES OF a = 0.05 PROBABILITY OF 
NET DEPTH COMPARED CALCULATION FREEDOM T TABLE VALUE LARGER VALUE 

Surface Striped Bass 1.830 21 2.08 0.05 < P < 0.10 

Surface White Perch 0.652 21 2.08 P > 0.5 

Surface Alosa spp. 1.676 19 2.093 0.1 < p < 0.2 

Surface Total * 2.551 28 2.048 0.01 < P < 0.025 

Bottom Striped Bass 0.860 38 2.023 0.2 < P < 0.4 

Bottom White PerEh -2.518 38 2.023 0.01 < P < 0.025 

Bottom Alosa spp. 1.093 38 2.023 0.05 < P < 0.10 

Bottom Total 1.305 52 2.006 0.1 < P < 0.2 

*Significant difference. 
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dominant species (striped bass, white perch, Alosa spp. ) were compared 

on a collection to collection basis. This would minimize the effect 

of time of day and tidal cycle differences on total abundance 

comparison. The test statistics for the different comparisons are 

listed in Table V-19. 

As noted for the total larval abundance collected over the study period, 

the total larvae collected by simultaneous surface nets were signifi-

cantly different*. The one meter surface net collected a greater 

number per volume filtered than the one-half meter surface net. White 

perch was the only dominant species with a significant difference in 

collection; more being take by the bottom one meter net than the bottom 

one-half meter net. 

D. EFFECT OF ROSETON PLANT OPERATION 
ON THE HUDSON RIVER STRIPED BASS POPULATION 

1. Introduction 

At certain times of the year, the early life stages of Hudson River 

fishes, including the egg stage, the larval stage and the very early 

juvenile stage, are subject to entrainment or carriage into the cir-

culating water system, since these stages are at least partially 

subject to prevailing currents in the river. 

*QLM is currently engaged in studies of net efficiency, velocity 
profiles and meter accuracy on a seasonal basis and including various 
plant operating modes, to determine the reasons for the differences 
observed. Further information may be issued at a later time·with 
appropriate calibration corrections if required. 
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These organisms are subject to rapidly changing mechanical, thermal and 

pressure variations as the water moves through the intake, the circulating 

water pumps, the condenser and the discharge line. As the water is lifted 

up to the condenser, the pressure drops rapidly below atmospheric pressure, 

and as heat is transferred from the spent steam, the temperature rises 

rapidly. These rapid changes in the variables of mechanical abrasion, 

pressure and temperature are thought to have an adverse effect on many of 

the organisms contained in the circulating water. 

In addition to the entrainment of these early life stages of fishes, some 

later juvenile stage fish in the drafted water with sizes greater than the 

3/8 inch mesh screens (installed at the cooling water intakes to keep the 

debris from entering the cooling system) are susceptible to impingement 

on the screens. 

The impact of the stresses on the young fishes entering the generating 

stations on the Hudson River may have some bearing on the fish population 

in the river. The impact of the Roseton Generating Station on the Hudson 

River striped bass population is the sUbject contained herein. Although 

these processes of entrainment and impingement affect other species of fish 

in the Hudson River, the striped bass will be analyzed because mathematic 

models of the life cycle of the striped bass have been developed for 

recent hearings and other studies. 
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Basically, three separate models of the effects of power plants on the 

striped bass have been developed in the past. These models were used for 

prediction of power plant impact on Hudson River striped bass population 

during the Atomic Safety and Licensing Board Hearings concerning Con Edison's 

Indian Point Unit 2 nuclear reactor. These models can be applied to the 

Roseton station since the modelling efforts are for the entire Hudson River 

and take into account all the power plants on the river. An example of 

the versatility of the models can be seen by the QLM model which has been 

used to calculate the effect on the striped bass due to the proposed 

Cornwall pumped storage station and the Bowline station. 

Detailed descriptions of the models will not be given in this section as 

the discussions are lengthy and can be found in the various references 

listed. However, because of disparity of the models, some of the assumptions 

made for each model will be discussed and what effect it has on the results. 

The disparities arise mainly because of the ability or the lack of ability 

to correctly model the complexities of the life cycle of the bass. Although 

the gross life cycle behavior of striped bass is well known the details of 

each early life stage (mortality of each stage, predation rates, migration 

behavior) are not well defined. Briefly the following points of uncertainty 

exist in regard to the life cycle of the striped bass in the Hudson River: 

(,lllil'k., I.awlci· ';'" ,\Iatusky Eng-inours 
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(a) Although the general location of spawning areas are known, the 

exact location for a given year is not known. 

(b) .River concentrations of the various life stages are needed for 

comparison, however, the collection gear utilized have only 

relative efficiencies which are not completely known. 

(c) The vertical diurnal migrations of the larval bass are known, 

however, the effect of such non-uniform distribution on the 

downstream movement of the larvae, as well as their availability 

to entrainment needs further investigation. 

(d) Further investigation is needed to determine if the marked 

preference of early juveniles and possible later larvae to 

certain areas of the river will control the number available 

for entrainment and/or impingement by power plants. 

(e) The distribution of early bass within a lateral section of the 

river is not uniform and will affect the abundance of early 

bass subject to entrainment and impingement. 

Additionally, current evidence indicates appreciable survival 

of entrained stages through the power plant which varies with 

the stage considered. Further studies are required to quantify 

this survival adequately enough to permit accurate assessment 

of entrainment impact (Lauer, 1973a, b, c, d). 

The aforementioned represents only a partial list of inadequacies in current 

knowledge. Each of the models developed have addressed these problems to 

varying degrees. 
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(a) Clark Model. This model utilizes a direct computational proce-

dure based on empirical estimates of early stage abundance from survey 

data (Clark, 1972a, 1972b, 1972c). 

Populations of early stages are estimated from midpoints of plots of abun

dance versus time, and reductions of each stage survival are computed by 

multiplying the intake flow rates of the power plants by the average 

abundance of the stage in about a 10 mile segment within which the parti

cular plant is located. 

The amount entrained is deducted from the total end of stage population 

estimates, computed from the observed data, in order to calculate the per

cent reduction of the population. 

impingement is computed by multiplying impingement rates (numbers impinged 

per day) per unit intake flow (measured at the power plant or extrapolated 

from other power plants) by the actual plant flows and the duration of the 

impingement period. 

The amount impinged is deducted from the remainder after entrainment, and 

then a total entrainment and impingement percent reduction is computed. 

This methodology considers neither differences between abundances in the 

River and abundances in the intake water of the plant, nor the effect of 

drawdown on continued organism entrainment by the plant. One hundred 

percent mortality of entrained organisms is assumed. 

Furthermore, collection gear efficiency is not considered, which makes the 

entrainment estimates relative, since they are based on river sampling 
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collections, and the impingement estimates absolute, since they are based 

on physical counts of fish impinged. 

This computational scheme is useful for rapid, although conservative, esti

mates of plant impacts. Adjustments of the procedure for collection gear 

efficiency, assumed condenser mortality and actual intake concentrations 

allow the procedure to be used as an efficient method for "ball parking" 

plant impacts. 

However, the procedure is restricted to actual or assumed stage concen

trations and distributions, and is of limited use for consideration of 

other than historical data. 

(b) Goodyear Approach. The second model (AEC/Goodyear 1972a, 1973a, 

1973b) is developed from a material balance approach. It considers the 

river as broken into a series of segments along its course, each segment 

(within the salinity intrusion zone) being split into an upper layer 

and lower layer. 

A spawninq distribution as a function of time and river temperature, is 

used as input as well as freshwater flow variation and natural mortalities 

of the entrainable stages. 

An assumed average distribution of organisms between the two layers is 

assumed to account for non-uniform distribution of larvae during daytime 

hours, and an av~rage tidal flow is assigned for each layer such that 

organisms in the upper layer always move downstream and organisms in the 

lower layer always move upstream. 
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The model, therefore, views averages over a daily period. 

The model has been put into use by assuming a spawning magnitude and time 

and location distribution, and computing the resultant organism age, 

concentration and distribution as a function of time for a period of eight 

weeks (entrainment period), both without power plants operating and with 

power plants operating, and using the difference in resultant populations 

at the end of the entrainment period as the plant impact. Plant impacts 

beyond the entrainment period are not considered. 

The entrainment mechanism is similar to the first model in that it with

draws organisms at the average segment concentration, but it makes pro

vision for plant entrainment mortalities of less than 100%, as well as 

avoidance of the plant intake by organisms at an increasing rate as they 

progressively age and become less passive. 

Organisms are actively transferred between segments by convection at the 

average tidal (and freshwater) flows in each layer, and transferred be

tween layers to maintain an assumed fixed distribution. 

Avoidance of convection by organisms at an increasing rate with age is 

also provided in a similar manner to plant intake avoidance. Natural 

survival rates which vary with age of organisms are included in the model, 

and a provision is made for decreased growth rates (aging) of organisms 

as a function of temperature. 

(c) QLM Model. The third model (Lawler, 1972a, 1973a) developed for 

prediction of plant impact also begins from a material balance viewpoint 
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and extends through the adult life stages to complete the feedback loop 

with subsequent reduced spawning d.ue to reduced recruitment of young-of

the-year to adult year classes because of plant entrainment and impinge

ment effects; the model predicts long term reductions. 

The model consist:, of a series of segments along the river course without 

the layering included in the second model. The first year of life is broken 

into a series of discrete age groups (eggs, larvae, juvenile I, II & III), 

each with constant parameters (survival, etc.) ·as opposed to the continuous 

(daily) distribution of the egg, larval and juvenile I stages. 

As in the second model, spawning is introduced as a distribution in space 

and time, but the amount of eggs spawned is computed from the adult popu

lation level and age distribution and fecundities (number of eggs spawnedj 

female) • 

Eggs and larval stages are transported in the model between segments by 

freshwater flow movement and dispersion. The latter accounts in an aver

age implicit manner for the tidal motion and non-uniform distribution of 

tidal velocities in time and space. Dispersion, therefore, represents 

the gross movement of organisms above the freshwater flows. 

Explicit accounting of the vertical migration of larvae is not included. 

The juvenile stages are modeled as active stages: the organisms are 

assumed to be able to overcome convective and dispersive transport and 

migrate actively between segments to achieve relative abundances between 

segments at different periods of time, as measured from field surveys 

and used as input data. 
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Entrainment of early stages (eggs, larvae and juvenile I's) are modeled 

similarly to the second model, with the exception of a group of mUlti

plying factors accounting explicitly for non-uniform distribution in 

space (within the cross section of a segment containing a power plant) 

and time (day/night variation of vertical larval distributions). These 

factors convert average segment abundance into average intak~ entrain

ment concentration as well as accounting for partial survival of entrained 

early stages. 

Impingement is handled in analogous fashion, with a partial survival 

factor indicating an avoidance by some of the later stages of intake 

velocities. Impingement factors are chosen such that the total numbers 

of impinged agree with observed results, after being corrected to relative 

numbers to account for the absolute efficiency of collection of impinged 

organisms. 

An additional mechanism included in this model but not included in the 

other models is compensation. This factor accounts for increased survival 

of the remaining organisms with reduced abundance, and conversely decreased 

survival of the remaining organisms with increased abundance. It simply 

implies a non-linear natural mortality mechanism. Compensation permits 

a population to dampen an adverse impact which otherwise, however small, 

would eventually collapse it altogether. By decreasing survival in 

over-abundant population levels, it prevents unlimited growth of a popu

lation. 

As will be seen in the next section, QLM believes that their model of 

striped bass best represents the life cycle of the bass and can more 

Quirk9 Law ler & Matusky Engineers 



V-53 

accurately determine the effect of the Roseton Generating Station. As 

such, in Section II, a more detailed description of the model inputs and 

parameters will be discussed as it applies to the model runs applicable 

to the Roseton station. 

(d) Comparison of Model Results. During the Indian Point Unit 2 Atomic 

Safety and Licensing Board hearings the three models were used to predict 

the effect of two unit operation at Indian Point on the striped bass popu-

lation in the Hudson River. These Indian Point estimates will be used 

to compare the results obtained using these approaches. 

The large number of differences between the various predictions reflects 

the various modeling approaches and the wide range of physical and bio-

logical parameters used as previously described. The most obvious dif-

ference in predictions is that the range of values computed by.LMS is 

significantly lower than the range of values computed by Goodyear and 

Clark. 

Results of the three approaches for prediction of the impact of two-unit 

operation at Indian Point for one year on the reduction of Year Class-l 

recruitment are presented in Tables V-20 through V-23*. 

In addition to depicting the impact results as generated by the three 

approaches and presented by Clark, Goodyear and Lawler, these tables show 

the effect of the various assumptions used on the final results. These 

*A more detailed description of the input parameters (referred to in 
these tables and mentioned in this section) used and concepts Simulated 
in these models is given in the reference. 
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TABLE V-20 

POTENTIAL EFFECT OF OPERATION OF INDIAN POINT UNITS 1 AND 2 
ON HUDSON RIVER S1'RIPED BASS POPULATION 

1st Case 

Ail Adults 

2nd Case 

Year Class One 

All Adults 

- LAt"lLER' S POSITION -

Percentage Reduction in Striped Bass Population 
After Indicated Number of Years of Plant Operation 

After 1 Year After 5 Years After 10 Years 

State of Knowledge at This Time 

3.42% 5.40% 9.98% 

2.40 4,80 9.64 

Consistent Entrainment and Impingement 
Loss Calculations 

5.0% 

1.0 3.0 5.0 



TABLE V-21 

PERCENTAGE REDUCTION IN STRIPED Pl\SS POPUL.r.TION 
RESULTING FROM ~~O-UNIT OPERATION AT INDIAN POINT -

BASED ON LAWLER'S MODEL 

Approach 

Percentage Reduction in Striped Bass Population 
(One-Year-Olds) 

After One Year of Operatic~ of 
Indian Point Units lind 2 -

Based on LawJ.er' s r-;·)del 

I. Lay-fler' s Position Using His Model and Parameters 

1. As used by Lawler 

a. Current best estimate 
of impact parameters 

b. Apparent maximum impact 

2. As used by Lawler but with 
effect of gear efficiency 
included 

3. As used by Lawler 

a. Same as item 2 but 
greater migration and 
no gear efficiency 
factor 

b. Same as item 2 but 
with moderate 
compensation 

c. Same as previous item 
but no I:f" factors 

2.5% 

4 

2 

3.5 

2.3 

3.3 

II. I.awler' 5 Model Using Other Than Lawler Parameters 

4. Input parameters 
approximating Goodyear's 
input parameters 

a. with llnpingement but 
no compensation and 
no "f" factors 

b. Same as previous item 
bu t -,.;i thout impir!g(:r;~en t 

15.41 

13.85 



TABLE V-22 

PP;RCENTAGE REDUCTION IN STRIPED BASS POPULATION 
RESULTING F~OM TWO-UNIT OPERATION AT INDIAN POINT 

BASED ON GOODYEAR'S MODEL 

Approach 

1. As used by Goodyear and presented 
in FES 

2. As used by Goodyear and presented 
in multi-plant testimony (all 
modeled flow years) 

3. As used by Goodyear (outer limits) 

C As used by Goodyear (1967 flow) 

5.' As used by Goodyear and presented 
in FES 

6. Previous item but modified by 
Lawler to treat time-averaging 
properly 

7. Previous item but modified by 
Lawler to recognize intake 
location (withdrawal from the 
upper layer) 

8. Previous item but modified by 
Lawler to incorporate influence 
of condenser mortality less than 
100% as indicated in Dr. Lauer's 
Testimony of February 5, 1973 

9. Item 1 but with Lawler modifications 
given in items 6 and 7 above 

10. Previous item but with Lawler loodi
fication given in item 8 above 

Percentage Reduction in. Striped 
Bass Population After One Year 
of Operation of Indian Point 
Units 1 & 2 - Based on Goodyear's 

Model 

30% 50% 

14.4 42.8 

7 50 

26.8 

25 

18 

6 

3 

7 -; 10 

3% 6% 



TABLE V-23 

PERCENTAGE Rr::DUCTION IN STRIPED BASS POPuLATION 
RESULTING FROM TWO-UNIT OPERATION AT INDIAN POINT -

BASED ON CL1\RK' S C.?>,LCULATION 

Approe.ch 

1. As used by Clark 

2. Modified by Lawler to eliminate 
inconsistencies in approach only 

3. Previous item modified by Lawler in 
order not to debit the effect of 
Indian Point Unitl against the 
plant twice 

4. Previous item modified by Lawler 
to include the influence of 
compensation, intake location, 
and condenser mortality less than 
100%, i.e., application of f factors. 

Percentage Reduction in Striped 
Bass Population After One Year 
of Operation of Indian Point 
units 1 and 2 - Based on 

Clilrk's Calculations ----

40% 

15 

11.25 

s.,.me as Lawler 
predictions 
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tables present the results obtained by the three models when used under 

conditions similar to each other. 

In order to effect the final comparison between the three models, changes 

were made to both Clark and Goodyear models. 

In the case of the Clark model, for example, a more rigorous and consistent 

use of the empirical data and computational methodology was performed. 

In the case of the Goodyear model, for example, the model.was refined 

to include hourly average tidal flows as well as explicit migration of 

larvae between vertical layers. 

The tabulation below summarizes the results obtained by the three models 

when similar input parameters are used under two sets of conditions. 

INDIAN POINT UNITS 1 & 2 
% REDUCTIONS OF YEAR CLASS-l RECRUITS 

Run Clark Goodyear Lawler 

1 11.25 18 15.41 

2 3 3 2 

The comparison conditions for Run 1 are for no gear efficiency consider-

ations, plant intake concentrations equal to the river concentrations, 

100% entrainment mortality and no compensation. 

The comparison conditions for Run 2 include compensation, gear efficiency 

considerations, i.e., effect of collection gear on data quality, non-

uniform distribution of organisms including intake avoidance mechanisms, 

and less than 100% plant mortality. 

Quirk 9 Lawler iWMatusky Engineers 
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The resulting differences between the model results stem from the inability 

to run the models under exactly the same conditions as well as the different 

formulations inherent in each model. 

Recent and ongoing Hudson River biological programs have been designed to 

provide sufficient information regarding these assumptions. with results 

to date, it appears that the Run 2 conditions are more realistic than 

their Run 1 counterparts. 

In addition, after a review of these three approaches, the AEC Atomic 

Safety and Licensing Appeal Board issued a decision on April 4, 1974 con-

cerning Indian Point Unit 2, in which it stated that the transport 

(Lawler) model "more nearly conforms to reality and is superior to the 

Staff's (Goodyear) model." 

2. Application of LMS Striped Bass 
Model for the Roseton Plant Operation 
and Multi-Plant Operation 

The QLM Hudson River striped bass life cycle model was briefly described 
.. , 

and compared to other models in the previous sections. The model input 

parameters and the results of the model as run for the Roseton Generating 

Station will be discussed herein. Detailed descriptions of the model, its 

development, mathematics and all the theories and assumptions can be found 

in various testimonies of John P. Lawler, Ph.D. (QIM, 1972a, Lawler, 1972a). 

Q Uirk 9 Lawler ffif' Matusky Engineers 
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(a) Input Parameters. The three principal categories of input parameters 

required by the Striped Bass Life Cycle Model are: 

1. Mass transport parameters. 

2. Fish life cycle parameters 

3. Plant and impact parameters. 

Figure V-16 shows these parameters in more detail. The data sources 

and computational methods used in evaluating these parameters can be 

found in the recent testimony by Dr. John P. Lawler before the Federal 

Power Commission (1974). Parameters directly relevant to the Roseton 

plant operations are discussed below. 

(i) River Parameters 

The freshwater flow and dispersion coefficients used in the LMS 

striped bass model for the simulations were derived from the 1973 

data provided by the USGS.* The river was divided into twelve 

ten-mile segments, from mile point 10 to mile point 130, to 

facilitate the submission of input parameters to the model. Most 

of the parameters are functions of space (location on the river) 

and time and are evaluated on a time scale of one week.' The seg

mentation of the Hudson River is shown in Table V-24. 

Using the 1973 sled and tucker trawl data collected by Texas Instruments' 

(TI, 1973), the fraction of the striped bass organisms found in the 

bottom four feet of the river was estimated. This fraction was cal

culated to be 0.58 and 0.20 for the egg and larvae stages, respectively. 

*USGS Gauging Station at Green Island, New York. 

Quirk, Lawler &'Matusky Engineers 
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TABLE V-24 

SEGMENTATION OF THE HUDSON RIVER 
USED IN THE STRIPED BASS TRANSPORT 

River Plants 
Segment Mile Point Within 
Number Range Segment 

1 120-130 

2 1l0-120 

3 100-110 

4 90-100 

5 80-90 

6 70-80 
Danskamrner 

7 60-70 Roseton 

8 50-60 Cornwall (Proposed) 
Indian Point 

9 40-50 Lovett 

10 30-40 Bowline 

11 20-30 

12 10-20 



V-57 

LMS's fish life cycle model was modified to allow this fraction of 

0rganisms to be unsusceptible to the river transport mechanisms. 

(ii) Fish Life cycle Parameters 

Data required to calculate fish egg production, maturation rates, 

sex ratio and fecundity values, were obtained from the Texas 

Instruments (T.I., 1973) reports summarizing the 1973 programs. 

The egg production function was calculated using the procedure 

given in Lawler's testimony. Migration preferences were. calculated 

from the beach-seine data provided in Texas Instruments' reports of 

October and December 1973. The survival rates used were those 

given in the testimony of 30 October 1972 and two levels of compen

sation were used. The level of compensation is indicated by the 

value of the ratio of the minimum mortality rate to the first order 

rate KoiKE- The two values of this ratio used were 0.5 and 0.8, 

which are indicative of high and low compensation levels, respectively. 

(iii) Plant Impact Parameters 

Plant Flow Rates 

The plant flow rates used in the model for Roseton plant alone 

andlor multi-plant impact predictions are summarized in Table 

V-25. These plant flow rates, along with the following parameters 

were used to calculate the rates of entrainment and impingement 

of the young striped bass. 

QUirk9 Lawler Ifjf Matusky Engineeps . 



TABLE V-25 

PLANT CIRCULATING WATER FLOW RATES (FULL FLOW) 

Power Plant 1000 gpm MGD cfs Mile3/day 

Bowline Units 1 & 2 768 1106 1711 1. 0044 x 10-3 

Indian Point Units 1, 2 
& 3 2058 2964 4585 2.6916 x 10-3 

Roseton Units 1 & 2 650 936 1448 0.8502 x 10-3 

Danskamrner Point Units 1-4 308 443 685 0.4024 x 10-3 

Lovett Units 1-5 323 465 720 0.4224 x 10-3 

Quirk, Lawler &Matusky Engineers 
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Entrainment Imp'act Factors 

A series of f factors was implemented to facilitate the evaluation 

of the entrainment rate.of .organisms. These factors consist of 

f l , f, f~, f2' f3 and fc and are defined in Dr. John P. Lawler's 

Cornwall Testimony (QL&M, 1974) and October 30, 1972 Testimony 

(Lawler, 1972a). The product of these factors, the composite 

f-factor, defines the overall possible entrainment impact upon 

the organisms in the river. 

Values of the various f factors used to predict entrainment were 

calculated from data collected by QLM Laboratories, New York 

University and Texas Instruments at the vicinity of various plants. 

Brief descriptions of computational procedures for each of the 

individuals component f-factors are discussed below. Detailed 

procedures can be found in Dr. Lawler's Cornwall Testimony 

(QL&M, 1974). 

fl-Factor 

The fl-factor defines the fraction of organisms in the river that 

may be subject to entrainment. To evaluate this, distributions 

of organisms at different times and lateral positions near the 

plant were determined by taking samples at various depths at the 

three or four river transects in front of thf! plant intr.lY.r"!. 

Two methods were employed to compute fl factors. Method A assigns 

double weight 'to middle channel transect values. Method:e assigns 

Quirk. Law lor ffif' Matusky Engi nenrs 
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uniform lateral weight to all the transect values. Both methods 

were used in calculating the f1 factors at all plants. In Method 

B the surface and mid-depth samples in the appropriate portion of 

the transect were used to evaluate the concentration of organisms 

susceptible to plant withdrawal. Method A includes the surface 

and mid-depth samples of both the channel transect and either west 

or east transect, depending on the plant location, in estimating 

the susceptible portion of the cross-sectional concentration. 

When transect data were available for several sample dates, the 

fl factors for day and night were calculated as: 

f = 
1 

[ 
~ (Upper East or West Quadrant Concentration) i] In 

i=l 

[i (Cross-sectional Concentration) iJ In 
i=l 

where n = number of sample dates. 

For the larval stage, the fl factor was computed by adding the 

average quadrant concentrations for the yolk sac and post yolk 

sac stages and dividing by the sum of the average cross-sectional 

concentrations of these two stages. 

In computing the average quadrant and cross-sectional concentrations 

only t.hone rl1lml,lr~'i t,1ken (Juring the pftriod of abundan~a tor a 

given life stage were used. The sample dates included in the average 

began with.the first appearance of a given life stage in either 

the plant or river samples and ran through the last day on which 

the life stage was captured. 

Quirk 9 Lawler tWMatusky Engineers 
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The fl-factor calculations for the larval and juvenile I stages 

for Roseton are shown in Tables V-26 and V-27 respectively. 

They are computed by dividing the concentrations of organisms 

near the intake by the river cross-sectional concentrations. 

For the egg stage, a value of 0.20 for fl is used. This is based 

on the observation of the average striped bass egg behclviour 

surveyed by Texas Instruments Ln 1973 (QL&M, 1974). 

f
2
-factor 

The f 2-factor is the ratio of the concentration of organisms in 

the plant intake and/or discharge samples to that of the organism 

concentrations in the quadrant immediately adjacent to the intake. 

The calculation of average concentrations in the intake and/or 

discharge samples was represented by: 

c == 
AVG 

m 
l: 

i=l 
Ni 

m 
L 

i=l 
Vi 

where: m = number of samples. 

Ni = number of organisms of a given life 
stage captured in the ith sample. 

Vi = sample volume for ith sample. 

For the larval stage, the yolk sac and post yolk sac organisms 

captured were added together in determining the total number of 

larvae captured. When field data for both the intake and dis-

charge were available and applicable, the C
AVG 

values calculated 

from the intake and discharge samples were averaged with equal 

Quirk. Lawler tr1fMatusky Engineers 



TABLE V-26 

ROSETON 1973 STRIPED BASS LARVAL STAGE COMPOSITE "f"* FACTOR 
(7 Sampling Dates between May 10 and August 1) 

River Cross-sectional 
Concentration (#/TCM) 

Weighted River Cross-sectiQnal 
Concentration (#/TCM) 

River 24-hour Average 
Concentration (#/TCM) 

River Concentration 
near Intake (#/TCM) 

Intake: No. of larvae (ys + pys) 
Volume strained (TCM) 
Concentration (#/TCM) 

Discharge: 
No. of larvae (ys + pys) 
Volume strained (TCM) 
Concentration (#/TCM) 

Plant Concentration 

f' 

f ** 2 

f ** 3 

f *** c 

00 ~ 

(Average of Intake and 
Discharge) (#/TCM) 

f 1 • fw· fl· f 2· f 3
0

• f c 

Composite IIfll 

DAY 
Method A Method B 

12.765 

7.978 

78.754 

12.716 

17 
2.59 
6.564 

41 
1.6 

25.625 

16.095 

0.162 

0.625 

0.996 

1.265 

1.000 

6.862 

72.127 

5.439 

0.152 

0.625 

0.495 

2.956 

1.000 

0.600 0.600 

0.076 0.083 

Method A = 0.116; 

, 

NIGHT 
Method A Method B 

188.737 174.039 

70.776 65.265 

78.754 72.127 

343.385 247.310 

14 
1.10 

12.727 

21 
1.35 

15.556 

14.141 

2.397 

0.375 

1.819 

0.041 

1.000 

0.375 

1.421 

0.057 

1.000 

0.600 0.600 

0.040 0.044 

Method B = 0.127 

* Composite "fit = (ft-fw-frf2-f3·fc}Day ,.. (f'-fw-fl"f2"f3"fc) Night 

** 

*** 

#/TCM= number of organisms per thousand cubic meters 

ys = yolk-sac larvae; pys = post yolk-sac larvae 
1.0 is assumed for lack of data. 

Conservative estimate, based on NYU studies. 

'.0 



TABLE V-27 

ROSETON 1973 STRIPED BASS JUVENILE I STAGE COMPOSITE "f"* FACTOR 
(4 Sampling Dates between July 2 and August 15) 

River Cross-sectional 
Concentration (#/TCM) 

Weighted River Cross-sectional 
Concentration (#/TCM) 

River 24-hour Average 
Concentration (#/TCM) 

River Concentration 
near Intake (#/TCM) 

Intake: No. of Juvenile I 
Volume strained (TCM) 
Concentration (#/TCM) 

Discharge: 
No. of juvenile I 
Volume strained (TCM) 
Concentration (#/TCM) 

Plant Concentration 

f' 

f ** 2 

f ** 
3 

f *** c 

(Average of Intake and 
Discharge) (#/TCM) 

Composite "f" 

* 

DAY 
Method A Method B 

1.025 0.890 

0.641 0.556 

1.505 1.591 

0.578 0.660 

0.681 0.559 

0.625 0.625 

0.564 0.742 

1.000 1.000 

1.000 1.000 

0.700 0.700 

0.168 0.181 

Method A 0.254; 

#/TCM = number of organisms per thousand cubic meters 

** 1.0 is assumed for lack of data. 

*** Conservative estimate, based on NYU studies. 

NIGHT 
Method A Method B 

2.304 2.760 

0.864 1.035 

1. 50:) 1.591 

0.491 0.028 

1.531 1. 735 

0.375 0.375 

0.213 0.010 

1.000 1.000 

1.000 1.000 

0.700 0.700 

0.086 0.005 

Method B 0.186 
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weighting to give the final estimate of the concentration of 

organisms ent~ring the plant. The goal was an estimate of the 

numerator of the f 2-factor. 

The dominator of the f2 factor was set equal to the numerator 

of the fl factor. The product of fl and f2 becomes simpiy the 

ratio of the intake concentration to the river cross-sectional 

concentration. 

Averaging of data from several sample dates was performed over the 

same period of abundance as used in computing the fl factor. 

The calculations of f2 factors for the larval and juvenile I 

stages at Roseton are shown in Tables V-26 and V-27. 

This factor recognizes that the depletion of organisms in the 

immediate vicinity of the intake may not be immediately replenished. 

An f 3-factor equals to unity would indicate a continuous immediate 

replenishment of the depleted· population in the intake vicinity. 

This is unlikely to be the case. Several factors may govern the 

replenishm~nt of the population. These inclUde the lateral mixing 

of the river water, the availability of organisms near the intake 

vicinity, the pos·sible recirculation of organisms from the plant 

discharge to the intake area, and so forth. At the present, no 

data are available to allow the evaluation of these factors. Thus, 

a conservative value of 1.0 is selected for the f 3-factor for all 

three early life stages of the striped bass. Further field and 

mathematical model studies are needed to permit the evaluation 

of the f3-factor. Quirk, Lawler YMatuskyEngineers 
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f'-Factor 

The f~-factor recognizes the day-night differences of the river 

cross-sectional average concentrations. Thus, f~, the f'-factor 

for daytime is the ratio of the river cross-sectional average 

concentration in daytime to the river cross-sectional average 

concentration over the 24-hour period and f; is the analogous 

f~- factor for the nighttime. 

The f -factor was evaluated according to the defining formula as: c 

fc = (% Alive in p~ant intake - % Alive in plant discharge) 
(% Alive in plant intake) 

Data from NYU 1973 studies at Indian Point were used to compute 

The Composite f-Factor 

Composite f-factor (fl·f2·f3·f~.f.fC)day+ 

(fl ·f2 ·f3·f'.f.fc )night 

The composite f-factor was evaluated by Method A and Method B 

as described above and the results from the two methods were 

averaged to give the final value. 

The calculations of f 2 ,f3 ,f,f',fc ' and the composite f-factors 

for the larval and juvenile I stages at Roseton are shown in 

Tables V-26 and V-27, respectively. It should be noted, 

Quirk. Lawler $:f Matusky Engineers 
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however, that "fw" is used in the table instead of "f". The 

final composite f-factors, which are input to the striped bass 

model, for various plants are shown in Table V-28. 

Impingement Impact Factors 

The impingement rates at all plants for the juvenile II and III 

stages used in the model runs are shown in Table V-28. The 

following assumptions were made in deriving these estimates: 

(a) Full flow conditions. 

(b) 0.1 gear efficiency factor. 

(c) Impingement numbers at a given plant are 
directly proportional to plant flow rate. 

(d) Fish impinged between May 7 and November 30 
were categorized as Juvenile II - all others 
Juvenile III.· 

(iv) Results and Discussion. 

Impact of Impingement at Roseton 
on the Hudson River Striped Bass Population 

The estimates of the striped bass impingement rates at Roseton as 

shown in Table V-28 were based on limited impingement collections 

during 1973. Although QLM's striped bass life cycle model is 

capable of predicting the impact on the striped bass population 

due to impingement alone at the Roseton plant, the use of the model 

for such measure was deemed insignificant, because the impact, 

if any, would be minimal and the data collected did not reflect 

the possible actual conditions. 

Quirk, Lawler ~ Matusky Engineers 



Power Plant 

Bowline units 1 & 2 

Cornwall 

TABLE V-28 

ENTRAINMENT AND IMPINGEMENT FACTORS 
USED IN THE STRIPED BASS MODEL 

Entrainment Factor* 
fE fL fJ1 

0.16 0.05 0.41 

0.18 0.51 0.41 

Indian Point Units 1, 2 & 3 0.44 0.13 0.57 

Roseton Units 1 & 2 0.16 0.10 0.22 

*"Best Estimate" entrainment factors (QLM, 1974) 

Impingement Factor** 

f J2 f J3 

251 1939 

2215 2368 

331 2732 

788 572 

**A gear efficiency factor of 0.1 is applied to the number of fish impinged 
under full flow conditions. For Indian Point, a 25% upward adjustment is 
also applied to account for specimen losses during impingement collections. 



V-64 

Estimate of impact of the impingement of striped bass at Roseton 

was made in Central Hudson's 3l6(a) Demonstration with regard to 

NPDES Permit for the Roseton Generating Station, based on the 1973 

Danskammer Point Generating Station impingement values. By scaling 

the Danskamrner impingement impact values by the Roseton to Danskammer 

plant flow rates ratio, the estimated impingement impact under full 

flow conditions at the Roseton plant was between 0.02 and 0.3%. 

These are negligible effects, particularly in that they should not 

be added to similar estimates at other plants, since the basis 

of the estimates is the river population within the immediate 

Roseton area. 

Impact of Entrainment and Impingement 
at Roseton on the Hudson River Striped 
Bass Population 

Using the en1_rainment and impingement impact factors for Roseton 

as shown in Table V-28 along with other parameters as input, the 

LMS Striped Bass Life Cycle Model predicted 0.42% and 0.72% 

croppings, at the high and low levels of compensation, respectively, 

in the Hudson River striped bass year class 1 recruits with 

both units at Roseton running continuously at the full capacity 

for 10 years. The results are shown in Table V-29. 

The results are of insignificant impact upon the striped bass 

population in the Hudson River. Also the real impact may be 

lower than the 0.42% or 0.72% cropping in population since this 

was for 10 years of maximum operation of both units at Roseton. 

Quirk. Lawler & Matusky Engineers 



TABLE V-29 

EFFECT OF ROSETON, CORNWALL, INDIAN POINT AND BOWLINE 
PLANT OPERATION ON HUDSON RIVER STRIPED BASS POPULATION 

Percent Cropping in Striped Bass after Years of Operation 

Year Class After 1 Yr. After 7 Yrs. After 10 Yrs. 

Case 1: with Roseton Units 1 & 2 only; high compensati.::m. 
(FILE RS73l) 

Adult 1 
Total Adult 

0.31 
0.21 

0.34 
0.33 

Case 2: with Roseton Units 1 & 2 only; low compensation 
(FILE RS732) 

Adult 1 
Total Adult 

0.44 
0.31 

0.52 
0.49 

0.42 
0.41 

0.72 
0.70 

Case 3: With Roseton Units 1 & 2, Bowline Units 1 & 2, and Indian Point 
Units 1-3; high compensation 

(FILE IBR731) 

Adult 1 
Total Adult 

1.49 
1.03 

1.63 
1.59 

2.03 
1. 99 

Case 4: With Roseton Units 1 & 2, Bowline Units 1 & 2, and Indian Point 
Units 1-3; low compensation 

(FILE IBR732) 

Adult I 
Total Adult 

2.66 
1.85 

3.07 
2.94 

4.23 
4.10 

Case 5: With Roseton Units 1 & 2, Cornwall, Indian Point Units 1-3, and 
Bm"lline Units 1 & 2; high compensation 

(FILE CIBRI) 

Adult 1 
Total Adult 

3.07 
2.13 

3.35 
3.26 

4.14 
4.05 

Case 6: With Roseton Units 1 & 2, Cornwall, Indian Point Units 1-3, and 
Bowline 1 & 2; low compensation 

(FILE CIBR2) 

Adult 1 
Total Adult 

5.86 
4.08 

6.74 
6.46 

9.18 
8.91 
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This is a very conservative case, as the plant must be shut down 

for maintenance for some time in the 10 years, and there will be 

times of reduced flow for emergency repairs. 

Impact of Entrainment and 
Impingement of Multi-Plant 
Operations on the Hudson 
River Striped Bass Population 

Table V-29 also lists the results of model predictions of the 

multi-plant operations on the Hudson River. The Lovett and 

Danskamrner plants were not included in the multi-plant model runs 

because these two plants have been operating on the Hudson for a 

considerable number of years and their impact, if any, would be 

minimal and would have been reflected as part of the background 

information in the 1973 data upon which the impact estimates 

were based. 

As shown in Table V-29, the model predicted that there would 

be a 9.18% cropping in the striped bass adult 1 population 

if all the plants on the Hudson River operate at full capacity 

continuously for 10 years. This is a conservative estimate, 

because of the unlikelihood that these plants will be operating 

at full capacity simultaneously for 10 years. It is also 

. probable that the plant load in the latter years of life of the 

plants will decrease, permitting operation at lower flows and 

thereby reduce their impact on fish population. 

In interpreting the results of the model predictions presented 

above, it is important to consider the predicted impacts in 

perspective and to recognize some of the limitations of the 
Quirk. Lawler Y Matusky Engineers 
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computer model. The cropping percentages predicted by the model 

are developed under the assumption of unchanging environmental 

condi tions and as a consequent na-tural, year-to-year fluctuations 

in the striped bass population are not included in the model. 

The cropping percentages predicted by the model may be inter

preted as reductions in the mean population over a number of 

years. 

It is also important to recognize that fisheries data indicate 

that natural fluctuations in the striped bass population may 

be much larger than the model predictions of cropping which will 

result from power plant activity on the Hudson. 

Every application to date of any of the various .models of power 

plant impact on Hudson River striped bass population assumes 

that population reduction will occur; the only question raised 

has been: how much? Indeed, all of these models are structured 

so that plant operation can only reduce population - no mechanism 

is included to provide for the possibility of an increase. Such 

a limitation, coupled with the presumption that population reduc

tion is an adverse impact, automatically biases the impact of any 

plant as negative, as far as the environment is concerned. As a 

result, the evaluation of predicted populations cropping often 

is simply reduced to the question: does the numerical cropping 

prediction represent a significant impact? 
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On an "a priori" basis, both of these presumptions are without 

support. The possibility of a net population increase exists. 

Consider an increase in growth and reproduction rates, due to 

slightly elevated river temperatures in the presence of thermal 

plant residual heat, sufficient to offset cropping via entrain

ment and impingement. 

When the complex nature of the interactions of all of man's 

activity with Hudson River ecology is contemplated, it is 

difficult to conclude, on the basis of modelling only one aspect 

of this activity, that population reduction will occur, or, if 

it occurs, that such is adverse. Some of the potential inter

actions one might consider include the regulation of up-river 

storage, its relation to prior generation, water supply and 

lower river freshwater flow. Couple this with water supply 

needs for the future, freshwater flow impact on location of 

the salt front, the impact of salt front location on anadromous 

fish spawning activity, the potential double use of water for 

once-through cooling followed by water supply, and a changing 

thermal picture due to increased urbanization in tbeHudson 

River Valley and one obtains a multiplicity of alternative 

scenarios, in which the net role the power plant plays with 

respect to the environment itself may well be positive. 

Model runs presented herein assume that eggs, larvae, and early 

juveniles are susceptible to entrainment through the sixtieth 

day of life. Preliminary evaluation of plant entrainment data, 
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however, seems to show significantly lower relative proportions 

of older larvae and early juveniles in both intakes and discharges, 

i.e., as age increase, appearance in the plant decreases. Such 

behavior is presumably due to shoalward migration and residence, 

and net and screen avoidance. Evaluation of this question is 

continuing; the possibility exists that the period of full entrain 

ment susceptibility may be shorter than the 60 day period currently 

employed. A shorter entrainment period will reduce cropping 

percentage. 

Evaluation of 1973 and 1974 beach seine and trawl data is con

tihuing, to obtain better insight to the migration mechanism. 

If, for example, significant percentages of the later larvae 

and early juvenile striped bass populations are truly resident 

in Hudson River shallows, then the exposure to plant withdrawal 

would be substantially reduced. Furthermore, more information 

on the apparent large scale migration to Haverstraw Bay and Tappan 

Zee is needed, including the time of the year it occurs, the 

length of time it takes, proportion of the total population so 

migrating, and the actual manner in which the fish migrate; 

i.e., on any phase of the tide or on ebb only, at any point in 

the cross-section, or in the channel bottom only, etc. We expect 

to develop at least some of this information by continued eval

uation of existing data. 
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E. CONCLUSIONS 

Pinh lilrvae collection effort~ were conducted from March 13 through August 

1973 in the Roseton/Danskammer Point vicinity of the Hudson River and at the 

intake and discharge structure of the Roseton and Danskammer Point Generating 

Stations to determine abundance, distribution and composition of fish larvae 

populations. Similar studies were also conducted in 1971 and 1972. These 

data will serve as baseline information for eventual comparison with data 

collected after initiation of commercial operation of the Roseton Generating 

Station. The results of the 1971, 1972 and 1973 studies indicate the 

following: 

1. Larvae were present in the study area in 1973 prior to the initia

tion of sampling in mid-March and persisted through early August. 

Two peaks of larval abundance were noted; one during mid-March, 

and a second during the first week of June. Few larvae were 

collected during April or after mid-July. 

2. The peak larval abundance in March was due almost exclusively 

to Atlantic tomcod. Smaller numbers of tomcod larvae were 

collected in April, indicating either migration from the study 

area or avoidance of sampling gear. 

3. Periods of larval abundance were similar in 1972 and 1973. 

4. A general trend over time from greater larval abundance in surface 

waters to more larvae in bottom samples was observed. 
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5. Peak concentration of striped bass larvae occurred on June 7-8, 

1973, accounting for 42% of total larvae concentrations. Average 

concentrations two weeks prior and subsequent to this date were 

less than 10% of the June 7-8 average concentration. Length data 

indicated that larvae collected on June 7-8 had been hatched 2 to 

5 days previously. 

6. Day-night comparisons showed that 94% of striped bass larvae col

lected were found in samples collected at night. Greatest con

centrations of larvae occurred at mid-depth stations compared to 

other depths. 

7. Peak abundance of white perch larvae occurred on June 19-20, 

approximately two weeks after peak abundance of striped bass 

larvae. Peak abundance in 1972 was approximately four times the 

peak abundance in 1973. 

8. There was no significant difference in white perch larvae 

concentrations between sampling transects. 

9. White perch larvae length data suggests that some larvae in the 

Roseton/Danskammer Point vicinity were hatched and existed 

with larvae that had hatched several weeks earlier within the 

area or at a different spawning site. 

10. Alosa (blueback herring, alewife and American shad) larvae 

were collected between May 3 and August 15. Peak concentrations 

were found during the May 22-23 collection. Eastern transects 

exhibited an overall greater abundance throughout the study period; 
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however, this distribution was not statistically significant. 

The area north and adjacent to the eastern transects is very 

shallow with large amounts of rooted aquatic plants and provides 

an excellent area for spawning and early development of Alosa 

larvae. 

11. Depth distribution of Alosa larvae suggests that ]arvae prefer 

the upper water levels after hatching, gradually assuming a 

more demersal existence with maturity. A diurnal pattern was 

also observed in the older larvae, preferring the deeper waters 

during the daylight hours and moving to the surface waters at 

night. 

12. Significant differences in abundance for day and night larvae 

collections at surface, mid-depth and bottom were found 

(striped bass larvae night collections at RDECH and white perch 

larvae night collections at ROE). In both instances surface 

samples had significantly fewer larvae of these species than 

mid-depth or bottom samples. 
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13. Diurnal migration was apparent only in mid-depth night collections 

of Alosa spp. at RDE where night collections had significantly 

higher concentrations than day collections. 

14. Samples collected at the Danskammer Point plant on May 22-23 

indicated a large abundance of larvae in the study area; this early 

large abundance declined during the first weeks of June and then 

increased to a seond peak on June 19-20. Few larvae were collected during 

late July and August. A significantly greater number of larvae 
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were collected at night compared to day for the one meter bottom 

intake net. All other combinations of intake nets showed no signifi

cant differences. Larval concentrations in the Danskammer Point 

intake canal did not appear to be different than either average 

river concentrations or concentrations near the western shore 

transects. 

15. Except for a peak in Alosa spp. that occurred on June 19-20, 

average larval abundance in the Roseton intake was similar to 

average river larval concentrations and to concentrations in 

the Danskammer Point intake. In general, larval lengths were 

similar to those collected in the river and at Danskamrner Point; 

suggesting non-selective entrainment. 

16. Larval mortalities at the Danskammer Point intake ranged from 37 

to 88%; at the discharge mortalities ranged from 83 to 100%. The 

high mortalities recorded at the intake, prior to passage through 

the plant indicates the likelihood of the collection teChnique 

itself causing a high larval mortality. 

17. Larval mortality at the Roseton intake ranged from 41 to 100%; 

and at the discharge from 83 to 100%. These data again suggest 

a high mortality associated with the collection techniques. 

18. In most cases, no significant difference in total larval abundance 

was found for 1 meter and 1/2 meter diameter larvae nets in the 

river. 
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19. 'I'he surface one meter net at the Danskanimer Point intake appears 

to collect significantly more total larvae than the one-half meter 

net. Significantly more white perch were collected by the one 

meter bottom net than by the one-half meter bottom net. 

20. Three mathematical models have been developed to predict power 

plant effects on Hudson River striped bass: the Clark, Goodyear, 

and QL&M models. Of these, the QL&M model, which utilizes a data 

feedback loop incorporating plant effects on spawning populations, 

yielded lowest values, which the AEC determined were also most 

realistic. 

21. A conservative cropping estimate, which may be interpreted as a 

reduction in mean population, of less than 10% was predicted 

by the QL&M model for striped bass with all Hudson River plants 

operating at full capacity continuously for 10 years. This 

estimate does not take into account natural or plant-induced 

factors which may cause striped bass populations to increase. 
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SUMMARY OF FINDINGS AND CONCLUSIONS 

Studies of the abundance and distribution of fish, plankton and benthos in 

the Hudson River were conducted during 1973 in the vicinity of the Roseton 

ard Danskammer Point Generating Station. These studies were a continuation 

and expansion of stmilar studies conducted in 1971 and 1972. A summary of 

the major findings and conclusions of these studies is presented below.· A 

more detailed discussion is presented in Chapters I through VII. 

The results of these studies indicate that the ecology of the area did not 

differ in most ways from that previously described in 1971 and 1972. 

Although there were some changes in specific abundance of particular 

organisms and changes in some physical and chemical water quality parameters. 

However; it is felt that these qualitative and quantitative differences are 
. . 

in fact due fo~ the most part to natural fluctuations expected to occur in 

any complex environment and are not due to any large degree to power plant 

impact on the near field ecology. 

PHYTOPLANKTON 

Seasonal patterns of phytoplankton <;lbun4ance and species composition were 

observed. Blue-greenalg~e were found above nuisance levels of abundance 

(5 x 10
5 cells/liter) most of the time during the .fall. Although both species 

composition and algal abundance indicated limited eutrophic environmental 

conditions, healthy phytoplankton production levels provided a solid base 

for the consumers (including zooplankton, fish larvae and fish) of the aquatic· 

food web. 
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Monthly samples appeared to be adequate for determination of seasonal trends 

in abundance. 

MICROZOOPLANKTON 

Copepods were numerically the most important microzooplankton group in .the 

Roseton/Danskarnmer Point area; cladocerans were the second most abundant 

group and rotifers were third in abundance. The seasonal patterns of nlicro

zooplankton abundance paralleled the seasonal patterns of diatom abundance 

and were inversely related to the seasonal temperature pattern. Microzoo

plankton abundance was dependent primarily upon phytoplankton abundance; 

microzooplankton grazing influenced phytoplankton abundance. 

Microzooplankters were a food source for macrozooplankton and fish larvae, 

and it is possible that the feeding of these predators may have significantly 

reduced microzooplankton numbers during mid-summer, causing a depression 

of microzooplankton abundance. With the exception of temperature, which 

undoubtedly controlled the timing of the annual cycle of microzooplankton 

abundance, no chemical or physical factors appeared to be correlated with 

microzooplankton abundance or distribution. 

Total microzooplankton and rotifer abundance, as measured with a 76~ Wisconsin 

type plankton net, decreased as the depth of water increased. Microzooplankton 

standing stocks were homogeneously distributed among the four sampling 

stations in the Roseton/Danskarnmer Point area. 
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MACRO ZOOPLANKTON 

Amphipods (Gammarus sp.) and dipt~rans were similar in abundance, and the most 

abundant macrozooplankters in the Roseton/Danskammer Point area during 1973. 

At least one peak of macrozoop1ankton abundance (in the early summer) occurs 

in the annual cycle of macrozooplankton abundance. 

Macrozooplankters in the Roseton/Danskarnmer Point area appear to be an 

importcnt link between the plankton community and planktivorous fishes, and 

may serve to cycle nutrients between the benthic and plankton communities. 

BENTHOS 

The benthic community in the Roseton/Danskammer Point vicinity during 1973 

consisted of a large variety of organisms within the fol~owing categories: 

(a) oligochaetes 
(b) molluscs 
(c) insects 
(d) crustaceans 
(e) others 

The community was dominated throughout most of the year by oligochaete worms. 

The overall abundance of benthic organisms increased from the spring through -
the fall of 19"73. Similar increqses in abundance were observed in the same 

location for the years 1971 and 1972. The diversity of the benthic community 

increased from the spring to the fall during the years 1971, 1972 and 1973. 

A significant decrease in diversity was noted in all years between fall and 

winter samples. A longitudinal gradient in species diversity was noted 

during 1973, and species diversity increased from the North Control transect 

to the South Control transect. No gradient in species diversity was noted 

with depth. 
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Abundance of dipterans and molluscs was found to vary significantly by 

season with variation in the numbers of dipterans perhaps attributable 
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to the aquatic-terrestrial life cycle characteristics of the. dipterans. 

Seasonal variation in abundance and biomass of the dominant groups composing 

the benthos were attributed to life history phenomena and to predation by 

fishes upon the benthos. 

Fish support potential of benthos in terms of available biomass varies 

significantly with season. The greatest fish support potential occurred 

during the fall in the years 1972 and 1973. Fish support potential in the 

vicinity of the study area was found to be the lowest of three sites 

studied in the Hudson River; Kingston (mile point 95), Roseton/Danskammer 

Point (mile point 66), and Haverstraw Bay (mile point 38). 

Species inventory and population abundance characteristics, as well as 

physico-chemical water characteristics indicates that this se~tor of the 

Hudson River is in the transition zone where significant variations in 

salinity occur on an annual basis. The biological characteristics of the 

Hudson River identify the area as being within the "species impoverished 

zone" generally found in estuaries where saline environments exist for only 

a, portion of the year. 

Estuarine benthos characteristics of the "species impoverished zone" generally 

demonstrate a capacity for resistance to environmental impact and resiliency 

to the effects of predation, environmental stress, population decimation and 

habitat destruction. The background stress associated with the variable 

saline environment at Roseton/Danskammer Point may be related to a benthic 

community capable of withstanding significant environmental impact without 

harm. 
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FISH LARVAE 

Larvae w(~r'-~ preS(:lt in the study area in 1973 prior to the initiation of 

f3aJnI)11nrj in mid-M!rch and persisted through early August. Two peaks of 

larval abundance '''ere noted: one during mid-March, and a second during the 

first week of Jun,~. Few larvae were collected during April or after mid

July. Periods of larval abundance were similar in 1972 and 1973. Although 

not statistically significant, higher concentrations of larvae were generally 

found on the east side of the river. 

The peak larva~ abundance in March was due almost exclusively to Atlantic 

tCJmcod. Smaller numbers of tomcod larvae were collected in April, indicating 

either migration from the study area or avoidance of sampling gear. 

Peak concentration of striped bass larvae occurred on June 7-8, 1973. However, 

there were no significant differences in abundance across the river, at the 

statistical level of confidence used, even though higher concentrations were 

found at the western transect. Day-night comparisons showed that most of 

striped bass larvae collected were found in samples collected at night, sug

gesting a diurnal vertical migration. 

Peak abundance of white perch larvae occurred on June 19-20, approximately 

two weeks afte~ peak abundance of striped bass larvae. Peak abundance in 

1972 was approximately four times the peak abundance in 1973. There was 

no significant difference in white perch larvae concentrations between 

sampling transects. White perch larvae length data suggests that some 

larvae in the Roseton/Danskammer Point vicinity were hatched and existed with 

larvae that had hatched several weeks early within the area or at a 

difference spawning site. 
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Alosa spp. (blueback herring, alewife and American shad) larvae were 

coll~~t~d between May 3 and August 15. Peak concentrations were found 

d'Jring the May 22-23 collection. Eastern transects exhibited an overall 

greater abundance throughout the study period, however, this distribution 

S-6 

was not statistically significant. Depth distribution of Alosa spp. larvae 

suggests that larvae preferred the upper water levels after hatching, gradually 

assuming a more demersal existence with maturity. A diurnal pattern was 

also observed in the older larvae, which preferred the deeper waters during 

the daylight hours and moved to the surface waters at night. 

Significant differences in abundance for day and night larvae collections 

at surface, mid-depth and bottom were found for striped bass larvae in night 

c0l1ections at ROEeH and white perch larvae in night collections at RDE. In 

l.oth instances surface samples had significantly fewer larvae of these 

species than mid-depth or bottom samples. DiUrnal migration was apparent 

only in mid-depth night collections of Alosa spp. at RDE where night 

collections had significantly higher concentrations than day collections. 

No significant difference in total larval abundance was found for 1 meter 

and 1/2 meter diameter larvae nets. However by species, a significantly 

greater abundance of white perch and Alosa spp. was found when collected by 

the 1 meter net than by the 1/2 meter net. No significant difference was 

noted for striped bass. 

FISH 

A total of 32,516 fish representing 39 species were collected in the 

Roseton/Danskammer Point vicinity during the three year period 1971-1973. 
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Trawls were the most effective method of collection; bottom trawls generally 

caught more fish than surface trawls. Two species, blueback herring and 

white perch, composed 53.6% (17,443 individuals) of the total. 

Blueback herring were the most abundant species in 1973, constituting 31.2% 

of the total; the majority were young-of-the-year fish collected by seines 

from the shore area or in surface trawls; surface trawl collections also 

peaked during this time period. 

White perch are the dominant resident species in the Roseton/Danskammer Point 

area and composed 28% of the total catch in each year. Those collected were 

mainly young-of-the~year and were most abundant in the early fall; as a 

result, bottom trawl collections were also greatest during this time period. 

The nearshore community was composed of spottail shiners, juvenile striped 

bass, pumpkinseed, sunfish and juvenile herring. Atlantic tomcod, brown 

bLllheads, hogchokers and white perch were the dominant members of the off

shore deep water fish community. The collection of marine species such as 

the white mullet and crevalle jack is associated with salt front intrusion 

into the study area during periods of low flow. 

Due to the presence of adults of migratory species and the low number of 

year old resident species collected, the average biomass per fish was greatest 

in the spring and declined during the summer as the community became dominated 

by young-of-the-year fish. A slight increase in average biomass occurred 

in the fall-winter period as juveniles grew or migrated to other nursery 

areas, leaving the more stable over-wintering populations. 

Results of trawl and seine collections during different tidal phases 

indicated that: 
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(a) Seines collected similar numbers of fish and species, regardless 

of the tidal stage. 

(b) Of the prevalent species in the seine hauls, only the spottail 

shiner exhibited a significant difference in abundance between 
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ebb and flood catches. More spottail shiners were collected by seine 

after ebb tide than after flood tide. 

(c) Comparison of trawls for ebb-flood differences showed that: 

1. At the same station bottom trawls collected significantly 

more individuals and species than surface trawls on both 

tidal stages. 

2. All ebb bottom trawls and all flood bottom trawls show 

no significant difference in numbers of fish or species 

caught. 

3. Significantly more fish and more species were caught by 

ebb surface trawls than by flood surface trawls. 

Evaluation of differences in day and night collections by trawl and seine 

showed that: 

(a) The number of fish caught by seines did not differ between day and 

night and, except for December, the number of species caught 

was also similar for both day and night collection. In December 

more species were caught at night than during the day. 

(b) Except for collections in July there were no day-night differences 

between the numbers of fish or species caught by trawl. In July 

significantly more fish and more species were collected by trawls 

during the day than at night. 
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(c) Day-night differences in community structure based on diversity 

index values showed that: 
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1. Except for July and December, there were no significant 

day-night differences in diversity for pooled seine and 

trawl collections. July day collections had a significantly 

higher mean diversity than night collections. December 

night collections had a significantly higher mean diversity 

than day collections. 

2. For all months except November the mean monthly diversity 

index based on seine collections was similar for day and 

night collections. In November day· collections had a 

significantly higher mean diversity than night collections. 

3. Similar diversity was exhibited in all months except 

December for day and night trawl collections. Night trawl 

collections in December were significantly more diverse 

than daylight trawl collections. 

(d) Trawl station diversity values were tested for differences between 

day and night collections and showed that stations sampled in June 

had significantly higher daylight diversity values and those in 

December had higher diversity values for night collections. 

(e) Tests to determine whether there was any significant difference 

between day and night collections by either trawl or seine for 

the prevalent species showed that significantly more white perch 

and spottail shiner were collected by day trawls than by night trawls. 

This was also true for seine collections of spottail shiner. 
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Community numerical abundance and biomass structure was evaluated for each 

month using an index of similarity. 
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(a) Based on numbers and species of fish collected, the community 

structure was similar during July and August, and during the winter

spring period. During the summer months the community was dominated 

by juvenile white perch and blueback herring. 

(b) June through October were the most similar months based on community 

biomass structure due in large part to the high numbers of young

of-the-year fish dominating these collections. 

(c) The abundance of young-of-the-year fish of several species result 

in high monthly affinity values for numbers and biomass during the 

summer-fall period when seines and trawls were compared separately. 

Diversity index values for number of organisms and the biomass of the 

individuals from each seine and surface and bottom trawl collection showed 

that: 

(a) Diversity of seine collections was greatest during the summer 

months and gradually declined in the later part of the year. 

(b) The greatest bottom trawl diversity was found during the fall. 

Bottom trawl diversity was generally greater than surface trawl 

diversity which was consistently low throughout the year. 

(c) Biomass diversity was much higher for seines than for trawls, 

indicating a broader distribution of weight among the nearshore 

species. 
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Comparisons of species numbers, diversity index and numbers of organisms 

collected on the various tidal cycles and for the two time periods day and 

night, at each station showed a great deal of variation in all areas sampled 

with each station exhibiting faunal assemblages and migratory activity 

different from the other stations. 

Length distribution for striped bass indicated that young-of-the-year, first 

collected in July, averaged 4 em. in length. In early fall, at the end of 

the growing season, a length of approximately 9 em. was attained. Length 

data for white perch collected during the spring indicated the presence of 

adult fish. The first young-of-the-year fish were collected in July and 

averaged 3 em. in length. An average length of 8 em. was reached at the end 

of the growing season. White perch growth rates were similar in 1971 and 

1973 and somewhat lower in 1972. 

Analysis of scales to determine age and growth rates showed that the bOdy 

length corresponding to scale formation in the striped bass was 14.4 mm. 

with the first annulus formed around the end of June or early July of the 

following year. Comparison of Hudson River striped bass with those in other 

estuaries indicates that the Hudson River population had lower growth rates, 

especially those from the Roseton area. 

For white perch from Haverstraw Bay and Roseton/Danskammer Point. body length 

corresponding to scale formation was 25.3 mm. Female white perch attained 

greater length during each year than males and for both sexes the greatest 

growth was in the younger age groups. Hudson River white perch do not appear 

to reach the same length nor grow as fast as those from other areas suggesting 
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overcrowding of the population. Based on the coefficient of maturity, 

spawning of white perch in the Roseton/Danskammer Point area was estimated 

to occur during June. 

Stomach content analysis of fish collected during the spring and fall to 

determine feeding preference of selected species showed that amphipods 
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were the primary food item for white perch in both seasons with the smaller 

fish also feeding on dipterans in the spring. Brown bullheads exhibited 

a more varied dietary pattern with the larger fish feeding on blueback 

herring young in the spring and switching to amphipods and dipterans in 

the fall. The smaller bullheads fed on dipterans and amphipods in the 

spring. Pumpkinseeds feed on dipterans, gastropods and amphipods in both 

seasons with preference depending on size group of fish. Striped bass of 

the size examined preferred other fish during both seasons. 

WATER QUALITY 

On the basis of studies conducted on the Hudson River between 1967 and 1973, 

there appear to be at least four patterns of yearly mean concentration for 

water quality parameters. These are: 

(a) concentrations not affected by location (N03 , Fe, Mn, Hg). 

(b) concentration increases with increasing proximity to New York 

City (Ca, K, Na, Mg, CI, S04' TDS, i.e., parameters indicating 

degree of salt intrusion). 

(c) concentration increases with increasing proximity to Albany and 

to New York City (C02' F, MBAS, orthophosphate, total phosphorus, 

NH 3 , N02 , TKN, COD, i.e., parameters which generally refiect 

municipal pollution). 

Quirk. I.awler !fSf'Matusky Engineers 



(d) concentrations reaching a maximum or minimum at a point between 

New York City and Albany (CU and Pb, maximum at about mile point 

25; suspended solids, maximum between mile points 70 and 80; Si, 

minimum between mile points 70 and 100). 
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The water quality in the study area (mile points 62 to 68) in 1973 was very 

similar to that expected from review of previous studies. Except for 

relatively low BOD and NH3 and relatively high Phenol and suspended solids 

values, the water quality of the study area in 1973 was not significantly 

different from that at both mile points 77 and 96 during this year. Several 

other parameters were relatively high or low compared to one or the other study 

area, but not to both areas simultaneously. 

NH3 was different in 1973 than the 1967-1970 average for a river segment 

from MP 60 to MP 71 in that the average value was approximately an order of 

magnitude less than previous values reported (0.02mg/1 vs. 0.2 mg/l). 

However, on occasion, levels approaching previously reported levels were 

found. 

Phenol was apparently higher than in previous years (0.03 mg/l vs. 0.01 mg/l) 

but values for phenol were highly variable, and insufficient data are 

available from previous studies to permit making definitive statements. 

Phenol was the only parameter measured with a mean value exceeding existing 

or proposed water quality standards or criteria; in particular, the mean 

value of 0.03 mg/l exceeds the standard of 0.001 mg/l established for 

drinking water. 
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The major cause of variation in water quality in 1973 was salt intrusion. 

Based on freshwater flow at Green Island and on Cl and specific conductivity 

data ut various points in the river in 1973, it is estimated that significant 

salt intrusion occurred approximately 10 to 15 percent of the time at mile 

point 62 and approximately 5 percent of the time at mile point 68. This 

intrusion, which occurred mainly during October, was measured during a survey 

on October 24, 1973 in the study area and caused obvious peaks in concentra

tions of Cl, TDS, S04' TS, total hardness and possibly TVS. 

Temperature and dissolved oxygen values exhibited expected annual patterns, 

with dissolved oxygen decreases reflecting temperature increases. On a 

monthly average basis percent saturation values varied from about 50 to 70 

percent in the July through October period to about 80 to 90 percent during 

remaining periods. 

Several parameters were highly variable, namely NH3 , TSS, CI, phenol, Zn, 

and Cr. NH3 and Cl variations were relatively smooth in response to natural 

hydrodynamic and biochemical phenomena. TSS, Zn and Cr had relatively low 

values during the September to November period followed by relatively high 

values but generally appeared to vary randomly. Phenol values varied within 

the study area in a manner suggesting a possible input from Wappinger Creek. 

The mile point 37-42 area was relatively higher than all other 1973 study 

areas with respect to TKN, NH3 and N03 • Cr values decreased with increasing 

distance upstream. NH3 values were lowest at the study area and higher both 

upstream and downstream. Concentrations in the mile point 37-42 area were 

quite higher than other 1973 study areas with respect to components directly 

reflecting salt intrusion, e.g. TS, TDS, TVS, 804 and CI. 
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Statistical correlations indicated that during salt intr.usion there were 

increases in BOD, COD, temperature and TVS and a slight decrease in pH. 

Statistical correlations also indicated that the bottom sediment, when slightly 

disturbed, contributed to relatively high values of COD, BOD, TP and TKN 

compared to normal values for the river. 

A statistically significant negative correlation between pH and S04 was 

attributable to freshwater phenomenon. It appears that sulfate variations 

in the study area during freshwater conditions may cause relatively minor 

pH variations. 

Analysis of variance techniques did not indicate any important station 

effects (i.e.} significant differences in parameter values attributable to 

station differences) based on the entire data record. Interaction effects 

involving stations were largely attributable to siight disturbance of bottom 

sediments during collecting of four samples. There was a depth effect 

for dissolved oxygen which indicated that a mean dissolved oxygen value 

for surface samples 0.4 mg/l higher than that for bottom samples was 

significant. Effects on different dates were evident for most parameters, 

except for some of those associated with disturbance of sediment during 

sampling and for Zn and Cr. Variations in Zn and Cr appeared to be random 

in nature. 

At all depths and at all transects western sediments are generally higher 

in organic content and usually lower in silt content than eastern sediments. 

Sand, silt and clay fractions are similar for all depths for total samples; 

there is little difference between eastern and western sediments attributable 

to depth of station, except at the 10-foot depths where eastern sediments 

are comparatively high in silt and low in sand content. 
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North Control and South Control transects have the most extreme differences 

in sediment composition. North Control transect sediments are relatively 

high in silt and clay content and relatively low in sand and organic content 

(except western stations, which were high in organic content). South Control 

transect stations were relatively low in silt and clay content and high in 

sand and organic content. The relatively high organic content of western 

sediments may be correlated with relatively large particle sizes, since these 

sediments are generally higher in sand and lower in silt content than eastern 

sediments. 

MODEL STUDIES 

Three mathematical models have been developed to predict power plant effects 

on Hudson River striped bass: the Clark, Goodyear, and QL&M models. Of these, 

the QL&M model, which the AEC Appeal Board determined "more nearly conforms 

to reality ..•• ", utilizes a data feedback loop incorporating plant effects 

on spawning populations and yielded lowest impact values. A conservative 

cropping estimate, which may be interpreted as a reduction in mean population 

of less than 10% was predicted by the QL&M model for striped bass with all 

existing and planned Hudson River plants operating at ful~ capacity con

tinuously for 10 years. For the Roseton plant alone, this value is less than 

0.7%. These estimates do not take into account natural or plant-induced 

factors which may cause striped bass populations to increase. 
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I • INTRODUCTION 

A. EVENTS LEADING TO THE REPORT 

Central Hudson Gas & Electric Corporation (CHGE) owns and operates a four 

unit fossil-fueled power plant, the Danskammer Point Generating Station, 

adjacent to the Hudson River near Newburgh, New York. The plant is rated 

at 511 MWe and uses water from the Hudson River in a once-through cooling 

system. 

In 1965, Central Hudson publicly announced plans to construct a 1200 MW 

fossil-fueled plant, the Roseton Generating Station, adjacent to the Hudson 

River, approximately 1/2 mile south of the Danskammer Point plant. The 

Roseton plant was to be operated by Central Hudson and jointly owned by 

Central Hudson, Consolidated Edison Company of New York, Inc. and Niagara 

Mohawk Power Corporation. A once-through cooling water system was to be 

used to cool spent steam prior to return to the boiler. 

The location of these plants is shown in Figure 1-1. The Roseton/Danskamm.er 

Point vicinity of the Hudson River is located approximately 66 ~iver miles 

north of the Battery, New YOl,':'k. 

The New York State Department of Health (succeeded blrthe Department of 

Environmental Conservation (NYSDEC» by virtue of New York State Law was 

empowered to review and issue permits to construct and operate facilities 
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which dLscharge wastes into the waters of the State. In reviewing 

applications for permits to di.scharge heated liquids, the State Depart-

m(~llt ()f /I(!al til (p1" lor to formation of the NYSDEC) engaged the State 

lJepartment of Conservation a!; a consultant. 

The State Department of Health restricted permission to discharge wastes 

to situations where said discharges would not impair. the best usage 

of the receiving waters, or any other State waters into which the receiving 

waters might flow. 

New therma~ discharges were evaluated in accordance with the guidelines and 

provisions set forth in "Criteria Governing Thermal Discharges (Heated 

Liquids)" adopted by the New York State Water Resources Commission (NYSWRC) 

on July 25, 1969. 

For estuaries these criteria state the following: 

"The water temperature at the surface of an estuary shall not 
be raised to more than 900 F at any point provided further, 
at least 50 percent of the cross-sectional area and/or 
volume of the flow of the estuary including a minimum of 
1/3 of the surface as measured from water edge to 
water edge at any state of tide, shall not be raised 
to more than 40 F over the temperature that existed 
before the addition of heat of artificial origin or 
a maximum of 830 F, whichever is less. However, during 
July through September, if the water temperature at 
the surface of an estuary before the addition of heat 
of artificial origin, is more than 830 F an increase in 
temperature not to 0XC(:f'J(j 1. 'j0p at an" point f)f tht· 
estuarine passageWiJlJ ;;,s ,jr:lirJf:;.Jt'·'i alhvr·, fTl,JIj /)1' p',rml1.u· fJ." 
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In April 1969 a meeting was held between Health Department staff personnel 
and Central Hudson Gas & Electric Corporation to discuss procedures to be followed for the evaluation of the effect of the Roseton thermal discharge 

prior to formal submission of an application for a permit to construct the 
once-through cooling water system of the Roseton plant. 

At this meeting the State Department of Health requested that Central Hudson 
present the following: 

1. A prediction of the maximum temperature expected to occur at Roseton and the size of the heated zone. 2. Separate evaluation of the Danskammer Point plant thermal effects. 

3. A prediction of the mixing characteristics in the area. 4. A listing prepared from existing records of striped bass, white perch and "other" species for the reach of river under study. 

5. A tabulation of bottom organisms in the vicinity of the existing Danskammer Point discharge and the proposed Roseton discharge for spring, summer and fall conditions. 

As a result of this meeting a program of temperature and bottom organism 
surveys in the vicinity of the Danskammer Point plant and the Roseton plant was then instituted. The results of these surveys and a proposal 
for an ecological study of the area were presented to the State Department of Health in August 1969. The State Department of Health accepted this program and requested additional temperature surveys in the vicinity 

of Danskammer Point to verify mathematical models of temperature distri-
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but ion and to be used in predicting the temperature effect of the Roseton 

plant cooling water discharge on Hudson River temperature distribution. 

The results of these studies are included in the report: "Effect of Roseton 

Plant Cooling Water Discharge onHudson River Temperature Distribution and 

Ecology", prepared jointly by Quirk, Lawler & Matusky Engineers and Oceano

graphic Analysts, Inc., December 1969. The report was submitted to the 

NYSDEC on May 11, 1970 in conjunction with a permit application to construct 

and operate a thermal discharge diffuser system at the Roseton Plant. 

A permit to construct the thermal discharge diffuser system was issued by 

the NYSDEC on April 16, 1971. Between the date of application and the date 

of issuance of the permit a series of correspondence and conferences bet

ween NYSDEC personnel and Central Hudson and its aquatic consultants 

resulted in the following commitments: 

1. A hydraulic model of the area will be constructed and used 

to determine the thermal patterns resulting from the 

Danskammer Point and Roseton cooling water discharges. 

The construction and operating permit for the Roseton 

cooling water discharge will be issued without completion 

of model results. However, if model results show possible 

adverse conditions, Central Hudson will alter the 

Danskammer Point discharge prior to or concurrent with 

the startup of the second unit at Roseton. 
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2. Preoperational and postoperational biological 

studies in this area will be conducted and used to 

determine the effect of the thermal discharges on 

the aquatic ecosystem. 
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The hydraulic model was constructed and temperature measurements for various 

operating conditions were recorded. The hydraulic model was used in con

junction with a previously developed mathematical model to assist in 

evaluating the cumulative temperature effects from the Roseton and Danskammer 

Point discharges. 

The report was submitted to NYSDEC on May 17, 1972. A detailed analysis 

of the hydraulic model results was submitted to NYSDEC on September 18, i972. 

On November 22, 1972 a temporary permit was issued by NYSDEC to operate 

and discharge from the thermal discharge diffuser system at the Roseton 

plant. Issuance of a permanent permit to operate was made contingent 

upon: 

(a) continued preoperational and postoperational ecological 

study programs, and 

(b) submission to NYSDEC of an engineering report, including 

hydraulic model verification, and plans and specifications 

for a sub-aqueous thermal discharge diffuser system at 

the Danskammer Point plant should the results of the 

ecological studies show that such a system is necessary. 
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The schedule set forth in the temporary permit for compliance with these 

conditions has subsequently been modified by the NYSDEC. The Roseton plant 

was originally scheduled to be in commercial operation by mid-l972. Unforeseen 

delays in completion of construction of the plant have resulted in commercial 

operation being rescheduled for september I, 1974 for Unit 2 and November 1, 

1974 for Unit 1. Since the post-operational studies to be conduc.ted were 

contingent upon simultaneous operation of both the Roseton and DanskammerPoint 

plants, an extension of the compliance schedule was necessary. 

The results of the aquatic ecology studies conducted in 1971 and 1972 were 

presented in the report: "Roseton/Danskammer Point Generating Stations, 

Aquatic Ecology Studies, 1971-1972," prepared by Quirk, Lawler & Matusky 

Engineers, October 1973. Presented herein are the results of Hudson River 

aquatic; ecology studies conducted in 1973 in the vicinity of the Roseton 

,md Danskanuner Point plants. 

B. PRESENT ENVIRONMENTAL LEGISLATION 

The requirements of local, state, and federal regulatory agenci?s aimed at 

ensuring environmental compatibility of steam electric generating stations 

have matured since enactment of the Federal Water Quality Act of 1965. The 

National Environmental Policy Act of 1969 and the Federal Water Pollution 

Control Act, Amendments of 1972, have resulted in standards and regulations wbict 

assure that society's power needs shall be met while minimizing harm to valuable 

natural resources, endangered populations and ecosystems which are of economic, 

social or ecologicaJ importance. 
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Stringent regulations concerning the operation of electric generating stations 

using once-through cooling are imposed by the Environmental Law of New York 

~;tate imd interpreted and enforced by the New York State Department of 

Environmental Conservation. During 1973 the guidelines of the New York 

State Public Service Commission Article VIII Regulations became effective 

and indicated to utilities which environmental parameters related to the 

siting and operation of new electric generating facilities must be studied. 

During 1974 the Env~~onmental P~otection Agency published the requirements 

to be met by existing and future generating stations in order to be exempted 

from utilizing recirculating cooling systems for dispersal of waste heat 

from condenser cooling systems (Section 3l6(a) P.L. 92-500). The biological 

standards associated with Section 3l6(a) are broad-based, requiring detailed 

studies of aquatic plant and animal responses to all potential thermal and 

chemical effects of cooling water flow from an electric generating station. 

These standards will necessitate comprehensive field studies designed to 

detect changes in balanced indigenous populations of shellfish, fish, and 

wildlife in the vicinity of power stations using once-through cooling. 

Because information is needed on the interaction between electric power 

stations and aquatic ecosystems, utilities of the Hudson River Valleyl 

and various state and public agencies 2 are supporting an expanding program 

of environmental research and ecological study on the Hudson River. 
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C. DESCRIPTION OF STUDY AREA 

'I'he R6seton and Danskammer Point Generating Stations are located at the 

northern end of Newburgh Bay. The southern boundary of the bay is found 

at Storm King Mountain, and the northern end at Danskammer Point. The 

studies describe~ herein were primarily conducted in the northern section 

of the bay with the Newburgh-Beacon Bridge marking the southern end of the 

study area. 

Geologically, the bay is of the sedimentary rock type (Broughton ~ al., 

1965) which was eroded more readily than the metamorphosed rock north and 

south of the bay. This differential erosion led to the formation of a wider, 

shallower bay. 

The study area is characterized as the narrower part of Newburgh Bay, with 

a deep central channel and very little shallow shore area. Railroad 

tracks run along both sides of the river and their construction necessitated 

large quantities of fill. The roadbed fill eliminated the beach or shallow 

waters from a large portion of the study area. A few tidal waters enclosed 

by the railroad embankment and having limited exchange with the river are 

in the study area. Most of these back water areas are small and have 

heavy aquatic vegetation of the emergent type. 

ICentral Hudson Gas & Eiectric Corporation, Consolidated Edison Company of 
l'ew York, Inc., Orange & Rockland Utilities, Inc., and Niagara Mohawk 
1 'ower Corporation. 

2New York State Public Service Commission (PSC) , Power Authority of the State 
of New York (PASNY), the New York State Atomic and Space Development 
Authority (ASDA), and the New York State Department of Environmental 
Conservation (NYSDEC). 
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Shallow (non-channel) areas are located in the southeast section of the 

study area from the Newburgh-Beacon Bridge to the Chelsea Yacht Club. 
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This area resembles a triangle with the base at the Newburgh-Beacon Bridge 

~nd the apex at the Chelsea Yacht Club. A second shallow area on the east 

side is below New Hamburg around the mouth of Wappinger Creek. A third 

area on the east side is north of New Hamburg along the shore extending 

out about 200 feet. On the west side of the river, the cove area north 

of Danskammer Point and a small section south of the Roseton plant are 

the only shallow areas of any size. 

The channel ranges in depth from 35 to 65 feet, with greater depths near 

the two plant sites extending north to New. Hamburg. 

Prior to the construction of the Danskammer Point Steam Station primary use 

of the study area was for quarrying and brick manufacturing. The Roseton 

Generating Station was built on the site of one of the two old brickyards 

in this area. The second brickyard was located in the south east section of 

the study area at Denning Point. A traprock quarry is presently operating 

north of Danskammer Point. 

The Chelsea Water Intake and a large yacht club are located across from 

Roseton. Most shore areas are inaccessible to the public due to railroad 

fill or private ownership (mainly residential in the southern section). 

Water activity is mainly private pleasure boating or passage for freighters 

and barge traffic. 
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D. NATURE OF THE STUDIES 

The nature of the studies presented herein derives from a careful examination 

and understanding of a rather abused word, "ecology." Ecology is a com-

pounded Anglicization of two Greek words: oikos, meaning home or place to 

live; and logos, meaning to study. Given that only living beings, either plant 

or animal, need a "place to live," ecology is, literally, the study of organisms 

at home. 

Every organism performs its life history functions within the context of 

biotic and abiotic factors describable as its "habitat." All the organisms 

and environmental parameters in a habitat have an effect upon each organism and 

on the biotic and abiotic factors which surround it. 

Organisms may influence their habitats in numerous ways: chemically, 

by removing from or adding to nutrient or toxin cycles; physically, by 

mere presence and utilization of space; and behaviorally, by disrupting, 

assisting, or consuming other living organisms. The complete description of 
.. 

an organism, the environment's effect upon it, and its ('ff('ct. upon the 

environment defines the "ecological niche" for a given species. 

This report is based upon our knowledge of the Hudson River and its role as 

a habitat for diverse groups of organisms. The primary data presented 

herein represent the results of studies initiated in 1971 and carried on 

through .thewinter of 1973 at several sites on the Hudson River. Primary 

attention is given to the Roseton/Danskammer Point vicinity. 

Quirk. Lawler ffifMatusky Engineerf 
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The studies reported herein relate to the ecological characteristics of the 

river area adjacent to Roseton and Danskammer Point and to the interactions 

of these plants on local biota through the mechanisms of impingement and 

entrainment. 

The data constitute an extended time-series of observations based on a scope 

of work initiated in 1971 and expanded through and into 1974. 

The community approach to ecosystem analysis utilized herein affords an 

opportunity to assess the conditions of the system as a whole, as well as from 

the perspective of a single species. Nutrient cycling, seasonal stability, 

energy flow, and communities in development may be perceived by using the 

tools of observation, natural history, population biology, and the inte

grative techniques of community analysis. 

1. Time Coverage 

Extensi~e biological and chemical sampling was initiated in 1971 at 

Danskammer Point, a small promontory located 67 miles upstream from 

the river mouth (Brooklyn Battery). This report presents an 

evaluation of Hudson River ecology as it may have been affected by the 

long-term operation of the Danskammer Point plant and a preliminary 

definition of environmental conditions existing in the river prior to 

operation of the Roseton plant. 

In response to the need for information and the requirements of regulatory 

agencies, study efforts at Roseton/Danskammer Point were directed toward 

obtaining adequate coverage of as many critical biotic and abiotic 

parameters as possible. 
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Far-field information has also been gathered on the chemical, physical 

and biological characteristics of the Hudson River between New York City 

and Albany. Apart from infrequent studies of isolated aspects of Hudson 

River biology, no studies of a comprehensive nature had been conducted 

between 1936 and 1965. Therefore, the Roseton/Danskanuner Point studies 

necessitated establishing an understanding of the Hudson River estuary 

in 1971-1973, in relation to what it had been several decades. ago and 

in relation to what it was in the late 1960's. 

Data from 1971 through 1973 have been analyzed to describe important 

commercial and recreational species (e.g~ blue crabs, white perch and 

striped bass). Analyses of the chemical and physical factors associated 

with dominant phytoplankton, zooplankton, fish and benthic species has 

been performed. 

Studies of environmental impact are natural experiments, provided one has 

had the opportunity to characterize adequately the object of study, i.e., 

the environment prior to any impact. Given adequate preoperational informa

tion, one may characterize effects through continued observation of numeric 

abundance of organisms, population characteristics, and community structure. 

By comparison of preoperational and postoperational data, the investigator 

should discover any alterations in biota or the environment occurring 

after operation of the facility in question commences. 

Adequate sampling procedures are of the essence in such studies; the 

provision must be made to define and account statisticqlly* for· all 

variables except those plant-induced variables under study. Post

operational evaluation of the ecological effects of steam electric 

*Statistical procedures are summarized in Appendix I-A. 

Quirk9 Lawler & Matusky Engineers 



1-13 

generating stations should cover several consecutive years. While 

evaluation of effects relies upon data comparisons, 

sufficient data must be gathered in the post operational phase not 

only to identify measurable differences 
in populations or communities, 

but also to identify whether the 
changes documented constitute part 

of natural biological variation 
or serve as tangible evidence of a 

trend, showing that the system has, in fact, been affected and is 

seeking a new equilibrium. 

extensively. The river is wide in this area, but has a narrow channel 

with extensive backwaters and side channels. 

South of Coxsackie, the Hudson is confined by the limestone formations 
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of the Catskills and Taconic mountains. For some distance the river runs 

narrow and deep, except in zones where mountain valleys contain lakes, 

probably formed after the Wisconsin glaciation. Here the river has 

eroded the land, back waters, islands and shoal water zones. This condi-

tion persists downriver until the confinement of the east bank eases in 

the vicinity of Peekskill. In this region, the Hudson becomes broad, 

forming the widest expanses in the system. 

south of Piermont the river again narrows, confined on the west by the 

Palisades and on the east by the diking of Yonkers and New York City. 

While characteristic zones exist in the Lower Hudson basin, the quantity 

and quality of life forms in the system are not differentiated strictly 

according to geologic zones, but more according to physical and chemical 

characteristics of the water. For example, in the Lower Hudson basin, 

two distinct aquatic ecosystems exist: a tidal freshwater river and a 

"typical" mid-Atlantic estuary. However, the physical characteristics 
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mid-river; the east and west banks have been stabilized by concrete 

and granitic rip-rap in areas. 

The only major tributary to the Hudson in the vicinity of Danskammer 

Point is Wappinger's Creek which joins the Hudson on the east shore 

approximately one mile north of the Danskammer plant. The biota 
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of the Hudson River at Danskammer Point represent the four major com

ponents of the Hudson biota: resident estuarine forms, migratory fishes, 

seasonal estuarine residents and stenohaline freshwater forms. 

Many of the important fish species found in the Hudson use this portion of 

the river as a migratory route (shad, herring, eels); as a summer resident 

(juvenile striped bass, juvenile herring); as a nursery ground (white perch, 

striped bass, Atlantic tomcod); and as a spawning ground (Atlantic tomcod). 

The morphometry of this region and its location in the seasonal pattern of 

salt intrusion suggest a support function for the river biota at least as 

important as other zones in the Hudson River estuary. 

(c) The Mid-Atlantic Region. An important aspect of preoperational plant 

studies is the geographic range covered by populations which inhabit the 

vicinity of the plant site. This range defines the range over which the 

beneficial or harmful effects of power plant operation may extend. In 

the case of power stations on the Hudson River, some species present in 

the river in great abundance as eggs, larvae or juveniles range over a 

broad expanse of the western Atlantic Ocean. 

In the case of the American eel, an abundant catadromous fish in Hudson 

River waters, spawning migrations may carry adults from freshwater 

ponds and streams in the Hudson drainage to the depths of the 
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Sarga~~so Sea. The anadromous alewife spawns in the Hudson. Alewife 

juveniles leave the Hudson and go to the sea for about three years 

before returning to spawn. 
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The striped bass is a semi-anadromous species which spawns in the Hudson 

River. The geographic range of striped bass includes the estuarine and 

coastal waters of the northwestern Atlantic from Newfoundland to Florida 

and into the Gulf of Mexico. There has been no precise definition of 

the extent to which individual breeding populations of striped bass 

contribute to the extensive Atlantic coastal fishery for the species. 

A major point in question is whether Hudson River striped bass enter 

the Atlantic fishery or remain confined to the New York Bight and Long 

Island Sound. To answer this question and questions regarding populations 

of eels, alewives and other migratory species, extensive data from out

side the Hudson River must be examined. 

The objectives of these considerations are, of course, to determine 

to what extent Hudson River fish populations contribute to the stocks 

of important species in the middle Atlantic Bight and Atlantic coastal 

fisheries and to determine whether changes in Hudson River populations 

could contribute significantly to changes in the entire mid-Atlantic 

fishery. Studies to determine the relative contribution of the Hudson 

River to the mid-Atlantic striped bass fishery are being conducted in 

1974 by Central Hudson, Orange & Rockland Utilities and Consolidated 

Edison Company of New York, Inc. on a joint sponsorship basis. 
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3. System Parameters and Analysis 

1'1 anY. ton. 'I'he p] ankton may be defined as those aquatic organisms 

I.lving in the water coJurnn which possess limi.t(~d powers of locomotion. 

Their movements are determined primarily by currents in the body of water 

which they inhabit. The plankton may be differentiated into the phyto-

plankton (primary producers) and the zooplankton. Several categories 

exist within each of these groups, serving to characterize the plankton 

by size, ftinction/and origin. 

The classical description of the plankton as immobile creatures at the 

mercy of the currents is, to a certain extent, erroneous. Most planktonic 

organisms, phytoplankton included, are capable of either maintaining 

their vertical position in the water column or undertaking substantial 

vertical migrations. Oceanic zooplankton, for instance, are capable 

of vertical migrations of several hundred meters, spanning distinct 

current and flow regimes in the process. 

In an estuarine system, flow patterns are such that vertical movements 

of only a few to several meters may place an organism in currents 

flowing opposite those above or below its original location. Hence, by 

vertical migration into and out of currents, estuarine plankton may 

undertake substantial horizontal movements. 

The phytoplankton in the Hudson provide part of the basic energy 

requirements of the system. In most coastal and offshore marine 
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environments, the phytoplankton, fixed algae, and encrust~ng algae are 

the major source of energy-rich organic molecules upon which the system 

thrives. In large estuaries, however, allochthonous material (material 

in the system derived from sources external to the system) in the form 

of detritus may compose an important part of the energy base of the 

system. 

Detritus input to an estuary may come from a variety of sources such as 

decomposition products from vegetation in the watershed, feed-lot drain

age, and domestic waste disposal. Detritus particles commonly remain 

in suspension throughout the low-saline portions of the estuary, but 

tend to flocculate along with other suspended particulates when the salt 

concentration of the estuary reaches five to ten parts per thousand. 

Detritus cannot be considered as supplemental to photosynthesis in 

estuaries. The two sources of energy are complementary due to the inter

action of turbidity caused by detritus in suspension and light penetra

tion. Systems carrying a substantial suspended solid load have reduced 

photosynthetic activity, primarily the result of light limitation. Given 

the removal of detritus and a concomitant increase in light penetration, 

any detrital-based estuary could rapidly convert to a photosynthetic

based system. 

Phytoplankton is composed of representatives of several plant classes: 

the blue-green algae (Cyanophyceae) ,the green algae (Chlorophyceae), 

the diatoms (Bacillariophyceae), the 
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golden-brown algae (Chrysophyceae), the dinoflagellates (Dinophyceae), 

the cryptomonads (Cryptophyceae), the euglenoids (Euglenophyceae), and 

the yellow-green algae (Xanthophyceae). The most numerous and most 

ecologically important forms are the blue-green. algae, the diatoms, the 

green algae, and cryptomonads. Blue-green algae, some green algae, and 

some diatoms are important in their contribution to noxious blooms in 

enriched water. For the most part, diatoms are desirable forms and 

diverse diatom communities are generally considered indicative of water 

of high quality. 

The phytoplankton studies described in the present report are primarily 

species inventories, representing in depth inventory studies necessary 

to make a full evaluation of baseline conditions in the phytoplankton 

community. The report documents distribution and abundance data for a 

large portion of the lower Hudson. Particular attention has been paid 

to potential nuisance algae, primarily the blue-green algae. 

Future studies, whose objective has been defined as the postoperative 

evaluation of power plant effects on aquatic biota, encompass studies 

beyond the species inventories and distribution/abundance data presen

ted in this report. Postoperative evaluations will inclUde 

studies of algal standing crop, productivity and definition of the 

phytoplankton community structure. 

The zooplankton have been divided into several easily differentiated 

groups based upon size of the organism and the source of origin of 

the planktonic form. 
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Zooplankton are composed of the "true" plankton (organisms which spend 

their entire life history in the plankton) and meroplankton (planktonic 

creatures which represent life history stages of organisms which are not 

planktonic as adults). The true zooplankton are forms such as cope

pods, cladocerans, and some rotifers. Meroplankton represent a variety 

of fauna whose adult stages may be benthic or pelagic, such as the eggs 

and larvae of oysters, clams, crabs, worms, snails, and fishes. For the 

purpose of the present study, the zooplankton have been differentiated 

into the icht~yoplankton (meroplanktonic fish eggs and larvae), the 

microzooplankton (primarily true plankton too small to be retained by 

a 500~ mesh net), and the macrozooplankton (planktonic and meroplanktonic 

forms other than fish eggs and larvae which are retained by a 500~ 

mesh net). 

Zooplankton represent an important component of the ecological system, 

including primary consumers and lower secondary consumers, i.e., 

organisms feeding upon algae and organisms feeding upon the organisms 

which consume algae. Zooplankton convert very fine particulates of 

high organic content (e.g., algae, bacteria, and detritus) into animal 

protein suitable for consumption by organisms at higher trophic levels. 

Food consumption and assimilation, reproduction, and .turnover rate of 

the true zooplankton are rapid, providing a vital, renewable nutrient 

resource for-filter-feeding adult fishes, larval fishes, and many other 

life forms. 
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As vital links in the food web and as forms incapable of extended 

horizontal movement, populations of zooplankton in a productive 

estuary such as the Hudson require careful evaluation in relation 
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to the possible effects of power plant operation. At Roseton/Danskammer 

Point the zooplankton have been studied primarily to establish a 

species inventory and to describe, in relative terms, seasonal and 

spatial patterns of distribution and abundance. Future studies will 

include studies of community structure, rates and mechanisms of 

secondary production, and definition of standing crop estimates 

throughout the Lower Hudson estuary. 

(b) Benthos. In the past many researchers, attempting to define 

precisely the effects of an industry, utility, or engineering activity 

on aquatic biota, attempted to base their evaluations upon a single 

organism, the indicator species. The indicator species was seen as 

a generalized organism ~hose responses to environmental stress would 

serve to define the responses of any organism of its type to a 'similar 

impact. 

With increased appreciation of the importance and complexity of com

munities and increased knowledge of the varying responses of organisms 

to environmental impact, the concept of the indicator species has been 

de-emphasized in favor of the indicator community, for which full under

standing of responses to impact could, in a realistic manner, be applied 

to similar communities. 
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The benthos represent an ideal indicator community for field studies 

of environmental impact for a variety of reasons: 

(1) They are easily sampled. 

(2) They are "fixed" or relatively immobile and, as such, cannot help 
but respond to impacts directed upon them. 

(3) Their importance to other communities is readily established. 

(4) A benthic community demands a proportionately lower level of 
effort than other communities to define the results of impact. 

As with most other communities, the benthos may be subdivided accord-

ing to functional or structural characteristics. Benthic communities 

are composed of benthic infauna (those organisms which live in the 

sediments) and epifauna (those organisms which live at the sediment-

water interface, but whose major activities are performed on the sur-

fa<.:e of the sediments rather than in the sediments themselves). Many 

benthic cpifauna undergo daily vertical migrations into the water 

column and, as a result, appear in macrozooplankton samples. Common 

Hudson River forms which show this behavior are the amphipods or scuds, 

opossum shrimps, certain harpacticoid copepods, and some insect larvae. 

Feeding strategies among the benthos range from primary consumer (e.g., 

snails feeding on encrusting diatom growths) to detritus feeders (e.g., 

crabs feeding upon decayed carcasses of other organisms). 

As a community, the benthos show perhaps the clearest demarcation of 

freshwater and saltwater species. Distinctly different species 
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"replace" one another when freshwater benthic communities merge into 

the estuarine or marine environs. For example, a top carnivore in the 

marine or estuarine benthos may be one of the errant polychaetes, such 

as a clamworm or a sandworm ("seaworms" to the fisherman). In the fresh

water benthos, the top-carnivore position would be taken over by insect 

larvae or nymphs, such as the hellgrammite. The clear demarcation bet

ween species of estuarine and riverine benthos is due to the retention 

of interstitial water in the sediments. Sediment water retention serves 

to reduce the magnitude of salinity changes in the sediments, thereby 

producing d more constant environment than in the water column above. 

Studies of benthic communities span the length of the Lower Hudson 

watershed from the Tappan Zee to Kingston, New York. Sampling has been 

performed with the objective of establishing: (1) an inventory of 

benthic species, (2) abundance and distribution data for benthic 

communities at several sites in the river, and (3) measures of standing 

crop biomass in the benthos on a seasonal basis. Future evaluation 

techniques will demand few changes in procedure other than increased 

sample replication to generate as much detail as possible on community 

characteristics, production, and species abundance in response to plant 

operation. 

(c) Fish Eggs and Larvae. Fish eggs and larvae (ichthyoplankton) 

are meroplankton, representing the early life history stages of some 

of the fish species which spawn in the Hudson River. The abundance 
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of ichthyoplankton on an annual basis is dependent upon the intensity 

of a given year's spawning activity and those factors in the environment 

which determine rates of mortality in the larval population. Since fish 

larvae do not reproduce, ichthyoplankton biomass in itself represents a 

non-renewable resource for the nutrition of other organisms and to 

eventual recruitment to the adult fish populations. 

In the system overview, fish eggs and larvae serve as a continuous food 

source to other organisms due to the sequential spawning of several 

species of fish in the river, and, therefore, represent a seasonally 

variable renewable resource. The annual spawning activity of a species 

limits the number of potential adults to be derived from that spawning. 

Determination of adult abundance for a given species, however, depends 

not only upon the numerical abundance of juveniles spawned in a given 

year, but also upon a complex interaction of natural mortality, preda

tion, final distribution, and rate of development which injects density

dependent compensation factors into the equations from which one may 

try to calculate recruitment from spawning intensity. 

The length of time fish eggs and larvae remain planktonic depends upon 

the species. The eggs of many species of fish which spawn in the 

Hudson never become planktonic because they adhere to vegetation or 

stones (e.g., the top-minnows, genus Fundulus) or because the eggs are 

laid in nests (sunfishes, catfish). The eggs of several important 

species are either neutrally buoyant or slightly negatively buoyant 

and become widely distributed in the system through the action of 

tides and currents (striped bass, shad). 
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The larvae of many species spawning in the Hudson are, likewise, ab~ 

!:lent from ichthyoplankton samples or are present in numbers far 

·fewer than one would expect, based upon the numbers of adults and 

juveniles resident in the river. An excellent example is found in 

the sunfishes. For several days after hatching, juvenile sunfish 

are guarded jealously by the adult male. Parental behavior includes 

herding of the larvae in a tight school and preventing their dispersal 

until they have reached the age where they can fend for themselves in 

the dense vegetation of backwater areas. Other larval forms, such as 

those of the hogchoker, undergo an early metamorphosis and become 

epibenthic in their habits. The larvae of several of the more impor

tant sport and commercial fishes (striped bass, white perch, and 

American shad) are subject to wide dispersal by currents and tides. 

The primary objective of the fish egg and larval studies included in 

this report is to define the patterns of distribution and abundance 

of the major groups of ichthyoplankton in the Hudson River. The 

studies conducted for the preoperational evaluation include determi

nation of distribution, abundance, and length-frequency measurements 

on larval fish from the months of May through August 1973 at all study 

sites on the river. In order of appearance through a spawning year 

the major species represented are: Atlantic tomcod, river herring 

(composed of an overlapping sequence of American shad, blueback 

herring and alewife), striped bass, white perch, and bay anchovy. 
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Assessment of the effects of power plant operation on the ichthyoplankton 

~inClUdes studies of larval abundance in the power plant cooling water 

flow, determination of the survival potential of larvae after passage 

through the plant, and the generation of computer models simulating the 

short and long-term effects of power plants on ichthyoplankton popula-

tions in the river. 

(d) Fish. Fish populations, particularly popUlations of desirable 

sport and commercial species, generally receive the most attention 

when concerned individuals attempt to evaluate the status 'or condition 

of a body of water prior to and after the imposition of some change 

or stress. In fact, change in fish populations is a major factor 

in evaluating environmental impact according to the 1972 Amendments 

to the Federal Water Pollution Control Act, wherein the maintenance 

of "a balanced indigenous popUlation of shellfish, fish and wildlife" 

is stated to be a national goal. 

The Hudson River estuary maintains large populations of numerous fish 

species. The species present in the river represent year-round resi-

dents, migrants, and summer residents. Several species use the river 

as a route for spawning migrations, both upstream from the sea (anadro-

mous species) and downstream to the sea (catadromous). 

The fish populations of the Hudson River received little attention 

between 1937 and 1965. Prior to 1937, the New York State Department 

of Environmental Conservation conducted a biological survey of the 

Lower Hudson and described a rich and diverse ichthyofaunai but 
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the shad, Atlantic sturgeon, and shortnose sturgeon. From 1937 to 

1965, no comprehensive studies of Hudson River fish populations were 

made. Recent studies dating from 1965 to the present have been 

conducted primarily at the request of the power industry and state 

and federal regulatory agencies to determine the potential impact 

of electric power stations on fish and fisheries in the Hudson. 

The present report presents studies of fishes in the Hudson River 

from three distinct points of view: (1) inventories reflective of 

the fish species composition in the Hudson today, (2) population 

dynamics of abundant resident species, and (3) the fish communities 

in the Hudson demonstrating the stability and diversity of the fish 

fauna throughout the Lower Hudson watershed. These studies delineate 

characteristics of the fish community throughout the Upper Hudson 

estuary. They likewise prov-ide det=ails of the spatiald±stribution 

of fishes in the river through seasons over a span of three years. 

For the Roseton/Danskammer Point sector, the data reported herein 

present not only a baseline description of fish populations and 

communities, but also detail the relationship of the fishes in this 

area to river-wide communities. 

Postoperational assessment will include a continuation of river fish 

studies and will relate plant operations to the fish populations in 

light of potential thermal effects upon Hudson River fish and effects 

of entrainment of organisms and impingement of fishes at the power 

plant intake screens. 
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(e) Hydrodynamic Characteristics. Flora and fauna of a river system 

depend for their existence upon a variety of ongoing physical processes 

to provide suitable habitat, nutrients, routes of dispersal, transport 

and in some cases, partners for breeding. The eventual understanding 

of an ecosystem, therefore, is dependent upon being able to relate 

biological events within the physical determinants of the system. To 

this end, extensive surveys have been cortducted on the Hudson River 

estuary which document the hydrodynamic features of the environment 

in relation to the biota. 

At the preoperational stage, understanding of hydrodynamics provides 

a valuable data base against which one can compare biological data and 

attempt to define which physical parameters limit, control and/or 

stimulate the estuarine ecosystem. 

(f) Water Quality. Studies in the vicinity of Roseton and Drulskammer 

Point have employed extensive surveys for water .quality at sites 

coincident with biological sampling stations. The results of these 

surveys are not conclusive regarding water quality criteria necessary 

for the existence of various Hudson River biota, since the biota are 

already present. They may represent conditions suggestive of recommended 

changes in presently existing criteria. The chemical observations to 

dab, ~wt"v.· t (J ithmtify a dlt~mica I environment within which the observed 

the duration of their life history, grow to sexual maturity, and reproduce. 
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The interaction of chemical factors in the environment with the biota 

may be perceived at two levels: the chemical, i.e., the presence, 

absence, or level of concentration of a chemical entity affects an 

organism directly; and the physiological, i.e., an organism's capacity 

to regulate the effect of the chemical on its system. 

Postoperational assessment of plant impact on water quality parameters 

will serve a dual purpose. First, the direct measurement of water 

quality parameters will serve to quantify changes in water quality 

which may occur as the result of plant operation. Second, the 

values and changes in values for various parameters will be related 

to the biology of the Roseton/Danskammer Point area. 

With these data, an attempt will be made to develop a meaningful 

mathematical relationship between water quality parameters and the 

biota to be expressed as an "index of cleanness" or "index of water 

quality. " 
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J 1 • LOCAL CONDITIONS IN THE VICINITY 
0/" HOSF.'{'ON/DANSK1\MMER POINT AND 

THEIl< )lliLAT WNSiIIP TO P'AR-FIELD CONDITIONS 

A. INTRODUCTION 

An estuary is a semi-enclosed, coastal body of water which has a free 

connection with the open sea and within which seawater is measurably 

diluted by fresh water derived from land drainage (Pritchard, 1967). 

Day (1951) defined an estuary as "that region of a river with a variable 

salinity due to the sea." The Lower Hudson River is a long and narrow 

estuarine system with a salinity concentration ranging from 30 parts per 

thousand salts at the mouth to 0.10 parts per thousand in freshwater 

regions. 

Remane (1958) discussed the extensive terminology descriptive of the range 

of dissolved salts in natural water. On occasion, this terminology has 

been used to describe estuarine organisms according to the zones occupied. 

The "Venice System" of classifying estuarine zones is as follows: 

Zone Salinity (0/00) 

Hyperhaline >40 

Euryhaline- 40 - 30 

Mixohaline 30 - 0.5 

Mixoeuhaline <30 

(Mixo) polyhaline 30 - 18 
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Zone 

(Mixo) mesohaline 

(Mixo) oligohaline 

Limnetic 

Salinity (0/00) 

18 - 5 

5 - 0.5 

<0.5 

Reference to an organism in terms descriptive of the estuarine zone in 

which it is found (e.g., mixohaline, polyhaline), however, may be mis

leading because the geographic and physiological factors which determine 
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the estuarine distribution of organisms do not necessarily correspond to the para- _ 

meters used to characterize any sing]e estuarine zone. During the life cycle 

of the American shad, for instance, some time is spent in each of the afore

mentioned zones. An adult shad is, variously, euryhaline, mixohaline, and 

limnetic, depending upon its physiological state, and cannot, therefore, be 

referred to by any single, descriptive term. 

The biota of the Lower Hudson Basin are derived from three major sources: 

freshwater (lirnnobiotic component), saltwater (marine component), and land 

(terrestrial component) (Remane, 1958; Green, 1968). Within each biotic 

group are found organisms whose osmoregulatory capacities are severely 

limited (stenohaline) and organisms capable of regulating internal salt 

concentrations over a wide range of salinities (euryhaline). Within each 

"source group" of organisms, there exists a wide range of osmoregulatory 

capacities, defining in physiological terms the portion of an estuary 

a given organism or population of organisms is capable 6f inhabiting. 
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For estuarine biota less motile than fishes, such as benthos and plankton, 

salinity classifications are descriptive of habitat preferences for species 

and Rpccies groups, although only when interpreted in the broadest sense. 

Due to the lack of a classification system of es.tuarine fishes according to 

estuarine zones, the classification of fishes must be based upon the frequency 

of their occurrence within certain zones of the estuary. The groupings of 

Tyler (1971) provide an excellent system, referring to: 

(It resident species, those species captured in a study zone at 

all times ·of the year; 

(2) periodic species, those species entirely absent during a 

portion of the year, and 

(3) occasional species, those species present in samples irregularly 

and in low numbers. 

The Hudson estuary functions: 

.To support resident populations of fish, plankton, and benthos; 

.To support and provide refuge to species not resident in the estuary 

including a variety of occasional fishes, amphibians, reptiles and 

waterfowl which need an aquatic habitat for completion:of their life

cycle; 

.As a migratory route, an aquatic "flyway" as it were, for anadromous 

and catadromous organiSins; 

.As a spawning ground and nursery for resident and periodic species; 

.To regulate nutrient cycling and energy flow within all communities 

in the system. 
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The Lower Hudson Basin (mouth of the estuary to the head of the tide at the 

Troy Dam) is a very important section of the total Hudson River 

ccosy!.:tcm bf!CdUSe it is in this area and in nearshore Atlantic waters that 

exists: 

.most of the detrital organic matter contributing to the system~ 

.most of the photosynthetically produced organic matter used in 

the system~ 

.virtually all of the benthic biomass related to nutrient cycling 

and energy flow in the system; 

.virtually all of the planktonic biomass relevant to Hudson River 

biota, and 

.the vast majority of the fish biomass deriving support from the 

Hudson River system. 

Because of the wide natural boundaries of the organisms which compose the 

cOIMnunities observed in the Hudson River ecosystem, the "global" considera

tions presented in this report include the Lower Hudson Basin and the 

nearshore Atlantic waters. "Local" conditions presented herein characterize 

the Roseton/Danskammer Point area, described as extending from the Roseton/ 

Danskammer Point plant vicinity to a distance upstream and downstream 

approximating movement of the water mass of the Hudson in one complete tidal 

cycle. The Roseton/Danskammer Point vicinity is therefore defined as 

extending from approximately the Newburgh-Beacon Bridge on the south to 

New Hamburg on the north, a total distance of approximately six river miles. 

The discussion below provides a generalized description of the ecological 

characteristics of the Lower Hudson Basin in the global aspect and a more 
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detailed assessment of ecological conditions in the Roseton/Danskammer Point 

vicinity as related to the entire river system. 

B. SUMMARY OF STUDY FINDINGS 

In this section of the report global and ,local aspects of the Hudson River 

ecosystem and its function will be discussed using available data and trends 

evident in these data. Interpretation of these data and trends are made in 

light of available scientific literature; however, as a document designed to 

dnfine baseline conditions and evidence of prior impact, this report will 

aJso identify areas of interest which remain poorly defined. In addressing 

the various functions of the river and baseline conditions relevant to 

these functions, areas are identified where additional data are necessary_ 

1. Primary Producers (Phytoplankton) 

Data relevant to the quantification of primary productivity in the 

Hudson estuary are not generally available for the period 1971 and 

1972. Preliminary data (CCNY, unpublished manuscript) for the vicinity 

of Ossining showed that primary productivity during the spring months 

(March and April 1972) was comparable to values recorded from other 

mid-Atlantic estuaries (Stross and Stottlemyer, 1965). Quantification 

of primary productivity.on a seasonal basis is necessary in future work 

on the Hudson. 

Phytoplankton data from the vicinity of Roseton/Danskammer Point, although 

not necessarily suggestive of primary productivity, showed that algal 
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concentrations were higher during the 1973 sampling period than in 

1971 and 1972; cell concentrations attained "bloom" conditions on 

several occasions in 1973, primarily during the mid- and late summer 

months. 

Algal abundance at Roseton/Danskammer Point reached bloom proportions 

in 1972 (Quirk, Lawler & Matusky Engineers, 1973a). The dominant 

algal forms differed between Roseton/Danskammer Point and Bowline, 

although the inventory of potential nuisance algae was similar for both 

sites (Quirk, Lawler & Matusky Engineers, 1973a). A major component 

of the Bowline phytoplankton community, Melosira moniliformis, was 

not recorded at Roseton/Danskammer Point, presumably due to the 

preference of this species for more saline waters (Quirk, Lawler & 

Matusky Engineers, 1974a). 

From the available 1973 data, it can be stated generally that 

phytoplankton were more abundant downstream of the Roseton/Danskammer 

Point region. A similar pattern was noted for 1972 (Quirk, Lawler & 

Matusky Engineers, 1973a, 1973b, 1974a). During fall 1972 at Roseton/ 

Danskammer Point, algal concentrations were nearly twice that found at 

Bowline (Quirk, Lawler & Matusky Engineers, 1973a, 1974a). 

As can best be determined there exists a gradient of decreasing net 

plankton from the limnetic sectors (Quirk, Lawler & Matusky Engineers, 

1973a, 1973b) to oligohaline waters (Lauer, 1972; Quirk, Lawler & 

Matusky Engineers, 1974a). Patterns further downstream, in 
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mesohaline and marine waters, have not been investigated to any great 

extent. How~ver, correlation of phytoplankton abundance with turbidity 

determinations would suggest a decreased phytoplankton abundance 

downstream due to light limitaU on (Howells and Weaver, 1972). 

Phytoplankton populations of the Hudson River estuary show wide 

variation in abundance due to seasonal factors at downstream stations 

and higher concentrations varying less markedly with season at upstream 

limnetic stations. 

Abundance of algae in the vicinity of Danskammer Point was relatively 

uniform for a given sampling date, suggesting that discharges from the 

Danskammer Point plant had no effect on net phytoplankton abundance. 

While populations at the study area were well above those at Bowline 

in 1972, data from Kingston, New York (Mile Point 92) where no 

power plants exist showed phytoplankton concentrations of approximately 

the same level as the concentrations in the Danskammer Point vicinity. 

Investigations of water quality in the Hudson River during the period 

1971 through 1973 (Heffner, 1973; Howells and Weaver, 1973; Quirk, 

Lawler & Matusky Engineers, 1973a, 1973b, 1974a) showed that.nutrient 

concentrations throughout the estuary were sufficient to support bloom 

concentration at all seasons of the year. The precise explanation 

for the upstream-downstream gradient of plankton is unclear, but it 

may be associated with salinity and/or turbidity. 
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Seasonal abundance of algae increases above the salt front. Two possible 

explanations are suggested: 

(I) the algae in the estuary may be stenohaline forms unable 

to survive the salinities of the oligohaline portions of 

the estuary; or 

(2) the decrease in phytoplankton may be due to a trace nutrient 

(see Goldman, 1966) present in abundant quantities upstream, 

but possibly removed by flocculation (salting-out) in the 

oligohaline sector. 

The phytoplankton of the Hudson are species found commonly in other 

Atlantic estuaries (Carpenter, 1971; Lauer.!:!~., 1972: Quirk, Lawler 

and Matusky Engineers, 1973a, 1973b, 1973c, 1974a)i therefore, the 

likelihood that salinity tolerance firmly controls the abundance of 

phytoplankton in the system may be discounted. 

Algal composition by group (e.g. diatoms, green algae, blue-green algae)showed-~

a pattern of succession at each of the stations sampled in the Hudson 

estuary (sites at Kingston, Roseton/Danskammer Point and Bowline Point) (Quirk, 

Lawler & Matusky Engineers, 1973a, 1973b, 1974a).The successional 

pattern was characterized by a predominance of diatoms during the spring 

months followed by an increase in the relative abundance of green algae 

and substantial increases in blue-greens in the late summer and early 

fall. 

The succession recorded for the Hudson was a truncated form of the 

classic phytoplankton successional pattern of diatom - green algae -

blue-green algae described by Pearsall (1932) and discussed by several 
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authors (Marga1ef, 1967; Cairns, 1972; Lauer, et al., 1973). In the 

Hudson ilt Kingston, diatoms were succeeded by a mixture of green and 

blue-green algae during the latter part of the summer into early fall 

(Quirk, Lawler & Matusky Engineers, 1973b). Throughout the 1972 sampling 

period, phytoplankton concentrations at Kingston did not exceed the 

criterion for bloom conditions. Algal concentrations at Kingston were 

similar to those at Bowline; however, the taxonomic list of algae at 

Kingston more closely resembled that at Roseton/Danskammer Point (.Quirk, 

Lawler & Matusky Engineers, 1973a). 

Algal successional patterns depend upon several factors which control the 

abundance of the various groups, including predation, nutrient depletion, 

and temperature. Examination of water quality data for Kingston, 

Roseton/Danskammer Point, and Bowline Point showed no consistent 

relationship between changes in concentrations of major nutrients 

(nitrogen and phosphorus) and algal successional patterns (Quirk, 

Lawler & Matusky Engineers, 1973a, 1973b, 1974a). 

A more consistent relationship was noted between temperature and succession. 

At Kingston in 1972, for example, percent composition of diatoms 

increased concomitantly with a decrease in water temperature in mid-

to late August. At Bowline, the dominance of greens over diatoms 

was reversed as water temperatures began declining in the fall. 

Blue-green to diatom reversal occurred at Roseton/Danskammer Point 

in the late fall. 
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(or d i l)olla'l(!llatu) !;u<:C(~~;!;iOlJ in the oceans. withi.n the Hudson estuary, 

however, nutrient concentrations rarely showed substantial declines 

within any growing season. When the concentrations did decline, they 

generally remained in excess of levels considered suitable for algal 

growth (see Raymont, 1963; Hutchinson, 1957, 1967). Physiological 

activities of algae, such as chemical conditioning of water and 

metabolite release may, in fact, playa significant role in algal 

succession. 

Cairns (1972) discussed algal succession as a function of water 

temperature. According to his hypothesis, the seasonal progression 

of increases and decreases in water temperature favors the growth 

of diatoms, green algae, and blue-green algae in succession. Such 

appears to be the case in the Hudson River, although the pattern of 

succession may be partially truncated, resulting in a cycle of 

diatom - green alga succession, rather than diatom - green alga -

blue-green alga succession. As noted at Kingston (Quirk, Lawler & Matusky 

Engineers, 1973b) and at Bowline (Quirk, Lawler & Matusky Engineers, 

1974a), diatoms may be succeeded by a mixture of green and blue-

green algae. 
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The variability of successional patterns in the river system emphasizes 

the degree of natural variation one may expect in a system as large as 

the Hudson River. 

Stross (1973) suggested that successional patterns in the algal community 

may be due ultimately to nutritional factors, but that the mechanism is 

mediated by means of filter-feeding zooplankters. Given the potential 

for year-to-year changes in environmental factors such as zooplankton 

populations and temperature, and nutrient fluctuations, one can envision 

substantial annual variation in algal successional patterns and algal 

abundance in the Hudson River estuary. 

As a baseline condition, primary productivity in the limnetic and oligo

haline reaches of the Hudson River is founded upon a community bf diatoms 

and green algae plus substantial populations of blue-green algae.during 

the early fall. The diatoms dominate the phytoplankton during the spring 

and early summer. During this period, concentrations of algal cells may 

be quite low in the oligohaline sectors. Diatoms are replaced by greens 

and blue-green algae in a successional pattern throughout the estuary as the 

seasons progress, apparently corresponding to seasonal changes in water 

temperature, but possibly due to changes in nutrients and the activities 

of filter feeders. 

Successional patterns should be carefully observed and 

(!orro)at:nrl with water quality parameters at the site of phytoplankton 

CII J J (:<:1. j em:;. /J1J1.r. j nnt studies should be conducted on specific water 
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masses from which plankton are collected to assess the relationship of 

algal cell abundance, nutrients, temperature, and mixing in the estuary. 

Recent advances in understanding of phytoplankton ecology dictate that 

particular attention be given to nutrients such as silica and micro-

nutrients such as manganese, when seeking to understand the determinants 

of growth, production, and succession in algal communities (Stross, 1973). 

2. Zooplankton 

The Hudson River supports zooplankton populations throughout its length. 

Nutrients for the zooplankton are available either as particulate 

material (phytoplankton or organically rich suspended particulates) or 

as dissolved organic molecules. 

In the Lower Hudson basin, most of the zooplankton are suspension feeders, 

employing filtration techniques to obtain their food. Some of the zoo-

plankters, e.g., some cyclopoid copepods, are raptorial carnivores. 

Many of the holoplanktonic* and meroplanktonic** forms in the 

Hudson are primary consumers or detritus feeders, capable of filtering 

particles as small as bacteria from the water. Some of the filter 

feeders are highly restricted in their feeding habits, selecting 

particles of a limited size for ingestion (see Marshall and Orr, 1955; 

J¢rgensen, 1966). The size selectivity of filtration is a function of 

the size of the filtering apparatus employed and, considering the range 

*Zooplankters which remain planktonic throughout their life cycles. 
**Zooplankters which spend only a portion of their life cycles as 

plankton, e.g., ichthyoplankton. 
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of sizes of zooplankters in the Hudson River, it is possible for the 

filter feeders to have access, in a mechanical sense, to most of the 

particulate matter suspended in the river. 

Zooplankton biomass in the estuary in 1971, 1972 and 1973 was primarily 

composed of copepods and rotifers. Concentrations of zooplankton at 

Bowline in 1972 were comparable to those found at Kingston and at 

Roseton/Danskammer Point. Patterns of zooplankton abundance in the 

limnetic and oligohaline reaches of the estuary generally followed that 

of algal abundance and suspended solids, the two primary sources of 

nutrients for suspension feeding organisms (Hutchinson, 1967; Krey, 

1961; Riley, 1959). 

At Roseton/Danskammer Point, which is periodically influenced by salt 

intrusion during low freshwater flows, the most abundant zooplankters 

were rotifers and copepods. At some stations, rotifers composed 40% 

or more of the population. At Kingston, rotifers were abundant in 

large numbers throughout the sampling period, composing as muchas 

80% of the zooplankton during certain seasons. Copepod nauplii and 

copepodite stages dominated the oligohaline zooplankton community at 

Bowline in 1971, 1972 and 1973 (Lauer et al., 1973; Quirk, Lawler & 

Matusky Engineers, 1974a). 

Throughout the river there appeared no firm relationship between total 

algal abundance and zooplankton abundance. At Kingston high concentrations 

of diatoms in the early spring apparently presaged an increase 
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in rotifer and copepod (nauplii) populq,tions at .. most st,ations (Quirk, 

Lawler & Matusky ~ngineers, 1973b). At ;Roseton/Danskammer Point, a 

similar relationship was apparent in 1973. studies, whereas no apparent 

correlation between abundance of nauplii and adult copepods was 
. .. 

observed in 1972· (Quirk, Lawler & Matusky·Engineers, 1973a). The 

Bowline area: showed large increases in copepod nauplii during September 

1972, 'but algal concentrations were relatively low at that time. 

Fleming (1939) studied the effects of zooplankton grazing on phytoplankton 

populations and found that zooplankton ma,y be responsible for 

rapid depletion of algae from the water; however, if grazing rates are 

equal to or less than the division rates of algae, large concentrations 

of zooplankton may be supported by a relatively small concentration of 

algae, if the algae have rapid division and production rates. Steeman-

Nielsen (l956) has emphasized that it may be erroneous to believe that 

dense populations of phytoplankton and zooplankton must alternate with 

one another. 

It. is likely that zooplankton populations in the Hudson River graze upon 

populations of algae which are themselves probably not limited by 

nutrients. A major factor not inc.luded in the 1971 and 1972. Hudson 

River environmental studies was the abundance. and distribution of the 

nannoplankton, algal cells generally not retained by the finest mesh 

plankton nets. 

At times, estimq.tes of. phytoplankton ~ensity, as derived from net haUls, 

may be entirely misleading (Harvey, 1950; Steeman-Nielsen, 1958). Gross 

et al. (1947, 1950) state that the nannoplankton are perhaps more 
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abundant and of greater importance in inshore waters. Thus, a direct 

relationship between algal cell densities and support potential for 

7.ooplankton of the Hudson estuary may not be entirely accurate. 

Studies conducted in 1974 have incorporated techniques which account 

for the possible contribution of nannoplankton to production in the 

Hudson River. 

II-IS 

Zooplankton organisms need not necessarily derive their nutrition solely 

from algal populations. Despite the efficiency of zooplankters such as 

copepods and cladocerans in filtering algal cells from suspension 

(Fleming, 1939; McMahon and Rigler, 1965),during periods when zooplankton 

concentrations are high and algal production is low, the grazers may 

derive a substantial portion of their dietary needs from detritus (Riley, 

1959; Krey, 1961). The possibility that detritus forms an important 

source of food for Hudson River zooplankton populations cannot be 

dismissed. 

Chemical analyses of the river show that suspended solid concentrations 

are high, suggesting a heavy detritus load for the river. Future studies 

should address the question of detritus concentratiorts in the water 

column, as well as the question of the extent to which detritus serves 

as a food source for the zooplanktonic community. 

As a baseline condition, it may be concluded that the zooplanktonic 

community in the Hudson River differs between downriver and upriver 

sites as the head of the salt front is passed. Oligohaline zoo-

plankton populations resemble the zooplanktonic communities of other 

QUirk9 Lawler ffifMatusky Engineers 



II-16 

mid-Atlantic estuaries such as Chesapeake Bay (Chesapeake Biological 

Laboratory, 1970), being dominated by copepods (Acartia ~.) with 

minor components of cladocerans, rotifers and polychaete larvae. Up

river stations are dominated by characteristically freshwater zooplankton, 

such as rotifers and cladocerans, and have fewer: copepoos than the 

oligohaline zones. 

Based on comparison of abundance figures and age class distribution 

of copepods at Roseton/Danskammer Point with Heinle's (1966) data, 

it is concluded that the copepod populations, especially the naupliar 

stages, are critical to system function and may account for the majority 

of secondary production during the summer months. Other c'omponents 

of the plankton, though present in less abundance, provide the essential 

complexity and stability to the zooplankton community and account for 

energy flow and nutrient cycling in those portions of the food web 

which are isolated from the dominant copepod species. 

3. Benthos 

Hudson River benthic populations present the clearest demarcation of 

salt-influenced habitat within the estuary. The po~ulations in the 

Bowline Point region are representative of oligohaline estuaries 

(Burbanck, 1962; Sanders et al., 1965). Benthos from Roseton/Danskammer 

Point (Quirk, Lawler & Matusky Engineers, 1973a) contained some 

oligohaline forms such as the isopod Cyathura polita, but were dominated 

by limnetic forms~ namely oligochaete worms and dipteran fly larvae. 

The benthic species found at Kingston, further upstream, were almost 

exclusively limnetic in origin (Quirk, Lawler & Matusky Engineers, 1973b). 
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Benthic populations throughout the Hudson estuary from Bowline Point to 

Kingston show relatively low species diversity, with a tendency,at 

least on a seasonal basis, for the benthic community to be dominated 

by a single form. Within the same context, however, it is important 

to note that the standing crop (biomass) of benthos is substantial 

throughout the estuary. 

The reduced species diversity of the oligohaline zone of the Hudson 

River estuary is not unusual. Characteristically, the low-saline 

zones of estuaries demonstrate reduced numbers of species. While 

the specific cause of the low numbers of species in low-saline 

waters is not fully understood, it is likely that salinity is a major 

factor. The displacement of the "species-impoverished zone" toward 

fresh water is primarily due to the lack of salt tolerance by freshwater 

organisms (Remane, 1958). 

Support for the Hudson River benthic community is derived from the 

deposition on the bottom of organically rich detritus. The dominant 

benthic forms in all portions of the river are deposit feeders, i.e., 

those forms deriving their nutrition by consumption of the rich 

bottom deposits. 

Despite the tendency toward single-group dominance and low species 

diversity observed within the Hudson River benthos, species inventories 

from the stations studied show a potential for high species diversity. 
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indi.viduals per species and, based on proportional representation 
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i.n the community, can be llsed to generate an index of di versi ty. 

Calculation of maximum diversity (H max) is basically an exercise 

generating what the maximum possible diversity, based upon the numbers 

of species in a community and assuming a homogeneous representation of 

individuals per species. 

The benthic communities in the Hudson River contain many groups, but 

the communities are dominated by one or two classes which account for 

up to 90% of the individuals. Thus, information diversity (H') is 

low. The many other classes present provide for a potentially high 

diversity (H max), if individuals were more evenly distributed among 

classes. 

MacArthur (1955) developed the hypothesis that community diversity was 

a direct measure of community stability and, as such, provided an 

adequate means of projecting the response of a community to environ

mental change. Analyses of aquatic environments, estuarine benthic 

communities in particular, suggest that a one-to-one relationship 

between diversity and stability may not exist per ~ (Lane, unpublished 

manuscript; Carricker, 1967; Green, 1968). Admitting that estuarine 

benthos need more concentrated experimental study, Carricker (1967) 

proposed that enough stability exists to maintain the community intact 

in time despite the stresses of the physical (saline) environment in 

estuaries. 
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The benthic communities at Roseton/Danskammer Point and at Kingston 

appear more diverse than those downstream at Bowline Point (Quirk, 

Lawler & Matusky Engineers, 1973a, 1973b). However, the Bowline Point 

sector falls within that oligohaline zone of estuaries which 

characteristically show high productivity, but few species (Remane, 

1958). This rather sparse fauna characteristic of low-saline areas 

of estuaries (less than 10 parts per thousand) has been proposed as 

constituting a separate and distinct ecosystem, as yet inadequately 

described (Carricker, 1967). 

The baseline benthic condition in the Hudson is proposed to consist 

of three distinct groups: an oligohaline community found in the vicinity 

of Bowline Point, characteristic limnetic benthic communities upstream 

and characteristic euryhaline/marine benthic fauna located seaward 

of Bowline Point at salinities above 10 parts per thousand. 

The baseline benthic conditions for the Roseton/Danskammer Point area 

are primarily those characteristic of fresh water: dominance by eury

haline freshwater oligochaete worms and dipteran larvae and fewer 

estuarine forms, such as polychaete worms. The proportion of marine 

forms suggests that the Roseton/Danskammer Point area rarely experiences 

estuarine conditions for extensive periods of time. 
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4. Fish 

Resident fish fauna may be defined as: 

(1) those which occur in all, or nearly all samples, or 

(2) those species which complete their entire life histories 

within the river system. 

By the first criterion, one defines as resident, anadromous fish species 

which utilize the river system primarily as a migratory route and as 

a spawning ground or nursery area, should the juveniles of the species 

remain in the system for several months. While such a species is 

resident in a temporal sense, the river system does not support the 

popUlation in the pure sense. 

For example, in the Roseton/Danskammer Point and Kingston areas, the 

anadromous alewife was present in nearly every month's total catch 

(Quirk, Lawler & Matusky Engineers, 1973b). However, at both sites 

the alewife catch was primarily juveniles. Alewife young-of-the-year 

spend the first year in the estuary before migrating to the sea. 

There they spend two to three years before returning to spawn. From 

the perspective of river function, the alewife uses the river as a 

migratory route and nursery and is not a resident form. 

At stations upriver from Roseton/Danskammer Point the resident species 

are primarily freshwater forms (Quirk, Lawler & Matusky Engineers, 

1973a, 1973b). Freshwater species are occasionally present downstream 

at Bowline Point. 
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In the Roseton/Danskammer Point area, white perch dominated the entire 

year's catch during 1972 (Quirk, Lawler & Matusky Enigneers, 1973a). 

Other resident estuarine forms were the torncod, striped bass, hogchoker, 

and spottail shiners. Kingston collections (Quirk, Lawler & Matusky 

Engineers, 1973b) were dominated by white perch and spottail shiners 

in 1971 and 1972. 

The dominant resident fish species occurring in the oligohaline portion 

of the Hudson in 1971 and 1972 were the white perch, bay anchovy, tomcod, 

hogchoker, and striped bass. In both years, white perch, a true 

resident estuarine form, dominated the catches on a percentage bas·is. 

It should be noted that the upstream (freshwater) stations were dominated 

by fewer resident estuarine forms than the more saline stations downstream. 

Spottail shiners became dominant in the upstream stations as the relative abun

dance of hogchokers, striped bass, and tomcod decreased. The "replacement" 

of hogchokers, striped bass, and tomcod by the spottail shiner is apparent-

ly the result of preference of the shiner for less saline waters rather 

than an ecological displacement mediated through interspecies competition 

for food or space (Wass et al., 1973; Mansueti and Hardy, 1967). 

In the same sense as previously described for the benthos, the highly 

variable estuarine environment often imposes considerable stress upon 

populations (Carricker, 1967). Despite the relative paucity of true 

estuarine forms (Gunter, 1967; Remane, 1958; Green, 1968), and the tenden-
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cy for single-species dominance at certain locations or seasons, resident 

estuarine fish populations possess the response capacity to persist under 

stressful conditions, whereas migrant and seasonal forms may be subject 

to severe limitation by environmental conditions. 

In deter~ination of baseline Hudson River conditions, analysis of historical 

data for all fish species may shed light on the quality of the Hudson River 

as an environment suitable for the support of fish populations. Morgan 

et al. (l973), O'Connor (1972), Sherk and O·Connor (1971), and O'Connor 

and Neumann (1972) have shown that oligohaline estuarine fishes (white 

perch and hogchoker) possess a remarkable capacity for tolerance of 

environmental stresses, including sewage waste, industrial waste, and 

suspended solids loads. 

Seasonal estuarine fishes, primarily pelagic species found periodically 

in mesohaline and oligohaline zones, showed a reduced tolerance to suspen

ded solids (O'Connor, Sherk and Neumann, manuscript in preparation, 1974). 

If resident and pelagic Hudson River fish populations were under severe 

stress due to the presence of utility, industrial, and domestic operations, 

one would expect some significant variance between the annual abundance of 

estuarine forms and the variation in abundance of seasonal forms. 

Data from 1966 to present (Heller and Herroo, 1960; Perlmutter et al., 

1969; Quirk, Lawler & Matusky Engineers, 1969, 1973a, 1973b; Raytheon, 

1971; Texas Instruments, 1973) showed that fluctuations in abundance 

of resident fishes varied in unison with seasonal species, a phenomenon 
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which has not necessarily been true for estuarine ecosystems subject 

t() similar cultural effects (McErlean!':!. aI, 1973). 
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'rhe fish species of the Hudson River derive their nutrition from the 

plankton, benthos and detrital elements of the river system. 'Some 

resident species have feeding habits which overlap to a great extent. 

Stomach content analyses conducted on three of the major resident 

species occurring in the Roseton/Danskammer Point area showed over

lapping feeding habits. White perch preferred amphipods and dipterans, 

brown bullheads consumed amphipods, oligochaetes and dipterans but 

preferred Alosa spp. larvae during periods of availability of that 

ichthyoplankter. Pumpkinseeds fed mainly on dipteran larvae and 

amphipods. All three species of fish feed somewhat adventitiously, 

so that there is no great potential for interspecific competition 

for food. 

stomach content analyses conducted on striped bass of varying age groups 

showed a preference for crustaceous plankton by striped bass larvae; 

striped bass become increasingly piscivorous throughout the juvenile stages 

and are piscivores as adults (Humphries and Cumming, 1973). 

Downstream in the Bowline area, the three most abundant estuarine forms 

are white perch, tomcod and hogchoker. All three species feed on similar 

items (Bigelow and Schroeder, 1953) i however, concentrations of these 

three species were isolated in time. White perch were abundant throughout 

the year except during November and December 1972. Hogchokers were most 
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abundant during May and June, whereas tomcod formed a substantial portion 

of the community from September through December 1972. Significant over

lap of abundance occurred between hogchokers and tomcod during September 

and October when total benthic biomass was greatest. 

The greatest potential for severe interspecies competition was noted for 

the month of October when benthic biomass was highest and the numeric 

abundance of these three benthic-feeding fishes was at its highest. The 

fall concentration of benthic feeding fishes in the Hudsbn River may 

have effects on population of benthic organisms. 

White perch and hogchokers from the Bowline region showed a preference 

for similar food items such as copepods, polychaete worms, amphipods, 

and opossum shrimp (Neomysis). Tomcod food preference included amphipods, 

worms and fish fry among others (Hildebrand and Schroeder, 1953). Koski 

(1971) analyzed the stomach contents of hogchokers in the Hudson River 

estuary and determined a preference for polychaetes, isopods, amphipods 

and chironomid larvae. 

The feeding preferences of abundant fish populations in any area of the 

Hudson estuary in the fall may be an ecological factor determining group 

dominance among the benthos during the winter months and into spring. 

The distributional characteristics of resident, benthic feeding forms 

interact such that heavy concentrations of fish may occur within a rather 

limited area of the estuary. On a year-to-year basis, the quantities 

of fish in the fall concentration may vary substantially, depending 

upon considerations such as population abundance, salinity patterns, 
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1emperature, and the timing of upstream and/or downstream migrations. 

Similarly, the point in the estuary where the fall concentration occurs 

may vary, depending upon temperature and migratory patterns. 

The relationship of fish abundance, overlapping food preferences, and ben

thic populations applies equally well to any sector of the river which 

from year to year may harbor the fall concentration. 

Future studies on fish food habits, populations, and distributon should 

include a detailed analysis of predation as a determinant of benthos group 

dominance. As a baseline condition for resident fish populations, it may 

be stated that oligohaline forms in -the Hudson River are more numerous 

in the vicinity of Bowline Point, decreasing in numbers of species up

stream to the Roseton/Danskammer Point area and Kingston. 

The overall abundance of resident species upstream dominates the 

ichthyofauna in the oligohaline and limnetic portions of the river. 

Periodic fish species may dominate the first community on occasion, 

particularly at upriver stations. White perch were concluded to be 

the most abundant and most ubiquitous of all species in the river in 

terms of relative abundance and biomass. 

The movements of resident and periodically occurring fish in the river 

vary with season. In the annual cycle periodic fish species affect 

the composition of the community in different sectors. 

The vicinity of Bowline Point, for example, is subject to wide variation 

in community structure and stability due to upstream and downstream 
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movements of periodic species. Diversity within a given year varies 

!non- widelv al t.lle Bowlinf-. 9ih- than at ot.hf'r !'!r.i1t.;cm!'l <hlP. t-.o t.hp. 

invasion of marine species during the fall. However, annual variation 

in diversity does not suggest a polluted system or an unbalanced system. 

Longterm study of fish communities has shown annual cycles of diversity 

to be characteristic of temperate estuaries (McErlean et al., 1973). 

Analysis of cyclic diversity changes over time has been used to evaluate 

ecosystem function in the Patuxent River estuary, Maryland. The tech

nique proved valuable in identifying trends in overall diversity, out

lining the energetic relationships of the system, and quantifying the 

stability of the system on a seasonal and long-term basis. 

The similarity of biotic components between the Patuxent River estuary 

and the Hudson River estuary indicates that, with a sufficient time base, 

such analysis will prove valuable to post operative assessment of fish 

communities in the Roseton/Danskammer Point area. 

The relative abundance of fishes may vary widely from one year to the next 

throughout the river. Samples collected over the past 10 years from a 

substantial portion of the limnetic and oligohaline zones of the system have 

shown a pattern of varying abundance. The years 1967 and 1968 had lower 

catches as compared with 1966 and 1970. 1971 was also a year of low 

ahundance. Populations increased substantially in 1972, and the trend 

of increase appeared to be continuing through 1973. 
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The annual variation in abundance of resident estuarine fishes has yet 

to be explained. Koo (1970) studied the relative abundance of striped 

bass over several years and identified a pattern of abundance 

for this species; however, he found no firm biological evidence 

of factors limiting year-class s~ccess. Kooproposed that annual variations 

were most likely due to density-independent (i.e., environmental) factors 

rather than to biotic factors. Workers at the Chesapeake Biological 

Laboratory (unpublished observations) have noted a gradual increase in 

the abundance of white perch in· the Patuxent River estuary over several 

years' time, coupled with an apparent decrease in complexity of the system 

(see McErlean et al., 1973) to an oligohaline system dominated almost 

entirely by white perch and hogchokers o The factors leading to the in

creased perch and hogchoker populations have not been determined. 

In recent years the physioloqical determinants of survival, growth, 

and reproduction in estuarine fishes have been under study. Particular 

attention has been given the relationship of environmental quality to 

success of estuarine fishes in the mid-Atlantic region (Morgan, 1970; 

Morgan et al., 1973, Sherk et al., 1973; Burton, 1970, Rogers, 

1969; Umminger, 1970). As a result of these studies and the collection 

of extensive physical-chemical data on estuaries, it is anticipated 

that some delineation of density-independent factors affecting resident 

fish populations will occur, and in light of this, the evaluation 

of power plant aquatic environment effects will be made. 
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From the point of view of an individual organism, survival, growth and 

reproduction are determined by density-independent phenomena. Chemical 

factors in 1he environment, and nutritional and space resources exist in 

concentrations and quantities sufficient or insufficient for an 

individual to perform the vital activities of life. 

The allocation and optimal utilization of many resources available to 

a population, however, may become a density-related phenomenon for the 

population as a whole. A variety of definitions of competition and 

competitive interactions exist which depend upon acceptance or rejec-

tion of density-dependent phenomena as determinants of population 

success (Weatherly, 1972; Lack, 1954, 1966; Andrewartha and Birch, 1954). 

Among fishes, growth rates are extremely flexible. Population size may 

be seen as entirely density-independent due to the allocation of minimum 

amounts of food to each individual within a confined space (see Weatherly, 

1966, 1972) generating populations of stable size and individuals of vari-

able size. However, when fishes are not confined in space, individual 

size and population size may be highly variable over time. Often taken 

as an indirect demonstration of density-dependent population control, 

these phenomema may be caused by density-independent phenomena (Koo, 1970). 

Weatherly (1972) has outlined the data requirements for deducing whether 

fish populations are dependent upon density-independent factors or upon 

the density of their own kind. In performance of postoperative evaluation 

of power plants, these requirements can be fully met and a formal 

determination of density-related population effects can be made. 
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A second baseline condition relevant to resident fish populations must 

be defined specifically in relation to the Roseton/Danskammer Point 

area of the river. In an evaluation of estuarine benthos, Carricker 

(1967) noted the lack of complexity of oligohaline benthic communities, 

and stated that the community, although having low diversity, retained 

sufficient diversity to maintain its integrity through time. The 

oligohaline benthos often showed single-species dominance, which 

Carricker interpreted as evidence of periodic environmental (osmotic) 

stress. Given the alternatives for post ·operative evaluation, 

particular attention must be paid to chemical analysis of sediments 

for pollutants, food preferences of fishes in the area, and natural 

variation in population numbers due to natural environmental factors. 

C. BIOTIC SUPPORT FUNCTIONS OF THE HUDSON RIVER 

1. Support of Periodic Species 

Based upon general estuarine considerations, seasonal succession 

in some of the holoplankters (particularly the diatoms and copepods) 

is likely in the lower estuary (salinity greater than 10 parts per 

thousand). In this mesohaline portion of the estuary the seasonal 

effects of temperature and salinity lead to substantial populations 

of some marine algae and copepods for varyirig periods of time each 

year ~effries and Johnson, 1973; Smavda, 1973). 
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Smayda (1973) noted that the physical-chemical processes operating 

at the mouths of estuaries often result in the buildup of nutrients 

(hence, possibly algal cell populations) in open embayments along 

the coast. Marine and mesohaline copepod populations generally 

increase in these areas at the same time and intrude upstream to the 

capacity of their osmotic and/or thermal tolerance limits. These 

populations are supported by estuarine and marine nutrient sources 

during their seasonal residence. 

The fishes of the Hudson River estuary are organisms which may 

remain in the system throughout their life history or which utilize 

the river system on a seasonal or periodic basis. For the most part, 

year-round resident fishes range throughout the system, from meso

haline to lirnnetic waters. Fishes which occupy the estuary on a 

seasonal basis may be confined to certain sectors or may range 

throughout the system. 

The seasonal residency in estuaries of marine fish species is a 

phenomenon which, according to Gunter (1961, 1967), defines the 

major function of an estuary as a nursery ground. Many marine 

fish species utilize the majority of mesohaline, oligohaline, and 

limnetic reaches of the Hudson River estuary as a nursery ground, 

while juvenile fishes spawned offshore use the high levels of 

estuarine productivity and the protection of enclosed estuarine 

areas for rapid growth and to increase recruitment to adult stocks. 
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The Hudson estuar¥ may be viewed as essential to the offshore fishery 

for those marine species which spawn offshore but which develop and grow 

in its low-saline waters. The biological influence of the Hudson 

reaches to the nearshore and offshore waters of the mid-Atlantic 

and the northeast Atlantic continental shelf. From these waters 

come the weakfish, spot, croakers, crevalle jack, bluefish, mullet, 

and many other species which utilize the Hudson River estuary during 

their life cycles. 

The range of influence of the Hudson may be broader still, when one 

considers those species of anadromous fishes which may be widely 

dispersed at sea but migrate upstream to deposit their eggs. Species 

such as the American shad, alewife, and blueback herring move to 

the Hudson each spring from many miles offshore (Hildebrand and 

Schroeder, 1928; Bigelow and Schroeder, 1953; Leim and Scott, 1966). 

The more abundant fish species, including those of greatest economic 

and recreational importance, may be estuarine throughout their entire 

life cycle, such as the white perch and hogchoker (Mansueti, 1961; 

Dovel et al., 1969), or remain in coastal waters adjacent to the 

estuary, such as the bay anchovy, tomcod, and striped bass (Hildebrand 

and Schroeder, 1928; Raney, 1952). 

In consideration of the vast geographic range of species occurring 

there, the total range of influence for the Hudson River includes 

the shelf and abyssal waters of the western North Atlantic. Such 

a description is beyond the scope of work outlined for this report. 
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However, a recent publication of the University of Rhode Island 

Graduate School of Oceanography (Saila, 1973) provides an in depth 

discussion of the physical, chemical and biological features of 

western North Atlantic shelf waters relevant· to the influence of 

Atlantic coastal estuaries. 

Some species in the Hudson, such as the American eel, represent 

populations whose natural boundaries extend from the surface fresh-

waters of the Hudson drainage basin to the abyss of the Sargasso 

Sea. Other species found in the Hudson, such as bluefish, spot, 

and menhaden, utilize the river as a nursery. 

Juvenile and pre-adult forms of these species migrate into the estuary 

seasonally, thereby utilizing the high productivity and refuge afforded 

by the estuary. Seasonal migratory behavior is highly successful 

since optimal growth and survival of the· young occurs in the estuary. 

The common periodic species occurring in the Hudson and the range of 

their upstream distribution from 1971-1973 were: 

Atlantic menhaden: 

Bluefish: 

Not collected north of Bowline Point during 
1971; infrequent north of Bowline Poin~ during 
1972; 0.01% of the catch in the Danskanuner Point 
area during 1973. 

Not collected during 1971 (Quirk, Lawler & Matusky 
Engineers, 1973a, b); infrequent at Bowline and 
rare in the Danskammer Point area (one individual 
during 1972; absent above Bowline Point in 1973. 
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Weakfish (tro'.lt): Furthest penetration 'upstream to Bowline from 
1971 and 1973, comprising 0.1% of the total 
catch in each year: none collected upstream. 
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Atlantic croaker: Rare as far upstream as Bowline in 1972 (one 
individual): not recorded at Danskammer Point 
or Kingston in 1971-1973 or at any \.lfthe three 
sites in 1971. 

Creva1le jack: Rare at Bowline and rare upstream to Kingston 
in 197i; not captured at Roseton' or Kingston 
in 1972; comprised 0.1% of Bowline catch for 
1972: occurred in the Danskammer Point area 
(one individual) and at Bowline Point during 
1973. 

Together these species represent a very small proportion of the 

river fish biomass, particularly in the oligohaline and more northern 

reaches of the Hudson River. They may represent an important seg-

ment of the fish community, however, in the mesohaline portions of 

the estuary. 

In similar mid-Atlantic estuarine systems, periodic species become 

abundant during the late summer ahd early fall. The species make-

up of periodic forms is very similar in the Cape Fear estuary, the 

James, York, and Rappahannock estuaries, the Potomac and Patuxent 

River estuaries, the Delaware River estuary, the Hudson and the 

Connecticut RiveX- estuaries (DeSyl va et al., 1962; wass, et. al., 

1973; Quirk, Lawler & Matusky Engineers, manuscript in preparation). 

- -
Considerable interest has been expressed regarding whether periodic 

fishes inhabiting a given estuary represent a distinct population 

whose juveni10s rely upon a single estuary for support of the stock, 

much as the anadromous salmonids, eels, and clupeids. Few data 
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exist with which to test this hypothesis. The initial stages 

of research for location of offshore spaWning sites and patterns 

of juvenile movem(~nt after hatching (Clark et al., 1969) and tech

niques for adequate resolution of population-specific characteristics 

(Morgan, 1973) have only recently been completed. However, the range 

of phenological extremes encountered by ocean;..spawning forms and 

the annual variation of numbers of seasonal residents, s~ch as spot, 

in a given estuary imply that few, if any, geographically distinct 

populations exist along the Atlantic coast. 

The local abundance of juveniles in mid-Atlantic estuaries may 

vary from year to year according to density-independent phenomena. 

Scheltema (1974) in his discussion of genetic variation in estuarine 

benthos discussed in detail the seasonal patterns of currents along 

the Atlantic coast of North America. The bottom currents flow dia

gonally toward land and are probably responsible for the transport 

of oceanic larvae and juvenile organisms into estuaries. 

However, the north-south orientation of flow has been shown to vary 

from year to year, most probably dictating the abundance of ocean

spawned fishes in certain coastal estuaries. For example, during a 

year when the net flow of offshore bottom currents is from north to 

south, one would surmise that species such as spot and croaker would 

be less abundant in the Hudson River estuary than when net flow is 

from south to north. 
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support of the periodic species listed previously and other species 

recorded from the river but not encountered in 1971 and 1972 (spot, 

mullet) is derived primarily from benthic and epibenthic forms 

(polychaete worms, crustaceans, molluscs) except for the menhaden, 

which is a suspension feeder, subsisting primarily on copepods 

and phytoplankton. 

As a baseline Hudson River condition, periodic fish species are abun

dant for a relatively short period of time each year, during the 

late summer and the fall. For the most part, seasonal residents 

do not utilize the oligohaline portions of the estuary to any great 

extent. Their incursion into limnetic waters was minimal during 

1971, 1972 and 1973. The extent to which important Atlantic fisher

ies may depend upon the Hudson for support of the seasonal resident 

forms is unclear. 
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As mentioned previously, the periodic species inventory for the Hudson 

is similar to other Atlantic coastal estuaries whose fauna have 

been studied intensively for several decades. Distribution records 

for periodic species from the Chesapeake system and from the Delaware 

show that periodic species are most abundant in mesohaline sectors 

and become rare or absent in oligohaline and limnetic sectors (Hil

debrand and Schroeder, 1928; Mansueti and Hardy, 1961; Wass et al., 

1973). If any sector of the Hudson contributes significantly to 

marine fish stocks by functioning as a nursery area for periodic 

species, it would be the mesohaline waters south of the Tappan Zee. 
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The annual variation of numbers of periodic forms is expected to 

be significant. Among the marine fishes of the Atlantic coast, 

only one-half the species known to exist there occur consistently 

from year to year (Saila and Pratt, 1973). Among the species which 

commonly move into estuaries as juveniles, some species, such as 

the croaker and spot, show aperiodic cycles of presence and absence o 

It is likely that the occurrence and abundance of seasonal residents 

is controlled by density-independent factors operating offshore 

in the ~arine environment. However, the abundance of seasonal 

forms has been shown to vary in unison with resident estuarine fishes, 

which are also controlled by density-independent factors, but in this 

case operating within the estuary. By inference, therefore, the 

abundance of fishes in the Hudson may be seen to be controlled by 

a factor or factors which extends its influence far offshore. 

2. Migratory Route and 
Spawning Area 

The most numerous and most valuable fishes are of the class 

Osteichthyes, the bony fishes. Both major classes of fishes, the 

Chondrichthyes, or cartilaginous fishes (sharks, skates, rays, 

chimeroids), and the bony fishes apparently arose some 340 million 

years ago in freshwater or very dilute seawater (Colbert, 1955). 
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The cartilaginous fishes, some groups of which may have developed 

from tIle bony fishes, invaded the marine environment rapidly. Their 

adaptation to the marine environment was effected by maintaining 

body fluids iso~osmotic with seawater through the retention of urea 

in the blood. 

The bony fishes remained in their original habitat longer. Invasion 

of the marine environment was effected by osmoregulatory adaptations 

of the kidney and gill which enabled them to maintain an internal 

osmotic environment similar to dilute seawater even in extreme hyper-

saline environments (Potts and Parry, 1964; Gordon, 1968). 

Despite the successful invasion of the sea by most families of bony 

fishes, many species retained a close association with freshwater 

and hyposaline environments either as spawning grounds, nursery 

grounds (or both), or as a habitat for adults. 

Some of the most abundant fishes in the Hudson River system are 

estuarine and marine species which utilize the Hudson as a migra-

tory route and as a spawning ground. These species may be divided 

into an anadromous group composed of three members of the herring 

family (the American shad, the alewife, and the blueback 

herring),the semi-anadromous striped bass, tomcod and anchovy, and 

the estuarine white perch. A second group, the catadromous group, 

is composed of the American eel and the hogchoker. 
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The groupings mentioned above do not necessarily conform to the nomen

clature applied to fishes in most texts and papers. For the purpose 

of this report, the ~nadromous group is made up of those marine 

and estuarine forms which tend to migrate toward the limnetic sector 

of the river for spawning. Thecatadromous group' is characterized 

by the tendency to migrate toward the marine environment or toward 

the mesohaline portions of the estuary for spawning. 

The anadromous group represents the larger of the two in terms of 

species, individuals, and intensity of spawning activity in the Hudson 

River system. There exists within this group a marked seasonal success

ion in which utilization of the river corresponds to ecoiogical factors 

vital to the success of spawning and the development and growth of 

the young. 

The tomcod is the first species to spawn in the annual progression 

of migrating and spawning fishes in the Hudson River. Adult tomcod 

begin upstream migration from the lower estuary or inshore coastal 

waters in the fall. This migration carries them to the limnetic 

sectors of the Hudson, at least as far as Kingston (Quirk, Lawler 

& Matusky Engineers, 1973a, 1973b). Tomcod spawn in the Hudson from 

December through late February, when water temperatures in the limnetic 

zone of the river do not often exceed 40oF. At these temperatures, 

tomcod eggs may take up to a month to hatch. The peak of spawning 

usually occurs in mid- to late January; larvae generally appear in 

late February. 
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Despite the fact that tomcod larvae appear during the period of lowest 

productivity in the estuary, survival potential for the larvae is 

excellent, for none of the other fish species in the system is actively 

feeding at the time of larval tomcod abundance. Hence, in addition to 

having few competitors, the larvae likewise have fewer predators. 

The sequence of river herring migration follows the tomcod spawning 

period. Adults of the alewife and blueback herring move into the 

Hudson in late March and migrate upstream to the limnetic zone for 

spawning. Adult alewives were present in some abundance at Bowline 

Point in April 1972, but were not abundant at Kingston until May 1972. 

A similar but slightly delayed pattern was observed for blueback herring 

(Quirk, Lawler & Matusky Engineers, 1973b). 

Temperature requirements for spawning of river herring (Bigelow and 

Schroeder, 1953) would suggest spawning occurs for these species in early 

May through early June in the limnetic zone of the Hudson River. 

Samples from Kingston (Quirk, Lawler & Matusky Engineers, 1973b) 

showed larval alewife and blueback herring first occurring in mid-

May, when. water temperatures at Kingston were approximately 

6SoF. Peak herring larval concentrations occurred during the first 

week of June. The size of these larvae (approximately 5mm) suggests 

that some spawning occurs in the immediate vicinity of Kingston. 

However, the major concentration of spawning activity is very likely 

further upstream, where larval concentrations of more than 5,000 per 

1,OOOm3 occurred in early June (Quirk, Lawler & Matusky Engineers, 

1973b). 
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Newly hatched herring larvae were observed at Danskammer Point in 

late' May 1972 and early May 1973, suggesting that the early-run 

herring, the alewife and blueback, spawn from approximately mid-
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May to early June throughout the lirnnetic sector. The major concen

tration of spawning activity occurred upstream in the general vicinity 

of Saugerties (Green Flats; mile point 100). 

The anadromous shad enter the system slightly later and cover essentially 

the same sections of the river as the alewife and blueback. Herring 

---' 

larval identification may be uncertain because of species similarities within 

the group; however, peaks of herring larval abundance in late June 

and July in the vicinity of Saugerties suggest that shad spawn 

heavily at that site, slightly later than do its congeneric species. 

Spawning frequency and spawning sites for the species under considera-

tion may vary markedly from year to year. For example; newly hatched 

alewife larvae were found in mid-May 1972 (Quirk, Lawler & Matusky 

Engineers, 1973b). Since development prior to hatching takes some six days 

at 60oF, spawning evidently started during the first week of May. 

However, in 1973 Texas Instruments found alewife larvae in samples 

taken April 23 through 26, suggesting that some spawning had started 

by April 15, 1973 at least two weeks earlier in 1972. 

The temperature requirements for striped bass migration and spawning 

are approximately the same as for the shad. Striped bass and shad 

migrations are coincident in the Hudson, except that bass start 

from within the estuary or from near-coastal areas not far from the 
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mouth of the Hudson estuary (Raney,1952~ Texas Instruments, 1973). 

The striped bass is considered semi-anadromous by most authorities 

(Raney, 1952; Mansueti, 1961). 

, 
Due to the commercial and recreational importance of Atlantic coast 

striped bass, the artificial propaqation of the s~ecies has received 

much attention. Overall, the conclusion is that the species is 

very adaptable to environmental change (e.g. displacement from spawning 

grounds) and flexible in its spawning requirements (Dovel and Edmunds, 

1971). Mansueti (1961) concluded that the species is compatible 

with man and thrives in waters enriched by man's activities. 

Throughout the range of the species, the relationship of spawning 

sites to the freshwater-saltwater interface has proven to be 

variable. Laboratory tests have shown that low-saline waters (0.9 

parts per thousand) actually enhanced egg survival (Albrecht, 1964)~ 

salinities up to 4.7 parts per thousand did not decrease survival. 

DOvel and Edmunds (1971) showed that striped bass spawning at the 

head of Chesapeake Bay spawn in or immediately adjacent to saline 

water. Accordingly, the nearness of overlap of the spawning sites 

and low-saline nursery areas may be advantageous to larval survival. 

In river systems, however, spawning generally takes place in fresh 

water, far above the head of the tide. Within the Sacramento-San 

Joaquin system, striped bass may spawn 80 to 170 miles above the 

freshwater-saltwater interface; the distance varies from year to year with 

environmental factors. Within the Hudson River, striped bass eggs 
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have been found as far upstream as Coxsackie, 50 to 90 miles above the 

freshwater-saltwater interfaco (Rathjen and Miller, 1957; Carlson and 

McCann, 1969; Texas Instruments, 1973). 
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As noted by Mansueti (1961) developmental time of the striped bass from 

embryo to larva is brief, so that the location of eggs may be presumed 

to be very close to the actual spawning site. Egg collections show 

that the location of spawning sites for striped bass may be highly 

variable from year to year and that striped bass spawning sites in the 

Hudson River are not limited in size, but can cover a range of more than 

50 river miles in a given year. 

White perch spawn over a broad expanse of the Hudson River estuary from 

Croton Point to the limnetic sectors of the river north of Saugerties. 

The spatial distribution of white perch larvae with time in 1972 and 

1973 showed a peak of abundance in the vicinity of Roseton/Danskammer 

Point in early June and relatively high frequency of occurrence through

out the oligohaline portions of the estuary (Croton Point to Con Hook) 

during the same period (Quirk, Lawler & Matusky Engineers, 1973a). 

Larval abundance at Green Flats (Mile Point 118) decreased to approx

imately one-tenth that of the Roseton/Danskammer Point area. 

Size frequency of white perch larvae in 1972 samples from Kingston (Quirk, 

Lawler & Matusky Engineers, 1973b) and Roseton/Danskammer Point (Quirk, 

Lawler, & Matusky Engineers, 1973a) showed that newly hatched larvae 

(approximately 3mm) occurred at all sites during the first week of 
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June. 'rhe earliest occurrence of newly hatched white perch larvae 

wa~; duri ng the la~;t: w(~ek of May 1972 at Roscton/Danskanuner Point 

(Quirk, Lawler & Matusky Engineers, 1973a). 
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Throughout the 1972 white perch spawning season, the greatest numbers of 

newly hatched larvae occurred near Roseton/Danskanuner Point. The 

greatest concentrations of white perch larvae at Bowline Point were 

observed during the second week of June 1972. 

Prior to the appearance of newly hatched larvae at Danskammer Point 

water temperatures were slightly above 60oF. At this temperature, 

white perch eggs would be expected to hatch after three to five days 

(Hildebrand and Schroeder, 1928; Morgan, personal communication). 

Thus, 1972 and 1973 spawning for white perch apparently began 

during mid-May in the vicinity of Roseton/Danskammer Point. It should 

be noted that the initiation of spawning by white perch and its 

congener, striped bass, was nearly simultaneous in 1972. However, 

while spawning areas overlapped to a great extent, the concentration 

of peak spawning activity for the two species was separated in space. 

In 1973 intense white perch spawning occurred throughout the river in oligo

haline and limnetic waters, but was concentrated at Roseton/Danskammer 

Point and below. Few white perch larvae were captured at the Bowline 

Point site prior to the second week of June. Those captured at the 

site in the first week of June were newly hatched larvae, an indication 

that some spawning activity took place in the Bowline sector. However, 

their abundance was far in excess of that in the vicinity of Bowline 

the week before. 
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Alternative interpretations may be applied to these results. First, 

the heaviest concentrations of white perch larvae at Bowline Point 

were more than one week old. Since few younger larvae appeared in 

Bowline samples the week before, the larvae collected during the 

second week of June represent white perch which were spawned upstream 

of Bowline, i.e., at least outside the Bowline vicinity approximately 

two weeks earlier. 

The second interpretation is that the older larvae captured during 

the second week of June were the result of spawning activity at Bowline 

approximately two weeks earlier. The lack of agreement in concentra

tions during June may well have been due to sampling error or to be

havioral characteristics of young larvae which made them unavailable 

to sampling gear during the first week of June. 

A full characterization of spawning sites, larval transport, larval 

growth, and larval distributional patterns may be made only through 

integrating the results of all researchers on the Hudson within 

the context of a simulation model. It is anticipated that a more 

detailed understanding of the ichthyoplankton community will derive 

from treatment of all larval data in the fish life cycle model 

(Lawler, 1972). This tool will not only clarify points of inter

pretation, but will also be used to estimate the extent to which 

power plant operation may impact resident and periodic fish species. 

The bay anchovy is an estuarine resident fish whose anadromous 

tendencies lead to an upstream spawning migration during the warmer 

portions of the summer. Dovel (1971) noted that, in Chesapeake Bay 
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and environs, peak egg occurrence for the bay anchovy was during 

the month of July; while eggs were occasionally abundant in 

oligohaline portions of the Patuxent River estuary, eggs were con

sistently abundant from year to year in the mesohaline (10-18 parts 

per thousand) 

Larval anchovies in the Hudson were recorded from Croton Point 

to Indian Point during 1972 in concentrations ranging from less than 

1,000 per lOOQm3 to more than 4,000 per lOOOm3 at Bowline Point. 
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At the time of appearance of anchovy larvae (July 26), river salin

ities were increasing, suggesting an intrusion of saltwater, possibly 

bearing anchovy larvae, upstream. 

The length-frequency distribution of anchovy larvae at Bowline Point 

during the last week of July showed the majority of larvae to be 

newly hatched.. Time to hatching for this species is brief, approximately 

one day at the temperatures recorded for July (Dovel, 1971)~ Thus, 

the appearance of newly hatched anchovy larvae at Bowline implies 

spawning had taken place, probably downstream in slightly more saline 

water, about one day earlier. 

Anchovy larvae were abundant in the river for a period of only about 

one month. It has been noted (Mansueti and Hardy, 1967) that bay 

anchovies spawned early in the season may mature the same season 

and themselves spawn. Although a full analysis of growth rates for 

Hudson River anchovies has not been performed, several observations 

suggest that this may be true for Hudson River anchovies. 
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The catadromous qroup of fishes in the Hudson consi.sts of the 

American eel and the hoqchoker o The American eel is a truly cat-

adromous form, growing from the juvenile "elver" stage to maturity 

in the estuaries andfreshwaters of North America. Upon reaching 

maturity, eels migrate from and through the estuaries to the 

abyssal zone to the east of Florida and south of Bermuda. 

Spawning occurs at sea and the larvae (leptocephalus) migrate back to 

the estuaries. Juvenile eels, or elvers, enter the estuaries at about 

one year of age and migrate into fresh water to complete the cycle 

(Leim and Scott, 1966). 

Hogchokers are catadromous in that they show a tendency to move 

downstream to mesohaline sectors of the river for spawning (Dovel 

et al., 1969). Hogchoker populations in the oligohaline sections 

of the river undergo annual movements downstream each year until, 

after three to four years, they enter the breeding populations. 

Dovel (1971) and Dovel et ale (1969) noted that in the Chesapeake 

Bay spawning occurred in the mid-summer in the lower Patuxent River 

estuary at approximately 9 parts per thousand salinity. Hogchoker 

larvae became benthic following metamorphosis and moved upstream 

from the spawning grounds to the oligohaline and limnetic zones of 

the estuary. Koski (1973) has demonstrated that the life history 

aspects of hogchokers in the Hudson estuary parallel those described 

by Dovel et al., (1969) for the Patuxent River. 
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A~; a bas(:JiTw c<Jndi LioIt, the Hudson River supports an ichthyoplankton 

pOfJulation most months of the year, beginning with tomcod (January

March), followed by river herrinq, striped bass, and white perch 

(April through July), the bay anchovy (July through September), and 

the hog choker (August and September). From the extensive data file 

for other similar estuaries, it appears that eggs and larvae of other 

species may occur in the fall, but were not observed in current 

ichthyoplankton surveys due to the termination of sampling in August. 
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Reference to Table 6 of Dovel (1971) suggests that over a four-year 

period,spawning periods of many species, e.g., anchovy, hogchoker, and 

herring, may cover a total period of eiqht months or more by beqinninq 

late or extending late into the year. 

The greatest diversity of larvae may be 

expected during the period April through July when, at a given time, 

the eggs and/or larvae of alewife, blueback herring, shad, striped 

bass, and white perch occur simultaneously throughout the reach from 

Bowline Point to above Saugerties. 

The source of support for this abundance of juvenile fishes is 

apparent when one examines algal cell concentrations, zooplankton 

concentrations and larval fish abundance at upriver stations during 

the spring months. 
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In the early spring phytoplankton concentrations are likely to reach 

peak levels at upriver stations. Hudson River ecological 

studies (Quirk, Lawler & Matusky Engineers, 1973a, 1973b; Lauer et al., 

1973) show that by June phytoplankton abundance has decreased. This 

is possibly the" result of cropping by zooplankters which become very 

abundant during late May and early June. At this time, the larval 

stages of the herring, bass, and perch were actively feeding. Zooplankton 

abundance decreased markedly into the early part of July, coincident 

with the abundance of fish larvae in the area. 

Lending credence to this hypothesis, there occurs in the zooplankton 

data a biological incongruity which requires explanation: in the river 

zones where copepods are dominant members of the zooplankton, e.g., 

Roseton/Danskaromer Point, heavy concentrations of copepod nauplii 

are not followed by expected increases in abundance of adult copepods. 

Possible explanations for this phenomenon are that the nauplii are 

incapable of developing to the adult stage because of some environ

mental factor, a physiological deficiency, natural mortality or 

movement out of the sampling area. 

Another interpretation may be based upon the feeding habits of larval 

fishes. Humphries and Cumming ( 1973) have shown that larval striped 

bass less than approximately 10 rom total length preferred the early 

instars of copepods and cladocerans. Examination of the 

stomach contents of several species of Hudson River larval fish has 

shown that the early feeding larvae of all species consume essentially 

the same foods. 

Quirk. Lawler llifMatusky Engineers 



Larval fishes feed upon smaller zooplankton; as a technique of 

resource allocation and species preference, food selection does not 
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take place until metamorphosis occurs for each species. At metamorphosis, 

each species assumes its characteristic habits and habitat, generally 

including a strong food preference. 

Despite a decreased abundance of larval species in the river during 

the mid-summer months, the abundance of larvae downstream, i.e., 

Bowline Point, is not reduced due to large concentrations of bay 

anchovy larvae. Phenomena similar to those observed for upstream 

stations in the spring were observed at Bowline Point in mid-summer. 

During the abundance of young anchovy larvae, zooplankton abun

dance decreased. As the larvae grew, and perhaps changed their 

feeding preference from copepod nauplii to adult copepods, nauplii 

increased in numbers rapidly; however, there was no subsequent peak 

of adult copepods, since they were also being consumed by larger 

fish larvae. 

It would be desirable to describe, as a baseline condition, the ex

pected patterns of fish larval abundance and distribution for each 

spawning season each year. In point of fact, patterns of larval 

distribution in space and time are only now becoming clear for 

Hudson River fishes. 
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A note of caution regarding larval distributions is well-justified 

in this context. As with zooplanktonic forms which show patterns 

of diurnal migration, vertical preference, and spatial concentration 

(see Raymont, 1963) distribution patterns of larval fishes can only 

be characterized by statistical means, which provides inference and 

insight rather than firm conclusions. That is to say, when 
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anchovy larvae are stated as occurring in surface waters, this impiies 

that, on a cumulative percent-by-depth basis, more anchovies were 

captured in surface samples than in mid-water or bottom samples. 

The relatively small amount of larval work performed in the Hudson 

estuary as compared with Chesapeake Bay for example, must be taken 

into account. 

Dovel (1971) noted that frequently observations from a single year's 

sampling may suggest spatial or depth distribution patterns for 

larvae which are not verified in other years. The same may be true 

in the Hudson River. In two years of intensive sampling, Dovel (personal 

communication, manuscript in preparation) observed patterns of striped 

bass larval distribution which suggest a much more homogeneous depth 

distribution than that proposed as a generalization by Rathjen and 

Miller (1957) and by Carlson and McCann (1969). Recent results from 

other studies (Quirk, Lawler & Matusky Engineers, 1973a, 1973b and 

Texas Instrumerits (Cornwall) 1973) suggest that Dovel's caution is 

a well taken caveat for studies on the river. 
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The aforementioned coincidence of abundant larval fish populations 

with a zooplanktonic community of suitable larval food organisms 

suggests a predator-prey relationship which may have substantial 

merit in defining population control mechanisms. based on the period 

of larval development. 

Variability in year-class strength of the striped bass has been 

generally attributed to rather nebulous environmental phenomena 

which may somehow affect larval survival (Koo, 1970; Dovel and 

Edmunds, 1971; Sommani, 1972). The utilization of zooplankters as 

food by larval fish and the ramification.of food limitation on 

populations have only recently been the subject of intense study 

(Humphreys and Cumming, 1973; Jones, 1973; Jones and Hall, 1973). 

Jones (1973) suggested that, during a given larval stage, a larva 

is restricted to a specific food item which must maintain the 

larva until growth results in the incorporation of a new food item 

into the diet. 

Although not a density-dependent mechanism in context, the relationship 

of food supply to the individual larva is dependent upon the numbers 

of larvae present to consume the same food items. A reduction in 

food density could cause reduction in rate of growth of a larva, and 

possibly a change in mortality rate. 

Qu irk.l.awlcr ffif Maiusky Engineers 



This theory is biologically attractive for the Hudson River system 

for it provides one explanation of how population size may be con

trolled, and it provides an explanation of sequential population 

control of sequentially spawning species. Jones and Hall (1973) 

expanded the theory to test whether the initial density of food 

organisms at a nursery ground may determine year-class strength in 

fish populationso Simulated year-class strength in their model was 

found to depend upon food density, and observed year-class strength 

variation could be accounted for by realistic changes in natural 

populations of food organisms. 

The implications of the"se results for Hudson River' striped bass pop

ulations are enormous in light of the apparent ihteraction between 

copepod populations and larval fish populations in the river. The 

density-dependent nature of this interaction relates directly to the 

principle of population compensation mechanisms in Hudson River 

striped bass which has received much attention during hearings 

related to future power plant siting on the Hudson. 

The ultimate cause of year-class success is density-independent and, 

therfore, can~ot be considered as a compe~satory mechanism. How

ever, these density-independent phenomena (see Koo, 1970) determine 

levels of primary and secondary productivity in the river system 

prior to and during spawning seasons. The availability of food 

items to an individual larva is dependent upon the density of other 

II-52 

Quirk., I.awler·~ :vtalm.ky f:ngineers 



larvae feeding on il food item. The abundance of larvae is dependent 

upon the number of eggs deposited by females within a given season 

and is reflective of the population density. 
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When population density is high, more larvae are produced and criti

cal food densities for larvae would cause more mortality in the larval 

population 0 During periods when population is low, the low incidence 

of larvae results in greater survival rates. Placed in the context 

of power plant effects, removal of some larvae could have no other 

effect than to improve the survival potential of the remaining larvae o 

It is anticipated that a full development of these principles will 

take place using post operational data and the fish life-cycle model 

to evaluate compensation factors and prediction of year-class s~ength 

in Hudson River fish populations. 
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ANALYSIS OF COVARIANCE 

This might be loosely described as a combination of analysis of variance 

and line~ regression. In analysis of vari~nce, a response is categorized 

by one or .more quanta 1 factors and is thought to be determined by the levels 

of these factors, along with some unexplained, or random element. In re

gression analysis, it is thought that the response can be determined by 

a linear combination of one or more other variables, along with same random 

element. In situations where the response is highly dependent on such var

iables, it may be desirable to "adjust" the responses by these variables 

(called covariates or concomitant variables) when performing an analysis of 

variance. 

The first step would be to test whether or not the covariate(s) significantly 

contribute towards "explaining" the response and, depending upon the result of 

this test, either a conventional ANOVA (if they do not) or an ANOVA using the 

"adjusted" responses (if they do) is.then performed. 
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BARTLETT'S TEST FOR HOMOGENEITY OF VARIANCE 

Equality of variance in a group of samples is an important precondition for 

several statistical tests. 

222 
Bartlett's test, tests the hypothesis of homogeneity of variance 01=o2= ••• =ok • 

222. 2 
When ° =0 = •.. =ok the samp11ng distribution of the X statistic is approximated 

I 2 
by the X2 distribution having (K-l) degrees of freedom. The larger the variation 

bet~een the s~'s the larger will be the value of the X2 statistic. When the 
1 

observed value of the X2 
statistic is larger than the critical value, the experi-

mental data do not support the hypothesis being tested. The formulae for Bartlett's 

test for homogeneity of variance are: 

k 
N-K = L 

i-I 

M (N-K) 

(n.-l) 
1 

2 
Ins 

p 

k 

L 
i=l 

[eni -ilins/ ] 

A = 1 

[ i~ «ni=,l ) 3 (k-l) 

k 
2 

L 2 5 = 
P (n -1)5. 

i=l i 1 

N-K 

YI 
= K-l = df for numerator and for 

2 
value X 

2 
X = M 

1 + A 

I 

1 N-K, 
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FAUNAL AFFINITY 

The species and number components of a sample can be compared between dates 

and locations by use of an affinity index. Affinity values are obtained 

by calculating the present species composition of each collection and then 

summing the lowest values between the common species of two collections. 

Assuming the total fauna of Station A is 50% alewives and of Section B is 

30%, the value (%) common between those two stations is the lower of the two, 

or 30. This summing of common values is then repeated for each species re

presented at those stations to obtain the affinity or similarity index. The 

more similar the distribution of species numbers between two locations, the 

higher the affinity values. The level at which locations are considered to 

be similar is subject to individual definition. In the case of fish communi

ties, which show large natural variations in diversity, a value of 50% is con

sidered to indicate similarity and a value of 75% to indicate close similarity. 
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PAIRED t-TEST 

Data frequently occur in pairs. The variation from pair to pair is incidental 

although probably unavoidable. The main interest is to compare the effects of 

the two treatments and see if there is a difference between them. To eliminate 

the effects of treatments only, the method known as Student's paired t-test, is used 

to take the difference between the two treat~ents within each pair, as denoted 

by d=X1-X
2

• The variable "d" will be regard.ed as the variable to be studied. 

In particular we want to test the null hypothesis that the true mean value of the 

variable lid" is zero. 

where 

t = 

d. = X - X 
1. Ii 2i 

1 n 
= - E d, n . , 1. 

1.:21. 

n .In 
n-l 

The calculated "t" statistic is compared to the tabulated t value at the 

chosen level of significance with (n-l) degreE:!s of freedom, where n is equal to 

the number of pairs. 

The null hypothesis is rejected when t calculated r (n-:l) .,.. a./2 
>t (n,..l) 

_ - 10./2 

The null hypothesis is not rejected otherwise. 
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s 

H' n. log n. 
l. l. 

i=l N N 

, 
Where: n number caught of the i species 

i 

N ~ total number caught 

s = number of species 

Diversity can also be defined in terms of Brillouin's formula which takes into 

account the patchy distribution of fishes (Pielou, 1966). 

H' =! log 
N 

Because H' is influenced by species richness and species evenness, an accurate 

description of diversity includes H' and its component parts, species richness, 

d (Margalef, 1951), and evenness, J (Pielou, 1966). 

d = s-l 
log N 

J = H' 
H 

max 

Where: s = number of species 

~ax= the maximum possible diversity with individuals evenly divided 
among species 

Species richness can be dependent upon sample size because the number of species 

caught is related to the number of individuals caught. Species diversity, H', is 

not dependent upon sample size given that the collection method is adequately 

sampling the community. 

There is considerable debate as to the accurate mathematical description of 

diversity as well as its practical application. However, there is general accep-
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tance of the observation that environments under stress are less diverse than 

"healthy" environments. In terms of diversity indices, an environmental stress 

tends to eliminate certain species either by avoidance or death. These com

munities of reduced species tend to have one or two numerically dominant species. 

Thus, diversity, H', species richness, d, and evenness, J, are all reduced. 

Because of the relation between environmental stress and diversity, changes 

in diversity indices have been used as indicators of pollution (Wilhm and Dorris, 

1966; Wilhm, 1968; Johnson, 1970; Chu-fa Tsai, 1973). Using diversity indices to 

identify pollution is preferable to using ~1e concentration of indicator species 

or change in the life history parameters because values for indices can be 

analyzed statistically when sufficient data are available. For example, non

parametric ANOVA can be used to statistically evaluate changes in diversity with 

time or within a sampling area. If a statistical change in diversity values is 

confirmed, the source of environmental stress which is related to the variation 

in diversity can be identified using a multiple regression analysis among water 

quality data. 
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LEAST SIGNIFICANT DIFFERENCE 

The Least Significant Difference (LSD) is a single value which, once com-

puted, permits the investigator to look at a pair of means and tell whether 

they are significantly different. 

The LSD is basically a Student's t-test using a pooled error variance. Since 

the LSD need be calculated only once and takes advantage of the pooled error 

variance, its use is seen to be a time saver as compared with making individual 

t-tests. 

LSD (a.) = t sa. d 

where ta. = the tabular value of t for error degrees of freedom 

2 s = error variance 

r = number of observations per mean. 

For the difference between two means to be significant the observed difference 

must exceed the LSD at the chosen a. level. 
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SPECIES DIVERSITY 

When biological sampling is directed toward assessing environmental change, it is 

necessary to analyze fish collections as representing a community of interacting 

species having measurable community parameters such as species diversity, 

species associations, and faunal homogeneity. Measurements of cotnmunity para-

meters are especially important when the environmental impact is directed 

toward species which are not abundant enough to receive analysis of life history 

parameters. 

Species diversity is a community parameter which is sensitive to changes 

within the less abundant species. Moreover, species diversity is easily 

calculated since the total data required are the numbers of individuals caught 

for each species. By reducing the,mass of data obtained from any fish col.,. 

lection to a single value representing the diversity of the collection, it is 

possible to apply statistical analyses to spatial or temporal series of collec-

tions. 

The diversity of a community is dependent upon -the number of species present 

(species richness) and the distribution of individuals among the species (species 

evenness or equatability). Several equations from information theory can be used 

to relate the number of individuals and the number of species to community 

structure. The most frequently used index is Shannon's formula which expresses 

diversity, HI, as information content in bits per individual. As diversity in-

creases the information content per species decreases. 

• 
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STUDENT-NEWMAN-KEULS PROCEDURES 

After performing an analysis of variance, if it's found that a source of 

variation between means is significant, an a - posteriori test can be utilized 

to determine which of those means differ from one another. The Student-Newman

Keuls procedure (SNK) permits these tests to be performed while maintaining a 

specified overall "protection level" (Le., the probability of concluding that 

two means differ when, in reality, they do not, is a Type I error. Maintaining 

a protection level of a% assures us of a risk of no greater than (100 - CL)% of 

making any Type I errors}. 

The result of this test will be sets of means which do not differ significantly 

among themselves. 

The procedure is based on order statistics of the Studentized range. 
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STUDENT'S T-TEST 

To test the significance of the difference between two group means, a sta-

tistic known as the Student's "t" is employed. In a test of this sort the 

null hypothesis is that the two samples come from the same population; that 

is they must have the same parametric mean. Thus, the difference (~1-~2) is 

expected to be zero. The deviation of the difference (xl -x
2

) from zero is tested. 

t = 

The numerator represents a deviation between Gl single difference between two 

sample means Xl and x2 and the true difference between the means of the popu-

lation represented by these means. 

The denominator is a standard error of the difference between two means s 

The left portion in square brackets is a weighted average of the variances of the 

2 2 
two samples sl and s 2. The portion in parenthE~sis is the factor by which the 

ave"rage variance within groups must be multiplied in order to convert it into a 

variance of the difference of means. 

The calculated "t" statistic is compared to the tabulated t" value at the::set 

level of significance with (nl + n 2 - 2) degrees of freedom. 

The null hypothesis is rejected when t calculated 

The null hypothesis is not ~ejected otherwise. 

{ 

<t 0./2 (n l + n 2 - 2) 

~tl_o./2 (nl + n2 - 2) 
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TWO-WAY ANOVA 

When dealing with a population in which each object may be classified according 

to two factors, but is otherwise homogeneous, the analysis of variance may be 

used to determine whether varying either of the factors ~ill affect the response. 

-Suppose there is a factor A, having a levels, and a factor B, having b levels. 

The analysis of variance is used to compare the means of the different levels 

of A by adjusting for the fact that the population is not homogeneous in factor 

B. Similarly, the means of the different levels of B are compared, adjusting 

for non-homogeneity in A. 

Let: 

Y .. = a response from level i of factor A and level j of factor B 
~) 

P = the mean of the overall population 

A· = the mean the population being at level i of factor A 
~ 

Bj = themean the population being at level j of factor B 

C .. = the mean the population being at both level i of A and level j of B 
~J 

£ = a random variable having mean 0 

The model used is: y .. =C .. + £ 
~J ~) 

which can be written as: 

Y;J' = P + (A. - U) + (B. - V) + (C~J' - A. - B .. + p) + £ 
~ 1 ) ~ ~ 1) 

Let: 

a.i = A. 
~ 

- V 

B. = B. - V 
J ) 

y .. = C .. - A - B. + V 
1) 1) i ) 

Then: Y .. = V + a.i + Bj + Y .. + e: 
~J 1) 

.. 



If it is the case that Al = A2 = = A , then it is also the case that 
a 

= o. Thus, the null hypoth!~sis tested is Ho: ell = el 2 = 
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:= 

el a = O. Acceptance of this implies that Al = A2 = .• = Aa' If Bl := B2 := ••• = 

= 0, then (3 =13 =",=Sb=O and by testing Ho: 13
1
= ...• Sb' inferences can be 

_ 1 2 
drawn about B •••• , Bb . 

1 
The term y .. is referred to as the interaction of level i of A and level 

1.) 

j of B. 

Ho: Y 11 = Y 12 = ... = y lb = Y 21 = ••• = Y 2b == = Yal = .•• Y
ab 

If it is accepted, then it is said that there is no interaction and tests on 

A and B are valid. 

If it is rejected, then it is said that there is interaction between A and 

B, and tests on A and B are not performed. However, if the gross effects of these 

variables are to be assessed, they could be tested over the error mean square. 
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WILCOXON MATCHED - PAIRS SIGNED RANK TEST 

The Wilcoxon Matched-Pairs signed rank test is a non-parametric test which 

corresponds to the parametric paired t-test. 

The steps in this procedure are: 

i) find the difference of each pair 

ii) rank these differences from smallest to largest without regard to sign 

iii) assign to the ranks the signs of the original differences 

iv) compute the sum of the positive or negative ranks, whichever sum is 

smaller. Let this sum = T. 

v) compare T disregarding the sign.with the critical value in the table to 

judge significance. 

If an observed T is less then or equal to the critical value from the table 

under a particular significance level for the observed value of N, the null 

hypothesis may be rejected at that level of significance. On occasion the 

difference of some pairs may be zero. Such pairs are dropped from the analysis. 

Thus the value of N is equal to the number of matched pairs minus the number of 

pairs whose difference is equal to zero. 

Beyond the range of the table the approximate normal deviate may be calculated: 

z = (Ill-TI - 1/2)/cr 

where T is the smaller rank sum, and 

~ = n (n + 1)/4; cr = ;--2n + 1) ~/6 

The number -1/2 is a correction for continuity. As usual, Z > 1.96 signifies 

rejection at the 5% level. 
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WILCOXON RANK SUM 'rEST 

The Wilcoxon two-sample test for unpaired observations is as follows where 

nl~n2' 

i) rank the observations for both samples together from smallest to largest 

(Tied observations, when they occur, are given the mean rank) 

ii) add the ranks for the smaller sample. Call this sum T. 

iii) compute T' =n l (n l + n2 - 1) - T, the value you would get ::or the smaller 

sample if the observations had been ranked largest to smallest (It is not 

the sum of the ranks of the other SamplE!) 

iv) compare the smaller rank sum (i.e., min (T, T') with the tabulated values. 

Small values of this test criterion lead to rejection of the null hypothesis. 

For values of nl and n 2 outside the ,limits of the table calculate 

z = ('~-TI-l/2)/a 

where ~=nl (nl + n2 + 1)/2 

and a=1 n2J..1/6 

The approximate normal deviate Z, is referred to the table of the normal dis

tribution to give the significance probability (p). 
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ROSETON/DANSKAMMER POINT 
PHYTOPLANKTON CELLS/LITER NET, FILTRATE AND WHOLE WATER 
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Tabellaria.~ •••• 0 ••• 0 ••••••••••••••••••••••• 

!.:, floccu1osa 0., 0" H •••••••••••••• 0" '" ••• 

T. fer!~ ••• ••••••••• ,_ ••••••••••••••••••• 

,I 

I 

ROSE'I'ON-DAN~ l'H"fTOPLllliK'l'ON 

RNCE RNa.; RSe;!: RSCW 

no./liter no./liter n?/liter no./1iter 

2264 18185 22678 3635 

7923 2139 4389 1454 
4527 

I 
4279 8778 5815 

2139 732 
1463 

33161 8778 5815 

1070 

30559 10697 25604 14539 

2264 4279 732 
10186 7488 4389 5089 

1070 732 5089 

12450 13906 6584 
6791 4279 7315 3635 

3209 
4527 1463 

9055 

----~---

RDE RI . 
J"-

o./liter noo/liter 

o sample 

21233 

5717' 
3267 

I 

15516 

128215 

3267 

817 

5717 
8167 

I 

D1 -
no./liter 

9239 

5774 
5774 

2310 

2310 

65825 

1155 

1155 

1155 
8084 

2310 

i 
I 

"':::I 

~~ 
t'i " l':J 

~ 
>< 
'OUt 
t'l ...... 
00 IN .... ...... 
2:-.J 
CD IN 
rt 
o 
II> .... 
Iii' 



( 

A. DIATOMS cont'd 

OlD centric ••••••••••••••••••••••••••••••••• 
UID pennate ........................ " ................................... .. 
OlD spined-centric ••••••••••••••••••••••••• " 

TOTAL DIATO!I'.s ••••••••••••••••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglena ~ ••••••••••••••••••••••••••••••••••• 
Phacus ~ ••••••••••••••••••••. ; •••••••••••••• 

'Trachelomonas ~ ••••••••••••••••••••••••••••. 
UIO euglenoids ••••••••••••••••••••••••••••••• 

TOTAL EUGLENOIDS •••••••••••••••••••••••••••• " 
% OF TOTAL PHY1~PLANKTON ••••••••••••••••••••• 

RNCE 

no./liter 

3396 

93942 
46.6 

1132 

1132 
0.6 

-- --- ---- '. 

RNCW RSCE 

no./liter no./liter 

1070 
8558 

115529 93637 
65.5 62.7 

732 

732 
0.5 

RSCW RDE RI 

no./liter no./liter no./liter 

727 18783 
5717 

45798 216416 
32.5 73.6 

DI 

no./liter 

10393 

115484 
73.0 

til 0 
~~ 
'tIt'l 
l:" .. 
t'l 

~ 
~~ •• w 

-':::: !2l .., 
(p W 
rt .... 
2 
I-' 
I-' 
til 



GROUP 

.C. GREENS 

Actinastrum !!£ ..................... .' ......... . 
~. graciLlil.l\\lJlI ............................... . 
A. hantzschii .••••••••••. · .••••••••••••••••••• 
Ankistrodesmus ............................... ' • 
Asterococcus ~ ••••••••••••••.••..•..•••••••• 
Chlamydomonas !!.E. ••••••••••••••••••••••••••••• 
Chlorella ~ •••••••••••••••••••••.••••.•••••• 
Chlorococc\lJlI 2E •••••..••.•••.•••.•••.•.•.• '.' . 
Chodatella sp •••••.••••••.•••.•••.•••.••••.•• 
~. lO~9iseta ................................ . 
~. rnicropor'U.I'C\ ....... _ .................................................... ... 
~. subsalsa .•••••••••••••••••••.••..••••••••• 
~. quadrata ................................. . 
Closteriopsis ~ ••••••.•••••.••••••.••••••.•• 
Closteriurn 2E ....••.•••.....•••.....•..•.•••• 
Coelastrum ~ .................................. . 
Cosmarium sp .................................. . 
Crucigenia ~ ••••••••••••••••••••••••••.••••• 
Dictyosphaerium ~ .••••.•••••••••.••••••••••• 
Echinosphaerella ~ •••••••••••••••••••••••••• 
Elaktothrix ;!J2. ••••••••••••••••••••••••••••••• 
Euastrurn !!E' ................................. . 
Eudorina ~ ••••.••••••••••••• '.' •••••••••••••• 
~. elegans .................................... . 
Franceia !!E ................................... . 
GolenJdnia radiata ••••••••••••••••••••••••••• 
Kirchneriella "~ .................. , ............ . 
Nicractinium pusi11\lJl1 ••••.•••••••••••.••••••• 
Nicrasterias ~ •••••••••••.••••••••••••••..•• 
~~ ................................. . 
Occystis sp •••••.•••••••••••..••••••.•••••••• 
Pandorina sp .................................. . 
P. charkow1ensis .•.•••. " •••••••••. " .••.••..••• 
Pediastrum biradiatum ••••...••••••••••••••••. 
P. dup~ •••••••••••••••••••••••••••••••••••• 
K. gla~duliferum .••.••••..••.••••.•..•.•••..• 
P. simplex •......•••.••••.•••.•....•..••.•... 
p. tctrus ...................................................................... .. 

ROSETONE-DANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter nO./liter no./liter 

1132 

10177 

1454 

4362 

---~-

RDE RI DI 

no./literlno./liter no./liter 

817 

26133 

til 0 

~~ l:"' ., 
t<J 

~~ 
'<1", 
t<J .... .. ...... 

-.I 
~'" C1) 

.!!' 
n 
C1) .... 
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·C. GREENS contrd. 

Platydorina caudata ••••••••••••••••••••••••• 
Polyedriopsis ~ •••••••••.•••••••••••••••••• 
Protococcus !!J:.. •••••••••••••••••••••••••••••• 
Scenedcsmus !!£ ..•••••••••.•••.•••••••••••.•.• 
S. abundans ••••••••••••••••••••••••.•••••••• 
~. acu.'ninatus ••••••••••••••••••••••••••••••• 
S. arcua tus ••••••••••••.••••••••.••••••••••. 
S. biiuga: •••••••••••••••••••••••••.•••.•• '.' 
~ •. ·~hUS ••••••••••••••••••••••••••••••••• 

S. denticp]atus .•••••••••••••.•••••.•••.•..• 
S. obligt·;;·,:-:-:-:-•••••••••••.•••••.•••.•••••.• 
.§.. ~icauda .............................. . 
Schroedria_~ ............................... . 
Schroederia ~~ti2era •••••••••••••••••••••••• 
Selenastrum ~ ••••••.••••••••••••••••••••••. 
Snhae~ocystis 32. •••••••••••••••••••••••••••• 
Spirogyra ~ .••.•••.••••••••.••••••.••••.•.• 
Staurilstrum ~ •••••••••••••••••••••.•••••••• 
Stanrflstrum aspinosa ••••••••••••••.••.•••••• 
Stigeoclollium ~ ••.••••••••••••••••.••••••.• 
Tetradesmus ~ ••••.••••••••••••••••.••••••.• 
Tet=aedron ~ ••••••••••••••••••.•••••.•••••• 
Tetraedron trigonum ••••••••••••••• · •••••.••.• 
Tetrastrum ~ ••••••••••••••••••••••••••••••• 
Ulothrix 32. .•••••••••••••••••••••.•••••••••• 
urD cOlonial ••.••••••••••••••••••••.••••••.• 
urD desmid •.••••••••••••••••••••••.•••••.••• 
urn flageilate ••••••••••••••••••••.••••••••• 
uro filamentous •••••••••••••••••••••••••.••• 
uro four-spined ••••.•••••••••••••••••..•.... 
uro G<:lni um-: 1 ike ............................ . 
uro unicellular ............................ . 
~~ .................................. . 
TOTAL GREENS •.•..•••••••••••••••••.••.••..•• 
% OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 

RNCE 

no./liter 

80359 

18109 

3395 

102995 
51.1 

RNCW RSCE 

no./liter no./liter 

58834 50476 

2195 

58834 52671 
33.3 35.3 

RSCW 

no./liter 

42162 
29077 

2181 

89413 
63.4 

I 

RDE RI 01 

no./1iterlno./liter Ino./liter 

817 

21233 
11433 

60433 
20.6 

1155 

41574 

42729 
27.0 

(fI/;j 

~~ 
l:" •• 
I'J 

~ 
•• VI 

"W 
I-' 
"-Z"-J 

~w 

..!! 
o 
~ 
I-' 
I-' 
en 



l 

GROUP 

D. YELLOW-BROWNS (DINOFLAGELLATES) 

Dinobryon ~ ......•.•.••.•...•..•. 
G1enodinium ~ ••.•••••••.••.•••••• 
Peridinium sp .•...••.••••.•..•.•.. 

5ynura :2.i~~"""""'''''''''''''''''''''''''''''''''''''''' 
UID cinoflage11ate .•••••.••..•.••• 

TOTAL YELLO .. I-BROh'NS ••••••••••••••• 
% OF TOTAL PHyTOPLANKTON •••••••••• 

E. BLUE-GREENS 

Anabaena ~ ••••...••.•••••.••••••. 
~. f1os-aquae .........•............ 
~. 32iroides •.••..•.•...•••.•.•••. 
Aphanizomenon ~ ••••.•...•••••.... 
Aphanocapsa ~ .....•••..••••...••• 
Aohanothece so .•••....••.•.•••••.• 

F ~ 

Chroococcus ~ •••.••.••..••..•..•• 
Cy1indrospermum ~ •..•.••..••..•.• 
Dacty1ococcopsis ~ ...•....••••.•• 
Gleocapsa sp .••.•..••••.•••••••.•• 
Gleothece sp ....................... . 
Go~"hosphaeria sp •••••••.••••••••• 
L·'ngbya~ ..••••••.• · •••..•••••••• 
Mer.ismopcdia sp ..•••••••••••••••.• 
~ g1auca •••• -:: ••••• ••••••••••••• '. 
1-1. major .................................................. .. 
i1"icrocystis ~ .•••..•... ' •..•••••.• 
~. ac:ruginosa ...•.••••••.••.••.•.. 
~sp .................. ., ......... .. 
Oscillatoria sp .................................... .. 

Roseton - Da.nskammer Phytoplankton 

RNCE RJ.'1CW RSCE 

no./liter no./liter no./l.i, ter 

2264 2139 

1132 

3396 2139 
1.7 1.2 

2195 

------- --
J ____ 

RSC'.9' 

no./liter 

4362 

1454 

5816 
4.1 

----- ---- -.--

RDE RI DI 

no./literl no./liter I no./liter 

17150 

17150 . 
5.8 . 

(flO 

~ ~ 
'V <I> 
1-''' 
<I> 

rt 

::a lJ1 
<1>'-.. LV 

I-' 

Z'
(1) '" ..!!W 
o 
ro 
I-' 
I-' 
fJ) 



{ 

E. BLUE-GREENS CON' T 

Phormidium ~ ••••••••••••••••• 
Spirulina ~ •••••••••••••••••• 
Synechococcus .:!12." ., ••••••••••• 
UID Aphanothcce-like ••••••.••• 
UrD Dranche~ filamentous •••••• 
UID colonial ••••••••••••••••.• 
UID fi1e.mentous ••••••••••••••• 
UID cieocapsa-like ••••••••••.. 
UrD long cell ••••••••• · •••••••• 
UID sheathed cell ••••••••••••• 
UID two-celled colonial ••••••• 
UID unicellular ••••••••••••••• 

TOTAr. BLUE-GREENS ••••••••.••• 
% OF TOTAL PHyTOPLANKTON ••••• 

F. OTHERS 

'UID flagellate ••••••••••••••• 

.. TOTAL -OTHERS ••••••••••••••••• 

. %·OF TOTAL PHYTOPLANKTON ••••• 

G.. TOTAL PHYTOPLANKTON 

Roseton - Danskarnmer Phytoplankton 

RNCE ---- RNCW .. -.-~. RSCE - RSc.~ 

no./liter no./liter no./liter no./liter 

I 
I 
! 

2195 
1.5 

201465 176502 149235 141027 

J 

P.DE !u DI 

no./liteq no./liter fno./liter 

293999 158213 

tile 
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~::; ,.... " 
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GROUP 

A. DIATOMS 

Achnap.thes ~ •••••••••.•••••••••••••••••.•••• 
AInphil'rora ~ .•••••••••••.•.•••••••••••.••.•• 
A;nphora ~ •••••••. " •••••••••••••.••••••••• ,. 
hsterJ.onella formosa ..••.••...••••...•••..• :. 
Atthcya zacharl.asi. •••••.•• -•.••... _ .•• _ ., •••• 
Ce!'atonC!is 32.- •••• - •••••••. - •••••••••••••• _. -. 
ChaBtoceros sp. ~ ......................................................... .. 
~~ 3.? A ••• _ ••••••••••••••••••• !I •••.•• 
~eis ~ .••••..••.••..•..••••.••.••••..•. 
Cos::'inodiscus ~ .•.•..•••••.•.•••••.•.•••.•••• 
Cyclo\:ella .se. ............................... . 
Cvrnl)clla 32. .•..••.••••••..•.•••••..•••.•.• , •• 
Dia.toma 32. ••••.•••••• '" ..••••••...• " ••••. , • 
Diploneis .se. ....•. ' .. '.' ...................... . 
£unotia 32. .•...••..•• '" ..•••••.... , ••••.. " • 
Fragilaria 32. ..••.••• '" ..•.••••... '" •..• , .• 
Fra'.]iJaria crotonensis .•..••.•••...•.••••.•.• 
Gomphonema ~ •••••.••••••.••••••••••••••••..• 
Gyrosi.gma sp ..••...•.•••..•..•••...•••.•..•.• 
HantisChla 32. .••...•..•••...••••••.••.•••.••• 
11elosi.ro. 32. •.•••••••••••••••••••..••.•••••••• 
!i. gran-;:;-la to. .•••.••.•••••.•••••••....•••...•• 
~eridion circulare •••••••.•.••••••••••••.•••• 
Navicula 32.' .•.••••••.•••.•••••••••••.••••••• 
Navicula SO A •••••••••••••••••••••••••••••••• 
~SChla ""'i£ .... ' ............................. . 
N. si<:ma ........................................................................ . - -'--"-"-
Pillnulo.r.ia ~ .•••.•••••••.•••••••••.•••••••••• 
Rhoicosphenia curvata •••.••.••••••.•••••••••• 
Stephanodiscus ~ ••••••••••.••••••••••••....• 
Surirell<i. 2£ •••••.•••.••.•••••••••••.•••••.•• 
'§.. patella .•••••••.•.•••..••.•••••••••.•••.•• 
Synedr~~ •.•••••••.•••••.•••••••..•••••••.•• 

'(~. Ull~ ....................................................................... . 

Tabe_~l.~ia sp ••••.••••.••.••••• H •••• '" ., ••• 

1:., flc,::culosa .•...•••••.....•••••.•...•....• 
T. fenestrata ..••••••••••.•.•••..••..•...••.• 

ROSETON-DA.~SKAMMER PHYTOPLANKTON 

RNCE RNCI, RSCE RSCW 

no./liter no./liter no./liter no./liter 

8650 1311 22448 13158 

7081 1320 2024 
1081 874 3961 1012 

3244 437 13205 4049 

437 660 

2024 

437 

ROE RI 

ro./literlno./1iter 
") 

.t11Iple 
no 
sample 

DI 

no./liter 
no 
sample 

(flo 
~;,:. 
'tlt;J 
t< .. 
n 
t-3 0\ ..;, 
'" IV n 0\ , 

-..) 

Z"" 
m 
.It 
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I-' 
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r ( ( 

A. D1A"TO~1S cont'd 

UlD centric ••••••••••••••••••••••••••••••••• 
uro pennate ••.•••••••.•••.••••••.••••••••••• 
uro spined-centric •••.••••••.•••••• ' •.•••.• ',' 

TOTAL DrA TOMS •••••••••••• : ......... ' ••••••••• 
% OF TOTAL PHYTOPLANKTON •..••••••••••••••••• 

B. EUGLENOIOS 

Euglena ~ ••••••••••••••••• , •••••••••••••••••• 
Phllcus ~ •• , .•••••••••••••••••.••••••••••••••. 

'Trachelomonas ~ ••• ; •• p •••••••••••••• ',' •••••• 

urD eug 1 enoids •••••••••••••••••••.••••••••••• 

TOTAL EUGLENOIOS ••••••••••••••••••••••••••••• 
% OF TO?AL PHYTOPLANKTON ••••••••••••••••••••• 

.' 

Rt.~CE RNCW 

no,./liter no./liter 

14056 3496 
100% 100% 

-_._---

asCE RSCW ROE R1 

no./liter no./liter )./literlno./1iter 

1012 

41594 23279 
17.4% 100% 

01 

no./liter 

000 

~~ 'Oro 
I:" •• 
ro 

~C) 
't1~ roC) .. , 

* .r! 
2 ... ... 
(Jl 

-.J 
W 



l. 

GROUP 

. Co. GREENS 

Actinastrum ~o. o •••• 0 ••••••••••• 0 ••••••••••• 

A. qracill i.mum ...•..•........................ 
A. ho.ntzschii .......•.••.......•........•...•. 
A~kistrodesmus ............................................. ............ ,"" 
Asterococcus ~ •..••......................... 
Chlal7l'!domonas ~ •.•••.......• 0.0 ••• 0 ••••••••• 

C~loralla sl? .•...•••.. 0 ••••••••••••••••••••• 

!:hl<?roc()ccum ~ ....................................... .............. ",'" .. 
Cl1orlile::ella ~ ......•..•....•......•.......... 
~. lO!.:3...iseta ............................................................... .. 
C .. :7'.i c:rc/l)Ortl.TU .............................................................. .. 
C .. sul~,J.lsa ................................................................. .. 
0. Quadrata ..•.•••..•.......•••...•.......... 
c\o-;terioPsi2 ~ ...................... , ...... . 
Closterilun sp ••..........•.•...•.•....•...... 
Coelastrun sp •.•..•.•.•..•......•......•..... 
Cos7n:...:ri\.}m sp ................................................................ .. 
C::::-u(;iqenia ~ ........... "" ..................................... " ........ .. 
Dictyosohacrium ~ •••..••••. '" •... " .•.....• 
Echinosphaerella ~ ..•••...........•.•..••... 
Elaktothrix ~ ••. '" ••.•••••..•••....••.. , ••. 
Euastrum ~ ..••••••.•••...••.•.•••...•••.•.•• 
~na sp ...••••..••••..•.••..•.•• ; ..•••.•• 
~. elcgans ....••..••.•.•••...••..•.• ~ ...•..•• 
Franccia ~ .•••.••••.••••.•.•••••.••••.. ~ •.•. 
C-clenl:inia radiata .••.•.••...••.••••••••..•.. 
Kirchnericlla ~ ...••.••..••••.••.••••••••.•. 
HicractiniUr.1 pusillum ••..•••••.••.•..••••••.. 
Hicrasterias sp •.....•••.•••••.••••....•.•..• 
~~e()tia sp ........................................................ . 
C',·::ystis sp •.•....•.•..••....••••.•......•... 
Pandorina ~ .•.•.•..•.•............••........ 
? .. cllark"o"J/icrlsis ................. "oO "" ............................. .. 

?0dia:>trwn biradiatu:II ............•.•.•....... ------
P. all': ley. ..... , ..•.... " .....•.....•.••......• 
? ~ ql~!1'J~lifcrum .................................................. oO""" 

P. sic,;-,l~ .............................. oO •• ""."""".oO""" •• 

P. t.'2.~:E~ ... .................................. . 
\ 

ROSETONE-DANSKANMER P:-!YTOPLfu'<KTON 

RNCE R;.'lCl~ RSCE RSCl'1 .. -

no./liter no./liter n0./liter no./liter 

11224 

27069 

I 

RDE RI DI 

)./literlno./liter no./liter 

Ult:l 
~:t" 
~t;1 
t' ,. 
t'l 

~ (jI '0, 
t'lN 
•• (jI , 

'" Zw 
it> 
.!! 
n 
it> 
f-' 
f-' 
fII 



( 

·C •. GREENS cont'd; 

Platydoxina caudata •••••••••••••••••••••.••• 
Polvedriopsis ~"""""""""""""". 
Protococcus ~ •••••••••••••••••••••••••••••• 
Scenedesmus' ~ ................................................. " .• 
§.. abundans ••••••••••••••••••••••••••••••••• 
s. acuminatus ••••••••••••.•••••••.•••••••••• 
S: . arcua tus ••••••••••••••••••• , •••••••••••• , 
S. bijuga .................................... . 
S. dit~orphus ••••••••••••••••••••••••••••••• '. 
S. dcnti~l.)}.atus ••••••••••.••••••.••••••••••• 
S. oblign;: '; ~ ••••••••••••••••••••••••••••••.• 
~. ~ildrica:uda ••••••••••••.••••••••••.••••••• 
Schrocdria_~'p •••••••••••••••••••.••••••••••• 
Schroederia .s~tigera •.•••.••• , '" ••••••••••.•• 
Sel~nastrum.~ ••••.••••••••••••••••••••••••• 
Sphaerocystis ~ ••••••••••••••••••••••••.••• 
spirc-:;yra sp •••••.•••••••••••••••••.•••••••• 
Staurastr~ ••••.••••••••••••••••••••.•••• 
Stanrastrum aspinosa ••••.••••••••••••••••••. 
Stigeoclonium ~ •••••••••••••••••••••••.•••• 
Tetradesmus !!e .••••.••.••.••••.•.•..•.•••••• 
Tetraedron ~ •••••.•••••••••••••••••..•••••• 
'Tetracdron trigonum •••••••••••••••••.•••.••. 
Tetras trum ~ .••• ~ •••••••.••••••••••••..•••• 
Ulothrix sp ••..••••••••••••••••••••••••••••• 
urn 7olO'llial; •••••••••••••••••••.••••••••••• 
Uln desmid •••••••••••••••••••••••••••••••••. 
DIP . flagella te .••••••••••.••••••••..••••••.• 
uID filamentous .••••••••••.•••••••.••.•...•• 
aID four-spined ••••••••••••.•••••••••.••.... 
UID G<)nium~ 1 ike ••••.•••......••••••......•.. 
UID unicellular •••••••.••.•..•.••.•.•.•..•.• 
~~ .................................. . 
'I'OTAL GREENS •••••••••••••••••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON ••.••.•...••........ 

RNCE 

no./liter 

RNCW RSCE 

no./liter no./liter 

1320 

39613 
16.5 

. 

RSCW RDE RI 

no./liter ·>./liter Ino./liter 

i 
I 

I 
I 
I 

I 
I 
I 

I 

I 

i 

DI 

no./liter 

U:>§l 

~t;1 f;j •• 

t~ 
t'l", 
..~ 

--J 
Zw 

~ 
o 
!I> ... ... 
III 



GROUP 

D. ·yELLOW-BROWNS (DINOFJJAGELLATES) 

Dinob~~ •••.•••••••••.•••••••• 
. GlenodiniUll1 ~ •••••••••••••••••••• 
Peridinium ~, ••••••••••..•.•.•••• 
SY:-lura ~ •..••••••••••.•.••..••... 
UID cinoflagellate •••..•••••....•• 

TOTAL yELLOW-BROWNS ••••••••.•••••• 
% OF TOTAL PHYTOPLANKTON .••••••••• 

E. BLUE-GREENS 

Anabaena ~ •••••••••.•••.••••••••• 
~. flos-aquae ••••.••••••••.•••.•.•• 
!!.. spiro ides •••••••••.•..••.•••••• 
Aphanizomenon ~ •••••••..••••••••• 
Apha·r.o:::apsa ~ .•••••.••••••••••••. 
Aphanothece ~ •••••••••••••••••••• 
Chroococcus ~ ••••••.••••••••••••• 

'CylindrospermUll1 ~ •••••••••••••••• 
Dactylococcopsis ~ ••••••••••••••• 
Gleocapsa 32. .•.••••••••••••••••.••. 
G1eothece ~ •••••••••••••••••••••• 
Go~rhosphaeria ~ ••••••••••••••••• 
Lynqbya~ .•••••••••••••••••.•••••• 
. Mer ismopedia sp ••••••••••••••••••• 
. 11. ~auca ........................ . 
M. ma~ •••.•••••••••••.••••••••• 

. Microcystis sp .••••.••••.••••••.•• 
;:!.. aeruginosa ••••••••••••••••••••• 
·Nosto::: sp •••••••.••••••••••••••••• 
'~atoria sp ••.••••••.••••.•.•• 

Roseton - Danskammer Phytoplankton 

RNCE mcw RSCE 

no./liter no./liter no./liter 

158454 

RSCW !mE RI DI 

no./liter I "./literl no./liter I no./liter 

I 

(flO 

'" J)J S rt 
'0 Q 
I-' ., 
Il> 

rt 
'< 
'g 0' .. "'

IV 
0' 
"'-12: ..... 

ID W 
...tt 
o 
ID .... 
I-' 
Ul 



E. BLUE-GREENS CON' T 

Phormidiurn ~ ••••••••••••••••• 
Spirulina ~ •••••••••••••••••• 
Synechococcus ~ ••••••••••.••• 
uro .'1phanothece-like •••••••••• 
UIO branched filamentous •••••• 
urD colonial ..•.....••..••.•.. 
uro filamentous ••••••••••••••• 
uro Gleocapsa-like ••••••••••.• 
urD long cell ••••••••••• -•••••• 
uro sheathed cell ••••••••••••• 
uro two-celled colonial._ •••••• 
uro unicellular ••••••••••••••• 

TOTAL BLUE-GREENS •••••• ~ ••••• 
, OF TOTAL PHYTOPLANKTON ••••• 

F. OTHERS 

uro flagellate ••••••••••••••• 

TOTAL OTHERS ••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON ••••• 

G. TOTAL PHYTOPLANIcrON 

r 

Reseton - DanskCUlllller Phytoplankton 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter i 
I 

158454 
66.1 

I 

I 

14056 3496 239661 23279 

--L..._ 

RDE ru: DI 

-,.(liter! no./liter fno./liter 

{l)tI 

~ ~ 
'"O(\) .... ., 
III 

4 
'CCl\ ro,-
.. IV 

~ 
Z-.J 
Ill'" n
o 
(\) .... .... 
III 



E'. BLUE-GREENS CON' T 

Phor'!l1idium ~ ••••••••••.•••.•• 
Spirulir:a ~ .••.••••.•.••.•••. 
Syncc:;~ococcus, ~ •...•.•••..... 
UID ,·,j)ha'1othcce-like ••..•....• 
uro ~ranched filamentous •.•..• 
urD colonial •••••••.•••••.••.• 
UIO filamentous .••..•••••.•... 
UIo Gleocapsa-like •••.•••..••• 
uro long ceil •.•••••.•.••••••• 
urD sheathed cell ••••••••••••• 
uro two-celled colonial ••••••• 

'UIO unicellular •••..•..•••••.. 

TOTAL BLUE-GREENS •••••••••••• 
,% OF TOTAL PHyTOPLANKTON ••••• 

F. OTh'ERS 

UID flagellate •• ~ •••••••••••• 

TOTAL OTHERS ••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON ••••• 

,'G. TOTAL PHYTOPIANKTON 

Roseton - Panskammer ~hytop1ankton 

R."C:c' Ri"CW RSCE RSCW 

no./liter no./liter no./liter no./liter 

2565 9110 

5300 

4104 19876 

1026 12422 

11263 4194 30780 110145 
10.8 11 25.6 33.2 

104680 38283 120555 333172 

ME RI DI 

no./lite~ no./liter Ino./liter 

42006 

3704 

Vlt:) 

538518 42006 ~ Jl! 

90.0 27 '0:; 
I-' ,. 
ro 
rf' 
'< -..J -g, 
.. IV 

"" , 
-..J 

Zw 
ctI 

..!'! 
() 
ctI 
I-' 

'741 955 .... 
Ul 

.12 .6 

598516 154659 



f t 

GROUP 

D. YELLOW-BROWNS (DINOFLAGELLATES) 

Dinobryon ~ ••••••••••••.••••••••• 
Glenodinium ~ •••••••••••••••••••• 
Pcriainium ~ ..••••••••••••••••••• 
Synura ~ ••••••••••••••••••••••••• 
UID dinoflagellate •••••••••••••••• 

TOTAL YELLOW-BROWNS ••••••••••••••• 
% OF TOTAL PHYTOPLAN~N .•••••••.• 

E. BLUE-GREENS 

Anabaena ~ ••••••••••••••••••••••• 
~. flos-aquae •••••••••••••••••••••• 
~. spiroidcs .••••••••••••••••••••. 
·Ar.>hanizomer.on ~ •••••••••••••••••• 
Apha~ocapsa ~ •••••.•••••.•••••••• 
Aphanothece ~""""."""""" 
throococcus ~ •••••••••••••••.•••• 
Cylindrospcrmum ~ •••.•••••••••••. 
Dactylococcopsis ~ ••••••••••••••• 
Gleocapsa ~ •••••••••••••••••••••• 
Gleothece sp .••••••••••••••••••••• 

: Gornphosphaer:"ia ~ ................ . 
Ljrngbya spo.··· ... ••••• .. ••· .. •• .. • 

.. ·Merisffi"oped!a ~ •••••••••••••••••.• 
~ glauca ••.••••••••.••••••••••••. 
~. l!Iajo!;' •••••••.•.•••••••••••••••• 
}!icro::ystis ~ •••••••••.•••••••••• 
!:!.. aeruginosa •••••••••••••••••••.• 
!Zostoc Sp" ...................... ~ ....... . 
~at,;ria .~ •.••••••.•.•••••••• 

r 

Roseton - Danskammer Ph~toplankton 

RNCE RNCW RSCE 
no./liter no./liter no./U,ter 

7565 

2565 
2.1 

14877 

5963 2097 

2097 

8208 

----------

RSOi 

no./liter 

9938 

9938 
3.0 

4969 

63768 

ROE RI DI 

no. (liter I no./liter! no./liter 

741 

741 
.12 

481 

533333 

til 0 

~ ~ 
'Oil> ..... 
Il) 

rt -.J 

~" 
Il) ~ .. " -.J 
Zw 
ro 

.;; 
() 
Il) ,.... ,.... 
(/l 



L 

·c. GREENS contrd. 

Platydorina caudata ••••••••.••••.••••••.•.•• 
Polyedriopsis ~ •••••••••.•••••••••••••.•.•• 
Protococcus ~ .••.••••••.•.••••••••••.•••••• 
Scenedes::-.us 32, •••••••••••••••••••••••••••••.• 
S. abundans ••••••••••••••••••••••••••••••••• 
S. acuminatus ••••••••••••••••••••••.••••.••. 
S. arcua tus ••••.•••••••••.•.••••••••.••••••• 
~. bijuga •••••••••••••.•••••••••••••.•..•• '.' 
~. dimorphus ••••••••.•••••••••••.••••••••••• 
~. c1entict·)~ ••••••.•••••••••••••••••••••• 
S. o!Jligm·, ••.••••••••••••••••.••••••••••••• 
s. ~ic·allda ....................................................... .. 
Schror;dria_~'p .••..•••••••••••••••••.••••••.• 
Schrocderia .:;qtigera •••••••••••••••••••••••. 
Selenastrum sp .•.•••••••••••.•.••••••..••.•• 
s;:.haerocystis ~ .••••..•••.••.••.••.••••.••• 
Spirogyra ~ ••• ,. " •••••••••••••.•.•••• , ., •• 
Stauri1strum sp ••••••.•••••••••.•••.•.•.••••• 
Sta1~rastrum· aspinosa ........................ ~ .................. " 
StJ.geoclonium ~ •.•.••.••.•.••••.•••.•••.••• 
~"'tradcs",us sp ••••.•••.••.•••••••••••..••••• 
Tetracdron ~ .......................... , ••••• 
Tetracdron trigonum ••••••.••••••.•.••••..••• 
Tetrastrum ~ ••••••••••• , .•••••••••••••••••• 
Clothrix ~ ••••••.•••••••••••••••••••••••••• 
. urD Colollial ............................................................. .-
·UrD desmid •••••••••••••••.•••••••••••••••••• 
urn flagellate •••••••••••••••••••••••••••••• 
iJrn filamentous ............................. . 
UIn four-spined ••••••••••••••••••••••.••.••• 
uro Goni.um-:1ike ..•.•••••.••••••.•••..•.••••• 
uro unicellular •••••••••••••••.•••••••.••••• 
Volvox ~ •••••••••••••••••••.••••••••••.• _" 

~O'rAL GREENS •.••••••••••••••••••••••.••••.••• 
% OF TOTAL PHYTOPLANKTON ••••••••••••••.••••• 

RNCE RNCW 

no./liter no./liter 

2650 

530Q 

4195 

6294 

3975 3671 

4638 4720 

47039 18880 
44.9 119 

RSCE RSCW 

no./liter Ino./liter 

3078 

3313 
3591 8282 

29754 6625 

7453 

52839 143181 
43.8 43.1 

!DE RI DI 

·?/1iterlno./liter 1no./liter 

5185 

5185 

37036 

48887 
8.2 

5728 

8592 

9547 

94604 
60.0 

(1)0 

~~ 
·v tIl 
t"' •• 
M 

'" >< 
'" -..J £1 ...... 

N 

"" :.: ...... 
II) -..J 
.$!"w 
() 
II) 
I-' 
I-' 
III 



f ( 

GROuP 

. C. GP.£ENS 

Actinastrum ~ •••••••••••••••••••• ; •••••••••• 
~. graciLlim~ •••••••••••••••••••••••••••••• 
A. hantzschii ••••••••••••.•••••••••.•••••••••• 
'Arlkistrodesmus~· .. ................................................... .... .. 
Aster0COCCllS !E. ...... e ................................ ,. ....................... .. 

Chlamyco::\onas ~ •.•••• , •••.•••• , •• , •• , •••••••• 
Chlorella ~ ••••••••••••••••••••••••••••••.•• 
ChlorococcUl11 ~ ••••••••••••••••••••••••••• '.' • 
Chodatella ~ •.•••••••••••••••••••••••••••••• 
C. longiseta ................................. . 
c. microporum .•••••••••••••••••••••••••.••.•• 
C. subsalsa ••••.•••••••••.••••••••••••••••••• 
C. ;:;-~ ...•.•.•••••.••.••.••.•.••.....•.• 
Clo~teriopsis ~ ••••••••••••••••••••••••••••• 
Clostc,riul!l ~ •••••••••••••••••••••••••••••••• 
Coelastrum ~ •••••••••••••••••••••••••••••••• 
Cos::l'lrium .212. ••••••••••••••••••••••••••••••••• 
Cr uci "enia §l2. •••••••••••••••••••••••••••••••• 
~o~erium ~ .•••••••••••.•••••••••••.•. 
EchinoSDhaerella §l2. •••••••••••••••••••••••••• 
Elaktothrix ~""""." •••••••••••••••• , •••• 
Euas trum §l2. ••••••• ' ••••••••••••••••••••••••••• 
Eudorina §l2. •••••••••••••••••••••••••••• : ••••• 
~. elcgans ••••••••••••••••••••••••••.•••••••• 
}"ranceia ~ ••••••••••••••••••••••.••••••••.•• 
.GolenJ:inia ·radiata ••.••••••••••••••.••••••••• 
'Ki):"chneriella ~ .••.••••••••••••••••••••••••• 
Micractinium pusi11um •••••••••••••••••••••••• 
Hicrasterias ~ .•••••••••••••••••••••••• ' ••••• 
Hougeotia ~ ••.••••••••••••••••••••••••••.••.• 
()r~cystis ~ •••••••••• '.' •••••••••••••.••••••••. 
pand~rina ~.:: •.•••••••••••••••••••••••••••• 
P. cnarkow~ens~s" ••••.•••.••••••••••.••••••.••• 
Pediastrum biradiatum •••••••.• , .•••..•••••..•• 
P. d'.lr}l(;:x .............................................. .. 
I. ~-idU1 iferum •...•••••...•.•••..••••••...• 
P. simplex •.••..•..•.••• " .•••.••..••.••..•••• 
P. !.£!:~ ........•....•.....•.....•.......... 

f r 

ROSETONE-OANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter I 
I 

59627 

9938 
1656 
828 

19048 

19876 16416 19876 
10600 

6625 

-- -

RDE RI DI 

~./literlno./liter no./liter 

1481 66828 

1909 

t/)~ 

~~ 
t< •• 
r<J 

~ 
'1l 
t'l...., .. , 

I\) 

~ z ...., 
(1) w 

.!! 
o 
(1) 
I-' 
I-' 
!II 



L 

A. DIATOMS cont'd 

( 

/ 

uro ce:1tric ..••.•••••••••.••••••..••••.•.•.• 
uro pennate ••.•••.•••••••.••••••.••••••••••. 
uro spined-centric .•.•••...•••••••••.••••• '.' 

TOTAL DIATOMS •..•.••..••..••••••.•••..•..••. 
% OF TOTAL PHyTOPLANKTON .•..••••••.•••••.•.• 

B. EUGLENOrOS 

Euglena ~ ••••••••..•.•••..•••••••••..•.•••.• 
Phacus EE. ••••••.•••••••••••••••.••••••.•••••• 

. Trache1omonas ~ ••••.•..•••..•.•...••....••.. 
uro eug1enoids •.••••••.••............•..•.... 

TOTAL EUGLENOrOS ••••••••••••••••••••••••••••• 
. % OF TOTAL PHYTOPLANKTON ••••••.•••••••••••••• 

RNCE 

no./liter 

663 

45715 
43.7 

663 

663 
0.6 

RNCW RSCE - - -

no./liter no./liter 

15209 3437 
40 28.5 

RSe''; 
--~-. 

no./liter 

15078 

68908 
20.7 

I 

ROE RI 

·~./literlno./liter 

7467 
1.2 

2222 

2222 
3.7 

19094 
12 

01 

no./liter 

CIlt1 
::>:J> 
3:>-3 
't1t'1 
~ .. 
~ 
'tl 
t'l 
.. -..j 

'
N 
oil> 

Z'
(1) -..J 
..!!w 
o 
(1) 
I-' 
I-' 
(I) 



( [ 

GROUP 

A. DIATOMS 

Achnanthes ~ •••••••••••••••••••••••••••••••• 
A:nphip~ ~ •••••••••••••••••••••••••••••••• 
&'"'!lphora ~ ............................ flo ................................... .. 

Asterione11a formosa ••••••••••••••.•••••••••.•• 
Atthc"a zachariasi •••••••••.•••••••••••••••••• 
~o7.cis. ~ ....... '!" ..................................................... .. 

~c;ros ~ ........... : .................. . 
~o~ ~ A •••••••••••••••••••••••••••.•• 
CocGoneis ~ ••••••••••••••••••••••••••••••••• 
Coscinodiscus ~ ••••.•••.•••••••••••••••••••• :. 
Cyclotel1a ~ •••••••••••••••••••••••••••••••• 
Cyn..J::.cl1a ~ •••••••••••••• , •••••••••••••••• , •• 
Di(~ toma !12. .................................................................... .. 
~lorcis ~ ••••••••••••••••••••••••••••••••• 
!:.unotj~ ~ ••••••••••••••••••••••••••••••••••• 
Fragi1aria ~ •••••••••••••••••••••••••••••••• 
E=agilaria crotonensis ••••••••••••••••••••••• 
Go:r.!,~ ~ ••••••••••••••••••.••••••••••• '" 
GyrosigJ:1a ~ ................................ . 
Hantzschia ~ •••••••••••••••••••••••••••••.•• 
Melosira ~ ................................. . 
ii. granulata ........... ~ .................... .. 
Meridion circu1are ••••••••••••••••••••••••••• 
Navicula ~ ••••••••••••••.••••••••••• , ••••••• 
Navicula ~ A •••••••••••••••••••••••••••••••• 
Nitzschia ~ ••••••••••••••••••••••••••••••• ,. 

o!:!. •. siCfITla ....................................................................... .. 
P:i:nnu1aria ~ •••••••••••••••••••••• , ••••••••• 

. 'Rhoicosphenia curvata •••••••••••••••••••.••••• 
Stephanodiscus ~ •••••••••••••••••••••••••••• 
Surirella ~ ••••••••• '.' ••••••••••••••••••••••. 
~. patella •••••••••••••••.••••••••••••••••••• 
Synedr~.~ •••••••••••••••••••••••••••••.••••• 

,So ulr.a •••••••••••••••••••••••••••••••••••••• 
T3bellca1:ia 52:····· ....... ········· .. ········ 
T·. flocculosa •.••••••••••••••••••••••••••••• 
T. fenestrata •••••••••••••••••••••••••••••••• 

ROSETON-DANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE .. - RSCW . 

no./liter no./liter n':)./liter no./liter 

513 

828 
2650 828 

15238 5245 10773 28986 

1325 828 
524 

1988 

1573 

513 

21863 5245 17955 15735 

828 
1988 2622 3078 4141 

828 

1539 828 

RDE RI Dr 
j./1iterlno./1iter no./liter 

'no 
'sample 

741 
1909 

4444 8592 

741 955 

(/)tJ 
:J>::-
:;: ..;! 

'" t'l tot " 
!'l 

I 5728 ~-..J 1481 "" t'l '" .. "'" , 
-..J 

Z..., 
!II 
!': 
() 

955 !II 
I-' 
I-' 
(J) 

955 

I 



GROt..'P 

A. DIATOMS 

Acn.l'lanthes ~l2."""""""""""""""" 
A.,"phiprora 2£ .......•..•.......•••........... 
Ampho,~a ~ ••••••.••••••••...•...•••••.•.....• 
Asterion'ella formosa ......................... . 
Atth8Z~ zachariasi. •••••• '" •••••.•••••• , •••. 
Cerat(},r!f...!is !!£ ............................. ., .............................. .. 
Chaetoceros 212. ••••••••••••••••••••••••••••••• 
Chaetoc~ 2l2. A .•••••••••••••••••••••••••• " • 
Cocconeis ~ .•••••••••••..•.••••••••••••.•••• 
COSCiLOdiscus ~ .••• ' •.••••..•• , ... , ••••••.••• 
C\'c1.otclla ~!2.""""""" ................................................ .. 
£L!C.l:;.cj~ ~ •••••••••••••••••••••••••••••••••• 

~~~~~;!i~-~: : : : : : : : : : : : : : : : : :: : : : : : : : : : : : : : : 
Eunot j a 2l2. •••••••••••••••.••••••••••••••••••• 

~~:~{~:~; ~~~~~~~~~~::::::::::::::::::::::: 
Gc::-:;~·:·t(~ ~ ............................................................ .. 
G'/l-osiq:!la sp ................................................. _ ............ .. 
Ha;ti,",cl1Ia sp •..••..........•.••.••••.•.••••• 
Eelosl ra. ~ •••••••••••••••••••• , ••• , .•••••••• 
~. granulata •••••••••••••.•••••••••••.••••••• 
Heridion circulare •..•••...•••••••.•.••••.••• 
tlavi-::ula ~ ................................. . 
!~a'Ji<.!ula sp A ............................................................. .. 
Nitzschia sp ••••••••.•••.••••.•••••.••..••••• 
!-l. sicma ..................................................... . 
Pir~nula;-ia .§E. .............................................................. .. 
Rhoicosphenia curvata ••••••••••••••••••.••.•• 
Stephanodiscus sp ••••••••••.•••.•••.••••••••• 
SurirE-lla ~ ••••••••••••..••••••••••••••••••• 
~. p"tilla •••••.•••••••••••••••••••••.••••••• 
Syr.edr~ 2l2. •••••••••••••••.••••••••••••••••••• 

IS. Ull~a. ............. o.o. .................. ~ .......... """ ............ o. ...... .. 

Ta~)('!ll ~Eia ..E£. ................ ...... " '" ................. " ............. .. 
I.:. .. ~"lc!c.£..u_losa .......................................................... .. 
T .. fer:2strata ............................. o. ....................... .. 

ROSETON-DANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter 

1088 

1224 1088 
16655 10159 20805 17410 
19986 19048 22029 11969 

11659 

38307 54603 27203 

1088 
1666 2448 1088 

3671 
3331 1270 1224 

j 

I 

RDE RI 

r~./literlno./liter 

:> Sample 

17308 
40386 

5769 

11539 

1442 

2885 

1442 

DI 

no./liter 

No sample 

CIlt) 

~~ 
'tlt'1 
t"'* .. 
t'l 

"3 co 
"" 'tl N 
t'l I-' .. , 

.... 
~w 

!! 
Q 
II> .... .... en 



r f 

A. DIATOMS cont'd 

UID centric ••••••••••••••••••••••••••••••••• 
UID pennate ••••••••••••••••••••••••••••••••• 
UID spined-centric •••••••••••••••••••••••• ',' 

TOTAL DIATOMS ••• ' •••••••••••••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglep.a .=12. •••••••••••••••• ',' ••••••••••••••••• 
~ .=12. •••••••• ' •••••••••••••••••••••••••••• 

'Tracne1omonas .=12. ••••••••••••••••••••••••••••• 
UID euglenoids ••••••••••••••..••••••••••••..• 

TOTAL EUGJ:,ENOIDS •••••••••••••.•••••.•••••••• " 
% OF TOTAL PHY1~PLANKTON ••••.•••••••••••••.•• 

{ 

RNCE RNCW 

nc./liter no./1iter 

1270 

91604 86350 
16.8 11.6 

f 

RSCE RSCW 

nc./liter no./liter 

51401 60934 
4.1 8.7 

WE R! 

no./1iterlno./liter 

80771 
3.5 

PI 

no./liter 

~~ 
I:" •• 
t'J 

~ 
'" t'J 

2: 
(I) 0:; 

.!!';:J 
o .... 
(I)' 

.... '"" ... w 

'" 



t 

GROUP 

,c. GREENS 

l',ctinastrum 32. .••••••••••.•••••••. ; .•••.•.•.• 
A. graci~limum .•••••••..•.•••••.•••.•.••.•.•• 
A. hcmt2schii ..•.•.•••••• ' .••••••..•••••.•. '" 
Ankistrodesmus .••••••••••••.••••.••••••.•.• " • 
Asterococcus so ••••••.•••••..•••••••••••...•• -------...#-
Chlamydomonas E.£. ••••••••••.••••••••••••••••••• 
ChIarella ~ .•.•.••..••••.•••••.••••••••••••. 
Chlorococcum ~ •••••••••••••••••••••••••••• " • 
Chodatella 32. ..••.•••••••.••••••••••••••.•.•• 
£. longiseta ................................ . 
C. rnicroporum •..•••••••••.•••.•••••.•.••.• o •• 

C. subsalsa •..••.••••••••••••••.•.••••••••••• 
£: quad:-ata: •••.•••••••••.••••.•••••••.•••.•• 
CJ.ostcr~ops~s E.£. ••••••••••••••••••••••••••••• 
Closterium sp •••.••.•••••••.••....••••.•• 0 ••• 

Cocla:;trum sp ••••.•••..••••••••• o ••••••• 0 0 " • 

Cos!:l<lriuro ~ ...••••••••••••••.•. " .•••..••... 
c:-uc~cn,ia ~ ••.••.•••••••.•.•• 0 ••••••••••••• 

D~ctyospnaer~um ~ .•••••••••••.•.••.••••..•.. 
Echinosphaerella 32. ••..••••.•••••••.•••••••.• 
Elaktothrix E.£. ••••• 0 ••••••••••••••••••••••••• 

Euastrurn ~ ..•.•..••••••••.••••••••••••..•••• 
EUd~ ~ ..•.•...............••.......•..... 
~. el<;gans ••. 0 ••••••••••••••••••••••••••••••• 

Franceia ~ •••.••••••••••••••••••.•••••.••... 
Golenl:inia radiata •.••••••••••••••..••••••••• 
Kirchncriella 32. .•.••••••••••.••••••••••.•••. 
Hicractiniu,'ll p11sillum .•••••.••••••••••••.•••• 
Hicrasterias ~ ••••••.••••••••••••••••••••.•• 
Mougcotia ~ •.•••••••••••••••••• " ••••••••.•• 
Cccystis sp •••••••••••••••••••••••••••••••••. ' 
Pandorina ~p.:: ............. 0 •••••••••••••••• 

P. ch<'.rkowl.ens~s .••••.•.•..•.••.•••.••••••..••• 
Pediastrum biradiatum •.•••••••.••••••••••.•.• 
P. dul)lcx •••....•..•...•••••.•••••.•••.••.••. 
E,. ~liferum .••...•••..•.•.....••••....•. 
P. siI'Q.lex •••.••..•••.•••.••••••..••••.•.•..• 
P. t'?tr<>s ...••..•.••...•••••••..•..• 0 •••••••• 

ROSETONE-DANSKAMMER PHYTOPLANKTON 

~RNCE RNCW RSCE RSCW !WE RI Dr 
no./liter no./liter noo/liter no./liter I no./1iterlno./liter Ino./liter 

15238 19581 J Sample 11539 

1224 16322 33175 

6529 8654 

1270 
39163 56581 

3331 16508 

23938 

18321 35556 3671 26115 
8705 

31746 55072 73991 

8705 
18321 60952 78325 87049 

20317 



·C. GREENS cont'd. 

Platydorina caudata ••••••••••••••••••••••••• 

polyedriopsis .!!£ •••••••••••••••••••••••••••• 
Protococcus sp •••••••••••••••••••..•••••• · •• 

Scenedcsmus ~""""""""""""""'.' 

S. ahundans ••••••••••••••••••••••••••••• • ••• 

§.. acurninatus •••••••••••••••••••••.••••••••• 

s. arcua tus ....... " ....................................................................... ... 

S. bi)uga ••••••••••••••.•••••••••.•••••••• '.' 

§.. dinorphus ••..••.•••••••••• '.' ••••••••••••••• 

S. dentiCl.'l.atus •••.••.••••••••••••••••••••••• 

S. obligt::;.;:-:::-•••••••••••••••••••••••••.•••. 

~. ~iCauda ••••••••••••.•••••••••••••••••• 

Schroedria_~p ••••.••••• , ••••••••••••••.••••• 

Schroederia ~~ti2era ••••••••••.••••••••••.•• 

Selen~strum ~ ••••••••••••••••••.••••••••••• 

Sonaerocystis !e ........................... . 
Spirogyra sp •••••••••••••••••..••••••••••••• 

Staurc:strum 2£. •••••••••••••••••••••• " •••••• 
~llrilstrum aspinosa ••••••••••••••••••••.••• 

Stigeoclonium ~ .••••••••• ' .•••.•••••••••••.• 

Tetradesmus ~ •••••••••••••••••••••••••••••• 

Tetracdron ~ ••••••••••••••.••••.••••••••••• 

Tetraedron trigonum •••••••••••.•••••••••••.• 

Tetrastrum ~ •••.••••••••••••.•••••••••••••• 

Ulothr;ix ~ .••••.•.••••••••••••••••••••••••. 

UTD coloniaL ••••••••••••••.••••.•••••••••••• 

UID desmid ••••••••••••••••••••••••.••.•••••• 

UIP flageilate •••••••••••••••••••••••••••••• 

DIn filamentous •••••••••••••••••••.••••••••• 

UIn fibr-spined •••••.••• -. •••••••••••••••.••• 

UIn Gonium-:1ike .••••••••...•••••••••..••.••• 

UIn unicellular ••••••••••••.•••••••••••••••. 

~~ .................................. . 
TOTAL GREENS •.•.•.••.••••.••••.••••.••.••..• 

% OF ~~TAL PHyTOPLANKTON .••••.••••.•••••.••• 

RNCE 

no./liter 

6662 

RNCW RSeg 

no./liter no./liter 

39163 

5079-

4895 

11014 

24477 

. 

RSCW RDE ru: DI 

no./liter no./literlno./liter lno./liter 

23078 

4352 

14145 28847 

I 

I 

I 

i 

I 
I 
! 
I 

i 
• 1 

-----'-----~.,-------

~~ 
~t'l 
~ .. 
~~ 
'tiN 
t'lt-' .. "-

--.J 

ZW 
(1) 

!'; 

iJ 
t-' 
t-' 
III 



GROUP 

D. YELLOW-BROWNS (DINOFT..AGELLATES) 

Dinobryon ~ •••••••.•••••••••••.•• 
G1enodinium ~ •..••••••• _ ••••••••• 
Peridinium ~ ..•••••. " " .•••••.• _ 
Synura ~ ••.•....•••••••.••..•••.• 
UID dinoflagellate ••••••.••.•.•••• 

TOTAL yELLOW-BROWNS ••••••••••••••• 
% OF TOTAL PHyTOPLANKTON .••••••••• 

E ; BLUE-GREENS 

Anabaena ~ •••••••••••.•.••••••••• 
A. flos-aquae ••••.••••••••••••••••. 
A. spiroides •••••••••••••••.•••••• 
Aphanizomenon ~ ................................. .. 
Aphanocapsa ~ .••••••••••••••••••• 
Aphanothece ~ ••••••••••••••••••.• 
Chroococcus ~ ••.••.••.••••••••••• 
Cy1indrospermum ~ •••••••••••••••• 
Dacty1ococcopsis ~ ••••••••••••••• 
G1eocapsa sp .••••••••••••••••••••• 
G1~othcce sp •••••••••••••••••••••• 
Go~phospha;;ia ~ ••••••••••••••••• 
Lyngbya~ •••••••••••••••••.•••••• 
Merismopedia sp ••••••••••••••••••• 
M. g1auca •••• ~ ••••••••••••••••••• 
11. major .•••••••.••••••••••••••••• 
Microcystis sp •••••••••••••••••••• 
~. aeruginosa ............... " ........................ .. 
Nostor.; sp ....................................... 9" .... .. 

Osci11atoria ~ •...••••••••.•••..• 

Roseton - Danskanw.\er Phytoplankton 

RNCE fu'JCW RSCE RSCW 

no./liter. no./liter no./l;i.ter I no./liteJ:' : 

3671 5441 

3671 5441 
0,3 0.8 

9791 

18498 

134603 31820 6529 

183207 

774686 70727 

49965 261587 

149896 63492 81997 70727 

RDE RI 01 

no./lite.!;1 no./liter I no./liter 

No sample 

10097 

10097 
0.4 

343285 

178854 

12981 

115390 

646184 

364921 

_____ ..J.. _____ ,-_I _____ ·• __ 

000 
Il> III 
l3 rt 

>0 ~ ...... 
11> 

rt 

~Q) 
11>' .. ..., 

-t::: ..., 
afW 

...'! 
lil .... .... 
to 
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E. BWE-GREENS CON'T 

Phormidium ~ •••••••••••••••.• 
Spir'~1ina !E. .•.••••....•....•. 
S}~echococcus ~ •••.•••••..••• 
UID II;:>hanothecc.,.like •• " ••••••• 
uro branched filamentous •••••• 
uro colonial •••••••••••••.•••• 
urD filamentous ..•.••••••••..• 
uro ~~ocapsa-like •••••••..•.. 
UrD .long cell ................. . 
urD sheathed cell •••••••••.••• 
urD two-celled colonial ••••••• 
uro unicellular ••.•••••••••••• 

TOTAL BLUE-GREENS •••••••••••• 
% OF TOTAL PHyTOPLANKTON ••••• 

F. OTHERS 

. UID flagellate ••••.•••••••.•• 

. TOTAL·OTHERS ••••••.•••••••••• 

. ·'.OF TOTAL PHYtoPLANKTON ••••• 

. G.. TOTAL PHYTOPLANKTON 

Roseton - Pan~kammer Phytoplankton 

RNCE RNCW RSCE RSCW 

no./liter no./l:i.ter no./liter no./liter 

92489 

6119 3264 

383068 459682 904413 262234 
70.3 61.9 73.0 37.3 

544624 742856 1238518 702917 

RDE RI DI 

no./lit~ no./liter ~o./liter 

161546 

1823161 
78.9 

No sample I 2310682 

[1)0 

~~ 
'0 Q ,... .. 
(1) 

rt 
~(X) 
(I)';:) ...... 

"..... 
ifw 

.!! 
o (I) .... .... 
00 



E" • BLUE-GREENS CON' T 

Phormidium ~ ••••••••••••••••• 
Spirulina ~ •••••••••••••••••• 
Syne~hococcus ~ .•••••••••..•• 
urD !\"hanotllece-like ••••..••.• 
UIO branched filamentous ••.•.• 
urD colonial •••.••..•••••..••• 
UIO filamentous .•••.••••••.••. 
UIO Gl~ocap$u-like ••••••...... 
UIO long cell •••.•••••••••.••• 
UID sheathed cell .••••.••••••• 
UIO two-celled colonial ••••••• 
UIO unicellular ..••••••••••••• 

TOTAL BLUE-GREENS .••••••••••• 
% OF TOTAL PHyTOPLANKTON ••••• 

F. OTHERS 

UIO flagellate .•••••••••.•.•. 

TOTAL OTHERS ••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON ••••• 

G. TOTAL PHYTOPLANKTON 

Roseton - Dan~kammer Phytoplankton 

RNCE IU'lCW RSCE RSCW 

no./liter no-./liter no./liter no./liter 

68921 157640'\ 23326 64527 

1488696 1677019 1104116 619462 
84.7 86.6 73.6 61.9 

1757486 1937514 1500665 000761 

.~ 

RDE RI DI 

no./liter! no./liter Ino./liter 

054958 
78.3 

47229 

1313906 
85.2 

542065 

------'---_____ .-1------

tilt:! 
~ '" :l rI' 
'0 Q .... ., 
m 
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GBOOP 

D. . YELLOIr-BROIftIIS (DDIOIPIAGEI.LATE) 

Din~~ •••••••••••••••••••••• 
. G1enodiniua ~ •••••••••••••••••••• 
Peridinium·~t_ •••••••••• _ •• • •• ••• 
Synura ~ ••••••• _ ••••••••••••••••• 
U1D dinoflagellate ••••••.••••••••• 

TOTAL ~BROWRS •••••.•••..•.•• 
% OF ~ PHYTOP~H •••••••••• 

E. BLUE-GREEIIS 

Anabaena !2 ......•.....•.•........ 
~. f1os-aquae ••••••• -. •••••••••••• 
~. spiroides •••••••••••••••••••••• 
Aphanizomenon .!E. •••••••••••••••••• 
Aphanocapsa ~ •••••••••••••••••••• 
Aphanothece ~ •••••••••••••••••••• 
Chroococcus ~ •••••••••••••••••••• 

'Cylindrospermum ~ •••••••••••••••• 
Dactylococcopsis !.e. ..•••••••...... 
G1eocaesa .!!£ ••.••• , ••••• ' •••••••••• 
Gleothece 2£: •••••••••••••••••••••• 
Gomphosphaeria ~ ••••••••••••••••• 
~a sJ>~·················.···· 
.Meri:smopedia sp ••••••••••••• ' •••••• 
~ qlauca. ••• --:-: ••••••••• , ••••••••• 
M. major •••••••••••••••••••••••••• 

. Mfcrocystis ~ ................... . 
!!.. ae-ruqinosa ••••••••••••••••••••• 
'~ ~ .......................... . 
'Oscillatoria ~ ••••••••••••••••••• 

Roseton -~ Phltoplanlct:on 

lmCE DCW RSCE 

no.fliter no./Uter no./liter 

72367 259379 

58583 138403 

561707 395776, 359227 

727118 ,864224 583:\.60 

------

RSOf BDE m: DI 

no./Uter ' no./litel;1 no./liter I no./liter 

tnt:7 

!n~ 
'Uti) 

33356 1-'-
tI) 

rt 

:t1<D 
II ...... ..... 

93398 0:> ...... 
-.I 

97378 
:O=w 

'5567 20014 IJ 
.r'; 
0 
tl) .-.-
III 

202968 226858 293536 

254589 822533 873602 

--~- -



l 

·C •. GREENS cont'd; 

Platydorina caudata ••••••••••••••••••••••••• 
Polyedriopsis .!!l2. •••••••••••••••••••••••••••• 
Protococcus ~ •••••••••••••••••••••••••••••• 
Scenedesmus ~""""""""""""""'.' 
S • abundans •••••••••••••••••••••••••••.••••• 
S.. aC1.1Iilina tus ...................................................... .. 
S .. arcua tus •.••••••••••••••••••••••••••••••• 
~. bijuga ................................... . 
~. dir~orphus ••••••••••••.••••••••••••••••••• 
s. ~!.la tus ••••••••••••••••••••••••••••• 
S. oblige1':; •••••••••••••••••••••••••••••••••. 
§:. qu<ldricauda ••••••••••••••••••.••••••••••• 
Schrocdria_sp ••.•.•.•••.•••••.•.•••.••••••.• 
Schrocdcria .sr;tigera •.•••.•.••••.•.•••.•••••• 
Selenastrum sp ••••••••••.•••••.••••.•••••••• 
Sphaerocystis~ •••••••••••..•.••.••.••••..• 
Spirog¥E~ spo 0 •••••••••••• " •••••••••••••••• 

Staurastrum ~ •• 0 ••••••••••••••••••••••••••• 

Sta1lri'lstrum aspinosa .•.•..••••••••••••••..•• 
Stigeoclonium sp ••.•.•••.•••••••••••••.•••.• 
Tetradosrnus sp ••••••••••••••••••••.•••••... 0 

Tetra'2dron sp ..•...•••..••.•••••.•..•••••••• 
Tetniedron trigonum •••••••••••••••••.•••••.• 
Tetrastrum ~ •••• ~ .••••••••••.•••.•••••••••• 
U10thrix sp ••••••••••••••••••••••••••••••••• 
urD -';-olollial .•••••••••••••• , •••••••••••••••• 
UIn desmid .••••••••••••••••••••••••••••••.•••• 
UIn flagellat.e ••.•••••••••••••••••••.••••••• 
DID filamentous ••••••••••••••••••••••••••••• 
urn four-spined ............................. . 
UID Gonium-:1ike ..••••••••.•••••..•• 0 •••••••• 

UID unicellular •••••••••••••••••.••••••••••• 
Vol vox .!i.E, .........•.•...........•..•....... 

"TOTAL GRESNS •.•••••••••••••..•.•••..•.....•. 
% OF TOTAL PHyTOPLANKTON •..•..••..•.••.••.•• 

RNCE 

no./liter 

2756B 

3446 

1723 

1723 

215377 
12.3 

RNew RSCE 

no./liter no./liter 

13416 6220 

3354 1555 

1118 

2236 

1118 

])83353 323460 
9.5 21.6 

RSCW 

no./liter 

1173 

9387 

25811 

1173 

247551 
24.7 

RDE RI 01 

no./literlno./liter Ino./liter 

23660 

1392 

36186 

275570 
20.5 

5337' 

10674 

5337 

172119 
11.2 

{flO 

~~ 
1;"''' 
t'l 

1-3 
0< 
"'\0 t<l, .. ~ 

(XI , 
Z-.J 
(l) w 

.If 
() 
(l) 
~ 
~ 
III 
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GROUP 

,C., GREENS 

Actinastrurn .ee ......................•........ 
!!. gracil.li:num .•.•••••.•.•••..•••••••...••••• 
A. hantzschii •••••••••••• ' •••••••.•••••.••..•• 
Ankistrodesmus •••••••••••••••••••..•••..•.• " • 
Asterococcus ~ •••••••••.••••..••.••••••..... 
Chlam','do:aonas .ee .................. ',' ......... . 
Chlorella ~ •••.••••••••••••••.•.•.•••••.•••• 
Chlorococ;cum ~ ••••••••••••••••••.••••.•..•.• 
~tella ~ •••••••••••••.•••••••..••••.•... 
.£. longiseta •••••••••••••••••••••••.••••••.•• 
.£. rei. c;rOl)orum •••••••••••••••••••••••••••••••• 

f·~~?~·································· 
C'o aundrata ••••••••••••••••••••••.•.••••••..• 
C1os~Oi?Sis .§J2. •• ' ••• , •••••••••••••••••••••••• 
C10stcrillm ~ •••••••••••••••••••.•••••••.•••• 
Coelastrum ~ ••••••••••••••••••••••.•.••.••.• 
Cosma.riwn ~ •.••••.••••••••••••••••.••••••.•• 
Crucigcnia !!.l2. •••••••••••••••••••••••••••••••• 
Dictyosphaerium 32, ••••••••••••••••••••••••••• 
Echiriosphacrel1a 32. •••••..••••....•••.•.•.•.. 
Elaktothrix .ee .............................. . 
Euastl.~m ~ ....................................................... .. 
Eudorina ~ ••••••••••••.•.•••••••••••••.••.•• 
~. elcgans ••••••••••••••••••••••.••••.••.••.• 
Franccia .§£ ••••••••••••••.••••••••••••••••••• 
Go1cnJ:inia radiata •••••••••••••••••••.•••.•.• 
Kirchneriella ~".""'" •.•••••.•••••••••.• , 
l1icractinium pusillum •••••••••••••••••••••••• 
Micrasterias ~ ••••• , •••••••••••••••••••••••• 
~'.l<3eotia ~ ••••••••••••••••••••••••••••••••• 
Cccystis sp •••.•.•••••••..•.•••..••.•.••••••. 
'pan&;rlna ~ ••••.•••••••••••••.•...•••••.••.• 
!: .. ~ 7harkowie~si.5: ....... ........................ ....................... .. 
?eal.<.l~'trU!'n b~rad!.atum •••••••••••••••••••••••• 
~. duplc~ •.••••••••.••••.••• ; •••••••••••••••• 
£.. ~,ndu1ifcrum •.•••••••.••••.•••••••.••.•• 0 

P. s,ir.?lc~ ••••••••••••••••••••••••••••••••••• 

R· .. ·~· .. ········ .... ·•·· .. ·· .. ······· .. ~ .. ·· .. ··· 

ROSETONE-DANSKAl·lI>lER PHYTOPLANKTON 

RNCE ~-.~ R..'1CW ~- ....... RSCE - RSCW 

no./liter no./liter no./liter no./liter ! 1 

16770 10886 
7775 

1723 2236 

3446 3110 1173 

3447 6708 4693 

17230 38012 30504 

1723 

58583 108857 

60306 26832 74645 126708 

20676 35767 
-

13784 24882 9386 

71553 

I 
79763 37543 

RDE RI DI 

o./literlno./1iter no./liter 

9340 
1392 

1392 (flO 

~~ t'l 
1;"00 
t'l 
07 \0 ...:' to 1-' 
t'l~ 

-J 
W 

~ -rr 
() 
II> 
1-' 
1-' 

90465 !II 

61238 34691 
4175 

33402 106740 

22268 



l 

A. DIATOMS cont'd 

UID centtic •••••••••••••.•••••.••••••••••••. 
UID pennate ••••••.•••••.••••••••••••••••.••• 
UID spined-centl:"ic ••.•.••.••••••••••••••.••• 

TOTAL DIATOMS ••••••.•.••••.•.•••.••.••••.••• 
% 0" TOTAL PHyTOPLANKTON ..••••••••••••.••••• 

B. EVGLENOIDS 

Euglena ~ ••••••••••••••••••••••.•••••••••••• 
Phacus .3? ••••••••••••••••••••••••••.••••••••• 

. Trache1omonas ~ ••• ~ .••••••••••••.••••••..••• 
UID euglenoids ••••••..••..•.••••.••••••.••••• 

TOTAL EUGLENOIDS •••••••••.•.•.•••••••••.•.•.. 
% OF TOTAL PHyTOPLANKTON .•••.••••••••..••.••• 

RNCE 

no./liter 

53413 
3.04 

RNCW RSCE 

no./liter no./liter 

1555 

77142 73089 
4.0 4.87 

RSCW 

no./liter 

2346 

133748 
13.4 

RDE RI 

nO./1iterlno./liter 

16701 
1.2 

56040 
3.6 

DI 

no./liter 

(flO 

~~ 
t-< .. 
I:'] 

~ 
"0\0 
1:']'-
•• I-' 

(Xl 

z':::i 
(I) w 
rr 
o 
(I) 
I-' .... 
en 
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.GIVUP 

A. D:!ATOMS 

AchnanL~cs ~ •••••••••••••••••••••••••••••••• 
1ll!lohi1}rOra.~ •••• , •••••••••••••••••••• , .••••• 
~~~~ora ~ ••• , •••••••••••••••••••.•••••••••.• 
poSter 1..onella fO!:1l\()sa ......................... . 
Atth~"a zachariasi •••••••••••••••••••.••••••• 
Ce:r::;;;;:;;-eis ~~"""""".""""""""'" 
Q.ij:ctoc~.:!.~ ........................................ . 
Chae.tcc'!cos ~ A ••••••••••••••••••••••••••• " • 
Cocconeis ~ •.•••.•••••• __ • _ •••••••..••.•.•.• 
Cosc'irli',)·.:.iiscus ~ ...... a.a ................................. '": ............ .. 

Ci'clotella 2.E. ••••••••••••••••••• , ••••••• , •••• 
Cz"b~lla ~ •.••••.••••••..••••••.•..••••.•••. 
Diatana ~ ..................................... . 
Diplolleis ~ ...... ' ....................... , •••• 
Eunotia §2. ••••••••••••••••••••••••••••••••••• 
Fragilaria sp ••••• ~ ......... , .••• , •••.•••• " • 
Fcaqilaria crotonensis ••••••••••••••••••.••.. 
G0:npi'Jo!1:cxr.a ".:!E. ................................................................. .. 
G'n:osig:na !::12. ••••••••••••••••••••••••••••••••• 
Eantzschia sp •••••••••••••••••••••••.•••••••• 
M-a}.osira ~ ................................................................. . 
~. granulata ............................................................... .. 
Me~idion circulare ••••••••••••••••••••••••••• 
Nav"i~ ~ .•..•• ~ ..•.................•...... 
Navicula ~ A. ',' •••••••••.•••••••••••••.••••• 
Nitzschia sp.' •••••••••••••••••••••••••••••••• 
!!. sigma ••••••••••••••••••••••••••••••••••••• 
p in:1ularia ~ ••••••••.•••.•.•.•••••......••.• 
lUloicc,sphenia curvata •••••••••••••••••••••••• 
g..£l?!~nodiscus .2£ •••••••••••••••••••••••••••• 
$urirellci 3:0 ..•...••••••.••..••.•••...•..•.• 
'£,. patella .•.••••••••••••..•.••..••••....•••• 
Synedra E.!2. ••••••••••••••••••••••••••••••••••• 

"~SO ulr,a .••••.••••••••••••.•••••••••••...•. '" 
Tabe~~~::ia sp ••••••.••.•• _ •..•.•••.••••••...• 
~ flofC1Jl~ ......... , ...................... - .......... . 
!. f~r.('s~ •••••••••••••••••••••••.•••••••• 

r 

ROSETON-DANSKA.~ FflY'l'OPLI\NK'1 

R.'Q'CE RNCW RSCE BXW 

no./liter no./liter no./liter no./liter 

8615 7826 12441 11732 
17230 13416 12441 18772 

1118 

39130 

17230 7826 34212 93858 

6892 3354 6220 3520 

4665 
3446 4472 1555 3520 

ROE RI 

no./literlno./liter 

9742 18680 
4175 10674 

2784 

, 

24017 

i 
! 

2669 

DI 

no./liter 
Na sample 

C/lo 
~~ 
'0"1 
t"'!:' 

'" 
..; \0 
>< ...... 
'0 ... 
l1l 00 

...... 
'"" i'" 

rt 
0 
~ ... ... 
Ul 



l 

GROUP 

A. DIATOMS 

Achnanthes ~ .•••••.....•..•.••..•.....•••... 
Amniliprora ~ .•.•.••..•.•.•.•••.••••...•.•... 
Amphora ~ .•••••••••..•...•....•...•..•••..•. 
p..stcrj.on~lla fomosa ............................................. ,'"" 
~:~ zachariasi. ..•.•...•.....•.....•..... 
Cerl.lt()!1cis .:::12.- ....................... , ................................. .. 
Cnoctoce:t"os ~ ........................................................... .. 

~~;~~;0.~o:p~.~::::::::::::::::::::::: ~:::.:: 
C03(;i . .:~~ .=?.12. .................................... . 
fl.£~o ::c 11a E12. •••••••••••••••••••••••••••.•••• 
fYL.:)(: } ,~E. s p •••••••••••••..•••••.••••..••••••• 
Di~~2~ §~ .................. .......................... . 
Di~)}.::)n:)is sp ................................................................ .. 
E\.!:"':;;~~i~ 2-:-:-"" ............................................................ .. 
Fracij':lria sp ............................................................. .. 
rraqiJ~ria C;otonensis .......•..•..•..•...•.. 
c;;-r;,';"h(:;:;z;;a s p ••••••••••••.••••••••••••••••••• 
~g!~~ sp ......................................... . 
Hantzf,chia sp •........... , ...•........•..•.•• 
~ielo33~ ~ ............... ...................... .. 
~.~~ ................................. . 
Heridion circulare ....... _ .••......•..••.•••. 
~l.a~ ................................. . 
Navicula sp A •••••••••••••••••••••••••••••••• 
Nitzschia sp •..•••••••••.•••.•.•.••.••..•...• 
'!i .. siS-:na ...••••..•••••••...•••.•.•••.••.. , '" 
Pinnularia ~ •••••••.•..•..••.••••.•.••....•• 
Rhoicosphenia curvata •••...•.•...•.••.•. · .•••• 
Stenhanodiscus ~ •••.••.•.•••.•.....•.••..•.• 
Surirella ~ .................. '" " .•...•.. _ .. 
§.. patella ..•..•...•.•.•..•.•.•.••..•........ 
Synedra §2. •.••••...••••.•.••..•.•.•..•.••...• 
,5. uIDa ......••..•...••.......••.. , ......... . 
?.:.':>el1a~·i':.~ •.•••.•••.••.....••••....•..•.•• 
TO .. ~!.~)r.~ulo2..~ ~ .............. _ ....... ~ 4 ...................... 4 .. .. 

T. fbr.estrata ..••.......•.•.................. 

ROSETON-DANS~~R PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter n:)./liter no./liter 

1196 524 
2956 1196 9965 5901 
7095 14953 17308 2622 

1967 

598 

11736 29308 11539 45894 

524 
591 1196 3671 656 

591 1196 524 

591 2991 524 
591 1573 1967 

598 

--~-----~~- ----- -~-.---

__ J 

RDE RI 

no./literlno./liter 

5201 
6687 

28979 

743 

1486 

8385 
8385 

37267 

3727 

1863 

DI 

no./liter 

2312 
17725 

61652 

3083 

1541 

tnt:! 

~~ 
t:'"i ;~~ 

M 

.... J 
>< 

'"" M 

~6 
"'" ...... 

0> 
n' @ --J 
1-'''"' 
I-' 
rn 



A. DIATOMS cont'd 

UIn centric .••••••••••••.•••••••••••...•••.• 
UID pennate ••••••••••••••.•.•••.•.•.••••••.. 
UIO spined-centric •• : •••..•••••.••••.•••••.• 

TOTAL DIATOMS •••.••••••.••••••••.••••.•.•.•• 
% OF TOTAL PHyTOPLANKTON ..•.••••.•.•.•••.•.. 

B. EUGLENOIDS 

Euglena ~ ................. ," ••••.. '" .•••.... 
Phacns ~ ••••••••.••••••.•.••••.•••.•.•••...• 
Trachelomonas ~ ••••••••••••.••••••.•.•.•.••. 
urD euglenoids •••••••••••••••••...••••.•.••.. 

TOTAL EUGLENOIDS •••••••••••••••••••.•.•..•••• 
% OF TOTAL PHyTOPLANKTON ••••.•••.•.••.•...••• 

R.."CE 

no./liter 

591 

24742 
1.56 

mcw RSCE 

no./liter no./liter 

11364 1573 

64596 47725 
2.58 2.06 

i 

RSCW 

no./liter 

I 

i 
59007 I 

3.21 I 

RDE RI 

no./1iterlno./1iter 

43096 
2.35 

59627 
2.17 

01 

no./liter 

1541 

87854 
3.47 

(nO 

~~ 
~t'l 
t" •• 
t'l 

~ ;g 

ZI-' 
tzlO 
>'3'-. 
•• -1-' 

'" n'-. 
(l) "" I-'W 
I-' 
III 



GROUP 

. C. GREE~!S 

Actinastrum ~ •••• 0 •• 00 ••• 0 0 •• 0 ••• 0 • o' 0 0 •• '" 

!::. gracil1imum •••• 00 •• 00 •••• 0.0. 0 0 •••• , •• 0' •• 

A. hantzschii .• 0 ••••••••••••••••••••••••••• o •• 

Ar.r:.istrodcs:':1",Js .......... " "" ............................ " .......... " .. .. 
~~o~sp ...................................... . 
Cr,12~:':"l:~:(1():-::.onas ~ ....................................................... .. 

Ch1ol",}1.J. spo •• o ••••••••••••••••••••••••••••• 
:::hlC'r0~()(::"-.:um spa. ...................................................... ,'" .. 
C:,oC:2':clla ~ •• 0 00 ••••• 0 ••••••••••••• 0. 0 0 o ••• 

C. lcr.giseta ... 0 •••••••.••••••••• 0 •••••••• 0 ••• 

£. rrir.ro!:'orum ••.••••••••• 0 ••• 0 •• 0 0 •• 0 0 0 • 0 ••• 0 

C .. S'llt)SAlsa ................................................................ .. -----
C. o'Jildrata ••••••••••• 0 ••••••• 0 ••••••• 0 •••••• 

Clostcriopsis ~ •..•••••••.• 0 ., •••••••••• 0 '.0 

Clos~cr.i.t.:.-:1 sp. 0', 0 •••• 0 •••••••••••••••••••••• 

C.'0cla:;trt'm 51) ......................................................... .. 
Cos;;:a!4ilJt1 sp ............................................................... .. 
Cruc i S0:1ia ~ ............................................................. .. 
Dictyosrhaerium sp .••••.•.•• 0 •• 0. 0 0 •• 0 •• 0 0 ••• 

Echin(;S;1hacrella ~o •••••••••••••••••••••• 0 •• 

Elax.t(}tl1rix .§.12.. ......................... " ................................ .. 
Euastrum O?£. •••••• • ·.0 •• " • " " ••• 0 •••••••• , ••• 

Eudori.na sp .••• o •••••••• 0 •• 00 ••• 0 ••• 0 ••• 0 • '" 

~. elegans ...•••• 0 •••••••• 0 ••••••••••••••• 0 •• 

Franceia sp •••••.••••••••.•••• o. '" •.......•. 
Golenl~inia radiata 0 ••••••••••• 0 •••••••••••••• 

Kirchneriella ~ ••••••••••••••.•••••.•••••••• 
Micractinium Eusi11um ••••.••••••••••••.•••.•• 
·1,licrastcrias sp •••••••••••••• 0 ••• 0 •••••• • ••••• 

~ugeotia .3: .....•......•..........•.. 0 •••••• 

Oocystis sp .••.•.•••••. 0 ••••••••••••••••••••••• 

Pandol'ina sp •••••••••.•••...•.....••.•••.•••. 
P. charl;o·diensis .••••..••.••••••.••.•..•••.••.. 
Pediastrum biradiatum ••.•.•.••.••..•.•...•... 
!':. 3.':::pl0X •.•.••••• 0 •••••••• • • ••••• 0.· •••••••••• 

!?.. Cjl".!2."uli~ .•.••••••..•.. 0 ••••••••••••• o. 

P. sir.1plcx. 0 ••••••••••••••••••••••••••••••••• 

P. tetrG!s ................................................................. .. 

ROSETONE-DANS~~R PHYTOPLANKTON 

RNCE RNCli RSCE RSCW 

no./liter no./liter no./liter no./liter 

75675 67587 43533· 46549 
591 4187 

9570 7867 
598 524 656 

10766 

8972 

598 

16149 
7867 

40202 40672 59793 38682 
1311 

18919 41868 9965 49827 

8392 20980 
I 21532 .-

RDE RI 

no./liter\no./1iter 

53499 

1486 

1486 

12632 

15604 

47555 

23777 

2377 

67081 
2795 

1863 

3727 

27019 

21429 

29814 

D1 

no./liter 

27743 
771 

-:,---

1541 

12330 

52404 
3083 

21578 

3083 

,", :. 

(flO 
~:l" 

*~ t"' " 
r-:i 

>-3 
><: 

'" t'l 

ZI-' 
t'lO 
>-3"-

" ~ 
0"-
(I) --J 
1-''''' 
I-' 
til 



f 

·C. GPXENS cont'd. 

Platydorina caudata •••••..•••.••••••.•.•.•.. 
Polyedriopsis ~ ..••••••••••••••.••..••..... 
Protococcus .!!R •••••• ' •••••••••••••••••••••••• 
Scene(~':?mnus ~ ••••..•••...••••. ' .•••..••.... " 
S. abundans •.••••.•••••..••••.••••...••.•.•• 
~. aCl!i'::ir,atus ...... * ................................................. .. 
S. ar(,!ua tus ••.•••••• ' •••.•.•••••.•.••.•...••• 
§:. bijuga; .•••..••••••••..•••••.•••••••... '.' 
§.. dimorphus ••.••.••.•..••••.•..•••.••••.... 
S. dentict'l.atus .•.••••••••..•••••••.•••••.•.• 
§:. Oblig~,<~-:-:-:-:-.•••..••••••••..••••••.••.•.• 
s. cuadricauda •••.•••••.••••.••.•..•.•.•...• 
Schro".~..£:!:p._?'p .•••.•••••.••••.••••.•.•••.•••• 
Schro(?d~ria s·~tigera ••••••••••••••..•••• '" • 
Selen<>.strum S0" ••••••••••••••••••••••••••••• 

~.PhaerO{!~{stig-=-~.; ................................................... .. 
Spiro~i:/ra . SPa .......................................................... .. 

St<:.urastrum ~ ..••.•.•••.•.••••••..••.•...•• 
Stanrastrum' aspinosa •••.•.•••.••.•.••••.••.• 
stiqeoClonI'um ~ ••••.••••••••.•••.••....••.• 
Tetradesraus ~ ..••••••••.•••••••••.•....••.• 
Tetracdron 2£ ....................... , ., •...•• 
Tetracdron trigonum ••••• · •••••••••..••....••• 
:etr~s~rum sp ••••••••••••••••••••••••••••••• 
Ulotnrl.x so •.•..•••••••..••••.••.•••.....•.• 

. UIDC,,·i(;'nial ••••••••••••••••.•••••...••...•• 
'VID desmid .••.•.•••.••••..•.••••.••...•••...• 
UIp flagellate ..••.•••••...•••.••••••.••.•.• 

'DID filamentous •••••.•••..•••••••....•. : •••• 
UIP four-spined .••..•••..••••.•••••••....... 
UID G'~I:j.u!1l":like .•••••••..•.•.••......•.••••• 
UID unicellular •.••••••...•••••••••.•.•....• 
~2E •.•....•.•...••...........••......• 

TO'IAL GREE:,S ...•...••••....•...•..•...•..... 
% Of'. 'fO'£AL PHYTOPLANKTON ..•..•....•........• 

;-

f 

RNCE 

no./liter 

11824 

10642 

1182 

2365 

41385 

202785 
12.80 

RNCW RSCE 

no./liter no./liter 

4196 

26317 27274 

5383 

598 

13757 

14161 

598 

269152 167838 
10.75 7.26 

- 1 --- ------ -.-~--

RSC~ 

no./liter 

2622 

26225 

5245 

1311 

209142 
11.38 

RDE RI 

no./literlno./liter 

26006 

743 

185165 
10.1 

11180 

4658 

169566 
6.17 

D1 

no./liter 

23119 

18496 

8477 

11560 

184185 
7.27 

(flO 

~~ 
't)t<l 
f;; .. 
"l 
t<: 
't) 
t'l 

Zt-' 
t<lO "3' .. ~ 
0' (1) .., 
I-'w 
I-' 
III 



GROUP 

D. YELLOW-BROWNS (DINOFLAGELLATES) 

Dinobryon £E ..................... . 
G1enodinium sp .••••..•...•.••••••. 
Peric:iniurn ~ ••.•.••.•....•..•••.• 
Syn=a sp ...•.•..•••••••....••.•.• 
UID c:inoflage11ate ....•..••...•••• 

TOTAL yELLOW-BROWNS ••••.•...•••••. 
% OF TOTAL J?HYTOPLA.~KTON ..•••••••• 

E. BLUE-GREENS 

Anabaena 32. ...........•.....••.... 
~. flos-aquae ..••... '" ••.•••.••••• 
~. spiro ides •.•.•••••..•..•.••.•.• 
Aphanizor.lenon £E. .••••.••.•••.•.•.• 
j\phanocapsa 32, •.•....•.•.•••••••.• 
Aphanothece 32, •..•••••.••.•••••••• 
throococcus £E. •.. , •.•••.••••••..•. 
Cylindrospermum ~ .•••.••.••••••.. 
Dacty1ococcopsis £E. .•.•••••••••••• 
Gleocapsa sp .•.••.•••.•.•••••••.•. 

. Gleothece ~ •..••.••••••.••••••••• 
·Go~phosphaeria ~ .•••••••••••..••. 
Llmgbya..2!Z: •.••• , ••••••••••••••• ,. 

. Merismopedia sp ••••••••.••••••.••. 
"..!i.:. glauca ..•• -:-:-••••.•••••••••••.•. 
~. r:i'ljoJ;" •••••••••••••••••••••••••• 
!·:icrocystis sp ••.••.•..•....••••.• 
~. aeruginosa .•..•.••••••.•.••.••. 
Nesto::: sp ..•.•..•••••..••.••••.••. 
?sci.llatoria sp ..•••••••••.•...•.. 

,.":/ .... :, .. 

Roseton - Danskamner J?hytoplankton 

RNCE RNCW RSCE RSC1 

no./liter no./liter ~o./liter I no./liter 

598 

598 
0.024 

369508 848640 9179 

38877 

283506 18357 34092 

28969 55625 97032 22947 

168070 

76559 

·185641 457364 I 559903 

624911 1542535 645659 943444 

RDE RI DI 

no./litel;\ no./liter I no./liter 

<Jlt1 
III III ;; ,.. 

344771 \ 998758 1104336 \ 
tel Q 
f.-' .. 
(1) 

r1' 
'<: 
tel 
(1) 

20805 I 120186 97101 Zf.-' 

~~ .. ..... 
01 

0'-
75466 (!> " ..... w 

I-' 
CIl 

I' 
112942 

460686 516149 383011 

665022 798447 673545 



r 

E. BLUE-GREENS CON' T 

Phor:nidiurn .eJ2. ••••••••••••••••• 
Spirulina ~ •••••••.•.•••••••• 
syne-::hococcus ~ •••••••.••...• 
UID Aphanothcce-like ••••••••.• 
UID ~ranched filamentous •••••• 
UID colonial •••••••••••.••••.• 
UID filamentous •..•••••••.•.•• 
un~ Glc'Jcapsa-like ••.••••••••• 
UID long cell ••••••••••••••••• 
UID sheathed cell ••••••••••••• 
UID two-celled colonial ••••••• 
'UID unicellular ••••••••••••••• 

TOTAL BLUE-GREENS •••••••••••• 
. % OF TOTAL PHyTOPLANKTON ••••• 

F •. OTHERS 

UID f1age11ate •• ~ •••••••••••• 

TOTAL OTHERS ••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON ••••• 

." G. TOTAL PHY'l'OPIANK'l'ON 

Roseton - Danskammer Phytoplankton 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter i 

7686 30421 
135979 

3547 3589 

1356241 2168761 2097473 1569565 
85.63 86.64 90.68 85.41 

1583768 2503107 2313036 1837714 

I 

RDE RI Dr 

no./liteq no./liter Ino./liter 

9317 3083 

en" 
16042261 2518323 2261076 ~ ; 
87.54 91.66 89.26 '0 :":> 

I--' " 
r" 
,.,. 
'< 
'0 

"' 
2:1--' 
l'lO 
8' .. I--' 

nO\ (II::' 
"""w ,..... 
co 

1832487 I 2747516 2533115 

L_ 



GROUP 

A. DIATOMS 

Achnanthes ~ •.•••••....•.•.•.•••.••••...•.•• 
Ar,;::>hiprora ~ .•••••••••.•..•..••••••••....•.. 
l ... '7';)[lOra sp ................................................................. .. 
il.ster!.onclla formosa ......•.•..•..•.....•••.. 
Atth,,·~o.riasi. ., •...........•.••....••..• 
Cerat()n'~is !})?_'" ....................... , ................................... .. 
Ci1a·::tc"c-:::.,;-o::-j ~ ........................................................... .. 
Ch':'1ctC)Ccr:')s ~ A ....................................................... .. 

~C)...:~_~~ S~) ............................................................... .. 

2>;(~~:.:?discus §.E ....................................................... .. 
9".-:JOLr.lla. ~ ............................................................. .. 
C·;/~·~{;j l..£. 3~" ................................................................ .. 
Di~~~~ sr ...................................... .. 
Dj~:l~!(~is ~ ............................................................. .. 
Eu;"r?tj~ sp .................................................................. .. 
rr-:1qi.~_aria _51) ............................................................ .. 

Fraqilncia crotonensis ••..••.•.•....•••.....• 
G~i:-~)ll(,n( rna Sl)~ .................... ~ ................................ .. 

GyrcsigT:la ~ .••..•.•.•.....••.....•..••... , " 
F!ant.z~,cllia sp .......................................................... .. 
2·~(?losirl: .. S'r.?-:-: ...................................................... .. 
i·1. Cr"'-:!ltllata ............................................................ . 

Meridi~cu1are ••••••••••••• , . '" ., •••• '" 
ilavicula ~ •••••.•••...•..•• " ., •.•• '" •.•••• 

~~~~~~~~~as;/::::::::::::::::::::::::::::::: : 
!!... s igr:;a .... -:-: ...................... "" .......... "." " .. " ................ .. 
Pinnularia sp .•••.•••••••.•••••••••••••.••••• 
Rhoicosphenia curvata ••..••••••••.•••••••••.• 
Ste?;lanodiscus sp •.•••••• _ ••••••••••••••••.•• 
Surirc::lla ~ ........................................ " ..................... .. 
~. pa1:,,11a ••••••...•••.•..••.....••.•.••...•• 
S:;r:~dra ~ •..•....•••••...•••••...•.••... ••.• 
,~-. ~~ ........................... " ................................ .. 
?,,-bcl.Ia:~ia..~ .•..••..••••.•.•..••••...•..••.. 
I.! i_l-.5~:':CU~ ............ ~ .............................................. .. 
T. fer;cstrata ..................... : .. " ................................. .. 

ROSETON-DANSKk"lr-lER f-HYTOPLANKTON 

RNCE RNa, RSCE RSCW 

no./liter no./liter no./liter no./liter 

1442 

3092 2636 4233 3846 
20869 4833 10582 5769 

386 481 

773 

6570 2885 

386 

240000 110285 213227 157699 

773 879 2885 

386 481 
386 439 481 

~~ 

I ~- ---~~ 

>. ' 

RDE R1 D1 

no./literlno./1iter nc./liter 

874 552 
1346 

1311 1656 . 
2185 8834 3140 
13987 40304 9869 

1104 

(f) tJ 

~ ~ 
~ ~l 

473 1656 M 

~ 
338739 336232 209489 ~ 

552 ~ ~ 
1311 4969 1794 ~ ~ 

., ~ 

()~ 
874 2760 (D ..., 

~ w 
~ 
en 

552 

473 552 1346 
1748 3313 448 

552 



r 

A. DIATOMS cont'd 

UIO centric ••••••••••••••••••••••••••••••••• 
uro pennate •••••••••••••••••••••••••••••••• ~ 
uro spined-centric •••••••••••••••••••••••• '.' 
Chaetoceros-like··.························· 

TOTAL OIA TOMS .................... ; •••••••••• 
% OF TOTAL PHyTOPLANKTON ••• · •••••••• ;· •••••••• 

B. EUGLENOrOS 

Euglena ~ •••••••••••••••••.•••••••••••••••••• 
~~ ..................... ; ............ ,. 
Trache1omonas ~ ••••••••••••••••••••••••.•••• 
UIn euglenoids ••••••••.•••••••••••••••••••••• 

TOTAL EtJGLENOIDS ••••••••••.•••••••.•••••••••.• 
% OF TOTAL PHYTOPLANKTON •••...•••••.••••••••• 

r 

RNCE RNCW RSCE 

no./liter no./liter no./liter 

1546 
9662 

284829 119072 228042 
19.19 15.8 24.36 

RSCW 

no./liter 

175969 
14.86 

RDE RI 

no./literlno./1iter 

473 
4808 

367256 
19.7 

403588' 
17.20 

01 

no./liter 

227432 
19.72 

~~ r;; .. 

~ 
~ 
t'l 

~:::: 
8"-.. ..... ..., 
0"
(1) -.! 
1-''-'' ..... 
!II 



GROUP 

,c. GREENS 

Actinastrum .e,e ............................... . 
~. graciLlimum .••••••.•••••••••••.••••••••••• 
A. hantzschii. ..••.•••••• ' •••••••••••••••••••• 
Ankistrodesmus ••.••.•••••••.•••••••••••..• '.' • 
Asterococcus ~ ••••••.••••••••••••••••••••••• 
Chlamydomonas -'!!? ••••••••••••••••••••••••••••• 
Chlorella ~ •.••••.•••••••.•••••••••••••••••• 
Chlorococcurn ~ ••••••••••••••••••••••••••• '.' • 
Choda te lla 32. ••.••.•••••••••••••••••••••••••• 
£. longiseta •••.••••••••••••••.••••••••••••.• 
£. rnicroporum ...•••••••••••.••••••.•••••••..• 
C.. su/)salsa ... ~ ...... ,. .............. ,. ....... ,. ........................ .. 
~. quuctrata •..•.•••..•••••••.•••..••••••••.•• 
Closteriopsis ~ •••••••••.••••.•....••••••.•• 
Closteriurn sp .......•••••..•.•.•••••••••.•..• 
Coelastrurn ~ •••.•••.•.••.••.•••••.•••••••.•• 
Cosma r i UJ:l sl? .•..••..•.•••.•••.•••.•.•.•...•.• 
cruci~,.~nia~ .••..••••..••••••.•....••••••..• 
Dictyo~erium ~ ••.••.••••••.••••.•••••••.. 
Echinosphacrella ~ ............ ,. ................................ .. 
Elaktothr4.x ~ ...•.••••••••••••.•••••••. , ••• , 
Euastrurn ~ ..•••••••.••••••.•.••..•...••••... 
Eudorina -'!!? •••••••••••••••••• '.' •••••••••••••• 
!!.. elegans .•••.•••.••••••.••.•••••••••••.•••• 
Franceia ~ •••.•••••••••••••••••.••.•••••••.• 
Golcnkinia radiata .••••••••••••••••••••••••.• 
Kirchneriella .~ •••••••.••.•••••••••••••••••. 
Hicractinium pusillum •••••••••••••••••••••••• 
Hicrasterias .§J2. •••••••••••••••••••••••••••••• 
!i9ugeotia ~ •••••••••••••.•••••••••••••.• " •• 
Ooc'!stis sp .•..•••••••.••••••••••••••.••.••••. 
Pandorina ~ •••.•••.••.••••••..•.•.•••••••••. 
P. charkowiensis ..••••• " . " ..•••••.•••••••••• 
Pediastrurn biradiatum ••..•••.••••••.••..••.•• 
P. duplex ..• , ...••.•..••.••.•.••.•••••••••••. 
~. 9l<~liferum .•..•••••••...••.......•••... 
P. si~rlcx •.•.•..•••••••.•••..•••••••..••••.. 
P. tct~ .•••..•••••••••..••••••••••••••••••• 

ROSETONE-DANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter nO./liter no./liter 

26280 14500 4232' 4808 
879 529 

773 

8502 

35169 

439 
11539 

386 

37488 

529 481 

13526 1757 14815 12020 

10821 10984 30159 24520 
8116 2116 

4327 

27826 8995 962 

7030 

3092 

I 
I 
I 

I 

, 

I 
: 

RDE R1 D1 

no./literlno./liter Inc./liter 

41085 
437 

1311 

10490 

5682 
437 

6993 

39337 
10490 

14424 

23188 
1104 

8834 

99931 
552 

552 

8281 

5521 

7729 
8281 

4417 

3140 

448 

5383 

13906 

14355 

~~ 
'1:11'l 
t' •. 
l'J 

t-3 
>< 
't1 
l'J 

2:1-' 
t>ll-' 
~';::: 
ot-.> 
~, ,...-.J ,...W 
lD 



... 

·c. GREENS cont'd. 

P1atydorina caudata ••••••••••••••••••••••••• 
Po1yedriopsis !e .......•.•..••..••..•....... 
Protococcus ~ •••••••••••••••••••.•••••••••• 
Scenedcsmus !eo .....•..•... 0 •••••••••••••• '.' 

S. ablmdans •• 0 ••••• 0 ••••••••••••••••••••••• 0 

~. ac::mi~us .••••••••••••••••••••••..•••••• 
S. ar~uatus ••••••••••••••.•••.•••••••••••• •• 
S. bijuga ................................. '.' 
S. di;~orphus ............................... . 
s. dent:ict~~.atus ................................................... · .. 
S. obligm; ~-:-::: ••••• 0 ••••••••• o •••••••••••• '. 

~. quadricauda ••••••••••• '.' .••••••• 0 •••••••• 

Schrl)~dria_~p .•••.•••••••••••.••••••.•••••••• 
Schrouderia g.~ti<Jera ••••••••••••••••••••.••• 
Selen<lstrum ~ ••••••••••••••••••••••••.•••.• 
Snhaerocystis ~ ••••.•••••••••••••••••••.••• 
spiroqyr!!-. ~ ............................................................. .. 
Staurastrum ~ ............................. . 
~~ aspinosa •••••••••••••.••••..•••• 
rugeoclonium ~ ••.••••••••••••••••••••••••• 
Tetradesmus ~ ••••••••••••••••••••••..••.••. 
Tetraedron SD ••••••••••••••••••••••••••••••• 

Tetracdron t;igonum •••••••••••••••••..••.••• 
Tetrastr'.lID ~ ••••••••••••..••.•••••••.••.••. 
"ii1Oth"rix sp ................................ . 
UID colonial ••••••••••••••••••••••..•••.••.• 
uro desmid ................................. . 
Uln flageila te •••••••••••••••••••••••••••••• 
DID filamentous .•••••••••••••••••••••••••••• 
UID four-spined ••••••••• · ••••••••••••••••.•.• 
UID GQnium~like ••.••••••••.••••••••••••••••. 
UID unicellular ••••••••••••••••••••••••••••• 
~2i. .. ~ ............................... . 
TOTAL GREENS .•.••••••••••.••••••••••••••..•• 
% OF TOTAL PHYTOPLANKTON ••••••••••••••••.••• 

RNCE 

no./liter 

4638 

2705 

10821 

4638 

386 

1546 

61449· 

258162 
17.4 

RNOl RSCE 

no./liter no./liter 

1757 

5291 

3515 13757 

4232 
529 

36469 122222 

2636 1587 

79966 208993 
10.6 22.33 

RSOl RDE RI DI 

no./liter no./1iter\no./liter Ino./liter 

1923 

1748 6625 

3497 2208 

3846 10490 27053 8972 

24845 tilt! 

~:x-t;j 
874 552 fu" 

~ .... 
'tI .... 
1;t1 ...... .. .... 

'" ...... 

1748 4417 
£{j(;l 
>"'J 

2208 
13943 37681 n 

II) 
I-' 
I-' 

552 01 

5289 2691 

83658 149043 236850 86576 
7.07 7.99 10.09 7.51 



GROUP 

O. YELLOW-BROWNS (DINOFJ.AGELLATES) 

Oinobryon ~ .................... .. 
Glenodinium 32. ••••••.•.. , ..•••••.• 
Peridinium ~ .•.•••••••.•••••.• , •• 
Synura ~ •...•••••••••••.•••••••• , 
UID dinoflagellate .•••......•••.•• 

TOTAL yELLOW-BROWNS ••••••••••••••• 
% OF TOTAL PHYTOPLANKTON .•.•••.••• 

E. BLUE-IJREENS 

Anabaena ~ ..••••••••••••••••••••. 
~. flos-aquae ........................................... ... 
!'.:.. spiroides •••••••••••••••••••••• 
Aphanizo:nenon ~ •••••••••••••••••• 
.l\.phanocapsa sp ••••••••.•••••..•••• 
Aohanothece !!l2. ......................................... ... 
Chroococcus ~ •..•••••••••••.••••• 
Cylindrospermum ~ •••••••••••••••• 
Dactylococcopsis ~ ••••••••••••••• 
Gleocapsa sp •••••••••••••••••••••• 
Gleothece sp ..................... . 
Gom?hospha;ria ~ •.•••••.••••••••• 
Lyngbya~ •.•••••••••••••••.•••••• 
l1erisrnopedia sp ••••••••••••••••••• 
!!..:. glauca ••.•••••••••••••••••••••• 
M. major •••.••••••••••••.••••••••• 
:::i"icrocystis sp .•••••••.••••••••••• 
~. aeruginosa •••••••••••••••••••.• 
Nostoc sp .......................................................... . 
~ab;ria sp •••••••••••••••.••. 

Roseton - Oqnskammer Phytoplankton 

RNCE RNC'x RSCE RSCW 

no./liter no./liter no./liter no./liter 

67633 228479 340741 368286 

25045 4762 

57971 20651 47090 52406 

439 

52174 
30771 

·217584 90513 21164 216837 

545700 173556 85185 191355 

-

RDE RI Dr 
no./literl no./liter I no./liter 

mo 
~ ~ 
'0 (l) 

76052 342270 I-' •• 
ro 

5682 rot 

~ 
ro 

I 
.. 

56821 71221 

21417 31470 104071 g;::; 
8' .. i-' 

N n, 
ro -..J 
I-' W 
I-' 
III 

268806 184955 
62802 

8834 

142052 266114 206798 
32022 

708074 1111387 I 123361 



E • BLUE-GREENS CON' T 

Phorrnidium ~ ••.•••.•••••.•••• 
Soir'llina ~ •.••.•..•••••••••. 
~hococcus ~ ••..•••••...•• 
Uln !,i"_hanothcce-like ••••••••.• 
UID branched filamentou3 ••••.• 
UID colonial •••••••••••••••••• 
U!D filamentous .....•••••.•••. 
urD ~i0Qcil~~~-like •••••••.••.. 
UID long cell ..•.••.• ~ •.•.•.•• 
UID sheathed cell ••••.•••••••• 
UIO two-celled colonial ••••••• 
UIO unicellular ••••••••••••••• 

TOT~ BLUE-GREENS •••••••••••• 
% OF TOTAL PHyTOPLANKTON ••••• 

F. OTHERS 

'UIO flagellate ••••••••••••••• 

.. TOTAL 'OTHERS ••••••••••••••••• 
%. OF TOTAL PHyTOPLANKTON ••••• 

. G.. TOTAL PHYTOPLANKTON 

Roseton - PansKarnmer Phytoplankton 

RNC'" R..'I!Ol RSCE RSCN 

no./liter nc./liter nc./liter no./liter 

13621 25963 
38463 

941062 552304 498942 924081 
63.4 73.5 53.31 78.07 

1484053 751342 935977 1183708 

RDE RI 01 

no./literl no./liter fno./liter 

58569 
10053 

1347526 
72.30 

1863825 I 

1706003 839302 
72.71 72.77 

2346441 11153310 

Ul\:l 

~ ~ 
'Oro 
1-''' 
ro 
rt 

~ 
(ll 

~~ 
ti'-.. ~ 
0'-t1> ...., 
I-' (,> 

I-' 
!Jl 



i' " 
J 

,GROlJP 

A. D!ATOMS 

Achnanthes ~ •••••••••••••••••••••••••••.•••• 
Arnphiprora ~ ••.••••••••••• ' •••••••••••.••.••• 
Arnphora ~ ••.•••••••••••••••••••••••••.•.••.• 
Asterionel1a formosa .• l~ •. $p.} .••..••...••.•• 
~ th=y~ :::achadasi. .• 0 0 .......... 0 •••• 0 •••• 0 • 

Cera .. _.tJn0~S ~ .............. 'O' ............................. 'O' ........ 'O' ........ .. 

Chactoceros ~ .. 0 ••••••••••••••••• 0 •••••••••• 

Cha-.toceros ~ A ••••••••••••••••••••••••••••• 
~'1~ ••••••••••••••••••••••••••••••• ' •• 

Cosc'i:1Gdiscu:; ~o ••••••••••••••• 0 ••••••••••••• 

Cyclot"lla ~ .••.••••••.••••.•••..•..••. 0 •••• 

Cy:r.nG ]~ 212.' •••••••••••••.•••••••.••••••••••• 
Diat()~3. ~ .................................................................. 'O' .... .. 

Diplor.p.is ~ •••..• ' •••.••. " ., ., " .•.••••••••. 
Eunotia ~ .••••.•..•••••..•.•••••.•.••••••••• 
Fragilaria ~ .•••.•.•••••.•••••••••.••••••••• 
Fragilaria crotonensis .• Jf:.~p:} ......•.... o. 
C-C:J:~!lorr'ClCla ~ •• 0 ••••••••••••••••••••••• 0 •• 0.0 

Gyrosigma spo •••••••••••.•••••••••••••• 0 ••• o. 
Hantzsc:;"ia ~ •.•••••.••••...••••.••.•. 0 .000 •• 

vle] osira ~ .................................................................... .. 
l-~ .. qranulata .................................................................... .. 
Meridion circulare ••••••••••••••••••••••••••• 
~u""l'a' Spa .......... ~ ........ o. .......................... o. ............... .. 

",a'Jicula 2£ A ••.•••• , •••••••••••••••••••••••• '. 
Nitzschia ~ •.••••••••••••••••••••••••••••••• 
!_ siqrna ....................................................................... .,. 
Pinnularia ~ ••••••••••••••••••••• 0 •••••••••• 

Bhoiccs?henia curvata •••..••••••••••••••••••• 
Stephc.nodiscus ~ ..•.•••....••.••••••••• 0000. 

Surire-lla ~ .••••. 0 •• 0 ••••••••••• 00 •• 0 •• 0000. 

's. patella .••.•..•..•..••.•••••••.••••• 0" 0.0 

Synedra 212. ..................................................................... .. 
S. ulr: ......•....•• , •.....•••.•.....•.••..•. 
~abelJ;"'ia sE, ............................... . 
T. fl0Z"'~ ...... a ............................ ~ •••••••• 

T. f~r:estrata ••..•..•••...••••.••.•••••.•••.• 

ROSETON-DANSKAMMER PHYTOPLANKTON 

MCE MCW RSCE RS~-1 RoE RI DI 
no./liter no./liter no./1iter no./liter no./literlno./liter no./liter 

798 840 
33527 47021 43156 69841 

840 

798 1679 
1596 2519 2381 

65457 83966 46855 58730 

1679 

798 

1679 (sp ) 2466 44444 

840 616 

30334 78088 54253 63492 

1596 616 
798 2519 1233 11637 

798 2519 616 40729 

840 
1596 1679 

~ 
I 

2395 1679 1849 3175 
I 



[ r 

A. DIA"TOMS cont'd 

uro centric ••••••••••••••••••••••••••••••••• 
uro pennate ••••••••••••••••.•••••••••••••••• 
U:rD spined-een1;:ric ••••••••••.•••••••••••••• " 
Chaetoceros-l~e ' 
TOTAL DIATOMS. " ••••••••••••••••••••• ' •••••••• 
% OF TOTAL PHyTOPLANKTON •••••••••••••••••••• 

B. EUGLENOrOs 

Euglena ~ ••••••••••••••••..•••••••••••••••••• 
~ 32,; ••••••••••••••••••••••••••••••••••• 

'Trache1omonas ~ ••• ; ••••••• , ••••••••••••••••• 
UrD euglenoids •• ' ••••••••••••••••••••••••••••• 

TOTAL EU(;LENOIDS ............................ " 
% OF TOTAL PHyTOPLANKTON ••••••••••••••••••••• 

RNCE 

no./liter 

7184 
3193 

150868 
63.42 

798 

798 
0.34 

RNCW RSCE 

no./liter no./liter 

21831 4316 
7398 

250218 163374 
72.15 25.88 

RSC",q 

no./liter 

3968 

298397 
81.03 

794 

794 
0.22 

I 
I 

i 
I 
I 

I 

I 

I 

I 

I 

i 

.!IDE RI 

no./1iterlno./1iter 

11594 
4969 

294822 
72.21 

6864 

335500 
32.21 

Dr 

no./liter 

8166 
19600 
285828 
75.59 

~~ 
'rI!'l 
t< •• 
t>l 

~ 
~ 

f;lt; 
.." .. ,... 

'" n' (II ..., 
.... w ,.... 
01 



GROUP 

,c., GREENS 

Ac tinas trum 32. •••••.•••.••••.•••••. ' •••.••••.. 
A. gracillimum ••••••••••••••.••.••••••••••••• 
A. har.tzschii .••••••••••• ' ••..••••••••••••• ". 
Ankistrodesl:\us ••••••••••.•••••••••••••• , •. ',' • 
Aste::cococcus 32. ••..•••••••••.•.••.•••... , •.•• 
Chlam';domonas 32. •••••• , •..••.••• , ••••••...••• 
Chlorella 32., •••.••••••••.••••••••••• " •. " •• 
Chloroc0ccu!:l .32. •••••••••• '" •• , •••• " ., , ••• ,. 
Cllod~.~~lla ~ ............................................................. .. 
£. 1cmgiseta; •••••••••••••••••••••• , •••••.••• 
C. micro'"'orwn ••••••••••••••••••••••••••.• , ••• 
c. s .... lt:,salsa .............................................................. ;. .. .. 
0. ~!drata ••••••.• , ••••.••••••••.•••••.•• , .. 
Closte~is ~ ... ' ................................................... .. 
Clost('r' urn ~ ••••••••••••••••••••••• , ••••.••• 
Coelastru..'11 ~ •••••••••••••••••••••••••••••••• 
Cosmariwn ~ •••••••••••••••••••••••.••••• , ••• 
Crucigc:-.ia ~ •••••••••••••••••••••••••••••••• 
Dict,!osphacrium .§E. •• ••••••••••••••••••••••••• 

Echinosphacre11a ~ •••••••••••••••••••••.••.. 
r:laktotilri~ ~ •••••••••••••••••••••••••••••• , 
Euastrum ~ •••••••••••••••••••••••••••.•••••• 
Eudorina ~ •••••••••••••••••••••••••••••••••• 
!:.. ~ns ••••••••••• , •••••••••••••••••••••••• 
Franceia !E ..•. , .•....•.•.......•......•.•.... 
Go1enkinia radiata ••••••••••••••••••••••••••• 
Kirchneriella ~ ••••••••••••••••••••••••••••• 
Micractinium pusillum •••••••••••••••••••••••• 
Micrasterias !£ ..............•............... 
/:1ougeotia !£ ..........•.........•.........••. 
Occystis sp •••••••••••••••••••••••••••••••••• 
Pandorina ~ ••. .<r •• IJI9+\UJ11 •••••••••••••••••••• 
? charkowicnsis ••••••• " •••.••••••••••••••••• 
Pedia,;t::-um ~iatum •••••••••• '" .•••••••••• 
£.. duclex •••.•..•••••••••.•••••••..•.•••••••• 
!:.. gli.l:;duliferu~ ••••••••••••••••••••••••••••. 
P. s.ir~plex .................................. . 
p::.!..~ ............................... - ••••••• 

ROSETONE-DANSKAMl'!ER P3YTOPLANKTON 

RNCE RNCW RSCE MCW 

no./liter no./liter no./liter no./liter 1 
3193 

4932 ' 4762 
1596 616 2381 

798 616 
798 4i98 616 3968 

798 794 

7398 

I 
88162 

3175 

3359 616 

1596 

4316 

22222 

RDE RT DI 

no./1iterlno./liter Ino./liter 

2484 

1656 

4141 
4969 

11594 

4141 

3313 

3313 

5148 

3432 

858 
35181 

30890 

2574 

4290 

817 
2450 

817 

3267 

13729 (P. moj:um) 

000 

5:~ 
'Ot>l 
I:"' .. 
t>l 

~ 
'" t>l 

~:::; 
8' .. .... 

IV 

o'::J 
~w 

I 
.... 
til 



( ( 'r 

·C •. GREENS cont'd~ 

P1atydorina caudata ••••••••••••••••••••••••• 
Pblyedriopsis ~ ............................ . 
Protococcus ~ •••••••••••••••••••••••••••••• 
Scenedesmus ~""""""""""""""'.' 
2.. abundans .' •••••••••••• '.' •••••••••••••••••• 
.§.. aC1lI\\ina tus .... • " ...................... ~ .............................. .. 
S.arcuatus •.••••••••••••••••••••••••••••••• 
S. bijuqa ••••••••••••••••••••••••••••••••••• 
S. ~hus •••••••••••••••••••••••••••••••.• 
s~ dcnti;l1l.atus ............................ . 
s. Oblig""i::-:-:-••..•••..•..•..••••••...•..... 
~. guildri<.:auda ••••••••••••••••••••••••• : •••• 
~cdria_~'p ......................................................... .. 
Schrocderia .sf~tiCJe'ra ............................................. .. 
Selenastrurn.~ •••••••••••••••••••••••••••••• 
Sphaerocystis ~ •••••••••••••••••••••••••••• 
Spirog~~ .......................................... . 
Staurastrum ~ •••••••••••••••••••••••••••••• 
Stanrastrurn aspinosa •••••••••••••••••••••••• 
Stigeoc1oniUm ~ •••••••••• ' •••••••••••••••••• 
Tetradesmus ~ •••••••••••••••••••••••••••••• 
Tctra'l!dron ~ ••••••••••••••••••••••••••••••• 
Tetraedron trigonum •••••••••••••••••••••••.• 
Tetrastrurn sp •••• ~ •••••••••••••••••••••••••• 
Ulothrix :32..-:: ...•.....••...•..•............. 
Uln colonial; ••••••••••••••••••••••••••••••• 
uro desmid •••.••••••••••••••••••••••••••••••• 
urD flagellate •••••••••••••••••••••••••••••• 
lIIO filamentous ••••••••••••••••••••••••••••• 
tao four-spined ............................. . 
UIO Goniurn~like .••••••••••••••••••.•.••••••• 
UIO unicellular ••••••••••••••••••••• '.' ••••• ~ 
Volvox ~ ••• ' •••••••••••••••••••••••••••••••• 
carteria ~ ••••••••••••••••••••••••••••••••• 
'TOTAL GREENS •••••••••••••••••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 

RNCE 

no./liter 

4789 

22351 

798 

36717 
15.44 

.-~~-

RNCW RSCE 

no./liter no./liter 

13434 16646 

2466 

6782 

840 

3359 4316 

10076 
840 

2519 

38625 137482 
11.14 21.78 

<' 

RSCW 

no./liter 

794 

9524 

13492 

6349 

794 

794 
69049 
18.75 

RDE RI DI 

no./literlno./1iterlno./liter 

16563 

1656 

16563 

3313 

9938 

19876 

103520 
25.36 

858 1633 

13729 

12013 

2574 

125276 
12.03 

3267 

11433 

4083 

1633 

817 

2450 

32667 
8.64 

tnt:! 

~~ 
&i" 
~ 
'tj 
t'l 

Eiil;:; 
8' 
•• I-' 

'" 0' 
/D -.J 
1-'''' 
I-' 
til 



GROUP 

D. YELLOW-BROWNS (DINOFJ.AGELLATES) 

Dinobryon ~ ••••••••••••••.•••.••• 
, Glenodinium :!E.' ••••••••••••••••••• 
Peric.inium ~, •...•.•.•••••••.•••• 
Synura ~ ••••••••.••••.••.•.•...•• 
UIn dinoflagellate •..•••..••.••••• 

TOTAL YELLOvl-BROWNS ••••••••••••••• 
'% OF TOTAL PHYTOPLANKTON .••••••••• 

E. BLUE-GREENS 

Anabaena 32. •.•••.•.•.•••.••••.•.•. 
~. flos-aquae .•...•••.••••..••••.•• 
~. spiroides •.••••••.•...•••••••.. 
Aphanizomenon ~ ..••..••. '" ., .... 
Aphanocapsa ~ ....••••••.••••.•.•. 
Aphanothece ~ ••.•••••••.••••••••• 
Chroococcus ~ •.•..•.•...••..••.•• 

'Cylindrospermum ~ .••••••••••••••• 
DilCtylococcopsis ~ •.••••••••••••• 
Gleoca~ ~ •• , •..•••••••••••••••.. 
G-leothece ~ •.••.••••••••••••••••• 
GOM~h~sphaeria ~ .••••••••..•••••• 
Lyn~bya ..E12:," •••••••••• ~ ........... . 
.MerLsrnoped1a sp .•••••••••••••••••• 
• M. glauca ..•• ::-.................. .. 
. !:!.: major.: ••••..••••.•••.••••.•••• 
M1cr~st1s 5p •..•••••..••.••..•.• 
~.. de!:'uginosa ........ o. ........ o. ..... " .. o. ........ 

llostoc sp ••••••••••••••••••••••••• 
·Osciilatoria sp •••••.•.•...•.•...• 

Roseton - DanskaJlJller Phrtoplankton 

!\NCE RNCW RSCE 

no./liter no./liteJ: no./l.i.ter 

4789 616 

4789 616 
2.01 0.10 

9864 

" 

48700 308875 

·39114 

5588 8397 6165 

RSCW 

nOnbliter 

sample 

RDE RI DI 

no./liteJ:1 no./liter I no./liter 

828 

828 
0.20 

6625 

24026 20416 

419593 38383 

99535 

tnt) 

~~ 
1-''' 
CD 

rt 

~ 
CD 

~~ 
8 ...... 
.. I-' 

N 
0 ...... 
(1) -.) 
I-' W 

It 



E. BLUE-GREENS CON'T 

Phormidium ~ ••••••••••••••••• 
Spirulina ~ •••••••••.•••••••• 
Synechococcus ~ •••••.•••....• 
UlO Aphanothcce-like ••••••••••... 
UlD branched filamentous •••••• 
UlO colonial .•••••••••.•.••••• 
UlD filamentous .••••••••••••.• 
UlO GLeocapsa-1ike •••••••••••• 
UlO long cell ••••••••••••••••• 
UlD sheathed cell ••••••••••••• 
UIDtwo-ce11ed coloniaL •••••• 
UlD unicellular ••••••••••••••• 

TOTAL BLUE-GREENS •••••••••••• 
% OF TOTAL PHYTOPLAN~ON ••••• 

F. OTHERS 

UlD flagellate ••••••••••••••• 

TOTAL OTHERS ••••••••••••••••• 
% OF TOTAL PHYTOPLAN~ON ••••• 

G. TOTAL PHYTOPLANlcrON 

Roseton - Dans~amm~ PhytQPlankto~ 

RNCE RNCtf RSCE RSCW 

no./liter no./liter no./liter no./lit~ 

4932 

840 

44702 57937 329836 no sample 
18.79 16.71 52.25 

237874 346780 631308 368240 

1 

RDE Rl DI 

nQ./1ite~ no.!liter Ino./liter 

i 
, 

i 

! 3.7755 

! 
2484 

I 

817 

mo 
9109 580909 59616 ~~ 
2.23 55.77 15.77 '" (I> I-' •• 

Il) 

rt 
'< 
'" CD 

£lit; 
8' 

I-' 
IV 

n' (I> -.I 
.... w .... 
co 

408279 I 1041685 1378111 



GROUP 

A. DIATOMS 

Achnanthes ~ •••••••••••••••••••••••••••••••• 
A.'l!phiprora ~ •••••••••••••••••••••••••••••••• 
A.-:t?hora ~ ••••••••••••••••••••••••••••••••••• 
As ter 5.onella formosa ••••••••••••••••.•.••••.•• 
~~ zachariasi. •.••••••••••••••••••••••.• 
Ceratoncis ~ ................................ . 
Ch<'.ctoccros ~ ••••••••••••••••••••••••••••••• 
Chaetoccros ~ A •••••••••••••••• , ••••••••••.•• 
Cocconcis ~ .•••.•••••••••••••••••••••••••••• 
Coscinodiscus ~ ••••.••..•••••••••••••••••••••• 
Cyclotclla 3? ...............•................ 
Cy~<bcllo. ~ •••••••••••••• ' ••••••••••••••••••• 
C)i'lto~a 32. .•....•••.•..•..•••••••.••...•.•..• 
Di!)lo!leis ~ •.••••••.••••••••• , ., •••••••••... 
Eu::otia ~ •••••••••••••.•.•••••.•.•••••••••.• 
Fragilaria ~ ............................... . 
FragiJ.~ria crotonensis .•••••••••••••.•••.•..• 
Gc;"1pho~ sp ..................................... . 
Gyrcsigrna ~ ............................................................... .. 
Eantzschia 32, ••••••••••••••••••••••••••••••• , 
l-!elos i ra §,E, ................................................................... .. 
~. granulata .••••• ' .......................... . 
MQridion circulare •••••••.•••••••••••.••••••• 
Navicula ~ ••••••••.•••••.•••••••••• '" •.•••. 
Navict:la ~ A •••••••••••••••••••••••••••••••• 
Nitzschia ~ ••••••••••••••••••••••••••••••••• 
'!:!: •. sigr.la .•••••••.••••••••••••••••••••••••••••• 
P i:nnular.ia §2. •••••••••••••••••••••••••••••••• 

. Rhoicosphenia curvata ••••.••••••••••••••.••••• 
Stephanodiscus 32. ........................... . 
Surirella 3:2. ••••••••• '.' ••••••••••••.••••••••• 
~. patella ••••.••••••••••••••••••.•••..•.•••• 
S:Jnedra~ •••••••••••.••••••••••••••••••••..• 
,5. ulna .••••••••.••••••••.••••.••••.••••••.•• 
T"ba~~ri~ •••.•••.•.•.•.••..•.••••.•••.••.• 
T. t lu:;culosa' ...••••••...•••• , ., .••...••.•.• 
T. fenestrata ••••••••••••.•••••.•••••••••••.• 

ROSETON-DANSKAMMER PHYTOPLANKTON 

RNCE RNCW RS:::E RSCW 

no./liter no./liter nc./liter no./liter I 

130435 43478 
43478 

173913 

43478 
43478 391304 43478 

173913 

43478 

I 
43478 

i 

J 

RDE RI 

D./literlno./liter 

1<) 

DI 

no./liter 



A. DIATOMS cont'd 

UID centric ••••.•••••••••••••••••••••••••••• 
UID pennate ••••••••••••••.•••••••••••••••••• 
UID spined-centric •••••••.•••••••••••••••• ',' 

TOTAL DIATOMS ••••••••••••••••••••••••••••.•• 
% OF TOTAL PHyTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglena ~ ••••••••••••••••.••••••••• , ••••••••• 
Phacus ~ •••.•••••••••••••••••••••••••••••••• 
Trache1omonas ~ •••••••••••••••.••••••••.••• ~ 
urD eug1enoids .............................. . 

TOTAL EUGLENOIDS ••••••..•••••• , ••••••••••.•• " 
,% OF TOTAL PHY1~P~KTON ••.•••••••••••..••..• 

RNCE 

no./liter 

86957 

130435 
100 

RNCW RSCE 

no./liter no./1iter 

43478 

826085 347825 
32.8 100 

. ' 

RSCW 

no./1iter 

~ 

I 

I 

~ 

RDE RI 

p./1iter\no./1iter 

43478 

86956 
100 

Dr 

no./liter 

304348 
70 

43478 

43478 
9.99 

[/)1;) 

~~ r.; .. 

~ 
;:J 

"JUl H' t"' ..... 
0-31-' 
~':::; 
~ ..... 

() 
CD 
I-' 
I-' 
!JI 



GROUP 

.C. GREENS 

Actinastrum ~ •••••••••••••••••••.••••••••••• 
A. aracillimum ••••••••..•.••••.••.•..•••••.•• A. hantzschii ................................ . 
Ankist rodesmus .•.•••••••••••••..•.••••....•. ' . 
Asterococcus ~ •.••••..•••••••.•.•...•••••••• 
Chlamvdomonas ~ ..••••••.•.•••••••••••.•••••• 
Chlorella ~., •••••.•••••..•••••..•.•..••••••. 
ChiO;::O;;;Ccum .:'!E' ••••••••••••••••••••••••••• " • 
Chonatella ~ •••.•••••...•••.••••••....•••.•• 
C. longiseta .•.•.•.••••.•.•••••.••••.••.•••.•• 
C. microporum .••••..••••..•.•• ' ..•••.•..•••••. C. subsalsa ......•..•••••..•.•....•.•...••••• £. quadrata ..•.•••..•.••••.••••..•...•....•.. 
Clostc>riopsis ~ ..•••..•.••••.••••.•..•....•. 
Closterium ~ •••••••...•...••....•••.•••••..• 
Coelastrum ~ •••••••••••••••••••••••••••.•••• 
Cosmarium '~ ..••.••.•••••.•...•.... , ....••... 
Crllciqenia ~ ••••.••.••••••••.•••...••......• 
~o~eriwT! ~ .••••.•••••••.•••. ~ •.•....• 
Echinosphaerella ~ •••.•••••••.••.•••..••.••• 
Elaktothrix ~ ••..••••.•. " ••.••..••..• , •.•••• 
E'uastrum ~ .•••.••.••••••.•••••••••.••••.••••. 
EUdorina ~ •••••••••••••.••••• , ••••.••••••••.• !!.. elegans •.••••••••.•••.••••••••••...••••.•• 
Frani:::eia ~ .••••...•••••..••••••••••..•••.••• 
.Golenkinia radiata ..•••••.••••••••••..••••••. 
'Kirchneriella ~ •.••..••••••••••• ',' '" ..••••• 
~ticractinium pusill~~ •••••••••••••••••••••... 

. 'Micrasterias ~ ..••.••••••••.•••••••••••.••••• 
, t!5>ugeotia~ •• ' ••.••••••. , .••••.•••••••••• , ••• 

Gc:::ystis sp ..••••.•.• '.' ••.•••••.••••.•••..••. 
Pand?rina ~.:: ••••••.••.•••.•.•.•••...••.••• 
P. cOarkOloll.ens1s .••••••.•..•..•••...••..••.••.. 
Ped~s~~iatum •••..••..•.•••••..•....• 
P. dur:>lcx ...•....••..••••...•••••..••...••..• £:. gr;~liferum .••••••••.••.•••.•..•.••.•..• 

. !:. sir~;:>lex ....••..•••.••..••.••••••.•••••••.• 
P. tetras .•••••...••..••...•.••••.•.•..•••••• 

ROSETONE-DANSKAMMER PHYTOPLANKTON 

R..:.'lCE RNOi RSCE RSOi RDE RI 
no./liter Ino./liter no./literlno./liter Ino./literlno./liter 

Dr 
no./liter 

tilt:! 
~):oo 
't1~ t" ., 
t'l 

8 
>< 
;-g 

"lln .... , 
t"w 
8 .... 
;g'::J 
81.1 
f:J 
() 
!D .... .... 
en 



f 

·C. GREENS cont'd. 

Platydorina caudata ••••••••••••••••••••••••• 
Polyedriopsis ~ ..••••••••••••••.••••••.•••• 
Protococcus ~ •.••••••••••••••.•••••••.••••• 
ScenedesmuS .::!£ •••••••••••••••••••••••••••••.• 
§.. abundans •.••.•.•••••••••••••••••.•••••••• 
§.. acu.'"!Iinatus •.•••••.••••.••••.••••••••••••• 
S. arcua tus ••••••••••••.•••••••••••••••.•••• 
S. bi:\uga .•••••••••••••.•••.•••••..•.••••••.• 
:§:. d~'"orphus ••.••••••••••.••••••••.•••••.••• 
S. der.t.ict~latus ............................. . 
s. oblig1.:·"i ................................. . 
S. cuadricauda ••.••••.•••••.••••••••••••••.• 
sc~roedria_~'p ••••••••••••••••••••••••••••••• 
Schrocderia .~,~ti2era ........................... . 
Selenas trum ~ •••.•••••••••.•••••••••••••••• 
Sphaerocystis !3? ........................... . 
Spircqyra sp ••.••••••••••••••••••••..••••••• 
Staurastrum ~ ••••.••••••••.•••••.•••••.•••• 
Stanr<lstrum' aspinosa ••••••••••••••••••••.••• 
s"tige-OCiOnium ~ ..•..•••...•••••••••••....•• 
Tetraucsmus ~"""".""""'''''''''''''' 
Tetracdron ~ ............................... . 
Tetra0dron trigonum •••••••••••••••••••.•.••• 
Tetrastrum .::!£ .............................. . 
t)lo~rix ~ ................................ . 

· UID colonial .•••••••••••••••.••••••••••.•••• 
· aID desmid •••••••••••••••••••••..•••..•••••• 
uIn flagellate ............................ .. 

· DID filamentous •.••••••••.••••••••.•••• ~ •••• 
-VIP four-spined •.••••.••••.•••••••••••.•.••• 
VIO GQnium~like ............................ . 
UIO unicellular ••••••••.•••..••••••••••••••• 
~& .•..•.....••.•.....••...•••...•.•.. 

~O'r-AL GREENS. " •••••••••••••••••••••••••••••• 
% OF TOTi\L PHYTOPLANKTON ................... . 

RNCE RNCW RSCE 

no./liter no./liter no./liter 

1086957 

434783 

1521740 
60.2 

. 

RSCW 

no./liter 

, 

I 

I 

, 

I 

, 

I 
'J 

RDE 

I 

RI 

~~./literlno./1iter 

01 

no./liter 

-

til 0 

~~ 
t< .. 
C'l 

~ 
't! 
t'l 

"'l111 H, 
t"w 
103f-' 

~':4 
~w .. 
o 
(II .... .... 
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GROUP 

D. YELLOW-BROWNS (DINOFLAGELLATES) 

Dinobryon ~ .•••••.••••.••••.•...• 
Glenodinium ~ •.•••.•.... -••••.•••• 
Pericinium ~ •.• , ••••••.••••••... , 
Synur~ ~ ...•..••...••••..•••••••. 
UIn dinoflagellate ••..••.••••.•••• 

TOTAL yELLOW-BROWNS ••••••••••••••• 
% OF TOTAL PHYTOPLANKTON .•••••••• ; 

E • BLUE-GREENS 

Anabaena sp .•••.•...••••..••.•••.. 
~. flos-a~ae .................... .. 
~. spiroides •...•••••••••••••.••.. 
·Aphanizornenon E.!2.' ••••••••••••••••• 
Aphanocapsa ~ •.•.•.•••...•.•..... 
Aphanothece 32. ••••••••.•• - •••••.•• 
Chroococcus 32. ••• , •••••••••••••••• 
.Cylindrospermum ~ ••..•.•.•••.•••• 
Dactylococcopsis ~ .•••••••••.•••. 
Gleocapsa ~ .••••..••••••••••••... 
Gleothece sp ...••••..•.•••••.••••• 
GQmphosnhaeria ~ •.•.•••••.•.••.•• 
Lyngbr.a spo ..•.•••••..••••••.•.•••• 

. 'Merismopedia sp •••••••••••.••••••. 
'l:!.:. glauca ..•• :-:-••••••••••••••••.•• 
~. majo:r; ....••..•..••••••.•••.•..• 
Microcystis sp •.••••.•.•.•••...••• 
~. aeruginosa .....•.••••..••••.•.• 
Ncstoc sp ••••••••••••••••••••••••• 
OscillatOria sp .•.••••••. ' ..•..•..• 

Ro~eton - Danska.'1:::\er Phytoplankton 

RNCE &'iCW RScE 
no./liter no./liter no.jliter 

130435 

130435 
5.2 

RSCW 

no.jliter i 
i 

i 

I 

, 

! 

, 

I 

, 

! 

RDE R1 01 

no. (lite;r;1 nO./Liter I no./liter 

86957 

86957 
20 

CIlO 

~ ~ 
"(j (\) 
I-' •• 
(\) 

~ 
(\) 

"JUl H' t'w 
0,31-' 

~'::':i 
~w . .. 
n 
(\) .... 
I-' 
CD 



E'. BLUE-GREENS tON'T 

Phormidium ~ •••••••••••••••.• 
spirulina ~2...' .............. .. 
Synechococcua ~ •••••••••.•••. 
UIO Aphanothece-like •••••••..• 
UIO branched filamentous •••••• 
UID colonial .•••••••••••••.••. 
UIO filamentous ..•••••••••••.. 
UI[) GLeocapsa-like •••••••••... 
UID long 'cei1~ •••••••••••••••• 
uro sheathed cell ••••••••••••• 
urD two-celled colonial ••••••• 
'uro unicellular •••.•••••• ~ •••• 

TOTAL BLUE-GREENS •••••••••••• 
, , OF TOTAL PHYTOPL.'lNKTON ••••• 

F. ,OTHERS 

uro flagellate •• , .•••••••••••• 

TOTAL" OTHERS ••••••••••••••••• 
, OF TOTAL PHYTOPLANKTON ••••• 

.' G. TOTAL PHYTOPLANKTON 

Roseton - Danskammer ~hytoplankton 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no ./l.i. ter 

" 

43478 
1.7 

130435 2521738 347825 

{ 

1mE lU DI 

no./1ite~ no./liter Ino./liter 

86961 434783 

VJt:1 

~~ 
f-' •• 
(1) 

rt 

~ 
(1) 

"lUl H't"w 
81-' 

~~ 
~w 

() 
(I) 
I-' .... 
(JI 



GFOUP 

A. DIATOMS 

Achnanthes 02. •.••.•••••••••• , ••••.••••••••••• 
Amphiprora 02. ............................... . 
Amphora ~ ..••.•••.••••••..•••....••...•...•• 
Asterionella formosa ••.•....•.•.•.••.•......• 
Atthey~ariasi •••••••••..•••••.••••••.• ' •• 
Ceratoneis .:'!J2. ................................ . 
Chaetoceros ~ .••••.•••...•..•••••••.•.•.••.. 
Chaetocf'ros SD A •••.•••..••..•.•..•.••••..•.• ----------- ~ . 
Cocconeis ~ ................................ . 
Coscinodiscus ~ ••.•.•••••...•••.•••••••.•...• 
Cl'clotella 02. ............................... . 
~~~ ................................. . 
Di<ltol1a 2£ ..........•..•....... , ......... , .. . 
Diploneis ~ ••..••••.••.•.•....•.•.•.•••••••. 
Eunotj~ sp .••.••••••.••....•..•••••••......•. 
FraC;iJ.aria ~ ..•••••••••..•••..•••..•••.•.... 
FragiJ~rj.a crotonensis .••.••..•..•.•..•.•.••. 
Gol1i'l~~ •••••••••••••••••••••••••••••••• 
Gyrosigma ~ .••.••.•.•..•..•.•.• '" ., •..•.•.• 
Hantzschia ~ .•.•..•..••..•. " '" ••.......•• , 
Helosi.ra ~ ................................. . 
/·1. ~nulata ................................ . 
MeridiOfi""circulare •••••••••••••••••••••••.••• 
Navicula ~ ................................ .. 
Navicula ~ A ••••••••••••.•••••••••••••.••••• 
Nitzschia sp ................................ . 
!:!.. sigma •.••...••••••.••••.••••••••.• , .••••••. 
Pinnularia ~ •••••••.••.•••••••••••••.••••••• 
Rhoicosphenia curvata •.•••••••••••.•..•.••••• 
Stephanodiscus ~ ••••••••••.••••••••••••••••• 
Surirella ~ ...••.••••••••••.••••••• , .•••.•.• 
~. patella •••.•..•..•••••.•••••••••••.....••• 
Synedr<l .!!E.' •••••••••••••••••••••••••••••••••• 
,5. ulr.a ..•.•••.•.•••••••••••••••...•.•••..... 
Tabellaria 5p ••••••••••••.••••••••••••••••••• 
~ flocculosa .....••••...•••••.•...•...•.•.. 
T. fcnestrata .•.••..•••.•.••.•••.•..•.•••..•. 

FOSETON-DANSKAMMER l'HYTOPLANI<.TON 

RNCE RNC'w RSCE RSew 

no./liter no./liter no./liter no./liter 

86957 

86957 
43478 
130435 260870 86957 

43478 

43478 

43478 

130435 434783 391304 86957 

43478 86957 43478 

43478 

43478 

RDE RI 

-o./liter\no./liter 
:> 
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no 
sample 
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nc./liter 
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A. DIATOMS cont'd 

UIO centrLc ••••••••••••••••••••••••••••••••• 
UIO pennate ••••••••••••••••••••••••••••••••• 
UIO spinea-centric •.•••••••••••••••••••••• 0 ".' 

TOTAL DIATOMS ••••••••••••• 0· •••• 0 ••• 0 •••••••• 

% OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglena ~ •••••••••••••••••.•••••••••••••••••• 
Phacus ~ ••••••••••••••••••••• ~ •••••••••••••• 

. Trachelornonas !!J2. ••••••••••••••••••••••••••••.• 
UID euglen6ids ••••••••••••••••••••••••••••••• 

TOTAL EUGLENOIDS ••••••••••••••••••••••••••••• 
% OF TOTAL PHyTOPLANKTON ••••••••••••.••...••• 

i( j' 

RNCE RNCW 

no./liter no./liter 

173913 782609 
40 78.3 

RSCE RSCW 

no./liter no./liter 

956522 217392 
79 83 

RDE RI 01 

1~./1iterlno./1iter no./liter 

(f)tJ 

~~ 
t;;" 
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t>l 
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GROUP 

,c. GREENS 

Actinastrum ~ •••••••••..••••.••••• ' ••••••••• , 
~. gracilli!t1urn ••.••••.••.•••••.•••..••••••••• 
A. hantzschii. •••••••.••• ' •..••••• '" ••••••••• 
A:. ... kistroclesmus ••.••.•••....•..•• , ••••.••••• " • 
Asterococcus ~ •••••••••••.•••••••.•••.•.•••• 
Chlamydomonas ~""""".""""""""'" 
Chlorella ~ ..••••••••••.•••••••.•••••••••••• 
Chlorococcurn ~ •••••••••..•••.•••. , ••••••••.•. 
Chodatella ~ .••••.•...•••••••••••••.•.•••••• 
C. lOl!giseta ..•••••••.••••••••.•••••••••.•••. 
£.. microporllIn ..... If ............................................ .. 

C. subsalsa ••.•••..••••••••..•.••.••••••••••• 
~. quad:-ata: ..•.•••••.•...••..•••...•..•..••. 
Clost0rlopsls 3?, •••••••••••••••••••••••••••.• 
Closterium ~ .•••••••••••••••..•..•••.•••.••• 
~~~ ............................... . 
Cosmarium 2E .••..•.•.•.••.•.•....•..•.•..•••. 
Crucigenia ~ .•.••.••••.•••...•••••.•..•.••.• 
Dictyosphaerium ~ .••......•. , ..•.•.••.•.••. , 
Echinosphaerella .§£ •••••••••••••••••••••••••• 
Elaktothrix 2£ ...••.......•....••..•...••.... 
Euastrurn 32, ••••••••••••••• , •••••••• " •••••••• 
Eudorina .::.e •••••••••••••••••• ',' •••••••••••••• 
!!.. elegans ••••••••••.••••.•••••••••••••.••••• 
Franceia ~ ••••.•••••••.••••••••.•••••••••••• 
Golenkinia radiata •••••••••••••••.•.••.••.••• 
Kirchneriella ,~ ••.••..••.•••••••••.••.•••••• 
HicractiniU!t1 pusillU!t1 .••••..••••••••••••••••• 
Micrasterias .§£ •••••••••••••••••••••••••••••• 
Mougeotia ~ •••••••••••••••••.•••••••••••.••• 
Oocystis sp •••••.••••••••.••• ' ••••••••..•• , ••• 
Pandorina 2E ...................... '" ....... . 
P. charkO'lliensis .......... I • ••••• , •••••••••••• 

PediastrU!t1 biradiatU!t1 ••••...•••.••...••..••.• 
P. dunlex ..•.•••.•...•......•••..•.....•.•••. 
!: . .:L~7:dUliferum .....••.•.••••••....•...••••• 
P. simplex •.•••..•••.•.•...• '" ., ...•.•.•••••• 
P. tetras ....•.......•.•.....•..........••.•• 

ROSETONE-DANSKAMMER PHYTQPLA..'lKTON 

RNCE RNCW RSCE RSCW 

no./liter Ino./liter I no./literlno./liter 

RDE R1 D1 

-./liter Ino./liter Ino./liter 

tilt) 

i;!~ 
~t,] 
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801 
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~w 
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'c. GREENS cont'd. 

Platydorina caudata ••••••••••••••••••••••••• 
Po1yedriopsis ~ •••••••••••••••••.•••••••••• 
Protococcus ~ •••••••••••••••••••••••••••••• 
Scenedcs!':lus ~ ••••••••••••••••••••••••••••• " 
S. abundans •••••.••••••••••••••••••••••••••• 
§. • ac'..un~na tus ....................................... . 
S. arcuatus .•••••••••••••••••••••.• ! •••••••• 
S. bijuga ................................. ',' 
§.. dinorphus .••.••••••.•••••••••••••.•.••••. 
S. dc!1tict'latus •.•••••••••••••••••••••••.••• 
S. obligu,;;::-:-:-•••••••••.•.•••••••••••.••••. , 
S. ~cauda •••••••••••••••••••••••••••••• 
Sch-;;o,::;dr ia _sp ••••••••••••• ' •••••••••••••••••• 
Schrocderia p~tigera •••••••••••••••••••.•••. 
SelenastrlJlll ~ •.•.•••••••••••••••••••••••..• 
~~is ~ •••••••••••••••••••••••••••• 
Spiro1yra ~ .•..••.•••.•.•••••••••••..••••.. 
Stauri:strum ~ •..••••.••.••..••••••••••.••.• 
Stallr,"strurn aspinosa •••.•• ' .••••••..••.•••••. 
WgeoCIOilIurn ~ ••.••••••• ' •••••••..•••.••..• 
Tetradesmus ~ •••••••••••••••••••••••••••••• 
~~~ .............................. . 
Tetraedron trigonlJlll ••••••••••.••••••••••••.• 
Tetrastrum ~ ••••••••••••••••.•••.•••••••••• 
ulothrix sp ••••••••••••••••••••••••••••••••• 
UID colonial •••••.••••••.•••••••••••••.•••.• 
UID desmid •••••••••••••••••••••••••••••••••• 
Ulr> flagellate ••••••••••••••••••••••.••••••• 
DID filamentous •.•.••.•••••••••••••••••••••• 
UID four-spined ••••••••• '. ~ ••••••••••••••••.. 
UID ~ni~-:like •.•.•••••.••••••••....••.••.. 
UID unicellular ••••••••••••••••••••••••••••• 
volvox ~ .................................. . 

TOTAL GREENS •••••••••••••••••••••••••••••••• 
% OF TOTAL PHyTOPLANKTON •••••••••••••••.•••• 

( 'i 

RNCE RNCW 

no./liter no./liter 

173913 

173913 
17.4 

~~---~ -------~ --

RSCE RSCW ROE RI 

llo./liter no./liter l./literlno./liter 

260870 

260870 
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GROUP 

D. YELLOW-BROWNS (DINOFLAGELLATES) 

Dinobryon ~ ••••••••••••.••••••••• 
Glenodinium Ee.' •••••••••.• - ••••••• 
Peridinium ~ ••••••••••••••••••••• 
Synura ~ .•••••.•.••••••••.•••.••• 
UID dinoflagellate ••••••.••••••••• 

TOTAL yELLOW-BROWNS ••••.•••••••••• 
% OF TOTAL PHYTOPLANKTON .••••••••• 

E. BLUE-GREENS 

Anabaena 2£ ..........•.•...•.••... 
~. flos-aquae ••••.••••••• " ...... .. 
~. spiroides •••••••••••••••••••••. 
Aphanizomenon ~ ••••.••••••••••••• 
Aphanocapsa ~ .................................. .. 
Aphanothece 2E. •••••••••••.•••••••• 
Chroococcus 2E. ••••••.••••••••••••• 
Cylindrospermum 2E. •••••••••••••••• 
Dactylococcopsis 2E. ••••••••••••••• 
Gleocapsa 2£ .......••..••....•.... 
Gleothec: sp: ••••••••••••••••••••• 
Gornphospnaerl.a ~ •••••••.••••••••• 
Lyngbya~ .••.•••••••••••••.•••••• 
Merismopedia sp ••••••••••••••••••• 
.!!:. glauca •••• :-:-••••••••••••••••••• 
M. major •••••••••••••••• 0 ••••••••• 

Micro;ystis sp •••••••••••••••••••• 
~. aeruginosa •••••• 0 •••••••••••••• 

Nostoc ~ ••.•.•••••••••••••••••••• 
Oscillat(1ria sp ••••••••• 0 ••••••••• 

Roseton - Dansk~er ~hytoplankton 

RNCE RNCW RSCE 
no./liter no./litex' no./Uter 

43478 

43478 
4.3 

260870 

,. 

-

RSCW ROE RI D1 

no./lite.!;" . :>./liteJ;"1 no./liter I no./liter 
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{ r ( r 

E. BLUE-GREENS CON'T 

Phormidium ~ ••••••••••••••••• 
Spirulina ~ •.•••.•••••••••••• 
Synechococcus 2.2." •••••••••••• 
UID Aphanothcce-like ••••••.••• 
UIO branched filamentous •••••• 
UIO colonial •••.•••••••••. ' •••• 

. UIO filamentous ..•.•••••.••.•• 
UIO (~eocapsa-like .•.••••.••.• 
UIO long cell •••••••••.••.••••• 
UIO sheathed cell ••••••••••••• 
UIO two-celled colonial ••••••• 
UIO unicellular •••••.••••••••• 

TOTAL BLUE-GREENS •••••••••••• · 
% OF TOTAL PHyTOPLANKTON ••••• 

F. OTHERS 

. UIO flagellate •••••••••••••.• 

.. TOTAL-OTHERS ••••••••••••••••• 

. %.OF TOTAL PHYtOPLANKTON ••••• 

G. TOTAL PHYTOPLANKTON 

( ( 

Roseton - Panskammer Phytoplankton 

RNCE llNCW RSCE RSCW 

no./liter no./liter no./liter no./liter 

. 260870 
60 

434783 1000000 1217392 260870 

( 

I 

RDE RI DI 

no.llite~ no./liter Ino./liter 

i 

tilt;) 

~ ~ 
'0 II> ... .. 
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~ 
(1) 

""0> H'-. 
t""-> 

~~ 
~w 

() 
II> ... ... 
UI 



E. BLUE-GREENS CON' T 

Phonnidium ~ ••••••••••••••••• 
Spirulina ~ ••••.••••••••••••• 
SyneGhococcus ~ .•••••••....•. 
UID Aphanothece-like ••.••••••• 
UID branched filamentous ••.••• 
UID colonial ••.••••.••.••.•••• 
UID filamentous .•...•••••••.•. 
UID Gleocapsa-like •••••.••••.. 
UID long cell •••••••.••••••••• 
UIO sheathed cell •••••••••.••• 
UIO two-celled colonial •••.••• 
UIO unicellular ••••••••••••••• 

TOTAL BLUE-GREENS •••.•••••••• 
% OF TOTAL PHyTOPLANKTON •.••• 

F. OTHERS 

UID flagellate ••••••••••••••• 

TOTAL OTHERS .•••.•••••••••••• 
% OF TOTAL PHyTOPLANKTON ••••• 

G. TOTAL PfrlTOPLANKTON 

Roseton - Danskammer Phytoplank~on 

RNCE RNCW RSCE RSCW 

no./1iter no./liter no./liter no./liter 

·347826 869'57 

86957 43478 

347826 86957 1000000 
47.1 5.6 60.5 

739131 782609 1652174 391304 

I 
----~-- _. ------~ _._1 

RDE RI 

no./lite~ no./liter 

869565 

869565 
44.4 

1956521 260869 
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no./liter 
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GROUP 

D. YELLOW-BROWNS (DINOFLAGELLATES) 

Dinobryon !'!J2. •••••••••••••••••••••• 
. G1enodinium ~ •••.••••••••••••••.• 
peridinium'~, ................... . 
Synura ~ •••••.••••••••.••••••••••• 
urD dinoflagellate ••••••••••.••••• 

TOTAL yELLOW-BROWNS ••••••••••••••• 
%'OF TOTAL PHY~OPLANKTON •••••••••• 

E. BLUE-GREENS 

Anabaena ~ ••••••••••••••••••••••• 
~. flos-aquae .................... .. 
!!. spiroides ..................... . 
Aphanizomenon ~ ••••••••••••••..•• 
Apha'nocapsa ~ .••••••.•••••.•••.•• 
Aphanothece ~ ••••••••••..•••••••• 
Chroococcus ~ •..••••••••••••••••• 

'Cylindrospermum ~ .••••••••••••••• 
Dactylococcopsis ~ ••.••••••••• , •• 
Gleocapsa ~. '.' ••••••••••••••••••• 
Gleothece ~ .••••••.•••••••..••••• 
Gomphosphaeria ~ •.•••••••..•••••• 
Lyngbya spo.··· .. • .. •· .. ••••• .. ·•••• 
Nerismopedia sp .•••••••••••••••••• 
. M. glauca •••• -:-: .................. . 

. ~. major •••...••.••••.•..••••.•••• 
Microcystis. !!E.' ••••••••••••••••••• 
~. ueruginosa .••••.••.••..•••..•.. 
'Nostoc !!E. ••••••••••••••••••••••••• 
'Oscillatoria !!E. ••••••••••••••••••• 

Roseton - D<U\skamer Phytoplankton 

RNCE RNCW RSCE 

no./liter no./liter no./liter 

347826 

,. 

521739 

RSCW WE RI OI 

no./liter1 no./literl no./liter I no./liter 

I 
I 

I 

rntl 

~ ~ 
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rt'" 
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~ 
rt 
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o 
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·C .. GREENS cont'd; 

Platydorina caudata •••.••.••••••.•.•.•••.••• 
polyedriopsis ~ ••••.••••...••••..•.•..•..• ~ 
Protoccccus sp ••.•.•••••••••••...••••.•••.•. 

Scenedcsmus ~""""""""""""""'.' 
S. abundans ••.••••••••••...•.•••••••....•.•• 
S. aculnina tus ••.•••••••.•••••.•.•.••.••..••• 
S.·~~ ................................ . 
S. bijuga •.•••••••••..•••.•••••••••••••••. '.' 
S. dimorphus ••.•••••.••••••....•••••.•...••• 
S. de'ltiCl.~l.atus •••..••••...........•...•.•.. ---- ---
S. obligt:- ; ............................................................. .. 
s. ~i.ca:uda .......................................................... .. 
S'chroer1.r;'a __ ~p ........................................................... .. 
Schrocdcria ?~tige:ra ..••••....••••.••....•.•• 
Sele:1astrll.."1l sp ......................................................... .. 
sphaerocysti;--~ ...................................................... .. 
Spiro<.;:·rCl S!? ............................................................. .. 
StaurastruCl sp .....•.•..•....•.............. 
Stal~~ aspinosa ............................................. .. 
Stigcocloniu..'lI sp ...•..••...••••••.••••.•.... 
Tetrad0s:'nus .:!12."' ........................................................ .. 
Tetracdron ~ ..•••.•••••..•.••••••••.•••••.• 
Tetra"dron trigonum •••.••••.••.••••••••..••• 
Tetrastr= sp •••••.••.•.••••••••.•••••.••••• 
Ulothrix sp .•••••••••••••••••.••.•••••••••.• 
;]ID colonial •••••.•••.••••••••......•••••.•• 
UID des:nid ••.••••••••••.••...•••.......••.•• 
uln flageilate •.••••..•....•••...••......•.• 
DID filamentous ...•••••...••••....•••.•...•. 
UID four-soined .••.••••...•.....•..•...•.... 
UIO GonL':!!l-: like ..•.•••••........•........••• 
UIO unicellu~ar .••••.•••••..•.••..•..•••.... 
Volvox ~ .•••.•.••••••••.•.•..•......•.•.... 

'TO'r.l>'L GREENS •••••••••••••••••••••••••••••••• 
% OF TO'IAL PHyTOPLANKTON ..•••••••.•••••..••. 

RNCE 

no./liter 

,86957 

217392 
29.4 

RNCW RSCE 

no./liter no./liter 

43478 

130435 

173913 

391305 217391 
50 13.2 

RSCW 

no./liter 

43478 

217391 

260869 
66.7 

ROE RI 

no./literlno./liter 

173913 

521739 

8;;16087 
42.2 

l30435 

130435 
50 

.'.::" 

01 

nc./liter 
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r 

.GROUP 

.C •. GREENS 

Actinastrum !l2." •••••••••••••••••• ; •••••••••• 
!!. gracil1imum .............................. . 
A. hantzschii ••••••••••••.•••••••••••••••••••• 
Ankistrodesinus •••••••••••••••••••••••••••• '.' • 
Asterococcus ~ •••••••••••••••••••••••••••••• 
~,domonas !!l2. •••••••• ; •.••••••••••••••••••• 
Chiorelia ~ ••••••••••••••••••••••••••••••••• 
Chlorococcum 5p •••••••••••••••••••.• , ••••• '.' • 
Chodatella ~ •••••••••••••••••••••••.•••••••• 
£. l"onqiseta; •••••••••••••••••••••••••••••••• 
£. microporum •••••••••••••••••••••••••••••••• 
£. subsa1sa ••••••••••••••.•••••••••••••••••..• 
£. quadrata ••••••••••••••.••••••••.•••••••••• 
Clostcriopsis ~ •• ' •• '.' ••••••••••••••••••• , ••• 
Closter; urn ~ •••••••••••••••••••••••••••••••• 
Co~lastrum sp ••..••.••.••.•...••••..•..•..•.. 
~ium ~ •••••••••••••••••••••••••.••.•••• 
Crucigcinia .eE •••••••••••••••••••••••••••••••• 
Dictyosphaerium ~ ••••••••••••••••••••••.•••• 
EchinosphaereI1a ~ •••••••••••••••••••••••••• 
~laktothrix ~ ••.•••••••••••••••••••.•••••••• 
Euastrum ~ ................................. . 
i':udorina .e£ •••••••••••••••••• '.' ••••••• , •••••• 
~. elcgans .....••. ; ........................... . 
Franceia .§g •• • ' .•••••••••••••••••••••••••••••• 
Gclenkinia radiata •••••••.••••••••••••••••••• 
Kirchnerie11a ~ •••••••••••••••••••••••.••••• 
!1icractinium pu5i11um •••••••••••••••••••.•••• 
Micrasterias ~ •••••••••••••••••••••••••••••• 
Mougeotia §2. ••••••••••••••••••••••••••••••••• 
.0;; CY;-tis'"" sp. • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • . 
Pandoz;ina ~ •••••••••.•••••••••••••••.••••• , • 
P. charkowiensis .•.••.•.•..••••••••. ' ••.•••.•••• 
Pediastrum biradiat~~ •••••••••••••••.•••••••• 
P. duulcx ••.••••••••.••••.•••••••••••••.••..• 
P. ~liferu[ll ............................ . 
!:. s.irnp1ex .................................. . 
!::.~ ......................•............. 

f 

ROSETONE-OANSKA.'lMER P:JYTOPIANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter 

86957 

130435 43478 

130435 
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RDE . .RI 01 

no./Iiterlno./liter no./liter 

30435 
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.- ;:~\ 

A. DIATOMS cont'd 

UID centric •••••••••••••••••••••••••..•••••• 
UID pennate •••••••••••••••••••••••••••.••••• 
Uln spined-centric ••••••••••.••.••••.••••• 0.' 

~OTAL DIATOMS ••••••••••••••••••••••••••••••• 
% OF TOTAL PHyTOPLANKTON ••••••••••.••••••••• 

B. EUGLENOIDS 

Euglena ~ •••••••••••• '" ••.•••••••••.••.••••• 
~~ ................................... . 
Trachelomonas ~ .•. ; ••••.•.•.•.•••..•...•.•.. 
UID euglenoids .•••..••.•••••.•••••.•••••••••• 

TOTAL EUGLENOIDS •.•••••••..•••••••..••..••.•.• 
% O? TOTAL PHyTOPLANKTON •.•••••••.••••.....•. 

.' 

RNCE RNCW RSCE 

nc./liter no./liter no./liter 

43478 
~ 

173913 260869 434783 
23.5 33.3 26.3 

--~-

RSCW 

no./liter 

·130435 
33.3 

I 

ROE RI 

no./literlno./liter 

:;0869 
13.3 

130434 
.50 

Dr 

no./liter 

eno 
.~ ~ 
t-< .. 
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M~ ........ 

'" t;!w .... 
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III 
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{ 

GROUP 

A. DIATOMS 

Achnanthes .!!E. •••••••••••••••••••••••••••••••• 
Amphiprora .!!E. •••••••••••••• ' •••••••••••••••••• 
Amphora .!!.e. ••••••••••••••••••••••••••••••••••• 
:TI.sterionella formosa ......................... . 
Atthcva zacharl.asi. ••••••••••• · ••••••••••••••• 
Cerat~ncis .!!E. ............ -: -................ . 
Chaetoceros .!!.e. ••••••••••••••••••••••••••••••• 
Chactoceros .!!.e. A •••••••••••••••••••••••••• '.' • 
Cocconcis .!!E. ••••••••••••••••••••••••••••••••• 
~~scus ~ ••••.••••••••••••••••••••••••• 
Cyclotella .!!.e. •••••••••••••••••••••••••••••••• 
Cymhella !!E. •••••••••••••••••••••••••••••••••• 
Diatoma ~ ••••••••••••••••••••••••••••••••••• 
Diploneis ~ •••••• 0 •• '0' ••••••••••••••••••••••• 
Eunotia ;!£ ••••••••••••••••••••••••••••••••••• 
Fr~ria 32. .•..•••.....•••......•.....•..•• 
Fragilaria crotonensis •••••••••••••••••..•••• 
Gomphonema~ •.••••••••••••••••.••••••••.•.•.• 
Gyrosigma EE •..•••••••.••••••••••••••.•.•••.• 
Hantzschia ~ ••••••••••••.••••••••••••••.•••• 
Melosira ~ •••••••••••••••••••••••••••••••••• 
.t!. granulata ............................................................... . 
Meridion circulare •••••••••••••••••••••••••.• 
Navicula ~ •••••• ; •••••••••••••••.•••.••••••• 
Navicula ~ A ••.••••••••••••••••••••••••••••• '. 
Ni tzschia . .!!E. •.•••••••••••••••••••••••••••••• ' .• 
!!. sigma ••••••.•••••••••••••••••••••••••.•••• 
Pinnular.ia &£ •.••••••••••.••••••••••••••••••• 
Rhoicosphenia curvata •.•••••••••••••••••.•••• 
StephanCdiscus ~ •••••••••••••••••••••••••••• 
Surirellci. .!!E. ••••••••••••••••••••••••••••••••• 0 

o~. Eatella ••••••••••••••••••••••••••••••••••• 
Synedra ~ ••••••.••••••••••.•••••••••••••••.• 

.,5. ulna •••••••••••••.••••••.••••••••.•••••••• 
:rabeli~ria sp ............................... . 
T.. flocculosa ......................................................... .. 
T. fenestrata ............................... . 

ROSETOtl1-DANSKAMMER l?HYTOPLANKTON 

RNCE RNCW RSCE RSCW -

no./liter nO./liter no./liter no./liter 

130435 43478 130435 

130435 43478 260810 

86957 

43478 

43478 

43478 

i 
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no./literlno./1iter no./liter 
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;2-t 
I-"-.J 
rtw 
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n 
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I-" 
1-'" 
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43418 



GROUP 

A. DIATOHS 

Achnanthes ~ •••••••..•...•..•••...•••••.•••. 

~~~o~. ~~::: :::: ::::::::::::::::::::::::: 
i'.sterionella ior:nosa ••.•••.•.•.•.•.•......• ," 
Atth'2:~ zachariasi.,." ................ " .. ~ _ ......... " .......... .. 
Cerc,tClt;'2is ~ .•.••••••.... , ..•...•...•••• , •••• 
Cr:::"'..:to~~~ ~ ........... ~ .......................................... ,. .. .. 

CI1:l·~L:{:.~.:.~.§..E. A ................................. . 
Co~:cis E.12. .... ..................................... .. 
Co.~£i2·!.2c.1isc.:us ~ ....................................................... .. 
C:"c:,lotclla !!12 •••••••••••••••••••••• , '" ., •••• 
~xnlj:::.ella .:?J2.. .......................... ... "" " ............................ .. 

~0;;~i~~:: : : : : :: : :: :: : : :::: : :::: :: : :: :: : : 
Lu~ct~ ~ ..................................... .. 

~~:~H~~:: ~~~~~~~~i;::: :::::::::::::: :::::: 
~o;:;?~onQcna ~ .•...•••.••..•.••.........••.... 
G)'rosi3£-:.~ sp ............................................................... .. 
Ha"tz£chia sp ••••••••••.•.•••••••.•....•...•• 
r,lelosira .':P, •••••••••••••••••••••••••••••••••• 
I·f. grC'!.!1uluta ........... ' ....................... """ ........ "" .......... .. 
M~ridi~culare ............. _ ...... ., ............................ .. 
Navicula sp ..•••••••••••..••.•...••.•.••••••. 
Navicula sp A •••••••••••••••••••••• , ••••••••• 

Nitzschia sp ••••••••••••.•••••••.••.••.••••.• 
'!!. , sic,-ma •••••••••••••••••.••••••.••••••••••.• 
Pinnularia ~ ••.••••••.••••••••••••••.•••...• 
Rhoicosphe.nia curvata •.••.•••••••••.•.•• ' ••••• 
'SteFh"n~s 3E2. ••••••••••••••••••••••• ••••• 
Surirell" .']2. •••••••••••••••••••••••• , •• , ••••• 
§.. patella ••........••••..••.•...•.•....•.•.• 
Syne:::ro3.,~ •.••••..•••.•.•.••••••..•.•..••.•.. 
,S. 1.11r:03. •••••••••••••••••••••••••••••••••••••• - ---
T;?-.:::.!J..a~:"G-:. sp ....................................... ~ .................... .. 
T". t_l.~~.lJlosa ............ " ........ ~ ................................... .. 
T. fo.,.cstrat<l ..•••..•.•......•.•.......•..•.. 

ROSETON-DANSKAMV£R PHYTOPLh~KTON 

R.'<CE RNCW RSCE RSCW 

no./Eter no./15.ter no.jliter no./liter 

493 1697 618 
1697 

4926 10180 9856 6798 
2190 618 

89651 398727 156601 117419 
1478 11877 2190 2472 
493 1095 

493 

1697 618 

1697 
26600 76352 30663 11742 

493 13574 1095 618 
18226 30541 37234 27810 

493 42418 1095 618 

493 1697 

1478 618 

3393 618 

493 

RDE RI 

no.jliterlno./liter 
o sample 

3687 

217553 
922 
922 

41483 

47935 

2766 

1844 

DI 

no./liter 
jno sample 

'" -~ ~ 
~f:i 
t'l 

ro ..., 
i-(N 
>;;II-' t':1, 
.. -..J 

W 

"'l 
1-" 
I-' 
rt' 
t'\ 
III 
rt 
IJl 

(") 

"' I-' ,... 
In 



{ ( 

A. DIATOMS cant' d 

UIP centric .•.....•••••.•..•••••.......•••.• 
UID pennate •••••••••••••••••• " ••• " •. " ., •••••• 
VIP spined-centric .....•..•••••..•..•..•.. ',' 

TOTAL DIATOMS. ' •••••••••••••••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglena ~ ••••••••••••••••. " ••••••••••••••••• 
Phacus ~ •••••••••••••••••••••••••••••••••••• 

, Trachelomonas !E. ••••••..••••••.••.••••••. '.' •• 
UIP euglenoids ••••••••••••••••••••••••••••••• 

TOTAL EUGLENOIDS •••••••••••••••••••••••••••• " 
% OF TOTAL PHYiUPLANKTON ••••••••••••••••••••• 

f 

R.,\lCE RNCW 

no./liter no./liter 

145810 5~5547 

27.7 17.7 

9484 

9484 
0.25 

r I 

RSCE RSCW 

no./liter no./liter 

1095 

243114 ,170567 
33.4 21.6 

RDE RI 

no./literlno./liter 

1844 

318956 
,30.5 

PI 

no./liter 

(/)0 

~~ 
fu" 
~(X) ;g ...... 
1>7{~ ........... .... ...., 
rtw 
11 

l!l-
(1) 

o 
(1) .... .... 
C/I 



GROUP 

.C. GREENS 

Actinllstrum ~ ............................... . 
!!.. gr<l.cil.lirn'.ll1I.. ••.•.••••••••••••..••••.••.••. 
A. hantzschii. ........................... " ••• 
A.""1:tistrodesmus .sp . •••••••••••••••••••••••• '.' • 
Asterococcus ~ •••..•..••.•.•.•.•.•...•••..•• 
Chlamydomonas !?2. ••••••••••••••••••••••••••••• 
Chiorella 32.' .•.••••••.•.•.....•..•.•..•••••• 
ch"ior;:;Zoccum sp •••••••••••••••••••••••••••••• 
Chodar.clla 32. .•.•.••.•....•..•••..•••...•..•• 
£. longiseta •••.•••.••• _ ••...•••.•••••.•.•.•. 
£. microporum ............................... . 
C. subsalsa ....••..••••••..••••.••••••.•••.•• 
£. quudrata .•..••••••••••.•••.•••••.•••...••. 
CIos~criopsis 32. .•...••.•....... , ..•.•..•. , •. 
Closterium 32. ....•••..••.•............•...... 
Coel<l.strum 32. ..•••...•.•.•.•.•••...•• , •....•. 
Cosmarimn ~ ....••..•••.•.••••.. " •...•.•.... 
Crucigenia ~ ••••.•.•••..•••......••••.....•. 
Dictyosphaerium §.E ••••••••••••••••••••••• , ••• 
Echinosphaerella 2£. •••••••••• 0 ••••••••••••••• 

Elaktothrix 32.' ••.••••••••••••••••••.••.••••• 
Euastrum 32. .•••.•• ' .•••••..•.•••.••••..••••.•• 
Eudorina 32. .•••.•••.••••.•...•...••••..••..•• 
.!:. elegans ..••••••••••••.••••••.•••••••.••••• 
Franceia ~ .••••••••.•••.••••••••.••.•••••••• 
.Go},enk:i.nia ·radiata ••••••••••.••••.•.••••••••• 
'Kirchneriella 32. ••••••••••••••••••••••••••••. 
l-'.icractinium pusil1um •..•.•.•••.••••••••••••• 
'14icrasterias ~ ••.•.•••••.••••••••••••••.••••• 
!:!?ugeotia ~ •••.••••••••••••••• ' .••••••••••••• 
Oecystis §.E ............................... , •••. 
Pandorina ~ •..••.•••.....•••...••...•.•.•.••. 
P. charkoVliensis ..••••..•.•••.•••••.•.•••.•••.• 
Pediastrum biradiatum ..•••........•.•.••..... 
£.. duplex ................................... . 
P. qlandu1iferum ..•••••....•..••..••.••....•. 
P. simplex .........•••.•.•...•..•••........•. 
? t0tr:3.s ....................................................................... .. 

ROSETONE-DANSKAMMER PHY'l'QPLANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./1iter 

6404 

3941 30541 9856 13596 

6896 57688 9856 20394 

493 

9852 8761 21012 
13574 

7881 67869 4380 32136 
11822 50901 

1697 

8484 

1236 

1970 8484 

3393 4380 1236 
1970 32238 12046 1236 

13574 13141 

14778 

16967 9856 5562 

50901 15332 12978 

RDE RI 

no./1iterlno./1iter 

7375 

12906 

19359 

23968 

16593 

922 

15671 

1844 
10140 
14749 

14749 

D1 

no./lite~ I 
I 
I 
I 

t 
I 
I 

I 
I 

I 
I 

I 
I 
I 

I 

I 7375 .t 

(flO 

s:~ 
"(j['l 
1:-1 •• 
M 
8(1) 
..: ....... 
"(jN 
t>:II-' ......... 

-J ..., 
"l 
fob 
I-' 
rT 
1'\ 
III 
rt' 

.ID 
n 
(D 
I-' 
I-' 
01 



r ( 

.C. GREENS cont'd. 

p1aty~o:ina.caudata ••••••••••••••••••••••••• 
Po1year~ops~s ~ ........................... . 
Protococcus ~ •••••••••••••.•••••••••••.•.•• 

Scenedesmus ~""""""""""""""'.' 
S. abundans ................................ . 
~. acurninatus .••••••••••.••••••••••••••••••. 
~. arcua tus •.•••••••.••.•••••••.••••••.••••• 
~. bi juga .••••••••••••••••.•••.••••••.•••• '.' 
S. dinorphus ••••••••••••.•••.•••.••••••••••• 
S. denti~tus ............................. . 
S. obligu;;,-:-:-:-:-............................. . 
~. quadrici"uda .............................. . 
Schroedr ia...:~ ..••.••••••••••.••••••••.•••••• 
Schroederia p~tigera •••••••••••••••••••••.•• 
Selenastrum ~ ••••••••••••••••.••••••••••••• 
Sphaerocystis ~ •.•••••••••••••••••••••••••• 
Spiroqyra '~ •.••.••••••••••.•••••••.•.•••••• 
Staurastrum sp ............................. . 
Stallrastrum' aspinosa •••••••••••••••.•••••••• 
Stigeoclonium .e,e •••••••••••••••••••.•••••••• 
Tetradesmus ~.' ............................. . 
Tetra'edron sp ..••• " •••••••.••••.••••••.••.••• 
Tetraedron trigonum ••••••••••••••••••••••••• 
Tetrastrum sp .••••••..••.••••• , .•••••••••••• 
Olothr}.x ~-:-: .•••.•••••••••••••••••••••••... 

.UID cOlonial ••••••••••••••••.•••••••••.•••.• 

. tiID desmid .•.•. ; •••••••••.•••••••••••.•••••• 
urr f1agellat!=! ............................. . 
iJIP fi1amentous ••••••••••••••••••••.•.• ~ •••. 
'UID four-spined ••••••••• · •••••••••••••••••••• 
UIP Gonium~like ...••.•••.••.•••••••..••.•••• 
UIP unicellular ••••••••••••••••••••••••••••• 
Volvox eli .............. .................... . 
"J;O'I·AL. GREENS. ~ •••••••••••••••••••••••••••••• 
% OF. TOTAL PHyTOPLANKTON .................. .. 

RNCE 

no./liter 

3941 

6896 

27092 

493 

493 

1970 
10837 

985 
2463 

21177 
23.0 

RNCW RSCE 

no./liter nO./liter 

17522 

U877 

27147 8761 

86638 53660 

2036]' 

6787 2190 

37328 4380 
39024 

8761 

4380 

1095 

\6815473 ].88357 
20.4 25.9 

RSCW 

no./liter 

1236 
2472 

2472 

32136 

618 

35844 

2472 

16686 
15450 

4944 

618 

1854 

226188 
28.7 

RDE RI PI 

no./liter Ino./1iter Ino./liter 

1844 
6453 

16593 

36873 

41483 

;1766 

7375 
10140 

14749 

. 9.2;1 

;184849 
27.2 

eng 
~t;l @ .. 

~~ 
t'l'-.. -..J 

W 

"if 
",. ,... 
~ 
~ 
1)), 

n 
~ ,... 
.... 
III 



GROUP 

D. YELLOW-BROWKS (DINOnAGELLATES) 

DinObryOn ~ .••••••••••••••••••••• 
Glenodinium ~ •.••.••••..••••••••• 
Peridinium ~ •.•••••••••.••••••••• 
Synura ~ ••••.•.••••••••..•.•.• '" 
urD dinoflagellate ••••.••••..••••• 

TOTAL YELLOW-BROWNS ••••••••••••••• 
% OF TOTAL PHYTOPLANKTON •••••••••• 

E • BLUE-GREENS 

Anabaena ~ •••••••••••••.••••••••• 
!!. flos-aquae .......•.•••.•.•••.•.. 
!!. spiroides ••••.••••.•••••.•••••• 
Aphanizomenon ~ .•••.•••••••••.••• 
Apha~ocapsa ~ .••.••••.•.••.....•• 
Aphanotheee ~ .•••.••.••••••••.•.. 
throocoeeus ~ •.. -. •.• ; ••..••...••. 
Cylin,lrospermum ~ ••••••••.••••••• 
Dactyloeoeeopsis ~ •••••.•••••••.• 
Gleocapsa ~ .••••••••••••••••••••• 

. Gleothece .§£. •••••••••••••••••••••• 
'Gq~~hosphaeria ~ ••••••••••••••••• 

Lyr,goya spo ••• ·· •••••••••• • •. • ••.•• 
.' ·Merismopedia~. " •••••••••••••••• 
li:. glauca ....••••.••••••••••.••••.• 
M. majo!;' ......................... . 
Microcystis sp •.•••••••.•••.•.•..• 
!:!.. aeruginosa .•••.•••••.•.•.•••••• 
"'OS toe sp ....••.•••.•..•••.••••••• 
Oseillatoria .~ ...••••.••.•.....•.. 

Roseton - Danskammer Phytoplankton 

RJ.'lCE FlNCW RScE 
no./1iter no./liter, no./liter 

1697 2190 

1697 2190 
0.05 0.3 

14778 6787 

22057 31413 

27092 74655 15332 

5911 

63051 "1303075 17522 

90032 

122654 32556 99655 

-----~- - ----- .. 

RSCW RDE RI D1 

no,-/liter no·("'""I· no./litor 1 ~.(li"'r, 1 

I 

tnt) 

~ ~ 
'0 (I) 
1-''' 
(1) 

00 rt, 
:;'j ~ 
(1), 
" -...J 

31518 78356 w 

I'Q 
15450 21202 I-'-

I-' 

It 
~ 
J!> 

0 
CD 

~ 
m 

187870 276550 

'9888 

110003 28577 



( 

e. 'BLUE-GREEN~ CON'T 

Phorr:tidium ~ ••••••..••••••••• 
Spirulina ~ •••••••••••••••••• 
Synec::hococcus ~ •••••..••..••• 
Uln Aphanothece-like •••••••••• 
UIO branched filamentous ••••.• 
UIO colonial ••••••••••••••••.• 
UIO filamentous •.••.••.•.•••.• 
UIn Gleocap5a-like •.••.••••... 
UIO long ceil •••••••••••••.••• 
Uln sheathed cell •••••••.••••• 
UIO two-celled colonial ••••••• 

'010 unicellular •••••••••• ; •••• 

TOTAL BLUE-GREENS •••••••••••• 
,% OF TOTAL PHyTOPLANKTON ••••• 

F. ,OTHERS 

uro flagellate •• ~ •••••••••••• 

TOTAL OTHERS ••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON ••••• 

,"G. TOTAL PHYTOPLANKTON 

Roseton - Pans~aromer Phytoplankton 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter 

10180 4326 

16967 
8484 

1970 45811 

19703 5599.2 30663 32136 

255159 2066596 294585 391191 
48.5 61.5 40.5 49.6 

3448 

3448 
0.65 

525594 ~357797 728246 787946 

RDE lU DI 

no.!lite~ no./liter Ino./liter 

11984 

25811 

f/l1:1 
442480 ~l!:-

4.2.3 '6 (!) ..... 
{l) 

rt 
~/l) 
11>~ ..... 
b.J~ 
..... 1.1 

~ 
1'1 

l!:-
(l) 

0 
at 
I-' 
I-' • 

1046.285 



GHOUP 

A. DIATOMS 

Achnanthes ~ ••••..•••••...••••...•••••.••.•• 
A.'1lphip:::-ora ~ .•.•.••. , .....•.•..••••••...•... 
Amphora ~ . ••..•..•... ••.•• •••.• •.•..•.•...•. 
Aste:::-ionella formosa •......••.•.•....•....• ," 
Attheya zachariasi. .•..•.....•...•.•......... 
Ceratoneis .3:'. ••••••••••••..•••.••• , ••••.•••••• 
Chaetoce:::-os so ......••.•.•.....•..•..•.•...•. 
-------~ 
Chaetoceros ~ A ..•.••..•..•..•..•...•.•..... 
Cocconcis ~'?. .•.••..••.•.....••.•..••....••... 
Cosci.nodiscus ~ •.•.•.. " " •.•.•..•......•... 
Cyclotella so •..••.•..••....•••. _ ..•.•..••.•. 

---~ 
~("lla ~'?. ...•..••..............•..•..•. _ .•. 
Diat0..2..~~ s9 ............................... r .................... ~ ............ .. 

Diploneis ~ ......•....•...........•......... 
Eunotj~ 52. •••.••..•••••.•.•••••••.••••••.•••• 
Fraqilaria 3e. ......•... , ..... , ., ., .......... . 
Fragila,ia crotonensis .•.....•.....•.•.•.•... 
C.o;":1f)!-!U~~ sp ................... " ........................................ .. 
.9':r-osigr.1a sp_ .. < _ ...................................................... .. 

Hantzschia ~ ............................................................. .. 
Melosira .3:'. •••••••••••••••.•••••••.••••..•... 
.!i' ~nulata .•.•..••••.•..•........•...•.•.•. 
Meridion circulare •..•.••.••••••••••.•••.•.•• 
~~3e. ••••.•..•.•...••...•••..•.....••.• 
Navicula sp A •••••••••••••••••••••••••••••••• 

Nitzschia sp ••••••••••••.••.••.•••••••••••••• 
N. siqrna ••••••.••••••••••••••••••••..•••••••• 
Pin~ia .:!E •••••••••••••.•••••••••••••••••• 
Rhoicosphenia curvata •••..•••••••••••.••.•••• 
Stephanodiscus ;:>E •••••••••••••••••••••••••••• 
Surirella ~ •.••••.••••....••••..••...••.••.• 
~. p2tella ••••..•••..••...••••••••..••••••.•. 
Syr.edr~~ .•••.•..•.......••..•••....•....... 

,So ulna .•.••••.•••••••..•.•..•.•••.•.•••.•.•. 
Tabcl~aria sR. .••.•.••.•••....••......•••••... 
!.:. f l(~_cu losd_ ............................................................ .. 
T. fcnestrata ........•..•.••.•...•.•.•.•..... ------

ROSETON-DANSKAMMER PHYTOPLANKTON 

RNCE Rt~CW RSCE RSCW 

no./liter no./liter no./liter no./liter 

4348 2457 4013 

130435 

4348 4915 24201 24080 

300000 ~33459 321529 345150 
4348 4915 8027 

39130 

147826 63894 165951 212709 
34783 
4348 2457 3457 12040 

121739 73724 58774 76254 

39130 14745 24201 56187 

4348 
4348 

2457 4013 

2457 

---- .. ---- _ --.-J 

RDE RI .",D=.I __ 'T 

no./liter Ino./liter 

37027 

23983 

175877 

83310 

27770 

6616 

13233 

244802 
6616 

I l!9093 

860l! 

19849 

13233 

6616 

nc./liter 
no 
sample 

(Ill:) 

~~ 
t-' •• 
N 

~ 
'OlD 
N'-.. ...... 

(J) 
"l'-.. 
f-" ... ....w 
~ 
'" rt 
(1) 

0 
(l) .... .... 
en 



{ 

A. DIATOMS cont'd 

UID centric ••••••••••••••••••••••••••••••••• 
UID pennate •••••••••••••••••.••••••••••••••• 
OlD spined-centric •••••••••••••••••••••••• '.' 

TOTAL DI ATOMS ••••••••••••••••••••••••••••••• 
% OF TOTAL PHYTO~LANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglena ~ ................................... . 
Phacus ~ •••••••••• '.' ••••••••• ; •••••••••••••• 

. Trachelomonas ~ •••.••••••••••••••••••••••.••• 
UID eug1enoids ••••••••••••••••••••••••••••••• 

TOTAL EUGLENOIDS ••••••••••••••••••••••••••••.• 
% OF TOTAL PHyTOPLANKTON .•••••••••••••••..••• 

RNCE RNCW 

no./liter no./liter 

839131 ~O 
4.3 4.3 

RSCE RSCW 

no./liter no./liter 

598113 742473 
6.3 4.4 

ROE RI 

no./1iterlno./liter 

647967 
5.5 

516069 
6.9 

01 

no./liter I 
I 

tot) 

~~ 
~ .. 
~w "1, 
l'l .... 
"(Xl '%J' .... -..) .... ...., 

g 
SP 
() 
I\) .... .... 
II) 



GROUP 

,c. GREENS 

Actinastrum ~ •••••••••••••••••••• ; •••••••••• 
~. graciLlim~ •••••••••••••••••••••••••••••• 
A. hantzschii •••••••••••• ' •••••••••••••••••••• 
Ankistrodesmus .-.p--.••••••••••••••••• , ., ..•• ," 
Asterococcus ~ •••••••••••••••••••••••••••••• 
Chlamydomona s ~ .••••••••• _ ••••••••••••••••••• 
Chlorella ~ •••••••••••••••••••••••••.••••••• 
Chlorococcum ~"" •••••••••••••••••••••••• " • 
Chodatel1a ~ •••••••••••••••••••••••.•••••••• 
.£. longlseta ••••••••••••••••••••••••••••••••• 
.£. microporum ••••••••••••••••••••••••••••••.• 
f.. subsalsa ••••••••••••••••••••••.•.••••••••• 
.£. quadrata •••••••••••••••••••••••••••••••••• 
Clostcriopsis !!!£ ••••••••.•••••••••••••••••••• 
Closterium ~ ••• , ••••••••••••••••••••••••.• " 
Coelastrum sp ••.•••••••••••••••••••••••.••••• 
Cosmarium sp ••••.•.••••••••••••.••••••.•••••. 
Crucigenia ~ •.••.••.•••••.••.•.••••••••••.•• 
Dictyosphaerium sp ••••••••••••....•••• , .••••• 
Echinosphaerella ~ •••••••••••••••.•••••••••. 
Elaktothrix ~ ••••••••••.•••••••••••••••••••• 
Euastrulll ~ .•••••.••••••••.••••••••••••••..•• 
Eudorina ~ •••••••••••••••••••.••••••••••••••• 
E!.. elegans ••••••••••••••••••••••.•••••••••••• 
Franceia ~ •••••••••••••••••••••••••••••••••• 
Golenkinia radiata ••••••••••••••••••••••••••• 
Kirchneriella .~ ••••••••••••••••••••••.•••••• 
Micractinium pusillum •••••••••••••••••••.•••• 
Micrasterias !!E'" ••••••••••••••••••••••••••• 
Mougeotia .§£ ••••••••••••••••••••••••••••••••• 
Cocystis sp •••••••••••••• 0 •••••••••••• 0 0 ••••• 

Pandorina !!Eo 0 •• 0 • 0 • 0 •••••••••••••• 0 0 ••• 0 •••• 

P. charkowiensis ................. 0 •••••••••••• 

Pcdia~trum biradiatum •••• 0 ••••••••••••••••••• 

E.. du!'lcx ••.•.••••••••••..•••.•••••.•.•••••.• 
~. gl;:mduliferum ..••.•••...•.•••..•.•••••••.• 
P. simplex •••••..••••.••.•••••••..••••••••••• 
P. t~t.r~s ....................................................... . 

ROSETONE-DANSKAMMER PHYTOPLANKTON 

RNCE RNCIi RSCE MCIi 

no./liter no./liter nOo/liter no./liter 

186957 56522 13829 56187 
34783 49149 20744 24080 

65217 44234 58774 64214 

13043 4013 
95652 41488 56187 
43478 14745 34573 
17391 28094 

46692 

3457 
69146 

4n5 44147 
13043 10372 12040 

286957 83554 127920 131868 
6915 40134 

39130 7372 82975 20067 

_,104348 86011 100262 92308 

RDE RI D1: 

no./literlno./liter Ino./liter 

46283 
55540 

37027 

55540 

29593 

9257 

9257 

'38850 
37027 

74053 

119093 
79395 

39698 

6616: 

6616 

72779 

33081 

1.1 '19849 
19849 

52930 

no 
sample 

~~ 
v t;j 

t;-< .. 
M 

~IO '11' /:91-' .. ~ 
"'J-.J 
.... w ... 
It 
~ 
(I) 

n 
(I) ... 
I-' 
fJJ 



( 

'c. GREENS cont'd. 

Platydorina caudata ••••••.•••••••••••••••••• 
Polyedriopsis ~ ••••••••••••••••••••••••.••• 
Protococcus ~ •••••••••.•••••••••••••••••••• 
Scenedesmus ~ •••••••••••.•••••••••.••••••• " 
S. abundans ••••.•••••••••••••••••••••••••••• 
~. acuminatus ••••••••••••••••••••••••••••••• 
S. arcua tus ••••.•••••••••••••••••••••••••••• 
S. bijuga .•••••••••••••••••••••••••••••••• ',' 
S. ~hus ••••••••••••••.•••••••••••••••.. 
S. denticulatus •••••••••.•.••••••••••••••••• 
S. obligm~ •.•.•••••••••••.••••••••••••••••• , 
S. quadricauda ............................. . 
Schroedria_~p •••••••.••••••• .-••••••••••••••• 
Schroederia ,:;~ti?era •••••••••••••••.•••••••• 
Selenastrum ~ ............................. . 
S~haerocystis ~ ••••••••••••••••••••.••••••• 
Spiroqyra sp •..••••.••••••...••••••...•••.•• 
Staurastrum ~ ••••••.•••••.•.•••.•••..•••.•• 
Stanrastrum aspinosa •.••.••.•••••.••••••••.• 
Stige()clonium ~ ••...••.•. ' •••••••••••••••••• 
Tetradesmus ~ ••••••••••••••••••••••••••.••• 
Tetraedron ~ •.•••.••••••••.••••••••••••..•• 
Tetraedron trigonum ••••.••.•••••••••••••••.• 
Tetrastrum sp ••••.•••••..•••••••••••.•.•..•• 
Ulot~ix ~-:-: •.•••..••••••••.••••••••••.•.•. 
UID cOlonial .•••••.•••••••••.•••••••••..••.• 
UI!), desmid ..•••.••••.••••.••..•••.•••.•••.••• 
urn flagellat~ ............................ .. 
uID filamentous .••••••••.•.•••••••••••••••.• 
urD four-spined •••••.••.••.•••••••••.•••...• 
urD Gonium:-:like ••••.••••...•.•••••••.•.• .-••• 
uro unicellular ••••••••..••••••.•••••••••..• 
~~ .................................. . 
TOTAL GREENS •••••••••••••••••••.••••••••.••• 
~ OF TOTAL PHYTOPLANKTON •••••••••••••••••..• 

RNCE 

no./liter 

.17391: 

52174 

230435 
4348 

17391 

108696 

4348 

334782 
6.9 

RNCW RSCE 

no./liter no./liter 

24575 

88469 44945 

267864 276584 
2457 10372 

14745 10372 

98299 27658 

17286 

889603 957672 
9.5 10.1 

RSCW 

no./liter 

16054 

16054 

56187 

224749 

24080 

24415 
32107 

1066985 
6.3 

I 

ROE RI Dr 
no./liter\no./liter Ino./liter 

no 
sample 

66163 

129593 

166620 291115 

9257 I 33081 

111080 I 79359 

6616 

9257 

)18234 1926276 
8.6 12.4 

(1)0 
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GROUP 

D. YELLOW-BROWNS (DINOFLAGELLATES) 

Dinobryon ~ •••.••••• " •••••••.•••.• 
Glenodinium ~ ••••.••••• _ ••••••••• 
Peridinium ~ ••.•••••••••••••••••• 
Synura ~ ••••••.•••••••••••••.••.• 
UID dinoflagellate •••..•....•••.•• 

TOTAL YELLO\>l-BROWNS ••••••••••••••• 
% OF TOTAL PHYTOPLANKTON •••••••••• 

E. ELUE-GREENS 

Anabaena ~ ••••••••••••••••••••••• 
~. flos-aquae •.•••••••••••••••••••• 
~. spiroides ••••••••••••••••••••.• 
Aphanizomcnon ~ •••••••••••••••••• 
Aphanocapsa sp •••••••••••••..••••. 
Aphanothece ~ ••.••••••••••••••••• 
Chroococcus ~ ................... . 
Cylindrosperm~~ ~ ••••••••••••.••• 
Dactylococcopsis ~ •.••••••••••••• 
Gleocapsa sp •••••••••••••••••••••• 
Gleothece sp ••••••••.••••••••••••• 
Gomphosphaeria ~ ••••••••••••••••• 
Lyn?by<% spo .••••••••••••••••••••••• 
11erl.smopedl.a sp .•••••••••••••••••• 
~ S!~ .•. ::-..•.•...••.•..•..•. 
M. major •••••••••••••••••••••••••• 
Microcystis sp •••••••••••••••••••• 
!:!.. aeruginosa •••.••••••••••••••••• 
Nostoc sp ..•••.•••..••••••••••.••• 
~atoria sp .•••••.•••••••.••.• 

R.oseton - D<%nSK<UlVl\er Phxto~lankton 

RNCE RNCW RScE 
no./liter no./liter no. / l.i. ter 

no no 
sample sample 

7372 

7372 
0.08 

19660 

434783 331758 I 
noooo 127788 162493 

'" 

447826 110095 1216972 
98299 193609 

fL57278 

H)4148 88469 

15217391 7035728 6357988 

RSCW 

no./liter 

8027 

8027 
0.05 

152508 

461538 

139895 

14327759 

: 

~ 

RDE RI 01 

no./l.itel;"1 no./liter I no./liter 

o 
ample 

2567 

4053 
36213 

552875 

no 
sample 

105860 

694707 

211720 

4896030 

no 
sample 
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E. BLUE-GREENS CON' T 

Phormidium ~ ••••••••••••••••• 
Spir'llina ~ •.••...••••••••••• 
Synechococcus ~ •••••••••..••• 
UID lIphanothece-like ••••••••.• 
UID branched filamentous •••••• 
UID colonial ..•••••••••••••••• 
UID filamentous ..•..•••••••••• 
Uln Gleocapsu'-like •••••••••... 
UID long cell •••••.•• , •••••••• 
UID sheathed cell •.••••••••••• 
UID two-celled colonial ••••••• 
UID unicellular •••••••••• ; •••• 

TOTAL BLUE-GREENS •••••••••••• 
% OF TOTAL PHyTOPLANKTON ••••• 

F. OTHERS 

UID flagellate ••••••••••••••• 

,TOTAL "OTHERS ••••••••••••••••• 
%, OF TOTAL PHYTOPLANKTON •.••• 

G.. TOTAL PHYTOPLANKTON 

'. 
'. 

Roseton - Panskamrner ~hytoplankton 

RNCE RNCW RSCE RSCW --- -

no.jliter no./liter no./liter no./liter 

17391 17202 20744 ' 32107 

14745 32107 
52174 56522 17286 40134 

7283913 805'1544 7969092 15186048 
88.8 86.1 83.7 89.3 

19457826 9359999 9524877 17003533 

I 

! 

RDE RI 01 

no./1ite1 no·/lite~ Ino./liter 
no 
sample 

92567 

n08275 
85.8 

13233 
86011 

6007561 
80.6 

11774476" 17449906 

til 0 
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I-' •• 
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.GROUP 

A. DIATOMS 

Achnanthes ~ •••••••••••••••••••••••••••••••• 
Arnphiprora ~ ••••••••••••• n ••••••••••••••••• 

Alnphora ~ ••••••••••••••••••••••••••••••••••• 
Asterionella formosa ••••••••••••••••••••••• " • 
Atthcya zacharl.asi. ......................... . 
Ceratoneis ~ •••••••••••. ','" •• , ••••••• , ••••• 
Chaetoccros ~ .••••••• , •••• " ••••••••••.••••• 
Chaetoccros ~ A ••••••••••.••••••••••••••••• " • 
Coccolleis ~ ••••••••••••••••••• " ••••••••• " • 
CoscInodiscus ~ ••••.••••••••••••••••••••••••• 
Cyclotclla ~ •••••••••••••••••••••••••••••••• 
Cymbclla sp_ ••••••••.•••••••••••••••••••. _ ••• 
Diatorna 32. .••••••••••.••...••••• - .. , - ••.. , • _ • 
Diploncis ~ •• __ ••.• _ '.' • " •••••. _ ••••••••••• _ • 
Eunotia ~ __ •••••••• _ •••••••••••••••••••••••• 
Fragilaria ~ •• _ ••• _ •• _ ••.•••• _ •••••••••••••• 
Fragilaria crotonensis _. _ • _. _ . __ •••••• _ ., •••• 
Gornphonema sp ••••••••••••.•••• '.' •.•••.•••.••• 
Gyrosigma ~ •.••••••••••••••• _ •••••••• _ .•.••• 
Hantz!;chia ~ •••••••••••• _ ••••••••.• _. _ •••••• 
1,1elosira ~ •••••••••••••••••••••• _ ••••••••••• 
!:!. granulata ••••••••.••••. _ •••••••••••••••••• 
Meridion circulare ••••••••••••••••••••••••••• 
Navicula ~ •••••• : •••••••••••••••••••••• '" •• 
Navicula ~ A ••.•••••••••••••••••••••••••••••• 
Nitzschia sp.· •••••••••••••••••••••••••••••• ,. 
!!. ~ .. ::-... : ........................... .. 
Pinnularia ~ •••••••••••••••••••••••••••••••• 
Ehoicosphenia curvata •••••••••••••••••••••••• 
§tephanodiscus 2E, •••••••••••••••••••••••••••• 
Surirella ~ •••••••••••••••••••••••••••••••••. 
:§.. patella •••••.•.••••••••••••••••••••••.•••• 
Synedra .32. ••••••••••••••.•••••••••••••••••••• 

"S. ulr,a ....••••••••••••••••••.••••••••••..••• 
Tabell~~ia sp •••••••••••.•••••••••.•.•••••.•• 
~ flocculosa ...•••••••• _ ••••.••••• _ •••••••• 
T. fenestrata ............ _ .................. _ 

ROSETON-DJINSKAMMER PHYTOPLANKTON 

RNeE RNCW RSCE RSCW 

no./liter nO./liter no./1iter no./liter . 

6358 

76297 

5270 7635 

225617 258250 305408 527723 
7635 

7050 

28202 10679 1:29798 260683 
21151 

7635 
56404 31.622 61082 31791 

28202 31622 38176 25432 

7050 
7050 5270 6358 

5270 635B 

-~--- '--~--~. -~----- '--

RDE RI Dr 

no./literlno./liter no./liter 

4937 

73968 

9874 6164 

37488 248276 \277380 

UlO 

~~ 
4937 5397 

f;; .. 
~,... 

16986 1118741 118492 ",0 
1':1 ....... 
" ~ 

....... 
"1-..J 

161640 
1-" II> 

BBB70 86357· I-' 
rt 

~ 
9874 43178 I 6164 . rt 

CD .. 
() 
(1) 

6164 I-' ,... 
5397 112328 

fIl 

5397 

6164' 

6164 



A. DIA'l'OMS cont'd 

UIO centric~ •••••••••••••••••••••••••••••••• 
UID pennate.·, •••••••• " ••••••••••••••••••••• 
('IO spined-.cen~ric •••••••••••••••••••••••••.• 

TOTAL DIATOMS ••.•••••••••••.••••••• ~ .; ........ . 
% OF TOTAL PHyTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglena ~ •••••••••••••••• , .•••••••••••••••••• 
Phacus ~"""".' ~ •••••••••••••••••••••••••• 

. TracheloIllonas· .!!E.' •• ; •• t •••••••••••••••••••••• 
UIn euglenoids ••••••••••••••••••••••••••••••• 

TOTAL EUGLEtilOIDS ••••••••••••••••••••• , ••••••.• 
% OF TOTAL PHY~~PLANKTON •••••••.•••.••••••••• 

,. 

RNCE 

no./liter 

380726 
2.4 

mew asCE 
no./liter no./liter 

447983 551369 
2.B 2.84 

7635 

7635 
0.039 

- ---

RSCW 

no./liter 

·941000 
3.56 

6358 

6i58 
0.024 

RDE RI 

no./literlno./1iter 

52966 
2.89 

4937 

4937 
0.026 

512743 
3.63 

DI 

no./liter 

474628 
3.3 
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·GROUP 

.C •. GREENS 

Actinastrum ~ •••••••••••••••••••• ." •••••••••• 
~. gracillimUIn. •.•••.•••••••••••••••••••..••• 
A. hantzschii ••••••••••••.••.•••••••••••..•.•• 
Ankistrodestnus •••••••••.••••••••.••••.••• , • " • 
Asterococcus ~ •••••.•••••••••••••••••••.•••. 
Chlamydomonas EE ••••••••••.••••••••••••••••••• 
Chiorella ~ ..••.••••.••••••••..•••.••••.•••• 
Chlorococcum ~ ••••••••••••.••••.••••.•••.• " • 
Chodat"lla ~ •.••••••••••••••••••••.••••••••• 
£~ l'ongise.ta; ..•••••.••••••••.••••••••••••.•• 
£. microporum •••.•••.••••.•••••.•••.••••••••• 
C. subsalsa .••••.•••••••••••••••..•.••••.••.. 
£. qundrata ................................. . 
Closteriopsis EE' .' •• '.' ••••••••••••••••••••••• 
Closterium ~ •••.•••••••••••••••••.••.••••••• 
Coelastrum ~ ..•••••••••••.••••••••.•.••••••. 
Cosmarium ~ ..••••••••.••..•••••••.••.••••••• 
Cruciqenia EE" ••••••••••••••••••••••••••••.• 
Dictyosphaerium ~ ••••••••••••••.••••••••••.• 
Echiriosphaerella ~ .•.••..••..••...•••...•..• 
Elaktothrix .!ll: •••••••••••••••••••••••••• , ••• , 
Euastnun ~ •••••••••••.•.•.•••••••••••••••••• 
Eudorina ~ •...•••.•••••••••••.•••••••••••.••• 
!:.. e1egans ••••••• ; ••••••••••••••••••••••••••• 
Franceia ~ ••••. , ••••••••••••••.•••••••..••••. 
GGlenkinia radiata ••••••••••••••••••••••••••• 
Kirchneric11a ~ .•••••••••••••••• , ••••••••••. 
l·licractinium pusillum •.•••••••••••••••••.•••• 
Micrasterias ~ ••••••••••••••••••••••.••••••• 
Mougeotia ~ •••••••••••••••••.••••••••••••.•• 
C;;;:;Y;;tiS~ ..•...•....•...•..•.•.•..•......... 
Pand~rina ~.:: .•••...•••••••..•.••.•••.•••.• 
P. cnarkow~ensls .••••.•••.•••••••.•• ' •••••.••••• 

. Ped~'trUm~iatum •••••••••••••..••••••••• 
p. duplex •.......•••••.•••.•••••••.••••••.••• 

"' £. ~liferum .•.•.•••..••..•••.•.••..••.•• 
.!:. s.implex .•••..••••.•••.••••••••••.•••.••••• 
.!:: tetras •...••.•••••.••...•.•.•••..•••.•.••• 

ROSETONE-DANSKAMMER PHYTOPIh'lKTON 

RNCE RNCW RSCE RSCW 

nO./liter no./liter no./liter no./liter 

77556 

126490 61082 152595 
112808 89597 106893 69939 

49354 31622 68717 95372 

7635 

7050 7635 12716 
31622 

28202 10541 44507 

15270 

15811 6358 

77556 26352 61082 139878 
12716 

56404 79056 198515 50865 

RDE .RI D1 

no./literlno./liter Ine./liter 

34560 

19749 

4937 

14812 

9874 

19749 

33304 

64768 
59370 

26987 

5397 
43178 

5397 

I 21589 

5397 
16192 

186357 

43148 

36984 

I 12328 

24656 

49312 

55476 

tnt:! 
~~ 
'0(;] 
t"' o. 
M 
81-' 
..:0 
'O~ 
M(l'I . ....... 
tJj-.J 

....'" I-' 
rt" 
I'! 
III 
rt" 
CD 

0 
CD 
I-' 
I-' 
III 



r 

'c., GREENS cont'd; 

Platydorina caudata •••••••••••••••••••..•.•• 
Polyedriopsis ~ ............................ . 
Protococcus.~ •••••••••••••••••••••••••••••• 
scenedesmus· .e£ ................ " ........... " 
~. abundans •.••••. ' •••••••••••••••••••••••.••• 
~. acurninatus.· ••••• · ......................... . 
s. arcua tus ••••••••••••••••••••••.•••••••••• 
S. bijuga ................................... . 
~~ ~hus ••••.••••••••••••••••••••••••••• '. 
~. ~1).atus ............................ . 
2... ob.ligt't'll. .................... _ ............................ . 
~. quvdricauda ••••••••••••••••••••••••••.••• 
Schroedri'L.~ .•••••••••••••••••••••••••••••• 
Schroedcria ,5'ltigera •.••••••••••••••••••.•••• 
selenastrurn .. ~ •••••••••••••••••••••••••••••• 
Sphaerocystis ~ •••••.••••••••••••••••••••.•• 
Spirogyra ~ .•.••.•••••••••••.••••.••••.••.• 
Staurastrurn ~ ••.•.•.••••••••••••••••••••••• 
Stallr~ aspinosa ••••••••••.••••.•••••••• 
StigeocloniUm =.E, •••••••••••••••••••••••••••• 
Tetranesmus ~ •••••.•••••••••••••••••••••••• 
Tetraedron ~ ..••••••••.•.••••..••••••••.••• 
Tetraedron trigonum ••••••••••.••••••••••••.• 
Tetrastrum =.E," •• ; ........................ .. 
Ulothrix =.E, ................................ .. 
U1i)colOnial; ••••••••••••••••••••.•••••••.•• 
urn desmid •••••••••••••••.•••••.•••..••••••• 
urp flagellate •••••••••••••••••••••••••••••• 
urn filamentous ••.•••••••.•••••••••••••.•••• 
t:JIO four-spined ............................. . 
UIO GoniUm~like •••••••••• , •••••••••.•••••••• 
urD unicellular •.•••••••••••.••••••••••••••. 
~:iJ:i. .................•................. 
'TOTAL GREENS ••••••••••••••••••••••••••••••.• 
% OF TOTAL PHYTOPLANKTON ••••.•.•••••••••.••• 

RNCE 

nc./liter 

.28202 

169213 

7050 

296122 

909517 
5.6 

RNc"w RSCE 

nc./liter nc./liter 

15811 .15270 

115949 221421 

7635 

284602 152704 

7635 

827453 931494 
5.2 4.75 

RSCW 

nc./liter 

165311 

349696 

6358 

12716 

1119027 
4.24 

RDE RI D1 

nc./literlnc./liter Inc./liter 

)8618 

4937 

12174 

• 72714 
2.99 

183508 

145721' 

663867 
, 4.7 

.-" 

24656 

24656 

110952 

6164 

339020 

727352 
5.1 

tnO 

~~ 
t< •• 
t'l 

~I-' 
>-00 
t'l ..... 

.;;~ 

....-.J 
I-'W 

It 
l!l
! 
(] 
CD 
I-' 
I-' 
III 



GROUP 

D. YELLOW-BROWNS (DINOFLAGELLATES) 

Dinobryon ~ ••...•...•.•••••.•.•.• 
, Glenodinium ~ ..•..••.••.••••••••• 
Peridinium ~, •.••.••••••••••...•• 
Synura ~ .••••••.•••••..••.••...•• 
urD dinoflagellate .•...•.•••.••••. 

TOTAL yELLOW-BROWNS ••••••••••••••• 
% OF TOTAL PHyTOPLANKTON •••••••••• 

E • BLUE-GREENS 

Anabaena ~ .•••.•••.••••.••.•••.•• 
A. flos-aquae ...•...••••.••••••..• 
~. spiroides •...•.•••••••.••.••••• 
Aphanizomenon ~ ••••••••.•••••••.• 
Apha'nocapsa ~ •..••.•••••••.•••••• 
Aphanothece ~ ••.•••••••.••••••••• 
Chroococcus !?J2. •••••••••••••••••••• 

'Cylindrospermum ~ .••••••..••••••• 
Dactylococcopsis ~ •..••••••.••••• 
Gleocapsa !?J2.. ',' ••••••••••••••••••• 
Gl eothece ;!£ ..................... . 
Gomphosphaeria ~ •••.•••.••••••••. 
Lyngbya~, ....................... . 

,Mer±smopedia sp .•••••••.•••••••••• 
~! .3l:~ ..• :-:-•.......••...•..... 
M. major •.••••••••.•••••.••.•••.•• 

. M1crocystis ~ .•.•.••.••..••.•.•.• 
~. aeruginosa .••.••••••..••••••.•• 
Nostoc sp ..••....•••..•...•••••••• 
'~a~ria sp .•••••.•.......•.•. 

Reseton - Danskallllller Phytol?lankton 

RNCE RNCW RSCE RSCW 

no./liter no./liter no ./l.i. ter no./liter 

7050 

7050 
0.04 

i53819 336980 

91657 52704 389395 89014 

2897767 342577 12191304 ~168116 
84606 50865 

211516 927593 203460 

100138 63581 
11273795 13291982 15476563 21344178 

RDE RI 01 

no./lite,!;1 no./liter I no./liter 

39498 

'22000 
78995 
73971 

6366811 

I 

5397 

5397 -
0.04 

32384 

151124 

86357 
10795 

464168 

112143927 

1332856 

I 61640 

,619703 
49312 

197248 

I 30820 

9634342 

UlO 

~ ~ 
'0 <I> 
1-'00 
<I> 

rt 

~I-' 
<1>0 .. ';::: 

0\ 
"<1'-
~. -..J 
1-'''' 

It 
~ c» 

n 
m 
I-' 

I 
..... 
UJ 
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E. BWE-GREENS CON' T 

Phormidium ~ ••••••••••••••••• 
Spirulina~ •••••••••••••••••• 
SynechococCus· ~ •••••••••..••• 
UID l,phanothece-like •••••••••• 
urD branched filamentous •••••• 
UIO colonial •..•.••.•••••••••• 
UIO filamentous.: ••.•••••••••• 
UID GLeocapsa-like •••••.••••.• 
UIO long cell ••••••••••••••••• 
UIO sheathed cell ••••••••••••• 
UIO two-celled colonial ••••••• 
UIO unicellular ••••••••••••••• 

TOTAL BLUE-GREENS •••••••••••• 
% OF TOTAL PHYTOPLANKTON ••••• 

F. OTHERS 

UIP flagellate ••••••••••••••• 

TOTAL OTHERS ................ . 
% OF TOTAL PHYTOPLANKTON ••••• 

G. TOTAL PHYTOPLANKTON 

Roseton - Panskammer Phytoplankton 

RNCE RNCW RSCE RSCW 

no./liter no.jliter no.jliter no.jliter 

77556 47434 38176 82655 

14890716 14762428 18095438 24338849 
9'1. 99 92.0 92.36 92.17 

16188009 ~6037864 19591936 26405234 

RDE RI Dr 

no.llite~ no.jliter Ino.j1iter 

r 
I 

12328 
19749 I 53973 28178 

tnt:) 

.001024 112942728 112966427 ~~ 94.1 92.6 91.5 1-''' 
r.> 
rtl-' 
,<0 
'0' 
(l)~ .. , 

"J-..I 
""0 .., 
I-' 
rt 
11 
III 
rt 
(l) 

() 
D' 
I-' .... 
til 

1131641 ! 14124735 114168407 

i 



GROUP 

A. DIATOMS 

Achnanthes 2£" •• " ••• , ••. ,"', •.•••••••••••. 
Alllphiprora 2£ ••• , ••• ,., ••. , ••.••••••. " .••.• , 
Amphora ~., •••.•••••••••••.•... , ..•..•.•..•• 
AS':erj.onella formosa •.•••.•.....•.••...• , •• ," 
Attheya zachariasi. •••••••••.••..•••••.•.•.•. 
Ceratoneis 2£ .. , '" , •• ,' • ', ••...••.••....•• , •• 
Chcetoce ros 3? ................... , ........•.. 
Chc.2toccros 3?, A ............................. . 
Cocconeis 3?, •••.•••••••••.•••••••••••••••••.• 
Coscinodiscus !!E.. ••• • ' ••••••••••••••••••••••••• 
Cyc10tella 3?, ............................... . 
C'/rnbe lla .§.E. ........................ ................... _ ................. .. 
Diatona 32, ••••••••••••••••••••••••••••••••• ,. 
DIpr;;,-; is ~ •...•...••.••.•••..••............ 
EU;'lotia ~ .•.......••.•.•...•••..•....•••.•.. 
~la-ria !!E.. ••••••••••• ••••••••••••••••••••• 
Fragilaria crotonensis .••......••.....•.•...• 
Gomphonema !!E.. •••••••••••• , ••••••••••••••••••• 
Gyrosi.gma sp •...••.•.•.••.•.•....•.••.•.•.•.• 
Hantzschia 2£ ...•.......•..•.•.•.......... '" 
Melosira ~ ••..••••••••••..••..••..•••..••••• 
t!. granulata .•..• " •..•.•••...••.•..••..•.••.. 
~:eridion circulare .......................... . 
Navicula sp ••.•••..••••••.••••.•..••....••••• 
Navicula sp A .•••.••••••..•••••••.•••.••.•••• 
Nitzschia sp .•.• ' ........................... .. 
'N. sigma .••.•••• ' •••••••••• " .•••..••..••.••• , 
Pi-nnularia !!E.. ••••••••••••••••••• ••••••••••••• 

,'Rhoicosphenia curvata ••••.•••••••.•...•• ' •••.. 
Stephanodiscus, !!E.. ••• ••••••• " •••••••••••• , ',' • 
Surirella !!E..' ., ••••••• , •••••••••••••••• " ., ••• ' 
.§.. ~ella .•...•••.•••.•••.••..•••.••..•..•.• 
Synedra..:!E' .••..• '" •••...••.••••••.•. " ..... 
,5. ulna ..••.•••..••••••••.•••..•...•.....•.•. 
Tabellaria sp ......•...•...•.•••.•...•.••.... 
T'. f) o~clliosa ...•.•• , ...................... .. 
T. fenestrata ...••....••..•....•.....••.•.... 

ROSETON-DANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter 

12204 
5884 

4983 

4983 18307 
17652 

403661 350725 470712 427155 

5884 

34884 

11768 12204 

433562 \278161 276542 189168 

9967 5884 
44851 60470 35303 97635 

14950 12094 58839 6102;2 

6102 

4983 6102 

6102 

RDE RI DI 

no./literlno./liter no./liter 

10010 

9739 5561 I 5005 
5561 

365217 1372598 1355359 
9739 10010 

5561 
5561 

CIl\:) 

5005 ~~ 
5561 110010 t'l 

81-' 

180174 1628412 b..25126 ~-t:: 
t'lt; .. ....... 
"'-..I 9739 110010 .... IN 
I-' 

19478 77856 65066 ~ 

22245 140040 ' 
~ 

14609 (I> 

() 
(1) 

5005 I-' 
I-' 
CIl 

4871) I 22245 

5005 



r 

A. DIATOMS cont'd 

UIn centric •••••••.••••••••••••••••••••••••• 
UIn pennate ••••••.•••••••••••••••••••••••••• 
UIn ;spined-centric ••••••••••••••••••••.•• , ',' 

TOTAL DIATOMS ••••••••••••••••••••••••.•••••• 
% OF TOTAL PHYTOPLANKTON: ••••••••.•••••••••• 

B. EUGLENOIDS 

Euglena ~ ................ ' , ................. . 
~ ~ ................................... . 

'Trachelomonas ~ •••••••••••••••••••••.••••••• 
UIO euglenoids ••.••••••••••••••.•.•••.•.••••. 

TOTAL EUGLENOIDS •.••••••••••••••••••••••••..• 
,% OF TOTAL PHyTOPLANKTON •••••.••••••••••..••. 

f 

RNCE RNCW RSCE 

no./liter no./liter no./liter 

14950 

4983 5884 

976757 701450 894352 
8.94 5.64 7.37 

RSCW 

no./liter 

6102 

,842103 
5.23 

RDE RI 

no./1iterlno./1iter 

4870 

618435 
5.8 

1151161 
9.00 

D1 

no./liter 

645651 
5.7 

[Iltl 

~~ 
t' .. 
t'3 

~::; 
'<1' 
t'3:;; .. , 
"J--l 
1-'.", .... 
rt 
~ 
rt 
lP 
n 
~ .... 
fIl 



GROUP 

. C. GREENS 

Actinastrurn EE.' •••••••••••••••••••••••••••••• 
A. gracillimum ••.••.••.••.....•........•..•.• 
A. har.tzschii. •.•...•.•.......••...••...••.• , . 
Ankistrodesmus ..•..••.••......••......••.••... 
Asterococcus ~ ...•.••••.....•.....•.••••.... 
Chlamydomon2.s ~ .•.....••.•••........•.•....• 
Chlor(;lla sp ..•.••••.••....••.....•....•..••. 
Chloroc0ccum ~"""""""""""""' .. " 
Choda~ella ~ ••..•...•.....•...•••........... 
£. longiseta ....•••.•••••...•.•••.•.•..•••..• 
£. micro!:'ormll .•.•••.•.•••.....•••.•......•••. 
C. sul::salsa ....•..•••.•••....••....•.•.•...•. 
£.~~ ................................. . 
Clost()yiopsis .§.E ••••••••••••••••••••••••••••• 

Clostcrium ~ .............•.•..........•... " 
CoelaHtruro sp ......•••.•..•............•.•... 
Cosmar.ium ~ ....••.....•..•..•.........•..... 
Crllcic;enia 32. •••••••••••••.••.....•.••....... 
Dictyosphaerium .§E •••••••••••••••••••• , •••• " 
Echinospnaerella EE. •••••••••••••••••••••.•••• 
Elak tothr ix .§.E ••••••••••••••••••••••••••••••• 

Euastr~ 32. ..•••••.••••••••.•.••.••••••.••..•• 
Eudorina .§.E •••••••••••••••••••••••••••••••••• 

f.clCgans •..•••••.••..•••...•••.•.••..••••.. 
Franceia ~ •••.••••••••••...•••.•••••.••••.•. 
Golenkinia radiata ••••.••.••••••...••..••.•.. 
'Ki):,chneriella §.E ••••••••••••••••••••••••••••• 
Micractinium pusillum ••••.••..•.••..••.•..••• 
'Micrasterias ~ .............................. . 
Mougeotia ~ ..•••.•••.• " .. , .••••..••.••• , . " 
c;cystis sp ...••••••••..••.•.•.••..•••..••••.. · 
Pandorina EE. •••••••••••••.••••••••••••••••••• 
P. charkowiensis .••••• "" •..•.•.•..••..... , ... 
Pediastrum ~iatum •••...•...•••••.•.•..•.. 
!:.. d'~p1e~ ....••.•••...••....•...•....•.....•. 
P. glilnduliferurn ..••...•....•••.•...•..•..... 
P. simplex ..........•..•..•...•.............. 
P .. tetras .......•....•••..•..............•..• 

ROSETONE-DANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter 

29901 
4983 36282 23535 73226 

44851 18141 58839 36613 

139537 

4983 6047 12204 
P14443 195271 

259141 54920 

84658 

19934 

119603 ~35355 
12204 

19934 18141 42715 

RDE RI DX 

no./literlno./liter no./liter 

10010 
9739 5561 

19478 5561 25025 

19478 

IJJO 
9739 5561 10010 ~~ 

66734 60061 '"dt'l 
t"' .. 

05207 t'l ,.... 
0-3 ,.... 
K' 'd .... 
t'l '" .. , 

-..I 
W 

"l 
~. ,.... 
cT 

9739 11 
5005 r+ 

(l) 

() 
(l) ,.... 

38956 I 22245 155056 
,.... 
CIl 

16683 

44489 

133367 - I 



r r 

. C • GREENS cont' d. 

P1atydorina caudata .•••••.•••••••••.•••••••• 
Polyedriopsis .:!l2. •••••••••••••••••••••••••••• 
Protococcus ~ •••••••••.••••••••••••.••••••• 
Scenedesmus ~ •.•••.•••••••••••••••.•••.••• " 
~. abundans •••••••••.•••••••••••••••••••••••• 
S. acumina tus ••••••••••••••••••••••••••.•••• 
S. ar~uatus •••..•••••••••••••.•••••••••.•••• 
S . .el,.iuga •••.•••••••••...•••••••••••••.••• ',' 
S. dinorphus ••••••••••••••••••••..•••.••.•••• 
'5. denticu~,atus •••••••• ' •••••••••••••.••••••• 
S. obligu:y' .• -=-:::-..•.•.•.....••............•.. 
~. ~cauda •••••••••••••••••••••••.•••.•• 
schroedria_~p ••.•••••••••••••••••••••.•••••• 
Schroederia ?~tigera ••••••••••••••••.••••••. 
Selenustrum sp ••••••••••••••••••••••••.•••.• 
sphaerocystis~ ••••.••••••••••••••••.•••••• 
Spirogyra 'sp .•.•.••••••••••••.••.••••••••••• 
Staurastrum sp ••.•.••..•••••.•••.••.••••••.. 
Stal.!E..~ aspinosa •••••• , .•••••.•••••••••• 
Stigeoclonium ~ ............................ . 
Tetradesmus ~"""".""""""""""" 
Tetracdron sp •.••. · •••••••••••••••••••••••••• 
Tetracdron trigonum •••••••••••••••.•.•••.••• 
Tetrastrum sp ••••••••••••••••••••.••.••••••• 
Olothrix ~-:-: •••..•.•••••••••••••.•••••••••• 
,UID colonial .•.•.••••••••••••••••••••••••••• 
. uro desmid •.••. ; •.••••••••••••••••.••••••••• 
urp flagellate .•••••••••••••••..••.••••••••• 
iJID filamentous •.•••••••••••••••••••••• ~ •••• 
,UID four-spined ••••••••••••.••.•••••••••..•• 
uro Gonium":like .••••••••.•••••••.•••.•.••••• 
UIO unicellular ••••••••••••..•••••..•••••••• 
Volvox ~ •••••••••••.••••.•.•••••.•••••••.•• 

TOTAL GREENS •••••••••••••••••••••••••••••••• 

i OF. 10Tl<L PHYTOPLANKTON ................... . 

RNCE 

no./liter 

29901 

74752 

29901 

19934 

097355 
7.29 

RNCW RSCE 

no./liter no./liter 

78611 70607 

5884 

169315 41187 

6047 

24188 

755873 435407 
6.08 3.59 

RSCW 

no./liter 

8543l 

15942 

628526 
3.9 

.--

RDE RI Dl 

no./literlno./liter Ino./liter 

68174 

38956 

214259 
2.0 

77856 

88979 

367036 
2.87 

55056 

180080 

505510 
4.47 

(1)0 

f'· ~ 
r;j" ,... 
~.t::: "',... t'lN .., 
"'-.J .... W ,... 
~ 
I» 
r1" 
(l> 

() 
(1) ,... 
I-' 
UI 



GROUP 

D. YELLOW-BROWNS (DINOnAGELLATES) 

Dinobryon ~ ....•.••......••.•...• 
Glenodinium ~ .•••••••••.••• , ••••• 
Peridinium ~ •••• -•••• '" •••••••••. 
Synura ~ ...•..•...•.••• _ ..•••.•.. 
UID dinoflagellate ••.•••.••.•••••• 

TOTAL YELLOW-BROWllS ••••••••..••••• 
% OF TOTAL PHyTOPLANKTON .••••••••• 

E. BLUE-GREENS 

Aphanothece-1ike •..••.•••••••.•.•• 
Anabaena sp .••••.••••.••.••••••••• 
!i. flos-aquae ..•..•••.•••.••••.•••• 
!!.. spiro ides •.•.••....••.•••.••••• 
Anhanizomer:on ~ •••••.•.•.•• '" ••• 
Ap:"anocapsa sp .. a _ .............. "" .............. .. 

Aphanothece ~ ••.•••••••.•••••••.• 
Chroococcus ~ ..• , •.•••••••...•••• 
Cylindrospcrmum ~ •.•••..••.•••••• 
Dactylococcopsis ~ ••••••••••••••• 
Gleocapsa ~ ..•••••••••••••••••••• 

,GIeothece ~ .•.•.•••..••.•.••••••• 
Gql!'phosphaeria ~ ••••••••••••••••• 
:.yngbLa ~ •••••••••••••••• ',' , •••• 
'~!erismopedia sp ••••••• , ••••••••• ,. 
'J:!:. g1auca .••• :-:-••••••••••••••••••• 
M. majoJ;' ••••••••••••••••.••••••••• 
Microcystis sp .•.••••••••••••••••• 
t!... deruginosa ........................................ .. 
!lostoc sp ••.••.•••••.•••••••• , •••. 
~a;oria sp •..••••••.••.•••••. 

Roseton - DanskaJ1W\er Phytoplankton 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./l:i,ter no./liter 

47071 
84719 241239 183066 

67124 
34884 
99669 D.93503 ).82400 12204 

573099 104348 400104 317315 
1035563 

159471 

8177879 8610894 8878781 13986268 

~--~- --~-. ----------_. 

RDE RI DI 

no./liteI;1 no./liter I no./liter 

VlO 
\lI Sl> 

122346 40040 3 rt 
150152 80081 '0 (1l 

1-''' 
(I) 

rt 

;a:::; 
(1),-

87652 1278059 •• I-' 

'" '-
"J" 

1116785 1145147 
!"-w 

38956 ... 
rI' 
t'! 
Sl> 
IT 

14609 .<? 
n 
(I) ... 

~55763 
I-' 

754783 11657229 en 

35136 
199652 

8701913 18875631 9009100 



r r 

S. BWE-GREENS CON'T 

Phormidium ~ •.•••••.••••••••• 
Spirulina ~ ••.••••••••••••••• 
Synechococcu& ~ ••••••••••.•.• 
UID Aphanothece-like •••••••••• 
uro branched filamentous •••••• 
UIO colonial .•••.••••.•••••••• 
UIO filamentous ••••••••••••••• 
UIQ Gl.eocapsa-like •••••••.••.. 
UIO long ·cell .•••••••••••••••• 
UIO ;sheathed cell ••••••••••••• 
UIO two-celled colonial ••••••• 
'UID unicellular .•••••••••••••• 

TOTAL BLUE-GREENS •••••••••••• 
. % OF TOTAL PHyTOPLANKTON ••••• 

F •. OTHERS 

uro flage11ate •• ~ •••••••..••• 

TOTAL OTHERS ................ . 
% OF· TOTAL PHYTOPL1INKTON ••••• 

.' G. TOTAL PHYTOPLANKTON 

r 

Roseton - Pan~kammer Phytoplankton 

RNCE RNCW RSCE RSCW 

no./liter no./liter n:>./liter no./liter 

9967 24188 
14950 36282 5884 61022 

~154638 10969215 10791042 14626999 
83.77 88.3 89.03 90.86 

10928750 2426538 12120801 16097628 

RDE lU DI 

no./literl no./liter Ino./liter 

55612 

9739 11122 

UlO 

9807304 11266936 10165267 ~ ~ 
'tI (1) 

92.17 88.12 89.83 ,... .. 
ro 
rt 
'<,... 
'0,... 
(1 ....... 

"",... ".!N ..,., 
,.......:1 
rtw 
f1 

~ 
~ 

() 
(f) ,... ,... 
(II 

10639998 112785133 ~1316428 



GROUP 

A. DJ:ATOMS 

Achnanthes ~ ••••••••••••••• , •••••••••••••••• 
Amphiprora ~ •••••••••••••••.•••••••••••.•••• 
Amphora ~ ••••••••••••••••••••••••.•••••••••• 
Asterionella formosa ••••••••••••••••••••••••• 
Atthe)'a zachariasi. •••••••••••••••••••.•••• · •• 
Ceratoneis ~""""""'.""" •••••••.•.••• 
Chactoceros ~ .•••••••••..••••••••••.•.••.••• 
Chaetoccros ~ A .••••••••••••••••••.•••••••. ' • 
Cocc(>neis ~ .••.•••••••••.••••••••••..•••.••• 
Cosch:odisc:.IS ~ •••••••••.•••••••••.••••••••• 
Cyclo\;ella ~ •••.••••••••.•••••••••• '" •.• , •• 
Cymhclla 'sp ................................. . 
Diatona ~ .••••.•••••.•••.••••••.••••.••••.•• 
Di,.,loneis ~ .•••.••••••••.•.••...••..••...••• 
Eunotia 32, ••••••.•.•.•••••••••.••••••••••.•.• 
Fragilaria 32, •••••••••••••••••••••••••••••••• 
Fragilaria crotonensis •••.••.•.•••.. _., __ •. _. 
Gornohonema ~ •••.••••.•••.••••••••..••.•.. '" 
Gyros i.gma sp .•••..••••••..••••.••••.••••••.•• 
HantzsChia ~ •••••••.•••..•.•••. _ •••. __ .••.•• 
!..jelosira ~ ............................................................. .. 
~. granulata ..................... ~ ......... " 
!1erid ion circulare •••••••••.•••..•.....•.•.•• 
Navicula ~ •••••.••••••••.••••••••••••••••••• 
Navicula sp A •••••••••••••••••••••••• , ••.•••• 
Nitzschia ~ •••••••••••••••••.••••••••••••••• 
!!. sigma •••••••••••••••••.••••••••••••••••••• 
Pinnularia ~ ••••••••••••.••••••••••.••• '" •• 
Rhoicosphenia curvata ••••••••••••••••••.••••• 
Stephanodiscus ~ •••••••••••••••••••••.•••••• 
Surirella ~ ••••..•••.••••••.•••••••.••..•.••. 
§... patella ••••••••••••.••.••••••••••••••••••• 
Synedr il .3? •••••••••••••••.••••••••••••••••••• 

,S. ulna ••••••••.•••••••••••••••••••••.••.•••• 
Tab~ria sp ••••••••••••••..••• _ •• " •••••.•• 
~ floc(:~~._ .•..•.•••• _ •• _ •••••••.•. _ ...•• 
T. fer,estrata ...••.•••••• _ ••••••..•••••••••.• 

ROSETON-DANSKAMMER PHYTOP~~TON 

RNCE . RNCW _. ---. RSCE RSCW ~ . 

no./liter nO./liter no./liter no./liter 

4695 

5332 
93913 110049 26658 40729 

15995 145460 

23478 10663 

493043 492600 613139 535294 
9391 15721 5332 5818 
4695 

15721 15995 5818 

258261 282983 287909 407289 

5240 
79826 89087 58648 5818 

5332 
42261 89087 58648 

5240 
10663 

20962 10663 5818 

-

RDE RI DI 

no./1iter!no./1iter nO./liter 

102568 130435 I 105485 

212461 

10435- 5552 
10435 5552 

527491 542609 749498 
14653 20869 5552 

5552 

5217 

7326 <flo 

7326 5217 ~~ 
7326 " .. t<J 

I-' 
1-3 tv 

117220 401739 532976 ,<' 'ell-' 
t<Jtv .. , 
"J-.I 

5217:(Sp1 .... w .... 
58610 57391 88829 rt 

PI 
c1' 

29305 78261 66622 (1) 

() 
(1) 

I 

H· 
5217 .... 

<II 

11104 

7326 10435 16655 
, 

! 

10435 

i 



r 

'. .. 

r 

A. DIATOMS cont'd 

OlD Centric •••••••••••••.••.•••••••••••••••• 
UID pennate ••••••••••••••••••••••••••••••••• 
OlD spined-centric •••••••.•••••••••••••••• ',' 

TOTAL DtA TOMS ••••••••••••••••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIOS 

Euglena ~ ••••••••••••••••. , ••.••••••••••••••• 
Phacus ~ •••••••••••••••••••••••••••••••••••• 
Trache1omonas ~ ••••••••••••••••••••••••••••• 
UIO eug1enoids •••••.•••••••••.••••••••••••••• 

TOTAL EUGLENOIDS ••••••••.•••.••••••••••••.•. " 
% OF TOTAL PHYTOPLANKTON •• · ••••••••••••••••••• 

RNCE RNOl RSCE 

no./liter no./liter no./liter 

65739 78606 31990 

1075302 1205296 1156967 
80.35 54.25 79.49 

4695 

4695 
0.35 

RSOl " , 

no./liter 

34910 

' 1186954 
66.02 

I 

I 
1 

1 

---

RDE RI 

no./1iterlno./1iter 

58610 

1150222 
64.88 

26087 

1319999 
77.85 

01 

no./liter· 

66622 

1659999 
72.75 

000 

~~ 
'Ot'.l E;j •• 

t-31-' 
><"-> 
'0 ..... 
t'.ll-' 
.. "-> 

tz.!':::! ,...·w 
I-' 
IT 

~ 
~ 
n 
(I) 
1-" 
I-' 
III 



.'}, 

GROOP 

.C. GREENS 

Actinastrum .§J2. ••••••••••••••••••••• ' •••••••••• 
!!. gracillill1um ••••••••..••••••.•••••••••••••• 
A. hantzschiL ••.•••••••• · •••••••••...••.••..• 
Ankistrodesmus •••••.•.•••..••••••••••••••••.•• 
Asterococcus ~ •••••••..••••••.•••••...•..•.• 
c'hlarn?c.c::l0nas ~ .•••.•.•••.•••...•.••••• '" .• 
Chlor,-"lla sp .••.•••••.•..•..•••.•••.••.•••••• 
Chlorococcum sp ••.•••.••••..••••••••..•.•.•.•• 
Chodatclla ~ •••••••••••••..••.••••.••.•.•••• 
~. longiseta ...•••••.••••••.•••.••••••••••.•• 
£. rnicro?orum ..•.••••.•••..••.•..••••••••.••• 
C. subso.lsa ...•.•.••..••••••.••.••••••••••..• 
~. quadrata .•••••••••••••••..••••.••.•••...•• 
ClosL'riopsis ~ ..••.••••....•....•..•..•.... 
Closterium ~. " .•.••...•...•••...•.•.....••. 
Coel<1:!rum sp ..•..•••.••••••••••••••...•••... 
Cosna!:ium sp .....•.....••.•.•••.••.....•.••.. 
Crc:ciqcnia ~ ••••.•••••••••••.••••••••••••••• 
Dictyos,)haerium .§!. ••••••••••••••••••••••••••• 
Echinosphaerella ~ •.••••.•..••••.•••••.••.•. 
Elaktothrix ~ ••.••••••••.••.•••..••.•.•••••. 
Euastrum ~ ..••••••••••.••....••••......•..•. 
EUQorina ~ .••...•.•••.•••...•.••••..••••••••• 
!:.. e1egans ..••.••.•••.••••••••••..•..•••••••• 
Franceia ~ ••.••.•••••••••••••••••••••••••••• 
Golenkinia radiata ••••••••••.•••••••••.••••.• 
Kirch"'3rie11a~ .•.•••••••••••••• , .•••...•.•• 
Nicractinium pusillum •••••••••••••••••.•.•••• 
Micrasterias !£ ..................•........... 
Mougeotia ~ .•••.•••.••••.••••••• , ••• , •.••••• 
Oocystis ~ •••.••••••••••••••••••.•••.••••••. ' 
Pandcrina ~ .•..••.••.••.•••....••.•.••••.••• 
P. charkowicnsis .•••.••...• " ...•• , •.••.•. '" ., • 
Pediartrum biradiaturn ••.•.•••••.•••.••.••.••• 
P. duplr.!x •........••.•...••••.•••.••..•.•.•.. 
~. gl"nduliferurn ...•...•......•••....•••.••.. 
!'.. sir:plex •......••.•.••••..••..•.•••..•.•... 
P. tetras ..........•.......•.••.•.•..•...•... 

ROSETONE-OANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter nc./liter no./liter 

32869 5240 10663 34910 
4695 

18783 26202 11637 

83847 69821 

10663 

78606 79975 5818 

4695 5332 23274 

32869 

23478 5240 

------ -~ - ~-.-

RDE RI D1 

no./literlno./1iter Ino./liter 

36631 20869 33311 

14653 5217 33311 

43958 199866 

83478 

7326 55Si 

mo 

~~ 
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·C. GREENS cant'd. 

Platydorina caudata ••••••••••••••••••••••••• 
Polyedriopsis ~ •••••••••••••••.••••.••••••• 
Protococcus 2£ •••.•••••••••••••••••••••••••• 
~desmus '!E.' •••••••••••••••••••••••••••• o' 

s. abundans ••• · •••••••••••••••••••••••••••••• 
~. aclJ,'Ilinatus ••••••••••••••••••••••••••••••• 
S. arcua tus· •••••••••••••••••••••••••.••••••• 
~. bijuga .............................. : •••.• 
~. dimorphus •••••••••••••••••.••.••••••••••• 
S. denticulatus •••••••••.••••••••••••••••••• 
S. obligl,,;,-:-:::-••••••••••••••••••••••••••••• 
S •. ~icauda •••••••••••.•••.••••••••••.••• 
Schrocdria_~ ••••••••••••••••••••••••.•••••• 
Schrocderia .~~ti'Jera ••••••••••••••.••••••••• 
Selenastrum~ •.•••••••••••••••••••••••••••• 
Sphacrocystis !E. ••••••••.•••••••.••••••••••• 
Spirogyra ~ •••..••••••••••••• , .••.••....••• 
Staurastrum sp •..•••••••••••.••.•••••••••.•• 
Stallrv.strum aspinosa ••••••.••••.••..•••••.•.• 
Stigenclonium .eE, ••••••••••.•••••••••••••••••• 
Tetradesmus ~ •••••••••••••••••..••••••••••• 
Tetracdron ;!E. ••••••••••••••••••••••••••••••• 
Tetraedron trigonum ••••••••••••••••••••••••• 
Tetrastrum ~ .............................. . 
Ulothrix .eE, ••••••••••••••••••••••••••••••••• 
UWColonial ••.•••••••.••••••••••••••• o' ••••• 

urn desmid ••••••••••.•.•.••••.•..••••••••••• 
urn flagellat~ .••••••••••••••.•..•••••••.••• 
urD filamentous ••••••.•••••••••••.•••••••••• 
urD four-spined ••••••••••••••••.•••••....••. 
urD Gonium':like ..••••••.••••.•••••••.•.••••• 
uro unicellular •••••••.•••••••••••••••.••.••. 
~21i .................................. . 
TOTAL GREENS ••••••.••••.•.•••••.•.••.•.•.••. 
% OF TOTAL PHYTOPLANKTON •.••.••••••...•.•.•• 

RNCE 

no./liter 

37565 

4695 

164344 
12.28 

-.-~-----

RNCW RSCE 

no./liter no./liter 

41923 

36683 42653 

5240 

20962 42653 

26202 

26202 21327 

361587 213266 
16.27 14.65 

- . -.--~-

MCW 

no./liter 

23274 

11637 

11637 

116368 

23274 

372379 
20.71 

-- -----

ROE RI Dr 
no./literlno./liter·lno./liter 

58610 

29305 

51284 

14653 

80589 

51284 

7326 

)2945 
:U.73 

41739 

41739 

67826 

15652 

I 41739 

15652 

10435 

344346 
20.31 

22207 

11104 

33311 

22207 

5552 

366421 
16.06 

000 

~~ bi .. 
~t; 

"'" t'll-' 
.. N , 
",,-..\ 
....w 
I-' 

~ .... 
(I> 

n. 
(1)' 
I-' 
I-' 
til 



GROUP 

D. YELLOW-Boot-ms (DINOFLAGELLATES) 

Dinobryon ~ ••.•••.•..•.........•• 
Glenodinium ~ •.•••••••••••.•••••• 
Peridini= ,~ ..•••••..•.••••••.••. 
sY!lura ~ .•.•...••.••••••••.•• , .•• ' 
UID dinoflagellate ••..••..•.•.•••. 

TOTAL yELLOW-BROWNS ••••• ' •••••••••• 
% OF TOTAL PHYTOPLANKTON •••••••••• 

E. BLUE-GREENS 

Anabaena ~ .••••••.•••••...••••••• 
~. flos-aquae ..•••.••••••.•..••.••• 
.!!. 2.12iroides •.•.•••••.•••.•••.•••• 
~izo~enon ~ •.•••..••.••••••.• 
Aphcr.ocapsa ~ •••••••••••••••••••• 
Aphanothece ~.~ •.••.•.•....••...• 
Chroococ;cus ~ .••....••••••.•••••• 
Cylin1rospcrmum ~ ••••.••.•••••••• 
Dac;tylococ;copsis ~ ••••••••••••••• 
Gleocapsa ~ •••••••••••••.•••••••• 
Gleothec;e ~ •.•••••••••••••.•••.•• 
Go~~hosphaeria,~ •.••••••••..••••• 
Lyngbya~ ••••••••••••••••••••••• 

Merismopedia sp ...•••••••••••••••• 
~ glauca. .•• ::-.•..••••••••••••.•• 
M. major .............................................. .. 
Microcystis ~ ..••••••..•••••...•• 
~. aeruginosa .••.••.•••.•.•.....•• 
Nosto:: sp •.••.•••.•••.••••••••..•• 
Q;;illat;ria sp •••••••••••••.••••• 

Roseton - Danskammer ~hytoplankton 

RNCE RNCW RSCE RSCW 

no./liter no./liter no. /l:i. tel:' no,/lite:!;' 

5332 

53,32 
0.37 

70435 226918 
628851 

21327 

42653 

26202 

RDE RI D1 

no./lite:x;! no./).iter I no./liter 

14653 5552 

14653 5552 
0.83 0.24 

(Ilt) 

~ ~ 
'0 (1) 
f-' .. 
(1) 

rt 

:a ... 
rot-.> .. , ... 

'>;It-.> ,..., 
... -..J 

55518 r:rw 
PI 

S-
o 
(1) 

172107 
... ... 
co 

B851 

20869 
I 

-----'-~,_--l 



E. aWE-GREENS CON'T 

Phormidium !E. ••••••••••••••••• 
Spirulina' !.£. ' ................ . 
Synechococcus ~ •••••••••••••• 
UID Aphanothece-like. ••••••••• 
UID branched filamentous •••••• 
UIP colonial .................. . 
UID filamentous ••••••••••••••• 
UID Gleocapsa-1ike •••••••••••• 
UI.D long cell •••••••••.•••••. , •• 
UIO sheathed cell ••••.•••••••• 
UIO two-celled colonial ••••••• 
UID unicellular .•••••••••••••• 

TOTAL BLUE-GREENS •••••••••••• 
'OF TOTAL PHYTOP~ON ••••• 

F. OTHERS 

UID flagellate ••••••••••••••. 

TOTAL OTHERS ••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON ••.•• 

G. TOTAL PHYTOPLANKTON 

Roseton - J)~ Phytopla.nktoJl 

RNCE RNCif RSCE RSCW 

no./liter no./liter no./liter no./liter 

2:R78 15995 11637 

93913 655053 79975 238555 
7.0 29.48 5.49 13.27 

1338254 2;221936 l.455540 1797888 

---_._-- --______ 1 

ROE RI DI 

no./l.ite~no./liter ~o./1iter 

51284- 10435 I 22207 

mc 
205135 31304- 1249832 ~~ 

'Oro 
11.57 1.85 10.95 ,... ., 

ro 
r1' 
'< ..... 
'0'-> 
ro ..... ....... 

'-> 
":1 ..... 
.... -..J 
""W 

, ~ 
I» I It I n I (t. 
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III 
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GllOUP 

A. DIATOMS 

Achnanthes ~ •••••••••••••••••••••••••••••••• 
Alnphiprora .::2. •••••••••••••••••••••••••••••••• 
Al'llphora ~ ••••••••••••••••••••••••••••••••••• 
Asterione11a formosa •••.••••••••.•••••••••••• 
Attheya zachariasi. ••••••••••••.••••••••••• ' •• 
Cerz.to:1eis .::2.' ••••••••••• ',' •••••••••••••••••• 
ChaeC(lceros ~ ••••••••••••••••••••••.•••••.•. 
Ch;;.ccoceros ~ A •.••••••••••••••..••••••.•• " . 
Cocc'oneis ~ •••••••••••••..••••.•••••••..••.• 
Co:,:cinodiscus ~ •.•• ' ••.•••.•.•.•••.•.••...... 
Cyclocel J.a 2£ ....••••......•...••.•.......... 
~·/:ab.::::lla ~ ............................................................... .. 
Di.~toma ~ •••...••..•.•.•.••.•.•.•••.••..•.•• 
Dip1<;neis ~ ••••••.•••.• , •••••.••••••..•••..• 
Euno~:'a ~ ........................................................... .. 
r·ragi~.a~.·ia sp .............................................................. .. 
Fragij~~ia crotonensis ....••.•....••.•....•.. 
~..,;~.:)hon"'ma 2£ .....................•.........• 
Gyro~i_~ sp •••••••••••••.•••.••..••••••.•..• 
Hantzschia ~ ••••.•.•.•••..•..•...•••••.••.• , 
He10sira ~:: •••••••••••• ' ••.•••••••.•••••••• '" 
!:!. granulaca~ ••••• " •••• ~ •. " •••••••••••.•..••.• 
r·1eridion circular~_ ............................................... .. 
~ia" .§£. ........... ; ......................... . 
Navicula sp A •••••••••••••••••••••••••••••••• 
Nitzschia 2£ .......••......•.....•..•........ 
'N. siC;;ma ••••••..•••••••••.•••..•••••••••.••.. 
P:i:~nularia ~ ••••••••••.••••••••••••••••••••• 

,Rhoicosphenia curvata ••••.••.••.•.••.••. ' .•••• 
Stephanodiscus sp •••••••••••••••••••••••••••• 
Surirella .::2. •.••••••. ",' •••••• " ••••••••••••••• 
~. patella •••••••••••••••••••••••••••.••••••• 
Synedra,~ •.••••••••••••..•••••••••.••••••.•• 
,5. ulna •....••.•••••••.••.••.••••••.•..•••••• 
'TabeU ari~.2£' .•••••••••• " ••••...•••••••••••• 
T' . .flocctllosa ......... oo .......... oo .............. oo .. oo .............. oo 

T. fene~tratil ....•••••..•.•••..••••••..•.••.• 

llOSETON-DANSKJ\MMER PHYTOPLANKTON 

RNCE RN~ RSCE RSCW 

no./1iter no./liter n~./liter no./liter ! 
5,097 4,444 2,053 

229,348 164,444 100,603 

30,580 4,444 18,478 
5,097 17,778 10,266 

290,507 284,444 160,145 
5,097 4,444 6,159 

20,386 8,889 

6,159 
4,444 

4,106 

631,981 364,444 388,043 

10,193 17,778 8,213 
107,029 88,889 49,275 

50,966 40,000 45,169 

10,193 8,889 6,159 
15,290 17,778 8,123 

10,193 4,444 

12,319 

RDE RI 

no./liter t~./liter 
no 
sanple ~~le 

01 

no./liter 
,no 
sample 

(flo 
~;oo 
'O(;j r;; .: 
>-3 <l' ><' "CI to.:> 
t'l <l' .. , 

-.J 

~w 
g. 
ro 

f 
~ 
11 

r? 
I-' 
I-' 
(Jl 



A. DIATOMS cont ' d 

UID centric .•••••••.•••.•••.•••••.••••.••••. 
UIO pennate ••••••••••••••••••••••••••••••••• 
UID spined-centric •••••••••••••••••••••••• ',' 

TOTAL DIATOMS ••••••••••••••••••••••••••••••• 
% OF T0TAL PHyTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglena ~ ................. , •••••••••••••••••• 
~~ .................................... . 
Trachelornonas ~ ••••••••••••••••••••.•••••••• 
UIO euglenoids •••••••••••••••••••••••••.•••.. 

TOTAL EUGLENOIDS ••••••••••••.••••••••••••••. " 
% -OF TOTAL PHYTOPLANKTON ••••••••••••••••••••• 

RNCE 

no./liter 

1421,957 
72.66 

RNCW RSCE 

no./liter no./liter 

4,449 " 

1,053,331 825,360 
73.6 72.0 

MCW - --, 

no./liter 

ROE RI 

bO./literlno./liter 

, 
' .. 

DI 

no./liter 

!nO 

~~ 
I:'~ 
t'l", 

:{;:, 
'<l'" 
t'l'-
" -..l 
~w 
o .... 
(l) 

~ 

~ 
f? .... .... 
III 



GROUP 

.C. GREENS 

Actinastrum 2£ ••••••..••••••••••••••••••••••• 
~. graci1.1imum. •••••••••••••• "" ••• " .•••••••• " 
A. hantzschii •••••• "" •••• ·" •••• " •••• " ••••••••• 
Ankistrodesmus •••••••••••••••••••••••••••• '." • 
Asterococcus ~ ••••••••• " •••••••• " •••••••.••• 
Chlam'ldomonas ~"""'"".""""""""'" 
Chlo2:clla ~ ••••• " ••••••••••••.•.•••••••.•••• 
Chloroc 0CCum ~ ••••••••••••••••••••••••••• '.' • 

~ Chodat-ella ~ ••••.••••••••••••••••••••••••••• 
C. longi.seta ••.•••••.••.•.••.••.••••.•••.••••• 
C. rnicro!.'Qrum .••••••••••••••••••••••••••.•••• 
C. subsalsa •••••••••••••.••••••••••••••••..•. 
:£. qui:drata •••••••••••••••••••••••••••••••••• 
Clost')riopsis ~ •.•••••••••.•..•••..••••••••• 
Clostcrium ~ ••.•••.••••••••••.•••••..••...•. 
Coelastrum ~ •••••••••••••••••••.••.•••••..•• 
Cosrnariu!n '~ •••••••••••••••••••..•••••••••••• 
crucigenia ~ ••••••••••••••••••• , " ••••.••••. 
Dictyosphaeriurn ~ ••••••••••••••••••••••••••• 
Echinosphae2:el1a 2£ ••••..•••••.•••••••••••••• 
Elaktothrix ~ ..•••••••••••••.••••••••• " •••• 
Euastrum ~ •••••••.•••••••••.••••••••••••••••• 
Eudorina .ee .....•..............•............. 
!. e1eqans ••••••••••••••••••••••••••••••••••• 
Franceia .§.E •••••••••••••••••••••••••••••••••• 

.. GOlenkinia ·radiata •••••••••••••••• '" •••••••• 
'Kirchneriella ~ ••••••••••••••••••••••••••••• 
Micractiniurn pusillurn •••••• , •••••••••.•••• , •• 

. Micrasterias .:!.E ••••••••••••••••••••••••• ' ••••• 
Mougeotia ~ •••••••••••••••••••••••••••••..•• 
Oocystis sp •••••••••••.•••••••••••••••••• " ••. 
Pandorina ~ .•••••••••••.••••..•••••••••.• " • 
P. charkowiensis ••••••• ' •••••••••••••••••••••• 
Pediastrurn biradiatum ••••••••• ' ••••••••••••••• 
P. duplex •••••••••••••••••••••••••••••••••••• 
~. 9la~liferurn ••••••••••••••••••••••••••.•• 
P. simplex •••••••••••.••••••••••••••.•••••.•• 
P. .!.S..tr as. . • • • • . • • • • • • • • • . • • • • . • • • • • • • • • • • • • • 

BOSETONE-DANSKAMMER PHYTQPLANKTOO 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter 

40,773 

2,053 

25,483 8',889 6,159 

2,053 
71,111 

5,097 

31, III 

50,966 12,319 

35,556 

RDE 1U DI 

no./liter!no./liter no./liter 

cn~ 

~~ 
t"' .. 
rn 

~~ 
'<1 (]"I :'l, 
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·C. GREENS cont'd. 

Platydorina caudata ••.•••••.•.•••••••••••.•• 
Polveciriopsis 32. ........................... . 
Protococcus ~ •••.•••••••••••••••••••••••••• 
Sceneacs::lus ~""""""""""""""'.' 
S. abundans ••••••..••••••••••••••••••••••••• 
S. azurorr;a:tus ••.•••••••.•.••••••.•.••••••••. 
S.. arcu~ tu::;: .......................................... .. 

~. b~Juqa •••..••••.•••••.••••.•••••••••••. '.' 
~. dimorphtts ••••••••.•••.•.•.•••••••••••••.. 
S. dentic\~latus •.•••••• ' .................... . 
S. ohligl;,:;-:-::-:-••.••.•.•..••••.•••••.••••.•• 
S. ~iciuda .••••••.••• '" .•••••••••••••.. 
g]1rocdria_.s,p .............................. . 
~deria p;:1tigera ••••..••••.•••••.••••••. 
Sclenastru'll ~ .••.••••....•••••.•.•••••••... 
~-,)haerocystis ~ ••••.•••••.•••••.•.••••.•••. 
Sr'irOQyril·:;p .••••••••••••••.••••••.••.•••••• 
St.J.urastrum sp .................................................... .. 
~~l~~' aspinosa ......................... . 
Stigeoclonium ~ ••..••.•....••....•••••••••. 
Tetradesmus ~"""".""""""""""" 
Tetracdron ~ ............................... . 
Tetraedron trigonum •••••.•.••..•••...••.•••• 
Tetrastr~ ~ •.•••..•••..•.••...••....•.•... 
Olothr~2!. sp ....................... • -e . ...... .. 
. UIn colonial .•.••••••••.•.••••••.•...•••..•• 
'Ull) desmid •••.. ; .•..•••••.••..•••••••.••••.. 
Ulr flagellate ............................. . 

'DID filamentous ............................. . 
{JID four-spined ••••••••.•.•••••••..•••••.•.. 
UID G<)ni,um-like ..•.•••••....•••••....•.•.••• 
UlD unicellular ...••..•••.••••••.••••..•••.• 
~.sp ••••••••••••••••••••••••••••••••••• 

,:\,OTAL GREENS • .' •••••••••••••••••••••••••••••• 
% OF. 'TOTAL PHyTOPLANKTON .................. .. 

RNCE RNCW 

no./liter no./liter 

40,773 

117,222 

71,353 88,889 

5,097 
122,319 97,778 

479,093 333,334 
24.48 23.3 

. I 

RSCE RSCW RDE RI DI 

no./liter no./liter no./liter!no./liter Ino./liter 

54,435 I 

2,035 

55,435 

135,507 
11.8 

cnfg 
~~ t;j .. 

~~ 
~~ 
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GROUP 

D. YELLOW-BROWNS (DINOFT.AGELLATES) 

Dinobryon ~ ••.•..••••••.••••••.•• 
G1enodinium ~. " •.•••••.••••••••• 
Peridinium ~ ••.•••••••.••• ." •••••• 
Synura ~ •••••.•••••••••.•••••••.• 
UID dinoflagellate ••••••.••••••••• 

TOTAL YELLO~I-BRbWNS ••••••••••••••• 
% OF TOTAL PHYTOPLANKTON •••••••••• 

E • BLUE-GREENS 

Anabaena ~ •••••••••••••••••••.••• 
~. flos-aquae •..•.•.•••••.••••••.•• 
~. spiroides ..••••••••••••••..••.• 
,~anizor.1enon ~ •. ...................... 
Aphanocapsa ~ •..•.•••••.••••••••• 
Aphanothece ~ ••••.•• ~ ••••••..••.• 
throococcus ~ •••.••••••••••••••••. 
Cy1indrospermlli~ ~ •••••••••••••••• 
Dactylococcopsis ~ •••••••.••••••• 
G1eocapsa sp •••••••••••••••••••.•• 

· G1eoth"lce sp ..................... . 
· GQmpho£phaeria ~ ••••••••••••••••• 
Lyngbya~ ....................... . 

· 'Merismopedia sp ••••••••••••••••••• 
~ glauca •..• ~ •••••••••••.••••••• 
H. majo!;' ......................... . 
Microcystis sp ••••••••••.••••••••• 
t!. aeruginosa::-••.•.•••••.•..••.••• 
Nostoc sp ..••••••••••••••••••••••• 
~atoria sp ••••.•.•••.•..••.•. 

Roseton - Dansk~er Phytoplankton 

RNCE RNOI RSCE 

no./liter no./liter no./liter 

10,193 
5,097 4,444 4,106 

15,290 4,444 4,106 
.78 0.3 .4 

20,386 22,222 90,338 

,. 

. 

RSCW RDE RI DI 

no./liter no./litex;1 no./litex; I no./liter 

-----'--__ ~·I------

til 0 e I» 

.a ~ 
~ .. 
(1) 

(l\ 

~"'< .., 

'" '" (1) "-.. ..., 
§w 
o 
~ 
(1) 

~ 
rt 
(1) 

'1 

Q 
~ 
~ 
CIl 



E-. BLUE-GREENS CON' T 

Phonnidiwn ~ •....•••••••••••• 
Soirulina ~ •.••..•••••••••.•• 
synechococcus . .:!E. •••••••••••••• 
OlD Aphanothece-lik~ ••••.•••• 
UIO branched filamentous ••...• 
UIO colonial .•••..•..•••• , .••• 
UIO filamentous .•...••••••••.. 
urQ (~eocapsa-like ••..•••.•... 
UIO long ceil ...•....••••.•••• 
UIO sheathed cell ..•.••••.•.•• 
UIO two-celled colonial •..•.•• 
'UID unicellular •.•••••••.••••• 

TOTAL BLUE-GREENS •••••••.•••• 
~ 

.% OF TOTAL PHyTOPLANKTON .•••• 

F. OTHERS 

UIO flagellate •• ~ ••..••••.••• 

TOTAL OTHERS •.••••••••••••••• 
% OF TO~ PHYTOPLANKTON ••••• 

.' G. TOTAL PHYTOPLANKTON 

Roseton - Panskammer Phytoplankton 

RNCE RNCW RSCE RSCW 

no./liter no./Uter no./liter no./liter 

15,290 17,778 

5,097 90,338 

40,773 40,000 180,676 
2.08 2.0 15.8 

I 
I 

1,957,113 ,431,109 1,145,649 0 

J 

RDE l:l.r DI 

no./lite~ no./liter Ino./liter 

"' 

(1)0 

~~ ..... o. 
<1> 

(l\ 

rt' 
'< '" 'Ij (l\ 

<1>' .. -.J 

~w 
o .... 
<1> 

~ 
rt 
(1) 
11 

() 
(1) 
..... ..... 
!IJ 



... 

GROUP 

A. PIATOMS 

Achnanthes 32. ••.•••••••••••• , •••••••••••••••• 
Amphiprora ~ •••••••••••••••••••••••••••••••• 
Amohora ~ ••••••••••••••••••••••••••••••••••• 
Asterione11a formosa •••••••••••••.•••••.••••• 
Attheya zachariasi. ........................ ' •• 
Ceratoneis ~ ••••••••••••• " •• " •••••••••••••• 
Chaetoceros ~ •••••••••••••••••••••••••.••••• 
Chaetoceros ~ A. " ., ••••• ' ••••••••••••••••• " • 
Cocconeis ~ ••••••••••••••••••••••••••••••••• 
Coscinodiscus ~ •••• ' ••••••••••••••••••••••••• 
Cyclotella ~ ••••••••••• '" ••••••••••••• , •• " 
Cyrr.bella ~ •••••••••••••••• " •••••••••.•••• " 
Diatoma sp •••••••••••••••••••••••••••••••••.• 
Diploneis ~ •••••••••••••••.•••••••••••• , •.•• 
Eunotia ~ ............................................. . 
Fr~giiaria ~ •••••••••••••••••••••••••••••••• 
Fragilaria crotonensis •••••..•.••••••••..•.•• 
Gomphvnema ~ ••••••••.••••••••• , ••.••.•••••••• 
G'11ros; sma sp ..................... :' ......................................... .. 
Hantzschia sp •••••••••••••••••••••••••••.•••• 
!1e1osira ~-:: •.••••••••••••••••••••••• , .••. " 
~. granulata ••••••••••••••••••••••••••••••.•• 
Meridian circulare ••••••••••••••••••••••••••• 
Navicula §e. •••••••••••••••••••••••••••••••••• 
Navicula EE. A ••••••• ' •••••••••••••• " •••••••• '. 
Nitzschia ~ •••• , •••••••••••••••••••••••••• ,. 
!!. sigma ••••• ',' •••••••••• ' ••••••••••••••••••• 
Pinnularia 32. ............................... . 
Rhoicosphenia curvata •••••••••••••••••••••••• 
Stephanodiscus 212. •••••••••••••••••••••••••••• 
Surire11a ~ ••••••••••••••••••••••••••••••••• ' 
.§.. patella •••••••••••••••••••.••.••••••••••.• 
Synedra ~ ••••••••••••••••.••••••.••••••••••• 

,So ulna ..................................... . 
TabeJ:Ia'ria sl? .•••••.•••• _ •••.•.•• '" •••••• " 

!:. fl~~·······,··············.·.·.··.·. 
T. fenestra ta ••••••••••••••••••••••••••••••.• 

ROSETON-DANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

nO./liter no./liter no./liter no./liter 

5,217 7,536 2,560 

15,652 7,536 5,121 
5,217 1,024 

777,319 277,712 101,739 204,831 
10,435 33,867 7,536 1,536 

6,773 3,768 1,024 

11,304 2,048 

3,768 
6,773 

349,565 243,844 150,725 123,923 

40,641 3,768 1,536 
219,130 47,414 45,217 53,256 

15,652 6,773 26,377 512 

13,547 1,024 
5,217 6,773 3,768 1,024 

3,768 3,072 

10,435 6,773 7,536 2,560 

1,536 

RDE RI 

na./literlno./liter 

7,222 
1,667 

322,222 177,958 
2,778 2,781 

I 5,556 5,561 

843.889 130,688 

8,333 
15;111 5,005 

2,778 2,781 

1,667 
3,333 

1,667 2,781 

DI 

no./liter 
no 
sample 

til 0 
~!I" 
3 >'3 
"(It'] 

&; .-

~~ 
'" '" t'] "" ........ 

--l 
w g ... 

Cb 

f 
cT 
Cb 
I'f 

f? ... ... 
CD 



A. DIATOMS cont'd 

UlO centric ••••••.•••••••••••••••••••••••••• 
OlD pennate ••••••••••••••.•••••••••••••••••• 
OlD spined-centric •••••••••••••••••••••••• '.' 

TOTAL OIA TOMS •••••••••••••••••••••••• '.' ••••• 
% OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglena ~""""""""'.""""""""" 
Phacus ~ •••••••••••••••••••.•• ; •••••••••••••• 

. Trache1omonas ~ ••••••••••••••••••••••••••••• 
urD eug1enoids •••••••••••••••.••••••••••••••• 

TOTAL EUGLENOIDS ••••••••••••••••••••••••••••.• 
% OF TOTAL PHY~~PLANKTON •••••.••••.•••••••••• 

RNCE 

no./liter 

26,087 

1,439,998 
66.0 

RNCW RSCE 

no./liter no~/liter 

'. 

690,890 384,346 
40.8 40.0 

. 

RSCW 

no./liter 

512 

407,099 
51.6 

i 

! 

ROE RI 

no./1iter\no./1iter 

13,333 

365,556 
52.5 

2,781 

330,336 
60.6 

DI 

no./liter 

~g 
'l1~ 
~ ., 

-..J 

:{~ 
'1:1"" t'l' •• -..J 

~ .... 
o 
I-' 
CD 

~ 
:t 
11 

:? 
I-' 
I-' 
!II 



GROUP 

,C. GREENS 

Actinastrum .E!£ •••••••••••••• , •••••• ' •••••••••• 
~. graciL1imurn ••••••••••.•••••••••••••.••.••• 
A. hantzschii •••.••••••••..••••••••••••••••••• 
Ankis trodesmus ••••••••.•••••••••••...••...•. ' • 
Asterococcus ~ ••••••••..••••••••••••••••.••• 
Chlam'lc1omonas ~ ••••.•••..•••..•••.•••••••••• 
Chlorella 2£.; .............................. . 
Ch1orococcurn ~ ............................. ," 
Chodatel1a 2£ ............................... . 
£. longiseta .••••••••••••••••••.••••••.•••••• 
£. microporurn ••••••••.•••.•••••••.•.•..•••••• 
£. suhsa1sa •.•••.••••••••••••••.•••.••••••••• 
£.' quadrata ................................. . 
C1ostcriopsis ~ .••••.••.••••..••.••••••••... 
~~~ ............................... . 
Coe1astrulll ~ .••...•••.•.•••.••••••.•••••.•.. 
Cosmarium 32, ••••••••••••••••••••••••••••••••• 
Crucigenia ~ ••••.••••••....•••••••••••••••.• 
Dictyosphacrium 32, ••••••••••• , •••••••••••••• , 

Echinosphacre11a ~ ••.•••..•••.•••.•••• '" •.• 
Elaktothrix ~ .•••••••..•••.•••.••••••••••••• 
Euastrum ~ .••..••••••••••••••.•••••.••••..•• 
Eudorina ~ .................................. . 
~. e1egans .•••.•••.••••••••.•••..•••••••••••• 
Franceia ~ .••••••••••.••••.••••••••••••••••• 
Golenkinia radiata •••••••.•.••••••••••••••••• 
Kirchneriella .~ .•••• ~ •••.•••• " ., ••••• " •••• 
Micractiniurn pusi11um ••••.••••••••••••.•••.•• 
Micrasterias ~ •.••••••••.••••••••••••••••••• 
Mougeotia ~ .•••••.••••.•.••••••••••••••••••• 
Oocystis sp •••••••••••••••••.••••••••••••••••. 
Pandorina .E!£ ••••••••••••••••••••••••••••••••• 

. P. charkmdensis .•••••• ' •.•.•••••••.•.•••••••• 
pediastrurn biradiatum ••••.•.•.••••.•••••••••• 
P. duplex ..•.•..••.•••••..••••••••••••••••••• 
E,. glanduliferum ............................ . 

" !:,. simplex .................................. . 
P. tetras ..•.....•••••.••...••••.••..•••.••.• 

ROSETONE-DANSKAMMER PHYTOPlANKTON 

RNCE RNCW RScE RSOl 

no./liter no./liter no./liter no./liter 

41,739 2,048 

5,217 13,547 3,786 3,072 

15,652 3'3,867 30,145 33,797 

6,773 

2,560 

15,072 
20,870 216,751 71,594 57,353 

30,145 12,290 

83,478 60,290 

318,261 108,375 16,386 
54,188 30,145 

RDE RI DI 

no./1iter\no./liter no./liter 

22,245 

10,556 11,122 

215,000 11,122 

1,667 

2,781 
45,000 C/l§; 
48,889 77,856 ~t;1 

C" .. 
t'l 
"3 ~ 
-<' 'tiN 
['J~ 
.. -.J 

W 

~ 
0 .... 
/II 

4,444 \ 
~ 
rT 
/II 
~ 

Q ,... ,... 
'" 

44,444 

31,111 



{ 

·C. GREENS cont'd. 

Platydorina caudata ••••••••••••••••••••••••• 
Po1yedriopsis !12. ••••••••••••••••••••••.•••••• 
Protococcus ~ •••••••••••••••••••••••••••••• 
scenedesmus ~""""""""""""""'.' 
§.. abundans ••••••••••••••••••.•••••••••••••• 
§.. acuminatlls ••••••••••••••••••••••••••••••• 
S. arcuatus ••••••••••••••••••••••••••••••••• 
S. bij~a •••••••••••••••••••••••••••••••.••• 
§.. &orphus ................................. . 
s. dentict~J.atus .................................. .. 
S. obligeu-.;::::-•••••••••••••••••••••••••••••. 
~. qu.J.dricauda ••.•••••••••.••••••••.••••••••• 
Schroedr ia _~p ••.•.•••••••••.••••.••••••..••• 
Schroederia p~tigera •••••.•••••••••••••••••• 
Se1enastrum !!l2. ............................. . 
Sphaerocystis ~ •••••••••••••••••••••••••••• 
Spiroqyra ~ •.. , .••.•••••.••••••.•••••.••••• 
Staurastrum .~ ............................ .. 
Stanrustl.-um aspinosa ••••••••••••••••••.••••• 
Stige~um ~ ••••.••••••••••••••••••••••.• 
Tetradesmus ~ •••••••••••••••••••••••••••••• 
Tetraedron ~ ••••.••••••••••••••••.••••••••• 
Tetraedron trigonum •••••••••••••••••••.••••• 
Tetra~trum sp ••••••••••••••••••••••••••••••• 
u10thrix ~~ ............................. .. 
~lollia1 ............................... . 
Uln desmid ••••••••••••••••••••••••••••••.••• 
UID flagellate •••••••••••••••••••••••••••••• 
uln filamentous ••• ,. •••••••••••••••••••••••• 
Uln four-spined .••••••••••••••••••••••.•.••. 
Uln ~':like ............................ . 
UIO unicellular ••••••••••••••••••••.•••••.•• 
~~: ................................. . 
TOTAL GREENS ••••.•••••••..••.••.•.•••••.•••• 
~ OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 

RNCE 

no./liter 

20,870 

73,040 

20,870 

99,130 
20,870 
5,211' 

725,217 
33.3 

RNOI RSCE 

no./liter no./liter 

142,243 15,072 

54,188 

47,414 37,681 

120,580 

27,094 

704,440 414,492 
41.6 43.1 

RSCW RDE RI DI 

no./liter no./1iterlno./liter Ino./liter 

13;333 

21,507 43,333 16,684 

000 

~~ t;; .. 
-.J 

512 

:{.::> 
'<I"" 
f:!I~ 

2,781 .. w 

g 
I-' 

14,338 
(1) 

169,444 
~ 

1,024 2,778 
rT 
(1) 
t1 .. 
n 
(1) 
I-' 
I-' 
Ih 

333,333 

164,887 963,332 14,591 
20.9 37.1 26.6 



GROUP 

D. YELLOW-BROWNS (DINOFLAGELLATES) 

Dinobryon sp ....•..........•....•• 
Glenodinium ~ ..............•••... 
Peridinium ~ ••..••...•.•.••••.••. 
Synura ~ .•...•.•.••.••• " ••••• , ••. 
UID dinoflagellate .•......•..••••• 

TOTAL YELLOVT-BROWNS ••••••••••••••• 
% OF TOTAL PHyTOPLANKTON .••••.•.•• 

E • BLUE-GREENS 

Anabaena ~ •..••••••.•.•.••..•••.. 
A. flos-aquae ...••••••••• , •.•••.... 
A. spiroidcs ...••••..•••.•..•••.•• 
Apha;izomenon ~ ................ .. 
Aphanocapsa ~ •••••...••..•.•...•. 
Aphanothece ~ ••••••••••.•.••••••• 
Chroococcus ~ ..••••.•..•••.•••••. 
Cylindrosperrnum ~ ...•••••.•••••.• 
Dactylococcopsis ~ •.•••••••••..•• 
Glcocapsa sp·, ..••.•••••.•••••••••• 
Gleothece ~ .....•••.•••.••.••••.. 
Gonphosphacria ~ ..•.••• ' .••.••••.. 
Lynqbya spo· •••••••••••••••••••••• 

Herisrnopedia sp .•••.•••.•••••••.•• 
11. glauca •••. ~ ••.•.•••••••••••••• 
H. major ..........•.•.••...••.•.•• 
Microcystis sp .••..•.•...•••.••••• 
!!. aeruginosa ..••..•••••.••..•...• 
Nosto':: sp ...•.•.......••..•••••..• 
~atOria sp •....•..•.•..•••... 

Roseton - Danskanvner Phrt:oj?lankton 

RNeE RNCW RSCE 

no./liter no./liter !lo./liter 

40,641 11,304 

40,641 11,304 
2.4 i.2 

115,149 56,522 

,'. 

RSCW 

no./liter 

4,097 

4,097 
.5 

, 

28,164 

6,145 I 

I 

134,164 
I 
, 

32,773 
I 

'~J 

RDE RI DI 

no./literl no./liter! no./~iter 

20,556 

20,556 
0.79 

117,222 25,025 

UltJ 

~ ~ 
." (!) ...., .. 
Ii) 

-.J 
rt'
'< IV 
." 01:> 
1\1'-
.. -..J gW 

'I-' 
1\1 

~ 
!t 
t-t 

g 
I-' 
I-' 
!Jl 



{ f 

E. BLUE-GREENS CON' T 

P honnidium!£ ••••••••••••••••• 
Splx'ollina ~ ••••.•••.•..•••••• 
Synechococou$ ~.; •••••••....• 
ULO /l;pha!1otb~c~-like ••••••••.• 
Ule branched filamentous ••..•• 
UID colonial ••••.••..•.•...•.. 
UID filamentou3 .•••••••••••••• 
Uln ~eocap~~-like ••••••••••.. 
UID long cello ..•••.•....•...• 
UID sheathed cell •••••..•••.•• 
UID. t-.wQ-cel1ed colonial .•.••.• 
tan ·;nicellular ••.•••..•••..•• 

TO[,A!.. 13:r:;UE..:GRElENS •••••••••••• 
% 'OF "TOTM. PHYTOPIANKTON ••••• 

lo'.OTHERS 

. 'Ul)O flagellate ••••••••••.•••• 

. :TQ['AL "O'XfIERS ••••.• ~ • 4 ••••••••• 

\. 'OF 'TOTAL 1?:HY!I'OPLANKTON •••.•• 

G.. ·TOTAt.PHYTOPIANKTON 

I 
./ 

Roseton - Pan,,·kammer Phytoplankton 

RNC'" RNCW RSCE RSCW 

no./liter no./liter n·:>./liter no./liter 

81,281 

37,681 

512 

10,435 60,961 56,522 11,265 

10,435 257,391 150,725 213,023 
.48 15.2 15.7 28 

27175.,,:650 :1.'\,693,392 960,867 789,106 

---- - ~ .------ --.~---

RDE RI DI 

no./literl no./liter Ino./liter 

i 2 ,222 22,245 

8,333 

99,444 22,245 

(nO 

247,221 69,515 ~~ 
'0 !? 

9.52 12.8 1-''' 
!? ..., 
rt'-
'< '" '0 :> 1\)'-.. ..., 

IN 

~ ... 
I\) 

~ 
rt 
I\) 
1'1 

f? .... 
I-' 

,596,665 I 544,442 til 



.GROUP 

A .. DIATOMS 

Achnan thes 5ll2. •••••••••••••••••••••••••••••••• 
Ao-:lphi,~ra ~ •••••••••••.•••••••.•••...•.•••• 
A;:;ph~~ £:t2. ~ ................................................................. .. 
A5t,!::i_o~el1a formosa .•••.••••••.•••••••.•.••• ---.---- . 
AtthQY.:2. zachariasi. •••••.••••.•.••••.•••••••• 
Ceratoneis ~ ...•.•••••••• _ ••••••••.••• '" •.•• 
Cha.Gtcceros 32 ........................................................... .. 
fhaetc.:.q~ ~ A ............................. . 

CocGor!cis ~ .•••••••••••.••••• '" •• '" ...•••• 
C;;;:;;;C;-discus ~ •••.•••••.•••.••••••.•••.•••. 
fYclotella ~p.", .•••. " •...•••••.....•.•..... 
Cy~,';:'2!l"'_ ~ .. r ••••••••••••••••••••••••••••••• 
r>i(J.tol~la E-.................... .... "" .......... " "" ........ """ ...... "" .. 
~~)lO!l0-is. sp ........... "a .... " .......... "" .......... " .................. .. 

S,lllotia ~2.""""""""""""""""'" 
Krdgi}aria §E. ••••••••••• •••••• " ••••••••••••• 
Frayilaria crotonensis •••••••••..••••..•.•.•• 
Gor,l~)ll()!1c:ma ~ .............................................................. .. 

Gyrosis-;na sp ••••.••••••••.•••••••.••••••••••• 
Hantzschia §E. ••••• ••••••••••••••••••••••••••• 
Nelosira ~ •••••.••••••••.••••••••••••••••••• 
E!. 9r«n~lata •••••••••••••.••••••••••••••••••• 
!·~eridion circulare ••••••••••••••••.•••••••••• 
Navicula sp ••••••••••••••.•.••••••••••••••••• 
~i~ sp A •••••••••••••••••••••••••••••••• 
Nitzschia sp ................................ . 
N .. si(;rna ....................................................................... .. 
PinriUl--;:;-;::-ia ~ ••••••••• '" .••••••••••.•••••••• 
ll-hoicospilenia curvata ••••.••••••••••••••••••• 
~ph"nodiscus 2£ ...........•••....•...•..... 
Surir1211a ~ ••••••••••• '.' .•••••• , •••••••.•••• 
-§.. ~el1a •••.•••••••••••.••••••••••••••••••• 
~~~ .................................. . 

.,S. ulr:a ••••.••••.•••••••••.••..••.••••••••••• 
Tabel~~:)a sp ....••.•.••..•••••..•••........• 
!:. f 1 occ:ulosa •.••••••••.•••••••••••..••••..• 
T. fsnes tra ta •••••••••.••.••••.•.•••••••.•••• 

ROSETON-DANSKAMMER FHYTOPLANKTON 

RNCE RNCW RSCE RSCW RDE 

no./literl no./literl ·n?/literlno./liter Ino./liter 

2,401 I 

14,408 
7,240 

218,529 
4,803 
2.401 

9,606 

7,240 

48,028 

4,803 
21,613 

16,810 
2,401 

2,401 
16,810 

2,401 

7,4821 

41,153 
18,706 

759,454 
22,447 
14,965 

41,153 

3,741 
325,480 

3,741 
149,646 

63,600 
3,741 

11,223 
18,706 

11,223 

3,741 

no sample 

1,820 748 
1,496 

9,100 3,741 

262,083 201,274 
4,489 

1,820 2,993 

1,496 

54,601 66,593 

3,640 
29,120 27,685 

7,280 14,216 

5,460 6,734 
2,245 

748 

748 

R! DI 

no./liter no./liter 

no sample 

4,247 

4,247 

212,336 
4,247 

12,740 

(flo 
;: :::-
~ >? 
~l t'!j 

f'l 

101,921 
~~ 
'U '" ~ I-' 

"-
--.l 

33,974 
.~ W 

0 
I-' 
!l> 

8,493 
~ 
ft 
t1 

() 
!l> 
to' 
t--' 

8,493 IJJ 



A. DIA"TOI1S cont'd 

uro centric ••••••••••••••••••••••••••••••••• 
uro pennate ••••• , •••• " ••••••••••••••••••••• 
urn spined-cent;:ric •••••• · •••••••••••••••••• '.' 

TOTAL· DIATOMS ••••••••••••••••••••••••••••••• 
% OF TOTAL PHyTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIl)S 

Euglena ~ ••••••••••••••••••••••••••••••••••• 
~~ ................................... . 
Trache1omonas ~ ••• ; ••••••••••••••••••••••••• 
uro euglenaids ••••••••••••••••••••••••••••••• 

TOTAL EUGLENOroS ••••••••••••••••••••••••••••.• 
% OF TOTAL PHY1UPLANKTON ••••••••••••••••••••• 

.. 

RNCE 

no./liter 

2,401 

384,224 
21.6 

RNCW RSCE 

no./liter nc,./liter 

1,820 

1,500,202 376,744 . 
17.8 23.1 

.. 

RSCW 

no./liter 

335,206 
19.5 

I 

, 

ROE RI 

no./literlno./liter 

390,698 
11.5 

DI 

nO./liter 

~~ 
~~ 
&j" 

Q:> 

~',::, 
~.t:: 
" ... 
~ o 
I-' 
CD 

~ 
rt 

~ 

Q 
I-' 
I-' 
en 

w 



GROUP 

. Co. GREENS 

Actinastrum E.!2.0 0 00' •••••••••••••••••••••••••• 

~. graci11.i:num. 0" •• " •••••• 0 •••••••••• 0 ••••• 

A. ha.iltzscn~~ ............................................................ .. - -----
)'.nk is ;:rodesmus o~o ••••••••••••••• 0 0 0 ••••••• '.' • 

~~~§£ ••••••••••• o ••••••• o ••• o •••••• 

Ch:!.am"dor.1onas ~ .••••••••..• , ••• '" •••• 00 •••• 

CbJor,,11a ~ .••••••••••.•••••••••.••••.• 0 •••• 

Chlclroc()c(;um ~ ..................................................... " .. .. 
Chodate1Ja 3? ..... 0 0 •••••••••••••••••• o. 0" •• 

~. {cmqiscta ...••. 0 ••••••• 00 •••••••• 0 •••••••• 

~. mi(~rO~)0.,(UIn .............................................................. .. 

f. .. ~::!~s.)ls(l ................................................................. .. 
Q. q'..t~ld!:"ata .................................................................. .. 
C1os1;:5:riopsis ~ •• '. 0 ••••••••••• 0 •••••• 000 ••••• 

Clos~ sp .................................. . 
Coc.1:l!ltrum ~ •• 0 ••••••••• 0 ••••••• 0" ••••••• 0 0 

S;0sInarium ~ •••• o. 0 ••••••••••••••••••••••••• 0 

Cruci~:ienia ~ ............................................................. .. 
Dictyosphaerium !:P-. ••••••••••••••••••••• •••••• 
Echin(,sphaere11a ~ •••••••••••••••••••• 0 0 0 '" 

Elc:.ktothrix §£o ••••••••••••••••••••••• , •••••• 
Euastr~ 2.E." ........ " ...................................................... .. 
Euuorina~ •••••••••••••••••••.••••••••••••••• 
!:.. e1(:gans ••••••• ; ••••••••••••••••••••••••••• 
Franceia ~ •••• , •••••••• 00 ••••••••••••••••••• 

GGlenkinia radiata ••••••••••••••••••••••••••• 
Kirchw;riella §£ ............................. . 

Micractinium pusil1um •••••••••••••••••••••••• 
r·ticrasterias sp ......................................................... .. 
!:!9ugec,tia ~.::-•••••••••• 0 ••••••• 0 ••••••••••• 

Cccystis sp •••••••••••••• 0" ••••• 0 ••••••••••• 

'pandorina ~ •••••••.•.••••••••.•••••.•••.•••• 
P.. c}lark'o\.,; icnsis ..................................................... .. 

. PQdiastru!'n biradiatum .• o. 0 •••••••••• 0 •••••••• 

P. c:'"i,lu: ...•..•.•...•••..•.•••••..••• 0 •••••• 

~. ii'i'~-;:;-liferum ••••••••••••••• 0 ••••••••••••• 

P .. sir'!~)l~ ................................................................... . 
P.~. ~ras ..................................................................... .. 

ROSETONE-DANS~~R P;1YTQPLANKTON 

RNCE 

no./liter 

19,211 

12,007 

28,817 

50,430 
2,401 

43,225 
4,803 

96,057 

2,401 

R1~CW 

no./liter 

29,929 

44,894 
11,223 

56,117 

48,635 

89,788 

18,706 

44,894 
59,858 

377,856 

I 243,175 

'l 

RSCE RSCW RDE RI 

no./liter no./liter Ino./liter\no./liter 

29,120 

14,560 

16,380 I 

1,820 
25,480 
10,920 
20,020 

3,640 

109,201 

25,480 
69,161 

18,200 

58.241 
25,480 

14,216 

9,727 

49,383 
8,979 

11,972 

748 

50,880 

2,993 
14,965 
71,830 

169.848 

71.830 
8,979 I 

i 

16,987 

46,714 

93.428 
8.493 

76,441 

16.987 
42.467 

38.220 
16.987 

174.115 

29,727 

DI 

!no./liter 

t'l~ 
~ >-j 
!tit'l 
t-' •• 
t». 

(X) 

~';::; 
'tJ f-' 
t'l "-..., 
§i 

VJ 

0 
f-' 
(1) 

~ 
IT 
(1) 
t1 

Q 
f-' 
f-' 

'" 



l { 

-c •. GREENS cont'd. 

Platydorina caudata ••••••••••••••••••••••••• 
l?olyedriopsis ~ •••••••••••••••••••••••••••• 
Protococcus sP ••••••••••••••••••••••••••.••• 
scenedesmus:~ ............................. . ______ ::Ji:. . 

S. abundans .' ••••••• '.' ••••.••••••••••••••••••• 
S • ac~~-niria tU5 .......................................................... .. s .. arcuatus ••••••••••••••••••••••••••••••••• 
~. £.i;juga ................................... . 
S. dir~orphus ••••••••••••••••••••.••••••••••• 
~~. ~~.J.atus •••••••••••• ' ••••••••••••••••• 
S. obliglL- ~ ••••••••••••••••••••••••.••••.••• 
~. quadricauda .............................. . 
Schrocdria sp ............................. .. 
S'Ci1rOcdar ia' y,tigera •.•••••••••••••••.••••••• 
Selenastrum sp •••.•••••••••••••••••••••••••• 
sPhaerocystiS-~ •••.•••••••••••••••••.•••••• 
Spiroqyra !!E .•.•.••••• ••••••••.•••..•...••.. 
Staurastrum sp •••.•••••••••••••••••••••••••. 
Stallra~ aspinosa •••••••••••••••••••••••• 
Stigeoclonium 3::' .••.•..•..••••..••....•.•.. 
Tatrad-:smus ~ .••••••••••••••••.•••••••••••• 
Tetraed-con ~ •••••••••••••••••••••.••••••••• 
'Tetraedron trigonum •••••• .' •••••••••••••••••• 
Tctrastrurn ~ .... ; .......................... . 
~ix~ ••••••••••••••••••••••••••••••••• 
urn colonial; ••••••••••••.•••••••••••••••••• 
uro desmid ................................. . 
urD flageilate ••••••••••••••••••••••••.••••• 
DID filamentous •••• ~ ••.••••••••••••••••••••• 
BID four-spined •••••••••••••••• ' ••••.•.••..•. 
urD Goni~-:lii<.e ............................ . 
uro unicellular •••••••••••••••••••••••••••.• 
~~ .................................. . 
'TOTAL GREENS •••••••••••••••••••••••••••••••• 
% OF TOTAL PHyTOPLANKTON ••.••••••••••••••••• 

RNCE 

no./liter 

9,606 

50,430 

7.204 

43.225 

369,817 
20.8 

RNCW 

no./liter 

14,965 

14,965 

145.905 

7,482 

29,929 
26,188 
14,695 

7,482 

14,965 

.301,921 
15.5 

RSCE RSew' 

no./liter no./liter ! 

7,280 2,993 

8,979 

32.760 55,369 

2,993 

1,820 2,993 

8,231 
2,993 

469,563 570,901 
28.8 33.2 

RDE RI DI 

no./1iterlno./liter Ino./liter 

89,181 

59,454 

4,247 

8,493 

721,941 
.21.2 

------'-------.--.. ,-------

fIltl 

~::a 
~t>l t< .. 
t>l 

~~ 
'" N t>l f-' .. "

..J 
W 

g 
.... 
(i) 

'@ 
rt 

~ 

Q .... .... 
en 



GROUP 

D. YELLOW-BROVtNS (DINOFLAGELLATES) 

Dinobryon ~ ••.••••..•••.•.... " .• 
, G1enodinium ~ .•.. , ••....••.••• '" 
Peridinium ~~ ........•.. ~ ....... . 
Synura ~ ..••..••••.•••..•..••••.• 
UID cinoflagel1ate •••.•...••.••••• 

TOTAL YELLO\·I-BROWNS ••••••••••••••• 
% 02 TOTAL PHYTOPLANr-rON •••••••••• 

E. BLUE-GREENS 

Anabaena sp ••••••••••.•••.••••••.• 
~. flos-aquae ............ ......... , 
A. soiroides ••••••••••••••.••.•••• 
Aphanizomenon ~ ••••.••••••••••••• 
Apba'nocapsa sp ..••••..••.•...••••• 
Aphanother.e ~ ••••••.••••••••••••• 
Chroococcus ~ •••••••••.•••.•••••• 

'CylindrosjJermum ~ •••••••••••••••• 
Dactylococcopsis ~ •.••••••••••••• 
Gleocapsa ~ •••••••••••••••••••••• 
Gleot~ece sp .•••..•••••••••••••••• 
Gomphosphaeria ~ ••••••••••••••••• 
Lv!'\gbya $p- " •••••••••••• , , •••••••• 

,!,Ierismopedia Sp, •••••••••••••••••• 
,:1. glauca .... ::-.................. . 
M. major ................................................. .. 

. Microc·/sti.::, sp ••••••••••.•.••••••• 
~: ~ginosa ..................................... .. 
Nosto':: 5p .••••••••••••••.••••••••• 

·O;:Ulatc;"ria sp .••••••••.....•..•• 

Roseton - PanskaJ'l'l!ner Ph~'toplankton 

RNCE RNCW RSCE 

no./liter no./liter no./l:i.ter 

4,803 7,482 

7,280 

4,803 7,482 7,280 
0.1 0.1 0.4 

86,047 

264,156 347,927 

38,423 288,069 25,480 

230,536 ,870,576 65,521 

59,858 
475,126 227,503 

I 
451,466 

r'267~39 . 
405,864 

- --- --

RSCW 

no./liter 

6,734 

6,734 
0.4 

231,951 

49,383 

41,153 

26,188 

413,023 

RDE RI DI 

no./litex;1 no./liter I no./liter 

4,247 

4,241 
0.1 

80,688 

845,096 

1,240,040 

_____ ----_-1-----·_·_--, 

UlO 

Q; '" >5 ~ 
f--' •• 

ro 00 

rt"',<N 
'tjf--' 
ro"'-
.. -J 

~w 
f--' 
(I) 

~ 
r1' 
(I), 

t-! 

n ro 
f--' 
f--' 
til 



( 

E. BLUE-GREENS CON' T 

Phormidiwn .!!£ ••••••••••••••••• 
Spirulina §E •....••....••...•• 
Synechococcus ~ ••••••••• ~ .••• 
UlO Aphanothece-like •••.•••••• 
UlO branched filamentous •••.•• 
UlO colonial •••••••••••••• " .••• 
UlO filamentous .•••.•••••.••.• 
UlO Gteocapsa-like •••.••••...• 
UlO long cell •.•••••••••••••.• 
UlO ~heathed cell ••••••••••••• 
UlO two-c~lled colonial •.••••• 
UlO unicellular •• " •••••••• ~ •••• 

TOTAL BLUE-GREENS •••••••••••• 
% OF TOTAL PHyTOPLANKTON ••••• 

F. OTHERS 

UlD flagellate •••••••••••..•• 

TOTAL OTHERS ••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON ••••• 

G. TOTAL PHYTOPLANKTON 

Roseton - panskammer Phytoplankton 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter 

9,606 44,894 
24,014 "172,093 50,961 44,146 

1,018,201 ~,611, 729 775,329 805,844 
57.3 66.6 47.6 46.9 

1,777,045 8,421,334 1/628/916 1,718,685 

RDE Rl Ol 

no./liteq no./liter Ino./liter 

67,947 

50,961 

UlO 

2,284,732 ~ ~ 
67.2 '0 (!I ,..." 

(!I Q) 

..... , 
'< '" '0 I-' 
(I) , 

" '" (.oJ 

~ 
I-' 
(I) 

~ 
..... 
(I) 
11 

Q 
I-' 

? sample 13,401,618 I no sample I 
,... 
!II 



GROUP 

A. DIATOMS 

Achnanthes 3? ............................... . 
"'"'Iphiprora ~ •••••••••••••••••••• , ••••••••••• 
Aropho ra 3?................................ . .. 
Astcrionella formosa .••••.••..•••••..••••••..• 
Atthe:~ zachariasi. .••••••••••••••••••••••••• 
Ceratoncis ~ ••••.••••••••.•.• '" .•••••••••••• 
Chactoceros ~ •••.••••••••.•••••.••••••••••• , 
Chaet~~ ~ A •••••••••••••••••••••••••••.•• 
CoccGneis ~ ••••••••••••••••••••••••••••••••• 
Coscinodiscus ~ ••••.•• '.' ••••••••••••••••••••• 
CycloteJ.la ~ ...................... 0 • o •• 0 •••• 

CY::Ibella ~ •••••••• o' 0 •••• 0 •••••••••• 0 ••••••• 

Dia tOI'la .2l2. ••••••••••••••••••••••••••••••••••• 
Diplcneis ~£ •..•....•......... , •..•.....•. , •. 
Eunotia ~ ••••.••••••••••.••••••••••••••••••• 
~~ria ~ •••••••••••••••••••••••••••••••• 
Fragilaria crotonensis ••••••••••••••••••.•..• 
Gornpnoncma ~ ••••••••••••••••••••.•••••.••••• 
Gyrosigma ~ ...•••••••....••.•••..••....••••• 
Hantzschia 2.£ ••••••••••••.••••••••••••••••••• 
~:e1osira ~ ••••••••••••••.•••••••.••••••••••• 
~. granulata ................................. . 
Meridion circu1are ••••••••••••••••••••••••••• 
Navicula ~ •••••••••••••••••••••••••••••••••• 
Navicula ~A •••••••••••••••••••••••••••••••• 
~~~ ............................... ,. 
'~. , sigma .••••••••••••••••••.••••••••••••••••• 
Pi'nnularia ~ •••••••••••••••••••••••••••••••• 

. Rhoicosphenia curvata •.••••••••••••••••• ', •.•• 
Stephanodiscus ~ ••••••••••••••• , •••••••••••• 
Surirella ~ ••••••••• '.' ••••••••••••••••••••••. 
~. patella .................................. . 
Synedra.~ ••••••••••••••••••••••••••••••• 0 ••• 

,So ulna ••••••••••.••••••••••••••••••••••••••• 
TabeDa):ia sp ••••••••••••.•••••••••••••••.••• 
T', f1occ~ •••.•••••••.••••••••••••••••.•• 
T. fenestrata •••.•••.•••• 0" 0 •••••••••••• 0 ••• 

ROSETON-DANSKAMMER PHYTOPLANKTON 

RNCE R.."lCW RSCE RSCW 

no./liter nOo/liter no./liter no./liter 

4,076 

15,942 10,145 4,076 

191,304 213,043 338,315 120,924 
7,971 8,062 

8,152 

4,076 

55,797 192,754 73,369 185,417 

7,971 4,076 
15,942 50,725 73,369 24,185 

7,971 10,145 24,456 

24,456 16,123 
7,971 5,072 12,228 8,062 

8,062 

I 

--~---- ---- J 

RDE RI DI 

no./literlno./1iter no./liter 

11,544 

51,949 

10,870 5,772 12,319 
5,435 5,772 

358,696 346.327 184,783 

10,870 11,544 

C/lt:) 
!x>:;. 
~~ 
t" ., 

5,772 t'l 

~ ~ 
103,261 51,949 61,594 >Q I-' 

t'l (XI .. ...... 
-..I 

6,159 ~w 
43,478 46,177 86,232 0 ..... 

cD 

27,174 63,493 43,116 ~ 
(1' 
cD 

5,435 /'l 

5,435 f? 6,159 ..... 
16,304 ..... 

(/I 



{ 

A. DIATOMS cont'd 

urD centric ••••••••••••••••••••••••••••••••• 
urD pennate ••••••••••••••••••••••••••••••••• 
VIO spined-centric •••••••••••••••••••••••• '._ 

TOTAL DIATOMS •••••••••••• ~ •••••••••••• _ ••••• 
% OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglena ~ •••••••••••••••...•••••••••• .-.•••••• 
~ ~ ................................... . 

. TrachelolllOnas .!!E. ••••••••••••••••••••••••••.••• 
UIO euglenoids ••••••••••••••••••••••••••••••• 

TOTAL· EUGLENOIDS •••••••.••••••••••••••••••••• 
% ·OF TOTAL PHYTOPLANKTON ••••••••••••••••••••• 

RNCE 

no./liter 

310,869 
5.7 

RNCW RSCE 

no./liter no./liter 

481,884 570,649 . 
2.5 4.3 

4,076 

4,076 
0.03 

MCW 

no./liter 

370,835 
3.0 

8,062 

8,062 
0.07 

RDE RI 

no./literlno./liter 

586,958 
5.01 

600,299 
5.7 

D1 

no./liter 

400,362 
1.7 

6,159 

6,159 
0.03 

~~ 
~ .. 
o-a \D 
><'
'd I-' 

~ ~ 
-...I 

~w 
o 
I-' 
C1I 

~ 
~ 
() 
C1I 
I-' 
I-' 
!II 



"f, 

GROUP 

.C. GREENS 

Actinastrum 32, ••••••••••••••••••••• ' •••••••••• 
£!.. graci1.1irnurn •••••.••••••••••••••.•••••••••. 
A. hantzschii •••.••.••••• · ••••••.••••••••••••• 
Ankistrodesrnus. '~' ••••••••••••••••••.• , ••••.•• 
Asterococcus ~ ••••••••••••••••..•.••••••.•.• 
Ch1amvdomonas 2£ ..................••....••.... 
ChIarella 32. ..••••••••••••••••••.•••••••••••• 
Ch1orocflccurn ~"""""""""""""' •. " 
Chodal:el1a 2£ ........•...•....••.•.•...••..•• 
£. lonqiseta •••••••••• ' .•.•••••••••••••.•••••• 
£. microporwn .•••••••••••••.••••••••••••••••• 
C. subsalsa ..•.•.••••••••.••••••••••.•••••.•. 
£. quadrata ..••••••.••.•••.•.•••••••••••••••• 
C1osteriopsis 2£ .....•....................... 
C10steriwn sp ..•.•.•••.••.••••.•••.•.•••••••• 
Coe1astrwn ~ •.•.••••••••..•••••••••••••••... 
Cosmarium '~ .•••.•••••..••••••.. " .•••.••.•.. 
Crucigenia ~ ..•••.•••••••••••••••••••••.•..• 
Dictyosphaerium ~ .••••••.••.•••••.•• '" '" •• 
Echinosphaerella ~ .•••••••••••••.•..•••••••• 
E1aktothrix ~ ••.••••••••••••.••••.••.••••••• 

. . E'uastrurn~ •••••••.••••••.••.•••••••••••••.••• 
Eudorina 2£ .....•...•..•.............•.••..•• 
!:. ~gans ••••••••••••••••••••••••••••••••••• 
Franceia ~ .••••••••••••••••••••••••••••••••• 
Go1enkinia . radiata •••••.•.•••••••••••••••.••• 
'KiFchnerie11a ~ ••••••••••••••••••••••••••.•• 
Micractinium pusi11um •••••••••••••••.•••••.•• 

. 'Micrasterias .:1£ ••••••••••••••••.•••••••••.••••• 
. !:!?ugeo.tia '2£. ••.•••••••••••••.•••••••••••••••••• 

Oocystis 2!: ............ '.' ...................... . 
Pandorina ~.:: ••••••.•••.•.••..•••••••••••••.• 
P. ·charKow1ens1s •••••••• , •• , •••••...••••.••••••• 
pediastrum biradiatum •• R. !?Jt.: • ••• , •••••••••• , • 
P. ~!:!p1ex •.• ., ..•...•••••.•••••.••••.•••.••••••.•.••••• 
.[. glci-;:;dUliferum ............................. . 
P. simplex ................................... . 
P· .. tetras •••.••••..••••••.•••••••.••••••.•..• 

ROSETONE-DANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter 

486,232 344,927 32,609 48,370 
39,885 86,232 40,761 8,062 

47,826 25,362 28,533 16,123 

8,062 
5,072 8,152 16,123 

63,768 152,174 130,435 145,109 
55,797 5,072 24,456 16,123 

20,290 97,826 
88,678 

7,971 8,062 

10,145 4,076 
32,246 

40,761 

231,159 289,130. 216,003 32,246/ 
30,435 ' 

65,217 

14~,478 .167,391 122,283 . 

40,580 65,217 24,185 

RDE RI 

no./literlno./liter 

364,130 
70,652 

65,217 

10,870 
5,435 

173,913 
38,043 

10,870 

27,174 
125,000 

402,174 
21,739 
97,826 

298.,913 

135,870 

I 

46,177 
103,898 

34,633 

5,772 
92,354 
17,316 

5,772 

126.,986 

202,023 
17,316 

75,037 sE 

23,088 

Dr 

no./liter 

117,029 
43,116 

/ 30,797 

12,319 
104,710 

18,478 

6,159 

12,319 
24,638 

135,507 

80,072 
43,116-
49,275 

43,116 

73,913 

~~ 
'V iXi 
I:"' •• 
t>:I 

8~ 
>< ... 
"" OJ t>:I ...... .. -...I 

w 

~ 
l-' 
~ 

~ 
ft 
11 

() 
~ 
l-' ... 
en 



·C. GREENS cont'd. 

P1atydorina caudata ••••••••••••••••••••••••• 
Po1yedriopsis~ •••••••••••••••••••••••••••• 
Protococcus ~ .............................. . 
Scenedesmus ~ .............................. ,. 
~. abundans ••••••••••••••••••••••••••••••••• 
~. acu.'ninatus ••••••••••••••••••••••••••••••• 
S. arcuatus ................................ . 
S. bijuga ••••••••• ~ ••••••••••••••••••••••••.• 
~. dimorphus ................................ . 
~. ~':.J~ ••••••••.••••••••••••••••••••• 
s. obligut:..!_ ................................................................................... Wo 

~. s..uadricauda .............................. . 
schrocdria_~p ••••••••••••••••••••••••••••••• 
Schrocderia pp.tigera •••••••••••••••••••••••• 
Se1enastrUl! ~ •••••••••••••••••••••••••••••• 
Sphaerocystis !e ...........•................ 
Spirogyra '~ •••••••••••••••••••••••••••••••• 
Staurastrum ~ ............................ .. 
~11rastrum' aspinosa •••••••••••••••••••••••• 
Stigeoclonium ~ •••••••••• ' •••••••••••••••••• 
Tetradesmus ~. ~ •••••• " ••••••••••••••••••••• 
Tetraedron ~ ............................... . 
Tetraedron trigonum ••••••••••••••••••••••••• 
Tetrastrum ~ ••••••••••••••••••••••••••••••• 
01othlOix ~ ••••••••••••••••••••••••••••••••• 

"UID colonial •••••••••••••••••••••••••••••••• 
'Uln desmid ••••• ~ •••••••••••••••••••.•••••••• 
UIp flageilat~ •••••••••••••••••••••••••••••• 
DID filamentous ........................... ',' • 
,UIP four-spined •.••••••• ' ••••••••••.•••.•.••• 
UID GQni,um~lik~ ............................ . 
UID unicellular ••••••••••••.•••••••••••••••• 
volvox ~ •••••••••••••••••••.••••••••••••••• 

~OTAL GREENS. ~ •••••••••••••••••••.•••••••••• 
% O~ TOTAL PHYTOPLANKTON •••.•••••••.•••••••• 

RNCE 

no./1iter 

63,768 

207,246 

63,768 

1,410,868 
26.0 

RNCW RSCE 

no./liter no./liter 

60,869 73,369 

81,159 48,913 

314,493 179,348 

4,076 

5,072 16,304 
96,377 

73,369 
65,217 

4,076 

11,734,780 1,341,031 
9.0 10.-1 

RSCW ME RI D1 

no./liter no./liter!no./1iter no./liter 

225,125 

23,088 

21,739 49,125 

146,739 57,712 24,638 

241,848 565,217 103,898 221,739 

{J)!:1 fl' 
12,319 ~ 

r.;" 
~~ 
'tI .... 
t>J 00 .. ~ 

8,062 16,304 23,088 w 
~ 

48,370 141,304 80,809 67,754 0 .... 
(I) 

~ 
rt' 
(I) 
t1 

n 
(I) .... .... 
Ul 

I. 
16,304 

967,394 
7.8 

,755,433 11,038,976 11 ,176,448 
23.5 9.8 5.1 

----



GROUP 

D. YELLOW-BROWNS (DINOFLAGELLATES) 

Dinobryon ~ •••••••••••••••••••••• 
G1enodinium ~ ••••••••••.••••••••• 
Peridinium ~ ••••••••••••••••••••• 
Synura ~ •••••••••••••••.••••••••• 
UID dinoflagellate •••••••••••••••• 

TOTAL yELLOW-BROWNS ••••••••••••••• 
% OF TOTAL PHYTOPIJU~KTON .•••••.••• 

E. BLUE-GREENS 

Anabaena ~ ••••••••••••••••••••••• 
~. fl~S-~quae ••••••••••••.••.•••.•• 
A. sp~rol.des •••••••••••••••••••••• 
. Aphanizomenon ~ ••••••.••••••••••• 
Aphanocapsa ~ •.•••••••••••••••••• 
Aphanothece ~""""."""""" 
throococcus ~ •••••••••••••••••••• 
Cylindrospermum ~ •••••••••••••••• 
Dactylococcopsis ~ ••••••••••••••• 
Gleocapsa ~ •••••••••••••••••••••• 

. , Gleothece ~ •••••••••••••••••••••• 
. Gqmphosphaeria ~ ••••••••••••••••• 
~a....:!f: •••••••••••••••••.•••••• 

.' 'Merismopedia ~ ••••••••••••••••••• 

. 1:!.:. 2~~························ 
M. majo!;' ••••••••.••••••••••••••••• 
Microcystis ~ .•••••••.••••••••••• 
!!.. aeruginosa ••••••••••••••••••••• 
Nostoc sp ••••••••••••••••••••••••• 
~atoria .sp ••••••••••••••••••• 

Roseton - Dansk~er Phytoplankton 

RNCE RNCW RScE 

no./liter no./liter .:lo./liter 

no sample no saml?le 

5,072 

5,072 
0.3 

263,768 330,163 

31,884 248,551 81,522 

1,355,072 
47,826 324,638 

552,898 391,304 

2,211,159 5,146,376 10,442,934 

-~- --- - ----

RSCW RDE RI 01 

no./liter no./lite;!;'1 no.(liter I no./liter 

no samp1~ no sample no sample 

8,062 

8,062 
0.7 

104,800 

306,341 

32,346 

10,528,441 ,994,565 18,611,993 0,716,303 



A. DIATOMS cont'd 

UIO c.entric ••••••••••••••••••••••••••••••••• 
UIO pennate ••••••••••••••••••••••••••••••••• 
urD spined-centric •••••••••••••••••••••••• ",' 

TOTAL DIATOMS •••••••• ' ••••••••••••••••••• " ••• 
% OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglena 2.2. •••••••••••••••••.•••••••••••••••••• 
~ .!!E. ••••••••••••••••••••• ; •••••••••••••• 
Trachclomonas .!'!12.~"""""""""""""" 
UlD euglenoids ••••••••••••••••••••••••••••••• 

TOTAL ErJGLENOIDS ••••••••••••••••••••••••••••• 
\ OF TOTAL PHYi~PLANKTON ••••••••••••••••••••• 

!WeE MCW RSCE 

, no./liter no./Eter no./Eter 

954,234 714,202 796,457 
3.4 2,5 2.3 

... - -~-------~--- --~-----

RSCW 

no./liter 

786,876 
4.55 

RDE RI 

no./literlno./liter 

620,838 
2.81 

703,324 
2.5 

7,992 

,7,992 
0.029 

01 

no./Eter 

997,822 
4.33 

oog 
~~ 
I:"' .. 
t'l ... 

a 
8 ...... 
'< ... 
'1;I(l\ 
t'l ...... .. ..., 

~ ... 
II) 

~ 
:; ., 
l? .... .... 
(I) 

w 



GROUP 

. C. G!'EENS 

Actinastrum ~ •••••••••••••••••••••.•••••••••• 
!!. £,raciLlimum. •••••••••••••••••••••••••••••• 
A. ~a.r .. tzschii ...................... " .................................... . 
hnkistrodesmus ............................................................ . 
Asterc~occus §£ ....••.....•.•................ 
C~ala:~·'co='lona$ ~ ....................................................... .. 
Chlor011a ~ .••••••••••••.••••.•••••••••••••• 

;~~~~~~~~~~~~:: :::::::::::::::: :::: : : : : :::: 
c .. ~o=-.gi3eta ..... "' ......................................................... ~ • 
E.. ... ;:';.:..-:;ro?or1.ln\ ............................................................. .. 
C. sub::a1sa ••••••••••••• 00 •••• 00 •• 0 o •• , • 0 000 • -----c. c·.=.c.~rata ................................................................. .. 
Clo;tC~is ~ ....................................................... .. 
Closteritl:'11 sp ...................................................... '" ...... 0 

Cc:;lac;t:::-urn ~o. 000 ••••••••• o ••• o' 0" 0 ••••• 0 o. 

;~~~~~~~~;a s~~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Dict:Jcs~)~aeritun ~ ................................................... .. 
E:::h:':-.cs9haerclla 32.' 0 0 ••••• 0 ••••••••••• 0 ••••• 

~~~ ............................... . 
E~as;::ru;n ~ .••••• 0 •••••••••••••••••••••••••• 0 

~in:l ~ •••••••••••••••••••••••••••••••••• 
~ . . ~:'~·1anS ............................ & ......................... .. 

Frar.ccda ~""""'."""""""""""'" 
Goler:,:inia radiata .•••••• o' •••••• 0 • 0 ••••••••• 

Ki!-o:hr.~.:riella ~" .. ""."."""""""."""""'''''''''''''.'''' 
l·!i:::rc.:Otinii.un pusillum •••••• 0 ••••• " •• 0 ••••••• 

Hicrasteria~ sp .•••• o. 0" ., •••• o' •••••••••••• 

1·1c·"..!q~c~ia sp ........................................... '" _ ..... .. 
~::::·s~is ~ ................................................. . 
Pa~,corina 2£. •••• 0 •••••••••••••• 0 ••••••••••••• 

P. c:-:.a!"kowiensis ............................................ .. 
Pec.::'estruffi biradiatU!'II •••••••••••••••••••••••• 
P. c·...:; leX • ............................................................. 
,!:. ;~£,:-!"';:.tl iferum ••••••••••••••• 0" 0 •••••••••• 

P. s:.:-.?lex ......................................................... *' .... . 

P. ~..::~~ ............ *' ........................... . 

ROSETONE-DANSKAML'lER PHYTOPLANKTON 

RNeE RNCl'I RSCE RSCW 

no./liter nOo/liter no./liter no./liter 

34,325 261,874 29,498 124,506 
41,190 59,517 47,197 59,763 

34,325 41,662 100,294 49,802 

6,865 5,900 
5,952 5,900 

124,985 69,723 
6,865 5,952 41,298 14,941 

34,325 29,758 29,498 39,842 

123,570 113,082 .141,592 9,960 
27,460 

109,840 95,227 247,786 209,170 

54,920 47,613 135,692 149,407 
~ -------

RDE RI 

no./1iterlno./1iter 

384,025 
64,004 

38,402 

6,400 
6,400 

12,800 

89,606 
6,400 

12,801 

32,002 

198,413 

268,818 

19,201 

71,931 
79,923 

23,977 

7,992 
63,939 

119.,885 

7,992 
23,977 

95,908 

255,754 

143,862 

Dr 
no./liter 

844,720 
52,795 

26,397 

5,279 

15,838 

5,279 

5,279 

10,559 
10,559 

110,869 

til 0 

~23 
--aM 
to' •• 
M 

~ b 
"'~ M (l\ .. '-..., 

<..J 
==: 
g 
.... 
~ 

: 
r+ 
~ 
t1 

1? .... 
I-' 
C/l 



~' 

·c. GREEN~ cont'd. 

Platydorina caudata ••••••••••••••••••••••••• 
Polyedriopsis ~ •••••••••••••••••••••••••••• 
Protococcus ~ •••••.••••••••••••••. " ••••.••• 
Scencr.csrnus ~ ................ ~ ••••••••••••• '.' 
§.. abundans ••••••• · ••• , .•. ' •••••••••••••••••••• 
§.. ac\:mim;.tus •.••••••• · •••••••••••••••.••••••• 
~. arcua!:us; ••••••••••••••••••••••••••••.••. 
§.. ~~:;uJa:~ ................................ '.' 
§.. Cl.morpnus •.....•••.•.•.••...••.•........•.. 
s. asnticl1:.atus •••••••••••••••.••••••••••..• 
S. oblig

'
.,·. ,i ................................ '. 

s. q~~dricauda ••..••••••••..•••.•• ~ •••...•.. 
Schro<:;dri,a.;!?v······························ . 
S·::hro<:dcria .!;.~ti'Jera •••••••••••••••••••••••• 
Selenilstrum ~ ••••.•••••••.•••••••.••••••••• 
Sphaerocystis ~ •••••••••••••••••••••••••••• 
Spiro"yra sp .........•••••...•......•..•.•...• 
Staurastrum ~ ............................... . 
~1Ir~ aspinosa ••••••••••.••.•••••••••• 
Stigeoc1oniu.-:t ~ .•••••••.•.•••.••• , •.••.•••• 
'I'etradesmus ~ ••••••••••.•••••••••••••••.••• 
Tetr;;iedron ~ ............................. .. 
Tetraedron trigonum •••••••.••••••••••••.•••• 
Tetrastrum ~ ............................... . 
Ulothrj.x ~ •••••..••••••••••••••• " •••• " ..• 
uro calalllal .••••••••••••••••••••••••••••••• 
UIO desmid .••••••••••••••••••••••••••••••••••. 
uto flagellate •••••••••••••••••••••••••••••• 
lJID filamentous •••••••••••••••••••••••••..••• 
HID fQur-Splll~J •••••••••••••••••••••••••.••. 
UID ~':like, ••••••••..••••••••••.••.•••. 
urD unicellular ••..••••..•••..•••..••••..••• 
~2E. ••.••••••••.••••••••••••••••.•••••• 

TOTAL GREENS •••••••••••.•••••••••••••••••••• 
'" OF 'l'OTAL PHY'!'OPLANKTON .................... . 

RNa: 

no./liter 

54,920 

384,439 

6,865 

164,760 

13,730 

13,730 

1,112,129 
4.0 

RNCW - - RSCE - ---

no{/liter llo./liter 

" 

23,807 35,398 

17,699 

130,937 300,883 
5,900 

11,903 11,799 

190,454 389,378 

1,142,723 1,545', ~12 
4.0 4.48 

RSC'i'1 --_. --. RDE RI DI 

no./liter no./1iterlno./1iter Ino./llter 

39,842 63,939 42,236 

15,985 

144,427 115,208 175,831 237,578 

, 

! 

I 
rno 

~~ 
1:< .. 
[1j I-' 

4,980 

~~ 
'" I-' [1j~ 

6,400 26,397 .. -.J 
I.l 

~ 
169,328 243,216 143,862 184,783 0 
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~ 
rt 
<D 

26,397 '"C. -. 
1 

31,969 0 
<D 
I-' 
I-' 
(II 

19,921 , 5,279 
! 

! 

1,105,612 ! 

6.39 , 

504,096 11,326,726 1,610,244 
6.82 4.77 6.98 

I 
I ---_ .... _--



GROUP 

D. YELLOW-BROWNS (OINOnAGELLA'l'ES) 

Dinobryon ~ •••••••.••••.••••••••• 
Glenodinium 2£ .••••..••.•••.•.••.. 
Peridinium !!J2. ••••••••••••••••••••• 
Synura 212. ••••••••••••••• - ••••••••• 
UlD dinoflagellate ••.•••.••••.•••• 

TOTAL YELLO~I-BROWNS ••••••••••••••• 
% OF TOTAL PHYTOP~~KTON_ ••••••... 

E. BLUE-(;REENS 

Anabaena ~ •.••••••••••• , ••••••••• 
ll. flos-aquae,.,., .. •.•• •..•• , ••••• 
ll. spiroides ..•••••.••••.•••••••• , 
Aphanizomenon ~ •••••••..• , ••••••• 
Aphar.ocapsa ~ •••••••••••••••••••• 
~othece !!J2. •••••••••••••• •••••• 
Chroococcus ~ •••.•••.••••.•••••••• 
Cylindrosperrnum !!J2. •••••••••••••••• 
Dacty1ococcopsis ~ ••••••••••••••. 
Gleocapsa ~ .••.•••••••••••••••••• 
G1eothece· ~ •..•••.••••••••••••••• 
c;::;;;;r;hOsPhaeria ~ •••••••..••••••••• 
Lyn?bya spo, ••••• · •••••••••••••••••• 
Mer1s~oped1a sp .•.••••••••••••••.• 
~ ~~-~ ... ::-.................. . 
;1. major •.••••••••••••••.••••••••• 
Micro;ystis sp, •••• , .•••.••••• " .. 
~. aeruginosa •..••••••.•••••.••.••• 
Nostoc sp ..••..• *' ••••••••••••••••• 
OSCIilat.;ria sp •.••.•••••••••••••• 

Roseton - Da.nskammer Phytoplankton 

RNeE RNCW RSCE 

no./liter no./l.iter no./liter 

23,599 

23,599 
0.07 

261,874 

144,165 5ll,M5 342,180 

487,414 119,034 159,291 

2,512,586 2,493,758 6,589,926 
1,047,497 \117,993 

,94,395 

95,227 861,351 
199,085 
171,625 

22,064,071 22,068,869 23,905,444 

RSCW 

no./1it~r 

9,960 

9,960 
0.058 

99,605 

547,826 

204,190 

727,115 
413,360 
159,368 

13,172,726 
I 

RDE R1 D1 

no./lit~1 no./liter I no./liter 

633,642 

115,208 

249,616 

76,805 
204,813 
460,830 

7,992 

7,992 
0,029 

55,946 

967,071 
159,846 
383,632 

3,996;163 

3,145,189120,148,656 

295,65~ /i 
332,609 

1,008,385 
570,186 
316,770 

" 17,871;117 

000 
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E. BLUE-GREENS CON'T 

Ph~~i~ium ~ ••••••••••••••.•• 
:=p~r'lll.na ~ ......... ' •• ' ......... "'O. 

Sy:c.c<:ho'coccus ~ •••••••••..••• 
t'ID "i~>h"nothC!co-like ••• ~ ••.••• 
UID sranchcd filamentous •••.•• 
urn colonial ............................ .. 
UID filamcntO'.is ...••.•••..•••. 
UI~ ~i!..s.(!..:;:t:;,.~,)-like ...................... . 
, .. ID long cr,),l.·.· ••• ' •••.•••• , •• '. 
UI;) she;:,i:h:->d cello •••••••••••. 
UID two-celled colonial ••.•..• 
UID unicellular •••••••••••••.• 

TOT~ BLUE-GREENS ••.••••••••• 
% OF TOTAL PHYTOPL/INIcrON •••.• 

F. OTHERS 

UID =lagellate ••••••••••••••• 

TOTAL' OTHERS ••••••••••••••••• 
'%. OF TOTAL PHYTOPLk~KTON ••••• 

G,. TC':'AL PHYTO?LANIcrON 

Roseton - Canskruw.ner Phytoplankto~ 

RNeE RJ."'CW RSCE RSCW 

no./liter I no./liter I n:J./:iter I no./liter 

27,460 ! 64,896 I 61,785 47,613 64,743 

25,668,191 f6 ,645,717 132,135,476115,388,9331 
92.55 93.5 93.1 88.997 

27,734,554 i28,502,64,P4,501,244 ~7,291,3811 

.J 

ROE RI D1 

no./lite~ no./liter no./liter 

12,801 
32,002 31,969 58,074 

C/ltl 

,930,906125,743,283 120 ,452,793 ~ ~ 
'0 ro 

90.37 92.64 88.6 ...... 
ro .... 
<to 
'<"-'0 .... 
(1)m .. "-

-..l 
~w 
0 .... 
ro 
~ 
SlJ 
rt 
(1) 
t1 

() 
(1) 

I-' 
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GROUP 

A. DIATOMS 

Achnanthes ~ •••••••••••••••••••.•••••••••••• 
Amphiprora ~ .•••••••.•••••••••••••••••••••.• 
Amphora ~ ••••••••••••••••••••••••••••••••••• 
Asterionel1a formosa ••••••••••••••••••••••••• 
Attheya zachariasi ••••••••••••••••••••••••••• 

Ceratoneis ~""""""'.""""""""'" 
Chaetoceros ~ ••••••••••••••••••••••••••••••• 
Chaetoceros ~ A ••••••••••.••••••••••••••.••• 
Cocconeis ~ •••••••••••••.•••••••.•••••••••.• 
Coscinodisct!s ~ ••••.••.••••••••....••••.•••.• 
Cyc1ote11a ~ •••••••••••••••••••••••••••••.•• 
5)'mbe11a ~ ••••••••••••••.•••••••••••••• , •••. 
D~atorna .~ •••••••••••••••••••••• " ••••• '" .,. 
D~p1one~s ~ •••••••••••••••••.••.•••.•••••••• 
Euno~ia ~ ••••••••••••••••••••••••••••••••••• 
Frag~lar~a ~ ••.•••••••••••••.••••••••••••••• 
Fragi1aria crotonensis ••••••••••••••..••••.•• 
Gornphonerna ~ ••••••••••••••••••..•••.••••.•.• 
G;trosigma ~ ••••••••.•••.•••••••••••••••.•..• 
Hantzschia ~ •••••••••••••••••••••••••••••••• 
Melosira ~ ••••••••.••••••••••••••••••••••••• 
~. granulata ••••••••••••••••••••••••••••••••• 
Meridion circu1are ••••••••••••••••••••••••••• 
Navicula :!£ ••.•.•...•..•.•.•.•...••.........• 
Navicula ~ A ••••••••••••••••••••••••••.•••.• 
Nitzschia ~ ••••••••••••••••••••••••••••••••• 
!:~: ................................... . 
P~nnular~a :!£ •..•...•...•..••••.••.•.••. " •. , 
Rhoicosphp.ni~ curvata •••••••••••••••••••••••• 
Stepil~~~ 32. ••••••....••.•••..••••• " .•• 
Su;:ir611a m:: .......•.......•................. 
§.. patella ••••••.•••.•.••••••.•.••••••••••••• 
Synedra ~ •.•••••••••••••••••••••.•.•••••••.• 
,so ulna .................................... .. 
Tabellaria . sp .............................. .. 
T. f1occu1osa ••••.•••••.••••••••••••.••••••• 
To fenestrata •••••••••..•...•..••••••.••••••. , 

ROSETON-DANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

no./liter no./liter no./liter no./liter 

7567 
6000 7690 

3783 

64317 150013 
24035 18917 12001 15380 

8012 7567 24002 
516756 469138 612052 799763 

8012 11350 6000 15380 
3783 7690 

3783 6000 46140 

544797 707490 870074 330671 

3783 12001 
120176 56750 72006 169181 

56082 30267 48004 53830 

4006 
4006 3783 12001 

3783 18001 7690 

6000 

. 

ROE RI 

no./literlno./1iter 

12744 

471514 

106197 

12744 
46727 

16991 

4248 

4248 

5353(s 
5353 

48178 
26765 

984971 
10706 

10706 

21412 

192712 

16059 
203418 

42825 

5353 

10706 

01 

no./liter 

21366 
7122 

562650 

7122 

I 1702194 

7122 
99710 

14244 

7122 
7122 

! -----

'J) " :t>< ;I> 
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RNCE RNCW RSCE -- -
no./liter 

A. DIATOMS cont'd 
no./liter no./liter 

DID centric ...••.•••..••••••.•..•..••....••• 32047 
UlD pennate .......... " • • -•••••.• .; •••••• !" ........ . 
uro' spined:-centric •••••••••••••••••••••••••. ' 8012 22700 6000 

TOTAL OIATOMS •••••••••••••..••••••••••••••..•• 1329947 ·1418761 i860155 
, OF TOTAL PHYTOPLANKTON •••••••••••••••••••• 7.02, 9.06 8.85 

B. EUGLENOIOS } 

Euglena ~ ••••••••••••• , •••••.•••••••••••••••• 
~~ ................................... . 
Trachelomonas~ ............................. . 
UIO eug1enoids •••••.••. ; •••••••••••••.••••••••• 

TOTAL EUGLENOIDS ............................ . 
% OF TOTAL·PHYTOPLANKTON ••••.••••••••• ; •••••• 

RSC'd 

nO./liter 

7690 

. 1461105 
7.02 

RDE RI OI 

no./literlno./liter no./liter 

675413 
5.02 

5353 

1589810' I 2435774. 
12.23 19.67 

t 

t.r.t: 
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. ...,~ -

GROUP 

.C. GREENS 

Actinastrum ~ ••••••••••••••••••••••••••••••• 
~. gracillilnum. ••••••••••••••••••••••••••••• 0 

A. nantzschii •••••••••••• · ••••••••••••••••••.• 
AnkistrodesmuS ••••••••••••••••••••••••••.••. ' • 
Asterococcus ~ •••••••••••••••••••••••••••••• 
Chlamydomonas· ~ ••••••••••••••••••••••••••••• 
Chlorella ~ ••••••••••••••••••••••••••••••••• 
Ch1orococcum ~ •••••••••••••••••••••••••••••• 
Chodatella ~ ••••••••••••••••••••.••••••••••• 
£. lonjliseta •••.•••••••••••••••••••••.••.•••• 
£.. microporum •••.•••••••••••••••••••••.••.•.• 
£.. subsa1sa ••••••••••••••••••••••.••••••••••• 
£.. quadrata .•••••••••••••••••••••••••••••••.• 
Closteriopsis ~ .•••••••••••••••.••. " ••••••. 
Closterium ~ ••.••••••••••••••••••••..••.•••• 
Coelastrum ~ ••••••••••••••••••••••••••••••.. 
cosm~ri~ ~ ••••.•••••••••••••••.•••••.•••••. 
Crucl.genl.a ~ ••.••.•••••••••••••••.•••••.•••• 
Dictyosphaerium ~ ••••••••••••••.•••••.••.••. 
Echinosphaerella ~ •••••••••••••••••••••..••. 
Elaktothrix ~ •••••••••••••••••••••••••.••••• 
Euastrtun §J2. •••••••••••••••••••••••••••••••••• 
Eudorina §J2. •••••••••••••••••••••••••••••••••• 
~. eleqans ..................................................... . 
Franceia· ~ ••••••••••••••••••••••• 0 •••••••••• 

Golenkinia radiata ••••••••••••••••••••.••.••• 
Kirchneriella ~ ••••••••••••••••••••••••••••• 
Micractinium pusil1um •••••••••••••••••••.•••• 
Micrasterias ~ ••••••••••••••••••••••••••.••. 
Mou2eotia·~ •••••••••••.••••.•••••••••••••••• 
Oocystis ~. 0 •••• 0 ••••••• , ••••••••••••••••••• 

Pandorina ~ •• '.' •••...•...•••.••••••••••••••• 
,!:. charkowiensis •••••.• ' ..••.•••••.••••••••••• 
Pediastrum biradiatum .•••••••••••••••••.••••. 
!:. duplex ..••••••••••.••..•.••••••••••••••••.• 
!:: glanduliferum ............................ . 
!:. simplex .............................. 0 •••• 

!:.~ ...•................................ 

ROSETONE-DANSKAMMER PHYTOPLANKTON 

RNCE RNCW RSCE RSCW 

nOo/liter no./liter nOo/liter no./liter 

68100 166468 48004 61520 
4006 7567 12001 7690 

56082 34050 24002 46140 

3783 

24002 
12017 3783 12001 15380 

128187 90801 123040 
292428 268619 558047 i099674 

7690 

15380 

107660 

100146 89168 48004 30760 
8012 23070 

172252 

52967 

48004 
56082 71884 192016 

--~-- ._- --

RDE RI 01 

no./literlnoo/liter Ino./liter 

12744 26765 28489 

38231 42825 56977 

107062 000 
8496 I 7122 ~~ 33983 64237 

"") 347952 277764 
~ 
"'I-' 
:?~ 

28489 g~ w' .... 
4248 /11 

f 
42733 It 

t1 

140180 1310480 56977 () 
/11 ..... .... 
l/l 

12744 107062 

·~3Et3_· L 74943 



[ ( 

·C. GREENS cont'd. 

P1atydorina .caudata ••••••••••••••.••••••••.• 
Polyedriopsis ~ ••••••••. ; ••••••••••••••••••• 
Protococcus ~ •••. , •••••••••••••••••••• " •••• " 
Scenedesrnus ~ •.•••••••••••••••••••• " •• """" '." 
s. abundans ..••.••••..••••.•....•....•..••.• 
~. acu."Uina tus .... • ,~ ................................................... .. 
5.. arcua tus ...... "." .................................................... .. 
~" bijuga •••••• " •• " ............. " ••••.•• " ••• 
.§.. dimorphus ••• ;'" •••• " ••• ' •••••••••••••••.••• 
S. dentict11atus ........ ~ ................... . 
S. cb1igu,.: ,-:-:-:: •••••• " ••••••••••••••••••••• '. 
~. ~icauda ............................. . 
Schroc(lria~ ... 3p ..• """" ................................................ .. 
Schroeder ia .!l:~ti<Jera •••••••••• " ••••••••••••• 
Selcnastrum sp .•••••••••••.••••••••••••.•••• 
Sphaerocys t is-§2. •••••••••••••••••••••••••••• 
Spirogyra ::~!? .•••.•••.••••••••.•••••••..••••• 
Stilurastrwn sp .••••..••••••••••••.•••..••..• 
Staurastrum aspinosa ••••••••••••.•••••...••• 
Stjgcoelonium ~ •••.•••••••••••..••.•••..••• 
Tctradcsmus !12. .............................. '" .... " . .................... .. 
T;"traedron §2. .............................. . 
Tetraedron trigonum ......................... . 
Tetrastrum §2. .............................. . 
U10thrix sp .•• '. " ..•.•.•••••••••••••..•••••.• 
mnC;lOnial •..•.••.••••••••••••••.•••.. ; •.• 
!lII) desmid ••••.••••.•••••..•••.••.••...••••• 
urn flagellate ............................. . 
uID filamentous ••.•••••••••••••••••••.•••.•• 
uro four-spi',2d •••••.•••.•.••.•••.•••..••. " . 
urD GOllium-like ..•••••••••.••••...•..•.••••• 
urD uni~Tlular ••••.••••••••••••••.••••••••• 
~~ .................................. . 
TOTAL GREENS ............................... . 
'" OF TOTAL PHYTOPLANKTON ••••••••.•••••••••••• 

RNCE 

no./liter 

40059 

32047 

80117 

120176 

4006 

1173717 
6.20 

RNc"~ RSCE 

no./liter no./liter 

15133 30002 

68101 138012 

3783 

6000 

3783 6000 
3783 

151335 120010 

6000 

3783 

1176624 [212105 7.52 6.05 

RSC"w 

no./liter 

76006 

115350 

7690 

276841 
107660 

122445 
10.2 

RDE RI 01 

no./liter Ino./liter Ino./liter 

16991 

212394 

4248 

135932 
25487 

4248 

683909 
5.08 

21412 

149887 

203418 

53531 

10706 

5353 

1525633 
11. 73 

284886 

.\128199 

7122 

7122 

925880 
7.47 

tile 
~~ 
~r-: 
~ .. 
~I-' 
'O.!::: 
t:ll-' .. ~ 
~~ 
0 
I-' 
111 

~ 
I III 

It 
1"1 

~ .:' 

t-' 
t-' 
CIl 



... 

GROUP 

D. YELLOI'/-BROlfflS (DINOFLAGELLATES) 

Dinobryon ~ .••.••.•.•••••••••.•.• 
Glenodiniwn ~ .••••••••.••••••.••• 
Peridinium ~ •••••••.•••••••••.••• 
Synura ~ ••.•••••••••••••••••••.•• 
UlO dinoflagellate •••••••••••••••• 

TOTAL YELLOW-BROI'Il-1S ••••••••••••••• 
% OF TOTAL PHyTOPLANKTON •••••••••• 

E. BLUE-GREENS 

Aphanothece-like ••••••••••••. , ••••• 
Anabaena sp .•.••.• _ •••••.••..••••• 
~ ~ t lo!=;-aq\1.1(~ ............ ............................ .. 
ll... sni roi(j(ls .......................................... .. 
Aphanizomenon ~ •••.••.•••••.•.•.• 
~lnoc;;.psa 32.- .•••.•••••••••••••• 
Ani1,,:lothcce 32. •••••••••••••••••••• 
Chroococcus ~ •••..••••••••.••••.• 
Cylindrospermum.~ ................ . 
DaCtylocbccopsis ~ ••••••••••••••• 
Glcocapsa sp .•..•••••.•••••••••••• 
~~~ ..................... . 
Gompho5phaeria ~ ••••••••••••••••• 
~qbya sp-- ................................. , ......... .. 

1·!eri-;;-op(;'dia ~ ................................... .. 
M. ~ ........................ ~ •• 
~. najor ..................... o. ........................ . 

Hicro'::ys tis sp •••••••••••••••••••• 
!:!:. ilCruginosa ••••••••••••••••••••• 
~~ ......................... . 
Oscj.11atoria !!E. ••••••••• ~ ••••••••• 

Roseton - D~nsKammer Ph¥top1ankton 

RNCE RNCW RSCE RSCW 

no./liter no·/liter no./liter I no,/lite:!; 

60534 408034 
36053 292221 

192281 2001519 161491 
-:20029 .~ I .• 

156229 223219 "72006 53830 

1-182169 563722 720061 845903 
384032 

121058 

1986908 

12542354 10067551 16261376 15726114 

RDE RI DI 

no./~iterl no./1iter I no./liter 

(I) 0 

480010 283714 /876025 
!» !» S ,.. 

144428 
'tl (!j ...... 
Q 

rt .... 
117768 I ~~ 

(!j .... 

128474 .. ~ 
-.I 

267616 251596 ! 156687 
§IJJ 
0 .... 
(!j 

~ ~ ,.. 
(!j 
11 

407796 
1695903 

.. 
836831 () 

CD 

203898 .... .... 
til 

1611284 1873126 

139181 
9680909 16659261 6089441 



E. BLUE-GREENS CON' T 

Phormidium ~~ •••••••••••••••• 
Spirulina !E ....•....•......•• 
Syncchococcus !£ ............. . 
UID Aphanothcce-like ••.•••.••• 
UIO branched filamentous •••••• 
UIO colonial •.•••.•••••••••••• 
UIO fil~rncntous ..•••••••••••.. 
urD GlC()c"p~il-1ike •••••••••••• 
urD long cell ..•.•.••••••••••• 
uro sheathed celL ........... . 
UID two-celled coloniaL ••••.•• 
UIO unicellular •••••.•••.••••• 

TOTAL BLUE-GREENS •.••••••••••• 
t OF TOTAL PHYTOPLAN~ON ••••• 

F. OTHERS 

UIO flagellate .•••••••••••••. 

TOTAL OTHERS ••••••••••••••••• 
% OF TOTAL PHYTOPLANKTON ••••• 

G. TOT1\!. PHYTOPLANKTON 

Roseton - Panskammer Phytop1apkton 

RNCE R."lCW RSCE Mew 

no./liter no./U.ter no:/liter no./liter 

12001 
20029 18917 18001 138420 

16436052 13056530 17875511 17217979 
86.78 83.42 85.09 82.77 

18939716 15651915 21007771 20801529 

-- - -- ----- ----

RDE RI DJ:" 

no./literf no./litel:' Ino./liter 

8496 
59470 28489 

Ultl 
120894541 9887181 9023768 ~~ 
89.89 76.04 72.86 . '0 II> .... .. 

II> 

~I-' 
'01-' 
(I)' .. I-' 

IV , 
@zj 
0 
I-' 
(I) 

:e 
III 
rt 
11> 
11 
" 
() 
II> .... .... 

13448775 I 13002684 I 12385422 
To 

----"----'---.,.4--._------



G?.0UP 

A. D:::ATO:1S 

A-:hnanthes !EE. ••••••••••• ' .•••••••••••••••••••• 
f.!..~::·'~.r~.§.!2.· ................................. . 
~:--'r:>:::~ sp .......................................... . 
.;3~(:"";.o:-,c11a formosa ......................... . 
l"tth.c~.'~ zuchnriasi ........................................... r .. .... " 

C12r';t.-:'-:::;..e-ir;. ~ ............................................................. . 

C:~~::.2:~-?~ ..sE. ......................... '" ........................ " .. " .. .. 
Ch:::,:.:.: ::'f·'?":::~..:! sp 7\ ..................................... "" ............ "" 
~~=-~_:':··~~2 ~~2" .............................................................. .. 
~2~:;:}~.:...?r:ii!::.ctJ.!,;; $p ....................................................... .. 
~yr;:Ol:-:J~ sp ......................................................... .. 
~:2~~:..J J:i:.. EI:" .................. .. '" .... ..................................... .. 
;:; i ~~ .~~£~. s.: .................................................................... .. 
Dj ;~J.c::c:i.s: 5P ............................................................... . --------
E;"!:lOt:i2 ~-;·t) - .................................................................. .. 

~~~:~_~::S-~~ ~~~~~~~~i~::::::::::::::::::::::: 
~.::.::: .. ::~:~~r~ sp .............. ~ ............................................ .. 
£~':E.2...~::::.2.:..:;':" ~ ......................................... . 

_~~:_~~~'~~i~~~:::::::::::::::::::::::::::: :::: 
~. ~:2!~ ...•...•..•••...•.•.••..••.•.....• 
:-·:·:;:rid50n circulare ............................................... .. 
r-;avicu1"1 ~ ••••••••••••••.••••••••••••••••••• 
;';c:vic'.I1a ~ A ••••••••••••.••••••••••••••••••• 
2~~'hia sp ......................... ~ .................. "" .............. " 
!.:. si"!7;.a .................... " .................................................. .. 
Pi;,I!ul aria ~ .•..•••.••••.•••••••••••...••.•• 
~s;;henia curvata .....••..••.......• ' .... . 
Stephanodiscus. E2. ... ~ ................. " .............................. .. 
S'..lrirella sp ..... "." ...................................................... .. 
§.. patella .....•..••...•...•...•.•........... 
~/ne(,ra ~ .....•..•••.•.....•.......•........ 
s. uI n.::! ........................................................................... .. 
-;::;:;'b.~.} ~-=..l.~~." .......................................................... .. 
T·. i,l!.:;";\1~ ......••.•...•.•............... 
T. f(-=r;e~tra.t~ ............................................... .. 

ROSETON-DANSKA:-lMER l'H"iTOPLANKTON 

RNCE 

no./liter 

139261 

139261 

64989 
9284 
9284 

914482 
18568 

4642 

143903 

436352 

4642 
60347 

9284 
83557 

13926 
4642 

18568 

RNC'# 

no./liter 

244604 

244604 

7445 
15952 
15952 

967782 
21270 

350954 

5317 
95715 

37222 

15952 
5317 
5317 

5317 

RSCE RSC'.-l 

n::l./lite:!' no./liter 

168230 235870 

168230 I 235870 

26630 
16022 22826 
8011 11413 

969325 970109 
8011 22826 

7609 

7609 

22826 

456624 353804 

15217 
96131 83696 

3804 
40055 34239 

8012. 
7609 

8011 7609 

8011 

1mE RI DI 

no./liter nO./liter no./liter 

89524 220311 197558 
6886 

89524 220311 197558 

68865 33894 
20659 1694<7 31864 

5649 6373 
778173 824754 860333 

5649 12746 
5649 19118 

6373 
225960 12746 

I 169470 

11298 

(f) t:I 
~ ::> 
"" '" ~ til 
t-t •• 
t'l 

"'l 
...: 

426962 1050714 331388 ':! 
t'l 

6886 12746 
55092 84735 127457 :;: .... 

::TN 
0'-
1-'1-' 

82638 ' 90384 82847 <1l.!:: 
:;:-J 
PI w 

6373 
rt 
<1l 

6373 
>1 

5649 
0 
CD 

13773 
1-' 
1-' 

33894 
(Jl 

6886 22596 6373 

5649 
45192 6373 

oJ 



A. DIATOMS cont'd 

UID centric •••••••••••••••••••.••••••••••••• 
UlD pennate ••••••••••••••••••••••••••••••••• 
iJrD spined-centric •••••••••••••••••••••••• '.' 

TOTAL DIATOl·lS •••• " .•••••••••••••••••••••••••• 
% OF TOTAL PHyTOPLANKTON •••••••••••••••••••• 

B. EUGLENOIDS 

Euglena·~ ••••••••••••••••..•••••••••••••••••• 
~~ ..................... .' ............... . 
Trachel<ltn<lnas §J2. ............................ . 
UlD eug:en<lids ••••••••••••••••••••••••••••••• 

TOTAL EUGLE"IOlDS ••••••••••••••••••••••••••••• 
'I; ·OF TOTAL PHY'l'O?LANKTON ••••••••••••••••••••• 

RNCE 

no./liter 

116051 

2051782 
75.9 

RNCW RSCE 

no./liter no./liter 

180794 56077 

2041910 1842519 
77.58 70.99 

5317 

5317 
0.20 

RSCli 

no./liter 

91304 

1925000 
70.97 

ROE RI 

no./1iterlno./1iter 

34432 

1590776 
71.36 

73437 

2931831 
85.93 

DI 

no./liter 

127457 

1854498 
74.23 

~~ 
~~ 
t-' .. 
t'l 

~ 
:€f-" ::r", 0' 1-'1-' 
ro '" 
:€':::i 
~w 

~ 
~. 

n ro 
I-' 
I-' 
til 



GROU? 

. C. GREENS 

~ctinas~~ ~ ...................................... ................ " .... .. 

~: ~~~~~~~~~~:::::::::::.:::::::::::::::::::: 
;;:1;'_is~!oclesmus .•.••••••••••••••••••••••••••.•• 
Astc::::-r,cocCus ~ ......................................................... .. 
Cr.12::l::do~(>nz:s .~ •••••••••.••••••••.••••••••.• 
C~lorc:l1a sp .•••••••.••••.••••••••••••••••••• 
_Q:l:::£~~ 3p .......................................................... .. 
Cj-o~~~;'clla 0? ............................... . 
E,. lor: ;;i.s.?ta ...•••••••••.•.•••••••••.•.••.••. 
c. !":1·~:::~();';'J('urn ............................................................. .. 

C.. S'!;;S.::lls.:!. ................................................................. .. 

c. r::·.;~:d!:'a't.a ................................................................. .. 

~lo;;r-:;-r;.opsis ~ ....................................................... .. 
Clos~;r.j '..lr.\ .:!E- ............................................................ .. 
C8(~la!'tr-,:r:!. SPA ••••••••••••••••••••••••••••••• 
Co,.;:,·':' .cu," '~ .•••••••••••••••.•••.••....•••••• 
Cru:::':(:':::lia:~ ~!2.." .......................................................... .. 
DictY0Sr~l:!..aeritun sp ................................... ~ .............. .. 
Ec~j l\cs"haerel1a ~ •••••• '.',. ~ • ~ •••••••••••••• 
r:l£;.':totbrix ~ •••••••••••.•. ~' : •• ~ ••••••••••••• 
Eua_st;:U::l ~ ••••••• ' ••••••••••••••••••••••••••. 

~~d~~~~n~::::::::: ::::::::::::::: :::::::::: 
l-r~!)C~~3,~' •• : .' ••••••••••••••••••••••••••••• 
.C-0~~:1,:).n~a rad~ata, ••••• """"".""""'" 
'Ki rS:}1Heriella .:!E. ....................................................... .. 
Ki~rac~.pusillum ••••••••••••••••••..•••• 
!·licrasterias ~ ............................................... ' ........ .. 
:'lougeotia ~ ••••••••••••••••••.•••••••••.•• " 

~;'i;}t.:: :::::::::::::::::::: ::: ::::: ::: 
!:. Chil::rko\'/iE:rtsis ~ .. ............ ~ ............ """ .................. " .. 
Pecieztrll..'tl biradiatum ............................................. .. 
P .. G'.! .. 'l€!X ....................................... . 

P. ~f·2~;lif<..:rl;~ ........................................................ .. 

:: ~.i.::l;,~~:::::::::::::: :'::: :'::::::::::::::::::: 

ROSETONE-Dk'iSKAMMER PHYTOPLANKTON 

RNCE RNa~ RSCE RSCW 

no./liter no./liter no./liter no./liter 

27852 5317 40055 60870 

1392p 5317 15217 
9284 42540 80109 15217 

8011 
37136 30435 

167113 32044 15217 

4642 10635 30435 

27852 37222 

! -. 

I 

RDE RI 

no./1iterlno./1iter 

34432 

13773 
41319 

16947 

28245 
11298 

90384 

22596 

DI 

no./liter 

25491 

25491 

38237 

6373 

UlO 

~~ 
'1jt'J 
t< " 
t'J 

~ 
'1j 
t'.l~ .. '" 

"
~ 

~~ 
o -.J 
I-'W 
(1) 

~ 
rt 
(1) 

-"! 
() 
(1) 
~ 
~ 
en 



RNCE RNCW RSCE RSCW RDE RI DI 

C. GREENS cont'd. Ino./liter no./liter no./liter I no./liter no./liter!no./liter !no./liter 

Pla~ldorina caudata ••••••••••••••••••••••••• 5317 
Polyedriopsis ~ •••••••••••••••••••••••••••• 
Prot:)cocCU5 ~ •••••••••.•••••••••••••••••••• 
Scenedesr:tus ;E ••..••.•.•..••.••.•.•.•..••• '.' 
S.. a,bl)ndans ~ ................................................................. 
§:: aCllr.1ina tus .............................................................. 69623 15217 55092 I 39543 
s. art.::uattls ................................................................. 
S. bij!lga ••••••••••••••••••••••• ~ ••••.•••••.• 
~. d:.~.-)rphus •••••••••••••••••••••••••••••••• 
S. d0:.tice1.atus .............................. 
I. ObliY~~,'::,::-:-:."" .•.•...•.. "" •. "."." 

97483 63810 72098 , 
.§... .s:'Jc~dr icauda ............................................................ 72283 55092 90384 127457 

SChr()fJdria_~p ......................................... "' .................. 
Sc1"!-r-:) r..::ci er ia .s~!ti<Jel:a ................................................ 
Seleni.ls"trum sp ............................................................ 88199 79762 144565 96033 76474 

~ha'Z:rocysti~ ~ ........................................................ Ul~ 

~oqyra·sp ................................... 
5317 

~U3 
Stauri.!.~~ ................................. 1;jt:J 

!';"1 •• 

Sta'~rastrurn' aspinosa ................... ,. ...... 1o .................. 
t'l 

stiqc0~um sp ......................................................... >; 
...; 

Tetrades:nus sp •••••••••••••••••••••••••••.•• '" t'l 
'Ie!.;:.~dron ~ ••••• """"""'.""""""" 6373 ., I-' 

IV 

Tetra~ trigonum ••••••••••••••••••••••••• '-
Tetra.s;trtun sp .............................................................. 18568 96131 91304 192822 67788 19118 ~~ 
u1othr_ix ~ ••••••••••••••••••••••••••••••••• 

o -.J 
I-'w 

. Drr) GOIOllial ......... ; .................................................... 7609 (1) 

-UIO d·~srnid ................................................................... ~ 
III 

Grr flagellate ............................... 32494 rt" 
(1) 

'LIO filamentous ......................... ~ •• ,. ~'1 

·uro fc:.Ir-spincd •••••.•••.•••••••••••••.•.••. 18568 10635 8011 34239 6886 12746 f? 
uro -:;"ni,um-:like •••••••••..••••••.••..•.••••• 

.... .... 
UIO unicellular ••••••••••••••••••••.•••••••• 8011 

(I) 

Volvox ~ ................................ '" 

~C7AL GREENS. ~ .... ""'" "" ........................................ "" .. 612740 265872 I 344470 I 532608 I 399416 463218 I 337760 

% OP TCThL PHYTO~LANKTON .......•• _ ••.•.....• 22.68 10.10 :1 19

•

64 17.90 13.58 13.52 

____ -1 I, __ I .1----.1 



GR~t;P 

D. YELLOW-B?,O~1NS (DIN0FLAGELLAT£:S) 

Dind::·rvon EE. •• ••••••.•••.••••••••• 
Gl~r.cdini~~ ~ •.. _ ........ ~ ...... . 
Pericir~i\!m 2.£ ................ ~ .. ~ ................ .. 
Synura ~ ......................... . 

. UID <iir.oflagQllate ................ . 

" 

'IGTAL YELLml-IlR0·,i:-lS ••••••••••••••• 
% OF TOTAL ?HY70:>Ll\.NKTO~ .••.•••••• 

S.. BLUE-SREEKS 

Anabaena ~ ...•••..••.••.•••••.••• 
~_ flo~-a~uaG •.....•• _ ....... ___ .. . 
A. s~iroid~s ...•.•..... _ .•. _~ .. ~ .. - . , 
~:~~~ EE····· .. ········· .. ·· 
Ap~a~0c~_~ ~p ... ~ ................................ .. 
j'\.p~2.r;::)!:i:~ce ~ ......... _ .................... _ ..... .. 

throccoccus 2£ ... ' ............•... 
~~rm~m ~ ............ _~ ...... . 
D~(:tyto'::(')ccopsis.sp .................. . 
:;-: C;0cB.I.!sa sp .......................................... .. 

~~:,~ ~;~~~a ¥r'i~ . ;~: : : : : : : : : : : : : : : : : 
!/:r;gDZ::l !;~ .............................. - ........... .. 

·!·leris~,()Z)cdia sp ................................... .. 
~ glauca ...• ~ ••.....••..•..••... 
::!.: najoJ;.: ...•...•••.....•........ 
l·l~croc'!st~~ sp ••...•••..•...•.•... 
!i... a.er.~qi.i.1osa ........................................ .. 
~~ sp .................................... .. 
~cill~0~i~ sp •..•..............• 

Roseton - Danskammer Phrtoplankton 

R,.'iCE Rl\;CW RSCE RSCW ROE RI 01 

no./liter I no./liter I ;:J.o./l:i.ter I no./liter I no./liteI:! no./liter I no./liter 

37136 8011 22826 6886 \ 

6886 I 
I 

37136 8011 22826 13772 I 1.37 0.31 0.84 0.62 

No sample 171196 

144197 
175472 267659 

16022 6{)870 68865 

184252 117070 
85080 

15952 48066 31864 I 
21546 

i , 1 ______ ..1 

mo 
II> ll> 
;l .... 
'0 III .... .. 
Il> 

~ .... 
:a~ 
Il> .... 
•• N 

....... 
~j 
o 
:& 
: .... 
III 

-'1 
n 
(l) .... ,.... 
ill 



Roseton - Dan~y.amner Phytoplankton 

RNer:; RNCW RSCE RSCW RDE RI DI 

Eo. aLUE-GREENS CON'T I "no./liter no./liter no.jliter I no.jliter I'noo/liter! no./liter Ino • /li ter 

I 
Phomidium ~ •... 0 ••••••••••• 0 

Spir'.llina 12. .....•.....•.....• 
2~me.::hococcus sp ••••.•.......•• 10635 
UID .~.) .. :-:,::"othccc-like •..••••..• 
uro ;)J:'ilnched filam<!ntous· •••..• 
UIO colonial •.•..•.•.........• 
urD ':iJ .;>.mento'l:> .... ' .••••.....• 
urn ~_co~a:;~-like •....•..... _ 
U!O long call ..•.••..•.•.•.••• 
UID sheathed cell ••.•.•••.•.•• 
urD two-celled coloniaL •••••• 
'UID unicellular ..•••••••••.•.. 31905 8011· 13773 16947 6373 

Ultl 
TOTAL BLUE-GREENS .•.•.••••.•• No sample 319044 400548 232066 227254 16947 305896 ~ ~ 
'\ OF TOTAL PHYTOP~~;~ON ••••• 12.12 15.43 8.56 10.19 0.50 12.24 tv ~ 

"'" r.> 

rI-
'< 

F. OTHERS 'V 
r.> 

UID flagellate .•..••••••••••. ~t:; 
0'-...... 
(I> IV 

TOTAL OTHERS ••••.•••••••••••• ~:::; 
III w 

% OF TOTAL PHYTOPLANKTON ••••• rI-
(I> 

~'1 

12632143 I 2712500 I 2231218 I 
fJ 

,'G. TOTAL PHY'l'OPJ.,ANKTON I 2701658 I 2"95548 3411996 2498154 ... 
i-' 
~ r' 

;. 1---.. ---
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APPENDIX II I-B 

ROSETON/DANSKAMMER POINT 
. 1973 
MICROZOOPLANKTON 



G~~~? 

_"'. CC?E?GDS 

~':;:::'l.!/lii ........................... ., .................. ".- " .... - ...... .. 
Cv~~~odite5 ....... ,~ ...... _ ................ _ ........ _ ... . 
\.:a::.J.noids ................ " .............................................. .. 
c!- :: :'.::)?C:'d~ .......... e ................................................... .. 

::a.r!?.l::;ticoi63 .......... _ ............................................ ~ 
UID Co.!>.::.:r ... ~ds ............................ ' ... _ .................. '. - .. .;. ~ 

'rC:7AL CCPEPODS ....... _ ." ................... " ....................... .. 
~.; v:.;' 'l'O'I').L ~!IC?,OZOOP!~J.'ON ••••••••••••••••• 

B. CL,1DXERJlNS 

?os~l;~ ~ ................ ~ ............................................. . 
D .. ~:~~r.l~ 5~) ....................................................... . ---¥_--- -:;..... 
~Jt...;:";t:0d·>·::..':!.. ~ ...... e .................................. e .. " ~ ....... .. 

!:.i.(;t.::~~ ~ ..... ~ ......................................... .. 
lJ!D Clacoc;·:Jr.::...ns ................................................... .. 

~OTAL CL~JJCEruL~S •••..••••••••••••••••••.•.• 
% C~~ TOD\L }~rCROZOOPIAl"H~TON ••••••••••••••••• 

C. ROTIFERS 

Brilc:-!!Onus Sp ...... " .................................................... . 
CeP1~'~J"ia-~ ............................ .. 
D1 !Jlois ~£ ..•.•••••.••..•.••.••.••..••••••.• 
E.lc'::;3 .~-2..""""""""""""""""".""""""""" - .......... .. 
Filir.~.n ~£ ........... e._ .................................................. .. 

K21_~.9.~~:')tia Sy ... e .................................................... .. 

~ t...;::'la. s;::_ .................................................... .. 

.!-:~!E.2-""·"··"""·"""""·~"·~··"·"·"""-··"· 
~11U L(;~ ~'C! ... .. " .................... ,., ............................... .. 
PIGes~~~ 5~ .................... ~ .............................. . ------"-
Pcl~{,:t::-t;~!:"a ::5p ......... '" _ .............................................. .. 
P!:'o~l ices .§.E. .......................................... , - .............. .. 
Tric!1ccerca ~ ............................. _ ........ '" ............ .. 

Tr ichotri"!. ~l2.' .••••.•...•....• - • - - ••.•..•.•. 

{ 

ROSE'!Wl-D"':S!Vtl-~lt ;.JICR.OZOOPL<~icrON 

RKCE 

r;./m3 

12903 

• 
11016 
1016 
·435 

5370 
23.5 

2903 

2903 
12.7 

'1016 
435 

5370 

I 

. K.l'{Ol 

no./l:l3 

3657 

549 

549 

4755 
31.7' 

I 
2926 

. L 

! 2926 
'1~.5 

549 

3109 
1280 

549 

RSCE 

no~llU3 

24296 

7S4 
2612 

27692 
45.1 

14630 

14630 
23.8 

5225 

7054 

784 

asC:-l 

no./m3 

1455 

624 
624 

2703 
36.1 

1455 
624 

624 

I 
I 
I' 
I 

L. ~-"---~--...J 

~E R! D! 

;"0 • .u 1'.0. m I no. r:: I 3 '/ 3 ; / 3 I 
1Dlp1e 5269 I 697 i 

I I 
IllS I, I 
IllS ! 

: 697 t 

I 

7505 
35.1 

2714, 

12714 
f2.7 
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h,479 
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I 
I 

11394 j 
I 4.S ! 
i I 
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1626 
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J~ ___ ~l .------------"- ~ , . 
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RNCE R.>;Cii 
c. ROTIFERS cont'd. no./m3 no./m3 

UID "FJcl.lcid(:::; ................ ,., ......................................... .. 7692 1829 
DID in c~psule .•••••.••••.•••••••••••••..•. 

TO~A~ RO~!~ERS ••.... _ ................... , •.• 
'i> OF ~OT;.L HICR0200?!.A!J:crON ••••••••••••••••. 

14513 7316 
63.7 48.8 

D. TOTA~ MICROZOOP~~TON •.••.....•.•••... 22786 114997 

-I , 

RSCE 
no./I:l3 

6009 

19072 
31.1 

61394 

RSCN I no. 1m3 

'2078 

4781 
,63.9 

h484 

! 

, 
i 
t 
( , 
I 
t 
! 
i 
! 
! 
I 

. j 

I 
! 
I 

I 
I 
I 
i 
I 
I 

i 

! 
j 

I 
I 
I , 
i 

ROE 
r:o.I:J 3 

F..I 
. ., I :10 ./r..· 

I 4790 
! 
( 

111177 
; 52.2 

1
21396 

I 
I 

I 
I 

I 
; 

i 
I 

. I 
I 

I 
! 

I 
I 
I 

I 
I 

D! I :-.o./~ 
I 
i 9985 

( 
I 
[26474 
! 92.7 
t 

j28565 
, 

CJC 
!: ~ " ...., 
>-5t': 
=: .. -

o (Jl 

1"-
'-·w o .... - "-

'-l 
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GROUP 

A. COPEPODS 

Ka\;pli.i ....•.••••••••••••••..•••.•••..••••• , • 
Corepod:. t.es ............................................................... .. 
Cal.::!.:!oid:::; ........ ' ........................................................... .. 

::l'clo,::roic.s $ .......................................................... ~ .... .. 

Earpacticcids ..••.•• ~ ••• ~ ••••••••.•• ~ .••..• ~ 
::10 COI)er)ods ............................................................. .. 

':'O'fAL CO?EPODS ................................................ ~ ........ .. 
Co OF 'l'O'I'!',L tlIC~OZOOPLANKTO:~ •••••••••• ~ •••••• 

B. CLr.DOCEHA~S 

~()~:7n i.!1~ ~l~" ................................................................ .. 
.?2 :)11~. i~ S: ...................... ": .......................................... .. 
LE:ptt.)C()·:-~~ S!') .............................................................. .. 

~l,:::~~.~,::,:"";' :.:~ 2..!2." ............................................................ .. 
UID Cla~Qcerans ........................................................ .. 

TO'l'AL CLJI.DCCF.RJ\NS •••••• : •••••••••••••••••••• 

% OF TO:'AL MICROZOOPIANKTON ••••••••••••••••• 

C. ;~C)'I'I?ERS 

~<;:-:i.,?.E....us ~.e. ...... ,"" ........ ~ ...................................... .. 
~'::,_;it;:..19"::'~ sp •••••••.••••••.•••••••••.••••• 
l~:-._~"'::":': s~ ........................ ~ ............. " ........................ .. 
E~().s.3. ~J2 .............................. " ....................................... .. 
FiJ. 5 ni~ 5}) .................. " ................................................ .. 

~~~~k0·ti.?:. ~.£~ ........................................................... .. 
l(c:r:1 :-.e 112 SP .......... .o ................................................... .. 

:::"'C!C·G['.,~ S~j ..................................................................... .. 

)l;)d~'.1 l.ca S? •••••••••••••••••••••••••••••• •• 

?;,o,:::s.:~ sp ......................................... " .............. " .... .. 
:?Ol'2~:l.ca 51' ........................................... · .............. .. 
FrC&~i_~0S ~ ............................................................... .. 

T!:"ich~:;-.:erca Ei2. .......... -- ............................................ .. 
Tr iCflot".ria ~P ........................................................... .. 

i 

[(05ETO:,-]);."·;5"'-;';·:':·:'=:::' .·:ICROZOOPLANKTON 

R."TCE 

no. 1m3 

7153 
945 

945 

2603 
32.1 

3104 

3104 
11 

I 

R..~c," 

no./~3 

3352 

305 

3657 
40.5 

711 

7.$.6 I 
711 

305 

RSCE 

I no. 1m
3 

,20636 

I 4586 

25222 
54.1 

5274 

5274 
11.3 

RSCi-i 
! 3 i no·/m 
I 

1

3744 

I 

I 

261 
1132 

5137 
56.2 

1132 

1132 
12.4 

261 

1754. 1\ 30, 160' 1609 

945 
3104 1016 7567 I 870 

3104 I 11605 

, 1711 I . 405 I 

I I 

RDE 
nO./m3 

:> 
unple 

R: 
: "0 1~3 i 1. • ••• 

1
4934 

1

863 
370 

6167 

1
28 • 3 

I 
j2096 
I 

~096 
9.6 

370 

370 

[~~g 
r097 

! 
I 
I 

Dr 
no./m3 

4134 

1453 
1117 

6704 
28.4 

i1453 

11453 
! 6.1 
i 
1-
! 
I 
I 
I ., 
\ 

! 335 
!1117 

1
13687 

335 
:1900. 
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~'lCE RNC"t1 RSCE RSClv RDE R! DI 
C. RbTI?ERS cont'd. no./m3 no. 1m 3 no./m3 f no./m3 no./m 3 no./r.;3 no./m 3 

r..:!D :sc(:lloides .......... ' .................. . 6748 2336 5274 1132 7031 8157 
CID in capsule ••..•••••••••••••••••.•••.••• , 

I 

'!'OTAL FlOTI?ERS ••..•••••••••••••••••••••.••• 
% OF TOTAL ~ICROZOOPLANKTON .•••••••••••••... 

16060 
1

4673 116051 
1

2872 113568 115531 
56.9 51.69 34.5 31.4 62.2 65.6 

D. TOTAL l'!ICROZOOPLANKTCN ••.••••.•••..•••. i 
28207 I 9041 ! 46547 19141 121831 123688 

I 
I 

I 
I 

I I 

! 
i 
I 

! 
tl t:1 
~::3 
8::r; 
=.:: .. 

'> 
o Lli 
I " 

t-.JVJ 
9.t-' 
~ ..... 

-.J 
"j) VJ 

I 
I 

j 

I 
! ' 



f 

G:-:OL'!> 

A. ~0PEPOCS 

~'!c:u.!?lii .......................... " .............................................. .. 
Copei.;odi tcs ............................................................... .. 
C,~l.::!.r.o,i.(is .................................................................... .. 

CyclO[iO ids ..................................................................... .. 
Ea~p~cticoids .•••••••••••••••••••••••••.••• : 
urD CO?0pods .••••••• ~ ••••••••••••••••••.•••• 

TOTA;, COPEPODS •••••••••••••••••••••••••••••• 
% 01' TOT],.L :,:ICR0200PIJ\NKTON •••••••••••••••• ~ 

B. CI.:\D')CEHA... .. S 

~~.; ';':" i.i.:~ ~ .................................................................. .. 
D#~:::.:~.:·. ia. Lip,_ ................. __ ........................................ ,. ...... .. 

rl(;l..:2:~~:!::C~ .sr:. ................................................................ .. 
E'I .. '?'..l~::)}.;.:s sr;. ............................................. " ............... .. 

UI~ Cl~fo=~rans .•..••••.••.•.••••• ·., ••• · ••. 

TOTTt.L C.I..I.·YC:OCEP.ANS ............................. . 
% ~r 'l'OTl"'l.L ~,1I CROZOOPLANKTON ...................... .. 

c. H01\IF~RS 

Br3c:r':':~':"0~ ~sp ................. ,;. ............ " ............... .. 
f5:.:.~~..:?~~ .:?-.~ .......... "" ." .......................... .. 
~'::.-:.: ~'-~~ .::.;: ....................................... :" .................. .. 
~.l:.'.~ ..:::!? .................................... -.................. .. 
ili~ n i~2. .s tIe ................................................... .. 
~118k.;:;t:ia E.12, .......... ,. ............................... . 
iZe:':2~ ..§.£ .................................................. . 
L2C~~~ 50 ................................... . --_._- .-. 
r,:ot;·~~.:lca Sp ••••••• ~ .......................... . 
? .L~J,::s:')rrJ.:l SO ................................... •• ... • .... .. - .......... 
Pcl~'\.lrth:::a .:~1'") .......... "".""."""""""."·""·".·" 
F-:'O~ Sp .................................................. .. 

T1.-ich:)-,,:,~:cC.:l 5'0 ............................................ .. -'-Trichotria S"::> ....................................... "' ....... . 
-"-

i\OSETON~ j).;NS:·:'~'::·!B~ :UCROZOO?LANKTON 

RNCE R.~C;·1 RSCE RSCil 

no./m3 I no./m3 nC'/!lI3· no. 1m3 

no 
3657 ! 3329 I sample 412 

I 
755 

1
1800 

I 412 
406 I 174 

4992 
1

5129 I 824 
38.0 ·36.3 13.4 

1567 I 900 412 
412 

1567 900 
1

824 
.2 ~.4 13.3 

270 412 

174 

174 
755 1 630. 412 

1741 2429 962 
1530 

1335 

1

1170 

1

962 
406 
174 

RDE R! 
i ~~ 3 i 3 

,rio.1m I no./" I no. I::'. 

I IlII.p1e 6139 8193 

I ! 

1
1698 1 2581 

~ 392 
I 786 
I 
I 
I 

I 
229 /11560 
0.8 ! 50.5 

, 
I 

I I 
I I 

r612 ! 3030 
786 

00 
:r,~ 

~~ 

r
6l2 

1

3816 ~ .. 
9.4 16.7 OU'l ., 

! j ww 

I 
0 ..... 

\392 

-, 
.-..1 

337 w 
I 

I 

r
12 I 786 

527 , 3030 
i 337 

004 I 786 

·392 I 786 
i 337 

" I 
j 



RNCE 
C. ROTIFERS cont'd. no./m3 

~!D 2~elloides._ .•••••..•.••••..•••.•.•••• ~ 1741 
UID in capsule ••.••••.•••••••.••••••••.•••• 

'?CTAL RO'I°IFERS ••••••••••••••••••••••••••••• 6500 
% OF TOTAL MICROZOOPLANKTON •••••••••••••••• ° 50 

O. TOTAL MICROZObPLA~~TON ••••••••••••••••• 13059 

R."lCYl 

nO./m 3 

2069 

8089 
57.3 

14127 

RSCE RSC:~ 
3 ' 3 no ./m I no. 1m 

j1786 

I 

t 
I 

I 

4534 
73.3 

6182 

RD~ RI DI 

I 3 " / 3 /'°3 no. Ut no. m no. m 
I 

I 6922 i 11223 

I I 

116849 I 7522 
I 

60.9 I 32.8 

27690 22898 

-----'--~---.,-I------

00 
~> 
'0'" r3t::i 
:l: 

001 

" ww 
01-' ., 

-..l 
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{ 

(:::Cl!? 

A. CO?E?ODS 

l'!suplii ............. ~ ...................... ~:. ~ .................... . 
Copercdi tes ...................................... ' ....................... .. 
C~l ~~r.OiJ5 ...... "." ............................... " ......................... .. 
Cyclo?oids .................. ' ....................... ;. ...................... . 
Harpacticoid::; ............................. " ............................. : 
uro Copepods .............................................................. .. 

TOTl'\L COPEPODS .. : ......... ~ .......... e ..... ~ ........................ . 

% OF TOTAL !-!ICROZOOPLANKTON ••••••••••••••••• 

B. CLADOCER.'\.'JS 

~~~ 3=" ............ ,;. ............................................ -- eo.;. 

.!J,::.!)n:1i;l, SP ........ e' ..................... ' .......... ,- .................... .. 

L'IJ?to.:.lora Sp .............................................................. .. 
Pl£,\~l·()}:US S1) ............................................................. .. -------- ~ 
UIn Cl~docerans •••••.•••••••• & ••••••• •• ••••• 

TOTAL CLlIDOCERANS ••••••••••••••••••••••••••• 
% OF 'IOr.u.L MICROZOOPLANKTON ••••••••••••••••• 

~ ,--. RG'I'IFERS 

!3=.::.;c~i(j!!us sp .............................. • .... •• .. .. 
cephalodella ~ •••••••••••••••••••••••••••.• 
Diolois so ..•••••.•••••••• •••••• •• • •• ••••••• __ -___ -4.0. - . 

El{)~~::. ~ ....................................................... . 
Fil iniu_ ~ •••••••••••••.••••.••••••••.•••••. 
·K~l:.c}:otia sp ..................................... · 
Ker\:ttella ~ ......................................... .. 
L:..~c~ 2 .... "" .............................................. .. 
No thll1ca sp ...................................................... . 

?·10050~:1a ~2...".""" •• """ ••• """"."."." ••••• """. 
Pol'!arthra ~ •••.••••.•• ' •••••••••••.•••••••• 
PrettI ides ~ .................................................... " .. .. 
Tr. icilocerc3. ~ •••••••••••.•••••••••••••••••• 
Tric!lotria sp • ., .............. , ............................. . 

ROSETON'"DANSKA!·::·::e:q ~.jICROZOOPLANKTO:-l' 

RNCE 

no./m3 

327736 
' 1321 

2453 
3208 

334718 
88.0 

25094 

25094 
6.6 

566 

3208 
6226 

8113 

RNCW 

, no./m3 

54862 

3962 

158824 
74.2 

I 9144 

9144 
1,1.6 

I 3048 

914 
2134 

RSCE 
no./m3 

81184 
761 
761 

3298 

186004 
87.2 

·1 2537 

2537 
2.6 

1776 

5835 

761 

RSCioT 

I no./m
3 

,128038 

7660 
7660 

1143358 
66.5 

40491 
3283 

43774 
20.3 

10943 
3283 

10943 

!IDE RI D! 
no./m3 no./m3 no./m' l 

Ino no 
.mp1e sample ,sample I 

I I I 
I 

I 
I 
I 

I 
I 
I 

"0 
t>;~ 
';J .... 
.., t~ = .. .. 

00'1 .'-
f-/l\J 
00'1 
~'-...., 

w 



R.~CE R!~Ct>l RSCE RSCl<1 R!):S RI Dr 
c. ROT Il- fHS cant' d. no./m3 no./r.t 3 no./m3 no./m3 3 . no./m3 ! no./m 3 no./m I ! 

! 
~!D [.'_;L 1 ~()i.d(;5 • ..... _ ............................ 2453 5181 1776 3283 

I 
t 

I t::D in capsule ••..•••••••••••••••••.••••••• 

TOTAL ROTIFEas .................................. 20566 11277 10148 28452 
I % OF TOTAL MICROZOOPLANKTON •.••••••••.•••••. 5.4 14.2 10.3 13.2 
i D. TOTAL mCROZOOPLANKTON ••.•••••••••.•••• 380378 79245 98689 215548 

I 
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I 00 
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{ 

GRCUP 

A. CO?EPODS 

~~::: U1!1 i i ...................................... .. " ................... .. 
Co~epoci tes ••••••••••••••••••• o~ ••••••••••••• 

CZ.l.J.110icis ................... " .................................. .- .. ~ e." .... .. 

C~1clopoids ............ .. e" ................. " ............................... .. 

Harp?~cticoids ...... ..... , ............... e" ..... ~ ........ ~ ............ : 

UrD Copepods ..• ; ••• '0' ••••••••••••••••• '0' •••• 

TOTAL COPEPODS ......................................................... .. 
% OF TOTAL HICROZOOPLANK'I'ON •••••••••••••••• ~ 

B. CLAnOCERANS 

Bosmi~r:3. :!E .................... ~ .......... .;. ................................ .. 
D:),p!-.!'li'!. 51) ........ e" ........ ~ ........ , .... ............................... .. 

LQotod.oru. ~ .............................................................. . 
flet~.l·O~ ~ ............................................................. .. 
urD Cladocerans ••••••••••••••••••••••••••••• 

TO'CAL CLADOCERANS •• o •• o ....................... . 

% OF TOTAL MICROZOOPLANKTON •.••••••••••••.•• 

C. !{O'l'IFERS 

~5_Cl,)US ~ ........................................................... .. 

cc:phalodclla ~ ........................ ~ ..... ........... . 
P~I;'l.()l.S 512. ...................................... ,. ........... . 
El..O~..l .~1? •••• " ••••• " •• """ •• " •• "" ••. ".'" ,. • ••.••• 
Filinia Sp ............ · •..•..•••.•••••••.•.••• 
~ellckOtii ~. 0 ••••••• , ••• ~ ••••••••••••••••• , 

Kc·ra tella ~ ...... ,. .... ,. ,. ........ ,. ,. .............. ,. ..... . 
LGcanc sr· ....... ,. ........................ ,. _ .............. .. 
----~~ 
No thlJlc-3. sP.,. .. ,. ............................. ,. ........... ,.· .• 
P loeso!na sp ..... ,. ........ · ........ _ ...... -........... ~ ... ,. .... .. 
~rthJ..:~ sp ... _ ......... _ ..... ,. .. ,.,. ....... - e ......... .. 

1?roalid·-:=s·!E.._ .. " ... ,. ...... ,. ... ,. ............ ,. e ........... " .. e. 

Trichocerca ~ ........... ,. .................................. .. 

Trichotria ~R""" ••.••.••.• '0' ••••••••••••• 

ROS~TON~DANSKA~~R :~rCROZOOPLANKTON 

RNCE 

no./m3 

220463 

2235 
4134 

226832 
86.3 

20113 
1117 

21230 
8.1 

4134 

782 
782 

3687 

3017 

RNCW 

no./m3 

24670 

1016 
3338 

1016 

30040 
87.3 

2467 
435 

2902 
6.44 

435 

RSCE 

no./m3 

76731 
544 

3628 
3g!! 

84531 
78.9 

5442 
544 

5986 
5.6 

7256 

RSOI 

no./m3 

51968 

1757 
7532 

61257 
73.1 

15063 

15063 
17.96 

I 1757 

2358 1757 544 I 
1016 EJ I 2358 753 

I 

( 

ROE 

no./m3 

o 
mple 

RI D! 

I no./m
3 I no./m

3 
--..,' 

Ino no 
sample ! sample 

I 
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C. Rb'l'!FERS cant' d. 

GII) nat:: l:"oid.zs ... ! ......................................... .. 

urn. in caps,.lle •...•...•...•.•..•..•.•.•...• 

T:/~l-\L R0TIFERS ....................................................... .. 
% OF TOTAL !lICROZOO?LA"KTON ••••••••••••••••. 

D. TOTAL HICROZOOPLANKTON ••••••••••••••••• 

fu~CE 

no./m3 

2235 

14637 
5.6 

62699 

RNC;y 

no. 1m 3 

1451 
4.22 

34393 

i 

RSCE RSCH 
--3'---- "3-l no./m ! no./m 

I , 
1814 i 3264 

16688 
15.5 

I 
I 7531 
I 8.98 

i107205 183851 
I ! 

RD" 
nO./m 3 

I 

\ 

I 
I 
I 
I 

'l""\T ....... ,. 
:.._ .... oJ. 

nO./I:\:' ~o./m3 1 

I 
! 
i 

I 
! 
i 

I 
I 
l 
I 

I I 
f I 

I I 

S---------!..- c I I 
I 
I __ J 

00 
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00'1 
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00'1 
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r r 

GROUP 

A. COFEPODS 

NaU91ii·.~ ••..•.••••••••••••••••• · ••••••.•••••• 
Copepodites .................. ' ............ " ............ ' ........... .. 
Calano~ds .•..•••••• ~.~ .•••••••••••••• · .•••.•• 
Cz"clopoids ...................... .; .. ~ .................................... .. 
HarpC:1.ct:.icoids ....... " ................. ~ ......... ': ...... " ................ : 
urn CopGp.:>ds .................... , ................................. ·0- .... .. 

TOTAL CO?r,:PODS •••.••••••••••• ~ •••••••••••.•••. ; 

9; O!:' TO'l'AL H1CROZOOPLAt-n<TON •••••••••••••••• ~ 

B. CLADOCER.l\NS 

BOS!"11 ']_~_ E£ ........................................ ' ..................... " ... .. 
D~lP~~l.i. t"~ ..::.r:. ........................................... ,- .................... .. 
Ler):;'°J\,.-!('J.':'-';:\ ~.E.." .......................... '" .............................. .. 
P:1.et:r~ S!) ............................................................. .. 

U~D Cladocerans ••••••••••••••••••••••• •• ••• • 

TOT!l.L CL;,I)OCER.lI.NS ••••••••••••••••••••••••••• 
% OF 70T~L MICROZOOPLANKTON ••••••••••••••••• 

C. RO'l'IFERS 

~achion~ E'£' • ....................... ' .................. . 
f~2ohal<)d-:;J la ~ •••.••••••••••.•••••••••••••• 
Di:::-lo~~ 32-" ......................... ~ .......................... .. 
E~lt:j~ E ..... ~" .............. ;, ..................... " ................. . 
Fili!li2 .sp ..................................................... . 
Kell~o~ia ~ ••••••••••••••.••••••••••••••••• 
~t~lla ~ .................................................... .. 
~'~~~ ~ ..................................................... .. 
!10thulcc. ~"."."".'."'"""""'" •.•••••• 
Plcesoma .~ ••••••••••.•••••••••••••••••• " ••• , 
?olvarthra sp ••••••••••••••••••••••• •••••••• 
p ". _. 
~.~~ .......................................... . 
Trichoccrca ~ •••••••••.••.•••.•••••••••.••. 

Trichotria ~"""."" •. "" •.. """ •• """"""""""."" .. 

ROSETON-DANSK.~M!>:E~ :-1!CROZOOPLANKTON 

RNCE 

no./m3 

103575 
818 

2327 
2075 
189 

108984 
90.3 

4213 

440 

4653 
3.8 

1447 

lag 
1258 
2515 

RNCW 

no. 1m3 

47001 

948 
2303 

.1354 
406 

52012 
89.1 

1354 

1354 
y2.l 

948 

3657 

1354 

~----------~-------~ 

, 
j 

RSCE 

no./m3 

40162 

2253 
2651 

398 
398 

45862 
78.1 

6230 
928 

7158 
12.2 

1325 

RSCW 

no. 1m3 

108325 

3081 
4741 

116147 
82.0 

10193 
1659 

11852 
8.4 

711 

···132S . 2730 
398 4030 

2651 3081 

I 
I 

I 

I 

RDE 

no. 1m3 

o 
ample 

RI 

I no./m3 

Ina 
sample 

D1 

no./r.-.3 

no 
sample 

tl C 
1:'1:;-
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00'1 

" WI\) 
00'1 ., 

...r 
IN 



C. ROTIFERS cQnt'd. 

CI;) Bdclloides •.••...•••••••••••.•.•...•••. 
UID in capsule •••••••••.••••••••••••••••••• 

TOTl',L ROTIF:2RS ••••••••••••••••••••••••••••• 
% OF TOTAL HICROZOOPLANKTON ••••••••••••••••. 

D. TOTAL HICROZOOPIX-.'KTON ••••••••••••••••• 

RNCE 
no. 1m3 

1698 

7107 
5.9 

120742 

R.~CW 

nO./m 3 

6366 

12325 
18.8 

65691 

'> 

RseE 
no./1ll 3 

j 
i 5699 
I 9.7 

124216 

RScr ... 

no. 1m3 

3081 

13633 
9.6 

141632 

RDE 

T -no./m3 

t 

RI D::L 
no-.;;S--I no./m3 

I 1 
I 
I 

I 
I 
I 
I 

----

00 t:::> 
'"G>'i 
8m 
;I: •• 

00\ ,'
w/I.l 
00\ 

-''oJ 
IN 



! 

ROSETO:, -1):,:\S;v.:,::,:.£~~ :·:rcaOZOCPLANX'i'ON 

GRGUP 

!,.. COPEPODS 
RNC'I" m;cw RSCE RSCN 

no./m3 no./m3 nO./m3 no./m3 

Nauyli,i .................................................................... .. 7358 36284 13234 25370 
Cope:. Fodi tes ................................................................ .. 
cal~lloils .•••• _ ••••••••••••••••••• ; ••••••••• 3962 1089 
Cyclopoids •...•••••.••• -••••••••• .- ••••.•••••• 1698 2540 
f-:.::rpacticoids ....................................... , .................... : 
UrD" Copepods •••••.••••••••••.•••.•.••••.••.• 

TOTAL CG!' EPODS •••••••••••••••••••••••••••••• 13()18 39113 13234 25370 
t OF ':'O'i'Ar. 1·:ICROZOOPLA!'~XTON •••••••••••••••• ~ 53.5 70.5 54.6 69.7 

B. CL.lI.DOC2RANS 

,!?csm hr.,:. .EE, .. ................................................................. .. 1698 4787 
[a.;)h!li,:!. ..:::~ .................................................................. .. 845 
.. :::;:;:.:.:?t.c~ ~~ ............................................. ' ............... .. 
p 1 ~'.lrOX·"'!3 sp ............................................................... .. 
UI~ Cl~doccrans ...•••••••••..•••..••• ••· .••• 

TOTAL CL'\D:)CJ;:RANS ••••••••••••••••••••••••••• 1698 5632 
% OF TOTAL I>lI CROZOOPLANKTON ••••••••••••••••• 7.0 '> 23.3 

C. ROTIFERS 

Sril.cr-lio~~~~ ............................. OI ......................... .. 

~~~~~(:~~~ .::::: : : :: : : : :: :: :: : : :': :: : : : : : :: 1698 1089 3309 

~~~ s1' ...... , ...................................... ~ ............ ' ....... .. 
Fi.l~!1j'!:l_ sp ...................................... " ............ " ............ .. 
~l~oti;.l.. sp ....... · ...... " ..................................... - ...... .. 
~~(.:!lla sp •••••••••••••••••••••••••••••••• 1089 3660 
~~!~e .~~ .................................................................... .. 
N'Jtl1~lca sp ........................... " .................................. .. 
Ploesoma "~ .••••••••••••••••••••••••••••••.• 3962 13425 845 7721 
Pvly"a!:'thra .:!2.- ........ ~ ................................. '" ............ .. 
Froalides ~ ............................................................. .. 
Trichocerca ~ •••••••..••••••••••••••••••••• 1089 
Trichotria !R. ............................................ " .............. .. 

ROE 

no./m3 

29173 

29173 
55.8 

5660 
4354 

10014 
19.2 

3048 
1306 

4354 

4354 

RI 
l.~o./m3 

118427 

5608 

24035 
50.0' 

2403 

2403 
6.0 

5608 

2403 
5608 

or 
no./m3 

no 
sample l 
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C. ROTI:'ERS cont' d. 

D!D Ed..:: lloide: s ..... ,. ....... ,. .......................... . 
urD. in capsule •.......•..•....•...••.•.••.. 

TOTAL ROTIFERS ••••••••••••••••••••••••••••• 
s;. OF TCTi-.L MI(;ROZOOPL.!U"K·~·ON ••••••••••••••••. 

D. TOTAL MICROZOOPLANKTON ••••••••••••••.•• 

RlIlCE 

no. 1m3 

3962 

9622 
39.5 

24338 

RNCW 

r.o./m3 

16692 
29.5 

566.05 

, 

RSCE 
no./m3 

i 
I 
! 5350 
I 22.1 

124216 

RSCI1 

no. 1m3 

11030 
30.3 

36400 

~E RI D! 

no./m3 no./m3 no./m3 1 
13062 13619 
25.0 34.0 

52249 40057 

00 
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GROUP 

1\. COPEPODS 

Nauplii •••••••••••••••••••••••••.•••••••••. , •• 
Copepodi tes •••••••••••••••• ' •••••.•••••••••••• 
cal.:tnoids •••••• ~ ~ ., ........................ e' ....... , ............ r .. .. 

Cyclopoids ........... ,." ......... ~ ........... ,." -:- .......... ~ .... '.-
Harpa cti coids .•••.••••••••••••••• ~ •• ; •••••• : 
urn Copepods •.•••••••••••••••••••••••••••••• 

TOTAL COPEPODS •••••••••••• · ••••••• ~ •••••••••• 

% OF TOTAL l>IICROZOOJ:'LANKTON ••••••••••••••••• 

B. CLADOCERA!'>lS 

BOSIT. ina so ................................ ' ................................. .. ----- ~-
Daohn 1.<1 SP ..••••••••••••••••••••••••• ••••••• 
L"pt.:>dora sp •••••••••••• ~ •••••••••••••••• , •• 
Pleur()~~ 5p ................................ ,_ .......................... .. 
UIn Cli~docerans ....................................................... .. 

TOTAL CLADOCER..ll.NS ••• ; •• ~ ..................... . 
% OF TOTAL MICROZOOPLANKTON ••••••••••••••••• 

C. ROTIFERS 

B:ra~:hionus sp •••••••••••••••••••••••..•••••• 
CGphalod€:lla ~ ••••••••••••••••••••••••••••• 
~it:'':Qi.s sp ................................................................ .. 

E.10s~ ~ ........................... ~ .............. ':" ........................ .. 
Filinja ~ .................................... ~ .. ' ....................... .. 
Kellekocia sp •••••••••••••• ; •• ; .•••••••••.•• 
K~ratella sn ............. e' ............................................. .. ----_._--
L0Cc~i2: !::.E. ........................ " .................... " ...... ~ ~ .. ~ .... " 
~I:)thulc~ ~ ......................... "" .............. "" ........ " ...... .. 
P locsoma ~ ••••••••••••••••••••••••••••••••• 
Polvartl,ra ~ .......................... " ........ "" .................. .. 
Proalice.s ~ ............................................................. ~ 
T::::ichoce:rca ~ ................................................. """ .. .. 
?richotria ~ .......................... " ................................ .. 

, 

ROSE?ON-nA~S~O~~ ~ICROZOO?LANKTON 

RNCl." 
--~-- mcw - -. RSCE RSCt-1 

no./m3 no./m3 nO./m3 
, 

no. 1m3 

5950 14902 9926 10920 

892 
2975 1656 1219 

9817 16558 11145 10920 
54.3 72.9 48.2 58.1 

I 
3867 710 3882 
2975 2960 762 

, 
710 

6842 1420 6442 762 
37.1 \6.26 27.8 4.1 

I 
, , 

710 2264 1778 
\' . 

'. . . 
892 2365 1741 1778 

:165"6 '. . '. '522 

522 

. 

RDE RI DI 
no. 1m3 I no./m3 I no./m

3 

no 
19155 16050 sample 

3193 2293 

22348 18343 
66.0 80.0 . 

4151 688 

00 
t'l!>' 
'08 
8M 

4151 688 
:I: •• .. 

I 12.3 3.0 0-..1 
I ....... 
r-Jr-J 
O~ -....... 

-..I 

958 
w 

2235 1605 

3193 1605' 

688 



C. ROTI?ERS cont'd. 

urD :!3d.:!lloides ••••••••••••••••••••••••••••• 
UID in capsule .....••....•.....•.•..••..••• ' 

TCTAL ROTiFERS ••••••••••••••••••••••••••••• 
% OF TOTAL MICROZOOP~~KTON ••••••••••••••••. 

D. TOT1,L !>!ICROZOOPLAN'"..(TON ••••••••••••••••• 

RNCE 

l-n:~:l 
1784 

9.7 

18443 

I 

RNC'1l 

no./m 3 

4731 
20.83 

22709 

RSCE RSCW 

no./m3 no./m3 

522 1778 

5571 7112 
24.0 37.8 

23158 118794 

RDE R! 
I 3 ! 

:o~~rn I no./m3 

I 

7344 I 3898 
21. 7 17.0 

133843 122929 
I 

I 

Dr 
no./m3 

L_--. 

ar:; 
i;l)!l> 
'1:18 
8t'l ::c •• 

0-.1 

" NN 
001=-
~, 

-.1 
W 



GROUP 

A. COPE PODS 

Naupl ii. ,. ................................................................ .. 
Copepodi tes .................................................... ~ ........ .. 
Ca!~:l.)ids ..................... :~ ................ ~ ................. ' ....... .. 
CyclOI>oids .................................................................. .. 
Harpcicticoids ............................................................ : 
UlD C01)e!?ods .............. e. ~ ........................ ~ .................. .. 

T9TAL C0PEPODS ••••• , ••••••••••.•••••••••••••• 
'i;. OF TO'l'AL mCROZOOPLANKTON •••••••••••••••• ~ 

B. CLAOOCERANS 

EnsP.'. i !;'(1. S n,. .......................................................... .. 
Da!="J}1n.:i ~ ...:§.E. ............................... e ......................... .. 

Lr.!rtO(::r~."ci 5,9 ............................................... .. 
P lE::·~l:':'JXT..!S ~ ........................................................ . 

UID Cledocerans ••••••••••••••••••.•••••••••• 

TOT;;L Cr...ll,OOCER1\NS ••••••••••••••••••••••••••• 

% OF' 'l'O'l'I\.L NICROZOOPLANKTON ••••••••••••••••• 

C. ROTIFERS 

~:lio~11.~ ~ ........................................................... .. 
CrIi~.11()dt="~ lla .2£_ .................................................... .. 
:;~ ~)2.o~.:; .~l2..""""""""""""""""""""""""""""" •• : ... 
Elo~ 5:.) •••••• ~ ............................. . 

Filirli;;., Sp .... ~ eo'" •. "' ................................................ . 

Kcllt?;kotia St' ......................................................... .. 
Kera~~,.~ ......... -......... w.e ...................................... .. 

LOCal1.e ~.£.."""""""""""""""""""""""""""""""""" 
I-JO;:"I1Ulca Sp ............................................. ; ................ . 
PIOcso!TI.a .2£ ••.••..•••••••..••••.•• ~ .•.•. : ••• 
·Pc!yarthra.~ •• '" •••••••.•••....•••.•••.••• 
Froe.lides ~ ............................................................. .. 
Tr.i~hocerca ~ •••..••••.•.•..•••••.•••.••••• 
Trichotria ~ •••••..••••.••.•.•••.•••...•••. 

ROSETON-DANSKA1~I;·!E.~ :'lICROZOOPLANK'l'ON 

RNCE ---. -- RNCW -_._-- RSCE ----- RSCi'l 

no./m3 no./m3 no./m3 I no. 1m3 
I 

3870 9375 . 11146 11563 
938 

3580 I 1151 6192 938 
1258 493 2105 

t 
2138 867 

4838 13157 . 20310 13439 
68.2 60.2 79.3 87.8 

2515 1645 : 3344 

I 
677 493 

I 
, 

3192 2138 3344 
25.0 \9.7 13.04 

290 1645 372 
290 

290 4934 1610 938 

., .. 

! 

I 

I 

I 

RDE RI 

no./m3 no. 1m3 

15238 18535 

2201 ·3388 
1395 

1395 

17439 
1

24713 
50.5 78.9 

4571 1993 
1993 

4571 3986 
26.5 12.7 

508 

2878 598 

1185 11998 
1693 

Dr 
no./m3 

. no 
sample 

o u 
!'Il :> 
~.-3 cr. ::c •• 

0-..1 ., 
(".ltv 
oJ!>. ., 

-.I 
w 

J 



R<~CJ:: &'<01 RSCE RSCi'1 
C. ROTI?ERS cont'd. no./m3 no. 1m 3 nO./m3 no. 1m3 

GID SdelloidE:s •••••••••.•••••••••••••••••• '. 938 
UID in capsule •••••••••••••••••••••.••.•••• 

TOTAL ROTIFERS ••.•••••••••••••••••••••••••• 870 6579 I, 1928 1876 
% OF TOTAL MICROZOOPLANKTON ••••••••••••••... 6.8 30.1 , 

7.7 12.25 , 

D. 70TAL MICROZOOPLANKTON •••••••••••.••••• 12770 21874 I 2563 I 15315 I 

RD" 

1 no. 1m3 

I 
! 1693 

7957 
23.0 

34538 

R! 
1 

no./m3 

I 2591 I 

I 8.3 

131290 

. i 

I 
I 
I 

Dr 
no./m3 

00 
rrl::> 
"'>-5 0-3<'] 
:::: 

0-...1 
I ....... 
Wtv 
00::. 
~ ....... 

-..,J 
w 



GR0PP 

~ n. COPEPODS 

Nauplii ..................... '" .. ~ ................ " ........................... .. 
Cop'!!!;odi tes .......... e" ......................................... 0 " ......... .. 

ca:!. Jnoids .................................... e" ...... 0" \. ................ 0 ... 

Cyclopoids ......................... ' ............. e' ............. ' .......... ... 

H:;.rpacticoids ...................... ., .................................... : 
urn Copcpods ............ " ................................................. .. 

To'rA ~ COPE pons ...... :" ........ ~ .......... "' .............................. .. 

% or TOTAL r-!J:CROZOOPLA.~KTON ••••••••••••••••• 

E. CLAi)OCERlJ'!S 

~:n.iniJ ~-c: ....................................... " ......................... .. 
Dapl1~:iQ. ~~ .................................................................. .. 
~e?tJdora sp ............................................................. .. 
P l£:uro:hus sp .............................................................. .. 
urD Cladocerans ••••••••••••••••••••••••••••• 

TO'rAL Cr.;,DOCERANS.,; •••••••••••••••••••••••• ·• 
% OF 'l'OrAL MI CROZOOPIANKTON ••••••••••••••••• 

c. RO'l'IFERS 

~<:tLic_~.::!. ~ .................................. III ........................ .. 

£2?l:'1~1.10c..clJ.a .~ ................... ~ .... '!' ............ eo .............. .. 

!J.:.ploi:J s~ ............................................ ~ ................... .. 
.E:1 .. .,)sa ~2·" .................................................................. .. 
~~~ sp ................................................................. .. 
Kellt':;:kot.ia sp .... ' ....................................................... .. 
!".cratclla ~ ............. e" ............................................ .. 

r..Gcar~~ '~ .......... 01 ........................................................ .. 

1:iothulca 51:) ........................................... ~ ................... .. ------ ----
~~ ~l2...""""""""""""""""" •• ""." •• """"""" 
~~ Sp ................................... . 
P!.·oc~licles ~ ..................................... '" ...................... .. 
Trj.choccrca ~ ......................................................... .. 

l l ricnotria ~ ......... '" .•• '" .' ...• "' •. '" '" .••••••.•.• 

ROSETON-DANSKA.Y.ME3. AICROZOOPLANKTON 

RN~E RN'Ol RSCE RSCi-l 

no./m3 no./m3 nO./m3 no./m3 

14462 '27228 16877 8273 

2154 3890 2961 
7077 6614 2961 1655 

23693 37732 22799 9928 
40.0 54.8 47.8 50.0 

20308 8946 7994 3309 

4308 2961 

24616 8946 10955 3309 
41.5 ~3.0 23.0 16.7 

923 

3077 2723 2073 1158 

2723- 888 
2723 498 
3890 

923 8946 8882 4964 

I 
I. 

P..DE 

no./m3 , 
.mple 

RI 

no. 1m3 

25707 

627 
8360 

34694 
65.3 . 

5643 

5643 
10.6 

1463 

·2090 
627 

1463 

5643 

DI 

_ no./m 3 

no 
sample 

., -1 

00 
;a~ 
t-3 t'l 
:I: ., 

000 ., 
.... '" 0 .... · ., 

-.J 
W 



RNCE R.~c:y RSCE 
C. ROTIFERS cont'd. no./m3 no~/m3 no./m3 

UrD .3delloides .••••.•••.•••••.•••••.••.•••• 6154 1167 2073 
UID in capsule ••••••••••••••••••••••••••••• 

TO'!'f>.L "OTIFERS ••••••••••••••••••••••••••••• 11077 22172 13916 
'i; OF TOT~ :-1ICROZOOPLANKTON ••••••••••••••••. 18.7 32.2 29.2 

D. . TOTAL MICROZOOPLANKTON ••••••••••••••••• 
59386 68850 i 47670 

'> 

RSCW 
no./m3 

6618 
33.3 

19855 

ME R! DI 

no./m3 no./m3 no. 1m3 

1463 

12749 
24.0 

53086 

------~------~-~-----

:::10 
~~ :;... 
~8 
";;t'l 
:I: •• 

om ,'
.... 1\.> 
0 .... 4'

-..J 
W 



r r r 

ROSETON-DA~.s KA:·l."lE3. :.uCROZOOPLANKTON 

GROUP 

A. COPBPODS 
RNCE R.~C'N RSCE RSCW 

no./m3 no./!ll3 no./m3 no. 1m3 1 
f 

l'-lauplii ................... ~ ~ ................. : ... ~ ....... : ......... ;. .... .. 
COPepodi tes ...................... " .. _ ..................................... .. 
eCL lanoids .................. ' ............... ' ...... ~ ...... ~ ................ .. 
Cyclopo~dS:.: ..•• !.~.·.·~ ............. ~ .. ~ ... ~~ 
!Iarpact:.l.COl.(lS ............................................................ .. 
VID Copepods .............................................................. .. 

··7314 
I 

7183 20752 9868 I 
I 

5316 1056 863 I 7614 8301 813 863 .. 

I '. 

IDTAL COPEPODS ............................................ ~ ........ '" .. ". 
f. OF 70TAL. HICROZOOPlANKTON •• ~ ••••••••••••• ~ 

20113 29053 9183 11594 
38.9 I 77.8 65.3 62.3 

B. Cr,;,DOCERP.NS I ! 
Bosrr:ina. :~ ...................... : ............................... ~ ........ .. 18677 1453 2438 3330 I 
Ddn~~ia so ................................. . -_._-- ~ 623 
L(,_p~~ EE, •••••••••••••••••••••••••• " •••• 3879 244 
Ple~ ~~ ............................................................. .. , 
GID Clac.occrans •••••••••••••••••••.•••••.••• 

'TOTAL CLADOCERAL\lS ............................ . 22556 2076 2682 3330 
~. OJ:' TOTAL !1ICROZOOPlANKTON ••••••••••••••••• 43.6 .... 5.6 19.1 17.9 

C. RCTIFERS 

.Brac11ionus sp .......................................... .. 623 
Cephalodella sp~ •••••••••••••••••••••••••••• 
ni91.oi~ sp .................. e' ................ ~ .............. . 

.. 

E~O~~.~ ••••••••••••••••.•••••••• ~ ........... . 
Fl.l1.11l.a sp .................................................... . 
Kellek.',::ia ::!£ ••••••••••••••••••••••••••••••• 

'Keratclla sp· •• ~ .......... ~ ~ ..................................... . ·1868 
Locane sp ................................................................ .. 
r:,..,th'...tlca s9 ...................................................... .. '2442 1453 
~~~~ 5:9 •• ~ ................................................... .. 623 244 
'.?olyartr~ra ~ ................................................. .. 569 
rroalides sp ............................................................. .. 
Trichocerca ~ ...................................................... .. 
':'richotria ~ •••••••••••••.•.••••••.••..•.•.• 

3304 3528 ( 1382 3700 

I -

RDE. 

no./m3 · 

''l\p1e 

R! . 

no./m3 

23618 

1850 
6857 

34694 
65.3 

5643 

··4354 
9.2 

10~8 

1088 
327 

I 
! 
I 

Dr 
no./m3 

no 
sample· 

6530 I 

lil~ 
~8 
"'it>:! 
::z; " 

000 ., 
NN 
0 .... . , 

" w 



C. RbTI~ERS cont'd. 

U:rD 36cilloides ••••.••••••••••••••••••••.••• 
urD in capsule •...••..•..••..••••••••.••••• 

TOTAr. ROTIFERS ••••••••••••••••••••••••••••• 
<:; OF' TOT.:u. MICRO ZOOPLANKTON .; •••••••••••••••. 

D. TOTAL MICROZOOPLA~~TON ••••••••••••••••• 

~CE R..'\CN 
no~/m3 no./::!3 

1437 

9051 6227 
17.5 16.7 

51720 37356 

... 

; 
( 

RSCE 

no./m3 

2195 
15.6 

14060 

RSCW 

no./m3 

3700 
19.9 

18624 

~----------~----------~-----------'~I--------~ 

RDE R'T !)I 

oo.~3 oo.~3 M.~3 

1850 

10883 

I 
22.9 

I 47562 

I 
I 
I 

l;:[: .... r 
'"O~ 

~r=; 

000 
I ....... 

1\)1\) 

01-' - ....... 
-..I 
W 



( 

GROt;"P 

A. COPEPOD~ 

!'-iauplii .................................................................... . 
cop<=podi tes ••••••••••••••••••••••••••••••••• 
C31~noids ...•.•••••••••.••• · ..• ~ •.••.•••.•••. 
cy(;lOI)oids .......... "._ ...... ". " ........................ ' .............. "I .. 

Harpa .::ticoids ...................... : .................................... : 
VI D cope pods ••••• ' ••••••••••••••••••••••••••• 

'l'OTi,L COPE PODS 0 •••• ' ••••••••••••••••••••••••• 

% OF TOT,',"" l-1IC~OZOOPLANKTON •••••••••••••••• ~ 

B. C"LAf)OCERA."lS 

5')s:-:- i1'1_~: 5~* ................................................................ .. 
r;·:.r.;f.:.£!..in EE ......... " ........................................................ .. 
L"=l)to~~')--=:.5. sp ........................................ eo- .................. .. 

!:b~~ ~~ ............................................................. .. 
DID Clc:dacerans ........................................................ .. 

TOTAL Cr.r"',OOCEHANS •••••• ' ••••••••••• ' ••••••••• '. 

% OF TOTl,!" MICROZOOPLANKTON ••••••••••••••••• 

C. ROTIFERS 

~0chioJ}~~ ~ ••••.•••••••••••••••.•••••••.•• 
<;;'~!:',lcck lla ~ ..•...•.•.•.•.•••.•.•....•..• 
D.i.!.'10 is .. sp ............................ ~ .............................. . 

~~~;a ~i? .............. "".""."""""""""""""""."""." 
E:..ilini.i.-t ~p ........................................................... .. 
L<ell8.k()t.i"t so ....................................................... .. _______ ~ • ...A:.- . 

Keratell£l. ~~ ....................................................... .. 
~~~ S~? ................................... : .................... . 
NClt:--~a: !?£ ....... III .... III .... III .................... III" ............. .. 

P 1?....;:..~:!1~ s:? ............................... · .......... III .. _ ......... . 

PolYilrt11ra ·sp _ ..................................................... .. 
Proal idE:.3 ~ ............................................................ .. 
Tr icl1oC'crC:l sp .......................................................... .. 

Trichotria ~ ••.••••.•••...•••.••••••••.•••. 

, ! _0 I I 

ROSETON-DANSKANME:.:t )1!CROZOOPLANKTON 

RNCE RNCW RSCE RSCI-V-

no. 1m3 no. 1m3 no./m3 roo. 1m3 

8458 10359, 19834 21324 

8185 2971 3411 561 
10004 2871 6585 4096 

26647 16101 29830 25981 
59.2 60.0 62.4 76.3 

13005 32.45 7140 2974 
393 

909 1825 

273 . 

14187 3245 8965 3367 
31.5 ~.32 18.8 9.89 

374 168 

'1182 2122 7.93 393 

1031 

273 874 238 393 

2092 2871 5315 3760 

I 
-----~--

____ ---l 

ROl:' o ~ RI Dr 
no.;'m3 

no 
no./m3 n'6im3 

sample . 23365 sample 

2559 
5897 

31821 
66.7 0 



C. ROTIF£RS cont'd. 

UID Bde lloides •••.•••••••.••••••••••••••••• 
t;I;) in capsule .••••.•••.••••.•••.•••••••••• 

TOTAL ROTIFERS ..••••••••••••••••••••.•••••• 
\ OF TOTAL MICROZOOP~~KTON ••..••.•••.••••• 

D. TOTAL MICROZOOPLANKTON .•••.••••••..••.. 

R.~CE 

no. 1m3 

637 

4184 
9.3 

45018 

RNc\~ RSC"" 

nO./r.\3 no./m3 

1248 1587 

7489 8964 
27.9 18.8 

26835 47759 

. ~ 

RSCW RDE RI 
no. 1m3 no./m3 no. 1m3 

2559 

4714 12239 
13.8 25.6 

34062 47732 

Dr 
no./m 3 

I 

C1 ::: 
t>l:;,
':::I"; :t r-:; . 

o~ 
IN 

I-' w ........ 
0-..1 
-w 



r 

GReLl? 

A, COPEPODS 

~!auplii ............................................... " ...................... .. 
Copcj?'.Jdi tAS .... ~ ........ e' ............... ~ .............. of .............. .. 

(:z::'~r~oids ............................................... " ..................... .. 
CyclopoiC:s .................................................................. "flo 

Earpact~ coids ........ .- .. ; .............................................. : 
VI D Cope,b)ods .............................................................. .. 

TC·T.r~[. COPE PODS .............. ' ........................................... .. 
% OF TOT:,L t-HCROZOOPLANKTON •••••••••••••••• ~ 

B. CLACOCERANS 

B·)~::. i::::"?: ~~ ............................... ' ........... e" .................... .. 

D:-~P~::l~. ~ ............................................. " ." ............... .. 
Le~t:):'!2..E=. ~ ............................................................. .. 
Pl(!llrc..~ E£ ..... " ...................................................... .. 
UID C'..adocerans ••••••••••••••••••••••••••••• 

TOT.lI.L CLA!)()CERANS ••••• ~ ••••••••••••••••••••• 

% OF TOTI·.L HICRCZOOPLANKTON ............... .. 

C. R:Jnr-'E:RS 

:sraC'~:.;~ !! .. '2. ........................... oS ............ 0 ................. .. 

C~Pha ~odel1a !!E.- - ••••.•••.•••••••••••••••••••• 
Q::I)lOJ.s S? ........ It .. " ............................ It ...................... .. 

Elosa sp ..•..••••••.•••.•..••.•••••.••.•••.• 
Filini; -Sp •••••••• :.' •••••••••••••••••••••••• 
-K -1' -'·-t-;-"· e ~e._o l-3. ~ ••••••••••••••••••••••••••••••• 

K·3:rat.ella ~ ................... ., ........................................ ~ 
L.::::::can~. sp,; .................................................................. .. 
Kctl:1l1cC! E12 ••••••••••••••••••••• •.••••••••••• 
? lOef.~011a sp ...... ., ........................................................ .. 
.. pcllyartnr~ ............................... ' ......................... .. 
Prva15.des ~ ............................................................. .. 
'rri ~110c~rca ~ .......................................................... .. 
Trichotria sp ............................................................ .. 

ROSETON-DA~S K.~~~lE <\ .\lICROZOOPLANKTON 

RNCE RNC\'l RSCE RSCi-1 . 

no./m3 nO./m3 ~o./m3 
I 

nO./m3 

67054 65878 42659 58165 

1727 4343 .3245 . 

! 
67054 67605 47002 61410 I 
70.0 84.5 52.4. 65.5, 

20029 6662 39083 26711 

20029 6662 39083 26711 
20.9 8.32 43.6 28.5 

" 

1788 4244 

1727 749 

740 

8708 3208 1788 749 

----.--~ . - --

RDE 
no. 1m3 . 

44122 I 
662 
662 

2868
1 
i 

. 483141 
45.4 I 

47872 i 

6621 

I 
48534 
45.6 

662 I 

1544 

662 

2206 

RI D! 
no./m3 I no./m3 

no 
32,395 sample 

4679 

37074 
64.8-

9718 

9718 
16.98 

I 

.1 
I 
I 

1080 

4679 
I 

_~_--l! ___ ~l 

t:.;. v 
t'l!>' tn,.., 
'"":'1 :::: .. 

OlD , 
'1-' OJ 

1-" 
0 .... 
-w 



RNCE RNCW RSCE 
C. ROTIFERS cont' d. no./m3 no. 1m3 no./m3 

urn Ejelloides .....•.••..••••••.••••..•..•• 
O!D in capsule •••••.••••••••••••••••.•••••• 

T07AL ROT!FERS ••••••••••••.•••••••••.•••••• 8708 5775 3576 
% OF TOTAL MICROZOOPLANKTON ••••••••••.••••• · 9.1 7.21 3.99 

P. 'I'OTAL MICROZOOPLPJ-.!KTON ••••••••••••••••• 95791 80042 89661 

.. 

RSCN 
no./m3 

5742

1 
6.1 

938631 
! 

ROE RI D1 

no./m 3 I no./m3 · no./m3 l 
44121 4679 

9486
1
,' 10438 

8.9 18.2 

l0633~ 57230 

I 

'! 1 ___ 1 

tl c 
t'l> 
'U~ 
8t'l :::. .. 

0\.0 , 
'I-' ()) 

1-" 
O-..J 
~w 



GROUP 

A. COPEPODS 

Nauplii .•••..•••••••••• : ..................... . 
Copepodi tes ............................................................... .. 
Calc:lnoicts ........... ~ ................................... ~ .. 01 .... .......... ~ 

Cy'"clopoids ....................... " ............... ~ ....................... "t.." 

Ha!:l:·d.C cicoids .... : ......................................... ~ ............. : 
UID Copepods .............................................................. .. 

TOTAL COPEPODS .............................. . 
% OF TOTAL t-iICROZOOPLANKTON •••••• ~ ••••••••• ~ 

B. CLi\OOCERANS 

~'l:!,!j r.~ .§1? ............. ~." .............. ~ .............. ~ ................ .. 
D'~E..hni(1. sp ................................................................. .. 
~E.tod(1£'~ ~ •••••••••••••.••••••••••••••••••• 
p l€;uroxu~ sp .............................................................. .. 
urD Cladccerans ••••••••••••••••••••••••• • •• • 

TOTAL CLADOCERANS •••••• , •••••••••••••••••••• 
% OF TOTAL NICROZOOPLANKTON ••••••••••••••••• 

C. ROTIFERS 

SrachiOl1t!S ~ ........................................................... .. 
Ce;::>f>"! lodella ~ ••••••••••••••••••••••••••••• 
~~~.;.lvis sp ... ·"' .................. f ...... " ....................... .,: •• 

El.o~ .~e. ................. ., . # ............................. . 

Filinia ~ ••••••.•.•••.•.••••••.•••.•••.•••.. 
!S,e lle}~oti~< sp ...................... ., .............. . 
Kera tella .£!2. •••••••••••••••••••••••••••••••• 
Lec...:.:i.lle so ...... ~ ........... # ••••• ., ." •• " ........... . -----.....:- . 
Nothulca ~"" ................................. ., ....... . 
l?loesoma ~ ••••••.•••••••••••••••••••••••..•• 
Pol vart!1ra ~ .......................................... " ... " 
P~oD..l.id0.s ~ .... " ................ " ................................... .. 
T::.-ichoccrca ~ •••••••••••••••••••••••••••••• 

Trichotria sp ••••••.•••• ~ .••••••••••.•••.•••• 

ROSETON-DANSKAhHE~,( .<!ICROZOOPLANKTON 

RNCE RNCW RSCE RSCW 

no./m3 nO./m3 no./m3 no. 1m3 

35568 54352· 5143.2 52939 

4368 531 2586 
.8112 1770 8620 2481 

48048 56653 62638 55420 
74.7 71.1 39.5 57.5 

12480 14163 94149 35816 

, 1 
287 

12480 14163 94436 35816 
19.4 .. 17.8 59.5 37.1 

1872 1239 958 1654 

1872 579 

531 

1239 287 248 

2302 287 2730 

----- ---- - ~-~--- - --- --- --~ -

RDE 

no./m3 

43579 

2075
1 3671 

49325 
46.6 

44217 

44217" I 
41.8\ 

1117 

479 

2714 

RI 
no. 1m3 

20733 

924 
6603 

28260 
54.8" 

13602 

13602 
26.3 

396 

924 

·924· 
924 

1321. 

DI 
no./m3 

no 
sample 

1:l 0 
L'l:> 
'0'" 0-3t'l :::: .. 

0\0 
....... 

II-' 
00 

tv ....... 
0-...1 
-w 



RNCE R.~C.i RSCE MCW 
C. ROTIFERS cont'd. no. 1m3 no. 1m3 no./m3 j. no./m3 ., 

OlD Bdallcides •••••••••••••••••.••••••••••• 3541 
urD in c.:;.psulc ••••••••••••••••••••••••••••• 

TO'I'AL ROTIFERS ••••••••••••••••••••••••••••• 
3744 8852 1532 5211 

% OF TOTAL l>1ICROZOOPLANKTON ••••••••••••••••. 5.8 11.1 .97 5.4 

D. TOTAL MICROZOOPLANKTON ••••••••••••••••• 64272 I 79667 1586061 964471 

. . , 

~L '.--4-----1 

RtJE 

no./
m3 1 

7981 

I 
122911 
11.6 

! 
i0583~ 

I 

R! 
:lo./m3 

5282 

9771 
18.9 

51633 

D1 

flo./m j 

I 

__ J 

00 
~;!> 
'08 
8 til :r; .. 

01.0 , , ..... 
ex> [1.,), 

O-..J 
~w 



[ { 

GROt."P 

A. CO?EPODS 

Nauplii •.••••.•••••••••••••••••••••••••••••• 
Copepodi tes,. ................................................. oil ........ ~ ... 

Ca.lc:.r!oicls ........................ s' ........... e" ..... ~ ..... > ............. .. 

Cyclopoids ..................... ~ ................... "s ................... ,.,;.-

Harpacticoids .••••••••••••••••••••••••••••• : 
tJID Copepods .............................................................. .. 

TOTAL COPE PODS ••• ;0' •••• o •••••••• ~oo •••••••••••• 

% OF TOTAL MICROZOOPLANKTON ••••••••••••••••• 

B. CLADOCERANS 

~~~~ ;:;-....e. ................................. e o_ ............................ SO 

D,"!pl-:'!"lic.l EE. .................................................................. .. 
!!.c ... "todora ~ ••.••.••••.••••••••••••••••••••• 
Pleurcxus Sp.'" ............................................................ .. 
UID Clc:.docerans ••••••• 

o 
•••••••••• • •• ••••• •••• 

TOTAL CLADOCEEANS •••••••••••••••••••••••••• o. 
% OF 'lXi'I[,L !>!ICROZOOPLANKTON ••••••••••••••••• 

C. ROl'IFERS 

£E'achi~ sp ........................................................... .. 
CG:-'Lalo~·:=l~ ~ ••••••••• , •••••••••••••••• " • 
D j.:.' _~2.. ~~ .§.E ................................................................ .. 

E~l~~ ~ .. " ............................................... . 
Fili!Jia. sp ..... , ......................... ;. •• - ............... . 
Kellc:}:o_t;2.~ sp_ ................................................ .. 
~0!"a::clla ~ .................... " ............................... . 
LeC01ne ~ ................ " ..................................... .. 
Nothulca sp ••••••.••••••••••.••.•••••••.•••• 
Ploes(~ ~ ....................................................... .. 
Polyarthra .§£. ••••••••••••••••••••••••••••••• 
Proalic1es ~ ••••••••••••••••••••••.•••.•••• , 
:rrici10cerCa ~ ............................................... .. 
~richotria ~ ................................................. .. 

ROSETON-DANSl(.Zl.~-:lolER ,~lrCROZOOPL'\NKTON 

RNCE RNCW RSCE RSCiv 

no./m3 no./o3 no. 1m3 no./m3 

69301 111272. 35014 32462 

340 7924 258 
4779 340 7653 3444 

74080 111952 50591 36164 
75.0 91.4 38.3 47.6 

1·9835 8716 75378 27296 

1151 258 
1673 340 

21508 9056 76529 27554 
21.8 ... 7.4 57.8 36.2 

717 792 203 861 

258 
677 1119 

717 677 
258 
603 

1673 792 474 1464 

.. _------ --- ------- . -~- ---~--- --

--13PE 

no./m3 

24982 

386 
2592 

27960 
32.7 

48529 

I 

I 

3861 

48915 
57.2 

937 

717 

165 
165 
386 

1489 

RI 
no./m3 

22978 

4475 

27453 
70.7' 

6893 
1572 

8465 
21.8 

847 

847 

1209 

Dr 
no./m3 

no 
sample 

00 
t'l::> 
'tI.-'3 
0-3t:.! = .. .. 

010 , ..... 
00 

W, 
0-..1 
~W 

I 

I 
I 
I 

I~ 



C. ROTIFERS cont'd. 

urn 3de lloides •.•••••••.•••••.•.••••••••..• 
urn in capsule .•...•..••..•..•••. , .•••..•.. 

TOTAL ROTIFERS .•••••..• , .•• , .......... ·, .•••. 
% OF TOTAL MICROZOOP~~NKTON ••..••.••.•••.... 

0, TOTAL M!CROZOO?LA~~TON .•.•••••.•••.•••• 

R...~CE RNa'l RSCE RSCW RDE RI DI 
no. 1m3 no./:n 3 nO./m3 no. 1m3 no./m3 ! -... 

no. 1m3 no. 1m3 I 
3183 7750 4798 ! I 

I 
I 

! , 
3107 1584 5214 12313 8657 I 2903 

3,2 1.29 3.9 ( 16.2 10.1 I 7.48 

I 
98695 122592 1323341 76031 85532 i 38821 

I 
! 
I 

I 
I 
! 
I 
I 
! 

~_--l--.,----Il .1 ___ _ 

t:1 ::;1 
t'J> 
'1J ~. 
>-3t'l ::: .. .. 

0\0 
"-
I~ 

CD 
W", 
O.-..l 
-w 



GRCt)'? 

A. ~OPEPODS 

!'.rc.t~.?lii ...................................... __ .. .;. ............................ . 
Cor.:-e~::'!i teS .......... _," .......... ., ..................................... ~ 
ca::lr~oids ....................................... ,_ ........................ .. 
cyc::'o!.:::oic.s ......................................... e' ...................... -

}!3..:r.&pact. i (:oids ............................................................ : 

VI D Copf:p<)ds .............................................................. .. 

'I\ )7AL COPE PODS ••••••••••••••••••• ' ••••••••••• 
% OF TO'l'AL ~llCROZOOl?r..~.I~KTON •••••••••••••••• ~ 

B. CLADOCERANS 

30s:nina. ~ ................................................................. .. 
'!)3:?hrlia .~ ................................................................. .. 
~ar?todo~a sp .............................................................. .. 
~~ ellro>~·J.s S r) .............................................................. .. 
UlD Cladoccrans ••••••••••••••••••• • ••••••••• 

TOTI>TJ CLADOCERANS ••••• ~ ••••••••••••••••••••• 

% OF TOTAL MICROZOOPLANKTON .•••••••.•••.•••• 

c. ROn FERS 

Bl~ac,,"11ionus ~ ..................... _ • e ...... _ *' ... _ .... ' 

CCF~~'llod,::lla ~ •••• ~ ••••.•••.••••.•••.••••••• 
Dir1oi.s sp ••••••• , •.••••••••••••••.••••••••. 
~ sp ........... _ ................. e ............. e ......... " 

Fij.iniz. sp.!' .......... e ........ e" .................... ' ............ .. 

Kelle}~otia sp ..................... e ......... , ..... " ........ .. 

~era te] la ~ •. """""""."" ... """"""""" e ............. .. 

I,!~c:..r e ~ .................. e ......... " ......................... .. 

)l"ot.!-lul~ £1) ... ~ .... e ................... e.- ........................ .. 

P loes"Jina sp ..................... _ ..... _ .. -................. - .... -
Pol yar-chra ~ ••••••••••••••••••••••••••••••• 
t'roaUdes ~ ............................... . 
T-richc.\cerca ~. _ ................................................ .. 

rrriC:'1otria ~ ........................... " ........ e ................... .. 

{ 

ROSETON ... DANSKMDIE~ )1!CROZOOPLANKTON 

RNCE R.l\l'C'1l RSCE RSCt.; 

no. 1m3 no • ./m3· nO./m3 no. 1m3 

19698 11280 29887 29887 
505 ! 
505 6897 3321 

20708 11280 31584 33208 
69.9 55.8 87.8 76.9 

1179 

1179 
5.8 

'> 

505 766 3321 

6229 3367 2554 2554 

766 
766 

505 1788 
766 

2189 1788 

RDE RI DI 

no./m3 no./m3 no./m3 

19733 . 16459 7257 
6035 1887 

575 435 
4406 2377 5370 

24714 24871 14949 
72.5 42.8' 61.0 

575 
I 

3657 I. 435 

I 
I tItI 

~> 
''(1)-3 

I 
I 

>-3t>l 
575 3657 435 ::r: .. 

1.7 6.3 1.8 
I 

I 
01-' 

0 
1'-. 

575 549 I I-' 
1-'<11 
0'-. 
~-.J 

w 

4406 14630 5370 

575 2377 
575 549 

1341 549 435 

1341 1280 435 



C. ROTIFERS cont'd. 

'U::LD Bdelloides •••••••••••••• · ••••••••••••••• 
UID in capsule ••••••••••••••••••••••••••••• 

TOTAL ROTIFERS ........•••••••.•••••.••••••• 
% OF TOTAL MICROZOOP~~KTON ••••••••••••••••. 

D. TO'fAL MICROZOOPL.l',NKTON ••••••••••••••••• 

RJ."CE 
no. 1m3 

2189 

8923 
30.1 

29631 

RNCI.; RSCE 
no. 1m 3 . no./m3 I 

i684 

7745 5108 
38.3 12.2 

20204 41892 

, 

- --~---

RSC'; RDE R! 
no. 1m3 no. 1m3 no./m3 

9692 

9961 8813 29626 
23.1 25.8 50.9 

43169 34102 58154 

DI 

no./m 3 

2903 

91.43 
37.3 

24527 

v 0 I:':l> 
':)...: 
8ril 
:..c: 

Of-' 
o 

I ........ 
I-' 

1-'01 
0 ........ 
--.J 

W 



GROUP 

A. COPE;?ODS 

Nauplii ..••••••••••••••.••••••••••••••••••••• 
Copepodi tes ....................................... '" .............. .. 
Cal.3.noids .......... ~ .......... ~." .................... ' ..... ' ............. .. 
Cyclopoids •.•.•••••••••••••••••••••••••••• _.' 
Ha.rpacticoids .......................................................... : 
urD Copepods ••••••••••••••. , ••••••••••••••••• 

TOTAL COPEl?ODS ••••••••••••••••••••••••••••••. 
% 0:;' TOTAL l1ICROZOOPLANKTON •••••••••••••••• ~ 

B. CLAOOCSRDu.~S 

EO~i(ina E.2 ................................ -.- ............................ .. 
Daphn:'cl sP .................................................................. .. 
Leptodora sp ..•••...•.••••••.•••••.••• ·· •.•• 
Pleuro::t~S sp ............................................................. .. 
UID Clddoccrans ••••••••••••••••••••••••••••• 

TOTAL CLADOCERANS •••••• ~ ••••••••.••••••••••• 
9, OF TOTll.L NICROZOOPLANKTON ................ .. 

C. RCTIl:"'ERS 

~ra ~l1ionus_ sp ....... ,.... .. ............................................ .. 
ccchalodella sP ••••.••••••••.••••••• ·••••·•• 

, - -- -..&.. 

Dip-lois !:-JP ................................. ·- .............. ~ ............. . 
Elosa sp •••••••••••••••••••.•••••••• •••••••• 
F"uin i;--SD ••.•••••••••••••••••••••••••••••.• ------ -"-Kellckotia ~ •• , •••••••• , ••• , ••••••••••••••. 
Kcratclla ~ .••••.••.•. ~., •.•••.•••..••....• 
L~3cane ~ •.. _, •••••..••••••••.•••.•••• ' .•••••• 
?-Jot:::ulca ~ ••••••• ' ........................... . 
Plo~::so:;ta ~ ••• ~ •••••••••••••••••••••••• ' ..... . 
Polyarthra ~ .•••.•••• '" •.••••••••••.••••• ,', 
Proal ides sp., .•••.• · •••. , ••••••••••...•..•.• 
Tr ichocerc<;:. ~., ••••.••••.•••••••••••• , ••••• 
7ric!1otri~ ~ ••••••••••••••.•••••••••••.•••• 

ROSETON-DANSKM1ME.~ i>lICROZOOPLAt-.'!<TON 

RNCE fu~C'VI nSCE RSC'.-1 

no./m3 . . no./m3 no./m3 no./m3 

20897 6022 11464 14441 
313 

843 1146 . 
1776 3613 10662 2699 

22986 10478 23272 17140 
64.6 48.4 81.6 .69.1 

731 361 1490 945 

344 .. 

131 361 1834 945 
2.1 .. 1. 7 6.4 3.8 

I 

731 204:8 802 

6269 7588 2293 4993 

.' 313 361 344 

1776 , 1350 

731 843 405 

! 

I 

-

RDE 

no. 1m3 

13917 
711 
305 

3759 

18692 
44.9 

2032 

2032 
4.9 

711 

11885 

2336 
2336 

305 

'Rr 
no./m3 

5932 

244 
4632 

10808 
73.1-

I 813 

813 
5.5 

i 244 

2438 

244 

244 

Dr 
no./m3 

5211 

579 
579 

6369 
5!.3 

r 
1654 

I 
I 

00 
t::);;> 
'U.-3 
..;It::) 

1654 = .. 
13.3 

01-' 
0 ,,-
I-' 

1\.)0\ 
0'-
--..I 

W 

2481 

248 



RNCE ----- RNCW --- ...... 
C. ROTl?'ERS cont I d. no. 1m3 no./m3 I 

t.:ln Bda lloides ................ ~ ............. . 2090 ! 
UIO in capsule ••..••.•••.•••••.••.•.••..••. ; 

: 
TOTAL ROTIFERS .•.•••.•••••••••.••••••••.••• 11910 10840 j 

! 
% OF TO·r.u, NICROZOOP!.A.>\KTON ••••••••••••••••. 33.4 50.0 j 

D. TOTAL MICROZOOPLANKTON ••••••••••••••••• 35627 21679 
f 

I 
I 
) 
! 

I 
I 

! 
I 

I 

. 

> 

RSCE -. - RSC~'1 

no./m3 no. 1m3 I 
I 

3439 6748 
12.1 27~2 

28545 24833 I 

I 
t 

RD::: R! DI 

no./m3 1 no./m31-~o./m3-
3352 I I 1654 

20925 
50.2 

41649 

3170 
21.4 

14791 

4383 
35.3 

12406 

00 t:J> 
'U'"'l 
1-3t'l :z: •• 

0 .... 
a ., .... 

"'0'1 0' -'-I 
IN 



r 

ROSE'l'ON-DANSKA!>lNE~ ;"'ICROZOOP~lKTON 

GROUP 

A. COPEPODS 

~auplii ........................ ~ ........ e_ ....... " ....................... '. 

Copepodi tes ................ e" .......... " .................................. .. 

RNCE RNCW RSCE RSCN RDE RI Dr 
no./m3 I no./m

3 
no./m

3 
.1 no./m3 no./m3 no./m3 no. 1m3 

12158 . 3287. 15480 14182 11795 5443 6163 
535 1935 494 2377 

Calc:lnoids ................................................. ~ ................ .. 967 561 
Cyclopoids e" ........ e" .... ~' .... " ....................... e" ................. . 1534 2522 6096 7971 7856 3522 
Harp~cticoids ••••••••••••••••••••••• ~ •••••• : 
u:n Copepods .................. e" .......................................... .. 

'l'07AL CO? P,PODS .......................................................... .. 

% OF ':'OTAL HICROZOOPLANKTON •••••••• : •••••••• 

13692 6344 24478 22153 12289 14421 12062 
70.3 35.7 79.4 79.8 75.3 80.0· 43.4 

3. CLADCCERl.NS 

Bos:-nilla ~~ ................................................................. ~ 2293 454 725 729 1409 
Di"t}j1ni.a sp ................................................................... .. 
r,2~r?. ~ ........................................................... .. 

~'::.~~ ~ ............................................................. .. 
CIO Cla.d,,")cerans ............................................... · ........ .. 

tl 0 
1:'1:;' 
";1"; 
~trJ 

TOTAL CLADOCERANS •••••••••••••••••••• • •••• •• 2293 454 725 729 1409 I :J: •• 

% OF 'l'OTAL HI CROZOOPLANKTON ••••••••••••••••• ,,12.9 14.65 2.6 4.1 5.1 

C. ROTIFERS 
0 .... 

BrCtchio,6)US ~ ....................................... . 
C,.::~)halo~:l~1.la ~ ............................... " •• 
Di~~ ~2. .••• " .' ..................................... " 
Elo~.n ..§ ... !2." ........ ~ .. - ....................................... . 

290 103'5 I 880 0 , , 
.... 

wO\ 
0' 

880 I 
• ...J 

w 
Filir.ii<... ~ ................................................. ". 
~~.!.leJ{()t ia ~-e. .......... " ......................... " ........ " 
K.:~:r:~tella ~ .... " ........ " ..................................... ~ .. . 3187 4051 967 3830 2825 1291 6779 
L£:car.: ~3' ~ .................................................... .. 

~:::)tl-;.ulca S? ..... ~ .............................. " " ...... . 
p_~~~ sp ........................................ " .. .. 
r·o!.Y~l-tl:ra sp ....................... II ........................ . 

Pro~J.id(:s ~2 .. ".""." ... "'."" .•.. ""'.".""."""." 
Trichoccrca sp ........... " .... " .............................. . 

354 .. 393 264 
994 290 I· 393 '616 

354 I 494 880 

354 1299 I 2901 706 393 264 
Tricho·tria ~ ................................................... " 

! 



R.~CE RNCW RSCE 
C. ROTIF'ERS cont' d. nO./m3 no. 1m3 no./m3 

urD Bdelloidcs ••••••••••••••••••••••••••••• 1534 2828 
UlD in capsule .............................. 

TOTAL ROTIFERS ••.•••.•.•••.••••••••••••••.. 5783 9172 1837 
~ OF TOTAL MICROZOOPUU~KTON •••••••••••••.••. 29.7 51.5 5.95 

D. TOTAL MrCROZOOPLA~{TON •••••••••••••••.• 19475 17809 30861 

.\ 

--

RSCi'l 

no. 1m3 

4865 
17 .5 

27743 

RDE RI Il: 
no. 1m3 no./m3 no. 1m3 

393 3786 

4025 2863 14349 
24.7 15.9 51.6 

16314 18013 27820 

----"-----:-11-------' 

':j tj 
t;r;~ 
'tI..,: 
""00 ::c 

Or' o , ....... 
r' 

W<" 
0 ....... 
•. ..,J 

w. 



( 

ROSETON-~NS~~~R ~CROZOOPLANKT~~ 

GROUP 

A. COPEPODS 
RNCE RSC:W RNCW RSCE 

no./m3 no./m3 no./m3 no./m3 

Naupl ii ............... ~ .................................................... .. 
CO!?,,;:p<)ci tes ...... ,. ... ;. ...... ~ .. ,. ........ ,. ............................ .. 

3541 409 3135 691 
1239 

Cal.:lnoids .. : .................. e' ......................... ' .................. ' 1771 784 987 
Cycl()poids ................. ,;, ........ ,. .... " ..................... e' ~ ...... e'" 409 549 1944 
Harpacticoios .•.•••.••••••.•.•....•.•••••.. : 
DI D Copepods •••••••••• , ........ ~ ••••••••• ',' ••• 

TOTAL CCPEPODS •••••••••••••••••• ' ••••••••• " •• 
% OF TOTAL M!CROZOOPLANKTON •••••••••••••••• ~ 

6551 818 4468 3652 
27.2 6.4 40.5 30.8 

B. CLADOCERANS 

Eo.:E!~~ ~ ................ ,. ~ .. ,.'., .... ' .... ,. ..... :,. .......... ,. ........ ,. 531 955 1567 296 
D~phn~~ ~~ .............. ,. .................................................. .. 
I .. el)toco!.:' a ~ ............ ,. ....................... ,. ...................... .. I 
Pleur()xus EE ........ ,. ................................................... " , 296 
UID Cludocerans .................... ,. ...... ,. ... ' ..................... .. 

T01'AL CLADOCERANS ••••• ~ •••••••••••••••••••• '. 531 955 1567 592 
% OF TOTAL MICROZOOPLANKTON •••••••••••••.••• 2.2 ).38 14.2 5.0 

C. "to'rIF 'SRS 

kac!1ionus so .. ;, .................................................... . 
-.-- --Cepha lode lla. ~ ••••••.••••••••••••••••• '.' •••• 
.Dit;·lois ~.,~ ........... ., ............................... . 
Elosa ~,., ........................................................... .. 

1239 I 
I 

Fil·i~1i·'S. .sp .................................................. . 
Kellekotia 2 ... , ........................... . 
Keratella ~ ............................................. - _ ..... .. 11155 7231 2900 3938 
~~~'.,~ .§.2. ............... : ....... " ................................... .. 
r-:(:It:-:.ulca ~e .... " ..................... ;. ............................. .. 235 
P loeso::1a .§J2. ................................................. .. 531 
PolYC1.rt!1ra E.e,._ .................................................... .. 1239 1774 549 1648 
Proalic.es ~ .......................................... - ...... .. 
Trichocerca 2.l? •••••.••..••••••.••••••••••••. 409 
_T_r_i..;c..;r..;.o;;...;.t;;;r;..;:i~a ~ ..................................................... . 

RDE 

no./m3 

2415 

2415 
16.3 

, 

I 
I 

I 
5016 

I 

I 
1300 

RI 
no./m3 

322 

1014 
'2900 ' 

4296 
43.0· 

752 

752 
,7.5 

3222 

DI 
no./m3 

769 
169 

1308 
1769 

4615 
41.1 

231 

231 
2.05 

3846 

538 

00' 
t'» "'.., 8~ ::: 

ot-' 
t-' 

I ....... 
t-' 

t-'lV 
0 ....... 
--..J 

W 



RNCE RNC.W RSCE 
C. RO'l'U'ERS cant' c. no. 1m3 no. 1m3 no./m3 

531 1364 549 
UZD B..:1ellcidas ••••.•.•••••••.• #0 •••••••••••• 

2302 409 784 U1D in capsule ••••••••••••••••••••••••••••• 

TOTAL ROT:::;:ERS ••••••••••••••••••••••••••••• 16997 11187 5017 
% OF TOTAL MICROZOOPL.l!;NKTON ••••••••••.••••• ' 70.6 86.3 45.4 

D. TOTAL MICROZOOPLANKTON •.••••••••••••••• 24079 12960 11052 

'> 

RSCd 1mE 

no./m3 no./m3 . 
296 5573 

1678 557 

7600 12446 
64.2 83.8 

11844 14861 

RI 
no.!m3 

1396 
322 

4940 
49.5 

9988 

D1 
no./m 3 

1769 
231 

6384 
56.8 

11230 

00 
r-:.;:. 
'0"; 
",ttl :z: •• 

0 ..... ..... 
......... 

..... 
..... 1\) 
0 ........ 
-""-1 

W 



( 

GROCP 

;... COPE PODS 

Naupl ii ..•••..•••••••••••••.••••••••••.••••• 
Copepodi ::cs •••••••••••••••••••••••••••••••• 0 

Calanoi <1::; •••••••••••.•• ,.' ••••.••••••• ~. '0 00 ••• 0 

Cyc:lopCllic!s ••••••••. ' .......................... . 
Harpac:ticoids •••••••. ' •••••••••••••.•••• 0 ••• : 

or 0 Cepe pods ••••••• ,.' ••••• " ................... ,. 

TOTA L COPf;PODS •••••••••••••••••.••••••••••••• 
41 OF 'rOTA.! .. MICROZOOPLANK'rON ••••••••••••••••• 

B. CLADOCERJI.IIS 

90$;1I\in4 :§:l2. •••••••••••••••••••••••••••••••••• 
J)aphnilt sp .••••••••••••••••••••••••••••••••• 
~ep""tOior d" p.' •••••••••• ~ ••••••••••••• ' ••••••• 
!J..wro~!. sp .....••..•. " ...•...•••...••....•• 
Orl) Cle.doc:;crans ••••••• · ••••••••••••••••••.••• 

TOTl~. C~DO~RANS ••••• · •••••••••••••••••••••• 
.. OF '1'O'l'AL m CROZOOPIANKTON ••• , ••••••••••••• 

C. RO'l'IFERS 

Brach.lonus ~ •••.••••••••••••••••••. " •••••• 

s..~J:l!t.lodellll .eE.~"""""""""""""" 
Dip~~i.s c'"' ..•..••.••••••••• · .•••••••• ,· .••••• 
E~o~a . _0:5:? •••••••••••••.••••••••• ~ •••••••••••• 
pl.l1l\1.1l ap •••••••••••••••••••••• • ••• •••••••• 
Ket"14ikOtia ~ .•.••...••••••.•.•••..••••••••• 
Keret..ll~ sp ..• e •••••• ' ................... e ••• 

l.,ce«ne ~ ••••••••••••••••••••••••••••••••••• 
No1;h~.\.ei1 "p .••••••••••••••••• e e' •••• e ••••• ' ••• 

~n;; ~ .. e •••••••••••••••••••••••••••••• 

Po1.Y4l:'tht4 ~ •••••••••••••••••••••••••• e •••• 

,r.oOli4Cts ~ .••••• e ••••••••••••••••••••••••• 

Tr. i<::hoetrca ~ ••••••••.••••••••••• e •• e •••••• 

'Triehotria sp •••••••••.••.....••••..•••••••• 

ROSETON-DANSi<Al·:;.1E3. ~\IICRCZOOPLANKTON 

RNCE RNCW RSCE RSet" 
no. 1m3 no./m3 no./m3 no~/m3 

1453 '1382 2032 1960 
152 457 

244 1676 653 
569 660 2612 

1453 2195 4520 . 5682 
15.1 19.4 46.3 60.4 

244 I 1016 I 653 

196 

244 1016 849 
, 2.1 10.4 9.0 

~. 

" 

6369 6745 1524 ,1502 

335 

335 569 152 457 

244 152 

RDE RI DI 
no./m3 no. 1m3 no. 1m3 

1959 834 789 
509 254 139 

254 139 
118 363 789 

2586 1705 1856 
40.5 56.0. ·37.7 

392 254 464 

118 
0'.:7 
rt:;>o 
r:J..::i 
>'31:'7 

510 254 464 ' ::::: .. 
7.98 8.3 9.4 I 0 .... .... 

I I' .... 
I t>.)t>.) 

139 0' 

I 
--..I 

IN 

I 

1450 726 1718 

139 
274 '139 
666 325 

109 
I 
I· 



C. ROTlFERS cont'd. 

UID Bee lloides ..•••..••.. ' .••.••••••.••...•. 
ulD in capsule ••..••....••..••••.••••.•.•.. 

TO'l'AL ROT I PERS •••.••••.••••••••••••••.••••• 
% OF TOTAL MICROZOOPLANKTON •••.••••••••.•••. 

D. TOTAL MICROZOOPLANKTON •••••••••••••..•• 

R.,\lCE 

no./m3 

1117 

8156 
84.9 

9606 

RNC'll 

no. 1m 3 

569 
·813. 

8940 
78.6 

11379 

RSCE RSCW 
no./m3 nO./m3 . 

I 863 457 
1524 457 

4215 2873 
43.2 30.6 

9751 9404 

RDE R! 
3 I· no./m3 no./m I. 

392 I 254 

509 I 
3291 1089 
51.5 35.7 

6387 3048 

Dr 
no./m 3 

139 

2599 
52.8 

4919 

____ J 

00 t'l:.
'118 
~ttl 

0 ..... ..... 
I ....... ..... 
NN 
0 ....... 
--...J 

W 



r r f 

ROSETON-DANSKAMME~ :'IICROZO::lPLANKTON 
G:~.m.1P 

.RNCE R.,'liOl RSCE RSCi'l RDE RI Dr ~ COPEPODS I no./m
3 

, .. 
no./m3 no./m3 no. 1m3 no./m3 no./m3 no./m 3 

Na1Jplii .• ,. ................. : ..... " ......................................... 1567· 413 1463 604 1402 1089 736 
Copepodi tes ....... ~ ....... ;"," .................... '~ ............ ~ ........ 580 325 289 258 
Cz:l.:lnoids ........................ ' _ .... e" .............. .-' ..................... 3077 486 3793 2183 67 888 625 
Cyclopoids ••••••• ~. ~ '.' ................ " ......... ~ 755 316 2546 3390 1086 1103 
Harpacticoids ............................................ e' ............. 

tlID Cope[.JCds ......................... e' .................... ' ......... 

TOTAL COPE90DS ............................... ~ 5979 1215 7802 

1

6502 1758 3063 2722 
% 0:2 TO':'.:!'L lolICROZOOPLANKTON ••••••••••• ,; ••••• 41.9 34.1 49.6 59.1 36.1 68.4 44.3 
B. CL1,OOCERlI.NS 

B:')smir,a sp •••••• ~ ................ ~ •••••••••••• 1161 316 I 2005 789 289 329 368 .!2:.~phnid ~~ ....................................... " ........................ 
L.:.!~~..::·:1ora. ~E." ................................................................ 
?le'!!'ox',.ts ~ ..................... " ............... ., 00 
UID Claaocerans ..... " •••• ,,"._ ................... r-::> 

'::I"" ~~ 
TOTAL CLAOOCEPANS ••••••••••••••••••••••••••• 1161 I .. 316 2005 789 289 329 368 
% OF TOTAL NICRpZOOI'LANKTON ••••••••••••••••• 8.1 . ...a. 8 12.8 7.2 5.9 7.4 6.0 0· .... ..... w, 
C. ROTH'ERS 0 .... 

-t-.> , 
Bro1.c!1.ionus .~. _ ............... " • __ ... _ ........... I 11858 L -.J 174 99 110 IN 
Cephalodella ~ ......... ' ........................ " • 
p_i_pl-_'? i:; ~.'E."." •••••• " •• ". - ....... " .............. " " ..... 
Eloca ~)r) ..... " ......... •• -0 ................ ~ ................. 
Fil inin. sf) .. "" .... " ........... _ .............................. ' .,. 
Ke 11 ,~;£.~l.~ sp ••••••••••••••••••••••••••••••• 
~tcllt~ .§E. ........................... " • • ' ................ 4644 1870 3793 1936 888 2096 
L0;:ca~:~ sY' ................................. " _ ................... " • ---;;...;,...... 
Nctl~l.ll~ ~ ................ _ .. __ ..................... _ ....... 406 : I 139 I 110 P1oeso!:w. fro .•..•..••....•..........•....... 174 163 67 99 
Polyarthra ~ •••••••••••••••••••••••••••••• ; 755· 139 156 
Proalic.es !!E.-. - ...... - .......... - ••• - ................... 
Trichocerca ~ ... " ..... _ ................................ " .. 
Tr ichotria sp .................................... _ ...... " • 

163 67 

l L ~ __ J 



RNet; RNCI'! RSCE RSCN 
C~ ROTIFERS cont'd. no./m3 no./m 3 no. 1m3 no. 1m3 

UlD Bdelloides •••••••••••••••••• , •••••••••• 580 1084 789 
UlD in cafsule ••••••••••••••••••••••••••••• 406 170 704 789 

TOTAL ROTIFERS ••••••••••••••••••••••••••••• 7139 2040 5907 3714 
% OF TOTAL NlCROZOOJ?L.~"IK·rON ••••••••••••••••. 50.0 57.1 37.6 33.8 

D. TOTALMlCROZOOPLA~~TON •••.••••••••••••• 14279 3571 • 15714 11005 

'" 

~ 
no./m 3 

378 
223 

2827 
58.0 

4874 

R! D! 
·-----~~~-r --~- . I no. 1m 3 I r.o./m3 

1086 
24.3 

4475 

I 257 
, 478 

I
· 3051 

49.7 
I 
I 

I 6141 

I 
I 

I 
I 

I 

1 

I J . I . --

o v 
t': ::
'O--'l 
~t'l 

O~ ..... w, 
0 .... 
-t-.) , 

-..l 
W 



( 

GROuT' 

A. CO?EPODS 

t'-!aup.l ii w ........................................ -- ............................ .. 

Cop~podi tes .............. o ................... :co ............................ .. 

cc.,li:'I"!.oids .................................................................. :-
cyclopoids ................................................................... .. 
Harpact:'coids .................... " ....................................... : 
U::: D Cope pods •••••••••••••••••••••••••••••••• 

':'OTl'.:::' COFEPODS •••••••••••••••••••••••••••••• 
% OF 'l'~T,\L HICROZOOPLANKTON ••••••••••••••••• 

B. CI.ADOCt:RA.\!S 

Ec·.::--;rrir:.;:~ sr.'" .............................. " .......... "co .................... .. 

D~~1:>1\;1iu ~ ............................................................... "co .. 

Leptooo.::a ~ ......... _ .................................................. .. 
~lcuro~~ 5p ............................................................. .. 
urD Cladocerans ..•.•••.••.•••••• • ••• •••·••·• 

TOTAL" CLADOCERANS ••••• " •••••••••••••••••••••• 
% OF TOTAL mCROZOOl?L.1lliKTON ••••••••••••••••• 

C. ROTrFERS 

3rachionus so ........................................................... .. ----_._- ---
9~phalodella ~ ................................. . 
Di.olcis sP •••••••••••••••••••••••••• •• •• •• •• 
----- --=--
Elc:",:a sr.) ....................... ~ ••••••••••••• ---"- --.... / 

Fili!1io:..1. ~ ................................................... " • 
Ke 11ekotia E£. •••••••••••••••••.••••••.•••.•• 
Kc~atclla ~ ................................................ .. 
~eca!1e. ~~ ................ , .................................. . 
1-!0t~1ul:::.~~ SD ........ __ ................................... .. ------ ~~ 
:E' lO·3:so.1-:'1~ ~.p .................................................. .. 
Polyartr..ra ~ ...... " ....... " ................. " ....... . 
ProCllici:s .~ .............. ,," .............................. .. 
~cr.l.occ~ ~."""." ...... ~ .............................. . 

~ch.9t"ria ~ •••••••.•••••••••.••..••..•..•• 

{ 

ROSETON-r;.;~SK.;;·::·2:' _·:IC~OZOOPLANKTON 

RNCE 

no./m3 

2075 

1118 
479 

3672 
23.2 

1118 

1118 
7.1 

1597 

6865 

·479 

479 

R., .... C-l. 

no./r.r: 

1524 

I 
1524 
13.2 

653 

653 
.5.66 

I 1524 

4354 

2177 

653 

I 

RSCE 

no./m3 

1829 

1829 
'l.0 

1829 

1829 
7.0 

784 

119071 

·784 
1829 

RSC"w 

no. 1m3 

601 

601 
15.8 

2604 

ROE R! 
no./m3 I".o./~3 

1585 2554 

1585 

3170 2554 
13.6 10.6 

679 

11788 

679 
l321 rom I 679 6897 

2943 i 766 

DI 
:",0./1:13 

1167 

6612 

7779 
24.4 

1167 

1167 
3.7 

. 3890 

1

1167 
5057 

110502 

i 1167 
i 
I 
I -

t::l C 
~>' 'tl'" >-3t<: 
:I: " 

0 .... 
,I\> ........... 

0 .... 
-I\> 

....... 
-.J 
IN 



C. R01'IfERS cont'd. 

UIn E.:i"'lloides •••••.•..••.•••••••••••.•••.• 
urD in capsule •••.•..•••••••••••.••.••••••• 

TO'rAL ROT!FERS ••••••••••••••••••••••••••••• 
% OF T07AL NICROZOOPLANKTON ••••••••••••••••. 

D. TOTAL MICROZOOPLANKTON ••••••••.•••••••• 

.r 

R..~CE R."lC'l 

no./m3 no. 1m3 

1597 653 

11017 9361 
69.7 81.1 

15807 11538 

RSCE RSCN 
roO./m3 no. 1m3 

601 

22468 3205 
86.0 84.2 

, 26126 3806 

I 
! 
I 
I 

I 
I 

I 

RDE RI Dr 
no./m3 no. 1m3 ';::'1 I no./m 

3849 1788 \1167 
0150 21457 22950 
86.4 89.4 71.95 

3320 24011 i 31896 

I 
I 

I 
I 
I 

00 I t:l~ , 
'0.., i .-:Jt::l 

I = .. .. 
I 

01-' I II\;) 
I 1-', 

01-' 
-I\) , 

""" w 

--.I-~IL--

( 



r 

GROUP 

A. CC?EPODS 

;!au!)11i ........................ ~ ............................................ . 
Ccpe};>Oci tes .................................... -_ .......................... . 
cal.::noids .................................................................... .. 
cyclcpoids •••.• ~ 0 •••• :~ ••• '.' •••• ~.~ ••••••••• 0.' 

Ha~pacticoies ............. ~ .................. : 
UID C(jpepods ..................................... ,.; ...... ~ .............. ~ 

TOTAL CO~E?ODS .......................... • •••• 
% 0 P 70~1'.L }~I CROZOOPI..A!>ti('l'Ol~ •••••• 0 ••••••••• ~ 

D. Cr..'·'.DOCEP.l\:.~S 

B"-;:'3r1:'na ~ ........ e· .............................. :. ........................ .. 

D~pnnia sp •••••••••••••••••••••••••••••••••• 
L-eptodvr~ ~ ................... 0 ......................................... ; 

~~~~{~ sp ............................................................. .. 
urn Cladocerans ••••••••••••••••••••••••••••• 

TOTAL CLAQOCERA."lS •••••••••••••••• ; •• · •••••••• 
% OF TOTAL HI CR0200PLllliKTON ••••••••••••••••• 

C. ROTIFERS 

3rachionus ~E.."""""". 0- .' .................... " ............ ~ ~ 
. Ceph·.'lloClc.1.1.'l ~ •••••• ' •• " .................. .. 
Di:):'ois sp •••• " .... ~ ....... " ............ " .. "" ... " ...... -- .... .. 
Elcsa so .••.••••••••••••••••••••••• • ••• •• ••• ------"-Fil i:'lia sp .................................................. . 

. Wi~tia ~ .:~ .. ' .......................... . 
Kcra te lla ~ ................................... 0 ........ .. 

LeC.;l.nl~ ~ ....... " .................... "" .................... " 
!'~otl11;1(~.i3. ~ ........... ,,' ................. " ..... " " .. " ..... .. 

P 1 oe3c::n·:"I. ~ .... ' ............. " ...... " ........ "" ...... " .... " .. " .. 
polyart....'1ra ~ .. " .. "' ........................ " ...... " .... " ........ " .. 
Proal id€:s ~ .................... " " ............................... " .. .. 
TricI':.occrca ~ .. " .... " ........... " .... "" .. "" ................... " 

Tri.chot:r;ia ~""""."."""""""'.'.'. 

ROSETON-D~Si\A.~!E~~ )o~CROZOOPIA.w.<TON 

R."lCE 

nO./m3 

1625 

1138 
1138 

:3901 
32.4 

1138 

488 
··3738 

1138 

488 

RNGI 

no.lm:; 

93.5. 
401 

401 

1737 
8.7 

~ 

l3~5· 

401 
10681 

2270 

1335 

RSCE 

no. 1m3 

3004 

3918 
914 

7836 
25.7 

1306 

1306 
4.3 

30q4 

392 
13975 

1306 

914 

RSCii 

no. 1m3 1 
2804 I 

366 
366 

3536' 
18.7 

366 

366 
366 

11824 

8.53 

1219 

R!)E 

no. 1m3 

3037 

1321 
396 

4754 
17.5 

1320 

1320 
4.85 

22.45 

924 

13602 

1717 

R! 
no./m3 

1059 

742 

1801 
11.1-

318 

318 
1.95 

1801 

. 6674 

3920 

I 

CI 
no./r:J.3 

6130 

1300 

7430 
26.3 

2415 

I 

2415 I 
8.6 I 

1857 

557 
7987 

4272 

I 

1717 742 " 13J 

co 
t::> 
'0'"' 

~~ 

0 .... 
N ., .... 

NN 0' 
-~ w 



RNa.; RSCE ,.. R~IFERS cont'd. r.o./m~ no./m3 ..... 

uro S.::.ellc.idas ................................ 2270 1998 
\,;In ·i~ capsule ......... " .... , .......................................... 

TOTAL ROTIFERS .•••••.•••••••••••••••••••••• 8128 18292 21289· 
\ OF TOTAL ~~CROZOOPLANKTON •••.•••••••••••• · 67.6 91.3 69.96 

D. TOTAL MICROZOOPLANKTON ••••••••••••••••• 12029 20029 30431 

" 

.. 

RSCN RDE R! 
no. 1m3 no./m3 no./m3 

366 924 1059 

15360 21129 14196 
81.3 77.7 87.0 

18896 27203 16315 

or 
nO./m3 

2415 

18388 
65.1 

28233 

00 
t-:l::' 
!oj>,> 
";:'3 :.: .. 

01-' 
IIJ 

1'
I-' 

IIJIIJ 
0'-
-..J 

tAl 



{ { ( r 

GROUP 

A. CO?El?ODS 

~!at:!plii ....................................................................... .. 
Copt::podi tes ................................................ -............... .. 
cal~noid£. ................................................. ' ................... .. 
Cyclopoids .............................................. :,. .................... . 
Harpacticoids ................ ~ ............................. ; ............ : 
UID Copepods .............................................................. .. 

TOTI .. L COPEPODS ......................... " ••••• 
% OF TOTAL MrCROZOOPLANKTON •••••••••••••••• ~ 

B. CLADOCERANS 

Bos:!'; i ~ .sp .................................................................... .. 

D;:?~0.i{ .. ~ ..................... , .................................... """"" 
~Lept{.I,Jora ~l2..""""""""""""" .................................. .. 
Plet!t"o}:us sp .............................................................. .. 
UIC Cladocerans ••••••••••••••••••••••••••••• 

"r'O'I'I,L CLl,DOCERANS •••••• , ••••••••••••••• ~ •••• 
% OF, TOTl,L ~IICR0200PLANKTON ••••••••••••••••• 

C. ROT HE H::; 

~rach5~ ~'2." .................. " ........................... . 
C;;phalodella 212: .••.•••••••.•••••.•••••.•••• 
~'::';'..s,5.s :';"=2 ...... 'If_ '!' .," ........................................ . 

Elos~ so ................................ . 
Fili;i~sp .................................................... . 
~.:.:2.]~(~otia sp ............................. 'O .... -.... .. 

Kr;'l"·'ltQ].la ~ ..... 'O ............................................ .. 

L·Qcar~e ~ .. ".""".""."."" .- ................................ . 
!:\othul(:a .§J.2 ..................... - ......................... .. 
Ploesor:"L.:t ~ ......................................................... . 
~~~~ sp .................................................. .. 
Proalide~ sp ....... ,. ........................................... . 
'l'riC:10CC.t"ca ~ .............................................. .. 

Trichotria ~ .................................................. .. 

ROSETON-Dl\NSK;u.l!-lE~ :;lICR0Z00PLANKTON 

RNCE RNCt-l 

no./m3 no./r.13 

4257 342 

745 
799 

5002 1141-
20.4 9.0 

'. 

3938 1941 

1064 342 
12026 4224 

1809 2283 

319 799 

RSCE 

no./m3 

1678 

1678 
296 

3652 
12.6 

987 

987 
3.4 

3947 

987 I 
11842

1 2961 

3651 I 

MCW 

no./m3 

1587 

1349 

2936 
15.5 

1349 

555 
11662 

555 

555 

RDE 

no./m3 

2341 

351 
351 

3043 
19.8 

819 

819 
5.3 

1522' 

351 
351 

7375 

819 

819 
I 
I, 

RI 
no./m3 

2612 
290 

2225 

5127 
26.9-

290 

290 
1.5 

677 

6482 

,5515, 

~ 

I 
I 
I 

I 

Dr 
. 3 nO./m 

1161 

.813, 

1974 
13.3 

1161 

1161 
7.9 

1509 

4644 

~831 

00 
t:l> 
'C~ 

~t-: 

0 .... 
t-.) 

I' .... 
wt-.) 0' '4..., 

W 



R..~CE R,\!c..; 
C. ROTIPERS cont'd. no. 1m3 no. 1m3 

UID Bdelloidas ••••••••••••••••••••••••••••• 319 1941 
UID in capsule ••••••••••••••••••••••••••••• 

TOTAL ROTIFERS ••.•••••••••••••••••••••••••• 19475 11530 
% OF TOTAL MICROZOOPLANKTON ••••••••••••••••. 79.6 91 

D. TOTAL l-lICROZOOPLA.lIf..<TON ••••••••••••••••• 24477 12671 

-I 
I 

RSCE MCW 

no./m3 no. 1m3 

987 1349 

24375 16025 
83.9 84.5 

29041 18961 

RDE HI DI 
3 3 3 -r 

~.~ ~.~ ~.~ 

351 967 1509 

11588 13641 
75.0 71.6 

15450 19058 

11493 
78.6 

14628 

--

00 
t'l> 
-U":l 
8t'l 
0:: .. 

0 ..... 
t.) , ....... ..... 

wt.) 
0 ....... 

• -..1 
W 



APPENDIX 111- C 



APPEND I X I II -c 

ROSETON/DANSKAMMER POINT 
1973 

MACRO Z OOPLANKTON 



• 
• 
• 
• SA!fPL:ES . ' 

• 
-·0900S1 

1100S1 
~ .• 
-e 

• 
• 
• 
• 
• 
It 

• 
- .' 
~. 

-. 
i 
\ ., • 

• 
• 
f 

VOLUITE 
SAI1PLED 

(M*3) 

MAQ·RO ZOOPLANKTON 

APRIL 11, 1973 

I:OCATIOl-r : RDli 

Ar1PHIPODS 
PER 

1000 M*3 

0.0 
502.9 

DIPTERA 
PER 

100011*; 

0.0 
0.0 

OTHERS· 
PER 

1000 t:l~3: 

0.0 
0.0 

TOTAL 
PER 

1000 M*3 

0.0 
502 .. 9· . 

, 
. ! 

I 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
~ 

S.A}1PLES 

093331 
115031 
1209111 
1340M1 
180831 
202831 
2044M1 
2257M1 

VOLID,IE 
SAMPLED 

(M*3) 

263.9 
200.3 
210.9 
186.1 
160.2 
160.2 
177.9 
276.9 

MACROZOOPLAlTKTON 

VJAY 10, 1973 

LOCATION: RD\,/ 

AHPIIIPODS 
PER 

1000 M*3 

515.4 
0.0 
9.5 

37.6 
6.2 

1897.4 
1506.5 
5100.2 

DTPTERA ..•. 
PER 

1000 f1*3' 

7.6 
0.0 
9.5 

37.6 
0.0 

62.4 
129.3 
281.7 

OTHERS 
PER 

1000 M*3 

3.8 
10.0 
0.0 
0.0 
0.0 
6.2 
0.0 

108~4 

TOTAL' . 
PER 

1000 11*3 

526.7 
10.0· 
19.0 
75.2 
6.2 

1966.0 
1635.8 
5490. :; 

i 
, I 

~ , , 

-
I , , 

.1 

-T 
, 

-I 



• 
• 
-. S.AI-IPLE3 

-- 1010S1 
101031 

• 162031 162051 . 
202531 

• 202531 
-,- 2325S 1 

2325M1 . .- . 

• 
• 
-. 
-. 
_e 

• 
• 
• 
• 
• 
• 

VOLID-m 
SAMPLED 

(M*3) 

164.9 
69.5 
60.1 

176.7 
31.8 
47.1 

169.6 
169.6 

MACRO ZO 0 PLAl'TKT ON 

MAr. 22, 1973 

LOCATION: RDvl 

AMPHIPODS 
PER 

1000 M*3 

0.0 
14.4 
0.0 

316.9 
157.2 

4520.0 
6254.2 
3253.8 

DIPTERA 
PER , 

1000 M*; 

.. 
0.0 

14.4 
0.0 

50.9 
660.2 

3756.0 
265.3 
76.6 

OTHERS 
PER ", 

1000 M*3' 

, 0.0 
0.0 
0.0 

96.2 
503.0 
106.1 
58.9 
17.7 

'TOTAL 
PER , 

1000i1*3' ' 

0.0 
28.8 
0.0 

464.0 
1320.4 
8382.1 ' 
6578.4 
3348.1 

! 
i 
! ~ 
I 
I 

i ~ 
I 
I 
I 
! ~ 

: ' ~ 
! 

I' 

I 

, 

! 

i 
\ 



• 
• 
• 

·0148S2 
0148~1 

.0230S1 
0556M1 
0556111 

e0619B1 
0619:91 
Oa09S1 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

VOLUME 
SAMPLED 

(M*3) 

67.1 
268.6 
196.7 
189.7 
189.7 
156.7 
156.7 
214.4 

MACRO ZOO PLANXTOn 

MAY 23, 1973 

LOCATION: RD\', 

AMPHIPODS 
PER 

1000 11*3 

3112.6 
2103.4 
5809.6 

26.4 
152.9 
146.8 

1040.3 
0.0 

DIPTERA 
PER 

1000 I1*3 

804.2 
800.4 
350.7 
52.7 

195.1 
0.0 

153.2 
0.0 

OTHERS 
PER 

1000 r·1*3 

1057.4 
714.8 
340.5 

26.4 
31.6 
0.0 
0.0 
4.7 

TOTAL 
PER 

1000 M*3 

4974.2 
3618.7 
6500.9 

105.4 
379.6 
146.8 

1193.5 
4.7 



• 
• 
• 
• -. -. 

-e 
_e 

• 
• 
• 
• 
e 

• 
~. 

-. 
-e 
_e 

• 
• 

• 

SAMPLES 

182031 
1820M1 
182''''H1 
212431 
2124r·11 
221031 
2210S1 
22101:11 
234731 
23471·11 

VOLUME 
3Al·!PLED 

(M*3) 

147.3 
162.6 
179.1 
230.9 
169.6 

.190.9 
174.4 
129.6 
181.4 
149.6 

MACROZOOPLA1~ON 

JUNE 7, 1973 

LOCATION: RD~i 

A1-1PRIPODS 
PER 

1000 W<-3 

0.0 
756.6 
759.5 

6500.4 
10728~2 
3961.2 

. 12164.6 
3117.5 
3009.5 

0.0 

DIPTERA 
PER. 

1000 H*3 

0.0 
387.5 

22 .. 3 
298.8 
70.7 

282.9 
229.4 
216.1 
66.1 
0.0 

OTHER$ 
PER ., 

1000 M*3 

0.0 
49.2 
22.3 
86.6 

.. 58.9 
152.0 
154.9 
15.4 
33.1 
0.0 

TOTAL· 
PER 

1000 M*3 

6~0 
1193.3· 
804.1 

6885.9 
10857.9 
4396.1 

12548.8 
3349.0 
3108.7 

0.0 

I· 
I 



• 
• 
• 3Al·m,E3 

• 
• 021231 

021231 
• 0345l!1 o 345r'11 

0626S1 
• 094631 

094631 
1020N1 • 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

VOLID·!:;:'; 
SAr·lPLED 

(n*3) 

219.1 
168.5 
302.8 
176.7 
205.0 
238.0 
252.1 
283.9 

MACROZ001)LA}m:TOl'f 

JUNE 8, 1973 

LOCATION : RD~'l 

AMPHIPODS 
PER 

1000 H*3 

10852.2 
7971.8 

33028.2 
12494.7 

1292.7 
21.0 
0.0 

521.3 

DIPTERA 
PER 

1000 r1*3 

1912~1 
682.6 
42.9 

345.2 
4.9 

12.6 
0.0 

14.1 

OTHERS 
PER 

1000 1-1*3 

383.3 
160.3 

0.0 
215.0 
14.6 
0.0 
0.0 

14.1 

TOTAL 
PER 

1000 M*3 

13147.7 
8814.7 

33071.1· 
13054.9 . 

1312.3 
33.6 
0.0 . 

549.4 

I 
I 

- , 



• 
• 
• 

-e 

-e 

-e 

• 
e, 

e 

• 
• 

~ '. -. -. -. -. 
• 
• 
• 
• ,. 
• 

SM'II'LES 

0925M1 
1205S1 
145331 
14531-11 
0925S1 

VOLtJr.m 
, SAMPLED 

(M*,) 

110.7 
181.4 
49.5 

131.9· 
201.5 

MACROZOOPLANKTON 

JUNE 19, 1973 

LOCATION: RD'f,>l 

.AMJ?HIPODS 
FER 

1000 1-1*3 

2203.3 
0.0 

40.4 
6123.7 

5.0 

DIPTERA . 
PER 

1000 M*3 

180.6 
0,,0 
0.0 

181 .. 9 
5.0 

OTHE~3 
PER 

.1000 M*3 

. 451.5 
3770.1 
4991.9 

303.2 
49;.4 

TOTAL 
PER 

1000 M*3 

,,2835.4 
3770.1 
'5032.3 
6608.7 

501.4 



..... 
MACRO ZOOPLANKTON 

• JUNE 20, 1973 

• LOCATIOll : RDVI 

• SAl1PLES VOLUNE AJTPHIPODS DIPTERA 
SA}lPLED PER PER 

(N*3) 1000 H,f3 1000 M*3 

• 
• 001831 160.2 5330.1 131.1 

0018H1 144.9 12145.8 752.2 • 0037S1 
0611N1 

155.5 8372.5 315.1 
190.9 4904.3 40;.5 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

OTHERS 
PER 

1000 tl*3 

7102.7 
200.1 
70.7 

4139.3 

TOTAL 
PER 

1000 M*3 

12563.8 
13098.1 
8758.3 
9447.1 

I 

, 
I 

--, 
, 

--r 
I 

! 

-, 

I 



• 
• 
• -. -. 

-_ .• 
• 
• 
• 
• 
• 
• -. 

-e 

-. 
_e 

• 
• 
• 
• 

, -
I 

fA 

... 

SAI1PLES 

12~4S1 
121482' 
1313S1 
1313r11 

VOLID1E 
SJ\MPLJ<ID 

(I-7*3) 

230.9 
69.5 

206.2 
208.5 

I1ACRO ZOOPLAllKTOlT 

JULy 2, 1973 

LOCATIon: RD\v 

AI1PHIPODS 
PER 

1000M*3 

121.3 
158.3 
485.0 
105.5 

DIPTERA 
PER 

1000 r·l*3 

17.3 
86.3 
19.4 

201.4 

OTHERS 
PER 

1000 !<I*3' 

140021... 4 
193418~9 
18528.6 

1371.5 

TOTAL 
PER:, " 

1000 M*3 

140160.0 
193663.·5, 
19033~1 ; 
1678.5' 



• --
SAIIPLES -

• 
-021551 
0215~2 

• 0400M1 
· 04005.1 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

VOLUHE 
SAl·iPLED 

. (M*'l 

126.1 
55.7. 

28'.9 
247.4 

VLACROZOOPLAITKT011 

JULy 3, 1973 

LOCATION: ill)\;l 

PJ11'HIPODS· 
PER 

1000 1-1*' 

31303.4 
37441.3 

201858.2 
17348.4 

DIrTERA 
PER 

1000 N*' 

698.1 
503.0 . 
472.0 
359.7 

OTHERS . 
PER 

1000 H*' 

25369.5 
12899.6 
18568.5 
1992.7 

TOTAL 
PER 

1000 l-i*, 

57371.0· 
50844.0 

220898.6 
19700.8 

~ 

I 

I 
I 

-. 

i . 



• 
• 
• 
• -. -. -. 

_e 

• 
e 

• 
• 
• 
• -. 

-e 

~. 

I_e 

• 
e 

SAN'PLES 

114531 
1145S2 
1338111 
1338S1 
215231 
2152H1 

VOLUHE 
SAHPLJ~D 

(1'1*3) 

200.3 
50.7 

208.5 
149.6 
183.8 
183.8 

~1ACROZOOPLAUKTon 

JULy 17, 1973 

LOCATION :RD\'! 

MJIPHIPODS 
PER 

1000 H*3 

. 1318.2 
19.7 

800.9 
0.0 

3972.1 
13080.6 

DIPTERA. .. 
PER 

1000 1·1*3 

354.5 
0.0 

575.5 
13.4 

5832.9 
2872.9 

OTfjERS' 
PER , 

1000 1'~*3 

1997.2 
'.79.0 

11274.5 
6770.5 

190.4 
5653.4 

TOTAL 
PER 

1000 M*3 

3669.9 
·· .. 98.7 

1'2650.8 
6783.9 
9995.5 

21606.9 

" 
i 

i 
I 
i 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
~ 

SAr·!PLES 

0215S1 
021532 

VOLUl'lE 
3AJ1PLED 

(M*3) 

192.0 
55.1 

MACROZOOPLAIlXTOU 

JULy 18, 1973 

LOCATION :RDVI . 

M'll)HIPODS 
PER 

1000 H*3 

8665.~ 
9133.6 

DIl'TERA 
PER 

1000 1'1*3 

2822.5 
2796.4 

OTHERS 
PER 

1000 l'I*3· 

5665.8 
33955.9 

TOTAL 
PER 

1000 M*3 

17153.'5 
45885.8 

T 

T 
j 

T 
i 

- ; 

I 
I 

-~ 

! 

. i 
I 

I 
I 



• 
• 
• 
• SAIIPLES -. 

- •. 
11,1S2 

_e 1240S1 
1240II1 
163331 

e 16'3N1 
2223.81 

• 
• 
• 
• 
• 
•• -. -. 

_e 

• 
• 
• 

~ ! • 
.. ., 

VOLUNE 
SAl-!PL...'ID 

(M*3) 

. ·54.5 
180.2 
187.3 
225.0 
179.1 
97.8 

r·IACROZOOPLAllXTOIf 

JULy 31,1973 

LOCATIon: RDt-l 

Al-filHIPODS 
PER 

1000 1-1*3 

532.·; 
959.8 

. 32.0 
480.0 
. 0.0 

4080.5 

DIPTERA 
PER 

1000 1-i*:3 

91.8 
33.3 
64.1 
71.1 

251.3 
4029.4 

OTImRS 
. PER· 
1000 }I~~3 

4625.3 
382~8 

1847.1 
4.4 

100.5 
40.9 

TOTAL. 
PER 

1000 M*3 

, 
. I , 

I 
! 
I 
I 
I 

. I 
i 



• 
• 
• 
• S.dJ~PLES 

• 
• 022382 

022381 

• 025351 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
~ 

VOLffi-lE 
S.Al1PLED 

(1.1*3) J 

79.2 
253.3 
219.1 

r1ACROZOOPIJUTKTON 

AUGUST 1, 1973 

LOCATIOU:RDU 

Ar1PHIPODS 

1000 1'1*3 

10906.3 
9459.5 

.17350.7 

DIPTZRA 
PER 

1000 N*3 

2739.2 
8J7.0 

4449.5 

OTHERS 
PER 

1000 r·1*3 

189.3 
236.9 
41.1 

TOTAL 
PER 

1000 M*3 

13834.8 
105:33.3 
21841.·3 

-, 
i 

- 1 
, 
1 

-, 

I 
I 



• -. 
• 
• 

---. 
~. 

-. 
-e, 

• 
• 
• 
• 

, -,.. 

• I 

! .... 

• 
• --. -. 

-e 

• 
• ,. 
L. 

SAMPLES 

152581 
1525M1 
1738S2 
173851 
213351 
2133S2 

VOLUME 
SAMPLED 

(M*3) 

197.9 
128.4 
70.7 
17.7 

144.9 
31.5 

MACRO ZO 0 PLAlTKT ON 

AUGUST 14, 197;' 

LOCATION:RDW 

AMPHIPODS 
PER 

1000 M*3 

50.5 
194.7 

28.3 
0.0 

4;54~5 
13550.6 

DIPTERA 
, PER 
1000 M*3 

25.3 
85.7 
28.; 
0.0 

;526.4 
8282.7 

'- . 
~ '. ~." 

OTHERS ' 
PER' 

1000 M*3 

651.8 
3668.2 ' 

254.7 
962.0 

55.2 
1205.9 

TOTAL 
PER 

1000 M*3 

727~6 
;948.5 . 

311.3 
962.0 

7936.2 
2;039.2 



i • 
• 
• 
• SAMPLES 

• 
• 011551 

_ 0133S1 

• 05051-11 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• I 

VOLUME 
SAMPLED 

(M*3) 

248.6 
258.0 
240.3 

MACROZOO~LA}TKTON 

AUGUST 15, 1973 

LOCATION: RDW 

AMPHIPODS 
PER 

1000 M*3 

2228.7 
1562.0 
4593.6 

DIPTERA
PER 

1000 !-1*3 

1878.7 
205.4 
844.7 

. ' .' , 

OTHERS 
PER, , 

1000 M*3 

2176.4 
302.3 
4'5.8 

TOTAL 
PER 

1000 M*3 

6283.7 
2069.7 
5484.1 

-.1 

I 



..... 

• 
--' • 
~. SAI·iPLE3 

'-. 
-- 091531 

~. 
111531 

• 
• 
• 
• ....... 

• 
• 

-• 
----. 
"-r. 
-. 
• -

• 
• 
« 

--

MACRO ZOOPLANKTON 

APRIL 11, 1973 

LOCATION: RDWCH 

VOLID·IE AMPHIPODS 
S~IPLED PER 

(M*,'3) 1000 M*3 ' 

281.6 436.8 
254.5 263.3 

DIPTERA 
PER 

1000 11*3 

,60.4 
7.9 

OTHERS 
PER _.' . 

1000 M*3 

TOTAL' 
PER 

1000 M*3 

497.2 
275.1 

... ; , 

; ~ 
I 
I 
I , 
I 

! 

- ! 
! 

, I 
i 

I 
I ' 

i I 
, 

I I 

" , 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• I 

SAHl?LES 

0949S1 
1135S1 
1230111 
1246M1 
1324111 
1400B1 
1430B1 
1605B1 
1905S1 
2011S1 
21081-11 
2230N1 
2314B1 

I -

--, , 

-, 

i 

-{ 
, , 



.., 

• -. -. SJIl.1PLES VOLUHE 
SAMPLED 

(M*3) 
-e 

• 0018B1 223.8 

• ..... ~c ... 

• 
• 
• 
• 
• 

·-e 

-e 

,,,"""e 

~-. 

• 
• 
• 
• 

• 

MAC ROZOOPLANKTO:tT 

MAY 11, 1973 

LOCATION: RD\'lCH 

AMPHIPODS DIPTERA 
PER PER 

1000 1\1*3 1000 M*3 

1233.0 540.6 

OTHERS TOTAL " 
PER PER 

1000 M*3 1000M*3 

17.9 1791.5 

...... ~', . 

.; .' 

I ., 
1 

; 
I 

I . 



• MACRO ZOOI'LANKT ON ~ 

I • MAY 22, 1973 

• LOCATION: RD"[CH . -I 

• S.AN:PLES VOLffi{E .A1'TI?HIPODS DIPTERA OTHERS TOTAL 
SAl'lPLED PER PER PER PER 

(tvl*:5) 1000 H*; 1000 1-1*3 1000 fiI*:5 1000 M*3 

• I 

• 1045S1 
1045S1 

-
196.7 0.0 5.1 5.1 10.2 i 
207.3 0.0 0.0 0.0 0.0 

! 

• 13051-11 
1305111 . 

201.5 0.0 0.0 0.0 0.0 
227.4 0.0 8.8 O.d 8.8 

1335B2 22.4 44.7 44.7 0.0 89.4 • 1445M1 
14451-12 

161.4 6.2 0.0 12.4 18.6 
55.7 0.0 18.0 107.8 125.8 

1640S1 161.4 0.0 0.0 . 6.2 6.2 • 1640S1 176.7 ·28.3 11.:3 34.0 73.6 
2050S1 180.2 5.5 38.8 0.0 44.4 
2050S1 • 2115}11 

163.8 1123.6 989.3 36.6 2149.5 
177.9 3423.4 286.7 39.3 3749.4 

22451·11 168.5 3442.8 142.5 59.4 3644.6 
2245B1 • 234OM1 

168.5 5277.0 ·35.6 ·65. :5 5377.9 
180.2 5575.6 55.5 27.7 5658.8 

-; 

• 
• 
• 
•• 
• 
• 
• 
• 
• 
• , 



.. 
• 
• 
~. 

-. -. 
• 
• 
• 
• 
• 
• 
• --. -. 

--. 
• 
• 
• 
• 
r 
., 

SAl1PLES 

0248S1 

VOLUHE 
S.A1·1PLED 

(11*3) 

175.5 

MAC RO ZOO PLANXT ON 

MAY 23. 1973 

LOCATION: RD\'TCH 

Al·1PHIPODS 
PER 

1000 M*3 

1031. 1 

DIPTERA 
PER, 

1000 M*3 

0.0 

OTHERS 
.PER· 
1000 -l'f*'3 

..- .<. 

125.3 

TOTAL 
PER 

1000 M*3 

1156.5 ., 
, ;. 

I' 

I 
I 
I 

I 
I 
I . 

I , . 
i 
i 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

, .. ~', 

SAHPLE3 

1858S1 
185-8S1 
1858H1 
205581 
2055B1 
2055B1 
2240S1 
224081 
2240111 

VOLID·m 
S.Al1PLED 

(M*3) 

256.8 
134.3 
177.9 
176.7 
156.7 
188.5 
194.4 
172.0 
185.0 

11ACROZOOPLANKTON 

JUNE '1, 1973 

LOCATION: RDI1CH 

AHJ?HIPODS 
:PER 

1000 r1*3 

15.61 
104.2 
1073~ 7-
107.5-

20997.2 
23958.1 

684.2 
8842.9 
6779.8 

DIPTERA 
:PER 

1000 r1*3 

3.9 
22.3 

168.6 
169.8 
293.6 
100.8 

30.9 
209.3 
465.0 

OTHERS 
PER 

1000 M*3 

0.0 
0.0 

16.9 
11.3 
51.1 . 
0.0 

591.6 
866.3 
102.7· 

" ..... '..;.':. 

TOTAL 
PER 

1000 M*3 

19.5 
126.6 

1259.2 
288.6 

21341.9 
24058.9 

1306.7 
9918.5 
7347.5 

-i 
I 

I 
-! 

j -. I 

, 
-I 

.-: 

': . '.,: ~. . ' ... : .... ~ . . ~ ~ ... 



• 
• 
• 
• 
• 

- • 
'.~ • 
• 
• 
• 
• 
• 
• 
• 

- • 
_. • 
• 
• -

• 
• 

SAHPLES 

0035B1 
0035B1 
023631 
0236S1 
04051-11 
0520B1 
0520B1 
064331 
064331 
093031 
0930S1 
1039111 

VOLUlffi 
SM-iPLED 

(M*3) 

197.9 
192.0 
217.9 
197.9 
172.0 
241.5 
253.3 
210.9 

0.6 
164.9 
267.4 
276.9 

V~CROZOOPLANKTON 

JUNE 8 f 1973 

LOCATION: RD1,iCH 

AlU?HIPODS 
PER 

1000 r1*3 

11181.2 
10842.0 

761-.61 
1419.8; , 

19383.4: 
4008.1 

10343.8 
75·~17() 

5092 .. 9 ,". 
12.1 ':. 

0.0 ,0 

1448.4 ,:~ 
---

DIPTERA 
. 'PER , 
1000 M*3 

742.7 
453.'1 

41.3 
101.1 
482.6 
91.1 

118.4 
0.0 
0.0 

12.1 
0.0 
3.6 

OTHERS 
PER 

.'1oo0.M*3 

480.0 
109 .• 4 

59.6 
30.3 

168.6 
49.7 
55.3 
4.7 
0.0 

12.1 
18.7 
0.0 

TOTAL 
PER 

1000 M*3 ' 

12404.0 
1.1404.5 

. '862.6 
1551~1 

20034.6 
4148.9 

10517.5 
.. 80.6 
5092.9 

36.4 
18.7 

1452.0 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
e. 

• 
e 

• 

••• r_ .... -

SAMPLES 

1145M1 
165581 
1655B1 
095181 
1145S1 
2049M1 
2139l-11 

VOLUME 
8 AM PL ED 

(M*3) 

190.9 
. 136.7 

153.2 
162.6 

. 188.5 
143.7 
182.6 

MACRO ZOOPLANKTON 

JUNE 19, 1973. 

LOCATION:RDVlCH 

AMPHIPODS 
PER 

1000 M*3 

83.8 
0.0 

4453~1 
0.0 

42.4 
438.3 

5158.7 

DIPTERA 
PER 

1000 M*3 

21.0 
0.0 

117.5 
0.0 
0.0 

981.0 
284.8 

OTHERS TOTAL 
PER PER 

1000 M*3 1000 M*3 

6180.1 6884.9 
241.5 .. 241.5 
58.8 4629.4 
6.2 6.2 

6313.1 . 6·355.6 
2108.1 3527.5 

27.4 5470.8 

_i 

I 
; 

I 

_. 

1 

.. ~ ! 
i 

i 
! 

" .. ·1 
i 

-I 

i 
1 

.-1 

-\ 
! 

, 
- i 

! 



• 
• 
• 
• 

-- . 
~. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

- • 
• 
• 
• 
a.. 

SAMPLES 

0000S1 
0000B1 

. 0057M1 
0633S1 
0633B1 

VOLUME. 
SAMPLED 

(M*3) 

220.3 
179.1 
152.0 
185.0 

. 170.8 

MACRO ZOOPLANKT ON 

~ 20, 1973 

LOCATION: RDWCH 

AMPHIPODS 
PER 

1000 M*3 

1688.6 
13938.6 
36966.6 

140.6 
4343.6 

DIPTERA 
PER 

1000 M*3 

494.8 
519.3 
579.0 

5.4 
29.3 

OTHERS 
PER . 
1000,.M*3 

6681.7 
145.2 

3322.9 
'957.0 

17.6 

TOTAL 
PER 
'1000 'M*; 

,8865.0 
14603.1 
46~~8~6 

1102.9 
. 4390.5···· 

" 

\ 
I 



• MACRO ZO o PLAlTKT ON 

• JULy 2, 1973 

• LOCATION: RD1'lCH 

• S.A11PLES VOLIDre .AM:PHIPODS DIPTERA OTHERS TOTAL 
SAMrLED PER PER PER PER -! 

(M*3) 1000 N*3 1000 1~*3 1000 M-lC-3 1000 M*3 . I • I , -, 
• 133281 

1332B1 

• 1638112 
1638N1 

I 

207.3 173.6 14.5 10620.0 . 10800.0 
222.7 1320.4 637.7 5245.6 .7203.8 
79.5 62.9 0.0 34446.3 34509.2 

297.() 0.0 26.q 5283.7 53'10.6 
213231 • 2132B1 

'254.5 522.7- 2027.7 27740.1 . 30290.5 
346.4 7587.5 1175.1 5396.1 14158.6 

• 
• -, 

, 

i , • I 

I 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 



• 
• 
• 

- • SA!1PLES 

- . 
- • 02411vI2 

0241M1 

• 
• 
• 
• 
• 
• 
• 
• 
• 

= • 

- . 
1- • 

• 
• 

VOLtn'1E 
S.AI1PLED 

(M*3) 

45.4 
278.0 

MACRO ZO OPLANKTOH 

JULy 3, 1973 

LOCAT IOU: RD\'/CH 

AI1PHIPODS 
PER 

1000 r'7*3 

45201.0 
20947.3 

DIPTERA 
PER 

100011*3 

352.8 
151.1 

OTHERS 
PER 

1000 M*3 

TOTAL 
PER 

1000 M*3 

1058~~6 561~1.4 
1575.4 . 22673.1 



.., 

• 
• 
• SAMPLES VOLIDrE 

SAl'iPLED 
(M*3) 

• 
• 1300r·11 206.2 

130or·12 58.0 

• 1356S1 
1356B1 

176.7 
179.1 

2214B1 21.2 

• 2214S1 155.5 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

MACROZ€IOPWTICT01T 

JULy 17 f 1973 

LOCATION: RD\vCH 

A11PHIPODS DIPTERA 
PER PER 

1000 }1*3 1000 M*3 

591.8 683.9 
34.5 68.9 
90.5 50.9 

15077.8 7918.6 
242763.8 126333.4 

4121.9 4237.7 

OTHERS TOTAL 
PER PER·· 

1000 M*3 1000 M*3 

4738.9 6014.5 
12720.5 12823.9 

322.6 464';;0 
2021.5 25018.0 

47.2 369144.3 
167.2 8526.8 

-I 
1 

I 

i 
-- I 

1 
1 

I 

-I 
I 

I 
-! 

-I 

i 
- ! 

-1 
! 

. -, 



• 
• 
• 

SAHPLES • 
• 

- • 0235112 
0235H1 -. 

..,..-

-

'~ 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

VOLUJ1E 
SM-IPLED 

(M*3) 

96.0 
230.9 

r,1ACROZOo PLANK TON 

JULy 18, 1973 

LOCATION: RD\'lCH 

ANPHIPODS 
. PER 
1000 I'1*3 

15571.8 
7466.2 

DIPTERA 
PER 

1000 M*3 

1593.6 
2070.1 

OTHERS 
PER. 

1000 M*3 

14405.2 
7933.9 

TOTAL 
PER 

1000M*3 

31570.6 
17470.2 



• 
• 
• 
• SAlIPL3S 

• 
• 0857131 

1;00S1 
• 1300111 

1300131 
193781 

.2142H1 
233081 
2330M1 

.2330B1 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

VOLU11E 
8AHPLED 

(M*3) 

120.4 
114.3 
399.4 
147.3 
168.5 
196.7 
179.1 
170.8 
239.2 

I·1ACROZ001:'LANKTON 

JULy 31, 1973 

LOCATION:RDUCH 

M·1PHIPODS 
PER 

1000 N*3 

66.4 
192.5 
277.9 

1826.7 
0.0 

1301.2 
4428.4 
7867.7 

21375.3 

DIPTERA 
PER 

1000 M*; 

307.3 
35.0 

896.4 
1935.3 

17.8 
1087.7 
2194.7 
766.9 

1229.3 

OTHERS 
PER 

1000 M*3 

41.5 
2564.0 
2328.6 
1276.6 

17.8 
162.6 

3490.2 
1627.4 
878.1 

TOTAL.·
PER 

1000 M*3 

415.3 
2791.5 
3503.0 
5038.6 

35.6 
2551.6 

10113.3 
10262.0 
23482.7 

I 
-I 

! 
! 
I 

--" l 

i , - , 

- : 
! 

, 

- , 

- I 



• 
• 
• 
• 

- • -. 
• 
• 
• 
• 
• 

- • 
• 

~ • 
- • 
• 
• 
• , -

• 
• 

: -

SAr1PLBS 

0149S1 
0149M1 

VOLID,lE 
SJ\MPLED 

(M*3) 

71.9 
210.9 

MACROZOOPLAlTKTON 

AUGUST 1, 1973 

LOCATION:RDUCH 

AIJIPHIPODS 
PER 

1000 M*3 

11994.9 
14112.3 

nIPTERA 
PER 

1000M*3 

4619.8 
2821.5 

OTHERS . TOTAL 
PER PER 

1000 M*; 1000 M*; 

27.8·16642.5 
28.5 ·.16962.3 

' ..... 



• 
MACRO ZOOPLANKTON· 

• AUGUST 14, 1973 

• LOCATION: RDWCH 

• SA!1PLES VOLm1E AMPHIPODS DIPTERA 

• 
SAMPLED :£>ER PER 

(M*3) 1000 M*3 1000 M*·3 

• 1252111 150.8 0.0 0.0 

• 1252M2 
154231 

49.2 40.7 284.7 
192.0 10.4 36.5 

1542B1 162.6 203.0 621.2 

• 2106M1 
2158M1 

179.1 14508.2 2183.5 
173.2 4631.0 2962.2 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

. 

OTHERS 
PER 

1000 H*' 

10862.3 
8682.1 

343.7 
4662.4 
837.7 
277.2 

TOTAL 
PER 

1000 M*3 

10862.3 
9OO7.5 

390.6 
5486.6 

17529.3 
7870.4 

~i 

I 

-I 
I 

i 

-I 
I , 

.- i 
1 

1 

1 
-I 

1 

I 
I 

-.- i 

--- 1 

-i 
! 



• 
• 
• 
• 
• -. 

- e· 

_e 

• ~""-' 

• 
• 
• 
• 
• 

- • 
-- • 
• 
• 
• 
• 
L 

SAHPLES 

0932S1 
1t35S1 

VOLUME 
SAMPLED 

(M*3) 

239.2 
288.6 

MACRO Z OOPLANKT ON 

APRIL 11, ·1973 

LOCATION: RDECH 

AMPHIPODS 
PER 

1000 M*3 

4.2 
10.4 

DIPTERA 
PER 

1000 M*3 

4.2 
24.3 

OTHERS 
PER 

1000 M*3 

0.0 
·0.0 

. TOTAL. 
PER 

1000 M*3 

8.4 
34.6· 



• 
• 
• 
• 
• ., 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

3AHl'LE3 

101331 
1124r-11 
1306r11 
1417B1 
1957S1 
213ml1 
2156M1 
2338B1 

. VOLUME 
SAMl?LED 

(M*3) 

240.3 
219.1 
185.0 
190.9 
192.0 
241.5 
181.4 
116.6 

MACRO ZOO PLANKTON 

MAY 10, 1973 

LOCATION: RDECH 

. AMPHIPODS 
PER 

1000 M*; 

8.3 
9.1 
5.4 

41.9 
5.2 

1958.5 
915.0 

13692.7 

DIPTERA 
PER 

1000 M*; 

4.2 
0.0 
0.0 

52.4 
494.7 

205;.7 
766.1 

1329.0 

OTHERS 
PER 

1000 M*; 

4.2 
9.1 

48.7 
0.0 
5.2 

16.6 
71.7 
34.3 

TOTAL· 
PER 

1000 M*3 

16.6 
18.3 
54.1 
94.3 

505.1 
4028.8 
1752.8 

15055.9 

i 
-I 

- I 

! 



• 
• 
• 
• 

- • 
- • 
- • 
• 
• '. 
• 
• 
• 
• 
• 

-- • 
~ • ., 
• 
• ,. 
-

SAMPLES 

112581 
112581 
'12101>11 
121Ql.'!1 
1350B1 
1350B2 
152082 
152051 
180531 
180581 
2200M1 
2200111 
2220r~1 
2220131 

VOLUME 
SAMJILED 

(M*3) 

199.1 
, 180.2 

190.9 
162.6 
208.5 
55.7 
52.4 

236.8 
157.9 
133.1 
146.1 
146.1 
169.6 
169.6 

MACRO ZOOPLANKTON 

MAY 22, 1973 

LOCATION: RDECH 

AMl'HIPODS 
PER 

1000 M*3 

0.0 
0.0 
0.0 
0.0 
9.6 

431.2 
19.1 
0.0 
0.0 

15.0 
13855.0 
' 321.7 

1.5502.8 
2446.3 

DIPTERA ' 
PER 

1000 M*3 

0.0 
0.0 

10.5 
0.0 
9.6 

305.4 
19.1 
0.0 

12.7 
15.0 

260.1 
20.5 

359.6 
11.8 

OTHERS 
PER' 

1000 ;~1*3 

5.0 
0.0 
0.0 
6.2 

14.4 
556.9 
57.2 
0.0 
0.0 

,187.8 
178.0 

0.0 
70.7 
11.8 

'TOTAL 
PER 

1000 M*3 

5.0 
0.0 

10.5 . 
6.2 

33.6, 
1293.6 

~ "95.,4 
0.0 

12.7 
217.8 

14293.1 
' , 342.3 
15933.1 

2469.8 



• 
• 
• 
• SAl'U'LES 

• 
• 0005S1 

00051·71 
.0045S2 

0045S1 
0316S1 

• 0316S1 
0456r·i1 
0456M1 

• 0702B1 
0702131 
0737S1 · " 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

VOLU1re 
SAMFLED 

(M*3) 

136.7 
136.7 
65.4 

261.5 
166.1 
166.1 
193.2 
193.2 
236.8 
236.8 
282.7 

MACRO ZOOPLANKTON , 

MAY 23, 1973 

LOCATlml' : RDECH 

AMPHIPODS 
PER 

1000 }1*3 

175.6 
4170.9 

168.2 
669.1 
439.5 

3088.3 
1092.1 
3043.3 

101.4 
109.8 

0.0 

DIPTERA 
PER 

1000 M*3 

22.0 
109.8 
91.8 

221.8 
30.1 

403.3 
113.9 
98.3 
21.1 

118.2 
3.5 

OTHERS 
PER' 

1000 M*3 

0.0 
0.0 

30.6 
118.5 
234.8 
186.6 
139.7 
269.1 
46.5' 
84.5 
7.1 

. TOTAL 
PER 

1000 M*3 

197.6 
'4280.7 

290.6 . 
1009.4 
704.3 

3678.2 
1345.7 
3410\.8 ' 

168.9 
:312'.5 
'10.6 

-, 
I , 



• MACROZO 0 PLANKT on 

• JUNE 7, 1973 

• LOCATION: RDECH 

• SAl'lPLE.5 VOLmm AMl'HIPODS DIPTERA . OTHERS TOTAL 
SAIvtPLED PER PER PER PER 

(M*3) 1000 M*3 1000 M*3 1000M*3 ·1000 M*3 
-- . 

i 
I 

- . 
192151 

I 
190.9 0.0 0.0 15.7 15.!? 

. 1921r,11 
- . 203631 

2036B1 

137.8 21.8 72.5 . 14.5 108 .. 8 
162.6 12.3 153.8 1310.1 1476;2 
168.5 27500.7 2208.1 59.4 ·29168.2 

2036B1 • 232831 
156.7 27832.5 568.0 6.4 28406.9 
185.0 3303.4 108.1 124.4 3535.9 

2328.51 , 61.4 10427.5 179.7 12.4 10619'.6 

• 232aM1 .147.3 10321.7 156.2 74.7 10552.;;6 

• 
• 
• 
• 
• 

-. • 
• 

- • 
• 
• 
• 



..., 

• MACROZOOPLAlTKTON 

JUNE 8, 1973 

• LOCATIOlr: RDECH 

• SANl'LE3 VOLUME M1PHIPODS DIPTERA ' OTHERS TOTAL' . 
SAMPLED PER PER PER PER 

• (M*3) 1000 M*3 1000 M*3 1000 M*3 1000 M*3 

• 0015B1 189.7 9511.1 279.4 100.2 9890.6 
.0015B1 182.6 17748.6 416.2 98.6 18263.4 

0258S1 217.9 646.9 27.5 215.6 890.1 
025831 239.2 2847.5 79.4 146.3 3073.3 

• 0424111 202.6 21951.0 39.5 14.8 22005.3 
0424H1 193.2 '8824.7 150.1 5.2 6979.9 
0552B1 185.0 21242.2 '378.5 81.1 21701.8 

.0552B1 160.2 34202.6 112.3 6.2 34321.2 
0702S 1 201.5 0.0 0.0 ' 0.0 0.0 
070281 189.7 10.5 10.5 1012.3 ,1033.4 

.091081 185.0 86.5 5.4 10.8 102.7 

• 
• 
• 
• - i 

• 
• 
• 
• ". ,., 

.. -, 

• 
• - (' 



• 101581 215.6 
1015B1 193.2 

• 1120111 
2202B1 

94.2 
212.1 

2232M1 43.6 

• 
- . 
-. 
• 
• 
• 
• 
• 
• 
• 

- • 
• 
• 

. MACROZOOPLAUKTON 

.JUNE 19,197; 

LOCATION: ~ RDECH 

AMPHIPODS 
PER 

1000M*; 

1 ;.9 
5;51.7 

551.7 
;63.1 

46249.5 

DIPTERA 
PER 

1000 M*; 

0.0 
320.9 

0.0 
33.0 
0.0 

OTHERS 
PER 

1000 M*; 

91'.8 
16153.5 
29708.9 

9.4 
160.6 

TOTAL 
PER 

1000 M*; 

927.7 
21826 .. 2 
30260.6 

405.5 
46410.0 



• 
• 
• 
• SJOOlLES 

• 
• 01"40M1 

065431 
• 1320I'I1 

0528N1 

• 
• 
• 

I 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

VOLUl-lE 
SAl1PLED 

(M*3) 

208.5 
188.5 
116.6 
232.1 

11ACROZOO:PLANKTON 

JUNE 20, 1973 

LOCATION~lU>EOH 

1111PHIPODS 
PER 

1000 11*3 

25023.5 
37.1 

231.5 
594.6 

DIPTERA 
PER 

1000 M*; 

450.8 
58.4 
25.7 
8.6 

.. : 

OTHERS 
PER 

1000·M*; 

12363.1 
206.9 

38960.2 
'761.5 

TOTAL 
PER 

1000 M*3 

37837.4 
.302.4 

39217.4 
4364.8 

, 
i -, 

I 

I 

i 
-1 

1 

i , 
j 

-- I 
I 



• 
• 
• 
• SAl·lPLES 

-- . 
-. 1232H1 258.0 

12'2112 71.9 • 135231 221.5 
1352B1 187.3 

• 2207S1 
2207B1 

240.3 
276.9 

• 
• 
• 
• 
• 

- • 
- • 
• 
• 
• 
• 
• 

MACROZOOJ?LANKTON 

JULy 2, 1973 

LOCATION: RDECH 

. .AM:PHIl'ODS 
l'ER 

1000 lvI*3 

54.3 
222.7 

9.0 
4345.6 
1934.8 

27408.0 

DIPTERA 
l'ER 

1000M*3 

11.6 
41.7 . 
0.0 

416.4 
936.2 

1025.8 

OTHERS 
PER 

1000 M*3 

227484.9 
231011.2 

16001.2 
79330.4 

154282.2 
22531.8 

. TOTAL 
PER 

·1000 M*3 

227550.8 
231275.6 

16010.3 . 
84092.3 

. 157153.2 
50965.6 



• 
• 
• 
• SA1D?LES 

• 
• 03201·12 

. 0320!~1 

• 
• 
• 
• 
• 
.' 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• I 

MACROZOOPLANXTON 

JULy 3, 1973 

LOCATIOli: RDECH 

VOLIDrn ~fi'HIJ?ODS 
SA!-tPLED :PER 

(M*3) 1000 H*3 

29.7 30392.2 
276.9 4926.8 

DIl'TERA 
PER 

1000 111*3 

336.2 
765.7 

OTHERS 
PER 

1000 }1*:5 

7665.3 
15524.5 

TOTAL 
PER 

1000 M*3 

38'93.7 
21217.0 

I 

-I 
I 

I 
-I 

I 

I 

I 
I 

-I , 
I 
I 

"- , , 
I , 

- ; 

.,- ! 
I 

I , 
-j 

i 
, 

I 
- ! 

- I 



• 
• 
• 
• -. 
• 
e. 

• 
• 
• 
• 
• 
• 

~ . 
• 

- • 
• 
• 
• 
• 

SA!1PLES 

1317M2 
1317i-11 
1442S1 
1442B1 
2240S1 
2240:81 

VOLID·m 
SAMPLED 

(M*3) 

52.1 
193.2 
126.1 
126.1 
303.9 
223.8 

~aCROZOOPLANKTON 

JULy 17, 1973 

LOCATION: RDEOH 

AJ.1PHUODS . 
PER 

1000 M*3 

211.0 
1832.2 

15.9 
1745.2 
1546.3 

16016.0 

DIPTERA 
PER 

1000 M*3 

268.6 
2655.2 

0.0 
19324.6 

259.9 
1831.7 

OTHERS 
PER 

1000 M*3 

59144.6 
42819.0 
4212.4 
6631.9 

529.7 
2783.3 

TOTAL 
PER 

1000 M*3 

59624.2 
47306.4 
. 4228.3 
27701.8 

2335.9 
20630.9 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

S.A.r.1J?LES 

0310112 
0310S1 

VOLm1E 
SJJ.1J?LED 

(M*3) 

28.6 
209.7 

MACRO Z OOPLAUKTON 

JULy 18, 1973 

LOCATION: RDECH 

. AI1J?HIPODS 
PER 

1000 M*3 

14842.6 
8478.7 

DIl?TERA 
PER 

1000 M*3 

14702.5 
8221.2 

OTEERS 
J?ER· 

1000 M*'3 

24854. :5 
12508.2 

TOTAL 
PER 

1000 M*3 

54399.4' 
29208.1 

, 
.1 

- ! 

i 
-I 

I 
I 
i 

-I 

I 

- \ 

- I 



• 
~ . 

.J 
, .. , SAMPtES -. 
• 
• ()~28B1 - r,26B1 

"26M1 
• 1:326S1 

1448M1 
171SM1 

.1718B1 
· 2001M1 

2104M1 • 
• 
• 
• -. 

- . 
• 
• 
• 
• 
• 
• 

! -, 

vottJl'lE 
SAMPLED 

(M*3) 

43.6 
163.8 
,69.6 
142.6 
220.3 
157.9 
150.8 
144.9 
180.2 

MACROZOOP~NKTON 

J'trLY 31,1973 

LOCA1'ION:RDECH 

AMPHIPODS 
PER 

1000 M*3 

114.7 
763.3 
';12.4 

56.1 
. 508.4 

31.7 
2586.3 

0.0 
601~. 9 

DIPTERA 
PER. 

1000 M*3 

7295.3 
2003~0 
2876.6 

21.0 
4325.8 

240.7 
3342.2 
1283.6 
2651.9 

OTHERS 
:PER 

1000 M*3 

45.9 
519.1 

5670.6 
161.3 

1979.1 
183.7 

6.6 
13.8 
11.1 

TOTAL 
PER 

1000 M*3 

7455.9 
3285.4 
8859.6 

238 • .5 
681;.3 

456.1 
5935.1 
1297.4 
8676.9 



• 
• 
• 
• SAMPLES 

• 
• 0006131 

•
0006M1 
0006S1 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

VOLUME 
SAMPLED 

(M*;) 

167.3 
172.0 
189.7 

MACRO ZOO I)LANKTON 

AUGUST 1, 1973 

LOCATION:RDECH 

AMPHIPODS 
PER 

1000' M*3 

'30916.3 
7999.9 
1407.7 

DIPTERA 
PER 

1000 M*; 

13150.8 
4517.4 
4523.5 

OTHERS 
PER 

1000 M*3 

;34.7 
220.9 
316.3 

TOTAL 
PER 

1000 M*3 

44401.9 
12738.2 
6247.6 

i 
-1 

I , 
i 



e 

• 
• 
• 
• 

-- . 
-. -. 
• 
• 
• 
• 
• 
• 
• 
• 

- • 
- • 

, --. 
• ; ,-

SAMPLES 

131or~2 
1602S1 
1602B1 
22121111 

VOLID1E 
SAMnED 

(M*3) -

53.0 
155.5 
160.,2 
91.9 

MACROZOOX1JUT.KTON 

AUGUST 14,1973 

LOCATION: RnECH 

.A1.tPHIPODS 
PER 

1000 11*3 

18~9 
19.3 
99.9 

7225.9 

DIPTERA 
PER 

1000 1-1*3 

0.0 
19 .• 3 

162.3 
4527.1 

OTHERS 
PER 

1000 M*3 

5942.3 
70.7 

1192.1 
663.8 

. -

TOTAL 
PER 

1000 M*3 

5961.1 
109-.3 

1454.2 
12416.8 .",. 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• I-

SAUPLES 

0212S1 

MACRO ZOOPLANKTON 

AUGUST 15, 1973 

LOCATIOU:RDECH 

VOLtn·1E Ar1PHIPODS 
SAMPLED PER 

(M*3) 1000 M*3 

226.2 154.7 

DIl'TERA 
PER 

1000 M*3 

420.0 

OTHERS 
PER 

1000 M*3 

39.8 

_ -' , 

TOTAL 
PER 

1000 M*3 

.614.5· 



• 
• 
• 
• SPJ·1]:LES 

• 
• 102831 
· 1028B1 -. 
• -. 
• 
• 
• 
• 
• 
• 
• 
• 

-- . 
- . 
• 

VOLilli[E 
SM-iPLED 

(M-l~:5) 

202.6 
174.4 

F'tACROZOOPLANKT01f 

!.rARCH 13, 1973 

LOCATIO:H:RDE 

AIvtPHIPODS 
PER 

1000 1·1*:5 

DIPTERA 
PER 

1000 U*3 

0.0 
0.0 . 

OTHERS 
PER 

1000 1-1*3 

0.0 
5.7 

TOTAL 
PER 

1000M*3 

0.0 
11·.5 



• 
• 
• 

-
-1436S1 

1450B1 • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

VOLUNE 
SAl1PLED 

(!1*3) 

213.2 
340.5 

UACROZOOP.LAlTKTOn 

MARCH 21, 1973 

LOCATIO!T:RDE 

ANPHIPODS 
PER 

1000 H*3 

0.0 
0.0 

DIPTERA 
PER 

'tooo }I*3 

.. 

0.0 
0.0 

OTHERS 
PER 

1000 M*3 

0.0 
0.0 

TOTAL 
PER 

1000 M*3 

0.0 
0.0 

- : 

- I 

I 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

, ~ • 
- . 
• 
• 
• 
• 
f 

-., 

SMIPLES 

0.945S1 
115o.S1 

VOLUME 
S.lil''IPLED 

(M*3) 

199.1 
272.1 

MACROZOOPLANKTOlr 

APRIL 11, 1973 

LOCATIO:rr: RDE 

AMPHIPODS 
PER 

1000. M*3 

10..0. 
7.3 

". 
~ '. 

DIPTERA 
PER 

1000. M*3 

40..2 
3.7 -.- .. ~-.~ 

. '1 ;" 1 

'·,9 

OTHERS 
PER 

10.0.0. 1·1*3 

0..0. 
. 0..0. 

.fOTAL 
PER 

.1000. M*3 

50..2. 
11.0. 

I 

. I 
I 
! 



• 
• 
• 
• SAIIPLES 

• 
• 102881 

105231 " • 192981 
194581 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
e 

I 

VOLUHE 
SAlfi'LED 
. (M*3) 

229.7 
181.4 
188.5 
194.4 

UACROZOO:PLAEXTmr 

r,1AY 10, 1973 

LOCATION:RDE 

Al'l1?HD?ODS 
P:2R 

1000 I1*3 

0.0 
0.0 
0.0 
0.0 

DIPTERA· 
PER 

1000 M*3 

4.4 
55.1 
0.0 

946.6 

~. :.?. oJ 

OTID')RS 
PER 

1000 M*3 

0.0 
0.0 
0.0 
0.0 

o 

TOTAL 
PER 

1000 M*3 

4.4 
55.1 
0.0 

946.6 

I 
I 

-! , 

i 
_~ I 

! 

_ i 

- I , 



-. -. -. 
• 
• 
• 
• 
• 
• 

- • -. -. -. 
• 

! • 
• 
• 
• 
• 
• 

-

SAMPLES 

1145S1 
1145S1 

~/ 174051 
174081 

VOljtnIE 
SAI-IPLED 

(M*3) 

185.0 
134.3 
179.1 
155.5 

Y~CROZOOPLAlTKTON 

MAY 22, 1973 

LOCATION:RDE 

Al·!PHIPODS 
PER 

1000 H*3 

5.4 
0.0 

11.2 
0.0 
\ '$. z... _. - -

.z~. 9 

14,"1 

DIPTERA 
PER 

1000 1'1*3 

0.0 
14.9 
0.0 
0.0 
(",t.. 

0_ •• 

2..1 ' ~ 

(0.7 

OTHERS 
PER 

1000 M*3 

0.0 
7.4 
0.0 
0.0 

o· 

" w 

3. 7 

TOTAL 
PER 

1000 M*3 

5 .. 4 
22.3 
11.2 
0.0 
,q, .;-

!:' , ~ 
lCj,l. 

I ~ 
I 
I 

I 

I 
I I 

, 



• MACROZOOPLAIlKTOn 
I • nAY 23, 1973 

-

• LOCATION:HDE I 

flAl!PLE3 VOLUHE AI·1PHIPODS DIPTERA OTHERS· TOTAL 
SAHl'LmJ PER :PER PER PER 

(1-1*3) 1000 rlx-3 1000 rtx-3 1000 W~3 1000 M*3 

• , 
I 

·002531 
-

160.2 5405.0 561.7 131.1 6097.8 
, 

0025S1 160.2 6472.3 305.8 62.4 6840.5 
.°35431 

0354S1 
181.4 .1300.8 49.6 77.2 1427.6 
181.4 2502.4 446.5 270.1 ;218.9 

0436N1 206.2 2114.8 286.2 160.1 2561.0 . 
.04361-:1 

0723S1 
206.2 2871.5 266.8 194.0 3332.2 
152.0 13.2 6.6 0.0 19.7 .1 

I 

I 

• I 

• \ 
I 

i 

• I 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 



• 
• 
e. 

• 
• 
• 

-e 

-. 
-e 

• 
• 
• 
• 
• 
• 
• '-. -. 

, -e 

SAJIPLE3 

194551 
1945r-11 
1945H1 
201381 
20 13M 1 

VOL'Urm 
SArlrPLED 

(M*3) 

186.1 
174.4 
148.4 
222.7 
195.6 

MAC ROZOOPLAlTKTON 

JUNE 7, 1973 

LOCATION:RDE 

Jtl1PHIPODS 
PER 

1000 M*3 

0.0 
1474.0 
4250.9 

0.0 
450.0 

DIPTERA 
PER 

1000 M*3 

10.7 
762.8 

94.3 
18.0 

138.1 

OTHERS 
PER . 

1000 M*3 

5.4 
177.8 
101.1 
71.9 
20.5 

.. 

TOTAL 
PER 

1000 M*3 

16.1 
2414.6 
4446.2. 

89.8 
608.5 

I 
I 
I 

. I 



• .. 

MACROZOOJ?LANKTON 

• JUNE 8, 
0 

"'973 
-• LOCATION:RDE . 
, 

-• SAHPLE3 OTHERS· TOTAL VOLUI1E AMPHIPOD3 DIPTERA , 

SAUPLED PER PER· PER PER 
(M*3) 1000 N*3 1000 N*3 1000 N*3 1000 M*3 • T 

i 

• 031831 228.6 7880.1 161.9 2450.2 10492.2 
031831 • 0440111 

194.4 16703.8 113.2 10.3 16S27. '3 
123.7 9606 2.7 2:34.4 0.0 96297.1. -

0440111 154.3 61257.9 226.8 32.4 61517.1 I 

• 0720S1 
072031 

24.7 0.0 . 0.0 40.4 ·40.4 
187.3 10.7 5.3 405.7 421.7 

0845S1 175.5 5337.9 17.1 11.4 5366.4 ; 

• 084531 175.5 11.4 0.0 91.1 102.5 

I 
: • 

"1 • i 

• I 

i 

• I 

• --
i 

• 
• 
• 
• -

j 

• 
• 
• 



• 
• 
• 
• -. -. 

-e 

• 
• 
• 
• 
• 
• 
• 
~. 

-. 
--. 
...... 
• 
• 

-

S1\I1PLES 

104531 
1 045r.f 1 
1100S1 
175331 

VOLID·iE 
SAIvIPLED 

(M*') 

200.3 
203.8 
154.3 
213.2 

MACRO ZOO PLAlrKTON 

JUNE 19, 1973 

LOCATION: ° RDE 

.A!·lPHIPODS 
PER 

1000 r~*3 

0.0 
755.6 
596.1 

9.4 

00-

DIPTERA 
PER 

1000 1~*3 

15.0 
9.8 

13.0 
0.0 

OTHERS 
PER 

1000 M*3 

86;.8 
° 4.9 

23929.1 
267..3 

TOTAL 
PER 

100Q M*3 

878.8 
770.3 

24538.2 
. 276.7 

o , 

i 
I·· 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

:. • 
• 
• 
• 
• 
• 
• 
~ 

S .l\!v!PLES 

0510M1 
0710S1 

VOLUME 
SAMPLED 

(M*3) 

210.9 
210.9 

MACRO ZOOPLANKTON 

JUNE 20" 1973. 

LOCATIOl~r : RDE 

AMPHIPODS 
PER 

1000 11*3 

5823.2 
37.9 

DIPTERA 
PER 

1000 M*.3 

2622.3 
37.9 

OTHERS 
PER 

1000 M*3 

7629.9 
75.9 

o 

TOTAL 
PER 

1000 M*3 

16075.5 
151.7 



• 
• 
• 
~. 

-e 

-e 

• 
• 
• 
• 
• 
• 
• 

-e 

-. -. 
__ e 

• 
• 
". 

1-

SAUPLES 

142131 
142111i1 
145181 
145132 
2330S1 
2254H1 

VOLIDIB 
S~!PLED 

(M*3) 

215.6 
181.4 
240.3 
51.2 

275.7 
372.3 

MACRO ZO OPLAUKT ON 

JULy 2, 1973 

LOCATION:RDE 

J...MPHIPODS 
PER 

·1000 r.r*3 

51.0 
7242.6 

461.9 
0 .. 0 

1828.2 
11958.8 

DIPT3RA 
PER 

1000 M*3 

9.3 
314 .. 2 

16.6 
58.5 

526.0 
290.1 

OTHERS 
PER 

1000 M*3 

4151.4-
41763 .. 3 
28897.5 
75834.7 

347887 .. 4 
15767.7 

TOTAL 
PER 

1000 1-1*3 . 

4211.7 
49320.0 
29376.0· .. 
75893.3 

350241.6 
28016.6 



• 
• 
• 
e SAIU?LE3 

• 
• 004551 

0045S1 • 
e 

e 

• 
• 
• 

•• 
• 
• 
• 
• 
• 
• 
• 
• 

MACROZOOPlJUTKTOlT 

JULY 3, 1973 

LOCATION:R.DE· 

VOLID·rn Al·1PHIPODS 
SA.l1PLDD PER 

(M*3) 1000 !1*3 

76.0 ·52039.3 
162.6 41530.9 

DIPTERA 
PER 

1000 lsI*3 

5409.2 
5400.5 

OTHERS 
PER 

1000 11*3 

26467.1 
22143.2 

TOTAL 
PER 

1000 M*3 

83915.1 
69074.6 

~ 

I 
I 

\ 

~ 

I 
I 

~ 

i 

-
I 
I 
I 

-.--
I 
1 

-r" 

i 

-r 
I 

-, 
I 
I 

. --r 
I 
1 



• 
• 
• 
• 
~. 

-e 

-e 
e 

• 
• 
• 
• 
• 
• -. -. 

-e 

• 
• ... 

• 

SllHPLZS 

1002S1 
10~4S1 
102432 
1840I·!1 
230051 
2300H1 

VOLID·IE 
S.A!·IPLED 

(11~'<') 

174.4 . 
338.1 
23.3 

166.1 
164.9 
150.8 

MACRO ZOOPLANKTON 

JULy 17, 1973 

LOCATIOlT :RDE 

AHPHIPODS 
PZR 

1000 n*3 

11.5 
239.6 
386.8 

2335.8 
11932.0 
26048.3 

DIPTERA 
PER 

1000 N*3 

636.6 
53.2 

1160.5 
4087.6 
1667. :; 
3209.6 

OTHERS 
PER 

. 1000 N*3 

212.2 
27336.9 
33912.9 
19354.4 
20535.5 
3899.3 

TOTAL 
PER 

1000 M*3 

860.3 
27629.7 
35460.2 . 
25777.8 
34134 .• 9 
33157.2 

! 
i 
i 

I 
I 
f 

i 
\ 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• , 

S.AHPLE3 

0024S2 
0024S1 

VOLUr.tE 
SAl-llILED 

(11*3) 

74.2 
253._3 

MAOROZO()PLANKTON 

JULy 18, 1973 

LOCATION:RDE 

AMPHIPODS 
PER 

1000 H·*, 

3826.8 
. '845.4 

DIPTERA 
PER 

1000 M*3 

7033.7 
4911.3 

OTHERS TOTAL 
PER PER 

1000 11*' 1000 M*3 

242.5 1110',.0 
5290. , 14047.1 

~ 

I 

"'T 
I 

-,. 
I 

-; 
I 

I 
I 

~l 

I 

- , 

.! 



., 

• 
• -. -. 
• 
• 
• 
• 
• 
• 
• 

-- . 
-. -. 
_e 

• 
• 
• 
• 

' SAHPL3S 

135681 
1356Ii1 
142132 
1421S1 
2023111 
204231' 

VOLUHE 
S.AKPLED 

(r1*3) 

248.6 
2205.4 

73.6 
200.3 
126..1 
272.1 

MACRO ZOO PLAlTKT ON 

JULy 31,1973 

LOCATIOIT : RDE 

A.HPHTPODS 
PER 

1000M*3 

16.1 
85.2 
27.2 

174.8 
2538 .5 

99.2 

DIPTERA 
PER 

1000 11*3 

'40.2 
205.4 

0.0 
109.8 

2030.8 
3325.5 

OTHERS 
PER 

1000 r-I*3 

104.6 
344.6 

8828~ 5 
384.5 

2784.5 
602.6 

TOTAL 
PER 

1000 M*3 

160.9 
6',5.3 " 

se55.7 
669'. t' 

7353.S' 
4027.3 ' 

": '. 

i 
I 

, I 



• 
• 
• 
.SAIIPL:SS 

• 
·0035S1 

0035111 
.010332 

0103S1 
0523111 • 

• 
• 
• 
• 
• 
• 
• '. 
• 
• 
• 
• 
• 
• 

VOLUHE 
S.AMPLED 

(r'!*3) 

176.7 
2(13.7 
31.8 

275.7 
230.9 

MACROZOOrLAlTKTOU 

AUGUST 1, 1973 

LOCATIOlT :RDE 

.AHPHIPODS DIPTERA. 
PER PER 

1000 H*3 '1000 r!I*3 

1612.8 9127.7 
17472.4 19332.2 
39300.8 21882.7 
9779.6 9808.6 
9484.3 4742.2 

• 

OTHERS TOTAt 
PER PER 

1000 }1*; 1000 M*; 

101.9 10842.3 
190.7 36995.4 . 

14462.7 75646.1 
2771.4 22359.6 

4.3 14230.8 

1 
I 
1 

-I 
I 

-

-! , 

! 

-i 
I 
! 

i 
--I 

I 

I 
__ I 

--.-i 
; 

-- I 
\ 

i 
-I 



• 
• S..Al-TPLES 

• 
• 1620S1 

1620I-l1 • 1638S2 
163831 

• --
• 
• 
• 
• 

~ .• 
~. 

-. 
_t 

, 

VOLUI,C 
SAllPLED 

(I-I*.3) 

163.8 
154.3 

2.7· 
174.4 

MACROZOOPIJUfKTON 

AUGUST 141 1973 

LOCATIOlT:RDE 

AI,1PHIPODS 
PER 

1000 M*3 

12.2 
71.3 

754.6 
109.0 

DIPTERA 
. PER 

1000 N*3 

0.0 
97.2 

754.6· 
22.9 

OTHERS 
PER 

1000 r.l-X- 3 

103.8 . 
835.9··· . 

61497.8 
768.5 

. TOTAL 
PER 

1000 M*3 

116.0 
, 1004.:3 
63007.0 

900.4 



• 
• 
• 
• SMU'L!:S VOLUI·1E 

3.AIIPLED 
(11*3) 

• 
• 022681 202.6 

024731 210.9 

• 0553111 219.1 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

MACRO ZOOPLAlTKTOn 

AUGUST 15, 1973 . 

LOCATI01T:R.DE 

~~/rpHr:PODS DIPTERA 
PZ:l PER 

1000 n*~ 1000 M*3 

231.9 ~913.5 
0.0 0.0 
0.0 0.0 

OTHERS TOTAL 
PER PER 

1000 !1*3 1000 M*3 

8606.7 12752.1 
0.0 0.0 
0.0 0.0 

i -, 
! 
I , 

-j 

I 
! 

I 
. , 

I 
I 

I -- , 

I 

I 
I 
I. 



• 
• 
• 
• SAUPLES 

-. 
~. 

1233S2 
12331-12 

-e 125752 

• 
• 
• 
• 
•• 
• 
• -. -. 

-e 

• 
•• 
• 
• 
4. 

VOLUI~E 
SM1PLED 

(M*3) 

9.7 
16.2 
4.4 

MACROZOOPLAhTKTON 

JULy 2,1973 

LOCATION:RI 

Al1[PHIPODS 
PER 

1000 M*3 

102.9 
432.2 

0.0 

DIPTERA 
PER 

1000M*3 

308.7 
1605.2 

226.4 

OTHERS 
PER 

1000 M*3 

54741.0 
12903.2 . 
85342.4 

• 

TOTAL. 
·PER· 
1000 M*3 

55152.5 
14940.6 
85568.8 



~ 

• 
• 
• SAMPLES VOLID1E 

SAMPLED 
(M*;) 

• 
• OQ50S2 

0050M2 
1s .. a 
16 .. 2 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
•• 

MACRO ZOOPLANKTON 

JULy;, 1973 

todA~ION:RI 

Al-1PHIPODS DIFTERA 
PER FER 

1000 M*' 1000 M*' 

27217.7 ;607.8 
}0622.0 5803.4 

OTHERS TOTAL 
PER PER 

1000 1·1*' 1000 M*' 

22495.8 53321.3 
6482.5 42907.9 

_I 

1 
1 
1 

.-1 
I 

--i 
1 
1 

r 

-I 

.,- I 

i 



, 
i 

• 
• 
e 

- • SAMPLES 

-. 
- • 1210S2 . 

1210M2 
e1210B2 

- 1253S2 

• 
• 
• 
~. 

• 
• -. 
• 

~. 

• 
• 
• ~ 

• 

1253B2 

VOLUJ.'IE 
S.D1PLED 

(M*3) . 

30.3 
31.2 
39.2 
38.6 
11.5 

·MACROZOOPLANKTON 

JULy 17, 1973 

LOCATION:RI 

AI'1PHIPODS 
PER 

1000 11*3 

395.6 
1185.3 
3012.6 
648.0 

3047.3 

DIPTERA 
PER 

1000 JI'I*3 

230.8 
3171.3 
2476.5 
777.6 

10709.2 

OTHERS 
P:$.R 

1000 M*3 

11076.9 
13934.7 
17565.1 
3006.8 
6965.3 

' . 

TOTAL 
PER 

1000 M*3 

11703.2 
18291~3 
23054.2 
4432.4 

2072f.8 



• 
• 
• 
• SM·1PLES 

• 
• 010052 

0100:82 • 013552 
0135r'l2 

• 0135:82 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 1, 

VOLUl{E 
SAl1J?LED 

(M*3) 

15.6 
12.7 
38.0 
66.3 
39.5 

MACRO ZOO PIJ.JrKT ON 

JULy 18, 1973 

LOCATION:RI 

»1PHIPODS 
PER 

1000 N*3 

9610.1 
61910.2 

7343.9 
3335.2 

14773.3 

DIPTERA 
PER 

1000 }I*3 

10250.8 
29296.8 

3474.6 
2399.5 
5422.8 

OTHERS 
PER 

1000 :f.l*3 

19476.6 
10818.5 
6317.4 
4014.3 

23237.0 

TOTAL 
PER 

1000 M*3 

39337.5 
10~025.5 
17135.9 
9749~1 

43433.1 

I 
I 

-I 

-I 
i 
i 

i 
-, , 

-, 
\ 
I 
, 
i 

--I 

, 
I 

-- I 



• 
• MACROZOOPLAlTKTON 

JULy 31,1973 

• , 
LOCATION:RI I 

• SAlU'LES VOLUI1E Al.filHIPODS DIPTERA OTHERS TOTAL . 
SM1PLED PER PER PER PER -. (M*3) 1000 M*; 1000 M*3 1000 M*3 1000 M*3 

~. 

094082 29.7 0.0 33.6 1546.5 1580.1 -. 104252 .7 .. -L 522.4 130.6 261.2 914.2 
110752 33.9 29.5 0.0 236.2 265.7 
1107:82 -27 ... 4 80.2 53.5 4117.5 4.251.2 _ •. 1159B2 14.7 203.7 2580.6 0.0 2784.4 
1256B2 56.0 786.3 5057.6 71.5 5915.5 
125652 28.9 554.4 346.5 1316.7 2217.5 

• 135032 10.0 99.9 399.5 99.9 599.2 
1350B2 12.7 394.8 1737.3 0.0 2132.1 
1408:82 31.5 476.0 825.1 0.0 1301.1 

• 154532 22.7 0.0 485.1 308.7 793.8 
160052 7.r't'\ 0.0 783.6 3787.4 4571.0 
1600:82 6.8 147.6 147.6 1476.3 1771.6 

• 185852 --8.0 0.0 0.0 0.0 0.0 
194252 32.7 30.6 489.5 0.0 520.0 
1942132 37.1 215 .• 6 1536.1 1374.4 3126.1 

• 2000:82 9.~ 424.4 3607.8 0.0 4032.3 
213552 38.3 '- 4832.2 1750.0 . 26.1 6608.3 
2135:82 -42...1~ 71.19.0 4004.4 46.8 11170.3 

• 215052 10.3 34926.0 9507 .6 970.2 45403.8 

• .--. 
--. 
~. 

_e 

-. 
• 



• 
• 
• 
• SAr'IPLES 

• 
·004932 

0049B2 
.010682 

0106B2 
0333B2 

.0341B2 
053082 
0530B2 

.0545S2 
0545B2 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• I 

VOLUME 
SAMPLED 

(M*3) 

23.9 
;0 ... 9 
10.0 

9._4/ 
23.9 
11.5 
25.6 
29 • .5_ 
8.2'---

-.4 •. L! 

MACROZOOPLANKTON 
• 

AUGUST 1, 1973 

LOCATION:RI 

AMPHIPODS DIPTERA OTHERS TOTAL 
PER PER PER PER 

1000 M*3 1000 M*3 1000 M*; 1000 M*; 
-I 

I 
I 
! 

19954.3 6036.6 1760.7 27751.6 
10542.5 -4171.7 2393.1 17107. :5 
32158.2 9687.4 2996.1 44841.7 
66638.4 8807.3 4456.7 79902.4 
11737.8 4066.3 "83.8 15888.0 
11666.9 3482.7 0.0 15149.5 
8040.1 1405.1 0.0 9445.2 

10865.9 1052.6 169.8 12088.3 
17220.5 3395.6 0.0 20616.1 
27892.3 8974.0 242.5 37108.9 

-i 



• 
• 
• 
• SAMPLES 

• -. 
132352 
1323B2 -. 1344S2 
1;44B2 -. _. 

• 
• 
• 
• 
• ,-

• -. 
• 
• 
• 
• 
t 

VOLUME 
SAMPLED 

(M*3) 

35.6 
39'.8 
5.9 
8.5 

MACRO Z OOPLANKTON 

AUGUST 14, 1973 

LOCATION: Itt 

AMPHIPODS 
PER 

1000 r1*3 

0.0 
25.2 
0.0 
0.0 

DI:FTERA 
PER 

1000 r-r*; 

140.3 
0.0 

169.8 
0.0 

OTHEP..s 
PER 

1000 M*3 

954.1 
3772.9 
679.1 

3512.7 

TOTAL 
PER 

1000 M*; 

1094.4 
··3798.0 

848.9 
3512.7 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• I 

SAMPLES 

0:10582 . 
0105B2 
012052 
0120B2 

VOLUME 
SAMPLED 

(M*:;) 

9.7 
14.7 
7.7 

12.7 

MACROZOOPLANXTON 

AUGUST 15,1973 

LOCATIO:N:RI 

AMPHIPODS 
PER 

1000 M*3 

8643.3 
2988.1 

12929.3 
11134.4 

DIP'1!ERA 
PER 

1000 M*; 

6070.9 
1358.2 
8750.2 

14687.9 

OTHERS 
PER 

1000 M*3 

6070.9 
1901.5 

22593.7 
7"738.8 

TOTAL 
PER 

1000 M*3 

20785.1 
6247.9 

44273.2 
33561.0 

-I 

I 

i 
~I 

I 
I 
I 

_I 

-- ! 

- . 
I , 
I 



.., 

• -. -. SAMPLES 

-e 
,- _e 

1233M2 
e 1305N2 

• 
• 
• 
• 
• 
• -. 

~. 

-e 

• 
• 
• 
•• 

VOLffil1E 
SAMPLED 

(r-!*3) 

164.9 
22.1 

MACROZOOPLAJr£TON 

JULy 17, 1973 

LOCATION: RD 

AMPHIPODS 
PER 

1000 M*3 

412.3 
1313.0 

DIPTERA 
PER 

1000 M*3 

1006.5 
5070.7 

OTHERS 
PER 

1000 M*3 

11156.9 
14940.6 

• 

TOTAL 
PER 

1000 M*3 

12575.8 
21324.3 



• 
• 
• S.A!llPLES 

• 
• 0025!12 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

VOLffi·IE 
SAX1PLED 

(M*3) 

90.7 

MACRO ZOO PLANKT ON 

JULy 18, 1973 

LOCATION: RD 

A}\iPHIPODS DIPTERA OTHERS 
PER PER PER 

1000 M*3 1000 M*3 1000 H*3 

13229.6 10021.4 49136.8 

TOTAL 
PER 

1000 M*3 

72387.7 

-I 

! 

-I 
1 , 

I 
_i 

I 
-I 

\ 
1 

-- I 

- - I 

, 

-i 

'. , 



• 
• 
• 
• 
• -. 

~. 

~. 

-e 

• 
• 
• 
• 
• 
• 
• 

- . 
...... 
- • 
• 
.oL.. 

SAIIPLES 

1010H2 
1028I·12 
1128r.!2 
1144I'!2 
1320H2 
1336I-!2 
1620:·12 
163Sr.I2 
2030l!2 
2045H2 
2225H2 

VOLUME 
SAJ>1PLED 

(M*;)' 

156.1 
_13.8 ( .~ 

,104. • .0; 
33.9 
86.9 

-- 6.5 
. 0.6 
-5.f) 
60.:! 
·~CV' 
5.9 

MACROZOOPLAlTKTON 

JUty 31 ;': 1973 

LOCATIOlT:RD 

AJt1PHIPODS 
PER 

1000 1'1:*; 

76.9 
650.2 

48.1 
472.4 

34.5 
1234.8 . 
1697.8 

188.6 
115.4 
754.6 

2207.1 

DIPTERA 
PER 

1000 r.l*3 

76 .. 9 
0.0 

423.2 
797.2 

1381.3 
1543.4 
1697.8 
754.6 
824.2 

1383.4 
2037.4 

OTEERS 
PER 

1000 H*3 

153.8 
·0.0 

. 2347.1 
974.4 

0.0 
30714.6 

0.0 
565.9 

16.5 
251.5 

0.0 

TOTAL 
PER 

1000 M*3 

307.5 
,650.2 
2818.4 
2244.0 

. 1415.8 
'33492.8 

3395.6 
1509.1 
956.0 

2389.5 
4244.5 



• 
• 
• 
• S.AX'lPL.."SS VOLUH3 

SAHPLED 
f.I*3) 

• 
• 0132H2 

.0145112 
__O~ 

·_t3~.5) 

• 0403E2 
0417H2 
0615J:.l2 

187.9 

"Jj • 0627!::i2 35.9 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I'" 

NA ORO ZOO l'LA1UCTO l'T 

AUGUST 'I , 1973 

LOCATION:RD 

AlJfPHII'ODS DIPTEM 
:PER PER 

.1000 U*3 1000 H*3 

61120.5 57725.0 
3174.1 959.6 
6972.1 974.0 

148361.0 45709.8 
5993.9 1771.6 
695.8 417.5 

OTHERS TOTAL 
PER PER 

1000 f1*3 1000 M*3 

3395.6 122241.1 
0.0 4133.8 

117.1 8063.2 
1828.4 195899.2 

29.5 7795.1 
0.0 1113.3 

-! 

; 
I 
1 

--I 
I 

, 

: 
-I 

I 
I 

I 
-I 

- - I 

i 
I 
I 

- - I 
i 

i 
-- i 

-I 

: 
-- I 



• 
• 
• 
~AHPLES -. 

~. 

1555H2 
1615H2 --. 

... -. 
• 
• 
• 
• 
• 
• -. 
~. 

-. 
_e 

• 
• 

VOLID·1E 
SAMPLED 

(M*3) 

122.2 
3'3.9 

MACRO ZOOPLANKTON 

AUGUST 14, 1973 

. LOCATION: RD 

Al-IPHIPODS 
PER 

1000 f'I*3 

49.' . 
295.3 

DIPTERA 
PER 

1000 M*3 

0.0 
413.4 

OTHERS 
PER 

1000 M*3 

580.9 
1181.1 

" 

TOTAL 
PER 

1000 M*3 

630.0 , 
1889.7 

I 
I 
i 
\ 



..., 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

SAHJ:LES 

0045112 
0055r.~2 

VOLunE 
SAHPLED 

(M*3) 

10.9 
25.3 

MACROZOOPLAUKTON 

AUGUST 15, 1973 

LOCATION: RD 

Al1PHIPODS 
PER 

1000 r1*3 

8351.3 
5843.6 

DIPTERA 
PER. 

1000 M*3 

13674.1 
7225.5 

OTHERS 
PER 

1000 M*3 

1468.4 
1224.0 

TOTAL 
PER 

1000 M~3 

23493.8 
14293.0 

~, 

I 



• MACROZOorLANKTON 

• MAY 22,1973. • 

• ,LOC.A.TION:DI 
'-.. 

• SAMPLES VOLID>7E' AMPHIPOD3 DIPTERA OTHERS TOTAL 
SAMPLED rER PER PER PER 

(M*') 1000 M*, 1000 M*' 1000 1-1*3 1000 M*' • i 
I 
I -. 120031 153.2 0.0 0.0 0.0 0.0 

1200~1 180.2 5.5 33.; , 16.6 55.5 
~. 120032 39.8 0.0 0.0 25.2 25.2 

1200M2 43.2 0.'0 23.1 46.3 69.4 
1200B2 40.3 24.8 99.1 24.8 148.7 

~. 133031 160.2 0.0 12.5 0.0 '12.5 
1330S2 31.2 . 0.0 0.0 96.1 96.1 
133DM2 33.0 0.0 181.9 181.9 363.8 • 1330:82 32.4 ',0.0 0.0 ' '0.9 30.9 
1515S2 '20.9 47.8 0.0 0.0 47.8 
1515M2 21.8 ' 0.0 0.0 91.8 91.8 • 1908S1 . 117.5 17.0 25.5 8.5 51.1 
"1908S2 30.0 3:5.3 0.0 33.3 66.6 

• 1908:82 29.2 0.0 34.2 102.7 ,136.9 
2100S1 115.2 703.0 1822.6 225.7 . 2751.3 
2100S2 18.0 334.0 334.0 167.0 /835.0 

• 2"O()l.12 18.6 4137.0 2955.0 752.2 7844.2 
210tm2 20.1 13791.5 1095.4 ;48.5 ,: 15235.3 

• 
• 
• -. -. 

---
• ,. 
t.. 



• MACRO ZO OPLANXT ON • MAY 23, 1973. 

• LOCATION: DI 

• 5AMPLE5 VOLUlm AMPHIPOD5 DIPTERA O~HERS . TOTAL 
SA}'Il'LED PER PER PER PER 

• (M*3) 1000 M*3 1000 M*3 1000 M*3 1000 M*3 . -

• 240051 205.9 262.2 349.6 . 145.7 757.5 

• 240052 20.9 1434.8 956.5 239.1 .2630.4 
240or·12 24.3 494.5 164.8 0.0 659.3 
2400:B2 22.2 4092.7 629.6 89.9 . 48'12.3 

• 032551 119.0 722.8 874.0 437.0 2033.8 
032552 13.8 578.0 433.5 361.2 1372.7 
Q325M2 8.0 . , 3647.1 2389.5 251.5 6288.1 

• 0325B2 16.5 6609.3 22'43.5 909.5 9762.3 
0425S1 62.4 768.7 848.8 576.6 2194.1 
042532 14.1 495.2 283.0 141.5 919.6 

• 0425112 15.0 665.8 33,2.9 599.2 .1597.9 
0425:B2 16.5 3577.5 848.9 970.2 53.96.6 
052551 63.6 15.7 31.4 94.3 ' .. 141.5 

• 052552 14.1 0.0 O~O 70.7 70.7 
0525r.12 14.7 882.9 543.3 67.9 ,- ';1494.1 
0525B2 14.4 69.3 69.3 138.6 . :" 277.2 

• 0625S1 71.9 13.9 41.7 0.0 .. , 55.7 
062552 14.7 67.9 0.0 67.9 135.8 
06251·12 15.9 125.8 0.0 0.0 125.8 

• 0625132 16.2 0.0 0.0 0.0 0.0 
073551 88.4 34.0 11.3 11.3 56.6 
073552 17.7 56.6 113.2 '56.6 226.4 • 0735112 41.5 0.0 0.0 0.0 0.0 
0735:B2 43.9 136.7 45.6 0.0 182.3 
083551 90.7 11.0 55.1 0.0 66.1 

• 083552 20.9 143.5 143.5 47.8 334.8 
0835112 22.7 661.5 0.0 88.2 749.7 
0835132 22.7 44.1 132.3 0.0 176.4 • 0915S1 90.7 22.0 22.0 0.0 44.1 
094652 38.9 0.0 25.7 0.0 25.7 
0940M2 34.2 0.0 0.0 0.0 0.0 . • 0940B2 21.2 0.0 0.0 0.0 0.0 

• 
• • 

• - I 

• 
~. 

{ 



• 
• 
• 
• 
• -. 

-e 
~. 

• ." 
• 
• 
• 
• 
• -. -. 

-e 

• 
• 
... 

SAMPLES 

1702S1 
, '18'0:81 

2315S1 
2'15:81 

, 2,19M2 

' , 

VOLUME 
SAMPLED 
(P3) 

137.8 
58.9 

168.5 
188.5 
30.6 

HACROZOOPLANXTON 

JmlE 7,1973 

z,oCATION: DI 

, AMPHIPODS 
PER 

1000 M*3 

696.5 
0.0 

6861.8 
24212.7 
7705.4 , 

DIPTERA 
PER 

1000 M*3 

565.9 
169.8 
759.8 

1188.4 
391.8 

OTHERS 
PER 

1000 M*3 

14.5 
34.0 
83.1 
74.3 
0.0 

" , 

• 

'TOTAL 
PER 

1000,M*3 

1276.9 
203.7 

7704.7' 
' 25475.3 
'8097.2 

" < 

.... ~, " ,-

! ' 



• MACRO ZO OPLANKTON • JUNE C3,1973 

• LOCATION:DI 

• SAMPLES VOLID-m Al1PHIPODS DIPTERA OTHERS TOTAL 
SAMPLED PER PER PER PER 

• (M*3) 1000 M*3 1000 M*3 1000 M*3 1000 M*3 

• 0034B1 7.3 21768.2 2053.6 821.4 24643.3 

• 0215S1 136.3 1922.1 271.4 7.3 "2200.9 
0215B1 150.8 7122.2 371.4 ' 19.9 '7513.4 -' 
0215112 31.2 7688.1 704.7 128.1 8521.0 

• 0215B2 89.1 2804.4 145.8 11.2 2961.5 
0325B1 51.8 14275.7 366.5 77.2 14719.4 
0353S1 115.7 423.5 0.0 34.6 458.1 

• 0353B1 259.2 3970.2 177.5 142.8 4290.4 
0353H2 0.8 335785.7 16349.1 13833.9 365968.7 
064451 121.1 3170.7 198.2 115.6 3484.5 

~ 

• 0644B1 139.0 43.2 86.3 28.8 158.3 
0644H2 21.4 0.0 561.3 0.0 561.3 
0802131 70.6 56.7 0.0 0.0 56.7 -

• 114551 94.2 0.0 10.6 10.6 21.2 
1145B1 108.4 166.1 36.9 9.2 212.2 ' 
11451-12 47.1 0.0 0.0 21.2 21.2 -

• 1250B1 57.7 69.3 52.0 103.9 225.2 
150052 57.7 52.0 0.0 0.0 52.0 
1500B1 127.2 0.0 0.0 7.9 7.9 

• 183051 154;.3 0.0 0.0 0.0 0.0 

• 
• - , 

• 
• 
• 
• 
• 
• 

,l ..... 
! 



• 
• 
• 
• 
• 
e 

-e 
~e 

-e 

• 
• 
• 
• 
• 
• 
e 

--. 
- •. 
-. 
• 

SAl-iPLES 

.0915B1 
1"106B1 
2235B1 

VOLUME 
SAMPLED 

(M*,) 

78.9 
193.2 
75.4 

MACROZOO~LANKTON 

JUNE 19,1973 

LOCATION: DI 

AI'iPHIPODS 
PER 

1000 M*3 

38.0 . 
0.0 

4270.6 

DIPTERA 
PER 

1000 M*3 

0.0 
0.0 

464.2 

OTHERS 
PER· 

1000 M*3 

12.7 
. 657.3 

1578. , 

TOTAL 
PER 

·1000 M*3 

50.7 
657.3 

6313.1 



• 
• 
• 
• SAMPLES 

• 
• 0055B1 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

VOLUNE 
S.A}rPLED 

(M*3) 

69.9 

MACROZOO~LANKTON 

JUNE 20,1973 

LOCATION: DI 

AMPHI~ODS 
PER 

1000 11*3. 

19753.4 

DIPTERA 
~ER 

1000 M*3 

830.2 

OTHERS 
~ER 

1000 M*3 

12338.7 

• 

TOTAL 
PER 

1000 M*3 

32922.4 

-' 



• 
• 
• 
• SAl1PLES 

-. 
~ . 

140051 

• 
• 
• 
• 
• 
• 

!-

• 
• 
• 

~ • 
'-- • 

• 
• 
• 

VOLUME 
SAMPLED 

(M*,) 

120.2 

MAC ROZOOPLANKTON 

JULy 2, 1973. 

LOCATION: DI 

AMPHIPODS 
PER 

1000 t·1:*, 

1098.5 

~. DIPTERA 
PER 

1000 11*3 

3328.7 

OTHERS 
PER 

1000 M*3 
.;.", .. 

41109.7 

• 

TOTAL 
. PER . 
1000 M*3 

455'6.9 



• 
• 
• 
• 
• 
• 
• .' 
• 
• 
• 

-"--

• 
• 
• 
• 
• 
• 
• 
• 
• 
• , 

S.Ar1PLES 

125431 
1254131 
1257G2 
1257!·12 
1251:132 
1331S2 

VOLt7r1E 
SmPLED 

(M*3) 

89.5 
725 .. 8 

29 .. 7 
3 .. 8 

,0.0 
11.8 

MlCRO ZO 0 PLANKTON 

JULy 17, 1973. 

LOCA!ION: DI 

AMl'HIPODS 
PSR 

1000 r·!*, 

670.1 
68.9 

t 243.9 
1567.2 
6;2.5 
848.9 

DIPTERA 
PER 

1000 M*3 

:5685.7 
54Q.1 

1075.8 
45709.8 

6092..1 
6027.2 

OTHERS 
PER 

1000 H*3 

3998.4 
24.8' 

28408.6 
4179.2 
3329.0 

23005.1 

TOTAL 
PER 

1000 M*3 

8354-.2 
633.8 

30728.4 
51456.2 
10053.6 
29881.2 

-: 



• 
•• 
• 

-e 

-e 

• 
• 
• 
• 
• 
• 
• -. 
~. 

• 
• 110-... 

I 
i • 

• 

SAM:PLES 

0045:82 
0045S2 

·021052 
0210M2 
021251 

VOLUME 
SAMPLED 

(M*3) 

6.1 
21.3 
25.5 
31.4 

286.0 

. MACROZOOPWlKTOl'T . . 

.JULY 18,1.973. 

LOCATION: :OI 

AMPHIPODS 
. PER 

11000 M*3 

35914.8 
3705.1 
5639.7 
9324.3 
.4663.6 

DIPTERA 
PER 

. 1000 M*3 . 

8978.7 
6753~7 
9125.4 
5282.7 
1803.9 

OTHERS 
PER .' 

10qO 1-1*' . 

109:37.7 
.515.9 
822.5. 

. 5219.1 
2433.2 

. !OTAL 
:PER . 

1000 M*3 

.558;1.3 
.10974.7 
15587.·6 

. 19826;1 
·e~O~8 

I 
. ! 

, 

. I , 





-e 

-e 
_e SM1PLES 

• 
• o.o.17B1 

o.114M2 • 0134B2 
o.114B1 
0.13452 • 

• 
-•• 
• -. 

- . 
. --
• 
• 
• '"-

• 
• 
~ 

.. 

VOLID1E 
SAMPLED· 

(M*3) 

48.3 
31.5 
34.5 

164.3 
7.1 

MACROZOOP~~TON 

AUGUST 1, 197:5. 

LOCATION':DI 

Al-lPHIPODS 
PER 

10.00. M*' 

13953.8 
2310.2.7 
16890.9 
8883.8 

30.70.1.9 

DIPTERA 
PER 

1000. M*3 

7825.7 
1440.7.4 

10.73.8 
4271.5 
4951.9 

OTHERs 
. PER. 
1000 M*3 

2691.4 
1967.5 
3163.4 

182.5 
707.4 

TOTAL 
PER 

10.0.0 M*3 

24471.0 
39477.7 
21128.1 
·13:537.8 
36361.1 



• 

I 

I. 

I SANPLES 

• 
• 1123B1 

1320S2 

• 1348S1 
1348S2 

• 
• 
• 
• 
• 
• 
• 

VOLUME 
S.AMl>LED 

(M*3) 

378.3 
24.7 

156.7 
8.5 

MACRO ZOOPLANKTON 

AUGUST 14, -1973 

LOCATION:DI 

AMPHIPODS 
PER 

1000 ·11*3 

243.2 
40.4 
19.1 
0.0 

DIPTERA 
PER 

1000 }I*3 

195.6 
0.0 

89.3 
468.4 

OTHERS 
PER 

1000 r.l*; 

452.0 
1657.4 
3574.0 
9952.6 

TOTAL 
PER 

1000 M*; 

890.9 
1697~8 
3682~5 

10420.9 

.-
.," 

.-

• 
-• 

.-.. 
I «-

• 
i 
;. • 
• .-
• 

~ 

; ..• 
• 
e-

; . 
I 
I • 
e-

el -
I 

I • 
• 

I 

• 
I • 

\ -



.. 
• 
• 

~. SM1PLES . 

-. 
-'. 0?2:5S1 

0225S2 
• 0247S2 

• 
• 
•• 
• 
•• 
• -. -. 

-e 
~ .•. 

e 

• 
• 

VOLUHE 
SAMPLED 

(r1*3) 

84.8 
29.5 
10.3 

MAC ROZOO PLAltKTon 

AUGUST 15, 1973 

LOCATIOlT: DI 

ArJIPHIPODS 
PER 

1000 r.r*·3 

2440.4 
·1765.7 
3783.7 

DIPTERA 
PER 

1000 1·1*3 

5140.1 
18200.3 
10962.9 

OTHERS 
PER· 

1000 11*3 

188.6 
3327.7 
5238.9 

TOTAL 
PER 

1000 M*3. 

7769.1 
23293.7 
19985.4 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• I-

SA.l\1PLES 

1031M1 
1245M1 
1640M1 
1826r~ 1 
1958M1 
2145I11 
2310N1 

VOLm·m 
SAHPLED 

(M*3) 

71.9 
141.4 
17.7 

173.2 
30.6 
27 .. 1 

3.5 

MACRO ZOOPLANKTON 

}1AY 22, 1973 

LOCATION:DD 

A!1JPHIPODS 
PER 

1000 M*3 

13.9 
0.0 
0 .. 0 
5.8 
0.0 
0.0 
0.0 

DIPTERA 
PER 

1000 M*3 

125.2 
0.0 

56.6 
0.0 

195.9 
73.8 
0.0 

OTHE;RS 
PER 

1000 M*3 

83.5 
35 .. 4 

11~.2 
23.1 
32.6 
0.0 
0.0 

TOTAL 
PER 

1000 M*3 

222.6 
35.4-

169.8 
28.9 

228.5 
73.8 
0.0 

-' 

-' 

"-" 

I 
._j 

-; , 



I 

• 
• ~ SAMPLES 

.- 0254M1 
0412M1 

... 0511M1 
0625M1 
0710M1 

---

• 
• 
• 
• 
• 
• 
e-

• 

, , 

, VOLUME 
SP'IPLED 

. (M*3) 

';. 

j~~t·, 
.. ~. 

'" 
~. 

7.1 
7.1 

16.5 
20 • .0, 
11~8 

MACRO ZOOPLANKTON 

MAY 23, 1973 

, LOCA~ION:DD 

AMPHTPODS 
PER 

1000 M*3 

0.0 
565.9 
424.4 
99.9 
84.9 

DIPTERA 
PER 

1000 M*3 

0.0 
141.5 
242.5 
99.9 
0.0 

OTHERS 
PER 

1000M*3 

0.0 
282.9 
60.6 
49.9 
84.9 

: .. " 

'. 

TOTAL 
PER 

1000 M*3 

0.0 
990.3 
727.6 
249.7 
169.8 

i 
,I 

w-

.' 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• .. 
• 
• 
• 
• 
11 

• 
• 
fI 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
... 

SANPLES 

2220111 
2335M1 

VOLill1E 
SAMPLED 

(M*3) 

35.3 
459.5 

l'IACROZOOPLANKTON 

JUNE 7,1973 

LOCATION: DD 

AMPHIPODS 
PER 

1000 M*3 

0.0 
5032.0 

DIPT3RA 
PER 

1000 M*3 

0.0 
235.1 

OTHERS 
PER 

1000 H*3 

0.0 
0.0 

TOTAL 
PER 

1000 M*3 

0.0 
5267.1 

! 
I 

i, 
I 
I 
, 

\ 

I 
I 
! 
I 
I 
i 
I 

, 
i 

(8'; 

-.. 
• 
Ii 

• 
4uJ 

L,' 

• -

• I -

• ! -

r 
,. 
• ., 

--.' 
• .. 
~ 

( \ 

• I 
, , 



t.-

• 
• 
(' 

• 
• 

'--• 
e-

&-

t-

tl 

• 
• 
C" 

• 
• 

'--• 
e-
Gr-

, 

L 

SAMPLES 

0035I11 
025m11 
043m'!1 
0532111 
0722N1 
1300H1 
1645M1 

VOLUIJIE 
SAMPLED 

(M*3) . 

99.0 
16.5 

123.3 
52'.2 
10.6 

147.3 
842.3 

MACRO ZOO PLAUKT ON 

JUNE 8, 1973 

LOCATION: DD 

ANPHIPODS 
PER 

,1000 }1*3 

8953.1 . 
19704.9 

0.0 
325.7 
754.5 

6.8 
0.0 

DIPTERA 
PER 

1000 M*3 

111.2 
666.9 

0.0 
0.0 

377.3 
0.0 
2.4 

OTHERS 
PER 

1000 101*3 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

TOTAL 
PER 

1000 101*' 

9064.2 
20371.8 

0.0 
325.7 

1131.8 
6.8 
2.4 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• '. 
• 
• 
• 
• 
• 
• 

"' • : 

iii. 



• 
• 
• 
• SANPLES 

• 
• 14021'11 

1420H1 

• 1650!JI 1 
1910M1 
2115M1 • 23451"l1 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
oIIIIIIt. 

/ 

VOLUME 
SAMPLED 

(M*3) 

38.9 
2.4 

75.4 
146.1 

55.4 
155.7 

MACRO ZOOPLAt-.TKT ON 

JUNE 19, 1973 

LOCATION:DD 

AfiIPHIrODS 
PER 

1000 M*3 

51.4 
5941.8 

26.5 
0.0 

5996.0 
2516.9 

DIPTERA 
J?ER 

1000 H*3 

128.6 
~:122.1 

13.3 
0.0 

325.1 
764.1 

OTHERS 
PER 

1000 M*3 

643.0 
11459.1 

305.0 
6.8 
0.0 

19.3 

. . ~"' .. 

TOTAL 
PER 

1000 M*3 

823.1 
19523.0 

344.8 
6.8 

6321.0 
3300.3 

\ 

"... 

-.. 
• 
• 
• 
.J 

,J 

tJ 

I \ ~ 

I » 
i -

(") 

1 ~ 
! 

., 
-• 
• -
.J 

~ 

• 
-. 



• SAMPLES 

-• 
'--

• 0301M1 
032QM1 .-

e

• 

• 
• 
• .. 

VOLUME 
S.A!-1PLED 

(M*3) 

149.5 
148.0 

MACRO Z 00 PLANKT ON 

JUNE 29, 1973 

LOCATION:DD 

AMPHIPODS 
PER 

1000 N*3 

809.4 
1601.7 

DIPTERA 
PER 

1000 M*3 

341.1 
432.5 

OTHERS 
PER 

1000 M*3 

153.8 
8589.6 

• 

TOTAL 
PER 

1000 1-1*3 

1304.3 
10623.8 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
t 



., 

• 
• 
• 
• 
• 
• 
• 
0 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• .. 

SAMPLES 

1245M1 
1332M1 
2230M1 
2246M1 

VOLUME 
SAMPLED 

(M*3) 

30.6 
34.2 
34.2 
14.1 

MACRO ZOOPL./UTKTON 

JULy 2, 197:~ 

LOCATIO!T:DD 

ANPHIPODS 
:P~R 

1000 T1~3 

587.6 
409-.8 

23357.3 
55032.1 

DIPTEM. 
PER 

1000 N*3 

8227.1 
3512.4 
3014.8 
4314.9 

OTHERS 
PER 

1000 M*3 

241196.7 
27162.4 
32196.8 
8912.7 

TOTAL 
PER 

1000 M*3 

250011.4 
31084.5 
58568.9 
68259.6 

-,8 

• 

· ) 

• 
• , 
• 
'. 

i • ~ 
I 

1 ~ 

t) 
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(" 

f" 

• 
-• 
• 

• 

SA11FLES 

1210111 
1359111 
14181J11 

VOLID1E 
SAMPLED 

(M*3) 

90.7 
245.0 
38.9 

MACROZOOPLANKTON 

JULy 17, 1973 

LOCATIOl'T :DD • 

AHPHIPODS 
PER 

1000 M*3 

77.2 
110.2 
385.8 

DIPTERA 
PER 

1000 M*3 

3891.4 
559.1 

1774.8 

OTHERS 
PER 

1000 M*3 

9160.7 
6423.3 
6199.0 

TOTAL 
PER 

1000 M*3 

13129.2 
7092.6 
8359.6 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• '. 
• 
• 
'. 
• 

f 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
I· 

I 

• 
• 

• 

SAMPLES 

0105M1 
0120H1 

VOLUME 
SAMPLED 

(M*3) 

74.3 
31.9 

MACROZOOPLAUKTOU 

JULY 18, 1973 

LOCATION: DD 

Ar4PHIPODS 
PER 

1000 M*3 

3524.4 
5544.0 

DIPTERA 
PER 

1000 M*3 

3954.9 
4635.6 

OTHERS 
PER 

1000 M*3 

3363.0 
1942.0 

TOTAL 
PER 

1000 M*3 

10842.4 
12121.6 

; 

I 

I 

i 
! 
i 

I , 

I 

( 
i 

, I 
-

-, 
-.. 
• 
...J • .. 

, 

.; 

W 
i 

( I --
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-" 
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n 
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I .. 
}aCROZOOPLANKTON • • • JULy 31, 1973 

tr LOCATION: DD ~ 

• SfJ1PLES VOLll·m Ar1PHIPODS DIPTERA OTHERS TOTAL • SA!1PLED P:8R PER PER PER 
- (M*3) 1000 H*3 1000 M*3 1000 }!*3 1000 M*3 • ; • I 

I 

\ .. 4 
1331}11 102.5 624.4 1483.0 995.2 3102.6 

.- 1341N1 221.5 352.2 605.0 686.3 1643.5 • 1713i11 97.8 92.0 122.7 0.0 214.8 

e- • 
-- • 
• • 
• • .. f 

, 

fA ! I 
I 

• 
-• 

> .-



t 

~ S1ll1I'LES 

0040H1 
0056H1 

t 0539111 

• 

VOLtn'IE 
SAHPLED 

(r1* 3) 

339.3 
221.5 
86.0 

}~CROZOOPLA}rr:TON 

AUGUST 1, 

LOCATIOU: 

A11PHIPODS 
FER 

1000 H*3 

13097.8 
3088.3 
1313.9 

1973 

DD 

DIPTERA 
PER 

1000 !1*3 

2788.2 
1246.1 
1360.4 

OTHERS 
~SR 

1000 M*3 

153.3 
63.2 
23.3 

TOTAL 
PER 

1000 M*3 

16039.2 
4397.6 
2697.6 

• I. 

u 

• ! 
~ ! 

; 

: -I,. 
• 
• 
• 

.' 
• 



.-SAl:PLE8 

.~ 
1430I·l1 

• 
• 
• 
.~ 

• 
• 

VOLUUE 
S.A!1PLED 

(M*3) 

23 .. 6 

MACROZOOPLAlrKTON 

AUGUST 14, 1973 

LOCATIOlT: DD 

lJIPRIPODS 
PER 

1000 H*3 

636.6 

DITTERA 
PER 

1000 !1*3 

127 .. 3 . 

OTHERS 
PZR 

1000 N*3 

339.5 

• 

TOTAL 
PER 

1000 M*3 

1103.5 

• 
• '. 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
f 
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APPENDIX IV-A 

ROSETON/DANSKAMMER POINT 1973 BENTHOS 



/ 

TOTAL NUMBER AND BIOMASS OF BENTHOS COLLECTED FROM DEPTH 3 AT TRANSECT MAXIMUM l!. T 
DURING JULY, SEPTEMBER, AND NOVEMBER, 1913. , VALUES GIVEN ARE NUMBER AND WEIGHT PER m2 . 

JULY SEP' EMBER 
ORGANISMS COLLECTED # % mg % # % mg % # % 

Annelida: Hirudinea 
Oligochaeta 4047 63.52 801.10 32.83 2491 10.51 99.89 3.82 5985 83.74 
polychaeta 

Arthropoda: Arachnidia .. 

Crustacea: 
Amphipoda 112 2.70 882.65 36.14 17567 73.91 1467.78 56.09 344 4.81 

. Isopoda: 
Chiridotea 86 1.35 16.36' 0.67 301 1.27 238.96 9.13 
Cyathrua 86 1.35 174.81 1.16 388 1.63 239.82 9.1.6 

Total Crustacea 344 5~40 1073.82 43.97 18256 76.81 1946.56 74.38 344 4.81 
Insecta: 

Coleoptera 43 0.18 48.65 1.86 
. Collembola 

Diptera 775 12.16 27.56 1.13 1507 6.34 277.28· 10 •. 60 474 6.63 
Trichoptera 

Total Insecta 775 12.16 27.56 1.13 1550 6.52 325.93 12.46 474 6.63 

Mollusca: Gastropoda 
Pe1ecypoda 1119 17.56 103.76 4.25 732 3.08 178.25 6.81 301 4.21 

Platyhelminthes: Turbellaria 86 1. 35 435.30 17.82 732 3.08 66.31 2.53 43 0.60 

SAMPLE,'TOTAL 6371 2442.14 23767 2616.94 7141 

. 

,'., 

N)VEMBER 
mg % 

1199.11 12.1 7 

50.81 3.0 6 

50.81 3.0 6 

320.34 19 .. 2 8 

320.34 19.2 8 

86.11 5.1 8 

5.17 0.3 1 

1661.54 



TOTAL NUMBER AND BIOMASS OF BENTHOS COLLECTED FROM DEPTH 3 AT TRANSECT se 2 
DURING JULY, SEPTEMBER, AND NOVEMBER, 1973. VALUES GIVEN ARE NUMBER AND WEIGHT PER m • 

- JULY --- SEPTEMBER NOVEMBER 
ORGANISMS COLLECTED .. % mg " * !Is mg !Is # \ .. !llg 

-

Annelida: Hirudinea 
Oligochaeta 15500 .79.83 15648.7C 2024 34.07 162.75 24.75 517 29.28 75.35 
Polychaeta 

Arthropoda: Arachnidia 43 0.72 72.33 11.00 
Crustacea: 

Amphipoda 344 1.77 382.77 861 14.49 31.00 4.72 732 . 41.45 989.86 
Isopoda: 

Chiridotea 
Cyathura 129 0.66 849.0E 215 3.62 71.90 10.94 43 2.43 272.98 

Total Crustacea 516 2.66 --- 1076 18.11 102.90 15.66 775 43.88 1262.84 
Insecta: 

Coleoptera 
Co11embo1a 129 0.66 0.43 
Diptera 2110 10.87 654.02 2411 40.58 279.86 42.57 431 24.41 172.22 
Trichoptera 

Total Insecta 2239 11.53 654.45 2411 40.58 279.86 42.57 431 24.41 172.22 

Mollusca: Gastropoda 43 0.22 17.22 
Pelecypoda 689 3.55 42.63 86 1.45 3.01 0.46 43 2.43 3.44 

Platyhelminthes: Turbel1aria 430 2.21 37.03 301 5.07 36.60 5.57 

SAMPLE TOTAL 19417 --- 5941 657.45 1766 1513.85 

."t 

% 

4.98 

65.39 

18.03 
83.42 

11.38 

11.38 

0.23 

( 



aOsE'fON 8EN'1'IIOO 

MOLLUSCA BIOMASS DISTRIBUTION 

(IIICJ .-2, 

NORTH CONTROL MAXIMUM AT 75 AT SOUTH CONTROL 1 2 3 1 2 3 1 2 3 1 1971: 2 3 

Fall 

Winter 5127.55 4311.62 273.40 442.19 384.05 41. 77 582.54 NB 9268.73 99.03 

1972: 
Spring 1270.57 1m NB 114.09 1221.49 848.21 1818.25 34.44 

SllIIIIIIer 264.37 64.16 324.65 124. 28 339.71, 47.36 30.14 189.45 993.74 74.49 

Fall NB 118.41 NB 147.68 189.87 146.39 NB NB 63.29 19.37 54.25 NB 

Winter 89.56 53.82 361.67 9.48 562.31 234.22 501.60 4.30 NB 

1973: 
Spring 740.13 139.07 24.54 509.78 1212.89 124.00 157.58 196.33' 121.41 271.25 

Summer 462.43 134.33 258.33 NB 315.60 21.09 376.30 1147.01 NB, 63.29 

Fall 184.28 124.86 24.54 56.83 261.35 119.26 122.28 712.14 29.28 ]"30.89 38.31 ' 

Winter 27.99 41. 76 106.77 NB 21.53 108.50, 96.01 5.59 8.18 



_.-. _. __ .:. ---.- -.-.~--- ... ~- ,.- .. - ,--------_._, .. _----

ROSETON BENTHOO 

TURBELLARIA BIOMASS DISTRIBUTION 

(mq m-2 , 

NORTH CONTROL MAXIMUM f>.T 75 f>.T SOOTH CONTROL 1 2 3 1 2 3 1 2 3 1971: 1 2 3 

. Fall 

Winter 110.65 1658.96 607.09 317.76 68.46 2.17 682.86 80.09 163.61 437.88 

1972: 
Spring NB NB 42.62 

Sununer 6.89 570.92 58.13 41. 77 107.20 3.44 29.71 59.84 108.50 92.57 

Fall 65.46 82.67 158.12 25.40 27.55 16.79 39.17 21.53 NB 42.19 168.78 

Winter 266.08 7.32 47.79 377.17 82.67 415.06 139.50 15.93 NB 357.36 

1913: 
Spring 28.85 20.24 869.73 31.00 59.85 3.44 

Sununer 37.03 28.41 34.45 40.90 21.96 1. 72 78.79 1. 72 2912.30 

Fall 6;02 21.09 24.97 58.55 8.18 8.61 42.19 31.00 NB NB 

Winter NB 20.66 45.64 106.78 39.61 50.00 28.84 89.98 186.86 110.65 11.62 

" 



{ 

ROSE'l'ON BEN'l'HOS 

INSECTA BIOMASS DISTRIBUTION 

(11\9 .-2) 

NORTH CONTROL MAXIMUM AT 7S AT SOUTH, CONTROL 
1 2 3 1 2 3 1 2 3 1 2 1 .1971: 

Fall 384.06 211.83 NB 46.07 205.81 NB 409.89 414.21 396.56 390.94 NB 

Winter 53.26 1758.85 1231.83 873.61 758.65 1222~35 1047.98 2006.40 2285.40 

1972: 
Spring 61.14 1214.60 99.03 223.89 1286.95 332.39 229.49 238.54 347.89 513.66 279.43 183.85 

Sununer 110.65 437.88 528.73 291.92 662.20 165.76 339.28 504;19 402.14 502.46 344.88 216.14 

Fall 504.61 793.95 885.66 NB NB NB NB 61.14 NB NB NB 580.39 

Winter NB NB NB NB NB NB NB NB NB NB NB NB 

1973: 
Spring 128.30 497.72 492.98 191.59 698.37 436.15 355.63 567.47 535.61 147.25 95.58 195.90 

Summer 499;02 198.06 750.46 711.28 899.00 7920.14 561.01 1126.77 1910.82 1215.89 42.63 1466.05 

Fall 361.67 184.28 255.32 939.90 116.69 20.24 288.47 338.41 874.90 129.58 170.93 637.66 

Winter 1635.26 888.i4 879.63 297.08 NB 1085.87 919.24 914.94 799.54 386.64 121.41 

NB - indicates no weigh~s'~ere determined 

,I 



ROSETON BENTHOS 

CRUSTACEA BIOMASS DISTRI·BUTION 

(1119 m-2 ) 

NORTH CONTROL MAXIMUM l!.T 75 flT SOUTH CONTROL 1 2 3 1 2 3 1 2 3 1 1971: 2 3 
Fall 466.29 478.35 90.85 5.59 260.·06 327.65 

Winter 8216.38 NB 1842.36 226.90 241.98 68.03 678.56 3506.05 

1972: 
Spring 4.74 247 •. 99 2524.79 1189.22 689.32 NB 285.47 51.24 74.92 1284.79 2915.33 

Swnmer 124.44 10~0 969.62 183.85 1473.38 1497.92 175.67 1199.96 69.32 NB 12121.56 2026.63 

Fall NB 101.61 315.16 897.85 1156.04 NB 210.54 205.81 514.09 380.48 8.17 1426.88 

Winter 44.35 NB NB 298.38 1825.58 NB 48.65 232.07 4.74 3260.6'4 

1973: 
Spring 66.73 238.96 38.31 39.61 263.08 55.54 198.92 50.80 371.99 28.41 868.43 

Swnmer 65.44 79.22 NB 154.57 1634.82 98.16 102.04 1091.90 237.66 41.33 3066.01 

Fall 103.33 25.83 52.09 168.77 241.53 125.73 40.90 23.68 134 .• 76 460.26 197.62 64.59 

Winter NB 1294.25 346.60 4267.27 99.89 400.42 601.24 895.99 NB 4696.12 



NORTH COR'l'ROL 
1 2 3 1 

1971: 
Fall 227.72 NB 1.176.71 

Winter 3385.06 4950.58 4890.29 795.24 

1972: 
Sprill9 8121.65 9226.89 760.79 17272.77 

Summer 4609.14 7690.66 2768.50 1537.64 

Fall 985.98 3000.14 3610.68 9905.89 

Winter 1553.46 1641.30 1101.38 1l19~46 

1973: 
Spring 1212.02 2414.15 5348.84 1762.27 

Summer 2501.54 5585.65 4868.44 1867.77 

Fall 243.26 1610.72 2684.91 865.42 

Winter 42.19 1693.39 3745.87 724.63 

--" 
/ 

< 

ROSETO~ BEN1'HOS 

OLlGOCRAETA BIOMASS DISTRIBUTION 

(1119 .-2) 

MAXIMUM LIT 
2 3 1 

835.72 3050.94 1355.83 

1825.14 1629.67 1121.17 

48294.19 2108.45 5826.77 

13298.71 NB 8631.46 

3518.53 510.06 NB 

931.33 5696.74 NB 

1057.88 1654.21 2627.27 

3047.93 1423.85 1241. 73 

1299.42 284.16 1456.15 

1832.90 783.18 1562.07 

75 AT 
2 

4734.43 

2542.45 

16707.01 

4362.39 

6177.01 

984.69 

822.80 

634.10 

790.50 

3540.92 

SClU'l'H CONTROL 
3 1 2 3 

2676.79 4375.77 172.22 133.90 

3642.10 1340.34 3480.65 1795.44 

6548~81 3810.89 2963.12 851.65 

5962.39 5821.60 1866.04 852.06 

2620.39 748.74 659.62 2807.25 

2452.04 994.15 1534.94 904.18 

1315.78 116.96 237.24 33.15 

1339.46 2282.40 189.01 7745.77 

8082.90 883.51 280.72 145.53 

261.91 1082.86 519.26 61.57 



Transect; North Control 
SUll?ling Date; OCtober 7, 1971 
Season: Fall 

_Orqanisms COllected 

Annelida: Hirudinea 
Oligocbaeta 
Polychaeta 

ArthEopoc!aI Arachnidia 
Crustacea: Amphipoda 

Isopoda: Chiridotea 
~tInU;:i 

Total Crustacea 
Insecta I Coleoptera 

Collembola 
Diptera 
Trichoptera 
Total Insecta 

Mollusca. Gastropoda 
Pelecypoda 

Platyhelminthes: 'l'urbellllria 

Sample TOtal 
, of Transect TOtal 

.I. 

• , mq , 

646 65.25 1330.87 85.il1 

344 34.75 220.02 14 .1~r' 

344 34.75 220.02 14.19 

990 1550.89 
27.39 ---

1.R rota! 1 and 1 R 

• , ag , I I , ..!!'1. , 
I 

I 
43 5.78 303.97 21.59 43 2.44 303.97 10.27 , 

258 34.68 896.85 63.70 904 51.25 2227.72 75.29 

129 17.34 43.05 3.06 129· 7.31 43.05 1.45 

3:44 46.24· 164.04 11.65 688 39.00 384.06 12.98 

344 ., 46.24 164.04 11.65 688 39.00 384.06 12.98. 

744 1407.91 1764 2958.8 
20.58 --- 48.80 --



t 
r.-. 

r , 

I 
t 

------'"--

\ 

• 
43 

43 

129 

129 

215 
5.95 

SAMPLING DEP'l'H~ 
NWab8X'B ?f or<]aniSlllS and we,i,qht in IIg are value.s ca1cu;J.ateQ f~ Ii~le areas of ].a2. 

2 ~ .. ~ 2---}t 
-, IICl .. , • , .. , • , I .. , 

• 

20.04 118 474 64.75 335.41 68.,21 517 54.59 --- . ---
('. 

;i' 
, 

20.0 12.4~ 18.36 
: 

43 4.·54 12.49 . ---

., 

60.0 55.54 81.64 258 - . 35.25 156.29 31.79 387 40 .. 87 211.83 ---
60.0 55.54. 81.64 258 35.25 156.29 31.79 387 40·.87 211.83 ---

732 491.7 947 ------ 20.25 --- 26,20 ---
, 

f; 

" 

z . 



3 3.R ':'Ote1. 3 and 3 .R 
.. 

• , ...M , • , IIICJ , • , J JIIII!I , 
I 

, 

l 
~ .. 
I· 

43 7.q 298.81 42.84 43 4.76 ~98.81 20.25 
.388 64.34 398.69 57.16 301 100 778.02 100 689 76.22 176.·61 79.75 

J. 

r 43 7.13 NB 43 4.76 1--- ---: 
, 

... 

-
129 21.39 NB --- 129 14.27 --- ---
129 21.39 --- -,.- 129 14.27 --- ---

. 
60-3 --- 30.1 778.02 904 --
i6.68 -~~ 8.33 --- 25.01 --

~ 

!-- t . 
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'!'RANSECT TOTAL 
. 

• , ... 
86 2.38, 602.78 
2110 513 •. 37 ---

215 5;95 ---

l204 33.31 ---
1204 33.31 ---

3615 ---

---
---

---

. 

---
---
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Transect: 75 AT 
Saaplinq Date: OCtober 7, 1971 
Season: Fall 

_~~nisms Collected 

Allnelida: Hirudinea 
Oliqochaeta 
Polycbaet& 

Arthropoda: Ar&chnidia 
Crustacea: Amphipoda 

Isopoda: Chiridotea 
~4thura 

TOtal Crustacea 
Insecta. Coleoptera 

Collembola 
Diptera 
'l'richoptera 
TOtal Insecta 

Mollusca: Gastropoda 
Pelecypods 

Platyhelminthes: Turbellaria 

S81'l\ple 'rotal 
' of Transect TOta1 

.I. 

• , II\q , 

258 50.00 578.24 71.S9 

258 50.00 226.04 2S.10 

258 50.00 226.04 28.10 

53,6 804.28 
13.78 7.27 

lR TOtal. 1 and 1R 
-

• , mq , • J , I .. 1IItJ , 
" 

172 44.44 777 .59 SO.S8 430 47.62 1355;a3 76.79 

, 

215 55.55 183.85 19.12 473 52.38 409.89 23.21 

215 55.55 183.85 19.12 473 52.38 ~O9.89 23.21 

387 961.44 903 1765.72 I 

I 10.34 8.69 24.12 P.S.96 
, 



• . 
~ 

t 
! 

86 

43 
43 

43 

129 

129 

301 
8".04 

-

I 
'- .! 

SAMPLING DEPTHS 
NwIIbers 'of Ol';9ani.SIIW aAd weiqht in JIIq are values calculated for sample area:;Jof 1Jir2. 

2 .2.R ~tal 2 ancl 211 
.. 

~ M , • , -.g , • I , I ... , 
I 

28.57 492.13 79.05 732 70.86 4242.30 93.22 818 61.32 ~734':'4? 91.52 
, 

14.28 18.94 3.04 43 3.22 18.94 . 0.37 
14.2B 5.59,· 0.89 

: 
43 3.22 . 5.59 0.11 

14.28 5.59 0.89 ., 43 3.22 5.59 0.11 

42.86 105.92 17.01 301 - 29.14 308.29 6.78 430 32.23. 414.21 8.01 

42.86 :105.9:;! 17.01 301 29.14 308.29 6.78 430 32;23 414.21 8~01 

622.58 1033 4550.59 1334 . 5173.1" 
5.63 27·.59 41.12 35.63 46.75 

"; 

I 
, 

I 

! 

.;' 

I 
I 

~.,~~. " 



3 3.1t ':'btU 3 aad 3 .It i 

-• , .wJ , • , .. , • , I ... , 
I 

43 8.3~ 193.52 43.49 43 2,85 793.52 19.23 
_ 344 66.66 120.32 39.48 560 56.51 1956.47 84.91 904 59.99 2676 .. 7.9 64.86 

43 4334 15.50 0.61- 43 2.85 . 15.50 0.38 

43 8.33 244.56 13.40 43 2.85 244.56 5.92_ 
43 8.33 244.56 13 • .ll-a 43 4.34- 15.50 f 0.67 86 5.70 260.06 6.30 

86 16.66 65.88 3.61 388 , 39.15 330.68 14.36 474- 31.45 396.56 9.61 

86 16.66 65.88 3.61 388 39.15 330,68 14.36 474 31.45 396.56 9.61 

516 1824.28 991 - 2302.65 1507 4126.93 -! 13.78 16.49 26-,47 20.81 40,25 37.29 

. -- - .-~--~- --_._---- - ~--- ~~- ---- --~ 

.~--
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I . 
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43 
2152 

43 
86 

43 
129 

1377 

1377 

3744 
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TRANSECT TO'l'AL . , -
1.15 793.52 
57 •. 48 8767.05 

1 .. 15 18.94' 
2.29 21.09 

1.15 244.56 
3.44 265.65 

36.78 1220.'66 

36.78 1220.66 

11065.82 

, 
7.17 
79.23 

0.17 
0.19 

2.21 
2.40 . 

11.03 

11.03 

. 
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Transect: Ma.XiJnum AT 
SaDlpling Date: October 1, 1911 
Season: FaJ.l 

Qrqanisms Collected 

Annelidat Hirudinea 
Oligochaeta 
Po1ychaeta 

Arthropodas Aracbnidia 
Crustacea: Jlmpbipoda 

Isopoda: Chiridotea 
Q!athura 

Total Crustacea 
Insecta: Coleoptera 

Collembo1a 
Diptera 
Trichoptera 
Total Insecta 

Molluscat Gastropoda 
Pe1ecypoda 

Platyhelminthes: Turbellaria 

~le Total 
, of Transect Total 

--- - --- --

1 

• , 
lIICJ , • 

43 10.00 11.62 3.72 
43 lQ.OO 148.54 47.52 
129 30.00 133.04 42.56 129 
215 50.00 293.20 93.80 129 

215 50.00 19.38 6.20 172 

215 50.00 ' 0 ')0 ..... ~.-.#v 
~ ~~ 

o.~u 172 

430 . 312.58 301 
11.62 .... - 8.13 

.- -- -

1.R 'l:'Otal 1 and 1R 

\ mq , • I , I ., , 
. 

I 

43 5.90 11.62 2.27 
43 5.90 148.54 28.99 

42.86 173.09 86.64 258 35.29 306.13 59.74 
42.86 173.09 86.64 344 47.09 466.29 91.00 

57.14 26.69 13.35 387 52.94 46.01 9.00 

57.14 26.69 13.35 387 52.94 46.07 9.00 

I 
i 

199.78 731 512.36 
--- 19.75 ---

- --- - - - --- - -- --~~-

L 



\ j' 
\ 
\ 

SAMPLING DEPTH~ 
Numbers. of organisms and weight in mg are values calculated fo~ ~ie areas of 1m2• 

'" ~- I 'IOta! ? aD4 2.R 
-• ~ II1II 

, • , ag , • I , I 111)' , 
I 

t . 
!>; 

~. 
1. , 

·86 33.33 269.10 95.27 301 36~79 566.62 17.98 187 35.97 . 835~7.2 24.34 
43 .5.26 1913.84 60.73 43 3.99 1913.84 55.74 

I 

43 5.~6 207.53 6..5 8 43 3.99 207.53 6.04. 
43 5.26 270.82 8.59 43 3.99 270.82 7.89 
~6 . 10.52· 478.~5 15.11 86 7.98 478 .. 35 13.93 

.. 
66.67 13.35 4.73 388 

~ 

47.43 192.46 6.11 560 5i.04 205.81 5.99 172 .. 
172 66.67. 13.35 4.73 388 46.43 192.46 6.11 560 52.04 205.81 5.99 

258 282.45 
. 818 3151.2 1076 3433".72 

6,97 --- 22.10 ~ ... - 29.07 --- .' 

-

I, "; 

, 
I . 



3 
3.R 

• , IIIJ , • , 

,1.29 37.5cJ 837.01 36.34 1421 91.68 
43 12.S<l 1303.73 57.61 4i" , 2.78 

: 

,43 2.78 
43 2.78 

172 50.OC 145.95 6.38 43 , 2.78 

172 50.0C 145.95 6.38 43 2.78 

344 2286.69 1550 
9;29 --- 41.S8 

.: 

,.. 

IICI , • I 

2213.93 91.29 1550 
120.13 4.95 86 

90.85 3.15 43 
90.85 ~ 3.75 43 

NB 215 

--- 215 

2424.91 1S94 

--- 51.1S 

~tal 3 an4 3 Jl 
-, I M 

I 

81.84 3050.,94 
4.54 1423.86 

2.27 90.85 
2.27 90.85 

11.35 ---
1l.35, ---

4711.60 ---

, 

64.75' 
30.22 ' 

1.93 
1.93 

---
---

\/ 
\ " 
/1 
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TRANSECT TOTAL . 
• , .. , 

. 
1937 52.34 3886.66 ---
129 3.48 3337.70 ---

43 1.16 11.62 ---
86 2.32 356.07 ---
344 9.29 6'67.80 ---
473 12.77 1035.49 ---

. 
1162' 31.39 --- ---
1162 31.39 --- ---

: 

3701 --- . 
~-~----
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I 
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t 
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TRANSEC':: 6ou;:n Control 
SAMPLING DATE: October 7. 1971 
SEASON: Fall 

ONaniSlllS Collected 

Annelida: Hirudinea 
Oliqochaeta 
Polychaeta 

Arthropoda. Arachnidia 
Crustacea: Amphipoda 

Isopoda: Chiridotea 
CVatbura 

Total crustacea 
Insecta: COleoptera 

Collembo1a 
Diptera 
Trichoptera 
Total Insecta 

Mollusca: Gastropoda 
Pelecypoda 

Platyhelminthes: Turbellaria 

Sample Total 
, of Tr~sect Total 

-._-

L L 

1 

• I , II\q , 

559 65.0q 1994.35 90.59 

.:. 
,,,,;.; : 

301 35.0( 207.09 9.41 

301 35.0C 207.09 9.41 

860 2201.44 
26.26 -

l.R TOUU 1 and 1 R 

41 , IIq , • I , I iMI· , 
t 

1205 80.01 2381.42 92.36 1764 74.55 4375.77 9155 

43 2.85 12.92 0.50 43 1.82 12.92 0.27 

258 17.1 183.85 7.13 559 23.6 390.94 8.18 

258 17.1 183.85 7.13 559 23.6 390.94 8.18 

1506 2578.19 2366 4779.63 
45.98 - 72.24 -
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~' 
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~ '; " 
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----_.-

T frjJ 
\.,1 ' 

j 

• ~ 

603 !3238 

86 11.75 

43 5.87 

43 5.87 

132 
22,35 

Sampling Depths . 
Numbers of Organisms and Weight in mq are values calculated .for mple areas of 1m2 • 

;l ;2.a ':'Otal 2 aDd 2·R 
-

IIQ, ~ • ~ IIIJ_ , • ~ l - , 
I 

.172.22 - 6.03 81.82 In.22 -

24.11 - 86 11.67 24.11 -
: 

... 

NB - 5- 100.00 278.57 100.00 48 6~51 - -

- - 5 100.00 278.57 100.00 48 6.51 - -

- 5 278.57 737 -. - 0.15 - 22.50 -

I-; 

______ f .-. 



t 
I., 

I 
I 

L 

• 
43 

43 

43 

86 
2.63 

~ 

, .. 
50.06 42.62 

50.00 327.65 

50.00 327.65 

370.27 

-

~.R 

, • , 

U.51 86 100.00 

88.49 

88.49 

. 
86 

2.63 

... 

'\-1) 

}. 

'fOtal.3 aDd3.R 

-.. , • , I - , 
I 

< 

91-28- 100.00 129 75.00 1.33..90 93.00 

43 25.00 327.65 6.99 

I 43 25.00 327.65 6.99 

- . 

91.28 172 46Lss 
- 5.25 -
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Transect Total' . 
• , -IICI 

2496 76.2i 4681'.89 

129 3.94 37.03 
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607 18.53 -

3275 -

, 

-

-

-
-. 

-
-

. 

'. 

r 

i 
I 
I 



TRANSECT: North Control 
SAMPLING DATE: December 7, 1971 
SEASON: Winter 

organisms Collected 

Annelida: Hirudinea 
Oligochaeta 
Polychaeta 

Arthropoda: Arachnidia 
Crustacea: Amphipoda 

Isopoda: Chiridotea 
~tbW;il 

Total Crustacea 
Insecta: Coleoptera 

Collembola 
Oiptera 
Trichoptera 
Total Insecta 

Mollusca: Gastropoda 
Pelecypoda 

Platyhelminthes: Turbellaria 

Sample TOtal 
" of Transect Total 

It 

" 

1206 

43 

1249 

1249 

2498 
6.06 

-_. 

1 

, mg , 

48.2E 3058.27 89.22 

1.72 42.19 1.23 

50.00 327.22 9.55 

50.00 327.22 9.55 

.3427.68 
9.21 

1.R "l.Vl;CU. 1 ~_A 1· R 

II , mq , t , I mq , 
I 

560 38.25 326.79 49.13 1766 44.57 3385.06 82.71 

1 

43 2.94 10.33 1.55 86 2.17 52.52 1.28 

861 58.81 328.09 49.32 2110 53.26 655.31 16.01 

861 58.81 328.09 49.32 2110 53.26 655.31 16.01 

1464 665.21 3962 4092.89 

3.55 1. 79 9.61 10.99 

( 



r 
~- - ~ ----~- ... -

Sampling Depths 
Numbers of Organisms and Weight in lUg are values calculated for sample areas of 1m2• 

2 2 - .R TOtal 2 and 2 .R 
--

• , mq , • , mq , • , 
m<J 

, 
- I 

43 0.81 139.08 1.83" 43 0.32 139.08 1.15 . 
5038 6i.26 2785.29 62.08 2583 48.77 2165.2~ 2.17 76"21 56.37 4950 •. 58 40.93 

43 0.52 7.75 . 0.17 43 0.32 7.75 " 
I 

0.06 

., 

~ 

2024 24.61 740.57 16.51 1938 36.59 1018.28 13 •. 38 3962 29.30 1758.85 14.54 

2024 24.61 740.57 16.51 1938 36.59 1018.28 13.38 3962 29.30 1758.85 14.54. 

43 0.52 501.18" 11.17 43 0.81 474.05 6.23 86 0.64 975.23 8.06 
904 10.99 406.45 9.06 517 9.76 3745.87 49.24 1421 10.51 4152.32 34.33 

172 2.09 45.209 1.01 172 3.25 65.44 0.86 344 2.54 110 .... 65 0.91 

8224 4486.44~ 
. 5296 7608.01 13520 12094.45 

19.96 12.05 12.85 20 0 43 32.81 32.48 

I-; 



.j j .R Total j and3.R 
" 

j , mg , 
* 

, mg , * 
, mq , 

- I 

43 0.24 . 89.12 0.78 43 0.70 647.13 6.74 86 0.36 . 736.25 3.50 
9645 54.90 3309.28 28.91 2368 38.47 1581.01 16.47 12013 50.64 4890.29 23.24 

517 2.94 1946.99 17.01 1076 17.48 6269~39 65.31 1593 6 •. 71 8216.38 39.04 

517 2.94 1946.99 17.01 1076 17.48 626939 65.31 1593 6.71 8216.38 39.04 

~ 

2110 12.01 852.94 7.45 1851 30.07 378.89 3.95 3961 16.70 1231.83 5.85 

2110 12.01 852.94 7.45 1851 30.07 378.89 3.95 3961 16.70 1231. 83 5.85 

258 1.47 2340.09 20.44 258 1.09 2340.09 11.12 
2713 15.44 1449.69 12.67 603 9.80 521.84 5.44 3316 13.98 1971.53 9.37 

2282 12.99 1457.88 1274 215 3.49 201 .OR ?Oq ?Ll.q7 , n "':l. 1658.96 7.88 

.. . 
17568 11445.9( 6156 9599.34 23724 2104.33 
42.63 30.7' :}.4.94 25.78 57.57 56.52 

l-
I 

1 . . [ 
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Transect Total. 

• , IICI , 
129 0.31 875'.33 2.35 

21400 ~1.g.3 13225.93 35.52 

129 0.31 60.27 0.16 

1593 3.87 8216.38 22.07 

1593 3.87 8216.38 22.07 
. 

10033 24.35 36545,99 9.79 

10033 -24.35 36545.99 9.79 

344 0.83 3315.32 8.90 

4737 11.50 6123.85 16.45 

2841 6.89 1769.609 4.75 

: 

41206 . 37232.679 . 



Transect: So~th Central 
SaIllpling date; DeceJllber 7 f 1971 
Seasom Winter 

Organisms Collected 

Annelida: Hirudinea 
Oligocnaeta 
Polychaeta 

Arthropoda: Arachnidia 
Crustacea: 1Imphipoda 

Isopoda: £biridotea 
~a.tblola 

Total Crustacea 
Insecta: Coleoptera 

Collembola 
Oiptera 
Trichoptera 
Total Insecta 

Mollusca; C-astropcda 
Pe1ecypoda 

Platyhelminthes: TUrbellaria 

Sample Total 
, of Transect Total 

L. c l. I 
L 

.-

J. 

.. I , mg , 

431 27.81 638.95 ---

1076 69.42 785.34 ---
1076 69.42 785.34 ---
43 2.77 NB ---

1550 '-.. -
11.69 -"!"-

lJt ~1_1R ~ • , mg , .. I , J.J!!9. , 
I 

344 36.36 701.39 43.96 775 31.05 1340 •. 34 --- I 

I 

, 

i 
301 31.81 262.64 16.46 1377 55.17 1047.98 ---
301 31.81 262.64 16.46 1377 55.17 1047.98 ---

I 
43 4.54 551.55 34.57 86 3.45 --- ---

258 27.27 80.09 5.02 258 10.34 80.09 000 

946 1595.67 2496 ---
7.13 --- . 18.82 ---

I 
~I.--- - " L L L 



---------------------_._---_.- -------- ..... -

SA,M;PLING DE}?THS 

Numbers 0.1; o~ganislllS and weigl\t in m<;1 are values calculated for sample areas of- 1m2 . 

2 2·R ~ta~ 2 and 2-R d --

• , 
Jll9 

, .. , met , I , mq-

, 

. . . 
190 47.92 661.77 29.71 2368 61.13 2818.88 21.08 3358 56.53 3480~E?5 ~2.32 

. 43 1.11; 7.75 0.06 43 0.72 7.75 p.OS 
43 1.11 122.71 0.92 43 0.72 _ 122.71 0.79 I 

86 4.16 548.10 24.60 86 1.45 548.10 3.51 I 

86 4.16 548.10 24.60 43 loll . 122.71'" 0.92 129 2.17 678.56 4.30 

990 47.92 1017.84 45.69 
. 

1076 27.77 988.56 7.39 2066 34.78 2006.40 12.86 

990 47.92 1017.84 45.69 1076 27.77 988.56 7.39 2066 34.78 2006.40 12.86 

43 1.11 9268.33 69.32 43 0.72 9268.73 59.42 

301 7.77 163.61 1.22 301- 5~·07 163.61 1.05 

2066 2227.71 . 3874 13369.74 5940 15597.45 
15.58 --- 29.22 --- 44.80 ---

. 



----------------------------------_._-

3 3.R ~otal 3 and3 .R 
.. 

.. , mg , .. , mg , .. , .mg , 
I 

, 

~3 1. 78· 198.49 4.41 43 0.89 198.49 2.39 
550 23.22 904.18 20.08 560 23.23 891.26 23.33 1i20 23.22 1795:44 21.57 

I 

I 

,(,31 17.87 1493.61 33.17 172 7.13 210.97 5.52 603 12.50 1704.58 20.48 I 

I 

:'29 5.35 602.79 13.39 215 8.92 1198.68 31.38 344 7.13 1801.47 21.65' 
I 

560 23.22 2096.40 46.56 3.87. 16.05 1409.6~ 36.90 947 19.63 3506.05 42.13 

~ 
I 

S18 33.91 936.89 20.81 1292 53.59 1348.51 35.30 2110 43.75 2285.40 27.46 I 
, 

I 

318 33.91 936.89 20.81 1292 53.59 1348.51 35.30 2110 43.75 2285.40 27.46 . I 

i 
I 

129 5.35 99.03 2.59 129 2.67 99.03 1.19 

I 
431 17.87 366.41 8.14 43 1. 78 71.47 1.87 474 9.83 437.88 5.26 i 

:412 4502.37 
. 

2411 3819.92 4823 8322.29 
18.19 --- 18.18 --- 36.38 ---

l-. ., 
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43 

t '5253 

I 
43 
646 
86 
344 
1076 

5553 

5553 

86 
172 ' 

1033 

13259 

TRANSECT TOTAL 
0 , -

0,.32' 198.49 
39.62 6616.43 

0~32 7.75 
4.87 1827.29 
0.65 ' 548.10 
2.59 1801.47 
8.11 4176.86 

41.88 5339.78 

41.88 5339.78 

0.65 ---
1.30 9367.26 

7.79 681.58 

---

---
1---

---
---
1---

---. 

---
---

---
---

---
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.... 

Transect: 75 AT 
Sampling Date: Decezober 7 I 1971 
Season; Winter 

1 ~ TOtal 1 and. R1 

Or~anisms collected • , mq , • , 1119 
, • I , I DJ , 

, 

Annelida: Hirudinea 
Oligochaeta 603 53.84 665.21 56.61 215 24.97 455.96 54.47 818 41.29 1121.17 55.72 
Polychaeta 

Arthropoc1al Arachnidia 
Crustacea: Amphipoda 

Isopoda: Chiridotea 
~tbytA 

TOtal Crustacea 
Insecta I Coleoptera 

Collembola 
Diptera S17 46.16 509.79 43.39 603 70.03 363.82 43.47 1120 56.54 873.61 43.42 
Trichoptera 
Total Insecta S17 46.16 509.79 43.39 603 70.03 363.82 43.47 1120 56.54 873.61 43.42 

Mollusca I Gastropoda 
Pe1ecypoda 

platyhe1l't1inthes: Turbellaria 43 4.99 17.22 2.06 43 2.17 17.22 0.08 

Sample Total 1120 117S.00 861 837.00 1981 2012.00 
, of Transect Total 12.27 9.27 9.44 6.89 21. 71 IS.87 

- ---- -~~~--.--- ---- ---- --.- --------- -- ------- ---- ---- -~ 



l 
t , 

:1 
r 

• 

1421 

43 
'43 

215 

215 

1679 
18.40 

I, 

Numbers o~ organisms and weight in mg are values calculated ~or sample areas of 1m2. ' 

2 2.R TOtal 2 and 2,R 
I -, mg , • , IIICJ , • , I 1IIq' 
I , 

, , 

! 

84.63 1612.88 83.15 2110 72.,06 929.57 56.50 3531 76.64 2542~45 76.92 

2.56 134.77 6.95 43 1.47 107.21 6.52 86 1.87 241.98 6.75 ' I 

2.56 134.77 6.95 .3 . 1.47 107.'21" 6.52 86 1.87 241.98 6.75 I 

, , 

. 
12.80 192.03 9.90 732 .25.00 566~62 34.44 947 20.55 758.65 21.16 

12.80 192.03 9.90 732 25.00 566.62 34.44 947 20.55 758.65 21.16 , 

43 1.47 41.77 2.54 43 0.93 41.77 1.16 

.. 

1939.68 2928 1645.17 4607 3584.85 
15.30 32,09 12.98 50.49 28.28 

-

"; 
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;' ~ ,;". 

3 -
• , 

818 45.24 

43 2.38 

517 28.59 

517 28.59 

172 9.51 

258 14.26 

1808 
19.81 

.3.R 

IICI , • , 

86 7.68 
2786.15 69.64 215 19.21 

68.03 1. 70 

699.66 17.49 431 - 38.52 

699.66 17.49 431 38.52 

286.32 7.16 129 11.53 

160.17 4.00 258 23.06 

4000.33 . 1119 
31.56 12.26 

,., 

~tal 3 anctI3.R 
-

laC] , • T , I .!119. , 
I 

880.92 28.62 86 3 .• 39 880.92 112.44 
855.95 . 27.80 1033 46.72 3642.10 51.45 . 

43 1.69 68.03 10·96 

~ 43 1.69 68.03 0.96 

522.69 16.98 558 21.99 1222.35 17.27 

522.69 16.98 558 21.99 1222.35 17.27 

296.22 9.62 301 11.86 582.54 8.22 

522.69 16.98 516 26.34 682.86 9.65 

3078.47 2537 7078.80 
24.29 27.80 55.85 
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TRANSECT TarAL . 
• , IICJ- , 

86 0.94 880.92 6.95 

I 5382 58.98 7305.72 51.63 
.' , 

'. 

• ""', ';, , ~ 
43 0.47 68.03 0.54 

86 0.94 241.98 1.91 

129 1.41 310.01 2.45 . 
\ 

2625 28.'+7 2854.61 22.52 
.'-". ,' .. ' 

2625 28.17 2854.61 22.52 '. 
,', 

344 3.77 624.31 4.92 

559 6.13 700.68 5.52 

.' " ' , 

.' , 9125 12675.65 . 
" 

'l 

"\ 
-



.... .i..u.~ • .:::);::: .... :.... ..3..X.lli.Lwl.l.o-l. 

Sampling Date: December 7, 1971 
Season; \IIinte;r 

Organisms Collected 

Annelida: Hirudinea 
OUqochaeta 
Polychaeta 

Arthropoda I Arachnidia 
Crustacea: J\mphipoda 

Isopoda: Chiridotea 
C~tbW;:il 

Total Crustacea 
Insecta: Coleoptera 

Collembola 
Diptera 
Trichoptera 
Total Insecta 

Mollusca: Gastropoda 
Pelecypoda 

Platyhelminthes: Turbellaria 

Sample Total 
'l of Transect Total 

-- -- - - -- - -

1 

• I \ mq \ • 

517 100.0( 136.48 100.0 818 

43 

4~ 

I 

129 

129 

517 136.48 1119 
7.42 --- 16.05 

------ -- -- ---" -- ---

lR Total 1 and lR 

'l mg 'l • I , I IIICI , 
" 

73.10 658.76 --- 335 81.60 795.24 ---

3.84 NB --- 43 2.63 --- ---

3.84 --- --- 43 2.63 --- ---

11.53 273.40 --- 129 7.88 273.40 ---

11.53 607.09 --- 129 7.88 607.09 ---

--- 1636 ---
--- 23.47 ---

----- ----~--
-~--- ------



l 
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;::-_ _ ;'.}\.'.' _.L.i. •••. -

Numbers of organisms and weight in mg are values calculated for sample areas of 1m2, 

:l 2.R 'l'Otal. 2 ana 2.R 
.. 

• , lIICJ 
, • , IICl , • I , I _1119_ 

I 

1205 70.0 960.15 54.5( 1679 76.49 864.99 32.48 2884 73.65 1825.14 

86 4.99 442.61 . 25.m 172 7.83 733.24 27.54 258 6.58 1175.85 
43 1.96 527.87 19.82 43 1.09 527.87 

43 2.49 138.64 7.85 43 1.09 138.64 
129 7.48 581.25 32.9 215. 9.79 1261.h 47.36 344 8.76 1842.36 

-

43 1.96 14.64 0.55 43 1.09 14.64 
86 3.92 427.55 16.06 86 2.19 427.55 

387 2.25 223.47 12.6E 172 7.83 94.29 3.54 559 14.27 317.76 

1721 1764.87 2195 2662.58 3916 4427·.45 
24.69 --- 31.49 56.18 ---

~ 

, 

41.22 

26.56 
11.92 
3.13 
41.61 

0.33 
9.66 

7.18 



3 :Jt ~tal 3 and 3 .R 
-. 

• , ao- , • , -.a , • , I .l1li , 
I 

l 
., 

f 
301 33.33 750.47 65.50 258 50.00 879.20 75.57 559 39.39 ~629.&7 0.58 

t 86 9.52 176.96 15.44 43 8.33 49.94 ~.29 129 9.09 226.90 ~.83 

86 9.52 176.96 15.44 43 8.33 49.94 ., ~.29 129 9.09 1226.90 11.83 

-

387 4.2.85 151.98 13.26 172 33.33 232.07 9.95 559 39.36 ~84.05 6.63 

129 14.28 66.31 5.78 43 8.33 2.15 h.18 172 12 . .12 8.46 .96 

903 1145.72 516 1163.36 1419 b09.os 
12.95 --- 7.40 --- 20.36 --

I "; 

' .. 



_.,._---

'1 .. 
.\ 

\. to 

\ 

• ,. 

:\. 

, 

.J,. 
\.d ... , ."i""',· 

.. 

·i·' . 
to ~ .--." ". 

.. 
, 

'. •• j , .. 
'.~ . \ . 

4:'·, , , 
t~ : 

,. 

. 
i 

, 

_ "" 
.\ '\ 

.0 

... " . 
", ,t' .. 

A 

'--. ," 

, 
" 

. 
'j " 

\ 

., ' 

,'\ 

\: 

.-

.. ( 

'\. 

" 

.' 
', .. 

: Of· 

. . " 

I, : 

,.; 
.... : 

........ : r' ~ ) 

;, 

~.: . 

' •• 1& 

,. 

;.. 

,.. 

\' 

" 

I 
" \ 

" 

• , . 
" 

•. I· '"' . : ..... / 
.. 

,II , 

.' 
.1 

... ' 

. 
( 

.. 

.' , 

" , 

'. ' 

"\ 

.1 

• 
4778 

430 
43 
43 
516 

43 
774 

860 

6971 

TRANSECT TOTAL ! . , -U· , 

68.5~ 4250.05 ---

6.17 --- """--
0.62 527.87 ---
0.62 138.64 ---
7.41 --- ---. 

0.62 14.64 ---
11.10 1085.00 ---

12.34 993.31 ---

--- • 



Sampling Date: June 20, 1972 
Season: Spring 

Organisms Collected 

Annelida: Hirudinea 
Oligochaeta 
Po1ychaeta 

Arthropoda, Arachnidia 
Crustaceal J\mphipoda 

Isopoda: Chiridotea 
C!lijtbl.ltij 

Total Crustacea 
Insecta: Coleoptera 

Collembola 
Oiptera 
Trichoptera 
Total Insecta 

Mollusca I Gastropoda 
Pelecypoda 

Platyhelminthes I Turbellaria 

Sample Total 
, of Transect Total 

--

1 

It , 
I\IQ 

, 
-

3703 87.75 3067.31 92.91 

129 3.06 89.99 2.73 

129 3.06 89.99 2.73 

i 388 9.19 144.24 4.37 

1388 9.19 144.24 4.37 

I 

4220 3301.54 
15.56 ---

lR Total. 1 an!l1 R 

* 
, mq , • , I mq , 

I --t- : 
I 

4693 90.84 2759.46 --- 8396 89.45 5826.77 ---

172 3.33 NB --- 301 3.21 --- ---
43 0.83 72.33 --- 43 0.46 72.33 ---
215 4.16 7 2 .33 --- 344 3.67 162.32 ---

258 4.99 85.25 --- 646 6.88 229.49 ---

258 4.99 85.25 --- 646 6.88 229.49 --- . 

5166 --- 9386 ---
19.05 --- 34.61 ---



---------------_ .. _--_ .•. 
SAMPLING DEP'nlS .' 

Numb~rsof organisms and weight in mq are v~lues cC!olc~ated for sample· areas ~2. 

2 2,R ~tal 2 and 2·R 
. .. -

• . . , IIC) , • , 
.. !Il§L 

, • , ag' \ 
! . t 

.' . 
.1300 ·97.3( 1148-3~89 96.54 3~43. 93.60. 5223.1'2 97 .• 46 12443 96.34 16707~01 96.83 

43 1.28 23.25 0.43 43 0.33 23.25 0.13 
" 

. 
43 0.45 71.04 0.60 43 1.28 21.96 OA1: 86 0.67 93.00 0.54 

43 0.45 192.47 1.62 '43 0.33 192.47 1.12, 
86 0.90 263.51 2.22 43 1.28 .' 21. 96"l 0.41 129 1.00 285.47 1.65 . 

172 1.80 147.69 1.24 129 .. 3.84 90.85 1.70 301 2.33 238.54 1.38·' 

172 1.80 147.69 1.24 129 3.84 90.85 . 1.70 301 2.33 . 238.54 1.38. 

: 

, ' 

. 9558 11895.09 . 3358 5359.18 12916 ' 17254.27 
35'.24 47.62 

.. ....... ·12.38 ........ ---
'. .. , 

,.. .. 
• 



3 ,3.R. ~tal 3 and 3.R 
. -

• , IlCJ ' , • , IIICI , • , IDC;I , 
I , 

,1033 100 3459.12 100 3~58. 88.65 3089.69 88.17 4391 91.08 6548.81 ---
43 1.14 15.50 0.44 43 0.89 15.50 --- , 

I 
I 

i 

!I. 29 '3.41 51.24 1~46 129 2.68 51.24 I --- I 
I 

,I 
I 

129 3.41 51. 24" 1.46 129 2.68 51.24 --- I 
I 

215 ~ 5.68 347.89 9.93 215 4.46 347.89 ---
215 5.68 347.89 9.93 215 , 4.46 347.89 ' ---

43 1.14 NB 43 0.89 NB . ---

1033 3459.12 . 3788 3504.32 4821 .-~-

3:81 -.... ~ 13.91 ...... - 17.77 ..--... 
" 

'j- I , . ' 
, \ 
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Transect: North Control 
Sampling Date: June 20, 1972 
Season; Spring 

Organisms Collected 

Annelida: Hirudinea 
Oliqochaeta 
Polychaeta 

Arthropoda I Arachnidia 
Crustacea: l\lnphipoda 

Isopoda: Chiridotea 
Cyatbura 

Total Crustacea 
Insecta I Coleoptera 

Collembola 
Diptera 
Trichoptera 
Total Insecta 

Mollusca I Gastropoda 
Pelecypoda 

Platyhelminthes: Turbel1aria 

Sample Total 
' of Tr.msect TOtal 

1 

It , mq , 
* 

1464 17.3'0 2151.94 65.04 20.67 
43 2.27 6.03 0.18 

43 2.27 4.74 0.14 

43 2.27 4.74 0.14 

172 9.08 55.11 1.67 43 

172 9.08 55.11 1.67 43 

43 
172 9.08 1091.03 32.97 

1894 3.108.85 2).53 
8.46 --- 9.62 

1.R Total 1 and lIt 

, mq , t I , I mq , 
I 

96.01 5969.71 96.99 3531 87 .. 25 8121,65 85.82 
43 1.06 6.03 . .06 

43 1.06 4.74 0.05 

43 1.06 4.74 0.14 

2.00 6.03 .10 215 5.31 61.14 0.65 

2.00 6.03 0.10 215. 5.31 61.14 0.65 

2.00 179.54 2.92 43 1.06 179.54 1.90 
172 4.25 1091.03 11.53 

6155.28 4047 9464.13 

I --- 18.08 ---

-----

~1 



( 

---.-----_. 

SAMPLING DEPTHS . 
Numbers of org'ani$JllS and weight in JItg cu:e values calcula.ted. for ~iUIlPle. areas ]jn~ 

2 2.a ~tal 2 and 21l 
. --

'f .- ~ JIC)_ 
, • , - ,. • I , -a- , 

. . I 

43 .48, NB -...... 43 0 .. 30 
.. 8396 93.7E 4414.10'- ... ""'- 51,24 92.26 4812.79 --po 13520 93 .. 18 9226~89 ---

215. 2.40 234.65 ~,...- 43 0.7'7 13.34 ...-... 258 1.78 247.99 ---

215 2.40 . 234.65 --- 43 0.77 13.34"t --- 258 1. 78 247.99 ---

301 3.36 595.03 --- 301 ~ 5.42 . 619.57 --- 602 4.15 1214.60 ---

301 3.36 595.03 --- 301 5.42 619.57 -... - 602 '4.15 1214.60 ---
, 

a6 1.55 NB 86 .0.59 --- ---

8955 ; t:-.~-
. 5554 ......... ·14509 . ---

. 40ocOO '""''':'''~ 24.81 ~~~ '64.81 ... -- , . 
- ------

f- • , 



3 3.R 'rotal 3 and 3.1\ 
.. 

f , mg , • , 
-1Ilq 

, • , Iftg . , 
- I 

--- ---
603 ~8.32 368.98 --- 1636 63.34 391.81 . --- 2239 58.44 760.79 ---

258 20.67 491.69 !"""I~- 737. 28.34 1487 •. 59 --- 990 25.84 1979.28 ---
43 3.45 545.51 --- 43 1.12 545.51 ---
301 24.12 1037.20 --- 732 28.34 1487.99 --- 1033 26.96 2524.79 ---

129 10.34 34.88 --- 172 ~ 6.66 64.15 --- 301 7.86 99.03 ---

I 129 10.34 34.88 --- 172 6.66 64.15 --- 301 7.86 99.03 ---

43 3.45 NB --- 43 1.12 --- ---
172 13.78 95.15 --... 43 1.66 NB --- 215 5.61 --- ---

1248 --- . 2583 'P"t ........ 3-831 ---
5.57 --- 11~S4 --- 17.11 ---

.. 

---_. 

.f- ·1 , 
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TRANSECT TOTAL . 
• , - • 

43 0.19. --- ---
.19290 96.17 18109.33 ---
43 0.~9 6.03 --- . . ' 

1291 5.77 2232.01 ---
43 0.19 545.51 ---
1334 5.96 2777.52 ._--. 

1118 4.99 1374.77 ---
1118 4.99 1374.7,7 ---

86 0.38 --- ---
473 . 2.'11 --- ---

: 

22387 --- • 

' . 



! 

Transect: South control 
Sampling Date: June 20, 1~72 
Season; SJ,l;t;ing 

Organisms Collected 

Annelida: Hi.rudinea 
01igochaeta 
Polychaeta 

Arthropoda: Arachnidia 
Crustacea: Arophipoda 

Isopoda: Chiridotea 
CJ/:iilth!.u::a 

Total Crustacea 
Insecta: Coleoptera. 

Collembola 
Diptera 
Trichoptera 
Total Insecta 

Mollusca: Gastropoda 
Pelecypoda 

Platyhetminthes: Turbellaria 

Sample TOtal 
, of Transect 'lotal 

-----_. -~------ -.---~ -

-I _i 

1 

# I , mg , 

86 2.73 65.01 1.57 
2756 87.68 3810.89 91.83 

86 2.73 64.59 1.57 

86 2.73 64.59 1. 57 

129 4.10 176.53 4.25 

129 4.10 176.53 4.25 

86 2.73 32.72 0.79 

3143 4149.74 
12.5 o:"'~,":" 

--

):R Total 1 an~lR 

* I , mg , • I , I IIICJ 
, 

- -. 
I 

86 2.41 65.01 1.03 
2756 77.13 3810,89 60.66 

43 10.00 10.33 0.48 129 3.61 74.92 1.19 

43 10.00 10.33 0.48 129 3.61 74.92 1.19 

258 60.00 337.13 15.81 387 10.83 513.66 8.1S 

I 
25S 60.00 337.13 15.S1 3S7 le.83 513.66 8.18 I 

86 20.00 1750.66 82.08 86 2.41 1750.66 27.S6 
43 10.00 34.87 1.63 l2~ 3.61 67.59 1.08 

i 
I 

430 2132.99 3573 6.282.73 
I 

1.7 --- 14.2 --- I 
I 

. ' -- -------

'\ 



{ r ( 

Numb~s of o:r;ganisms and weight in JIl9 are values c~culated for, sample ·areas o~ lJn~ 

2 2.R ~tal 2 and 2--. . -

• .. , "III) , • , JIG , • , IICI , 
. , 

, . . 
~545 83.99 2546.77 78.07 7750 ' 79.65 416.35. 32.04 14295 81.58 2963 •. 12 64.96 . .. 

1076 13.81 489.55 15.01 1205 12.38 600.63 46.22 2281 13.02 . 1090.18 23.90 

43 0.55 194.61 5.97 :43 0.25 194.61 4.27 . 
1119 14.36 684.16 20.98 1205 12.38 600.6a. 46.22 .23.24 13.26 1284.79 28.16 . 

86 ' 1.10 10.33 0.32 646 ,.. 6.64 269.10 20.71 732 4.18 279.43 6.13 

86 1.10 10.33. 0.32 646 6.64 269.10 20.71 732 4.18 279.43 6.13 

, . 
. 

43 0.55 21.09 0.65 729 1.33 13.35 1.03 172 0.98 34.44 0.75 

: 

. 
1793 ' 3262.35 '9730 1299.43 17523 45610 78 . ' 

,31.0 38.8 -... - 69.8 ... -- .. 
~~t:-. 

--.... ..--..._. 

~ • 



3 :3 .R. 'fotal 3 and 3R 
. --

f , IftCJ 
, • , mq , f , IIIC) , 

. 
I 

. 
344 27.59 165.76 --- 1722 62.50 685.89 --:-- 2066 51.62 ~51.6_5 ---
43 3.45 330.67 --- 43 1.07 ~30.6T ---

43 3.45 NB --- --- --- 43 1.07 1--- ---
- 27.59 271.69 

. 
646 23.45 344 ..,-- 682.87 --- 990 24.74 S54.56 ---

344 27.59 906.33 --- 258 9.36 1054.44 --- 602 15.04 1960.77 ---
688 55.17 1178.02 --- 904 32.81 1737.311 --- 1592 39.78 2915.33 ---

43 3.45 43.49 129 ~ 4.68 140.36 --- 172 4.30 183.85 -----~ 

43 3.45 43.49 - "'=""'"''':'''' 129 4.68 140.36 -.... - 172 4.3"0 183.85 .. --

86 6.90 42.62 '-''':''''1- ~-- 86 2.15 42.62 ---

1.247 --- . 2755- --- 4002 ... --
4.9 -~- 11.0 -.... ~ 15 .• 9 .. --

. --

f ~ 
\ , 
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TRANSECT TOl'AL 

• , .. , 

86 0.34 65.01 ---. 
19117 76 •. 17 7625.66 ---
43 O.:p 330.67 ---

" 

43 0117 ---

---
4045 16.17 4275.04 . 

---

1291 5.14 976.94· ---

86 0.34 1750.66 ---
301 . 1.20 102.03 ---

86 0'.34 42.62 ---

: 

25098 --- . 
. 

:, 

~ 
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Transect: MaximuJII AT 
t ." 
' .. SiIII?Ubq Date: June 2Q, 19n 
i SeaSQJl: Spt:inc1 , 

1 1.R ':'Otall and lJt , , 
.. 

Or~anisms Colle0te4 • , JIg . , • , aU , • _1 , J ...!!!!l_ , 
I 

_elida, Hirudinea 
Oligochaeta 1,0721 98.81 9596.32 98.89 8310 93.23 7676.45 97.09 19031 96.30 17272.77 98.08 
l'01ycbaeta . 

,. 
Airtbropoda, Arachni4ia 

Crustaceal _bipeda 
lsopoda: QUridotea 

t. Cp.:liIl1KA 
.1 Total Crustacea 

Iftsectar Coleoptera 43 0.48 8.61 
COllembola 

0.11 43 0.22 ~.61 0.05 

Diptera 129 1.19 107.64 1.U 86 0.96 107.64 1.36 215 1.09 1215.28 1.22 
Trichoptera 

I Total Insecta 129 1.44 116.25 1.47 258 1.31 1223.89 1.27 

~lluscal Gastropoda 
Pelecypoda 1474 5.32 114.09 1.44 474 2.040 ~14.09 0.65 

! 

Platyhelminthes: Turbellaria 
I· 

, 

sample Total 10850 9703.96 IBn3 7906.79 19763 P.7610.75 
, of Trasisect ~ 12.59 -.,.~ 10.34 --~ 22.93 1-'--

~, 

~ 

L 



( ( ( (r sl_~ __ INa _ _J>'l'& 
Numb~s of organis~ and weight in mg are values calculat~ fo~ ~~~e areas of. 1m2 • 

.c. 2 . .R ~tal. 2 and 2.R 
. .. 

• , mq , • , 
~-

, • , I mer . , 
-, 

I 
, 

. 43 0.15 1tB -..... 43 0:07 ~-- ---
29278 94.18 20030.51 90.32 27986 94.89 28263.68 -"..- 57.264 94.53 ~8294·.19 ---

: 

474 1.52 484.39 2.18 947 3.21 704.83 --- 1421 12.35 1-189.22 ---
'. 

474 1.52 484.39 2.18- 947- . 3.21 704'-83' ~- ..... 1421 12.35 189.22 ---
.-

~ 

~.64 517 1.66 443.91 2.00 474 1.61 843.04 ~~-. 991 286.95 ---
517 1.66 443.91 2.00 474 1.61 843.04 --... 991 1.64 286.95 ---

43 0.14 7.32 0.03 43 p.07 11.32 ---
775 7.49 1211.59 5.46 43 0.15 258 """'-,..... . 818 p,.35 214.17 ---

, 

31087 22177.72 
. 

29493 --.. 60580 --
36.06 --- - .... - 3.;\.2'2 -.... - 70.28 --

,.. ~ 

, 



3 - 3 ... .R ~tal. 3 and 3 .R 
. -• , IftCI 

, • , 
~II!CJ.. 

, • I , mg. , 
I 

.3401 78.22 1464.33 --- 11,63 77 .17 644.12 43.68 4564 77.95 2108..45 ---
I 

388 8.92 193.32 --- 129 8.56 496.00 
I 

33.63 517 8.83 689.32 --- I 
I 

! 

388 8.92 193.32 ,...-- . 129 8.56 496~0t) 33.63 517 8.83 689.32 ---

172 3.96 258.77 ...... - 43 .. 2.85 73.62 4.99 2;1.5 3.67 332.39 ---
172 3.96 258.77 --... 43 2.85 73.62 4.99 215 3.67 332.39 ---

344 . 7.91 587.29 --- 172 11.41 260.92 17.69 516 8.81 848.21 ---

43 0.99 NB ... -- 43 0.73 --- ---

4348 --- . 1507 1474.66 5855 ---
5;04 --... l.75 -,..- 6.79 

, 
-~ 

--

I-; -
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TRANSECT TOTAL 
, 

• , .. 
43 0.05 ---. 

.80859 93.81 67675.41 

1938 2.25 1878.54 

1938 2.25 1878.54 

1421 1.65 1834.6~ 

1421 1.65 1834.62 

43 0.05 7.32 
1808 2.10 2176.47 

43 0~05 ---

86198 
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---
---

---

---. 

---

---

---
---

---
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: 
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Transect: 75 AT 
Supling nate: August 17 f 1972 
~. S""," 

Orqanisms Collected 

Aanel14a: Hirudinea 
Ol1qochaeta 
Polychaeta 

kthro~~u Arachnidia 
crustacea. AIIIphipoda 

Isopoda: ~ir1dotea 
CyathurA 

Total crustacea 
Insecta. coleoptera 

Collembo1a 
Diptera 
Trichoptera 
Total Insecta 

MolluscAl Gastropoda 
Pelecypoda 

Platyhelminthes: Turbeilaria 

sample Total 
, of Transect Total 

1 

• , 
IIICJ , 

1938 67.18 4195.81 92.62 

215 7.45 37.03 0.82 

43 1.49 12.05 0.27 
258 8.94 49.08 1.08 

517 17.92 220.45 4.87 

" . ., ...... , 17.92 220.45 ' 4.87 

172 5.96 65.01 1.43 

2885 4530.35 

"''''''' 

J,.R ~tal 1 andl ,R 
- , , 

• , IIICI , • , I WI , I 

'. '~ 
2:1.96 77.30 4441.65 93.92 4134 72.20 8637.46 93.28 I 

i 

172 6.05 126.59 2.'68 387 6.76 163.62 1.77 

43 0.75 12.05 0.13 
1?2 6.05 126.59 2.68 430 7.51 175.61 1.90 

344 12.11 118.83 2.51 861 15.04 339.28 3.66 

344 12.11 118.83 2.51 861 15.04 339.28 3.66 

129 4.54 42.19 0.89 301 5.26 107.20 1.16 

2841 4729.26 5726 9259.61 
--- --- --- ---

L 



r. ! sJ(. __ .!NG! _ TH~( ! 
Numbers of ol:gani$DlS a,nd we1gl\t il'l mg are values calcula.ted for saxQp1e a;reas of 1m2 • 

. • . i"" • 

2 "" 4R '"fA Total 2 and ZR 
. 

• , IftCJ 
, • , 11\<1 , • , aer' , 

I 

76.71 4362.43 88.64 . 
2411 --- --- --- ---

INCOMl LETE 129 4.10 21.09 0 .. 43 --- --- --- ---

129 4.10 21.09.., 0.43 --- --- --- -- . ---
SAMPLl 

474 - 15.08 504.19 10.25 --- --- --- ---
474 15.08 504.19 10.25 --- --- --- ---

86 2.74 30.14 0.61 --- --- --- ---

43 1.37 3.44 0.01 --- --- --- ---

. 3143 4921.29 --- --- . 

--- --- --- ---

~-... 

,., 



3 3.R ~tal 3 and 3-1t 
. -• , IICJ , • , .. , • , atq . , 

I 

86 2.13 1277 .29 5.11 86 1'.68 277.29 4.00 
'382 35.67 1098.35 73.07 3444 85.10 4864.0( 89.62 3826 74.76 5962~39 86.03 

172 16.06 69.32 4.61 172 3.36 69.32 1.00 

172 16.06 69.32 4.61 
. '"'I 172 3.36 69.32 1.00 

.. 
~ 

388 36.23 124.00 8.25 474 11.71 278.14 5.12 862 16.84 402.14 5.80 

388 36.23 124.00 8.25 474 11.71 278.14 5.12 862 16.84 402.14 5.80 

43 4.01 189.45 12.60 43 0.84 189.45 2.73 

86 8.03 21.96 1.46 43 1.06 7.75 0.14 129 2~52 29.71 0.43 

1071 1503.08 
. 

4047 5427.22 5118 6930~30 

--- --- --- --- --- ---

I-; • 

.. 
i r . f. 
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Transect: South Control 
~·~1iD9 Datel AQiWJt 17, 1972 
'~Season: ~ 

-

. Orqanisms Collected 
, 

i 
ADneU4a, Hirudinea 

Ol1qochaeta 
Polychaeta 

ktbrOpodal ArachnicU.a 
Crustaceat Amphipoda 

• 

;2497 
43 

lsopoda: Q!!r1dotea 43 

QWiIm,. 
'!'otal Crustacea 43 

Insecta I COleoptera 
COllembola 
Diptera 1206 
Trichoptera 
Total Insecta 1206 

Mollusca I Gastropoda 
Pelecypoda 86 

Platyhelminthes: 'l.'Urbellaria ' 129 

SaDlple Total 4004 
, of Transect '!'otal 17.99 

1 

, IIKI , 

62.36 2665.17 ---
1.07 NB --~ 

1.07 NB ---
1.07 --- ---
30.12 380.61 ---
30.12 380.61 -,....-

2.15 13.35 ---
3 22 33 15 ~-

.. -.. 
~-~ 

;L.R ~ ,tal 1 ~1.R. 

-• , IIKI , • , I IIiJ 
I 

2153 64;09 3156.43 73.49 465Q 63.15 5821.60 
" 43 0.58 --- -

,-

I 
129 3.84 9.4S 0.02 172 2.34 --- -

~, 

I 

129 3.84 9.48 0.02 17~ 2.34 = 

, 

431 12.83 121.85 2.84 1637 22.23 502.46 

431 12.83 121.85 2.84 1637 22.23 502.46 

i 
474 14.11 980.39 2283 560 7.60 993.74 

172 5_12 26.69 o 62 301 4 08 59.84 
, 

3359 4294.84 7363 ---
15.09 -= 33.08 ---



I 

SAMPLING DEPTHS 
NUDlbers of oJ;'ganisms a.nd weight inmgare values· calculated tor sample areas of lm2~ 

2 2.R Total 2 and ZIt 
. -

• , I'ftCJ 
, • , 

~ 
, • , Ill) , 

I , 

. . 
1206 59.58 383.19 --- 2756 40.77 482.85 . 10.88 3962 45.11 1866~04 ---
43 2.12 NB --- 86 1.27 6.89 0.05 129 1.47 --- ---

: 

560 27.67 417.64 --- 1636 24.20 10811·.37 79·.29 2196 25~00 11229.01 ---
86 4.25 1.2.92 --- 172 2.54 879.63 6.45 258 2.94 892.55 ---
646 31.92 430.56 --- 1.80& 26.74 1169·. O~ 85.74 2454 27.94 12121.56 ---

129 ·6.37 74.49 --- ~ 

1550 22.93 270.39 1.98 1679 19."12 344.88 ---
129 6.37 74.49 . --- 1550 22.93 270.39 1.98 1679 19.12 344.88 ---

. 

258 3.82 74.49 0.54 258 2.94 74.49 ---

301 4.45 108.50 0.79 301 3."43 108.50 ---

2024 . 6759 13634.12 8783 --- ---
9.09 --- 30.37 --- 39.46 ---

"; 



M tM .• ~~-~.~.~.~_. 

... >1. Jt~. . .. - ~'-" 

;, It ~3_3a~ 
• , IICJ , • , -Jiiq , • ~ I l1li' , . 

I 

9-90 3'1.11 375.87 26.07 947 27.49 476.19 127.17 1937 31.69 852.0& 6.68 
, 

f 43 1.61 6.46 0.45 43 0.70 6.46 .' P.20 : 
990 37.11 174'.38 2.09 1981 57.52 518.39 ~9;48 2971 48.61 . 692.77 ~1.69 
43 1.61 52.09 3.61 43 0.70 52.09 .63 
215 8.06 664.35 46.08 258 7.49 617.42 p5.23 473 7.74 1281.77 fl6.l3. 
1248 46.78 990.82 61.78 22j9. 65.01 1135~8F 164.81 3487 57.05 2026 .• 63 ~9.45 

.. 
301 11.28 101.61 7.05 129 - 3.74 19~38 ~.10 430 7.03 120.99 ~.79 

43· 1.25 95.15 1s.43 . 43 0.70 95.15 b.98 
301 11.28 101.61· 7.05 172 4.99 114.53 ~.53 473 7.73 216.14 ~.77 

: i 

86 3;22 66.74 4.63 86 2.49 . 25.83 .47 172 2.81 192.57 ~.89 

~ 1441.50 . 344. 1752.36 6112 3193.86 
U.99 -- 15".47 --- 27.46 1--

. I 

--
.-,. 

I ~ 

., 
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105.49 
172 

" 

43 
5339 
43 
731 
6113 

37.46 
43 
3789 

818 . 

774 
,I 

22258 

R 
TRANSECT TOTAL 

. , - , 

. 
47.39 8539.70 ---
6.7.7 --- ---

0.'19 6.46 
23.99 --- ---
0.19 5'2'~09 --- J 

3.28 2174.32 ---
27.46 --- ---. 

16.83 968.33 ---
0.19 95.15 ---
17.02 i063.48 ---

3.67 1068.23 ---

3.47 260.91 ---
: 

--- • 

" '. 1 



t"" ' S", " . .,P' ~'?j 'it .If * ,. t ...., •• 

'fRANSECT: North Control 
SAMPLING DATE: August 17, 1972 
SEASON: SUIIIIIeZ' 

Organisms Collected 

Annelida: Hirudinea 
Oligochaeta 
Po1ychaeta 

Arthropoda, Aracbnidia 
Crustacea.& J\mpbipoda 

Isopoda: Chiridotea 
CYathvra 

'rota1 Crustacea 
Insectal Coleoptera 

Collembo1a 
Diptera 
Trichoptera 
'rota1 Insecta 

MolluSCA I Gastropoda 
Peleeypocla 

Platyhelminthes: Turbellaria 

Balllple TOtal ' 
, of Tr~ TOtal 

It 

1679 

43 

43 
86 

344 

2109 
9.26 

-

1 

, mg, 

79.6 2084.77 

2.04 11.63, ' 

2.04 112~81, 

4.08 124.44 , 

16.3, 165.77 

. 

2374.98 
'13.00 

1 • .R 

, I , mg , I 

87.78 2626 88.42 2524.37 92.35 4305 

' 0.49 43 

4.75' 43 
5.24 86 

129 4.34 110.65 4.05 129 

129 4.34 110.65 4.05 129 

. 
6.9~ 215 7.24 98.60 3.61 559 

2970 2733.62 5079 
13.04 14.97 22.30 

".LV~ 
1 1 ,R 

-
I , \IIIJ , 

I 

84.76 4609.14 90.22, 

0.85 11.63 0.23 

0.85 112.81 2.21., 
1.70, 124.44 . 2.4~,:" 

2.54 110.65 2.17. 

2.54 110.65 2.17 
. 

. 
11.01 264.37 5.17 

" 

SlOB. 60 
27.'97 ~ 

} 



( 
" ...• I t"""'>li~" n9P:l~ 

":':1 (- .... 
2i 

- -.I{ '1'Vl:a..L ~ ~ ~.K 
. -

• , IICJ' 
, • , 

~ 
, • I , I ~. , 

, 

. 86 2.47 242.41 7.98 86 1.04 242.41 2.84 . 
.3961 82.14 5161.12 93.68 284.2 81.50 2529.54' ~3.32 6803 81.88 7690 .. 66 90.00 

. 
388 8.05 89.56 1.63 21:5 6.17 20.24 0~67" 603 7.26 . 109.80 1.28 , 

388 a.05 89.56 1.63 21S. 6.17 20.24'" 0.67 603 7.26 109.80 1.28 

, . 
344 7.13 207.96 3.77 258 .. 7.40 229.92 7.57 602 7.25 437.88 5.i2 

344 7.13 207.'96 3.77 258 7.40 229.92 7.57 602 7.25 437.88 5.+2 

129 ' 2.68 50.38 0.91 86 2.47 13.78 0.45 215 2.59 64.16 .75 

-

4822 5509.02 . 3487 3035.89 8309 8544.91 . . 
21.17 30.17 15.31 16.62 36.48 46.79 

.. 

, --
~ . , - ;, 

l- . 
I . ' .. .. . .. 

I : 
; .. 

, . 
~ . 



~ 

3 .3.R 'I'Otal 3 and 3 .R 
Transect Tota;t 

-• , 1119 , • , lI!I , • , I III) , • , till , 
I 

86 0.38 242.41 1.33 
1421 OA8' 658.76 49.09 4521 70.46 2109.74 64.58 5942 63.30 2768.50 60.07' 17050 74.86 15068.30 ~2.51 

I 

43 . 0.67 10.33 0.32 43 0.46 10.33 0.Z2, 43 ·O.H 10.33 0.06 
ll63 39.15 549.39 40.94 861 13.-42 420.23 12.8~ 2024 21.56. 969.62 21.~ 2670 11.72 1091.05 5.97 

43 0.19 112.81 0.06 
1163 39.15 549.39 40.94 861 13.42 420.2~ 12.86 2024 21.56 969.62 21.001 2713 11.91 1203.86 6.59 

258 8.68 122~28 9.11 560 _ 8.73 406.45 12.44 818 S.7l 528.73 11.47 1549 6.80 1077.26 5.90 

, 258 8.68 . 122.28 9.11 560 S.73 406.45 12.44 S18 8.71 528.73 11.41 1549 6.80 1077.26 5,90 

43 0.67 43.92 1.34 43 0.46 43.92 0.95 43 0.19 43.92 0.24 

86 2.89 4.74 0.35 388 6.05 275.99 8.45 474 5.05 280.73 6.09 1248. 5.48 609.26 3.34 

43 1.45 6.89 0.51 43 0.46 6.89 0.15 43 0.19 6.89 0.04 

2971 1342.06 6416 3266.66 9387 4608.72 22775 18262.23 . 
13.05 7.35 28.17 17.89 41.22 25~24 

---- ----- ------ -- -- -,-' 

-~ 

"; 
... j 

I , 
t . ~, 

L __ L L 



{ 

Transect: Maximum AT 
sampling Date; Aqgust 17, 1972 
SeallOn; SuIIJjer 

Orqanisms Collected 

Annelida: Hirudinea 
Oligochaota 
po1ychaeta 

.. 

Arthropoda: Arachnidia 

r 

Crustacea: Amllhipoda. 

:., .• ;,!,,' 

Isopoda: QJ.iJ:islotea 
C¥atblll::A 

Total Crustacea 
Insecta: Coleoptera 

Collembo1a 
Diptera 
Trichoptera 
Total Insecta 

Mollusca: Gastropoda 
Pe1ecypoda 

Platyhelminthes: Turbellaria 

Sample Total 

-

/I 

4564 

431 

431 

344 

344· 

43 
215 

.1335 

6932 
16.56 

1. 

I " rng I , t fI 

. 
65.84 6791.65 91.57 5554 

6.22 82.67 loll 3Q;J.. 

6.22 82.67 1.11 301 

4.96 74.92 1.01 603 

4.96 74.92 1.01 603 

0.62 8.61 
3.10 74.06 1.00 172 

1.9.26 384.92 5.19 732 

7416.83 7362 --- 17.59 

1R Total 1 .and 1R 

I , I mer , T • I , I mq I. , --. . 
75.44 8565.99 94.03 10118 70.78 15357.64 92.93 

4.09 101.18 1.11 732 5.12 183.85 1.11 

4.09 101.18 1.11 732 5.12 183.85 1.11 

8.19 217.00 2.38 947 6.63 291.92 1.77 

8.19 217.00 2.38 947 6.63 291.92 1.77 

43 0.30 8.61 0.05 
2.34 39.61 0.43 387 2.71 113.67 .69 

9.94 186.00 2.04 2067 14.46 570.92 3.45 

9109.78 l4294 16526.61 --- 34.16 ---
--



$AMI?:t.lNG DEfTH~ 
NUlllbers of o;J;'g~SlI)S ~nd we,;iqht in ,IIIIJ al:e values calculated. fOJ: sample areas of 1m2 •. 

II 
jl 2.R TOtal 2 and 2 R 

, # , mq , 
* 

, mg \ It J , I mq , 
- .. .. , 

'i 
! , 
~ 8826 77.07 8317.13 90.23 7061 84.97 4981.58 75.31 15887 80.39 13298.71 84.00 
,; , 
, 
, 
! . 
. : 646 5.64 166.20 1.80 388 11.69 89.99 1.36 1034 5.23 256.19 1.62 
: 43 0.38 74.49 0.80 86 1.03 225.61 3.41 129 0.65 300.10 1.89 
t -~ 86 1.03 917.09 15.86 86 0.43 917.09 5.79 
{ 689 6.02 240.69 2.61 560 6.73 1232.69 18.64 1249 6.32 1473.38 9.30 
i 

" '\ 

I 860 4.89 437.02 4.74 172 2.06 225.18 3.40 732 3.70 662.20 4.18 I 

!I 560 4.89 437.02 4.74 172 2.06 225.18 3.40 732 3.70 662.20 4.18 ,. 
/1 ., 
.' q 
!! !i 1033 9.02 164.47 1.78 517 6.22 175.24 ~.64 1550 7.84 339.71 2.14 
1; 

I 344 3.00 5R.13 O."'l .. AA h "7A 1= , .. '17 

\ 
/ 

I 11452 9217.44 8nO 6614.69 19762 15832.13 
II 27.37 --- 19.86 --- 47.22 ---

____ ~ ___ I 



r { 

~I 3 3.R ~tal 3 and 3R 

I , ' " 
, 1119 , II \ iiiQ" \ t I t I rnq , 

I ,. 
! 

r 

,0' 

• 
I 

~636 38.78 691.91 45.95 1550 43.38 NB --- 3186 40.89 --- -- ! 

" 
I 

I 1 , I 

I i 
I 'I 

~938 45.93 480.94 31.94 1.206 33.75 228.20 --- 3144 40.35 709.14 --- i 
86 2.03 155.86 10.35 172 4.81 313.88 --- 258 3'.31 469.74 --- I 

~014 215 6.02 319.04 --- 215 2.76 319.04 ---
47.74 636.80 42.29 1593 44.58' 861.12 --- 3617 46.42 1497.92 ---

i , 
.. 

F1S 5.09 ll6.68 7.75 129 3.61 49.08 --- 344 4.41 165.76 ---
I 

FlS 5.09 116.68 7.75 129 3.61 49.08 --- 344 4.41 165.76 ---
I 

'/ 

~58 6.U 33.15 2.20 215 6.02 14~21 --- 473 6.07 47.36 ---
" I 
1a6 2.03 27.13 1.80 86 2.40 14.64 --- 172 2.21 41.77 ---

4219 1505.67 3573 --- 7792 
10.08 --- 8.54 --- 18.62 ---

-----------
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TRANS ~ 

• , .. , 
. 

29191 &9.75 --- ---
, 

4910 11.73 1149.18 ---
387 0.92 769.84 ---
301 0.72 1236.13 ---
5598 13.37 3155.15 ---. 

2023 4.83 1119:88 ---
2023 4.83 '1119.88 ---

43 0.10 8.61 ---
2410, 5.76 500.74 ' ---

,);:;'Q~ 6',17 670 82 ---
: 

41848 --- . 

. 
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Transect: North COntrol 
SUplinCJ Date, OCtober: 18, 1972 
Season: Fall . 

~aniS118 CoU~ 

AIUlel1dal. Jlirudinea 
. Oligochaeta 

Polychaeta 
, 

ArtbnpOda.t .Aracbnidia 
. Crustacea; JlDlpbipoda 

:J:sopoda: Chiridotea 
C2AtilurA 

I 'lOtal eru.tacea 
: IiUlectal . Coleoptera 

: ColleillbOla 
Diptera 
'l'ricboptera 
'lOtal· Insecta 

Molluscal Gastropoda 
Pelecypoda 

Platyhelminthes I TUrbellaria 

.• SaDlple 'lOtal 
, of 'l'ransect 'lOta1 

---

-

1 

• , DICI. , 

947 35.48 7l6~02 53.79 

990 37.09 427.97 . 32~16 

990 37·99 427.97 32.16 

603 ~2.59 155.00 ·11.65 

129 4.83 31.87 ·2·.40 

2~9 .1330.86 
14.06 '!'t~ ... 

~.R ."l'Otal. ~ aoa ~ .R 
' , -• , 

lI!J , • I .,. t , 

~ 
I 

43 2~86 81.81 --~ 43 1.03 81.81 
818 269.96. --- 1765 42.28 985 •. 98 --- .: 
43 2.86 NB --- 43 1.03 -- ___ oj 

, , 

. '! 
43 2.86 NB -- 43. 1.03 --- ---

I 43 2.86 ~-.. --- 43 1.03 ~-- ---

301 19.99· 76.64 --- 1291 30<;-93 504.61 ---
301 19.99 76.64 --- 1291 80.93 504.61 ---

43 2.86 NB --- 43 1.03 -- ---
86 1.43 52.09 -- 689 16.50 207.09 ---

129 8.57 33.59 --- 258 6.18 65.46 ---

1506 --- 4175 ---
7.g3 --- 21.99 - I 



SA.M:I?L;I;NG DEPTH~ 

Numbers of 9rganisms and weight ~n mg are value~ calculat~ tor s~ple areas of- 1m2 • 

2 .2R ~tal 2 and2 .R 
. .. 

• , mg , .. , 
IIlCJ , • , I ma- , 

, 

43 1.47 169.21 7.34 43 0.82 169.21 3.99 
- 1206 51.87 1238.29 63.75 1765 bO.28 1761.8S 76.68 2971 56.56 3000~J.4 70.15 I 

I 

258 11.10 44.78 . 2.32 86 ~.94 : 11.62 0.52 344 6.55 56.40 1.32 
215 9.25 56.83 2.94 388 il3.25 44.78 1.96 . 603 11.48 . 101.61 2.41 

, 

215 9.25 56.83 2.94 388 3.25 44.78 ., 1.96 603 11.48 101.61 2.41 

560 24.09 527.00 27.14 431 .. 
~.47 266.95 11.62 991 18.87 793.95 18.13 

560 24.09 527.00 27.14 431 ~.47 266.95 11.62 991 18.87 793.95 18.13 

86 3.70 74.92 3.86 215 ~.34 43.49 1.87 301 5.73 118.41 2.78 

2325 1941.82 . 2928 2297.90 5253 4239.-72 
i2.25 --- 15.42 --- 27.67 ---

,... , 

. ( I 
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'I:. 
~ 

{ 

f 
'f 
! 

,\ 
; , 
t 

," 

• 
129 

.3100 
43 

~U 
474 

474 

SlS 

818 

25S' 

172 

5037 
26.53 

--
, "- - .. ~ .. -,----- --~. ----, .... - _. 

, 

2.5~ 
61.54 
0.,S5 

0.S5 
9.41 

9.41 

16.24 

16.24 

5.12 

3.41 

3 ~ 
. ... , • 

512.37 17.20 258 
1613.74 54.23 2067 
63.29 2.12 

6.89 0.24 S6 
172.22 ,5.78 603 

172.22 ' 5.78 603 

542.94 18.25 431 # 

'542.94 18.25 431 

43 
43.06 1.44 775 

21.96 0.74 258 

2976.47 . 4521 
-- 23'.81 

" . 

(' 3K ~3-3K r' , ' 
I)'~ . -, .. , .- • I .... .' ' •.. i,. .... 

I . 
5~71 473.62 --- 387 Q.91 985.99 ---
45.72 1996.94 --- 5167 ' 54.06 3610 .• 68 ---

43 0.45 63.29" ---

1.:90 12.05 --- 129. 1.35 'lS.94 ---
13.34 142.94 .. -- . 101.7 11.27· 315.16 ---

13.34 142.9.e- -- 1077 11.27 315.;1.6 ---

9.53 342.72 .--- 1249 13.07 S85~66 --- '. 

9.53 342.12 - U49 ,13.07 ,885.66 ---

0.95 NB -- 43 0.45 --- ---
17.14 182.98 -- 1033 10.81 226.04 ---

--.- -" 

: " 

5.7l 60.71 --- 430 4 .. 50 82.67 ---

-- 9558 ------ 50.34 ---
'. 

"; 
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TRANSECT' TOTAL . • ~ -- ~ 

473 2.49. 1237,.01 ---,9903 52.16 7596.80 ---86 0.45 --- ---
473 2:49 75.34 ---1723 9.08 --- ---

1723 9.08 --- -. 

35.31 18.60 2184.22 1---

3531 18.60 2184.n ---
86 0.45 --- r---2023, 10.66 551.54 ---
688 3.62 148.13 ---

: 

18986 --- . 

. 



,1:' 

Transect: 75 ~T 
sampling Date~ OCtoDeJ:' 18, 1'72 
Season: Fall 

; 

orcraniSlllS Collected 

Ann-.lida: Hirudinea 
01lgochaeta 
Polychaeta 

Artbropoda: Arachnidia 
crustacea. Ampbipoda 

lsopoda: Cbiridotea 
C2UIDD 

Total crustacea 
Insecta: Coleoptera 

Collembola 
Diptera 
'l'ricboptera 
Total Insecta 

Mollusca. Gastropoda 
.elecypoc!a 

Platyhelminthess 'l'urbellaria 

Sample Total 
\ of Transect Total 

.-

1 

• \ 1119 " \ • 
86 5.87 lm ---- 1163 

86 
129 

43 2.94 170.93 ---
43 2.94 170.93 -- '1~9 

1249 85.31 NB 1679 
43 2.94 16.79 ---
1292 88.25 -.... ..-- 1679 

43 2.94 NB ---
172 

1464 .-~ .... 32.29 
10,56 ~- .... 23.29 . 

.1.R 'J:'OtaJ. 1 ancl LR 
-

\ I\ICJ \ • \ , 
l1li' \ 

, '. 
36.02 377.17 ' 49.24 1249 26.61 --- --- , 

2.66, 19.38 2.53 ,86 1.83 19.38 ---
4.00 39.61 5.17 ' 129 2.75 39.61 ---

43 0.92 170.93 ---
4.00 39.61 5.17 172 3.67 210.54 

52.00 313.02 40.89 2928 62.39 --- ---
43 0.92 16.79 -.--

52.00 313.02 40.89 2972 63.33 --- ---

43 0.92 --.. ---

5.33 16.79 2.19 172 3.67 16.79 ---

765.97 46.93 ------ 33.85 ---
-- -~---



~ 

~ 
f· 
f. 

r 

I 
\~ 

• 
43 
175 

258 

258 

86 

86 

43 

86 

12?1 
9.31 

-

~:r.ING DEPTHS 0 • 

NUIIlbE!l:S o~ or<.JaniSJllS and weight j,n mg ~e '1alues calculated 0 for silD1P1e oareas oof 1m2 •. 

2 2.R ~2m~"~ _. 0 , III) , • , IICI , • , I' \IIIJ " 

'-

1:17 ~335.36 -- . I 3.33. 2335.36 --- 43 
60.03 1905.66 --- 1292 54.54 4871.35

0 

96.56 2067 56.48 16777.m -- , 
, 
, 

I 
, 

19.98 46.50 --- 603 25.45 159.31 .16 861 23 • .52 . 1205.81 -- I 
I 
, 

19.98 46.50 --- 603 . 25.45 159.31 .., ~.16 861 23.52 1205.81 -- I 

6.66 51.24 431 - 18.19 9.90 b.20 517 14.13 ~1.14 --- --
6 •. 66 51.24 --- 431 18.19 9.90 P.20 517 14.13 61.14 --

~.33 NB --- 43 1.17 f--- --
6;66 0 34.87 --- 43 1.82 4.30 b.09 129 3.52 139.17 --

--- . 2369 5044.86 3660 ----- 17.09 --- 26.40 --
_0 __ - _____ ~.~ __ • 

~ 

'. 



3 - 3" ?tal 3 IIDIl 311 
- -

• , ., , • , till , • , I Ilia . , . ) 

t 
f 

----'-"_ .. t 1 
78.59 

.. " i 
.1636 37.99 1135.39 --- 9.7 1485.00 -- 2583 46.87 2620~~9 ---

1163 27.01 155.00 --- 129 10.71 314.74 -.. - 1292 23.44' 469.74 ---
775 18.00 44.35 --- 775 14~06 44.35 ---
1938 45.01 199.35 ---' 129 10.71 314 .. 7~ --- 2067 37.51 514.09 ---

'. , -431 10.01 NB --- 129 10.71 N8 --- 560 10~16 --- --- i 

431 10.01 .. -- --- 129 10.71 --- --- 560 10.16 --- ---
". 

215 . 4.99 63.29 --- 215 3.90 63.29 ---
: 

86 2.00 21.53 --- 86 1;56 21.53 ---

4306 --- 1205 .. 5511 ---
aL06 .. -- 8~69 --- 39.75 ---

-: 

'\ L 

"; 

", 

. _______ .... ""_ .... --.--__ ...... _ ........ 4.--., '. _ ...... ____ ... _ ....... _ ~~- .. ;"' .............. --------................ ~ . 
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43 
'5899 

~ ,', 
86 
2282 " 

..' . 
'. 818 

3100 

4005 
43 

..... 1 .. 
4048 

301 ' 

387 , 
'. ' 

;1.3864 

'\ 

r~ 

TRANSECT TOTAL 
. , IIQ , 

0..31' 2335.36 ---
42.55 --- ---

0.62 19.38 
16.46 715.16 ---
5.90 215.28 ---

---
22.36 930.44 -,.-

28.89 --- ---
0.31 16.79 ---
29.20 --- ---

2.17 --- ---

2.79 77.49 ---

--- . 

i 

I . ' [, 



Transect: MaXi-mUla A't 
ScuIIpliDg Date: OCtober 18, 1972 
Season: Fall 

. OI:ganis.s Collected 

Annelida: Birudinea 
Oligocbaeta 
Polychaeta 

Arthropoda, Arachnidia 
crustacea, Amphipoda 

Isopoda: Chiridotea 
Cva~S&a 

Total Crustacea 
Insecta, Coleoptera 

Collembola 
Diptera 
Trichoptera 
Total Insecta 

Mollusca. Gastropoda 
PelecypocJa 

Platyhel.mi:llthe., Turballada 

~le Total 
, of 1'r~t. Total 

.. _._---

1 

• \ Iiiit , 

7018 88.li 7896.04 92.78 

129 '1.62 403.57 4.74 
129 1.62 403.57 4.74 

43 0.54 56.83 0.67 

43 0.54 56.83 0.67 

215 2.70 15.07 0.18 

560 7.03 138.74 1.63 

7965 .8510.25 
21.72 --

.. 

:It '1'ota11 aDd 11\ 

-
I , 

*' 
, • .\ ., .. \ 

I 

3143 63.47 2009.85 --- 10161 78.66 9905 .• 89 --

43 0.87 8.6 i -- 43 0.33 8.61 ---
431 8.70 38.75 --- 43i 3.34 38.75 ---
86 1.74 455.53 --- 86 0.67 455.53 ---

129 1.00 403.57 ---
560 11.31 502.89 --- 646 5.01 897.85 ---

517 10.44 NB --- 560 4.34 --- ---
517 10.44 --- --- 560 4.34 --- ---

388 7.84 132.61 --- 603. 4.67 147.68 ---

344 6.95 19.38 --- 904 7.00 158.12 ---

4952 --- 12917 ---
13.50 --- 35.22 ---



i 
t 

~. 
~ 

~ . 

! 

.-' "'r., '.'.~~ ~~::-;:.~.··,!,·J;'i;·: 

SAMJ;'LING PEPTHS 
Numbers of org~iams and weight in ~g Are values calculated for sample areas of .lm~. 

2 .~.R 'lOtU 2 ud 2.11. 
-• .. -- .. • .. .. , • I , I .cr . , 

I 

3875 51.43 1955.60 65.84 6760 83.52 1562.93 --- 10635 68.05 3518.53 ---
43 0'057 277.71 9.35 43 0.28 . 277.71 ---

344 4.57 13.6.49 4.59 ~15 2.66 58.12 --- . 559 3.58· 194.61 ---
43 0.57 50.81 1.71 43 0.53 52.09 --- 86 0;55 102.90 ---
43 0.57 188.15 6.33 43 0.53 670.38 --- 86 0.55 858.53 ---
430 5.71 375.45 12.63 301 3.72 780. 5~ --- 731 4.68 1156.04 ---

2Q67 27.44 198~'O6 6.67 732 - 9.04 NB --- 2799 17.91 --- ---

2067 27.44 198.06 6.67 732 9.04 --- --- 2799 17.91 --- ---

1033· 13.71 149.83 5.04 258 3.19 40.04 --- 1291 8.26 189.87 ---

86 1.14 13.78 0.46 43 0.·53 11.62 --- 129 0 .• 83 25.40 _ .... -

-) 

7534 2970.43 8094 --- 15628 ---
20.54 --- 22.07 --- 42~61 ---

"; 
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3 ~.R ~ 3 an43.R . -• , .. , • , II!!I , • • I .a' , 

1163 31.44 348.75 22.77 1~49 28.17 221.31 ' ""- 2412 29.66 570~06 

1633 44.15 287.19 , 18.75 1119 25.24 98.l1 --- ~752 33.134 ' 385.36 
258 6.97 625.18 40.82 86 1.94 NB ""- 344 4.23 ---
129 3.49 103.76 6.78 129 2.91 309.14 "-- 258 3.17 412.90 
2020 54.61 1016.13 66.35 1334 30.09 407.31'" ""- 3354 41.24 ---

258 6.97 131.32 8.57 947 ~ 21.36 NB -- 1205 ' 14~82 ---
86 2.32 P.78 0.90' 86 1.06 13.78 
344 9.29 145.10, 9.47 947 .:/1.36 --- --- 1291 15'.88 ---

86 2.32 12.49 0.82 732 16.51 133.90 --- 818, 10.06 146.39 

: " 

86 2.32 ,9.04 0.59 172 3.88 18.51 --- 1258 3~l.7 27.55 

3699 1531.51 . 4434 --- 8133 ---
10~O9 -- 12.09 "-- .:/2.17 ---
-- --0:.- ----- ----- ~~ -- ---- -- ---- - .....J 

----
"; 
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TRANSECT TOTAL 
. 

• , 119_ 

. 
. 23208 63.27 13994.48 

43 0.12 277.71 

43 0.12 8.61 
3742 10.20 618.72 
516 1.41 ---
473 1.29 1675.00 
4731 12.90 "---

4564 12.44 ---
86 .23 13.78 
4650 12.67 ---

2712 7.39 483.94 

1291 3.52 211.07 

36678 ---

, 

---
---

---

---
---
---. 

---
---
---

2.57 

1.12 

. 

. 

r 

, 
t 
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Transect: South Control 
sampling Date: 'October 18, 1912 
season: Fall 

QrqanismsCollected 

Annelida: Hirudinea 
01igochaeta 
Po1ycbaeta 

Arthxopodal Aracbnidia 
Crustacea, AJnphipoda 

Isopoda: ~iridotea 

Q,atJlYI:. 
Total Crustacea 

Insecta. Coleoptera 
C0118mbo1a 
Diptera 
Trichoptera 
Total Insecta 

Mollusca. Gastropoda 
Pelecypoda 

Phtyhelminthes: Tw:bellaria· 

Sample Total 
• of Transect Total 

1 

• I IIICI • 

4478 75.36 591.59 40.69 
43 0.72 i85.57 12.7~ 

86 1.45 18.08 l.24 

43 0.72 380.48 26.17 
43 0.72 380.48 26.11 

1163 19.17 217.00 14.93 
43 0.72 31.57 2.17 
1206 20.30 248.57 17.10 

43 Q.72 16.36 1.13 

43 0.72 13.12 0.90 

5942 1453.17 
28.70 --

Ilt ~ta1. 1 anCll .R 
-• • -iDQ \ • \ I III) •• 

I 

2281 69.73 157.15 --- 6759 73.36 148.71i _./..-
43 1.31 425.39 --- 86 0.93 610.96 --- . 

86 0.93 18.08 ---

43 0.47 380.48 ---
43 0.47 380.48 ---

818 25.01 lfB --- 1981 21.50 --- ---
43 0.47 31.57 ---

S18 25.01 --- --- 2024 21.97 --- ---
i 

86 2.63 3.01 --- 129 1.40 19.37 
I ---
I 

43 1.31 lfB --- 86 0~93 --- ---

3211 9213 I --- --- I 15.80 --- 44.49 -- I 



'\ 
NuD!Pexos Q~ o:r:c;JaniSIQS and weight in II\q ClX'e values ca!cu,lated £01= sample' ClX'eas of J.DiZ 

2 .2oR ~tal 2 ana 20R 
-

• \ IIIJ \ • \ IICI \ • , I IICI' t 
\ 

689 61.57 345.31 --- 68.9 34.06 314.31 --- 1378 43.90 659.'6,2 --

43 3.84 2.58 --- 1:<l9 6-.38' 5.59 ' --- . 172 5.56 ' 8.17 --

{ 
~. 
, 

.. 
43 3.84 2.58 --- 129 6.38 5.59 ' ... -- 172 5.50 8.17 --

43 2.13 21.96 -~- 43 1.40 21.96 --
258 23.06 NB --- 947 - 46.81 NB --- 1205 38~40 --- --
344 30.74 22.82 --- 990 48.94 --- --- 1334 42.50 --- --

43 3.84 37.89 --- 43 1.40 37.89 --
86 4.25 16.36 --- 86 2.10 16.36 --

129 6.38 42.19 --- 129 4~10 42.19 --

'1.119 --- . 2023 1--,. 3142 --- , 

5.40 --- 9.77 --- 15.17 --- I 

I 

:1 
l. 

" 
I ' 



( 

" 
3 3ll ~ 3 "3,R I 

-
I, , .. , • , .. \ • \' .,' , 

I , 

t 
~. 
, 

~282 59.24 1194.90 57.28 2~82 51.47 1612.45- 4564 
• 1 --- Sf. 65 2807.~5 -

:1 
. 

I 
43 0.9~ 4.30 --- 43 0.51 4.30 ---

560 14.29 129.17 " 6.19 1119 ~5.24 221.74 --,. 1679· 20.10, 350.91 --- I 
.1 

344 , 8.78 374.59 17.96 172 3.88 701.38 --- 516 6.18 . 1075.97 ---
904 23.07 503.76 24.i5 1291 29.12 923.'12; --- 2195 26.28 1426~88 ---

, " 

603 15.39 316.89 15.19 517 
~ 

1,1.66 245.85 1120 13~41 562.74 --- ---
43 1.10 17.65 0.85 43 0.,51 17.65 ---
646 16.49 ,334.54' 16.04 517 11.66 245.85. ' --- 1,163 13.92 580.39 ---

" 

.' 

43 0.97 NB .. -- 43 0.51 --- ---
43 0.97 20.24 --- 43 0.51 , 20.24 ---

: 

86 2.19 52.96 2.54 :U5 4 •. 85 115.82 --- 301 3~60 168.78 ---

3918 .2086.06 . 4434 --- 8352 --- . 
18.92 -- 2i.41 --- 40.33 .... -_. 

" 

-----
;1 

l~ 
t; 

" 

~~ .. ------.-,..-,. -~ ......... ,.......--

.,; .. , ':.: .. ~ 
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TRANSECT TOTAL 
~' . 

• , ... , 

. 
I 

• t ... 

I' 'i 

12701 61..34 4215.61 ---
86 0.~2 610.96 

I --- I 
I 

, I 

I 

, ' 129 0~62 22.38 ---
• . , . '. ~" , " 1851 8.94 359.08 ---

'" • . 
559 2.70 1456.45 ---
2410 11.64 . 

" 
" 

43 0.21 21.96 ' ---... 
" ~ 

,~ .. ' .. 
" 

4~06 20.79 --- ---
86 0.42. 49.22 ---
4521 21.83 --- ---

' .. 
, . ~ .; 

86 0.42 --- ---
258 ' 1.25 55.97 ---

, , 516 2 .• 49 --- ---
" .. ' " , ,'. ,I 

, : '. ' 
; .' , 

20707 --- • 
" . • 

I 

"'\ 

I 

o[ I 
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TRANSECT: South control 
SAMPLING DATE: oec8lllber 12, 1972 
SEASON: Winter 

oraantsu CoUecte4 

Annelida: Hirudinea 
Oliqochaeta 
Po1ychaeta 

Artl\ropoda. Arachnidia 
Crustacea. Alaphipoda 

Isopoda: . Chiridotea 
cyatbup 

'lOtal Crustacea 
.tD8ec:ta. Coleoptera 

Colle.boUi 
Diptera 
Trichoptera 
'lOtal Insecta 

MollusCA. Gastropoda 
Pe1ecypoda 

PlatvhelJllinthes: Turbellaria 

sample 'lOtal 
, of TraDsect 'lOt&! 

• , 

1765 67.21 

861 32.79 

861 32.79 

2626 
13.74 

1 :,-Jl , 1 

IMI , • , JIg 

342.72 - 2454 82.63 651.43 

129 4.34 232.07 
129 4.34 232.07 

NB· - 387 13.03 NB 

- - 387 13.03 -

- 2970 -
- 15.54 -

~. __ ~_-:-:---___ .----__ .. ______ .-.. ..... , _ .... __ ,. __ . ~. : __ ""_.----.~.~--- .... ---- _. ____ .0 ..... _.' .. '---_·_- _ ........ " -- -.~- -.,........ . -. ,--- -" .... -..-, _. 

~U.l. .L ana.LX 
.. , • , I - , 

I 

- 4219 75.39 994.15 -

- 129 2.31 232.07 -
- 129 2.31 232.07 -

. - 1248 22.30 - -
- 1248 22.30 - -

5596 .-
29.28 -



Sampling Depths 
NUlllbers. of Organisms and Weight in mg are values' calculated for sample areas of 1m2• 

;.! ~.R 'l'Ot.U 2 and 2 .R 
-• , III) , • , .. , • , 1 ---. , 

I 

t 
" 

~. 
1636 64.41 780.60 - 2497 73.42 754.34 - 4133 .69.57 1534.94 -

43 1.69 7.32 - 43 0.72 7.32 -
43 1.26 4.74 - 43 0.72. 4.14 -

43 1.26 4.74 ... - 43 0.72 4.74 -
, 

f 646 25.43 NB' - 775 ~ 22.79 NB - 1421 23 .• 92 - -
646 25.43 - - 775 22.79 - - 1421 23.92 - -

43. 1.69 4.30 - 43 0.72 4.30 -

172 6.77 73.62 - 86 2.53 NB - 258 .. 4.34 - -

2540 - 3401 - 5941 -
13.29 - 1i.80 - 31.09 -

- -~---

I "; 

i I 

I. : . 

i 



" 3 ,;,.K ,tan ~...u." aDd3.R .. -• , 
119' 

, • , 119 , I , I -- , 
.. I 

t 
~. 

1292 33.72 182.13 - 2454 65.54 722.05 - 3746 49.45 904.18 -

129 3.45 19.37 - 129 1.70 19.37 -
904 23.60 1331.72 . - 258 6.89 112.38 - 1162 15.34 1444;1 -

43 1.15 322.92 - 43 0 .• 57 322.92 -
258 6.73 871.89 - 301 8.04 621.73 - 559 7.38 1493~62 -

1162 30.33 2203.61 - 602 16.08 lOS? .Q,3 - 1764 23.29 3260.64 - . 

301 7.86 NB - 215 ~ 5.74 NB - 516 6.81 - -
301 7.86 - - 215 5.74 - - 516 6.81 - -

43 1.15 NB - 43 0.57 - -

1076 28.09 304.40 - 301 8.04 52 •. 96 - 1377 18.18 357.36 -

3831 - . 3744 '- 7575 .-
20.04 - 19.59 - 39.'63 -

.--

I "; 

" , 
L .. 1 

~r~'~· 
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r 
Transect Totq1 , , - , 

12098 63.~0 343 ~. 27 -

172 0.90 26.69 -
1205 6.30 1448.84 -

43 0.22 322.92 -
688 3.60 1725.69 -
1936 10.13 3497.45 -

. 
3185 16,66 - -

3185 16.66 - -

86 0.45 - -

1635 8.55 - -

: 

19112 - . 

• I 



TRANSECT: 75&r , 
SAMPLING DATE: December 12. 1972 
SEASON: Winter 

Oroanisms Collectecl 

Aanelidaf Hirudinea 
Oligochaeta 
Polychaeta 

Arthropoda, Arachnidia' 
CrustacHI Amphipoda 

Isopoda: Qliridotea 
cyuhura 

Total'crustacea 
Insecta, Coleoptera 

Collembola 
Diptera 
Trichoptera 
Total Insecta 

MolluaCAf Gastropoda 
Pelecypoda 

Platyhelminthes I 'l'urbellaria 

Sample Total 
, of Transect Total 

1 

• , JIG , 

775 58.05 NB -

43 3.22 NB -
43 3.22 NB -
517 38.73 NB -
517 38.73 NB -

1335 -
9.15 -

llt ~tal 1 and l,R 

• , 
~ 

, • , I l1li , 
of 

1378 94.13 700.95 - 2153 76.92 - -

43 2.94 47.79 - 43 1.54 47·79 -
43 1.54 - -

43 2.94 47.79 - 86 3.07 - -

43 2.94 NB - 560 20.01 - -
43 2 •. 94 NB - 560 20.01 - -

1464 - 2799 ~ 

iO.03 - 19.18 - . , 

" 



! Sampling Depths 2 
Numbers of Organisms and l1i!ight in IIIg are values calcu'tated for' sample 'areas of 1m • 

2 2.R 'l'otal. 2 u4 2 .R 

I --• , 
119' 

, • , JIll , • , I - , 
I 

I 
I 

1593 66.07 569.20 - 1378 74.45 415.49, - 2971 69.71 984.69 - I 

- ' 

43 2.32 48.65 - ' 43 1.01- 48.65 -I 
43 2.32 48.65 ... - 43 1.01 48.65 -

; 

f 732 30.3E NB - 172 - 9.29 NB - 904 21.21 - -
732 30.3E NB _ - 172 9.29 NB -- 904 21.21 - - ,-

86 3.57 79.65 - 258 13.94 59.85 - 344 g.07 139.5 -

2411 - 18S1 - 4262 -
16.52 - 12.68 - 29.20 '-

------- -----

--
"; 

" 

I _________ , _. --.. -..-. __ . ......--., 1-



I 
• 

1 r, 
J 
I 

r , 

I 
; I 

I 

• ,----'-_.---

~464 

603 

603 

215 ' 

22,82 
15.63 

3 

, 1M) 

64.15 668:23 

26.42 NB 

26.42 NB ' 

~.42 121.85 

-
-
> 

.( 

311. 

, • , 

- 3057 58.20 

43 0.8~ 

- 1464 ~ 27.87 
" 

- 1464 27.87 

- 646 12.30 

43 0.82 

. 5253 
35.99 

I-; 

'. 

~ 3 aDCl 311. 
-

-'" 
, • , I -." , 

I 

1783.81 - 4521 '60.00 2452,.04 -
.. 

6.89 - 43 0.57 6,.89· -
, . 

., 
:r· 

" 

NB - 2067 27~43 - - :i::i 

NB - 2067 27.43 - -
.' 

379.75 - 861 11.43 501.6 -
'. 

15.93 - 43 0'.57 15.93 -

- 7535 -, 
- 51.62 -

t . 
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Transect TOtal. 
. 

• , - , 
, 

9645 G6.0E - -

43 0;3 6.89 -
86 0.6 96.44 -
43 0.29 - -

129 0 0 08 - . -, 

3531 24.19 - -
3531 24.19 - -

861 .5.90 501.6 -

.387 2,65 155.43 -

• 14596 -

" 



.'. 

TRANSECT: NOrth Control . 
SAMPLING DATE: Dece.ber 12, 1972 
SEASON: Winter 

orqaniSlllS . COllected 

annelida: Hirudinea 
Oliqochaeta 
Polychaeta 

Artbropodaa Aracbnidia 
Crustaceas AIIIphipoda 

180poda: CMridotea 
CYat:h~1 

Total crustacea 
Insec:taa. Coleoptera 

COllembola 
Diptera 
'l'richoptera 
Total Insecta 

MolluSCA: Gastropoc1a 
Pelecypoda 

Platyhelminthes: Turbellaria 

Sample Total 
, of 'l'ransect Total 

• 
43 

1163 

43 

689 

689 

86 

129 

2153 
11.24 

-. 

, .... --~.--.-----.... ,.-.- ..... ~ ...... -..... ......-.--.--- . ....-,.~~-~.--- .... 

1 

, iIIq , 

2.00 309.14 -
54.62 374~16 -

2.00' 7.32 -

32.00 NB -
32.00 - -

4.00 81.81 -

33.58 -

-
-

;L.R 

• , 
..1IIg 

, • 
43 

2497 53.71 1179.3.0 - 3660 

43 0.92 11.63 - 86 

990 21.29 NB - 1679 

990 21.29 - - 1679 

86 1.15 7.75 - 172 

1033 2222 232.50 - 1162 

4649 - 6802 
24.26 - 31.74 

~tal 1 cmd 1-R 
-, I .-r 

I 

00.63 309.14 
53.81 1553.46 

1.26 18.95 

24.68 -

24.68 -

2.53 89.56 

17.08 266.08 

-
-

, 
--

-

-

-

-

-

-I 
I 
I 

I 
I , 
! 
~ 
I 



Sampling Oepths , 2 
Numbers of organisms and weight in mg are values calculated, for sample ar.eas of 1m. 

~ oaR 'l'Otal.2 aDd 2R 
-• , 

" 
, • , 

" 
, • , I ~-

, 
I 

t 
(: 

f 

43 1.15 223.89 - 43 '0.76 223.89 -
1076 56.81 759.08 - 799 74.72 882.22' - 3875 68.71 1641-.;30 

, 

43 2.27 8.18 - 43 0.76 8.16 -
43 2.27 44.35 - 344 9.18 NB- - 387 6.86- - -

, , 

43 2.27 44.35 - 344 9.18 ~ ... - 387 6.86 - -

646 34.11 NB - 388 ~ 10.36 NB - 1034 18~33 - -
646 34.11 - - 3SS 10.36 - - 1034 HI.33 - -

86 ' :4.54 15.93 - 86 2.30 37.89 - 172 3.0S. 53.82 -

86 2.30 ' 7.32 - 86 1.52 7.32 

18?4 
. 

3746 5640 .:. - -
9.89 - 19.55 - 29.44 -

il 
f; 

_ J -. ~-- ~ ... .,.-- ..... -. '" --_ ... _._-..... .•. -.,..--~~ .. -.. '--"~"". -,_'.-'" .. " - ._, _ ...• ", .. _ ..... .: .... -



,I 3 - 3 ,;,ll 

• , --, , • , 

l. 
~. 

43 1.20 96.01 -
2583 72.21 442.62 - 1938 61.64 

43 1.20 NB - 129 4~10 

43 1.20 - .,. 129 4.10 

517 14.47 NB - 431 _ 13.11 

517 14.47 - - 43i 13.71 

388 , 10.86 155.86 - 474 15.08 

,.,., i;. "., 

35.74 - 3144 
18.65 - 16.41 

--- ------ ~--'- --- ---

:1 
"; 

'. 
'I 
I . _-----_._--_._-------'----...,.....----

'l'otal;1 ",3 II 

-
IICI • • I , I ' .. ' , 

I 

43 0:64 96.01 -
658.76 - 45~1 67.30 1101.38 -

318.18 - 172 2.56 ' - -
318,1Q, - 172 2.56 - -' 

NB - 948 U.11 - -
- - 948 14.11 - -

205.81 - 862 12.83 361.67 -
'. 

47.79 - 172 2.56 47.79 -

- 6718 '-

- 35.06 -

"'- ....... -- ... ~ .. -.... , .-... ------~ ....... -.~ ... ---.~- ... ----.... -,,-.. :,........-~--.-~.,,--.-.- ~ . 

I 
I 

I 

I 

I I 

I 
~ 
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Transect Total . • , - , 
129 0.67 629.04 -

12056 62.92 4296 .• 14 -

129 0.67 27.13 -
559 2:92 --

559 2.92 - -
. 

3661 19.11 - ' -
3661 19.11 - -

1206 6.29 505.05 -

1420 7.41 321.19 -

: 
19160 -

• 

" 



Transect: ~ AT 
S~Un9 Date; ~ 12, 1972 
seaaon~ WiAter 

organisas Collectec1 

AmI.Udal Hirudinea 
Oliqocbaeta 
Polychaeta 

Arthropoda: Arachnidia 
Crustaceal Mlphipoda 

:Isopoda: Chiridotea 
Clat:hura 

TOtal Crustacea 
InseCta, COleoptera 

Collelllbola 
Diptera 
'ft'icboptera 
Total :Insecta 

Mollusca: Gastropoda 
Pelecypoc1a 

Platyhelminthes: '1'urbellaria 
.. 

Sample Total 
, of ~ Total 

- ----

1 

• , mq , 

;L163 27.56 1061.76 -~-

86 2.Q4 9.47 ---

2067 "~98 NB --'" 
2067 48.98 ~~ oo:-"="'~ 

43 l.02 5.17 .... '" 
861 20.46 294.50 .... -

422Q . .,. .. 
9.41 ...,. .. 

.11 ~tal 1 and l:R 
.. 

• , M , • • I II!l , 
I 

! 
1765 63.08 57.70 --- 2928 41.12 1119.46 ---

86 1.23 9.47 - ---

86 3.07 NB .. _- 86 1.23 --- ---

861 30.77 NB .. _- .2928 41.72 --- ---
861 30.77 .. -.. --- 29.28 41.72 --- ---

43. 1.54 4.31 --- 86 1.23 9.48 ---
:' , 

43.1 1.54 82.67 -.. - 904 12.88 377.17 ---

.: 
2?98 -<o:"''I!"'' 7018 --- ... 

6.24 .. .. - 15.64 ---

! 
J 



2 ~.ll 'J!OU1 2 acl 2. 

~LING DEPTHS '. 
NUlllbers ~1; orgAA,i.SIIIS and wei9ht in 1119 are ya,l.ues caJ.cu;J.ateli fo~ sample areAs· of ~. l 

-• , II!I , • , - , • , _I ~. , 
I 

t 
t , 

3358 66.68 566.19 -~- 1981 70.80 371.14 . ~~":'" 5339 68.15 937.33 ---
.' 

86 1.71 49.08 ~t:"":"' 86 . 1.'10 49.08 . ---
43 0.85 14 .. 64 ~~- 43 0.~5 14.64 ---
43 0.85 283.74 --.. 43 0.65 283.74 ---
86 1.70 298.38 .. -.. ., 

86 1.30 298.38 ---

-
344 6.83 NB -.,..,. 344 1.2.29 NB ~ .... t:" 688 8.78 --- ---
344 6.83 --"!'" ~-'!'"' 344 12.29 .,.-~ --- 688 8 •. 78 --- ---

904 17.95 154,;57 .. -.. 344 12.29 407.74 -~- 1248 15.93· 562.31 ---
258 5'.12 58.56 .... "="~ 129 4.61 24.11 -.... 387 4:94 82.67 ---

5086 "="'''t''''':'" 
. 

2798 --- 7834 --
11.23 ~~~ 6.24 --- 17.46 ---

:I 
I; 

l '. 



, 

" 
3 3.R ~3u43R 

-• , .. , • • .. ., f • I .. ' , 
I 

l 
>J 

~. 
.. 

12615 83.71 2892.93 -- 10.333 69.17 280.3.81 --- 22948 76.47 5696'.74 ---

: 
43 0..29 99.46 --- 86 0..56 196.34 --- 129 0..43 ' 295.80. ---

43 0..,29 353.49 r-: 43 0..14 353.49 ---
172 1.14 987.27 --- 215 lA4 189,.,0.2 -- 387 1.29 ' 1176.29 ---
215 1.43 1086.73 --- 344 2.29 738~8!J ,-- 559 1.86 . 1825.58 ---

1292 8.57 NB --- 297l. ~ 19.89 NB 1---- 4263 14'.21' --- ---
" , 

" 

1292 8.57 -- ~ 2911 19.89 -- -- 4263 14.21 --- ---

732 ~.86 117"',97 --- 215 1.44 '116.25 --- 947 ' 3.16 234.22 ---
: 

215 1'.43 97.74 --- 10.76 7.20. 317.32 --- 1291 4",.30. 415.06 ---

1~0.69 --- . 14939 --- 30.0.081 ..--
33.59 --- 33.30. --- 66.89 

" ' 

t ---I, 
" 

.1 
: t 

L 

~ 

", 

I . 'j 
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TRANSECT' TOTAL 

• , 
-~-

, 

. 
31215 69 •. 58 7753.53 
86 O'.;t.9 9.47 

86 0',19 49,0'8 

172: . 0.38 310'.44 
86 0'.19 637.23 
~~7.0' 0' •. 86""., -,1,),76.29. 
7.31: 1.62 .. . 2123.96 --.-

7879 17.56 

7879.- 17.56. 

2281' I 5.0'8. 80'6.0'1: 
.' ~ . ': '.: 

',,( 

II _. .. 
2582 . 87~:l. 90' 1;..--

. ,:-'~ 

q' 

44860 

, I 
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Transect: North Contr.1 
SallPPli1\9 Date: June 7, 1973 
season: sprineJ 

Qrqanlsms Collected 

Annelida, Hirud1Dea 
. Oligocbaeta 

Polycbaeta 

Arthropoda, Arachnidia 
crustacea, AIIIphipoda 

Isopoda: ~rldotea 
cvll~lKA 

Total crustacea . 
In88Cta. Coleoptera 

COllembola 
.Diptera 
'l'richoptera 
Total Insecta 

Mollusca. Gastr~ 
Pelecypoda 

Platyhelminthes: Turbellaria 

Sample Total 
, of Tr~ect Total 

-

• 
129 

258. 

258 

129 

516 
3.11 

-

1 

, I\\CI. ~ 

25.00 0.76 1.28 

50.00 ~7.83 10.47 

50.00 ~7.83 10.47 

25.00 ~40.13 88.25 

a3S.72 
7.44 

loR ~tal. J, iIUld l.R 

-
t " -~., ......!..- • I l ! Dq , 

I 

2411. 98.25 1201.2~ 96.74 2540 8552 1212.02 58~':!6' 

, 

43 1.75 40.47 3.26 301 10.13 128.30 6.17 

43 1.75 40.47 3.26 301 10~13 128.30 6.17 

129 4.34 740.13 35.58 

2454 1241.73 2970 . 2080.45 
14~77 11.01 17.87 .1;8.45 

\' 



SAMPLING DEPTHS 
Number~ of organisms and weight in mg are values calculated ~or sample areas of ~ 

2 ;!.Il ~tal2 anCI2.a 
-• , _IICJ , • , .. , I '.J I!IIJ. , 

I 

t 

l 

r 
I 

1636 70.37 1801~03 . jeO.80 1550 90.01 613.12 81.79 3186 78.72 2414.15 81.05 " 

19·25 2.49 
: 

17·44 215 55.54 86 4~99 1.19· 1.49· 301 66.73 2.24 

215 9.25 55.54 2.49 86 4.99 1.19 ... 1.49 301 ~.44 66.73 2.24 

474 20.39 372.43 16.71 86 • 4.99 25.29 16.71 560 113.84 497.72 16.71 

474 20.39 372.43 . 16.71 86 4.99 25.29 16.71 560 113;84 497.72 16.71 

2325 2229.00 1722 749.60 14047 2978.60 
i3.99 119.76 10;36 6.65 24.35 26.41 

",. I 
I 

"; 

I "-- _.1 



t 
f 

I 

; 
'./ 

I 

il 
,~ 

• 
3660 

301 

301 

73? 

732 

86 

4779 
28.76 

-----~~ 

3 

, c.lI9_ ' 

76.59' 2994.54 ' 

6.30 92.14 

~.30 92.14 

15.32 251.88 

15.32 251.88 

1.80 109.79 

3448.35 
30.57 

, • , 

86.84 4306 89.30 

2.67 172 3.57 
: 

2.67 172 3.57 
43 0.89 
86 1. 78 

7.30 129 ~ 2.68 

7.30 258 5.35 

3.18 86 178 

. 4822 
29~02 

'. 

3,R ~38Ddyt 
" -
l1li , • , I 1liii' \: 

I 

~354.30 , 84.95 7966 82.97 5348~.84 86.00 . 

.' 

~46.82 5.30 473 ~.93 238.96" 3.84 

~46.82 .., 5.30 473 ~.93 238.96 3.84 
~8.32 1.38 43 ~.45 ' 38.32 0.62 
~3.19 2',64 86 ~.90 73'.19 1.18 

" 

~29.59 4,68 861 ~.97 381.47 6.13 

~41.10 8.70 990 ~0"32 ' 492.98' 7.93 
.' 

29.28 1.06 172 ~.79 139.07 2.24 

: 

277i.50 9601 6219;85 
24.57 57.77 55.15 

I; 
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TRANSECT TOTAL 

. 
• , ... , 

13692 82.39- 8975.01 

774 4.66 305.69 

774 4.66 305.69 
43 0.26 38.32 . 
86 0.52 73.19 
1722 10.36 1007.4.9 

1851 11.14 1119.00 

301 1.81 879.20 

: 

16618 1278.90 . 

I 
If 



Transect: Maximum ·4T 
SUlpli.R? Date: June 7, 1973 
·sea_son :~Spring " 

ozganiSlllS COllected . 
Almelidal Hirudinea 

Ol1goc::haeta 
Polychaeta 

Arthropoda, Arachnidia 
. crustacea: Amphipoda 

Isopoda: Chiridotea . CYatImU 
·Total Crustacea 

lDseCtal Coleoptera 
Collembola 
Diptera 
'l'richoptera 
Total Insecta 

Mollusca: GasUopoc1a 
Peleoypoda 

Platyhelminthes: Turbellaria 

Sample Total 
, of 'l'ransect Total 

1 

t , 
lIICJ , • 

6372 91.35 522.69 78.06 8913 

86 
43 0.62 9.90 1 .• 49 
43 0.62 3.44 0.45 43 

43 1.24 13.34 1.94 43 

474 6.80 111.94 16.72 818 

474 6.80 111.94. 16.72 818 

43 0.62 22.39 3.28 43 

215 

6975 ~70.36 10118 
25.36 8.41 36~78 

~.R ~ta1. 1 an<I1·R 
-, ala , • I , I lIICJ , 

d 

88.09 1239.58· 87.88 15285 89.42 1762.27 84.63 

0.85 36.17 2.55 86 0.50 36.17 1.73 
43 0.25 9.90 0.48 

0.42 24.97 1.77 86 0.50 28.41 1.35 

0.42 24.97 1.77 129·' 0.75 38.31 1.83 

8.08 79.65 5.67 1292 7.56 191.59 9.22 

8.08 79.65 5.67 1292 7.56 191.59 9.22 

0.42 2.15 0.14 86 0.50 24.54 1.20 

2.12 28.85 2.06 215 1.26 28.85 1.39 

11411.37 
.' 

17093 2081. 73 
~7.70 62.14 26.11 .. 

.f 



\" 

,-

~. 
f 
I 

f 

.1 
~I 

--

• " 

1162 42.88 

301 11.11 

301 11.11 

559 20.63 

559 20.63 

6aa 25.39 

2710 
9.85 

SAMPLING DEPTHS 
Numbers of organisms and weight in DIg are values cal,culated for -sample areas of 1m2• 

L :l.R ~t:ti 2 8DCl ~ 

1111 " • \ ~.a-
\ • T \ I -- \ 

I 

560.59 41.52 301 33.29 497.29 - 52.05 1463 40.4a 1057~~a 45.a8 

39.61 2.93 301 8.33 39.61 1.72-

39.61 2.9j ., 
301 a.33 39.61 1.72 

316.03 23.40 474 
. 

52.43 382.34 40.01 1033 28:58 698.37 30.-2a 

316.03 23.40 474 52.43 382.34 An. 1"\' 
"'lItV.V.L 1033 28.58 698.37 30.28,_ 

,-
-.-

434.00 32.14 129 14.27 75.78 7.93 817 22.61 509.78 22.11 

1350.23 904 955.41 3614 2305 .. 64 
16.93 3.29 11.9a 13.i4 28.91 

I; 

" 

I ' 
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3 ,3;" 'J:'OtBl. 3 aid 3.R 
, , -• "" 1IlI!!I .. 

, t , .. , • I , I 1Ig' , 
-,-_--.:.-. __ .-- I 

t 
." 

r 
2238, 52.52: 647.99 " 29.28· 1335 ' 52.58 1006.22 73.26 3573 ' '52.54 11654.,21 46.12 

, 

430 . 10.09' 135,63 6.13 301 11.86 120.,56 8~78' 731 ' 10.75 ' 256.19 7.14 
43 1.01 6.89 0.31 43 0.63 6.89 0.19 

473 : 11.10,' 142.52 6.44 301 11.86 120.56 ' 8.78 774 ; 11.38 263;08 7.33 
43 1.69 2.58 0.19 43 ' 0.63 2.58 0.08 

60;3 ;14"15 ; 222.17 10.04· 559 ~ 22.02 211.40 15.39 1162 17.09 433.57 12.09 ' 
" 

,603 14.15 222.17 10.04 602 13.71 213.98 15.58 1205 , 17.72' 436.15 12.17 
i " 

947 " 22.22 1200.40 54.24 i 86 ' 3.39 . 12.49 0.91 1033, ' 15.19 1212.89 33.8,2 
" , 

, ' 

: 

215 ", 8.46 : 20.24 1.47 : 215 ! 3.16 , 20.24 0.56 

I 
'I 

4261 2213.08 : : 2539 :1373.49 6800 3586~51 
15.49 27.75 \ : 9.23 ; 17.22 24.72 44.98 

~ .:: " 
'. 

I . 
;, .. ~-.,-"' ... -' 
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TRANSECT TOTAL 

• , .. , i 

I 
I 

\ 
. 

,20321 73.88 4474.36 56.11 

86 p.31 36.17 0.45 

1075 3.91 305.70 3.83 
129 p.47 35.30 0.44 

1204 ~. 38 340.00 4.27 
4;3 10·16 2.58 0.03 

3487 p'2.68 1323.53 16.59 

3530 p'2.84 1325.11 16.62 

1936' ~~03 1747.21 21.91 

430 ~.56 49.09 0.62 

: 

27507 7973.94 • 
. 

I 
1 
! 
~ 
I 

l 
i 

1 
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Transect: SOuth Control 
Sampling n.te: June 7. 1973 
Season: Spring 

OrcraniSllS Collected 

ADDel1dal 8irudinea 
Oligocbaeta 
POlyc:haeta 

Arthropoda: Arachnidia 
CrUstacea: Alllphipoda 

ISOpoda: Chiridotea 
~Atbyu 

'fotal, Crustacea 
-IDsec:ta: Coleoptera 

Collembola 
Diptera 
'l'richoptera 
'fotal Insecta 

Mollusca: Gastropoda 
Pelecypoc1a 

Platyhelminthes: 'fUrbellaria . 

Sample 'fotal 

. 'of 'transect '1'otal 

1 

• , 
IICJ 

, 

3186 12.5'1 69.32 20.08 

129 2.94 73.62 • 21.32 
301 6.86 41.33 11.97 

129 ,2.94 21.09 6.11 
430 9.79 62.42 18.08 

387 8.82 27.99' 8.11 

387 8.82 27.99 8.11 

86 1.96 52.09 15.09 

' 112 3.92 59.85 17.33 

: 4390 345.29 
129.06 12.73 

.1B ~tal 1 and ]J\ 

• , IN , , , I IIItI := , 

689 20.78 107.64 17.77 3875 50.29 176.96 

I 

129 1.67 73.62 .7.74 
904 ,27.27 309.57 51.10 1205 15.64 350.90 36.89 

129 1.67 21.09 2.22 
904 27.27 309,57 51.10 1334 17.31 371.99' 39.11 

86 2~59 9.47 1.56 86 1.12 9.47 1.00 
1378 41.57 109.79 IB.12 1765 22.91 137.78 14.49' 

1464 44.16 119.26 1~9 1851 24.02 147.25 15.48 

258 7.78 69.32 11.44 344 4.46 121.41 12.77 

172 2.22 59.85 6.29 

3315 605.79 7705 951.08 
21.94 22.34 51.00 35.07 



SAMPLING DEP'!'HS 
~s of orqanisms and welqht in III!J are values calculated. for .sUq,le areal:! of 1Jn2• 

2 .aR ~2aD4aR 
-• • IMI • • , M_ , • T , I -. • 

I 

215 26.28 32.72 31.28 689 50.04 204.52 . 37.46 904 41.18 237.24 36.47 . '. • , 
.• 

86 10.51 18.08 17.28 86 3.92 18.08 . 2.78 
, 

86 10.51 26.26 25.10 43 3.12 2.15. ·0.39· 129 5.88 . 28~41 4.37 

86 10.51 26.26 25.10 43 3.12 2.15· ... 0.39 129 5.88 28.41 14.37 

431 52'.70 27.55 26.34 559 - 40.60 68.03 12.46 990 45~10 95.58 14.69 

431 52.69 27.55 . 26.34 559 40.60 68.03 12.46 990 45·,10 95.58 14.69 

86 6.25 271.25 49.68 86 3.92 271.25 41.69 

: 

. 
818 104.61 1377 545.95 2195 650.56 
5.41 3.86 9.1i1. 20.13 14.53 23.99 

.;'; , .... 

I "; 

t 
I.. 



3 3R 'fOUl 3 aDd 3Il 
-, .. ~ -. ~ • ~ ~-

, • , I -. 
, 

I , 
> 

l 

J 

1205 54.90 24.97 2.98 1205 40.00 8.18 . ~~01 2410 46.27 33.15. ~.99 

129 5.88 9.04 11,08 : 129' 2.48 9.04 P.81 
86 3.92 23.25 2.77 1119 37.14 132.18 ~8~65 1205 23 •. 14 155.43 4.00 

i29 5.88 671.24 Iso. 07 129 4.28 41.76 5.37 258 4.95 713;90 1)4.24' 
215 9 •. 79 694.49 1s2~85 1~48. 41..42 173.91" ~.03 1463 28.09. ~68.43 8.24 

646 29.43 109.79 113do 
. 

517 17.16 86.11 ~1. 70 1163 22.33 95.90 7.65 .. 
646 29.43 109.79' 113.10 517 17.16 86.11 ~1.70 1163 22,33 95.90 7.65 .' 

: 

43 1 •. 43 3.44 .27 43 0.83 'J.44 ~l 

2195 638.29 . 3013 ~71~67 5208. 109.96 
14.53 30.91 19.94 0.02 34.47 ~0 •• 9~ 

I I; 

.. 
• 

~-. 
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TRANSECT TOTAL . 

• , M , 

7189 '47.51: 447.35 16.50 

. 

344 2.28 100.74 3.72 
2539 16.81 534.74 19.72 

387 2.56 734.09 27.07 
2926 19.37 1268.83 46.79 . 
86 0.57 9.47 0.35 
3~18 25.93 429.2~ 15.83 

4004 26.50 438.73 16.18 

86 0.57 271. 25 10.00 
344 , 2.28 121.41 4.48 

215 1..42 63.29 2.33 

: 

15108 2711.60 • 

. 

I 
'[ it 



TRANSECT: 75 &T 
SAMPLING DATE: June 7. 1973 
SEASON: Spring 

QraanisasCollected 

ADn.Udiu. Hirudinea 
OUgocbaeta 
1'01ycbaeta 

ArtbropocJa. AracbDic1!a 
crustacea, Alllphipoda 

lsopoda: Chiriclotea 
CXASibllEA 

'fotal Crustacea 
Insectal COleoptera 

COllembola 
Diptera 
Trichoptera 
'fotal Insecta 

Mollusca I Gast.ropocJa 
Peleeypoda 

Platyhelminthes: TUrbe11aria 

Balllp1e Total 
, of Tr~ct Total 

• 
~832 

129 
86 

86 

215 
388 

603 

129 

474. 

5253 
26.93 

1 -, 
IIIC). , 

72.95 987.70 46.38 

2.46 .63.72 . 2.99 
1.64 19.37 0.91 

1.64 19.37 0.91 r 
, 
_ 4.09 41.33 1.94 

7.39 84.82 3.98 

11.48. 126.15 5.92. 

2.46 70.61 3.32 

9.02 861.98 40.48 

2129.53 
26.57 

loR 'fota1 1 and lR 
-• , 119 , • I , I -- , 

I 

3918 83.49 1639.57. 81.66 7(50 71.92 2627.27 63.50 

43 0.92 41.33 2.06 172 1.73 . 105.05 2.54 
86 1.83 36.17 1.80 172 1.73 55.54 1.34 

86 1.83 36.17 1.80 172 1. 73· 55.54 1.34 

43 0.92 6.89 0.34 258 2.59 48.22 i.17 
474 10.10 222.59 11.09 862 '8.67 307.41 7.4j 

517 11.02 229.48 11.43 ,1120 11.26 355.63 8.60 

86 1.83 53.39 2.66 215 2.16 124.00 3.00 

43 0.92 7.75 0.39 517 5.20 869.73 21.02 

4693 2007.69 9946 4137.22 
24.06 25.05 50.99 51.63 



"dffil-,l~l)g vept.ns 
Numbers of organisms and Weight in mg are values calculated for sample areas of 1m2 • 

2 - 2Jt. 'IOtal. 2 and 2ll 
-• , IICI , • , IICI , • I , I IICI . , 

I 

689 s1.61. 604~94 69.69 1119 40.6 217.86 23.95 1808 44.19 822~.80 46.28" 

215 16.10 75.78 8.73 474 17.20 123.1,4 1·3.54 68.9 16.84 198.92 11.19 

215 16.10 75.78 8.73 474 17.20 123.14, 13.54 68.9 16.84 198,92 11.19 

43 3.22 16.36- 1.88 43 1.05 16.36 0.92 
388 129.06 170.9'3 19.69 646 ~ 23.44 380.18 41.79 1034 25.27 551.11 31.00 

431 32.28 187.29 21.57 646 23.44 380.18 41.79 1077 26.32 567.47 31.92 

431 15.69 157.58 17.32 431, 10.54 157.58 8.86 

: 

86 . 3.12 31.00 3.41 86 .. 2.10 31.00 1.74 

1335 868.01 . 2756 909.76 4091 . 1777! 71 
6~84 10.83 14.13 11.35 20.97 22.18 

-~~ ---" -- -~- -- _ .. - - ~ ---

i I-; 

.. 
I 



3 3.R '1btal '3 UIl 3.R 

d -• , 119_ , • , - , • , I -. 
I 

1 

I 
2799 7647 988.99 72.12 904 50.00 326.79 44.94 3703 '67.72 '1315.78 62.70 I 

.-

43 1.17 7.75 0.57 215 11.:89 43.Q5 5.92 258 4.72 . 50.80 2.42 

I 
, 

43 1.17 7.75 0.57. 215 11.89 43.{)5-, 5.92 258 4.72 50.80 2.42' 
43 1.17 19.80 1.44 43 0.79 19.80. 0.94 

5~0 15.30 306.56 22.36 603 ~ 33.35 209.25 28.77 1163 21.27 515.81 24.58 

603 16.47 326.36 23.80 603 33.35 209.25 28.77 1206 22.06 535.61 25.52 

215 ' ~.87 48.22 3.52 86 4.76 148.11 20.37 301 5.50. 196.33 9.36, 

: 

3~60 1371.32 
. 

1808 727.20 5468 209B.52 
18.76 17.11 9.27 9.07 28.03 26.19 

• 

--
~ 

" 

I I . . ~ .. -~ ~.-.. _. - ... -~ .. 
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Transect Total . 

• , .. , 

, 13261 
.. '.' , 67.99 4765~85 .59.47 

'. 
172 0.88 105. '05 1.31 

• . . ' 1119 5:74 305.26 3.81 
.\ . 

1119 5.74 305.26 3.81 
,'. 43 0.22 19.80 0.25 

" 
\ , 301 1.54 64.58 0.81 

" 3059 15.68 1374.;3"3 17.15 

\.' ,I 
", '.,' 

0' 3403 17.44 l458.71 18.21 
" 

~ 

947 4.85 477.91 5.96 

' .. , 603 3.09 900.73 11.24 

'" 
.. '" . ,I' . 

• .' , '. ' 
: 

19505 8013.51 . 
" . . • 

l 

"'\ 

. .. ! 

\ 
" I 

( t, 
I 



TRANSECT: Maximum AT· 
. -SAMPLING DATE: August 3, 1973 

, SEASON: S1JIIDer 

OrqaniSlllS COllect:ecl 

Almeli&u 8irwUnea 
Oligochaeta 
Polychaeta 

Arthropoda I Arachnidia 
Crustacea& Amphipoda 

\ 

lsopoda: Chiridotea 
C¥.itbw::il 

TOtal crustacea 
Insecta I -COleoptera 

Collembola 
Diptera 
Trichoptera 
TOtal :Insecta 

Molluscal Gastropoda 
Pelecypoda 

Platyhebninthes: Turbellaria 

sample Total 
, of Transect Total 
- -

, 

I 

--r 

• 
947 

43 

43 

689 

689 

1679 
4.59 

..... --- ~ --- ~.---.~--.......... ---.. ~-- -~.~---.-.~--.--------, ... --~. ~ ... --- -.- .~- ... ----_ .. 

1. , -- , 

56.4C 720.76 85.98 

2.56 2.15 0.26 

2.56 2.15 0.26 

41.04 115.39 13.76 

41.04 i15.39 13.76 

838.30 
-

[ 

1 . .L.R ~ .tal 1 1, R 

-• , IIICJ , • I , I JIll- , 
I 

2411 58.33 1147.01 - 3358 57.78 1867.77 - . 

43 1."04 NB - 86 1.48 - -

43 1.04 86 1.48 2.15 -

1679 40.62 595.89 - 2368 40.74 711.28 -
1679 40.62 595.89 - 2368 40.74 711.28 -

4133 - 5812 -
11.29 - 15.88 -

.-



Sampling Depths. 2 
NUmbers of Organisms and Weight in mg are Values calculate~.for Sample ~~as of 1m • 

2 2.R 'fOta]. 2 aDIl 2.R 
-• , -- , • , II!I , • , I l1li. , 

I 

~ 

t 
-1765 5256 1369.61 - 3:$.43 57.95 1678.l2 69.33 4908 55.89 3047.93 -

172 5.12 107.64 - 129 2.37 25.40 L05 301 3.43 - 133.04 -
43 0.8 21.53 .89 43 0.49 21.53 -

172 5.12 107.64 - 172 3.17 46.91> 1.94 344 3.92 154.57 -

1249 37.19 348.75 - 818 - 15.08 516.67 21.34 2067 23.53 865.42 -
43 .08 33.58 1.39- 43 49 33.58 -

1249 37.19 348.75 - 861 15.88 550.25 22.73 2110 24.·02 899.00 -

43 . 1.28 NB - 1033 19.04 112.81 4.66 1076 12.25 - -

129 3.84 8.61 .,. 215 3.96 32.29 1.33 344 3.92 40.90 

.3;358 - . 5424 8782 .,. 
9~18 - 14.82 2420.60 24.00 -
~~~ ---~--- ------ ----~- -- - - ---

I 
~ 

L I. -



I 
r. 

3 ~.a 'I'Otal;s aDd;s .a 

• , -- , • , .. , • , I -. , 
----'"---- I 

t 
r , 

3659 39.91 973.49 28.01 990 7.72 450.36· 5.74 4649 21.13 1423.85 12.58 , ' 

: 

172 1.87 279.00 8.03 21.09 1.6.44 670.38 8.55 2281 1.0 •. 37 949.38 8.39 
215 1.67 203.22 2.59 215 0.98 203.22 1. 79. 

43 0.47 9.90 0.28 646 5.03 472.32 6.02 689 3.1.3 482.22 4.26 
21.5 2.34 288.90 8.31. 2970. 23.14 1.345:9~ 31.8~ 1.4.48 1.634.82 14.44 

'. 
4219 46.·01 1883.26 54.1.8 8654 ' 67.46 6036.88 tn.oo 12873 58.52 17920.14 69.99 

421.9 46.01 1.883.26 54.1.8 8654 67.46 6036.88 In.oo 12873 58~S2 17920.14 69.99. 

947 ' 1.0.33 308.28 8.87 215 1.67 7.32 0.09 1162 S.28 31,S.60 2.79 
: 

129 1;41 21.96 0.63 129 0'~S9 21.96 0.19 

9169 3475.89 . 1.2829 7840.48 21998 1316~37 
25.06 - 35.06 - 60.1.7 -

" 

I 
I 

I I-; 

" 
I 

1- --~--:..-...;.. ... --;;.:..--, 
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Transect Total . • , .. , 

12915 35.l9 6339.55 -

2668 7 :29 - '-
215 0.59 203.22 -
732 2.00 503.75 -

3615 9.88 1791. 54 -
. 

17308 47.30 9496:84 -
43 0.12 33.58 -

17351 4704'2 --

2238, 6.12 - -

473 1.29 62.86 -

: 

36592 - . 

I 

I " 
• \l 



• Transect: South CoAtrol 
5aIIpl.iDIJ na_: AUgUSt 3, 1973 
1ieuOIl: ~ 

OxqaniSlllS collected 

ADDelida: Hirudinea 
Oligochaeta 
POlychaeta 

• 
4392 

43 Arthzopodal Aracbnidia 
crustacea: JIIIIphipoda :1 172 

Isopoda: Chiridotea 

Mollusca I 

Insecta. 

Gastropoda 
Pelecypoda 

<:yathurA ; 
. '!'Otal Crustacea 
Coleoptera 
COllembo1a 
Diptera 
Trici10ptera 
'!'Otal Insecta 

Platy!telmblthes: Turballaria 

Sample '!'Otal 
, of Transect Total 

43 
115 

2626 

2626 

430 

172 

7878 
26.79 

1 
~-: 

, I T-1IIg 

55.7512243.21 

0. 54 14 .'30 
2.18 233.36 

0.54 12.58 
2.72 235.94 

\ 

33.33 11203.84 

33.33 11203.84 

, 

4&.63 

0.09 
4.85 

0.05 
4.90 

25.02 

25.02 

• 
732 

43 

43 

172 

172 

5.46 Ill21..18 123.31 1129 

2.18 11.72 

4810.20 

0.04 

1076 
3;66 

--.-----~.- ----'-------,,~.--------- - .. , . __ .. _.-------.-.-- ..... ---........ _._- ----.. --

1.a 

, III) 

68.02 39.18 

3.99: 1.72 

3.99 1.72 

15.98 12.05 

15.98 12.05 

11.98 125.83 

78.78 

, 

49.73 

2.18 

2.18 

15.29 

15.29 

I 

5124 

43 
215 

43 
258 

2798 

2798 

32.78 I 559 

172 

8954 
30.45 

Total 1 and lR 

, --.--1Iiii 

57.22 

0;48 
2.40 

0.48 
2.88 

31.25 

31.25 

" 

2282 .• 40 

4.30 
235.08 

2.58 
237.66 

1215.89 

1215.89 

, 

46.68 . 

0.09 
4.81 

0.05 ... 
4.86 

24.87 

24.87 

6.24 1147.01 123.46 

1.92 1.72 0.04 

4888.98 



SAMPLING D.EP'l'HS 
N1.JI!Ibers of organiSllS and weiqht in JIll] are values ,calculated for sample areas of 1m2• 

" 
2 .?.R ~ 2ad 2ll 

. -• , II1II , • , IICJ , • , I .. ' 
, 

I 

{ .. 

t 
1292 85.71 189.01 82.83 1292 51.10 189.',01 -

86 5.11 18.51 8.11 414 64.15 22.82 - , 56Q 25.01 41.33 , -
: 

86 5.11 18.51 8.11 414 64.15 22.82~ - 560 25.01 41.33 -

12~ 8.56 20.67 9.06 129 ~ 11.62 21.96 - 258 11.52 42.63 -
129 8.56 '20.61 9.06 129 11.62 21.96 - 258 11.52 42.63 -

129 11.62 NB - 129 5.16 NB -
? 

1507 ,)28.19 132, - 2239 -
5.13 ," 2,.49 - 1.61 -~,..--, 

--- - _. - - - ---- ---_. - -----~ --'-- --~--

--. 

II 
... ,,--, " 

I-; 

I ' 



< 

t· 

o· 3 ,3.R ~3 U43.R 
. -• , -. , • , M , • , I ... , 

I 

l 6286 64.32 4846.38 54.56 4219 50.00 2899.39 ~5.51 10505 57.68 7745.77 50.78. 

J 86 0.88 162 .• 75 L83 474 5.62' 40.90. 0.64 . 560 3.07 . 203.65 L34 

43 0.51' 2862.36 44."92 .43 0.24 . 2862.36 18.76' 
86 0.88 162.75 1.83' 511 6.13 29&l.2~ 45.56 603 3.31 3066 •. 01 20.10 

327.2 33.48 980.38 11.04 2928 ~ 34.70 485.67 7.62 6200 34.04 1466.05 9.61 
'0 

3272 33.48 980.38 1L04 2928 34.70 485.67 7.62 6200 34.04 1466.05 9.61 
o' 

344 4.07 63.29 0.99 344 L89 63.29 0.41 

: 

129 1.32 2892.50 32.51 430 5.09 19.80 0.3 559 l .• 06 2912.30 19.09 

9773 8882.01 . 8438 6371.41 18211 . 15253.42 
33~24 ~-~ 28.70 --- 61.93 ---

-
"; 

o ---.-,,--- ,. ~ ... --,------~- ....... -~----.. 
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'RANS ·l'.I.'\n.I."-.;l~.L .a.V.L,fUI 

. 
• , 

IIfJ 

16921 57.5S 10217.18 

43 0,14 4.30 . 
1335 4.54 480.06 

86 0.29 2864.94 
1421 4.83 3345.00 

9256 31.48 2724.57 

9256 31.48 12724.57 

129 0.44 -
903 3.07 1210.30 

731 2.49 2914.02 

29404 ---
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Transect: North C~tre.1 
sa.linq Date; August 3, 1973 
Seaon, S~ 

OrC)anis.s Collec;ted 

Annelidar Hirudinea 
Oliqochaeta 
Polychaeta 

ktbropodas Aracbnidia 
crustacea. _h1poda 

Isopoda: ~ridotea 

CDthlKA 
Total crustacea. 

IDsecta. COleoptera 
COllembola 
Diptera 
Trichoptera 
Total Insecta 

Mollusca I Gastropoda 
I'elecypoda 

Platyhelminthes: Turbellaria 

Sample Total 
, of Transect Total 

-- - ---

_ , __ ~ ~.~ .... , ... ,. . ..,..."...."-ol>'"._.~~,.. 

1 

• , IICJ , 

1851 66.15 306.98 54.47 

'I' 

474 16.94 192.03 34.07 
86 3.01 17.65 3.13 
560 28.01 209.68 37.20 

344 12.29 46,07 8.17 

43 .1.54 0.86 0.15 

2798 563,59 
9.88 3.43 

f: 

lR ~ land1.R 
.. 

• , 
lI~t 

, • , I II!J , 
I 

43 0.69 246~71 7.74 43 0.47 246.71 6.58 
4~O7 73.79 2194.56 68.89 6458 71.43 2501;54 66.73 . 

43 0.69. 2.15 0.07 43 0.47 2.15 ~.06 

86l 13.79 289.34 9.08 1335 14.76 481.37 12.84 
86 0.95 17.65 0.05 

861 13.79 289.34 9.08 1421 15.71 499.02 12.89 

86 1.38 116.69 3.66 86 0.95 116.69 3.11 
517 8.28 299.67 9.41 861 9.52 345.74 9.22 

86 1.38 36.17 1.13 129 1.43 37.03 0.99 

6243 3185.29 9041 3748.88 
.22.04 19.38 -31.92 22.81 



1./: 

,',,.. 

," \j: " 

'1' 
'. ~." ; 

-;'~i~~~'?'" .. 
":"~" ' .. 

j~. :-:::~".:l. :. 
,.,:.1 ~f::,~:; 

... ~ ..,:.-

~ 

.~ 

2 

• , . .l1li . . . 

2669 80.5). 2405.97 

603 18.19 99.03 

603 18.19 99.03. 

. 
43 ' 1.29 8.61 

: 
3315 . ~'6l.. 
11. 7.(1:· . ,~~2~ 

" , ~; :'" ... ", ~. ~ 

SAMPLING D.El?'nIS 
NUmbers of orqaniSlllS and weiqht in IIIq are values calculated. !or saJIIple areas J.m~ 

~J' 'I'Otal :2'" 2 .a 
! -, .. , --- -, . -. T , .a . , 

·'r . 
, 

86 1.22 440.03 11.1S 86 0 •. 83 440.03 6.81 
95.72 5037 71.78 31,79.68 80.60 1706 74.58 558S~6S 86.48 

43 0.61 6.89 0.,17 43. 0.·4l 6.89 0.11 
129 1.84 65.44 1.%· 129 1.25 . 65';44 1.01 

129 1.84 65.44 ., 1.66 129 1.25 65.44 1.01 

3.94 1;149 M 17.80 99.03 2.51 1852 17.92 198.06 3.07 

3.94 1249 17.80 9·9.03 2.51 1852 17.92 198.06 3.07 

43 0.61' 31.43 O.SO 43 0.42 31.43 0.49 
258 3.68 10.2.90 2.61 258 2.50 102.90 1.59 

.' 
I 

0.34 l72 2.45 19.80 O,SO 215 2..08 28.41 0:44 

• 
". . . . ., 

'101/ a-:.~ ~m .~ .. ,- '.',. . . '214-;11 . ~ .• op , '16 .. 47 . . . . , . 
.. ' .', , .... ,., 

" 

'.' 

."",,~ 

, ... ", . 

f; 



3 .3.R ':'OtAl 3 u4 3.R 
-• , ....... , • , ... , • , I l1li' , 

I 

~ 

l 
~. 
I 

43 1.69 236.81 14.12 43 0.48 236.81 3.80 
1335 52.~ 961.44 . 57.31 4004 62.42 3907.33 85.86 5339 59.63 4868.44 78.17' 

43 0.67: 23.2? 0.51. 43 0.48 23.25 0.37. 
43 1.69 55.97 3.34 43 0.48 55.97 0.90 

43 1.69 55.97 3.34' 43 0.67 23.25.., 0.51 86 0.96 79~2.2 1.27' 

559 22.Q2 293.21 17.48 1550 ~ 24.16 .457.25 10.05 2109 23.55 750.46 12.05 : 

.' 
559 22.02 293.21. 17.48 1550 24.16 457.25 10.05 2109 23;55, 750.46 12.05 

430 16.93 109.36 6.52 517 8.05 148.97 3.27 947 10.58 258.33 4.15 

129 5.08 20.67 1.23 301 4.69 13.78 0.30 430 4.~0 34.45 0~55 

. 
2539 1677.46 6415 4550.58 8954 6227.71 
8.96 10.21 .' 22.65 27.69 31..61 37.89 

I "; 

t 

'--- -----~---.,-. 
, ._ ... , ......... t' 
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TRANS 

• , 

172 0.61 . 
:1.9503 68.85 

86 0.'30 
172 0.61 
43 0.15 

f15 0.76 
, 

5362 19.00 
\ 

5382 19.00 

129 p.46 
2066 . 7.29 

774 ~.73 , 

I 

28327 

J 

TOT. ru. . .. , -
923:.~5 5.62 
12955.63 78.83 

9.04 0~06 

88.69 6.54 
55.97 0.34 

144.66 : 0 .. 88 
, 

, 
, , 

1447.54 
I 

8.81 

1441.54 8.81 

148.12 d.90 
706.97 4.30 

99.89 0.61 

.' 
~6435.40 

" 



Transect: 75 I:!.T 
. Sallpl1nq Date: Aul)Ufft 3, 1973", 
: Season: su.er 

Organi_ Collected 

AaDellc1a: Birudin_ 
Oliqocbaeta 
Polycbaet:& 

Arthropodal Aracbnidia 
~tacea. Ampbipoda 

Isopoda: Q!!rido~ 

CX&tbllrA 
Total Crustacea 

1Dsecta. Coleoptera 
Collembola 
Diptera 
Tricboptera 
Total Insecta 

Mollusca. Gastropoda 
Pelecypoda 

-

Platybebainthes: Turbellaria 

sample Total 
, of Transect Total 

• , 

.430 38.46 

129 11.54 

129 11.54 

559 50.00 

559 SO.OO 

1118 
4.19 

. - ----.. -----.--~-. ----...........-,----------_ ... _- ... _-. __ ... _._ .•. - -_._-- --..... -..... -

1 
'lIIC) . , 

383.19 64.68 

98.16 16.57 

98.16 16.57 

111.08 18.75 

111.08 18.75 

.592.43 
6.90 

~.R 

• , .. , , 
. 

1765 ~4.06 858.54 65.61 2195 

129. 

129 

990 35.93 449.93 34.38 1549 

990 ~5.93 449.93 34.38 1549 

2755 1308.47 3873 
;J.0.3;! 15.24 14.51 

':'Otal l and 1 .R 
-, I .,. , 

" 

56.67 ~241.~7.3 ~5.32 

3.33 ~8.16 ~.16 

3.33 ~8.16 ~.16 

40.00 ~61.01 . ~.51 

40.00 ~61.01 ~9.51 

;L900.90 
~2.14 .. 

.. 

" ~. 



SAMPLING DEPTHS 
. Numbers of orqanislls and W~9ht in Bi are val~es calculated for sample ar~ of 1m2 • 

" 
2 ,:aR ~ 2 and:aR 

-• , .. , • , II!I, , • , I II!I , 
I 

~ 

~ 
t· 

~ 
775 60.M 628.19 81.46 941 16.41 5.91 0.53 1722 24.99 634.~0 ~3.63 . 

129 9.99 9.47 1.23 517 ' 8.96 92.57 8.30 646 9.15 102.04 ~.41 

I 

129 9.99 9.47 1.23- 517 '8.96 92.17 ... 8.30 646 9.15 102.04 ~.41 ' 

301 23.31 110.65 14.35 4306 4 74.63 1016.12 91'.16 4607 65.24 1126.77 59.75 . 

301 23.31 110.65 14.35 4306 74.63 1016.12 91.16 4607 65.24 1126.77 59.71 

43 3.33 21,09 2.73 43 0.61 21.09 1.12 

: 

43 3.33 1.72 0.22 43 0.61 1.72 0.09 

1291 771.12 5770 1114.60 7061 1885:72 
4.84 8~98 21.62 12.98 26.46 21.97 I 

"':.:' 
~ 
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3 ~.R ~3 anct 'Jl 
. -• ~ .. ~ • ~ II!I ~ I I ' ~ I JIg' , 

I 

~. ~U. 75 
.. 

732 17.1"; 557 .. 57 947 8.'24 781.89 . 22.59 1.679 10.66 ~339 •. 46 27.92 ' 

f, , . 
i 
I 

2583 60.60 393.53 29.46 4951 43.07 675.96 1953. 7534 47.82 . 1069.51 22.29 
, 

43 0.37 . 22.39 0.65 .43 0.27 22.39 0.47 
2583 60.60 393.53 29.46 4994 43.44 698.37". 20.18 7577 48.09 1091.90 22.76 

646 lS.16 368.99 27.63 4047 ~ 3S.21 1487.15 42.96 .4693 29.78 1856.14 38.69 
43 .. 0.37 54.68 1.58. 43 0.27 54.68 1.14 

646 lS.16 368.99 27.63 4090 3S.58 .1541.83· 44.54 4736 30~05. 1910.82 39.83 
" 

43 0.37· 82.23 2.37 43 0.27 82.23 . '. 1.71 
43 1.01 6.03 0.45 301 2.62 288.04 8.32 344 2.18 294.07 6.13 

: 

258. 6.05 9.47 HI> 71 1119 9.73 69.'32 2.130 1317 8.74 78.79 1;64 

4262 1335.59 . 11494 3461.68 15756 . 4797·"P 

\. 
15.97 IS. 56 43.06 40.33 59.03 55.~9 

-

I "; 

'. , 
L 

, 
-------.----~ .. ----....----. I . 
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I 5596 20.97 
. 

3215~29 37.46 0,1. \ .' .. 

• 'J. •• ~ • ;.~" 8309 31.13 1269.71 14.79 
t., . 

• 
43 0.16 22.39 0.26 
8352 31.29 1292.10 15.05 . " 

\ 

... 
10849 40.65 3543.9'2 41.29 

.\ ;~. " 43 0.16 54.68 0.64 
10892 40.8i 3'598.60 41.93 

" . ~ 
43 0.16 82.23 0.96 
387 1.45 315.16 3.67 

.., 
1420 5.32 80.51 0.94 

.' . .', , ,', .. . , . .. 
., •• ' I 

26690 8583.89 .. ' . . 
'( • 

'\ 



TRANSECT: South control 
SAMPLING DATE: october 4, 1973 
sEASON: Pall 

orcranlsms COllected 

Almelida: Hirudinea 
Oligoc:baeta 
Polycbaeta 

ArtJtcopocJaI AracbD1dia 
crustaceaa Alllpbipoda 

Isopoda: Chiridotea 
ClatIm,. 

!'atal Crustacea 
:tasectaa Coleoptera 

Collellbola 
Diptera 
Tricboptera 
Total Insecta 

Mollusca I Gastropoda 
Pelecypoda 

Platyhelminthes: 'rUrbellaria 

sample Total 
, of 'l'raDsect TOtal 

1. 

• , .-g , 

1507 47.3!! 559.30 -

43 1.35 3.01 • -
215 6.75 37.89 -

43 1.35 21.09 -
258 8.10 58.98 -

344 10.80 23.68 -
172 5.40 83.52 -
516 16.20 107.21 -

258 8.10 20.67 -

603 18.93 NB -

3185 -
25.78 -

1 . .L.R !'atal. . 1. and .lR 
. 

• , IICI , • I , I III) , 
I 

1335 10.71 324.21 42.37 2842 50.79 883 • .51 - . 

43 0.77 3.01 -
258 10:71 7.~2 0.95 473 8.45. 45.21 -

172 7.14 393.96 51.49 215 3.84 415.05 -
430 17.84 40i.28 52.45 688 12.29 460.26 -

258 10.71 7.75 1.01 602 10.76 31.43 -
86 3.57 14.64 1.91· 258 4.61 98.16 -

344 14.27 22.37 2.92 860 15.37 "129.58 -

215 8.92 8.61 1.12 474 8.47 29.28 -

8.6 3.57 8.61 1.12 689 12.31 - -

2410 765.10 5596 -
19.51 - 45.29 -



(: 

! 

1 
v' 

f , 

t 
I 

'0 

., 
, 

i ., 
I 

'I 
I 

I 
1 

• , 

, 258 24.98 
43 4.16 

86 8.6E 
43 4'.16 
43 4.16 

172 16.65 

388 37.56 

388 37.56 

129 ' 12.48 

43 ·4.16 

1033 
8.36 

Sampling Depths 
Numbers of . Organisms, and Weight in lI\C] are valulis -calculated 'fer: slpnple·'ate~s' of ':lm2 . 

2 ?.R t'otal2 aDd 2R I 
l1li 

, • , .. , • , I l1li , 
I 

I 

i 

117.11 - 1593 66.07 163.61 36.93 1851 53.75 280.72 -
286.75 - 43 1.25 286.75 -

1.29 .~ 86 2.50 1.29 -
26~69 - 43 1.25' 26.69 
53.82 - 43 1.78 115.82 2.6.14 86 2.50 1.69.64 -
81.80 - 43 1. 78 115.82 26.14 215 6.25 197~62 -

- - , -

101.18 - 646 ~ 26.79 43.49 9.82 1034 144.67 -
,43 1. 78 26.26 5.93 43 1.25 26.2~ -

101.18 - 689 28.58 69.75 15.74 1.077 30.02 170.93 -

37;03 - 86 3.57· 93.86 21.19 215 6.24 130.89 -., -

43 i,25 
, 

NB - - - I 

I 

. - 2411 443.04 3444 -
- 19.51 - 27.88 -

I-; 

", 



t 

[ 
.; 

~. 

.J 

~ , 
• L 

;$ 

. 
• , l1li 

215 19.:21 21.96 

43 3.8~ 1.29 
172 15.37 20.24 

86 7.65 43.06 
258 23.DE 53.30 

474 42 •. 3E 95:58 
86 7.65 13.78 

560 50.0~ - 109.~6 

43 ' 3.84 3.44 

1119 199.35 
9.06 -

-_L..-. 

-----

, .-.----.----.. ~-.. -. ..-.. -~-- ... --.- ........ --- .... ~---... ~ 

~.R 

, • , 

11.02 1292 58.83 

0.65 
-10.15 : 

21.6C 
31".·75 

47.95 689 ~ 31.38 
6 • .91 43 1.96 

54.8E 732 33.33 

1. 73 86 3.92 

86 - 3.92 

2196 . 17.77 

~ 

' . 

~3 iIDCl3.R 
~ .. , • , I l1li- , 

I 

-. 

123S1 17.78 1-507 45.46 145.53 16.27 

I 
I 

43 1.30 1.2·9 0.14 I 
172 5.19- 20.24 2.2~ 

86 2.59' 43.06 4.?2 
~ 301 7.78 64·59 7.22 

'.' 
522.27 75.16 1163 35-.08 617.85 69.09 

6.03 0.87 129 3.89 19.81 2.21 
528.30 76.02 1292 38.97 637.66 71.31 

34.87 5.02 129 3.89 38.31 4.28 

8.18 1.18 86 .2.59 8.18 0.91 

694.92 3315 - 894.27 
- 26.83 -

" . 
,-,--------~-- -~ _______ _L.c..'"._ 
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~ Transect Total . 
• , - , 

, 
~ 

',' \ ,6200 50~18' 1309.75 -;, 
43 0 .. 35 286.75 -

86 0.70 4.3 -• . ' ' 
~ 731 5.92 66.74 -',' 

• 43 0.35 ' 26.69 ~ 

387 3~13 627.'75 -
116l 9.39 725.48 -. " 

\ 

... 
2799 22.65 793.95 ~ 

,\ -.,' ... 430 3.48 : l44.24 -
" 

3229 26.l4 938.19 -
> 

818 6.62 198.48 -
1 

"" 

" '818 '6.62 ~ -
,I . : 

: .' , .,,' 
' .... , 1~355 - • . • l 

"\ 
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TRMISECT: 75AT 
SAMPLING DATE: October 4. 1973 
SEASON: Pall 

C)r:qaniSllS CoUectec1 

ADDelic1az Hirudinea 
Oligochaeta 
Po1ycbaeta 

Arthropoda. Arac:bnidia 
Crustaceal A\IIphipoda 

lsopocla: Q)!ridotea 
ClAlibIKa 

Total Crustacea 
1Daect:a1 COleoptera 

COlleDlbola 
Diptera 
Trichoptera 
Total Insecta 

Mollusca I Gastropoda 
Pelecypoda 

Platyhelllinthes: Turbellaria 

sample Total 
, of Transeet Total 

-~~-

• 
1593 

86 
43 

43. 

388 
86 

474 

2196 

12.59 

1 -

, 
IICI , • 

72.5'4 1109.12 86.16 732 

3.92 17.22 1.32 
1.96 9.47 0.69 129 

1.96 9.47 0.69 129 

43 
17.67 129.17 10.02 301 
3.9~ 22.82 1. 70 86 

21.58 151.99 11.72 430 

129 

1287.80 1420 

9.92 8.14 

lR """ '1'otal ~ 1 and1.R 
I -, .. , • I , I ~ j " 

51.55 347.03 66.34 2325 64.30 1456.15 

I 

86 2.38 17.22 0.94 
9~08 31.43 5.92 172 4.76 40.90 2.26 

I , 

9.08 31.43 5.92 172 4.76 ·40.90 2.26 

3.02 1.29 0.19 43 1.19 1.29 0.05 
21.19 126.58 24.09 689 19.05 255.75 14.14 
6.05 8.61 1.52 172 4.76 31.43 1.71 

30.26 136.48 25.80 904 25.00 288.47 15.90 

i 

I 

9.08 8.61 1.52 129 3 •. 57 8.61 0.50 
I 

523.55 3613 1811.35 

4.04 20.73 13.95 ' . 



[ 
r: 

~ -, 

I 
It 
~-, .. --------

,I i 

I 

1206 

129 

431 

431 

517 
9 

526 

43 
86, 

172 

2593 
14.86 

sampling Depths 2 
Numbers of Organisms_.and weight in mg are va1i1es~:ciI~calatea:.feE sailple~areas 'of 1m • 

2 ~.R ~2.Ud2.R d , IICI ' , • , .. , • , I -.a " 
I I 

46.90 211;40 43.69 1076 53.19 579.1Q 67.80 2282 49.44 790.50 59.~1 

4.97 19.37 1.86 129 2.79 19.37 1.42,' 
16.62 23.68 4.9 431 9.34 23.68 1.80 

16.62 23.68 4.9 
" 

431 9.34 23.6B LBO 

19.94 41.33 B.4g 646 _ 31.93 155.00 1B.15 1163 25.19 196.33 14.61' 
0.34 39.61 8.,28 B6 4.10 102.47 11.~6 95 2.06 142.08 10.63 

20.ZS '80.94 16.7 732 36.03 257.47 30.11 1258 27.25 338.41 25.30 

1.6E 98.17 20.2Q 43 0.93 98.l'7 7.34 
3.3 14.21 2.9C 129 6.38 9.90 1.1 215 4.66 24.11 1.80 I 

I 

663 34.87 7.25 86 ' 4.10 7.32 0.82 258 5.,59 42.19 3.14 I 

I , 

482.64 2023 85.3.79 4616 1336.43 
3.72 11.60 6.58 26.46 16.29 

--- -- --- -- -- -

I-; 

-, , 

,- ....... .." .. - ....... ..,..~~-.---.-- ........ ~- ••• -.--.-~ ..... ,-............ -.¥ ... --...... ,."',\"...,::'~~. --~,--~ .. ..- •. - . 
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:1 
l~ 

------

'~-, '" """.'~ .. ,..-,~., . ..--. 

" 

3 ;J.K 
.' 

• , .II!J • • • 
3574 99~ 7E 7462~(}3 96.05 1421 34.74 

: 

732 14.29 80.51 1.04 732 17.90 

732 14.29 80.51 1.04 732, 17,.90 

; 

344 6.71 208.39 2.68 1076 26 •. 31 

344 6.71 208.39 2.68 1076 26.31 

43 0.84 0.86 0.01 
86 .1.68 2.15 0.02 517 12.64 

344 6.71 15.50 0.07 344 IL41 

5173 7769.44 4990 
29.37 59.84 23.45 

";, 

, .. J .,' .~ ... ___ . ___ ._. _____ .. _____ ..,.... _____ .,.... ___ • 

'l'Otal 3. aIMS 3 .It 
-

IIQ • • I • J. II!J . ..L..,;..... 
I 

620.8, 30.06 4~95 ' 54.22 80~2.90 82.18 

54.25 2.61 1464 15.89 134.76 1.37 . 

. , 
54.25 2.61 1464 15.89 134.76. 1.37 

" 

666.51 3228. 1420 15.41 874.90 8.90 

666.51 . 3228 1420 15.41 874.90 8.90 " 

43 0.47 .86 0.00 
709.13 34.32 60j 6.55 711.28 7.23' 

.. 

l'>.'>O 0.77 liAA 74.2 ...31 • .rut 0,,32 

2066.26 9213 9835~70 

15.91 '52.81 75.76. 

'4_'~ __ ' L.:' 
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9602 55.04 10329.55 79.57 . 

~15 
' ,., 

1.2.J 36.59 0.28 

2067 n.BS 199.34 , 1.53 

• " 

~ 

',' 

2067 1l.8~ 199.34 1.53 

43 0.2' 1.29 • 0.00 

3272 1S.7E 132.98 10.22 ... 
~67 1.5 173.51 1.34 

'-,.' 3582 20.54 1501.78 H.5E 

" 

, . 
,86 0.50 99.03 ' 0.7E 

818 4.69 735.39 5.6E 

1075 6.16 81.80 0.63 

" , .. 
" 

I '. ' 
: 

" 

.' , 
17445 12983.48 . 
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Transect: Maximum dT 
Sampling Date; October 4, 1973 
Season: Fall 

--orqanisms collected 

Annelida: Hirudinea 
Oligochaeta 
Polychaeta 

ArthropOda: Arachnidia 
crustacea: 1\IIIphipoda 

-! 

Isopoda: Chiridotea 
cyatbura 

Total Crustacea 
Insecta: coleoptera 

Collembola 
Diptera 
Trichoptera 
Total Insecta 

McOIllusca: Gastropoda 
Pe1ecypoda 

Platyhelminthes: TUrbe11aria 

Sample Total 
, of Transect Total 

, 

1 

• , mq , 

. 
1593 58.74 232.93 26.40 

.. 
86 3.17 25.83 2.93 

86 3.17 110.65 12.54 
172 6.34 136.48 15.47 

·603 22.23 457.25 51.83 
! 86 3.17 34.01 3.86 

689 25.41 491.26 55.69 

43 1.59 0.86 0.09 

215 7.93 20.67 2.34 

2712 882.20 
18.64 18.31 

:J..K Total 1 and 1R 

• , m<r , I I \ I -mq , 
I 

1292 57.70 632.49 53.89 2885 58.27 865.42 42.09 . 

86 3.84· 32.29 2.75 172 3.47 58.12 2.83 

86 1. 74 110.65 5.38 
86 3.84 32.29 2.75 258 5.21 168.77 8.21 

732 32.70 448.64 31L25 1335 26.96 905.89 14406 
86 1.74 34.01 1.65 

732 32.70 448.64 . 38.25 1421 28.70 939.90 45.72 

43 1.92 55.97 4.77 86 1. 74 56.83 2.76 

86 3.84 4.30 0.37 301 16.09 124.97 11. ?l 

2239 1173.69 4951 2055.89 
15.39 24.37 34.03 42.68 



_u ----------- -.------.---.--
SAMPLING DEPTHS 

Numbers of organisms and weigh- in mg are values calculated 'for sample areas of 1m2• 

2 2.R ~tal 2, and 2,R d 
• , 

1I\CJ , • , mq , • I '1M , 
I 

I 

1'11.62 43 1.43· 11.62 0.86 43 P:81 0.58 
I 

1464 48.57 995.45 73.40 1033 45.29 ~03.97 48.03 2497 ~7.16 1299:42 65.33 

388 12.87 63.29 4.67 47.4 20.78 140.3'6 22.18 862 6.28 203.65 10.24 

43 1.43 37.88 2.79 143 b.81 37.88 1.90 ' 
431 14.30 101.17 7.46 474 . 20.78 140.36' 22.18 1905 7.09 241.53 12.14 

- 1>.68 2.97 86 2.85 14.64 1.08 215 9.43 44.35 7.01 301 58.99 
43 1.43 689 0.51 43 ' 1.89 50.81 8.03 ~6 .62 57.70 2.90 
129 4.28 21.53 1.59 258 11.31 95.16 15.04 387 17.31 116.69 5.87 

43 1.43 9.90 0.73 ~3 b.81 9.90 0.50 
861 28.57 215.28 15.87 301 13.20 36.17 5.71 162 ~1.95 251.45 12.64 

43 1.43 1.29 0.09 1215 9.43 57.26 9.05 1258 87 o;~.o;o; 2.94 

3014 1356.24 22f!1 632.92 5295 1989;16 
20.71 28.16 15.68 13.14 b6.39 41.29 

L.--.- -- -- ---~ ~ - -- - -----

1-; 

( 



,1 r 
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-------_.- -_ .•.. _.-._.- '-' 

3 .3,R Total 3 and 3,R 
, -

ft \ mq \ ft , lft(I. , • , mq' , 
I I 

43 1.61· 214.-42 50.92 43 .0'.99 214.42 27.77 ' 
2067 77.44 139.07 33.03 818 50~03 145.09 ' 41.35 2885 67.03 284.16 36.81 

-

. 
172 6.44 6.03 301 18.4:\. 20.67 5.89 473 10.99 26.70 3.46 

86 5.26 . 99.03 28.22 86 1.20 99.03 12.83· 
, .., 

172 6.44 6.03 1.43 . 387 23.67 119.70 34.11 559 12.99 125.73 16.29 

~ 

43 1.61' 14.21 3.37 86' 5.26 6.03 1,.72 129 2.99 20.24 2.62 

43 L61 14.21 3.37 86 5.26 6.03 1.72 129 2.99 20.24 . 2.62 

172 6.44 40.47 9.61 258 15.78 78.79 22.45 430 9.99 119'.26 15.45 

172 6.44 6.89, 1.64 86 5.26 1.29 0.37 258 5.'99 8.18 1.06 

, 26E)9 421.09 
. 1635' 350.90 4304' 771.99 

18.34 8.74 11.24 7.28 29.58 16.03 

... 

l-
f 
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TRANSECT TOTAL 
. , , 

IIK.J 
, 

86 0.59 • 226.04 4.69 
13267 56.82 2449.00 50.84 

1507 10'.36 288.47 5~99 

86 0.59 99.03 :2.05 
129 0.89 148.53 3.08 
1722 11.84 536.03 11.13 

. 
17'65 12.13 985.1,2' 20.45 
172 1.18 91.71 1.90 
1937 13.31 1076.83 22.35 

,43 0.30 9.90 0.21 
1678, II .53 427.54 8.88 

817 5;62 91.70 1.90 

: 

14550 4817.01 • 



TRANSECT: North Control 
'SAMPL!NG DATE: October 4, 1973' 
SEASON: Fall 

. Organisms Collected 

Annelida: Hirudinea 
Oligochaeta 
Polychaeta 

Arthropodal. Arachnidia 
Crustacea: 1Imphipoda 

Isopoda: Chiridotea 
~iat,b!U':il 

Total Crustacea 
Insecta: Coleoptera 

Collembola 
Diptera 
Trichoptera 
Total Insecta 

Mollusca: Gastropoda 
Pelecypoda 

PlatYhelminthes: Turbellaria 

Sample Total 
, of Transect. Total 

# 

431 

172 

43 
215 

172 

172 

43 

861 
5.73 

.L 

, mq , It -

50.05 55.97 . 30.11 1076 

43 
19.98 96.44 51.61 43 

4.99 6.46 3.23 
24.97 102.90 54.84 43 

19.98 17.22 9.14 775 
43 

19.98 17.22 9.14 818 

4.99 9.47 4.84 560 

185.56 2540 
2.72 16.91 

1 .... R TOtal: 1 ana LR 

, mq , I , I mq , _. 
., 

42.36 187.29 25.94 1507 44.31 243.26 26.79 

2.79 14.21 1.94 43 1.26 14.21 1.54 i 

2.79 0.43 5.96 215 6.32 96.87 10.69 

43 1.26 6 .• 46 0.66 
2.79 43 5.96 258 7.58 103.33 11.35 I 

! 

i 

30.51 291.49 40.36 947 27.84 308.71 34.07 
I 2.79 52.96 7.35 43 1.26 52.96 5.84 

33.30 344.45 47.71 990 29.10 361.67 39.91 I 

! 

22.05 17481 24.27 603 17.73 184.28 20.29 

721.19 3401 906.75. 
10.56 22.64 13.28 



ft 

43 
.904 

172 

172 

258 

258 

172 . 

86 

1635 
10.88 

.... 

Sampling Depths 2 
Numbers of OrganisiL's and Weight in mg are values calculate for Sample Areas of 1m . 

2 2R Total 2 and 2R 
--, mg , .. , mCJ_ , • , mq , 

- , 

2.6,3 199.78 14.64 43 1.05 199.78 9.30. 
55.29 947.23 69.33 1a08 73.71 663.49' 84.46 2712 66.34 ~610.7~ 74.90 

10.52 17.65 1.32 129 5.26 8.18 1.02 301 7.36 25.83 1.21 

10.52 17.65 1.32 129 5.26 8.18 .., 1.02 301 7.36 25.83 1.21 

15.78 86.54 6.37 258 
~ 

10.52 97.74 12.48 516 12.62 184.28 8.55 

15.78 86.54 6.37 258 10.52 97.74 12.48 516 12.62 184.28 8.55 

10.52 109.36 7.98 172 7.01 15.50 2.04 344 8·41 124 • .86 . 5.81· 

5.26 5.59 0.44 86. 3.51 0.43 0.05 172 4,,21 6.02 0.28 

1366.15 . 
2453 785.34 4088 2151.49 

20.01 16.33 11.50 27.21 31.51 . 

- - - -----. --- --- ~--

II--. '.' ( . ( 



----------------------_ ... _. __ .-- . _.-._. -

3 3 .R Total 3 and 3.R 
.. 

ff , mq , .. , .mq , I , I mq. , 
- i 

I 
I , 
I 

731.95 
i 

172 4.39 731. 95 32.15 172 ·2.30 19.42 , . 
2583 71.43 1244.75 83.39 2~28 74.75 1440.22 63.24 5511 . 73.16 2684~~7 71.22 

517 14.30 50.37 3.35 301 7.68 1.·72 0.08 . 818 10.86 52.09 1.38 

517 t4.30 50.37 3.35 301 7.68 1'.11. 0.08 818 10.86 52.09 1.38 

301 8.32 176.96 11.86 258 ~ 6.59 78.36 3.43 559 1.42 255.32 6.76 
.. 

301 8.32 176.96. 11.86 258 6.59 78.36 3.43 559 7.42 255.32 6.76 

43 . 1.19 19.37 1.27 43 1.10 5.17 0.22 8-6 1.14 24.54 0.66 

: 

172 4.76 1.29 0.07 215 5.49 19.80 0.88 387 . '-5.14 21.09 0.56 

I 

I 

~616 1492.74 . 3911 2277.22 7533 3769.96 . i 

24.07 21.86 26.0a- 33.35 50.15. 55.21 

_ .. _____ __ ~ ______ L........__ __ ~_ 

... 

I--
I 
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·~·L·CUlot::f,,; t T 1 
-• , 
.IICI , 

215 1.43 931.73 13.65 , 9730 64.71 4538.95 66.48 
'r', ~ 

.j 

.' 

43 0.29 14.21 0.21 
• 'J. ,r, ,' .. : ... ,~ 1334 8.88 174.79 '2.56 

'.' • , • 43 0.29 6.46 0.09 
1377 9.17 181.25 2.65 

. 
\ 

, . ir ,."'\'r 

. . - , ....... 
.. :'-,,' .. . 

.' ; 

2022 13.46 748;31 10.95 
43 0.29 52.96 

0.
78 1 2065 13.75 ' 801.27 11. 73 

CO 

.. 1 

~ ''. , 
1033 6.88 333.68 4.89 

559 3.72 27.11 0.40 
". 

o • . " .' '. . : ... 
: .' . 15022 6828.20 . f· 

'. I. 

'l • 
. , 

:"\ 

. ! ( 



TRANSECT: MaximumilT 

SAMPLING DATE: December 3, 1973 
1.R Total 1 and lR 

SEASON: WINTER 1 
Organisms Collected II \ mq \ II , mg_ , • I , mg , 

- .. 
f 

Annelida: Hirudinea 43 2.56 16.36 1.94 43 0.97 16.36 0.54 
01190chaeta 818 48.75 117.54 13.94 1550 56.26 607.09 28.0S 2366 53.42 724.~3 24.09 . 
Polychaeta 

i 

Arthropoda. Arachnidia 43 2.56 5.59 0.66 43 0.97 5.59 .19 
Crustacea: 1IInphipoda· 215 12.81 144.67 17.15 129 4."66 40.90 1.69 344 7.76 165.57 6.17 

Isopocia: Chiridotea 
Cltiiltlm[il 86 5.13 207.09 24.55 172 6.24 901.59 41.67 256 5.82 1108.66 36.86 

i 
Total Crustacea 301 17.94 351.76 41.70 301 10.93 942.49 43.54 602 13.58 1294.25 43.03 

Ins.ecta: Coleoptera ! 

Collembola I Diptera 301 17.94 197.19 23.38 689 25.01 612.26 28.29 990 22.33 809.45 26.91 
Trichoptera 43 2.56 70.18 8.32 43 0.97 70.18 2.33 
Total Insecta 344 20.50 267.37 31. 70 689 25.01 612.26 28.29 1033 23.30 879.63 29.24 

MollusCA: Gastropoda 
Pelecypoda 43 2.56 41.76 4.95 43 0.97 41.76 1.39 

Platyhelminthes: Turbellaria 86 5.13 43.06 5.11 215 7.80 2.58 0.11 301 6.79 45.64 1.52 

'. 

Sample Total 1678 843.44 2755 2164.42 4433 3007.86 

, of Transect Total 9.53 - 15.65· - 25.16 -
--- -~- . ------- ----~- ----- ----- ----- --'---.----~ -- --



Sampling Depths 
Numbers of Organisms and Weight in mg are values calculated for sample a~~as of 1m2• 

2 2.R TOtal 2 and 2 .R 
. ' . 

f , mg , • , mq , .. , mq , 
I 

1163 50.99 767.26 56.93 1593 62.72 1065.64 79.38 2756 57.17 1832.90 68.13 . 

38.7 6.97 166.63 12.41 431 16.97 179.97 13 At 818 16.97· 346.60 12.88 

38.7 6.97 166.63 12.41 431 16.97 179" 91, 13.41 818 16.97 346.60 12.88 

.. 
258 11.31 240.25 17.82 215 ~ 8.46 56.83 4.24 473 9.81 297.08 11.04 

258 11.31 240.25. 17.82 215 8.46 56.83 4.24 473 9~81 297.08 11.04 

. 

301 13.20 91. 71 6.80 172 6.77 15.06 1.12 473 9.81 106.77 3.97 

172 7.54 . 81.81 6.07 129. 5.08 24.97 1.86 301 6·~24 106.78 3~97 

2281 1347.66 . 12540 . 1342.'1 4821 269.0.13 
12."96 - 14.43 - 27.38 -
'---'-~. -~--- .. -.---- - - - --- ---_._- -~ ---- ~-~-- -- ~--. 

... 

I r • 



,~ 

3 3 -;R Total 3 and3,R 
. .. , , mg , , , mg , • , mg , 

- I 

. 
775 22.79 424.10 - 689 13.92 359.08 - 1464 17 .53 783'. ;1.8 -

43 1.26 NB - 43 0.51 - -
, , 

: 

1894 55.71 1170.69 , - 3746 75.66 2487~34 - 564.0 67'.54' 3658.03 -
43 1.26 299.24 - 43 0'.51 299.24 -

86 1. 74 310.00 - 86 1.03 310.00 -
1937 56.97 1469.93 - 3837 77 .40 2797~34' - 57.69 69.08 4267.27 -

301 ' 8~8 410.75 - 172 ; 3.47 153.27 - 473 5:66 564.02 -
43 1.26 .NB - 129 2.61 NB -' 172 2.06 - -

344 10.12 - - 301 6 • .08 - - 645 7.72 - -

215 6.32 30.56 - 86 1. 74 NB - 301 3.60 - -

86 2.52 18.08 - 43 0.87 21.53 - 129 '1.54 39.61 -

3400 - . 4951 - 8351 ' -
19.31 - 28~12 - 47.44 -

I-; 
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Transect Total-

• , 
JIMl , 

43 0.24 16'.36 -6588 37.42, ' 3340.71 -
43 0.24 - -

, 43 0.24 5.59 -,', 
" 6802 38.63 4190.2 -43 0.24 299.24 -'" 

"',. .; .. 
" 344 1.95 1418.68 -7189 40.83 5908.12 -

-
... 1936 10.99 1607.55 -

215 1.22 - -
2151 12.21 - -

: ..... ' 
" 

817 4.64 - , -
131 4.15 192.03 -

..... 

'. " . • 
'. ' 

: " , 

;L7605 - . " .. 
"\ 

" 



Transect: South Control 
Sampling Date: December 3, 1973 
Season~ Winter 

Organisms Collected 

Annelida: Hirudinea 
Ol1gochaeta 
Polychaeta 

Arthropoda I Arachnidia 
Crustacea: Amphipoda 

Isopoda: ~hiridotea 

~i!.tblaa 
Total Crustacea 

Insectas Coleoptera 
Collembola 
Diptera 
Trichoptera 
Total Insecta 

Molluscas Gastropoda 
pelecypoda 

Platyhelminthes: Turbellaria 

Sample Total 
, of Trnnsect Total 

# 

1636 

388 

388 

43 

2067 
10.89 

1 

, mg , II -

79.15 189.45 71.78 2;239 

86 
8~ 

18.77 73.19 27.73 2282 
172 

73.19 2454 

2.08 1.29 0.49 129 

215 

263.93 5123 
--w:- 26.98 

l·R TOtal 1 andl .R 

I , mer , t J , I mq , 
., 

43.70 893.41 31.94 3875. 53.89 1082.86 35.3i 

1.68 895.99 32.03 86 1.19 895.99 29.27 
1.68 895.99. 32.03 86 1.19 895.99 29.27 

4454 570.06 20.38 2670 37.13 643.25 21.01 
3.36 156.29 5.59 172 2.39 156.29 5.10 
4790 626·.35 25.97 28.42 39.52 799.54 26.11 

2.52 94.72 3.39 172 2.39 96.01 3.14. 

4.19 186;86 6.68 215 2.99 186.86 6.10 

2797.33 7190 3061.26 . 
, 

--~ ·37.87 . ---



p~LING DEPTHp 
Numbers of organisms and weight in mg are values calculated for sample areas of 1m2. . . 

2 2.R ~ta12 and il 
.. 

• , mg , .. , mg , .. , mq , 
- I 

1464 45.95 289.34 8.33 861 42.56 229.92 --- 2325 44.63 519.2q ---

603 18.9 1015.26. 29.25 43 2.12 NB --- 646 12.40 . --- ---
301 9.45 1977.99 56.98 86 4.25 396.98 --- 387 7.43 2374.97 ---
904 28.3'i 2993.25 86.23 129 6.38 396.98 --- 1033 19.83 3390.23 ---

i 

388 12.lE 69.75 2.01 904 , 44.68 316.89 --- 1292 24.80 386.64 ---

388 12.1E 69.75. 2.01 904 44.68 316.89 --- 1292 24:80 386.64 ---

129 . 4.05 1.72 0.04 86 4.25 3.87 --- 215 4.13 5.59 ---

301 9.45 91.28 2.63 43 2.12 19.37 --- 344 6.60 110.65 ---

. 
3186 3471.08 2023 --- 5209 ---
16.78 10.66 --- . 27.44 ---

'------- -=-- -~- --~ . ------ . -. "- -- --------

-------

.1 t 



-----------------------

3 3.R TOtal 3 and 3 -R 
. o-

f , mg , f , mg , • , mg- , 
- ! , 

344 15.37 35.74 1.69 344- 7.91 25.83 - 0.93 688 10.45 61.57 . 1.26 

1421 63.49 - 1426.01 61.34 2928 -67.34 1643A5 5926- 4349 66.03 - 3069.46 62.76 -
43 0.98 244.13 8.80 43 0.65 244.13 4.99 _ 

215 9.61 601.-06 28.38 258 5.93 781.47 28.18 473 7.18 1382.53 28.27 
1636 73.10 2027.07 95.73 3,229 

0 
74.26 - 2669.05 96.24 4865 73.86 4696.12 96.02 

129 5.76 43.05 2.03 732 
~ 

16.83 77 .93 2.81 861 _13-.07 120.98 2.47 
43- 0.98 0.43 0.01 0 43 0.65 0.43 0.00 

129 5.76 43.05- 2.03 775 - 17.81 78.36 2.82 - 904 13~72 121.41 2.47 

129 5.76 ],1.62 0,55 129 1.96 11.62 0~24 

2238 2117.48 . 4348 2773.24 6586 4890.-72 
11.79 --- 22-.90 --- 34.69 ---

... 

r-, 
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TRANSECT TOTAL . 
• , 

IICI , 

6888 36.28 1663~69 ---

4995 26.31 --- ---
43 0.23 244.13 ---
946 4.98 4653.49 ---
5984 31.52 --- ---. 

4823 25.40 1150.87 ---
215 1.13 156.72 ---
5038 26.53 1307.59 ---

387 2.04 101.60 ---

688 3,.62 309.13 ---

: 

18985 --- . 



Transect: North Control 
Sampling Date: December 3, 1973 
Season: Winter 

Orqanisms Colleeted 

Annelida: Hirudinea 
Oligo chaeta 
Polychaeta 

ArthiOpodal Araehnidia 
Crustaeea: I\mphipoda 

Isopoda: Chiridotea 
~a.thll[ia 

Total crustacea 
Inseetal Coleoptera 

Collernbola 
Oiptera 
Trichoptera 
Total Insecta 

Mollusca: Gastropoda 
Pelecypoda 

Platyhelminthes: Turbellaria 

Sample Total 
.. of Transect Total 

1 

1/ .. 

344 100. 

344 
3.41 

·--------.-.--.~- .----- ---._--.. _---- ._--

1 .R Total 1 and lR 
.. 

:= m9_ .. 1/ .. mer .. I I , I mq 
- I 

3L86 100 172 100 10.33 100 516 100 42.19 

I 

I 

31.86 172 10.33 516 42;19 
I 1.71 . 5.12 



f , 

1249 10.72 

431 24.40 
86 4.87 
517 29.27 

1766 
1"7.53 

... 

._ .. _ ... 

SAMPLING DE]?THS 
Numbers.of organisms and weight in mg are values ca1cu1~ted for sample areas of 1~2. 

2 2 .R 
. 

mq , .. , mq 
-

700.52 57.39 1765 59.43 992.87 . 

43 1.45 NB 
172 5.79 83.53 

172 5.79 83.53 ., 

493.42 40.42 904 
. 30.44 1115.15 

26.69 2.19 
520.11 42.60 904 30.44 1115.15 

43 1.45 27.99 

43 1,45 NB 

1220.63 • 2~70 £ 
29~48 ~--

. . 
-- .. - I...-~.-- -----.. _ ~ . - .. 

,.... 
I 

Total 2 and 2R 
.. , • , mq , 

I 

--- 3014 63.64 1693~~9 ---

--- 43 1.0 --- ---
--- 172 3.63 . 83.53 ---

--- 17.2 3.63 83.53 ---

--- 1335 28.19 1608.57 ---
86 1.82 26.69 ---

--- 1421 30.00 1635.26 ---

--- 43 1.0 27.99 ---

... -... 43 LO --- ---

473::; --- . 

47.01 .---

.f 



.. ----.---.-~- ... 

. 3 3·R 'lota13 and 3R 
.. 

f , mg , f , mq , • , mg' , 
I 

. 
3703 81.13 3677.84 ~0.21 15· 83.33 68.03 98.14 3918 81.25 ~745"8:7 80.47 , 

: I 

I 
-

I 

I . ., 
I 
I 

~9.37 
. 

a88.24 689 15.09 888.24' 0 0 689 14.28 19.08 

689 15.09 888.24 . ~9.37 0 0 689 14.28 B88.24 19.08 .' 

172 3.77 19.37 Q.42 43 16.66 1.29 . 1.86 215 4.46 ~0.66 0.44 

' . . 
4564 4585.45 258 69.32 4822' ~654.77 
45.30 --- 2.56 --- , 47.87 -- . 

.. - - .--.~-

,.. , 
• 
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VII. HYDRODYNAMIC CHARACTERISTICS AND WATER QUALITY 

A. INTRODUCTION 

1. General Description of the River Basin 

The Hudson River basin is located in the eastern part of New York 

State, with a drainage area of about 12,700 square miles (Figure VII-I). 

The Hudson River has Henderson Lake as its source in the Adirondack 

Mountains in Northern New York State and flows generally south for 

315 river miles to the Battery, discharging into Upper New York Bay. 

The major physiographic features of the Hudson River basin are a 

mountainous terrain covering 48% of the basin, CUltivated lands covering 

12%, lakes and watcrbodies covering 2%, and urban developments covering 

8% of the basin. 

The Lower Hudson River, from the Troy Dam to the New York Bight is more 

properly termed the Hudson River estuary. Technically speaking, an 

estuary has been defined by Pritchard (1967) as a "semi-enclosed 

coastal body of water which has a free connection with the open sea 

and within which sea water is measurably diluted with fresh water 

derived from land drainage." This definition is often expanded to 

establish the upper limit of an estuary as the area in which tidal 

movements of the waterbody, due to the connected sea, are no longer 

measurable. 

Thus, the Hudson River estuary extends from the Battery (mile point 0.0) 

Quirk, lawler I'&" Matusky Engineers 
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VII-2 

in a generally northern direction for some 154 river miles (see Figure VII-I) . 

The Federal Dam in Troy (mile point 153.7) represents a barrier against 

the tidal effects advancing further upstream in the river and thus 

creates a man-made head for the estuary. 

The Roseton and Danskammer Point Generating Stations, the subject of the 

studies described herein, are located approximately at mile points 66 and 

67, respectively, on the upstream portion of Newburgh Bay, on the west 

shore of the Hudson River. Other power plants are located at mile points 

140 (Albany), 37 (Bowline), 42 (Lovett) and 43 (Indian Point). 

2. Hydrodynamics of the Estuary 

The definition of an estuary implies the non-steady state nature of the 

system. Hydrodynamics of estuaries are determined primarily by the inter

action of regular, periodic tides from the ocean, channel morphometry 

the periodic and random influx of fresh water. 

(a) Tidal Characteristics. The tidal behavior of the estuary is classi-

fied as that of a dampened, reflected tidal wave regimen. Dampening occurs by 

dissipation of tidal energy via channel friction as the oceanic tidal 

wave progresses upstream. Reflection includes secondary wave propa-

gations caused by channel obstructions. Complete reflection occurs at 

the Federal Dam at Troy. Additional wave reflections occur due to 

significant changes in channel width. 

As width increases, wave amplitude tends to decrease, whereas a de

crease in channel width causes an increase in wave amplitudes. Tidal 

Quirk. Lawler tW'Matusky Engineers 
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behavior at any section is the composite effect of ocean tide, channel 

friction, and wave refl(!ction. The primary ocean tides are also variable, 

with maximum ampli tude~; occurring during spring tide and minimum amplitudes 

during neap tide. variations in freshwater discharge and barometric con

ditions also contribute to changes in amplitude. 

Figure VII-2 illustrates the principal tidal characteristics along the 

stretch of river between the ocean entrance and Troy. Mean high and low 

water (referenced to mean low water at Sandy Hook New Jersey) are also 

shown. The half-tide level indicates the average slope in the river. The 

total drop from Troy to the sea is about 2 feet. 

In moving upstream the range of tide diminishes from about 4.4 feet at the 

Battery to a minimum of about 2.6 feet at a point near Storm Kihg (mile point 

56) • The tidal range re.aches 4.1 feet near Catskill and then increases 

to 4.8 feet at Troy. 

The spring tide is characterized by a higher range of high and low water 

elevations. The sprinq tide range is about 5.3 feet at the Battery, 3.1 

feet at West Point, and 5.1 feet at Troy. 

Figure VII-3 shows the variation of mean sectional tidal velocity and 

tidal flow along the length of the river. Ebb and flood strengths were 

each averaged across the river cross-section. Mean absolute \~locity 

over a tidal cycle was then obtained by averaging section-averaged ebb 

and flood strengths. The Hudson River ebb strength (maximum ebb current) 

is generally greater than the flood strength in the entire estuary. This 

is mainly due to the fact that the freshwater flow and the ebb flow are 

proceeding in the same direction. 

QUirk9 Lawler & Matusky Engineers 
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FIGURE D- 3 

HUDSON RIVER TIDAL FLOW AND VELOCITY 
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The mean tidal flow decreases from a maximum of 425,000 cfs at the Battery 

to zero at the Federal Darn at Troy. The values of the mean tidal flow are 

affected by the freshwater flow, particularly in the upstream reaches of 

the estuary. The mean tidal flows shown in Figure VII-3 correspond to a 

low summer freshwater flow of approximately 6,000 cfs. 

(b) Salinity Intrusion. The ocean-derived salt intrusion in~o the Hudson 

River estuary is affected by the freshwater inflow. Several other factors, 

such as variations in tidal ranges and extremely strong winds, usually 

have an effect on the degree of salt intrusion. The effects of these 

variables are generally not comparable in magnitude to the effect of the 

freshwater flow. 

Quirk, Lawler & Matusky Engineers (1971) investigated the impact of 

freshwater flow on Hudson River salinity, in particular its effect 

on salt intrusion (location of 100 ppm salinity). The analysis in

corporated results of a .number of salinity measurements conducted on the 

Hudson River since 1929. The results of this study are summarized in 

Figures VII-4 and VII-5 •. 

The data shown in Figure VII-4 show reasonable correlation between the 

the steady state length of mean salinity intrusion and freshwater flow in 

the Lower Hudson. The generalized relationship between mean salt intrusion 

and freshwater flow in the lower Hudson River under approximate steady state 

conditions is shown in Figure VII-4. 

Quirk9 Lawler IW' Matusky Engineers 
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VII-5 

The profiles in Figures VII-4 and VII-5 indicate that Hyde Park, some 

80 miles upstream of the Battery, may be the northern most upstream point 

intruded by ocean salt. When freshwater flow is greater than about 7,000 

cfs, the salt intrusion may not reach the Roseton/Danskammer Point area 

(Le. mile point 65). The occurrence of flows less than 7,000cfs is usually 

confined to the summer and early fall seasons. During othe .... c;easons, the 

river section near Roseton/Danskammer Point would be essentially freshwater. 

A more detailed discussion of salt intrusion is presented in a later section. 

(c) Channel Geometry. The Hudson River estuary is a relatively deep and 

straight channel. The variations in the major channel characteristics, 

i.e., the cross-sectional area, surface width, and mean depth, are shown 

in Figure VII-6. The cross-sectional area of the channel ranges from 

about 250,000 square feet in Haverstraw Bay to less than 50,000 square 

feet in the upstream reach of the estuary. 

The surface width varies significantly and somewhat erratically along the 

longitudinal axis of the estuary. This is due to the presence of several 

bays and shoals in the Lower Hudson. Locations of the two major bays, 

Haverstraw Bay and Newburgh Bay, are shown in Figure VII-6. The widest 

section of the river is located at Haverstraw Bay, where the surface width 

reaches approximately three miles. 

The mean depth of the estuary is defined as the cross-sectional area 

divided by the surface width. From the Battery to the head of Haverstraw 

Bay, the mean depth generally decreases from about 33 feet to 16 feet~ 

Upstream of Haverstraw Bay, the mean depth abruptly increases, reaching 

a maximum of approximately 90 feet in the vicinity of West Point, after 

Quirk9 Lawler ffjf Matusky Engineers 
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VII-6 

which it decrease to a 20 to 50 foo·t range in Newburgh Bay. Upstream 

of Newburgh Bay -ehe mean depth increases to the 40 to 60 foot range until 

mile point 80, after wl,ich it generally decreases such that north of mile 

point lOO,up to the Troy Dam,the mean depth is generally 20 to 25 feet or 

less. 

(d) Freshwater Flowo The major portion (about 80% under nonCl::'~ summer 

conditions) of freshwater flow enters the estuary at Troy. The remaining 

por'cion of freshwater flow consists largely of tributaries flowing into 

the upper reach of the estuary. Measurement of the freshwater flow 

in the estuary is not possible because of tidal oscillation. Flow 

histoqrams in the tida1 portion of the river are usually constructed 

by measuring Hudson River flows at Green Island (the most downstream 

U.S .G.S. gaging statior, above tidewater) and relatinq this to 

empirically developed flow and time relationships between the tributaries 

and Green Island. 

Based on observations of Hudson River flows at Green Island over a period 

of 53 years (1918 - 1970), the long-term monthly average freshwater flow 

in the lower portions of the Hudson River estuary is estimated at about 

18,200 cfs. Freshwater flow varies over the period of one year, with 

maximum flows occurring predominantly during the spring months (March, 

April, and May). The period of low freshwater flows usually begins in 

June and continues until November. Figure VII-7 depicts the variation of 

long-term monthly average flows in the Lower Hudson. 

Quirk. Lawler Y"Nlatusky Engineers 
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VII-7 

Figure VII-8 shows the monthly average freshwater flows of the Hudson River 

at Green Island for the years of 1971 and 1972. The patterns of flow 

distributions through these years are similar to the long term average 

Approximate Lower Hudson River flows can be obtained by multiplying the 

Green Island flows by the Lower Hudson long term yield factor of 1.225. 

During the spring months, however, this factor may be as high as 1.5 or more 

. due to high runoffs from the Lower Hudson tributaries. 

3. Previous Studies of Hudson River Water Quality 

The Hudson River has played a very important role in the industrial and 

economic development of New York State. As part of the New York State 

Canal System connecting New York City to the Great Lake region, the 

system provides a convenient transportation route for ship and barge 

traffic. It is also used for liquid waste disposal •. Protection of uses 

requiring higher degrees of water quality has eV0ived gradually and has 

become a focal ,point of em,-irGnmental Goncern in recent years. 

Prior to 1960, few studies that were made of the Huds0n River provided 

reasonably extensive physical, chemical, and bacteriolqgical data. Studies 

i were con fined generally to isolated areas and to parameters specific to 

intended uses. Exceptions were surveys conducted in 1949, 1951, and 1952 

by New York State Department of Health wherein measurements of approximate

ly ten common physical, chemical and bacteriological parameters were made. 

QUirk9 Lawler ffifMatusky Engineers 
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VII-8 

In the 1960's, and on a continuing basis thereafter, a number of compre

hensive, as well as specialized, water quality surveys were undertaken. 

The comprehensive surveys have been associated with ecoligical investi- " 

gations supported by electric power utilities on the Hudson River (Quirk, 

Lawler & Matusky Engineers, 1973a, 1973b, 1974; Texas Instruments, Inc., 

1972) and with state and federal agency surveillance programs. In addition, 

independent studies have been conducted by a variety of public and private 

institutions. water quality information readily available from published 

sources i.s sunrrnarized in Appendix VII-A-

Data compiled by the New York state Department of Environmental Conservation 

and the United States Environmental Protection Agency are normally quite 

extensive, covering up to thirty-five or forty individual parameters for 

a number of mile points. These data are available as raw data listings, 

percentile summaries and/or means and ranges o Data from these two agen

cies are valuable in estimating the water quality condition of the Hudson 

River as a function of mile point during several periods of time. 

Data from these two agE:ncies were grouped into the time periods: 

1968-i970 (10/67 to 9/70) 

1971-1972 (10/70 to 9/72) 

1973 (10/72 to 9/73) 

The yearly mean values for selected water quality parameters were plotted 

as functions of the mile point. The parameters selected reflect the 

applicability of the parameters to the present study and those for which 

adequate data were available. 

Quirk, Lawler I&' Matusky Engineers 
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The longitudinal concentration distributions from Yonkers to Albany 

were analyzed for apparent patterns. Such analysis can often be only 

qualitative and subjective, and not quantitative, because of the 

spacing between data points in time (average of 3 to 4 weeks) and 

because of insufficient spatial data points (typically at 10 mile 

intervals but sometimes restricted to four to six points over 130 

miles or restricted to mile points below 80 or 110). Compounding 

these difficulties were cases where analytical procedures were apparently 

changed or where inherent analytical difficulties obscured any possible 

patterns. 

Nevertheless, the concentration distributions could generally be classified 

into several distinct patterns: 

1. concentration apparently not affected by mile point; 

2. concentration increases with proximity to New York Metropolitan 

area; 

3. concentration increases with proximity to Albany and/or New 

York Metropolitan area; 

4. concentration reaches a maximum or minimum at a point between 

Albany and New York, apparently independent of 111etropolitan 

areas 

Abbreviations for chemical and physical analyses used in the following 

discussion are: 

TDS - Total Dissolved Solids 

MBAS - Methylene Blue Active Substances 

OP - Orthophosphate 

TP - Total Phosphate 

TKN - Total Kjeldhal Nitrogen 

Quirk9 Lawler ffifMatusky Engineer, 



COD - Chemical Oxygen Demand 

TSS - Total Suspended Solids 

TVS - Total Volatile Solids 

TS - Total Solids 

VII-lO 

Concentrations of N03' Fe, Mn and Hg were generally included in the 

category of no obvious pattern. While N03 was relatively uniform in 

each time period, Fe demonstrated patterns that were irregular or in

consistent over time. Mn possibly increases in the proximity of New 

York, but the patterns were not definitive. Hg was uniformly below 

detection limits in the 1971-1972 period; the patterns were irregular 

in 1973. 

Parameters following pattern 2 would be expected to be those characteristic 

of ocean water; Ca, K, Na, Mg, CI, S04 and TDS all fall within this 

category. Figures VII-9 through VII-II present results for the 1973 

samples, which are typical for the other time periods analyzed. These 

data indicate that on an average basis, little effect of ocean water 

parameters is exerted above mile point 40, and almost no effect is 

exerted above mile point 60. 

Quirk, Lawler (fit Matusky Engineers 
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Parameters following pattern 3 would be expected to be thos~ characteris

tic of municipal sewage. Several parameters fit in either pattern 2 or 3, 

but because of their known presence in sewage they have been placed in 

pattern 3. Thus, CO2 , F, MBAS, OP, TP, NH3 , N02' TKN, and COD are placed 

in this category. The F and MBAS data for 1973 are presented in Figure 

VII-12. The patterns are generally consistent with previous time periods. 

OP and TP data for 1973 are presented in Figure VII-l3 and are also consis

tent with data for previous time periods. 

The several forms of nitrogen concentrations measured in 1973 are presented 

in Figure VII-14. The pattern for TKN is not evident, but is evident for 

the New York Metropolitan Area in the 1971-72 data. As indicated previously, 

no obvious pattern exists for N03-N. Finally, COD data are presented in 

Figure VII-IS for 1973 and for the earlier 1968-1970 time period. 

As for the parameters described under pattern category 2, significant effects 

for parameters in pattern 3 are generally observable south of mile point 

40 to 60. The upper extent of influence is less clear because parameters 

may slowly decay in concentration, but the upper limit may be estimated 

to be located near mih point::; l.OO 'cc 3..20. 

No immediate explanation can be given for parameters following pattern 

4. Both eu and Pb had a peak concentration near mile point 25 in the 1971-

72 time period (see Figure VII-16). Data in 1973 were too few to substan

tiate this pattern and in 1968-70 were not available to any ~ignificant degree. 

QUirk9 Lawler ffifMatusky Engineers 
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VII-12 

TSS had a consistent peak between mile points 70 and 80, as illustrated in 

Figure VII-17. The consistency between time periods is apparently meaning

ful. Finally, silica apparently has a minimum concentration between mile 

points 70 and 100 (see Figure VII-18). The pattern could be representative 

of those described under pattern 3, except that the southern extent of re

latively high values extends north of mile point 60. 

Based on the above patterns, the average water quality parameter values for 

the reach between mile points 40 and 120 are generally indicative of the 

quality of the freshwater portion of the Hudson River estuary, if data 

during obvious stratification in this reach are omitted. Table VII-l 

presents concentrations of various parameters indicative of the freshwater 

portion. The values shown are not strict averages of available data, 

but rather are rounded values felt to be representative of freshwater values. 

4. Envjronmental Siplificance of Water Quality Parameters 

(a) General. The disposal of human wastes and other organic refuse without 

creating a nuisance has always created problems. T~ese problems have been 

compounded over the years in areas where the population base has expanded 

and the resultant industrialization and/or agricultural uses have added more 

chemicah to the natural streams than their capacity for self-purification 

oan handle. Wh'3n the I!ollution situation became more pronounced, a great 

deal of public concern was generated about finding way.s of restoring and main

taining the chemical, physical and biological integrity of the waters. 

(b) Relevant Water Quality Parameters. The U. S. Government, through the 

Federal \'later Pollution Control Act Amendments of 1972, set as a national goal 

(Sec. 10J (a) (1» the elimination of the discharge of pollutants into navig

able watr"rs by 1985. An interim goal (Sec. 101 (a) (2» provides for the 

Quirk9 LawlerlW'MatuskyEIigineers 
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TABLE VII-l 

Selected Water Quality Concentrations Representative of the 
Freshwater Portion of the Hudson River Estuary 

Mile Points 40 to 120 

Parameter Average Concentration Parameter Average Concentration 
(mg/l) (mg/l) 

COD 12 Fe .2 

BOD 2 Mn .03 

Phenols .01 Cu .01 

MBAS .05 Pb .01 

CO2 5 Hg • Den 

OP .04 Cl 10 

TP .1 5°4 20 

NH 3-N .2 TDS 150 

N02-N .02 Na 15 

NOrN _ .7 Mg 5 

TKN .3 Ca 25 

Si 3.0 K 2 

F .2 5pC 180 
:]..lmhos/cm) 

TS5 30 
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VII-13 

protection and propagation of fish, shellfish, and wildlife, and for rec

reation in and on the nation's waters by July, 1983. 

The Environmental Protection Agency (EPA) has issued effluent limitation 

guidelines and standards for the steam electric power generating point source 

category to bring the industry into compliance with the 1972 Act. mentioned 

above. These rules were published in draft form in the Federal Register 

(39 (43),8294) on March 4,1974. Other industries are bound by similar 

rules issued under Title 40 of the Code of Federal Regulations, Parts 

401 to 435. Municipalities must also comply with the law and increase the 

effectiveness of municipal wastewater treatment. 

Table VII-2 indicates those parameters that may be included in the effluent 

limitations and guidelines. It is important to note that besides the sub

stances contributed by municipal and industrial sources, chemicals may 

also enter the water from natural processes, agricultural practices, urban 

runoff, or from accidental chemical spills. Because of the lack of inten

sive study on most of the parameters, it is often quite difficult to deter

mine accurately the percentage of constituent contributed by each potential 

source. 

As a means of providing perspective for specific values of water quality 

parameters, Tables VII-3 through VII-5 indicates the approximate concentra

tion ranges in North American rivers and in sea water for several of these 

parameters. 

The EPA has established proposed water quality criteria for many of the 

parameters listed in Table VII-2. These criteria are listed in Table VII-6. 

Brief discussions are provided in Appendix VII-B for certain environmental 

Quirk. Lawler W"Matusky Engineers 



TABLE VII-2 

GUIDELINES AND REGULATIONS FOR EFFLUENT PARAMETERS FROM 
STEAM ELECTRIC POWER PLANTS 

PARAMETER 

Acidity 
Alkalinity 
Aluminum 
Boron 
Bromide 
Cadmium 
Chloride 
Chlorine 
Chromium 
Coliform, Fecal 
Copper 
Fluoride 
Hardness 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Nitrogen - ammonia 

- nitrate 
- organic 
-TKN 

Oil and Grease' 
Oxygen - dissolved 

- BOD 

Phenols 
pH 

- COD 

Phosphorus - ortho 
- total 

salinity 
Salenium 
Solids - TDS 

- TSS 
- TS 
- TVS 

Sulfur - Sulfate 
- Sulfite 

Surfactants 
Turbidity 
Vanadium 
Zinc 

GUIDELINE AND 
REGULATION CODE (see Key below) 

1 
1, 4 (A) 
leNS), 2(US), 3 
1 (P), 2 (?), 3 
1, 3 
UP), 2 (P) 
1, 34(B) 
leNS), 2(US), 3(LS) 
l(WS), 2(US), 3(LS), 4(B) 
1, 3, 5 
1 (WS) 2 (US), 3 (LS) 
1, 3 
1, 3 
l(WS), 2(US), 3(LS) 
UP), 2(P), 3 
1, 3 
1, 3 
l(WS), 2(US), 3 
l{P) I 2 (P) 

l(WS), 2(US), 3, 4(A), 5 
1, 3, 4 (A), 5 
5 
4 (A), 5 
I(WS), 2(US), 3(LS) 
5 
l(WS), 2(US), 3, 4 (A) , 5 
1 (WS) , 2(US), 3, 4(A) 
l(WS), 2(US), 3, 4(B) 
I(C), 2(M), 3(LS), 5 
5 
leNS), 2(US), 3(LS), 4(A), 5 
5 
l(P), 2 (P) , 3 
1 (C) , 2 (M) , 3, 4(A), 5 
1 (C), 2 (M) , 3 (LS), 4 (A) , 5 
3, 4 (A) 
4 (A) 
1 (WS) , 2 (US) , 3, 4 (B) 
1 (WS) , 2(US). 3 
1, 3 
1, 3 
1(WS1, 2 (OS) , 3 
1 (WS) , 2(US), 3 (LS) , 4(B) 
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CODE KEY 
NUMERALS 

VII-2 (continued) 

1. Burns and Roe Contractors Report for EPA Guidelines (Section VIO 

2. EPA Action Memorandum - Review of B&R Report (Tab C p44) 

3. Federal Register, 39, 8292 (1974, Monday, March 4). 
40 CFR 423 (b) (2) (ii) 

4. u.s. Army Corp of Engineers Permit Applications - Section A & B 

5. Article VIII of the Public Service Commission - Section 80.2 
(b) (2) (ii) 

LETTERS 

US - variable significance 

P - potentially significant 

WS - low volume waste streams 

C - large volume composite stream 

M - major significance 

LS - limits set 

A - Part A 

B - Part B 

No letter - mentioned, no source or significance attached 

QUirk9 Lawler mt'Matusky Engineers 



TABLE VII-3 

MEAN COMPOSITION OF RIVER WATERS 

IN NORTH AMERICA* 

PARAMETER CONCENTRATION 

Bicarbonate 

Sulfate 

Chloride 

Nitrate 

Calcium 

Magnesium 

Sodium 

Potassium 

Iron 

Silica 

*D.A. Livingstone, "Chemical Composition of Rivers and Lakes", 
Geol. Survey Prof. Paper 440-G, 1963. 

68 

20 

8 

1 

21 

5 

9 

1.4 

0.16 

9 

(mg/l) 
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TABLE VII-4 

SUMMARY OF TRACE ELEMENTS IN 

WATERS OF THE UNITED STATES* 

Frequency of Observed Concentration (mg/l) 
Element Detection % Minimum .~ Maximum 

Silver 6.6 0.0001 0.0026 0.038 
Aluminum 31.2 0.001 0.074 2.760 
Arsenic 5.5 0.005 0.064 0.336 
Boron 98.0 0.001 0.101 5.000 
Barium 99.4 0.002 0.043 0.340 
Beryllium 5.4 0.00001 0.00019 0.00122 
cadmium 2.5 0.001 0.0095 0~120 

Cobalt 2.8 0.001 0.017 0.048 
Chromium 24.5 0.001 0.0097 0.112 
Copper 74.4 0.001 0.015 0.280 
Iron 75.6 0.001 0 .. 052 4.600 
Manganese 51.4 0.0003 0.058 3.230 
Molybdenum 32.7 0.002 0.068 1.500 
Nickel 16.2 0.001 0.019 0.130 
Phosphorus 47.4 0.002 0.120 5.040 
Lead 19.3 0.002 0.023 0.140 
Strontium 99.6 0.003 0.217 5,.000 
Vanadium 3.4 0.002 0.040 0.300 
Zinc 76.5 01002 0.064 1.183 

Total of 1,577 samples 

* J.F. Kopp and R.C. Kroner, Trace Metals in Waters of the United States, 
U.S. Dept. of Interior, FWPCA, Cincinatti, 
Ohio. 1967. 
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ELEMENT 

C1 
Na 
Mg 
S 
Ca 
K 
Br 
C (Inorganic) 
Sr 
Si 
B 

C (Organic) 
A1 
F 

N (as N03 ) 
N (as organic 
Li 

N) 

P (as phosphate) 
Ba 
I 
N (as nitrite) 
N (as ammonia) 
As (as arsenite) 
Fe 
P (as organic P) 
Zn 
Cu 
Mn 
Ph 
Se 
Sn 
Mo 
Ni 
V 

Hrr 
An 
Co 
Cd 
Cr 

TABLE VII-5 

ELEMENTS PRESENT IN SOLUTION 

IN SEA WATER EXCLUDING DISSOLVED GASES* 

CONCENTRATION, ppm 

18-<180 

10-501 
1,272 

884 
400 
380 

65 
28 
13 
0.02-4.0 
4.6 
1. 2-3.0 
0.16-1.9 
1.4 
0.001-0.7 
0.03-0.2 
0.1 
0.001-0.1 
0.006-0.090 
0.05 
0.0001-0.05 
0.005-0.05 
0.003-0.024 
0.002-0.060 
0-0.016 
0.005-0.021 
0.001-0.09 
0.001-0.01 
0.004-0.005 
0.004-0.006 
0.003 
0.0003-0.011 
0.0001-0.0026 
0.0002-0.0046 
0.00003 
0.00015-0.0003 
0.0001-0.0077 
0.00003 
0.00004-0.0025 

* CoRo Parker, Handbook of Chemistry and Physics, 1961, and 
Water Analysis by Atomic Absorption Spectroscopy, Varian 
Techtron, 1972. 
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TABLE VII-6 

PROPOSED EPA WATER QUALITY CRITERIA 
RELEVANT TO STEAM ELECTRIC POWER PLANTS 

CLASSIFICATION 

PUBLIC FRESHWATER MARINE WATER RECREATIONAL WILDLIFE 
SUPPLY AQUATIC LIFE AQUATIC LIFE WATERS 

ACIDITY NL Addition of 
acids 
unacceptable 

ALKALINITY NL 75% natural 30-130 mg/l 
level 

ALUMINUM 1/100 96-hr. 
LC 50 
<1.5 mg/!. 

BORON 1.0 mg/l 1/10 
96-hr. LCSO 
'\,4.5 mg/l. 

f:) ambient 
C -.., 0.1 mg/l (free) :J:" BROMIDE .. 
~ 100 mg/l 
II) 

~ (ionic) 
~ 
t1) 
"1 CADMIUM 0.01 mg/l 0.03 mg/l 1/100 
~ (hard) 96 hr. LC~O a: 
II) 

0.004 mg/l <0.01 rag/ .... (soft) r::: 
rMI 

~ CHLORIDE 250 mg/l 
~ 
:::I CHLORINE 0.003 mg/l 1/10 as. 
l:I or 0.05 mgtl 96 hr. LC50 
t1) (30 min) <0.01 mg/l t1) .., 
rMI 



TABLE VII-6 (Continued) 

PUBLIC FRESHWATER MARINE WATER RECREATIONAL WILDLIFE 
SUPPLY AQUATIC LIFE AQUATIC LIFE WATERS 

CHROMIUM 0.05 mg/1 0.03 mg/1 1/100 
96-hr. LC50 
<0.1 mg/l 

COLIFORM, FECAL 2000/ 2000/100 m1 
100 ml (Avg. ) 

4000/100 m1 
(max. ) 

COPPER 1 mg/1 1/10 1/100 
96-hr. LCSO 96-hr. LCSO 

<0.05 mg/1 

FLUORIDE 1/10 

fJ 
96-hr. LCSO 

== 
<l.5 mg/1 

.... 
'"I 
~ HARDNESS NL Bioassay 
~ 
~ 

0.3 mg/1 0.3 mg/l ~ IRON -(t 
'"I LEAD 0.05 mg/l 0.03 mg/1 1/50 
~ 96-hr. LC SO ~ 
~ 

or 1/100 .... LDSO 
== ell 

~ MAGNESIUM 
1:':1 
::I 

MANGANESE 0.05 mg/l 1/50 oq ..... 
96-hr. LCSO ::I 

co <0.01 mg/1 (t 
'"I 
ell 



~ 

= .... ... r 
t""I 

~ 
""" CD ... 
~ 
~ 

[ 
~ 
~ 
::I 

0.9. 
::I 
CD 
CD ... 
ell 

PUBLIC 
SUPPLY 

MERCURY 0$002 mg/l 
total 

NICKEL 

NITROGEN-AMMONIA 0.5 mg/l 

NITROGEN-NITRATE 10 mg/l 

NITROGEN-ORGANIC 

NITROGEN-TOTAL KJELDAHL 

OIL AND GREASE 

OXYGEN-DISSOLVED NL 

OXYGEN DEMAND-BIOLOGICAL 

OXYGEN DEMAND-CHEMICAL 

TABLE VII-6 (Continued) 

FRESHWATER 
AQUATIC LIFE 

O.211g/1 (total) 
O.OSl1g/l 
(avg cone) 
0.511g/g 
(BOdy Burden) 

1/50 
96-hr. LeSO 

1/20 
96-hr. LeSO 
<0$02 mg/l 

No visible 
oil 1/20 
96-hr. LDSO 
Sediments: 
1000 mg/kg 

detailed 
table 

MARINE WATER 
AQUATIC LIFE 

1/100 
96-hr. LeSO 
<111g/1 

1/50 
96-hr. LCSO 
<0.1 mg/l 

0.4 mg/l 

No film or 
odor 
No Tainting 
of fish 
No onshore 
oil deposit 

6.0 mg/l 

RE rnEATIONAL 
WATERS WILDLIFE 

O.Sl1g/g 
in fish 

No visible 
floating oils 



TABLE VII-6 (Continued) 

PUBLIC FRESHWATER MARINE WATER RECREATIONAL WILDLIFE 
SUPPLY AQUATIC LIFE AQUATIC LIFE WATERS 

PHENOLS l]Jg/l 1/20 
96-hr. LCSO 
<0.1 mg/l 

pH 5.0-9.0 6.0-9.0 6.5-8.5 6.5-8.3 6.0-9.0 
(acceptable) 
5.0-9.0 
(manditory) 

PHOSPHORUS-ORTHO (ATE) 

PHOSPHORUS-TOTAL (ATE) 2S]Jg/l 
(Lakes + res) 
SO]Jg/l 
(confluence) 
10O]Jg/l 
(streams) 

t) SALINITY No rapid 
c:: fluctuations ., 
::r:" 
~ 

~ SELENIUM 0.01 mg/l 1/100 
~ 96-hr. LCSO ,. 
~ - <0.01 mg/l 
~ ., 
~ 
~ 

SOLIDS - TDS NL Bioassays 

~ 
SOLIDS - TSS .... 

c:: 
I:Il 

~ SOLIDS - TS 
M 

oS SOLIDS·- TVS ,... 
~ SULFUR - SULFATE 250 mg/l (t) 
,; 
en 

SULFUR - SULFITE 
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~ 
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~ 
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~ -co 
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~ 
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~ 
~ 
Q:) 

~ 
M 
::! 

I)Q .... 
::! co 
co 
~ 
Q:) 

SURFACTANTS 

TURBIDITY 

VANADIUM 

ZINC 

PUBLIC 
SUPPLY 

NL 

5 mg/l 

TABLE VII-6 (Continued) 

FRESHWATER 
AQUATIC LIFE 

1/20 
96-hre Le50 
<0.2 mg/I 
(LAS) 

<10% 

5/1000 
96-hr. LCSO 

MARINE WATER 
AQUATIC LIFE 

1/20 
96-hr. LCSO 

1/100 
96-hr. LCSO 
<0.1 mg/I 

RECREATION 
WATERS 

4 ft. 
sec chi 

WILDLIFE 
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parameters of interest to the present study. These descriptions are in-

tended to give some basic insight into the relevance of the various water 

constituents. 

(c) Hudson River Classification and Water Quality Standards. The water 

in the Lower Hudson River has been classified by the New York State Depart-

ment of Environmental Conservation (NYSDEC) as follows: 

Location Description 

Battery 

New York-New Jersy Line 

Bear Mountain Bridge 

Vicinity of Newburgh and Chelsea 

South of Albany 

Federal Dam at Troy 

Mile 
Point 

000 } 

22 } 

46 07} 
64 } 

125 . J 
153.7 

Section 
Length 
(miles) 

22 

24.7 

17.3 

61 

28.7 

Class 

Special Class 

SB 

B 

A 

C 

The Hudson River in the vicinity of Roseton (Low Point on east shore, 

I 

Roseton on west shore) changes from Class B waters downstream to Class A 

waters upstream. The Roseton plant lies close to the boundary cited "by 

NYSDEC. The existing NYSDEC operating permit for the Roseton cooling water 

discharge places the discharge in Class B waters. Permits for the 

Danskammer Point plant place the discharge in Class A waters. 

The NYSDEC permits the discharge of wastes to waterways only if the best 

usage of the receiving waters or any other state waters into which the re-

ceiving waters may flow is not impaired. The water quality standards for 

Quirk, Lawler &'Matusky Engineers 



VII-IS 

Class 'A' and 'B' waters are presented in Table VII-7. The Hudson River 

in the Roseton/Danskammer Point vicinity may, on occasion, have character

istics outside the limits described above, which relate to the condition 

of the waters as they are affected by man-made discharges ana not the 

natural variations. 

B. METHODS AND PROCEDURES 

1. General 

The 1973 Roseton-Danskammer Point water quality sampling program consisted 

of a set of six stations sampled on a monthly basis. These stations were 

selected so as to furnish data that would be representative of the river 

section under study. The locations of the six stations are shown in 

Figure VlI-l9 and a description of each station is contained in Table 

VII-So 

A list of the water quality parameters selected for monthly analysis is con

tained in Table VII-9. These parameters were selected either on the basis 

of a relationship to discharges from the plants or because they were judged 

to be important in describing the water quality of the study area. 

In addition to the monthly collection of water samples for extensive 

analysis, field measurements of some parameters were made on a more fre

quent basis in conjunction with biological field collections. 

QUirk9 Lawler W"Matusky Engineers 



7ABLE VII-7 

NEW YORK STATE WATER QUALITY CRITERIA 
CLASS A AND CLASS B WATERS 

CLASS "A" 

Best usage of waters. Source of water supply for drinking, culinary or food 
processing purposes and any other·usuages. 

Conditions related to best usage of waters. The waters, if subjected to 
approved treatment equal to coagulation, sedimentation, filtration and 
disinfection, with additional treatment if necessary to reduce naturally 
present impurities will meet New York State Department of Health drinking 
water standards and will be considered safe and satisfactory for drinking 
water purposes. 

QUALITY S'l'ANDARDS FOR CLASS "A" WATERS 

ITEMS 

1. Coliform 

2. pH 

3. Total Dissolved Solids 

4. Dissolved Oxygen 

5. Phenolic Compounds 

6. Radioactivity 
a. Gross Beta 

b. Radium 226 

c. Strontium 90 

SPECIFICATIONS 

The monthly median coliform value for one 
hundred ml of sample shall not exceed five 
thousand from a minimum of five examina-
tions and provided that not more than twenty 
percent of the samples shall exceed a coliform 
value of twenty thousand for one hundred ml of 
sample and the monthly geometric mean fecal coli
form value for one hundred ml of sample shall 
not exceed two hundred (200) from a minimum of 
five examinations. 

Shall be between 6.5 and 8.5. 

Shall be kept as low as practicable to maintain 
the best usage of waters, but in no case shall 
it exceed 500 milligrams per liter. 

For cold waters suitable for trout spawning, 
the DO concentration shall not be less than 7.0 
mg/l from other than natural conditions. For trout 
waters, the minimum daily average shall be not 
less than 6.0 mg/l. At no time shall the DO 
concentration be less than 5.0 mg/l. For non-
trout waters, the minimum daily average shall not be 
less than 5.0 mg/l. At no time shall the DO 
concentration be less than 4.0 mg/l 

Shall not be greater than 0.005 milligrams per 
liter (phenol). 

Shall not exceed 16000 picocuries per liter in 
the absence of Sr9 and alpha emitters. 

Shall not exceed 3 picocuries per liter. 

Sha·ll not exceed 10 picocuries per liter. 



TABLE VII-7 
(Continued) 

NOTEl: With reference to certain toxic subst.ances affecting fishlife, the 
establishment of any single numerical standard for waters of New 
York State would be too restrictive. There are many waters, which 
because of poor buffering capacity and composition will require 
special study to determine safe concentrations of toxic substances. 
However, most of the non-trout waters near industrial areas in this 
State will have an alkalinity of 80 milligrams per liter or above. 
Without considering increased or decreased toxicity from possible 
combinations, the following may be considered as safe stream con
centrations for certain substances to comply with the above 
standard for this type of water. Waters of lower alkalinity must 
be specifically considered since the toxic effect of most pollutants 
will be greatly increased. 

Ammonia or 
Ammonium 
Compounds 

Cyanide 

Ferro-or 
Ferricyanide 

Copper 

Zinc 

Cadmium 

Not greater than 2.0 milligrams per liter 
expressed as NH, at pH of 8vO or above. 

Not greater than 0.1 milligrams per liter 
expressed as CN. 

Not greater than 0.4 milligrams per liter 
expressed as Fe(CN)6. 

Not greater than 0.2 milligrams per liter 
expressed as Cu. 

Not greater than 0.3 milligrams per liter 
expressed as Zn. 

Not greater than 0.3 milligrams per liter 
expressed as Cd. 

CLASS "8" 

Best usage of waters. Primary contact recreation and any other uses except as 
a source of water supply for drinking, culinary or food processing purposes. 

QUALITY STANDARDS FOR CLASS "B" WATERS 

ITEMS 

1. Coliform 

2. pH 

3. Total Dissolved Solids 

4. Dissolved Oxygen 

SPECIFICATIONS 

The monthly median coliform value for one 
hundred ml of sample shall not exceed two 
thousand four hundred from a minimum of 
five examinations and provided that not more 
than twenty percent of the samples shall exceed 
a coliform value of five thousand for one 
hundred ml of sample and the monthly geometric 
mean fecal coliform value for one hundred ml 
of sample shall not exceed two hundred (200) 
fl'om a minimum of five examinations. This 
standard shall be met during all periods when 
disinfection is practiced. 

Shall be between 6.5 and 8.5. 

None at concentrations which will be detrimental 
to the growth and propagation of aquatic life. 
Waters having present levels less than 500 
milligrams per liter shall be kept belOW this 
limit. 

For cold waters suitable for trout spawning, 
the DO concentration shall not be less than 
7.0 mg/l from other than natural conditions. 
For trout waters, the minimum daily average shall 
not be less than 5.0 mg/l. For non-trout 
waters, the minimum daily.average shall not 

be less than 5.0 mg/l. At no time shall the 
DO concentzation be less than 4.0 mg/l 



STATION 
DESIGNATION 

CH-l 

CH-2 

CH-3 

CH-4 

CH-5 

CH-6 

TABLE VII-8 

WATER QUALITY SAMPLING STATIONS: 1973 
ROSETON/DANSKAMMER POINT VICINITY 

DESCRIPTION 

North Control - off wooden railroad trestle in deepest 

section of channel; sample surface and bottom. 

Danskammer Point Intake - immediately in front of bar racks; 

sample surface and bottom (approximately 25'). 

Roseton Intake - immediately in front of bar racks; 

sample surface and bottom (approximately 25'). 

Roseton Deep East - east side of channel at deepest point 

(approximately 80'); sample surface mid-depth and bottom. 

Roseton Shallows East - east side of river at same 

depth as Roseton Intake; sample surface and bottom. 

South Control - north of the Newburgh-Beacon Bridge in the 

area described on the navigation maps as Balmville. Just 

north of a slight projection of land on which contemporary 

house is located is a small tributary. The station is 

just north of the creek, at the deepest point in the channel; 

sample surface and bottom. 
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STATION 
DESIGNATION 

CH-l 

CH-l 
CH-2 
CH-2 
CH-3 
CH-3 
CH-4 
CH-4 
CH-4 
CH-5 
CH-5 
CH-6 
CH-6 

MILE 
POINT 

6S.2 

6S.2 
66.7 
66.7 
66.2 
66.2 
66.5 
66.5 
66.5 
66.5 
66.5 
62.7 
62.7 

TABLE VII-9 

WATER QUALITY ANALYSES 

ROSETON/DANSKAMMER POINT VICINITY 

STATION 
LOCATION 

NCS 

NCB 
DIS 
DIB 
RIS 
RIB 
RESOS 
RESOM 
RESOB 
RE25S 
RE25B 
SCS 
SCB 

NC 
DI 
RI 
RE80 
RE25 
SC 
S 
M 
B 

ANALYSES 

Alk, BOD5' COD, TS, TDS, TVS, TSS, 
NH 3-N, TKN, N0 3-N, TP, Clf S04, Cr, 
Zn, PhI, DO, pH, SpC, T 

It 

It 

" 
" 

STATION LOCATIONS 

== North Control 
== Danskammer Intake 
== Roseton Intake 
== Roseton Deep East 
== Roseton Shallow East 
== South Control 

Surface 
== Mid-Depth 
== Bottom 

REMARKS 

Preserve sample for 
possible future testing 
for Cu, Ni, Pb, Fe, V, 
Mg, Mn; Grab Samples 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
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2. Field Collection Procedures 

Monthly grab samples for water quality analysis were co~lected with a 

Kemmerer water sampler or similar device, t.ransferred to plastic sample 

containers, stored in refrigerated coolers, and transported to the labora-

tory for analysis. In addition to the water quality sample, a sample for 

dissolved oxygen analysis was taken and fixed in the field, or dissolved 

oxygen readings were obtained using YSI or Marte~D.o. meters with sub

mersible probe. For all samples, water temperature was measured using a 

temperature instrument with submersible sensors. 

If instrumentation was available, pH and specific conductivity were measured 

in the field; otherwise these parameters were measured at the laboratory. 

The field measurements done in conjunction with the biological collections 

were obtained with either a YSI or MartekIDrv instrument, with samples 

occasionally being collected for calibration checks. 

In order to characterize the bottom sediments in the Roseton-Danskammer 

Point area, core samples were obtained from selected benthic sampling 

stations during October 1973. The locations of the core samples are 

shown in Figure VII-19. Core samples were taken along transects at ten 

(10) foot depth intervals. 

All samples were obtained by a gravity tube corer, equipped with a plastic 

tip and plastic core liners. Egg shell core catchers were used to prevent 

loss of sample during sample retrieval. 

Quirk, Lawler IW'Matusky Engineers 
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VII-I? 

3. Laboratory Analytical Procedures 

The U.S. Environmental Protection Agency has promulgated guidelines estab

lishing test procedures for the analysis of pollutants. These methods of 

analysis are outlined in the Federal Register (~ (199),28758), dated October 

16, 1973. They are also included under Title 40 of the Code of Federal 

Regulations, Part 136 0 

All analyses presently conducted conform to these guidelines. Permission 

has been requested through the EPA Region II laboratory to use current 

standard methods for fluoride and selenium only. Analyses for parameters 

not covered in the EPA documents generally conform to accepted procedures 

published in one of the following documents: 

STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTE WATER, 

13th Edition, 1971. This publication is available from the 

American Public Health Association. 

ANNUAL BOOK OF STANDARDS, Part 23, "Water, Atmospheric Analysis ," 

1972. This publication is available from the American Society 

for Testing and Materials. 

METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTES, 1971. 

Environmental Protection Agency. A new edition'is in final draft 

form. 

Quirk, Lawler &' Matusky Engineers 
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All of the sediment characterization samples were analyzed for percentage 

of organic material and for inorganic particle size distribution. Additional 

analyses were done on selected samples to determine chemical characteristics 

of the wet sediments. 

Samples for analysis of organic material were weighed, dried at 103°C 

and reweighed. The samples were then ashed at 550°C and carefully 

qround with a rubber pestle. Particles greater than 2mm in diameter 

were removed and their weight recorded as "stones." 

A sample of known weight, usually 50 gm, was placed in a beaker, defloccu

lated with approximately 0.2% Sodium Silicate solution, transferred to a 

one liter cylinder, diluted to 1.0 liter, and allowed to settle. Periodic 

hydrometer and thermometer readings resulted in determination of particle 

size distribution by application of Stoke's Law, assuming a particle density 

of 2.65 gm/ml. 

C. RESULTS AND DISCUSSION 

Results of water quality sampling conducted in 1971 and 1972 in the Roseton/ 

Danskammer Point vicinity of the Hudson River have been reported previously 

(Quirk, Lawler & Matusky Engineers, 1973a). The results presented herein refer 

to the 1973 program only; where appropriate the results of previous sampling 

programs are discussed. Results of the 1973 sampling program are presented in 

>~ Appendix VII-C. 

Quirk. Lawler W"Matusky Engineers 
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1. Flow and Salinity 

AS discussed previously the extent of salinity intrusion in an estuary is 

related inversely to the freshwater flow. Figure VII-20 shows the monthly 

average freshwater flows at Green Island for 1973 and for the 25 year 

period 1949-1973. Figure VII-21 presents weekly average flows for 1973 

at Green Island and also corrected values for the Lower Hudson (an average 

correction of 1.225 was used for all flows). 

Figure VII-20 indicates that 1973 was a high flow year, relative to the 

25 year average, especially during the winter months. The high winter flows 

were probably due to the lack of an extended freeze or snow building 

during the year. The intermittent warm spells allowed the precipitation 

to run off almost continually. 

The dry summer is indicated by lower than average flows during late 

summer and early fall. These low summer flows somewhat balanced the high 

winter flows. The 1973 yearly average flow was 17,670 cfs as compared to 

the 25-year average of ]3,070 cfs, again indicating a high flow year. 

It should be pointed out that the yearly average flow in 1973 (17,670 cfs) 

was less than the yearly average flow in 1972 (18,670 cfs). Both years, 

while considered high flow years with respect to the 25 year average, 

approximated the conditions exhibited by the long term (1918-1970) yearly 

average (18,200 cfs) as shown in Figure VII-7. 

The 1973 weekly average flows were used, along with chloride data from the 

Lower Hudson to indicate location of the salt front (defined herein as 100 

ppm salinity in excess of freshwater salinity) over the year (Figure VII-22), 

QUirk9 Lawler ffifMatusky Engineers 
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using the generalized meao salinity profiles (see Figure VII-2l and assuming 

steady state conditions. The chloride based curve was constructed by 

converting measured chloride values to excess salinity using the equation 

S(ppm) = 1.8 Cl(ppm) + 30 ppm, and assuming 15 ppm chlorides in freshwater. 

Using the calculated salinity and known mile point, the corresponding flow 

was determined from Figure VII-23. The flow based plot was constructed 

for a given flow by determining the mile point of the 100 ppm concentration. 

The discrepancy between the results of the two methods, most obvious in 

spring and early summer, is most likely due to the steady state assumption. 

This is borne out by the fact that during the period of decreasing flow 

(mid-May to mid-September) the mile point predictions based on flow are 

higher than those based on chlorides,indicating that there is a lag between 

observed flow at Green Island and true flow down river, which was the 

expected result. 

Under rising flow conditions (late October-December) the effect of the 

lag would be to make the flow-based mile point prediction low relative to 

the chloride based value, which is also demonstrated in Figure VII-22. 

The predictions of both methods agree quite closely for the time period 

from mid-September to late October. An examination of Figure VII-2l shows 

this time period to be one of stable flow conditions, approximating steady 

state, when the predictions were expected to be the most accurate. 

The steady state model predicts that the salt front (excess salinity of 

100 ppm) would reach the Roseton/Danskammer Point area when river flow decreases 

below approximately 7000 cfs, which occurred from mid-August to late 

Quirk, I.awlm·.ri' MatuHky Engiluwrs 
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VII-2l 

October in 1973 in the Lower Hudson (see Figure VII-2l). Based on the 

previous discussion of the existence of steady state conditions from mid

September through late October (flow of 6000-7000 cfs) the salt front would 

be expected to be in the Roseton/Danskammer Point area during that period. 

Figure VII-24 shows the concentration of NaCl at the Danskammer Point 

intake during 1973, based on measurements made by Central Hudson personnel. 

The NaCl concentration equivalent to 100 ppm excess salinity approached 

or mtersected the curve from mid-September through early November and again 

in late November through mid-December, with some time in between not in

cluded. The above analyses and data indicate significant intrusion of 

the salt front up the estuary to Roseton/Danskammer Point occurred 

only during the late summer and early fall. 

Figure VII-24 also illustrates the variability of chlorides from day to day. 

This variability was due in part to variations of sampling time with respect 

to tidal phase and in part due to the highly variable nature of chlorides 

and associated parameters in the immediate vicinity of the salt front. In 

this immediate area, there will be significant vertical and lateral salinity 

variations and the patterns of such variations will change rapidly in time. 

In addition there will be a significant and persistent longitudinal varia

tion. Figure VII-22 illustrates that the salt front may reach station CH-6 

(south Control) several weeks before it reaches CH-l (North Control), only 

5 1/2 miles north of CH-6. These variations are further illustrated in the 

monthly chemical data, discussed later. 

Quirk. Lawler tfjfMatusky Engineers 
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2. Temperature Distribution 

Figure VII-25 shows river temperature versus time for three locations: 

Rosoton/Danskammer Point (mile point 65), Lovett (mile point 42), and 

Bowline (mile point 37.5). These temperatures represent averages for 

each day of measurement over the time period of measurement at all depths 

at locations judged to be relatively unaffected by thermal discharges and 

representative of the main channel waters. The plot indicates the expected 

spring warming, summer equilibrium, and fall cooling trends. 

There does not appear to be any significant difference between temperature 

changes at the three locations, over the year, but some variation on specific 

dates is shown. A short-term maximum of approximately 82.5°F at Bowline and 

Lovett is slightly higher than the short-term 81.0oF maximum observed at 

ROSf!ton/Danskammer Point. 

3. Dissolved Oxygen 

Figure VII-26 is a plot of dissolved oxygen (D.O.) in the river over time for 

the Roseton/Danskammer Point area. The D.O.·s shown are averages over a 

sampling period at stations unaffected by the plant. If Figure VII-24 and 

VII-25 are compared, the inverse relationship of temperature and dissolved oxygen 

is clear. The combined effect at higher temperatures of lower gas solubil-

ity and increased bacterial activity at these temperatures would account for 

the decrease in dissolved oxygen concentration. 

4. Chemical Parameters 

(a) General. Complete analytical results of the monthly water quality 

surveys are presented in Appendix VII-C. 

Qu irk. Lawle.-Ifif Matusky Engineers 
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(b) Selected Data Presentations. For the data presented in this section, 

values for parameters affected by the suspended solids fraction have been 

deleted for four samples, which were bottom samples with unusually high 

suspended solids values. The samples were judged to be non-representative 

with respect to the particulate fraction as the result of disturbance of 

the sediment during sampling. Thus, values for TS, TVS, TSS, BOD, COD, 

TP, Zn, Cr, TKN, and phenols were omitted from consideration, values for 

TDS, NH 3-N, N03-N, CI, pH, alkalinity and S04 were included. 

(i) Station Averaged Values 

Figures VII-27 through VII-33 present 1973 average monthly river concentra

tions for all parameters measured. In each figure, values for all 

stations and all depths have been averaged for each sampling date. 

This allows an overview of water quality without the complicating 

features of variations attributable to vertical stratification and 

lateral variations. 

Figures VII-34 through VII-36 present daily data for NH3' silica, 

total hardness, turbidity and alkalinity at the Danskammer Point 

intake. 

The variation of concentration with time for Cl, S04, TDS and TS 

(Figures VII-28 and 29) reflects decreasing freshwater flow from 

May through September; this caused slight increases in dissolved 

conservative components. The time series also reflects salt 

intrusion experienced from approximately late September to early 

November. 

Quirk~ I.awler W"Matusky Engineers 
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The time series for TVS (Figure VII-28) is similar except that the 

annual peak was observed during early October rather than during 

late October. No explanation for this is apparent, but the parameter 

has limited significance because of its non-specificity and dependence 

on water of hydration. 

The time series for TSS (Figure VII-28) probably represer!cs a random 

process, but it is possible that the high January 1974 value was due 

to high winter freshwater flow conditions compared to relatively low 

flows for the June through November period. 

Figure VII-29 indicates similar patterns for BOD and COD, both of 

which exhibited peaks in June and late October; the latter peak may 

reflect intrusion of relatively polluted water from the New York City 

area. It is significant that the June peak in BOD and COD cannot be 

attributed to suspended solids per se, since suspended solids have a 

relatively low average during June. It is possible that the June peak 

also reflected increased algal activity during this period. 

Figures VII-30 and VII-31 present time series for the various nitrogen 

forms. All three nitrogen forms were relatively low in the July to 

October period and relatively high during other periods, so that con

versions from one form to another were not obvious. The low concen

trations involved, the flow variations during the year, and possible 

unknown inputs preclude definitive evaluation of such conversions, 

but it is probable that the decrease in NH3 reflected increased 

nitrification in the river or before reaching the river. 
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Total phosphorus did not vary significantly during the year. The Zn, 

Cr, and phenols patterns illustrated in Figure VII-32 can probably 

be attributed to random fluctuations. 

Alkalinity increased during low flow periods, probably due to increased 

concentrations of dissolved constituents (see Figure VII-33). The 

pH increase during the July to September period may r~flect increased 

algal activity with concomitant dissolved C02 removal (see Figure VII-33). 

Data collected at the Danskammer Point intake by Central Hudson per

sonnel is presented in Figures VII-34, 35 and 36. 

Figure VII-34 presents time series plots of NH3 (as NH3) and silica 

(as Si02) as observed at the Danskammer Point intake. The NH3 

pattern agreed in form with that in Figure VII-30 but did not go to 

zero during September and October. This may represent differences 

in analytical technique. 

The pattern exhibited by silica closely parallels the flow patterns 

shown in Figure VII-2l. As discussed previously, on an annual basis 

silica. tends toward relatively low concentrations in the Roseton/ 

Danskammer Point area. 

Figure VII-35 presents a time series plot for total hardness (as CaC03). 

The pattern appears to be similar to that illustrated iri Figures VII-27 

and VII-28 for Cl'S04' TDS and TS. 
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Figure VII-36 presents time series plots for turbidity and aIkalinity. 

The alkalinity pattern is generally the same as that illustrated in 

Figure VII-33. The slight turbidity decrease in the August to November 

period may reflect increased sediment deposition upstream of the 

subject area during low freshwater flow conditions. 

(ii) Depth Averaged Values 

Figures VII-37 through VI-40 present time series plots for selected 

parameters. The values for all stations within a given depth interval 

have been averaged for each sampling date. The parameters presented 

have been selected on the basis of an apparent difference between 

the averages for the various depths. No significant depth difference 

was apparent for the parameters TDS, TS, TVS, Cl, S04' COD,.BOD, TKN, 

N03 , TP, phenols, pH and alkalinity. 

NH3-N values are presented in Figure VII-37. The depth differences 

vary with date, but no explanation is apparent for the depth differ

ences or the variation in the pattern of those differences. 

Figure VII-38 pres~nts time series plots for suspended solids. There 

appear to be higher concentrations of suspended solids at the deeper 

stations. The increase in suspended solids paralleling the freshwater 

flow increase late in the year is apparent for all depth intervals. 

Figures VII-39 and VII-40 present time series plots for Cr and Zn, 

respectively. The patterns are fairly similar for all depth intervals, 

but distinct differences do exist. The generally low concentrations 

QUirk9 Lawler i&'Matusky Engineers 
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VII-27. 

for late summer and early fall may be attributable to lower fresh

water flow and increased deposition of suspended matter, but the 

periods of low concentration do not coincide exactly for the two metals. 

If Figures VII-39 and VII-40 are compared with Figure VII~38, it may be 

postulated that Cr and Zn are positively cor~elated to suspended solids. 

Particulate matter would be expected to be higher in metals content than 

the dissolved fraction of the river water. 

(c) Statistics and Correlations. App~ndix VII-D presents the 1973 monthly 

water quality data in statistical form for different combinations of loca

tion, depth, and date. Each table contains a list of the chemical para

meters analyzed, the number of samples fitting the group description at the 

head of the table, and the maximum, minimum, mean, variance, and standard 

deviation for each parameter. 

Follo~ing this table is a matrix of correlation coefficients for each 

possible pair of parameters. Several sets of tables are presented for each 

sample group (i.e., each combination of location, depth, and date), each 

set having a different list of parameters. 

For convenience of referencing, the analyses are divided into major categories 

according to several typical groupings of the samples; these categories 

and the sample groupings in each are listed in Table VII-IO. 

The statistics in Appendix VII-E along with similar statistics for other 

Hudson River programs have been summarized in Tables VII-II through VII-14. 

Table VII-II presents statistics for the groupings of all samples 

Quirk. Lawler IW'Matusky·Engineers 



TABLE VII-IO 

CATEGORIES OF WATER QUALITY STATISTICAL ANALYSES 

ROSETON/DANSKAMMER POINT VICINITY 

CA'rEGORY STATIONS DEPTHS MONTH 

I All, individually All, individually All, combined 

2 All, individually All, combined All, combined 

3 All, combined All, combined All, combined 

4 All, combined All depths All, individually 

5 All, combined Surface only All, combined 

6 All, combined All between 20 and 45 All, combined 

7 All, combined All between 45 and 80 All, combined 
0 
:: 8 All, combined .... Surface only All, individually ., 
~ 

~ 9 All, combined All between 20 and 45 All, individually 
~ 

~ 10 All, combined -co All between 45 and 80 All, individually 
., 
~ 
~ 
~ .... 
:: 
(IJ 

~ 
'< 
M 
::l 

t1CI .... 
::l co 
('0' ., 
(IJ 



TABLE VII-11 

COMPARISON OF WATER QUALITY RESULTS WITH BACKGROUND VALUES 

ROSETON/DANSKAMMER POINT VICINITY 

Parameter Expected Hudson Summary of 
(all values in 1973 Water Quality Results River Values, Mean, North Trace Elements 
mg/l where Roseton/Danskammer Point Freshwater Conditions American Rivers in U.S. Waters 

~ 

= ~. 

~ r 
~ 
~. 

! 
~ 
~ 

~ 
~ 

[ 
~ 

appropriate) 

TCOD 
TBOD 
TKN 
NH3-N 
N03-N 
TP 
TSS 
TS 
TDS 
TVS 
pH 
ALK 
S04 
C1 
PhI 
Zn 
Cr 

Stations* 

Min Max 

3.0 130 
0 6 
0 1.73 
0 .20 

.19 .84 

.02 .81 
0 210 

100 735 
30 670 

2.0 540 
6.9 7.9 

39 62 
10 50 
0 275 
0 .283 
0 .875 
0 .17 

(99 samples) Mile Ppint 40 to 120 
Std. 
Dev. Mean (Table VlI-l) 

13.3 14.0 12 
1.2 1.5 2 
• 32 .51 .3 . 
.048 .021 .2 
.177 .538 .7 
.091 .11 .1 
39.5 35.3 30 
106 221 180 
103 185 150 
70.6 78.4 
.33 7.5 
~.85 52.7 
7.5 19.8 20 
41.1 24.3 10 
.059 .031 .01 
.121 .072 
.028 .014 

~ * Samples with unusually high TSS excluded for all parameters 
~ ** Alkalinity = HC03 x 50/61 

(Table VII-3) (Table VII-4) 

1 

56** 
20 
8 

.064 

.01 

~. 

~ NOTE: PS = Public Supply, FW = Freshwater Aquatic Life, MW = Marine Aquatic Life, W c Wildlife 
~ 
~ 
~ 
~ 

Summary of 
Water Quality 

Criteria 
(Table VIII-6) 

.4(MW), .5(PS) 

.02 (FW)· 
10 (PS) 

6.5-8.5 (MW) 
30-130(W) 

250(PS) 
250(PS) 

.001(PS), .1 (FW) 
5 (PS), .1 (MW) 
.05 (PS), .03 (FW), .1 (MY 
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PARAMETER 
(all values in mg/l 
where appropriate) 

TCOD 
TBOD 
TKN 
NH3-N 
NOrN 
TP 
TSS 
TS 
TDS 
TVS 
pH 
ALK 

S07 
Cl 
PhI 
Zn 
Cr 

1-2 feet 
CH-l to CH-6) 

48 Samples 
MIN. MAX. STD DEV. 

3.0 26.0 5.8 
0 4 1.1 
0 1.31 .29 
0 .20 .054 

.19 .84 .175 

.02 .81 .11 
0 90 22.9 

100 630 96.5 
70 610 95.8 

2.0 540 80.0 
6.9 7.9 .30 

39 62 7.01 
10 41 6.07 
4 166 32.8 
0 .283 .059 
0 .305 .055 
0 .09 .020 

TABLE VII-12 

COMPARISON OF WATER QUALITY RESULTS 
BY DEPTHS 

ROSETON/DANSKAMMER POINT VICINITY 

DEPTH CATEGORY 
23 to 43 feet 

(CH-2. 3 . 4. 5. 6) 

39 Samnles 
MEAN MIN. MAX. STD DEV. MEAN 

10.8 5.0 155. 30.4 22.8 
1.5 0 9 1.8 1.8 
.50 0 3.84 .47 .88 

.027 0 .30 .070 .033 

.516 .27 1.58 .272 .599 

.097 .04 1.43 .24 .176 
20.7 1.0 560 99.3 60.4 
200 115 870 164 269 
179 30 670 121 202 
73.8 8.0 390 65.7 90.2 
7.5 6.9 7.9 .• 35 7.5 

52.4 43 62 6.38 53.3 
19.2 11 50 8.10 20.5 
21.9 5 275 54.6 305 

··:~~028 0 .248 .064 .035 
.052 0 .875 .140 .084 
.011 0 .17 .037 .020 

53 to 78 feet 
(CH-l. 4) 
16 Samnles 

MIN. MAX. STD DEV. 

9.0 28.0 5.1 
0 4 1.11 
0 1.12 .29 
0 .10 .025 

.21 .84 .208 

.03 .22 .052 
0 325 81.8 

105 665 144 
75 430 94.1 
15 570 131 

6.9 7.8 .34 
40 62 7.36 
11 38 8:5 
0 130 32.8 
0 fi'~-''-.'_'~ 17 .044 

.005 .695 .185 
n .06 .020 

MEAN 

16.9 
1.8 
.54 

.006 

.568 

.125 
75.0 
264 
188 
95.8 
7.4 

52.7 
20.4 
21.4 
.026 
.121 
.015 
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TABLE VII-13 

COMPARISON OF NORTH AND SOUTH CONTROL STATIONS 

n'). 
ROSETON/DANSKAMMER POINT VICINITY 

PARAMETER North Control (CH-l) 
(all values in mg/1 (16 Samples) 

M7\V C:'T'T"'I • DEV. MEAN ·where appropriate) ~M~I~N~. ________ ~~~ ______ ~~~==~ ____ ~== MIN. 

TCOD 3 
TBOD 0 . 
TKN 0 
NH3-N 0 
N03-N .27 
TP .02 
TSS 1 
TS 
TDS 
TVS 
pH 
ALK 
S04 
C1 
PhI 
Zn 
Cr 

105 
75 
16 

6.9 
40 
12 

6 
o 

.006 
o 

23 
4 

.95 

.20 

.83 

.23 
. 145 

320 
275 
120 
7.8 

61 
30 
69 

.05 

.456 
.06 

5.83 
1.0 
2~61 

.0544 

.20 

.056 
463 
64.7 
55.8 
29.2 

.31 
7.46 
6.33 
17.5 
.019 
.105 
.018 

12.5 4 
1.6 0 

.448 .06 

.0188 0 

.539 .4 

.096 .02 
39.3 3 
193 115 
153 95 
57.7 12 
7.5 6.9 

52.6 39 
18.9 10 
16.8 4 
.015 0 
.080 0 
.015 0 

South Control (CH-6) 
(16 Samples) 

MAX. STD. DEV. 

130 30.2 
6 1.5 

1.6 .405 
.20 .060 
.84 .157 
.37 .078 

90 30.3 
735 159 
670 146 
134 35.5 
7.9 .36 

62 7.87 
50 H.O 

275 74 
.248 .062 
.• 875 .210 

.14 .036 

MEAN 

21.3 
1.6 

.538 

.031 

.575 

.105 
33.9 
228 
194 
62.4 
7.4 

52.8 
21.4 
39.2 
.028 
.096 
.018 



Parameter 
(all values in 

mg/1 where appropriate) 
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TBOD 
TKN 
NH3-N 
N03-N 
TP 
TSS 
TS 
TDS 
TVS 
pH 
ALK 
S04 
Cl 
PhI 
Zn 
Cr 

TABLE VII-14 

COMPARISON OF 1973 HUDSON RIVER WATER QUALITY 
BY MILE POINT 

MILE POINTS 
37-42 

May 2,73 to Dec.13,73 
All Depths (6 Samples) 

Mean (Min:"'Max) 

14.7 (4-34) 
2.0 (0-11) 
.765 (0-1. 7) 
.14 (0-.9) 
.71 (.12-1.69) 
.105 (.02-.44) 
37.4 (5-270) 
2,370 (110-7480) 
2,360 (95-7300) 
491 (25-1600) 
7.6 (7.1-7.9) 
54.9 (39-67) 
119 (5-415) 
959 (S-3S00) 
.0463 (0-.8) 
.0482 (0-.24S) 
.0208 (0-.19) 

MILE POINTS 
62-68 

May 29,73 to Jan.3,4 
All Depths (99 Samples) 

Mean (Min-Max) 

14.0 (3-130) 
1. 5 (0-6) 
• Sl (0-1. 7 3 ) 
.021 (0-.2) 
.538 (.19-.8~) 

.11 (.02-.81) 
35.3 (O-2l0) 
221 (100-735) 
185 (30-670) 
78.4 (2-540) 
7 • 5 ( 6. 9-7 • 9) 
52.7 (39-62) 
19.8 (lO-SO) 
24.3 (0-27S) 
.031 (0-.283) 
.072 (0-.875) 
.014 (0-.17) 

MILE POINTS 
77 

Jun.ll,73 to Nov.13,73 
All Depths (37Samples) 

Mean (Min-Max) 

26.2 (6-370) 
2.9 (0-9) 
.S61 (0-2.S5) 
.035 (0-.3) 
.349 (.03-1.98) 
.097 (0-.42) 
15.2 (1-175) 
235 (120-780) 
219 (115-745) 
74.7 (40-120) 
7.6 (6. 9-7. 9) 
56.0 (42-61) 
21. 2 (14-31) 
H.7 (5-18) 
.0325 (0-.).27) 
.0192 (0-.127) 
.0064 (0-.08) 

~. * Four samples with unusually high TSS deleted. 
= ~ 
~ .., 
~ 

MILE POINTS 
96 

May 16,73 to Dec3,73 
All Depths(32 Samples} 

Mean (Min-Max) 

l3.3 (4-44) 
2.1 (1-4) 
.564 (.16-1. 29) 
.050 (0-.2) 
.502 (.06-.69) 
.073 (.02-.16) 
20.3 (4-87) 
186 (125-310) 
166 (105-270) 
64.3 (37-160) 
7 • 5 ( 6. 9-7 • 9) 
S4.8 (50-66) 
20.0 (11-25) 
13.2 (7-21) 
.0072 (0-.045) 
.0463 (.01-.25) 
.0031 (0-. OS5) 
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(excluding those four with unusually high suspended solids) of values dis

cussed previously. The observed values correspond closely with expected 

Hudson River freshwater values, indicating that the major components of 

the river were similar in 1973 to previous years. 

The relatively low 1973 mean value for NH3-N may reflect a slight improve

ment in conditions or may be the result of analytical procedure changes. 

Some values, such as Ts, TDS, and el, are slightly higher than expected 

values because of the salinity intrusion from late summer to early fall 

in the Roseton/Danskammer Point area. 

Table VII-II also provides an indication of variabilities of the various 

parameters for the entire data record. Using the value of 1.0 for the 

coefficient of variance (standard deviation divided by mean) as a 

criterion of degree of variability, the following parameters are 

indicated as highly variable: 

Phenol 

Zn 

er 

Judging from the position of the mean with respect to the minimum and max

imum for these parameters, each is characterized by a frequently observed 

probability distribution with relatively many values between, or including, 

Quirk, Lawler ®"Matusky Engineers 
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zero and the mean and relatively few values greater than the mean. In the 

case of NH
3

-N and Cr, this is due in part to the mean values being close 

to the detection limits (about .02 and .01 for NH
3
-N and Cr, respectively). 

For any analytical procedure there is, by definition, a small but definite 

chance of having a positive result near the detection limit even when the 

actual value is below the detection limit, or even zero. If interfering 

substances are present, the problem will be compounded. Such occurrence 

will strongly bias reported mean values. In the case of CI, the variation 

is due to the physical phenomena associated with freshwater flow and 

salinity intrusion. In the case of NH
3

, the variation may be in response 

to temperature variations. 

Table VII-12 compares statistics for groupings of samples by depth of 

sample, where the depth ranges used are I to 2 feet (6 surface stations) I 

23 to 43 feet (4 bottom stations plus I mid-depth station), and 53 to 78 

feet (2 bottom stations). The means for each parameter were compared for 

pairs of depth groupings using the Student 1 s t-Test. 

Thus, at the 95% confidence level, the 23 to 43-foot samples were 

significantly higher than surface samples with respect to TCOD, TKN, TP, 

TSS, and TS. The 53 to 78-foot samples were significantly higher than 

surface samples with respect to TCOD, TSS, TS, and Zn. The 23 to 43-foot 

samples were significantly higher than those from 53 to 78-feet with 

respect to TKN. 

It should be noted that the summaries in Table VII-12 include the four bottom 

water samples with unusually high TSS values and often correspondingly high 

values of parameters such as TCOD, TP, TKN, TS, TVS, and N03-N. This may 
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explain most of the differences found to be significant. It must also be 

noted that the depth groupings create longitudinal groupings to some extent. 

Thus, while surface samples include all stations, the other depth groupings 

are biased: direct southward for the 23 to 43 foot grouping and north-

ward for the 53 to 78 foot grouping. 

Table VII-13 compares statistics for the North Control station (CH-I) to 

those for the South Control station (CH-6). Substantial differences in 

mean values exist for several parameters, but these differences are not 

statistically significant at the 95% conridence level based on the Student's 

t-Test. 

Of course, the simple statistical comparison of mean values for the entire 

year implies that the values for each sample grouping are statistical sam

ples from a defined statistical population. In reality, such statistical 

populations change statistical characteristics with time (Le.,· they are 

random processes) and the differences in mean values may reflect very real 

differences at certain times of the year. 

Table VII-14 presents yearly water quality statistics for several surveys 

at different mile points or ranges of mile points on the Hudson River in 

1973. Complete statistical descriptions, including correlation coefficients 

for parameter pairs within a given area are presented in Appendix VII-E. 

Figure VII-22 predicts the presence of the salt front at or above mile 

points 37 through 42 well over 50% of the time. The effect of the salt 

intrusion is readily seen in Table VII-14 for the parameters TS,TDS, TVS, 

S04' and Cl. 

Quirk~ Lawler ffifMatusky Engineers 
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The means for each parameter presented in Table VII-14 were compared for 

pairs of surveys using the Student's t-Test. Samples collected at Mile 

Points 37 to 42 were found to have higher mean values than those at Mile 

Points 62 to 68, at the 95% confidence level, for the parameters BOD, TKN, 

NH 3 , N0
3

,TS, TOS, TVS, Alkalinity, S04' and CI. All of these differences 

can be attributed to intrusion of salt and other contamina~ts upstream into 

the mile point 37 to 42 area. 

Figure VII-22 predicts the presence of the salt front at the mile point 

62 to 68 area 5 to 15% of the time, at or above mile point 77 for only 

1 or 2 weeks during the year, and never at mile point 96. The chloride concen

trations in Table VII-14 indicate that the salt front was not present dur-

ing sampling at either of the two upstream sample areas. The values 

therefore represent strictly freshwater conditions. 

The Student's t-Test was used to compare these areas in a sequential manner 

at the 95% confidence level; i.e., the mile point 62 to 68 area was compared 

to the mile point 96 area. The mean values at the mile point 62 to 68 

area were significantly higher than those at mile point 77 with respect to 

N03 and Zn, and they were significantly lower with respect to TBOO, TSS, 

and Alk. The mean values at mile point 77 were signigicantly higher than 

those at mile point 96 with respect to TDS, TVS, and phenols and signifi

cantly lower with respect to N03 and Zn. 

These comparisons indicate that the mile point 77 area was relatively low 

in Zn and N03 compared to upstream and downstream areas. 

The relatively high mean COD at mile point 77 is not statistically significant 

and is probably due to a single unusually high value. If this maximum 
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value is deleted, the mean COD is only 16.6 mg/l, very similar to the other 

mean values. The COD pattern suggested previously and illustrated in 

Figure VII-IS is not evident, but the pattern may be apparent only outside 

the limits of the several study areas (mile points 37 to 96). 

The pattern of the mean ammonia concentrations is very similar to that 

presented in Figure VII-14. The pattern was attributed to municipal pollu

tion from Albany upstream and New York City downstream, but Figures VII-30, 

VII-34 and VII-37 indicate that the pattern results from more complicated 

phenomena, since low ammonia values are recorded in the Roseton/Danskammer 

Point area during the general period of salt intrusion. Moreover, only the 

difference between mean values at mile points 31 to 42 ahd 62 to 68 was 

statistically significant at the 95% confidence level. 

The TSS values do not exhibit the pattern discussed previousiy and illus

trated as a consistent year-to-year pattern in Figure VII-17. In fact the 

mean TSS at mile point 77 was significantly lower than those for downstream 

areas. 

The mean Cr values have a rather distinct pattern, with values decreasing 

with distance upstream. If this is a real pattern, it may be related to the 

patterns for Cu and Pb illustrated in Figure VII-16. However, the mean values 

were not found to be significantly different between adjacent study areas 

at the 95% confidence level. 

The mean Cr value at miie points 37 to 42 was significantly higher than that 

at milepoint 96 at the 95% confidence level and was significantly higher 

than that at mile point 77 at just below the 95% confidence level. The mean 
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Cr value at mile points 62 to 68 was significantly higher than that at 

mile point 96, also. 

The tables presented in Appendix VII-D can also be used to investigate 

correlations between variables. Rather than dwell on each major category 

and group, the correlation matrices were reviewed for consistency of 

correlation coefficients between the several categories and groups. Pairs 

of parameters which were found to be correlated consistently are presented 

in Tables VII-IS through VII-17. 

Relatively high correlation coefficients were noted for parameter pairs 

during the one survey in which salinity intrusion was apparent (Table 

VII-IS). During such intrusion, CI, TDS, and S04 may all serve as 

tracers for the degree of mixing between freshwater and ocean water. 

The three parameters are closely correlated to each other, and other 

parameters are correlated similarly to each of the three. TDS has 

slightly higher correlation coefficients for most parameters than does CI, 

but the two are very similar, and both generally have higher correlation 

coefficients than does 804. 

The correlation coefficients indicate that, in addition to CI, TDS, and 

S04 the saline water had higher values for N0
3

, BOD, COD, TVS, and temp

erature and had a lower pH than fresh water, for the time period of the 

survey. The correlations for N03 may not be significant, since the range 

for N03 was only .04 mg/l, within the value allowing for experimental errors 

for sampling and analysis. The temperature correlation probably changes 

with season, leaving BOD, COD, and TVS as parameters which can be expected 

to be slightly higher in the saline portion of the Hudson than the fresh 

portion, with pH expected to be slightly lower in the saline portion. 
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PARAMETERS COEFF. 

Cl - TDS .980 
Cl - S04 .941 
Cl - N03 .542 
Cl - BOD .499 
Cl - COD .754 
Cl - T .613 
C1 - pH -.444 
Cl - TVS .706 

pH - T -.529 
BOD - T .572 

NOTE: Concentrations, in 

MIN. 

C1 47 
TDS ?10 

5°4 27 
N03 .37 
BOD 1 
COD 5 
T 7l.6 
pH 7.0 
TVS 56 

TABLE VII-IS 

CORRELATION COEFFICIENTS 
DURING SALT INTRUSION 

.OCTOBER 24, 1973 

ROSETON/DANSKAMMER POINT VICINITY 

CATEGORY 4 (TABLE VII-I0) 

PARAMETERS COEFFo PARAMETERS 

TDS - S04 .943 
TDS - N03 .559 
TDS - BOD .451 

SO - N03 4 
S04 Bob 

TDS - COD .792 S04 - COD 
TDS T .646 S04 - T 
TDS - pH -.510 S04 - pH 
TDS - TVS .771 S04 - TVS 

mg/l, were: 

MAX. MEAN 

275 120 
670 351 

50 33 
.41 .39 

3 2.4 
130 26 
73.4 72.2 
7.6 7.3 
134 94 

COEFF. 

.596 

.302 

.704 

.614 
-.386 

.641 
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PARAMETER PAIR 

C1 - TDS 
Cl - S04 
Cl - COD 
TDS - S04 
TDS - TVS 
T - pH 
T - Cl 
T - BOD 
TKN - TCOD 
TKN - TSS 
TP - TCOD 
TP - TSS 
TP - TKN 
TSS - TCOD 
S04 - pH 
TBOD - TCOD 

TABLE VII-16 

CORRELATION COEFFICIENTS 
CATEGO~Y 3 (Table VII-IO) 

ROSETON/DANSKAMMER POINT VICINITY 

COEFFICIENT COEFFICIENT 
(All Samples) (Four Samples with high 

.731 .737 

.789 .788 

.371 .577 

.626 .623 

.653 .711 

.458 .465· 

.357 .366 

.520 .556 

.641 .231 

.464 -.142 

.687 .145 

.707 .266 

.580 -.096 

.663 .202 
-.593 -.592 

.585 .274 

'f'SS De1ected) 
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TABLE VII -17 

CORRELATION COEFFIC!ENTS 
CATEGORY 2 (Table VII-10) 

PARAMETER STATION 
PAIR CH-l CH~2 CH-3 CH-4 CH-5 CH-6 

TDS-Cl .645 .453 .611 .764 .497 .977 
TDS-S04 .674 .449 .592 .612 .413 .864 
TDS-TVS ~714 .752 .742 .599 .847 .652 
Cl-S04 .692 .724 .759 .723 .832 .903 
T-BOD .386 .487 .596 .612· .627 .538 
S04-pH -.871 -.729 -.620 -.659 -.618 -.370 

NOTE: Concentrations, in mg/l, were: 

MIN. MAX. MEAN 

Cl 0 275 25.1 
TDS 30 670 189 

~~ 
10 50 19.8 

2 570 83.4 
BOD 0 9 1.7 
T 46.4 73.4 63.5 
pH 6.9 7.9 7.5 
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Table VII-16 indicates relatively high correlation coefficients for para

meter pairs based on the entire data record for the monthly water quality 

program. Coefficients are presented before and after deletion of the four 

samples with unusually high suspended solids. Based on the change in cor

relation coefficients caused by deletion of these four samples, it can be 

concluded that the sediments are relatively high in COD, BOD, TP and 

TKN compared to the dissolved fraction of the river. A similar conclusion 

could be made for N0
3

, (not shown in Table IV-16), however, the accuracy 

of the colorimetric analytical test is hindered by the presence of suspended 

solids. 

It can be generally expected that variations due mainly to salt intrusion 

will create weaker correlations with the total data record than with select

ed data records which emphasize salt intrusion. This is because a larger 

fraction of total variance for each parameter will be due to other effects. 

'rhus correlations between Cl, TDS, and S04 are significantly weaker than 

they were for the data during the salt intrusion of October 24, 1973 (see 

Table VII-IS). The correlations between Cl or TDS and T, COD, BOD, TVS, 

and pH are also weaker, but generally have the same sign as for the data 

during salt intrusion. 

The pH-T and BOD-T correlations are only slightly weaker and may reflect 

the effects of other factors. In particular, temperature variation coin

cides with variations in biological activity and freshwater flow, both of 

which can affect physical and chemical parameters of water quality. However, 

the pH-T and BOD-T correlations do not account for the major portions 

of variations of the parameters. 
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The pH-S04 correlation is significantly stronger than for the data during 

salt intrusion. This correlation is also seen in Table VII-17 which presents 

correlation coefficients for each sampling station. 

The pH-S04 correlations is significantly stronger at the stations least 

affected by the salt intrusion. Thus, it appears that pH is controlled to. 

a significant degree by the sulfate concentration within the freshwater 

portion of the Hudson River near Roseton/Danskammer Point. 

The other parameter pairs in Table VII-17 reflect salt intrusion (TDS-Cl, 

TDS-S04 , TDS-TVS, CI-S04) or the BOD-T correlation noted above. 

(d) Analysis of Variance. To test possible differences between 

sampling locations, depths, and dates, several analysis of variance (ANOVA) 

routines were utilized. The four samples with relatively high suspended 

solids were included for these analyses. The ANOVA methods were applied 

as described by Sokal and Rohlf (1969). 

Table VII-IS summarizes the sample groupings and ANOVA techniques used. 

The ANOVA routine results were converted into F ratios and tested for sig

nificance at the .05 significance levels by reference to F-distribution 

tables according to procedures outlined by Simpson et al. (1960). 

Tables VII-19 and VI-20 summarize the treatments and interactions found 

to be significant. 

When significant differences as main effects were found between stations, 

a Student-Newman-Keuls (SNK) test (Sakal and Rohlf, 1969) or a Least 

Significant Difference (LSD) test (Snedecor and Cochran, 1967) was per-

formed to establish homogeneous subsets. Since the only depth distinction 
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ANOVA 
SET 

1 

2 

ANOVA 

* 

3-way 

2-way 

TABLE VII -18 

ANALYSIS OF VARIANCE 
1973 ROSETON/DANSKAMMER POINT 

WATER QUALITY INVESTIGATIONS 

ROSETON/DANSKAMMER POINT VICINITY 

STATIONS 

CH-l through 
CH-6 

CH-l through 
CH-6 

DEPTHS 

** 

S 

and 
B 

No 
Depth 

Distinction 

DATES 

5/29/73 
through 
1/3/74 

5/29/73 
through 
1/3/74 

PARAMETERS 

TDS, Cl, S04' TCOD, pH, 
TVS, TS, TSS, TBOD, TKN, 
PhI, Alk, NH3-N, TP, Cr, 
Zn, N03-N, T, DO 

same as above 

* 2-way and 3-way ANOVA performed according to Simpson et al (1960) 

** All bottom samples treated as the same depth despite actual values of 
approximately 25, 45, 60, or 80 feet for sample depths. 
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TABLEc VII-19 

RESULTS OF ANOVASET 1 

ROSETON/DANSKAMMER POINT VICINITY 

PARAMETER TREATMENT INTERACTION 
DEPTH STATION DATE DEPTH X DEPTH X STATION X 

STATION DATE DATE 

TDS X X 
CI X X X 
S04 X X X 
TCOD X 
TVS X 
TS X X 
TSS X 
TBOD X X X 
TKN X X 
PhI X X 
Alk X X 
NHrN X 
TP X 
Cr 
Zn 
NOrN X X X 
pH X X X 
T X X X 
00 X X X 

Note: X = Significant at less than .05 significance level. 

Quirk, Lawler tW'Matusky Engineers 



TABLE: VII-·20 

RESULTS OF ANOVA SET 2 

ROSETON/DANSKAMMER POI-NT VICINITY 

PARAMETER TREATMENT 
STATION DATE 

TBS X 
pH X 
TDS X 
CI X 

S04 X 

N03-N X X 
TCOD X 
T X 
TS X 
TSS X 
TBOD X 
DO X 
TKN X 
PhI X 
Alk X 
NH -N 
Tp3 

X 

Cr X 
Zn 

NOTE: X = significant at less than .05 significance level. 
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was surface vs. bottom when significant differences as main effects were 

found between depths, the homogeneous subsets were simply composed of 

surface samples and bottom samples. 

For interpreting these ANOVA results; the first step was to analyze which 

parameters had main effects or interactions involving each of the two or 

three factors (depth, station, date). According ~o Simpson et al. (1960), 

when an interaction between two factors in a 3-way ANOVA is significant, 

there is generally as much variation from level to level of the first factor, 

at a fixed second factor level, as there is from level to level of the 

second factor at a fixed first factor level. Thus, for example, station 

differences may be significant if a main effect is indicated or if an inter-

action involving stations is indicated. 

Station differences were found to be significant for pH, DO, TDS, Cl, 504' 

BOD, phenol, alkalinity, N03' and temperature (Table VII-19). There were 

no main station effects, and, except for alkalinity and N03, the differences 

were attributable to a combination 6f station and data. In addition, all 

of the above parameters except 00, phenol, and alkalinity are associated 

with salt intrusion.. Thus~ it may be concluded that most of these station 

{ differences are attributable to the gradient in degree of intr.usion during 
" 
i. the one or possibly two sampling dates when salt intrusion was measured. 

Although it is not possible to establish homogeneous subsets for samples 

exhibiting only interaction effects, it is useful to analyze mean 

values by station in aqualitative manner. For example, station means 

for phenol indicate that CH-l, CH~2, and CH-3 had relatively low phenol 

values, that CH-4 and CH-5had relatively high values, and that CH-6 had 
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an intermediate mean value. This suggests that phenols may be introduced 

into the Hudson from Wappinger Creek during certain times of year. 

N03 and TSS exhibited significant station effects (Table VII-20). The TSS 

station effect is simply a reflection of the depth effect which was not 

tested in the 2-way ANOVA. Table VII-22 verifies that the bottom samples 

created the station differences in TSS. No obvious patterns are exhibited 

by the overlapping homogeneous subsets for N03 given in Table VII-22. 

Depth differences were important for pH, CI I TSS, TP, S04' TS, TBOD, TKN, 

Alk, DO, COD, TS, N03 , and T (Table VII-2l). Main effects were evident for 

most of the parameters associated with the sediment fraction of the river 

in previous discussions, namely TCOD, TSS, TBOD, TS, and TP. The effects 

were most likely the result of the four bottom samples with unusually high 

TSS. A main effect was evident for DO, which was slightly lower in bottom 

samples than in surface samples, but the difference between surface and 

bottom means was only 0.4 mg/l. The depth effects for most other parameters 

were probably attributable to vertical.stratification during sait intrusion 

(pH, el, s04' N03) or to the four samples with unusually high TSS (TKN). 

Judginq from the low variations involved, the depth effect for alkalinity 

probably has no particular significance. 

Date differences were eXhibited for all parameters except TCOD, TSS, TP, 

Cr, and Zn (Table VII-21),ANOVA Set I and for all parameters except TSS, 

TP, and Zn (Table VII-20). The variance created by the four bottom samples 

with high suspended solids probably overwhelmed other variance components 

for TSS, TCOD, and TP. The Zn and Cr variances have no obvious cause or 

pattern. 
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TABLE VII-21 

RESULTS OF ANOVA SET 1: 
HOMOGENEOUS SUBSETS FOR DEPTH DIFFERENCE 

ROSETON/DANSKAMMER POINT VICINITY 

PARAMETER SURFACE, BOTTOM, RANK 
MEAN MEAN 

TCOD 10.9 22.31 B>S 

TS 200 274 B>S 

TSS 20.7 68.7 B>S 

TBOD 1.5 1.8 B>S 

TP .098 .169 B>S 

00 8.24 7.81 B>S 
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TABLE VII - 22 

RESULTS OF ANOVA SET 2: 
HOMOGENEOUS SUBSETS FOR STATION DIFFERENCES 

ROSETON/DANSKAMMER POINT VICINITY 

1. N03-N by Least Significant Difference, a .05 

Rank 1 2 3 4 5 6 7 8 
Mean .473 .478 .483 .485 .533 .535 .538 .542 
Station CH-5(S) CH-2(B) CH-3 (S) CH-l(S) CH-5 (B) CH-4(M) CH-4 (M) CH-6(S) 

CH-4(S) 

9 10 11, 
.547 .558 .582 

CH-l(B) CH-3(B) CH-6(B 
CH-4(B) 

2. TSS by Student-Newman-Keuls, a .05 

1 2 3 4 5 6 7 8 9 10 11 12 13 
12.7 17.8 20.1 23.8 24.6 24.8 29.1 29.7 38.4 56.1 93.1 107 142 

CH~4(~) 'CH-5(S) CH-l(S) CH-3(S) CH-4(M) CH-2(S) CH-6(S) CH-5(B) CH-6(B) CH-l(B) CH-4(B) CH-3(B) CH-2(B) 
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VII-38 

5. Sediment Characteristics 

The sediment analysis data for the eight transects a:re presented in Tables 

VII-23 through VII-30. Each table presents data for each transect on the 

basis of percents sand, silt and clay for soil classification of inorganic 

particules,and data on the basis of percents organic, stones, sand, silt 

and clay in total sediment. The size boundaries for classification were 

0.074 rom for sand/silt and 0.002 rom for silt/clay. 

The North Control (NC) transect data (Table VII-23) show a higher percent 

organic matter as well. as a greater percentage of sand on the west side of 

the river, especially at the 10-foot depth. The high silt at the 10-foot 

depth on the east side may be due to the effects of a point of land which 

juts out into the river just downstream at New Hamburg; this would lower 

river velocities and increase the settling of finer silt particles, while 

the high velocities on the·unobstructed west side could account for the 

lower percentage there of silt and higher percentage of sand. 

The duplicate samples at 30-foot depths on each side of the transect indicate 

similar distributions for pairs of samples, but they also indicate a reason

ably high degree of variation. This variation can be attributed to varia

tions in the sediment itself rather than to analytical techniques. 

The Wappinger Creek transect (Table VII-24) had east stations only. The 

shallow depth samples (IO-foot and 20-foot) show a higher silt and lower 

sand content than the deep water (30, 40, and 50-foot) samples. This is 

most likely due to the combination of the deposition of material from 

Wappinger Creek in the wide shallow area and the lower velocities just 

downstream of the point, at New Hamburg, as compared to the higher velocities 

QUirk9 Lawler i'&f Matusky Engineers 



Sample Location 

2A East 
3A II 

4A " 
2C " 
5A II 

1A Middle 
24A West 

5C It 

23A " 
3C " 

Sample Location 

2A East 
3A . " 
4A " 
2C " 
SA " 
lA Middle 

24A West 
5C " 

23A " 
3C II 

Transect Means 
Standard Deviation 

TABLE VII-23 

SEDIMENT CHARACTERIZATION 
TRANSECT: NORTH CONTROL 

ROSETON/DANSKAMMER POINT VICINITY 

Depth (ft. ) % Sand % Silt % Clay Classification 

10 29 63 8 Silty Loam 
20 32 58 10 " " 
30 23 67 10 ~, " 
30 38 54 8 " " 
40 23 69 8 " " 
50 34 57 9 " " 
40 50 40 10 Sandy Loam 
30 44 46 10 Loam 
30 31 65 4 Silty Loam 
10 65 30 5 Sandy Loam 

Depth (ft. ) % Organic % Stones % Sand % Silt % Clay 

10 7 0 27 58 8 
20 7 0 30 54 9 
30 6 0 22 63 9 
30 5 0 36 51 8 
40 7 0 21 64 8 
50 10 0 31 51 8 
40 7 0 47 37 9 
30 15 0 37 39 9 
30 il 0 27 58 4 
10 19 0 53 24 4 

+4 
0 33 50 8 

+10 +13 +2 
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sample Location Depth 

13A East 10 
14A East 20 
15A East 30 
16A East 40 
17A EAst 50 

Transect Means 
Standard Deviations 

Sample Location Depth 

13A East 10 
14A East 20 
15A East 30 
16A East 40 
17A East 50 

TABLE VII-24 
SEDIMENT CHARACTERIZATION 

TRANSECT: WAPPINGER CREEK 

ROSETON/DANSKAMMER POINT VICINITY 

(ft. ) % Organic % Stones % . Sand 

12 0 40 
5 5 45 
7 .16 61 
7 0 69 
5 0 80 

7 4 59 
+3 +9 +17 

% Silt % Clay 

42 6 
38 7 
12 4 
17 7 
12 3 

24 6 
+15 +2 

(ft. ) % Sand % Silt % Clay Classification 

45 48 7 Sandy Loam 
52 40 8 Sandy Loam 
83 13 4 Loamy Sand 
74 18 8 Sandy Loam 
84 13 3 Loamy Sand 
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Sample Location Depth 

19A West 50 
18A West 40 
22A West 30 
2lA West 20 
20A West 10 

Sam121e Location DeEth 

19A West 50 
18A West 40 
22A West 30 
21A West 20 
20A West 10 

Transect Means: 
Standard Deviations: 

TABLE VII - 2 5 

SEDIMENT CHARACTERIZATION 
TRANSECT: DANSKAMMER COVE 

ROSETON/DANSKAMMER POINT VICINITY 

(ft. ) % Sand % Silt % Clay Classification 

66 25 9 Sandy Loam 
48 39 13 Loam 
51 38 11 Sandy Loam 
33 51 16 Silty Loam 
34 50 16 Silty Loam 

(i"t. ) % Organic % Stones % Sand % Silt % 

8 0 61 23 
13 0 42 34 
14 0 44 33 

9 0 30 46 
9 0 31 45 

11 0 41 36 
+3 +13 +10 

CIa:¥: 

8 
11 

9 
15 
15 

12 
+3 
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Sample # Location Depth 

31A East 10 
32A East 20 
33A East 30 
34A East 40 
29A West 40 
28A West 30 
17C West 30 
27A West 20 
16C West 10 
35A West 10 
26A West 10 

Sample # Location Depth 

31A East 10 
32A East 20 
33A East 30 
34A East 40 
29A West 40 
28A West 30 
17C West 30 
27A West 20 
16C West 10 
35A West 10 
26A West 10 

Transect Means: 
Standard Deviations: 

TABLE VII-26 

SEDIMENT CHARACTERIZATION 
TRANSECT: DANS KAMMER DISCHARGE 

ROSETON/DANSKAMMER POINT VICINITY 

(ft. ) % Sand % Silt % Clay Classification 

34 59 7 Silty Loam 
66 26 8 Sa.l:0.y Loam 
50 48 2 " " 
54 40 6 " " 
50 46 4 " " 
47 40 13 Loam 
57 36 7 Sandy Loam 
54 36 10 " " 
60 33 7 " " 
51 37 12 " " 
44 43 13 Loam 

(ft. ) % Organic % Stones % Sand % Silt % 

8 0 31 54 
4 0 63 25 
5 0 46 47 
4 0 52 38 
8 0 46 42 
9 0 43 36 
7 0 53 33 

12 0 47 32 
10 0 54 30 

8 0 47 34 
8 0 40 40 

8 0 47 37 
+2 +8 +8 

Clay 

7 
8 
2 
6 
4 

12 
7 
9 
6 

11-
12 

8 
+3 
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Sample LOcation Depth (ft. ) 

6A East 10 
7A East 20 

30A East 30 
9A East 40 

lOA Middle 50 
25A West 40 
l2C West 30 
12A West 30 
llC West 20 
llA West 20 
10C West 10 

8A West 10 

Sample Location Depth (ft. ) 

6A East 10 
7A East 20 

30A East 30 
9A Ea$t 40 

lOA Middle 50 
25A West 40 
12C West 30 
12A West 30 
HC West 20 
llA West 20 
10C West 10 

8A West 10 

Transect Means 
Standard Deviations: 

TABLE VII-27 

SEDIMENT CHARACTERIZATION 
TRANSECT: MAXIMUM /).T 

ROSETON/DANSKAMMER POINT VICINITY 

% Sand % Silt % Clay Classification 

22 62 16 Silty Loam 
45 51 4 n n 

78 13 9 Sandy Loam 
45 51 4 Silty Loam 
53 42 5 Sandy Loam 
52 38 10 n n 

53 38 9 n II 

37 54 9 Silty Loam 
39 56 5 " " 
49 45 6 Sandy Loam 
48 41 11 . Loam 
62 31 7 Sandy Loam 

% Organic % Stones % Sand % Silt % 

8 0 20 57 
4 0 43 49 
2 47 29 13 
5 0 43· 48 
4 0 51 40 
8 0 48 35 

15 0 45 32 
8 0 34 50 
8 0 36 51 
9 0 45 41 

10 0 43 37 
5 0 59 29 

8 0 42 43 
+3 +10 +9 

Clay 

15 
4 
9 
4 
5 
9 
8 
8 
5 
5 

10 
7 

7 
+3 
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Sample Location Depth 

4B East 10 
5B East 20 
6B East 30 
7B East 40 
8B Middle 50 
9B West 40 

15C West 30 
14C West 20 
l3C West 10 

Sample Location Depth 

4B .East 10 
5B East 20 
6B East 30 
7B East 40 
8B Middle 50 
9B West '40 

15C West 30 
14C West 20 
13C West 10 

Transect Means 
Standard Deviation 

TABLE VII-28 

SEDIMENT CHARACTERIZATION 
TRANSECT: 7St.T 

ROSETON/DANSKAMMER POINT VICINITY 

(ft. ) % Sand % Silt % Clay Clas::;ificaticin 

42 50 8 Loam 
64 33 3 Sandy Loam 
55 41 4 " 
58 37 5 
52 41 7 
54 40 6 
58 35 7 
56 36 8 
57 36 7 " 

(ft. ) % Organic % Stones % Sand % Silt % 

7 0 39 47 
8 24 36 29 

13 0 46 36 
12 0 51 33 
19 0 42 33 
15 0 46 34 
19 0 47 28 
is 0 48 30 
16 '0 48 30 

14 3 45 33 
+ 4 + 8 + 4 + 5 + - - - - -

Clay 

7 
3 
3 
4 
6 
5 
6 
7 
6 

5 
1 
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Sample Location 

lOB East 
lIB East 
12B East 
l3B East 
14B Middle 
15B West 
16B West 
17B West 

18B West 

Sample - Location 

lOB East 
llB East 
12B East 
13B East 
14B Middle 
15B West 
16B West 
17B West 
laB West 

Transect Means: 
Standard Deviations: 

TABLE VII-29 

SEDIMENT CHARACTERIZATION 
TRANSECT: INTERMEDIATE 

ROSE TON/DANS KAMMER POINT VICINITY 

Depth (ft. ) % Sand % Silt % Clay Classification 

10 37 60 3 Silty Loam 
20 47 50 3 " " 
30 54 43 3 Sandy Loam 
40 41 53 6 Silty Loam 
50 48 47 5 Sanc..j Loam 
40 54 40 6 " 1\ 

30 58 37 5 " 1\ 

20 63 32 5 II " 
10 53 43 4 " " 

Depth (ft. ) % Organic % Stones % Sands % Silt % Clay 

10 5 0 35 57 3 
20 5 1 43 48 3 
30 4 0 52 41 3 
40 9 0 38 48 5 
50 6 0 45 44 5 
40 9 0 49 38 5 
30 8 0 53 34 5 
20 9 4 54 29 4 
10 14 12 34 36 4 

8· 2 45 41 4 
+3 +4 +8 +9 +1 
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in the deeper section of the river, allowing deposition to occur in the 

lee of the point. 

The Danskammer Cove transect (Table VII-25) shows a trend similar to the 

Wappinger Creek transect, in that the percentage of silt is higher in the 

shallow (10 foot and 20 foot) areas and percentage of sand increases at 

the deeper (30, 40 and 50 foot), higher velocity station0' The cove is 

another example of a shallow, low velocity area which tends to accumulate 

silt due to increased settling. This transect has a relatively high 

percentage of clay in the shallow zone. 

The Danskammer discharge transect (Table VII-26) data also show an increase 

in percentage of clay on the west side of the river, particularly in the 

shallow zone (10 foot depth). The variations of percent sand and silt on 

this transect do not show any lateral trend or any trend with depth. 

The Max /),T transect (Table VII-27) again shows the high silt in the 

shallow east zone, and increases in sand at the deeper stations. 

The 75 /),T transect (Table VII-28) also shows a higher silt content in the 

shallow eastern zone,with sand generally increasing to the west. This 

transect is located at the upstream end of a wide shallow zone on the 

eastern side of the river which extends south past the South Control transect. 

The 75 /),T transect has a higher organic content across the transect (mean= 

14%) than ariy other transect •. 

Table VII-29 shows that the Intermediate transect has a lateral increase 

of silt from west to east, with the shallow eastern station being the 

highest. This transect is in a section of river that has shallow water 

on the eastern third of the cross section. 
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The high sand content of the western stations of the South Control transect 

(Table VII-3D) shows the effect of the channel on the west side of the river, 

by comparison to the high silt content of the shallow eastern stations. The 

western 40 foot sample has the highest organic content of any sample, and 

the eastern 20 foot samp~e had the highest organic content of any eastern 

station. 

Table VII-31 summarizes the means by transect and Table VII-32 summarizes 

the means by depth of station. These two tables indicate that: 

1. at all depths and at all transects western sediments are 

generally higher in organic content and usually lower in 

silt content than eastern sediments; 

2. sand, silt, and clay fractions are similar for all depths for 

total samples; there is little difference between eastern and 

western sediments attributable to depth of station, except at 

the 10 foot depths where eastern sediments are comparatively 

high in silt and low in sand content; 

3. there are more east/west differences attributable to transect 

than to depth; on a total station basis there is an apparent 

difference between transects; 

4. North Control and South Control transects have the most extreme 

differences in sediment composition. North Control transect 

sediments are relatively high in silt and clay content and 

relatively low in sand and organic content (except western 

stations, which were high in organic content). South Control 
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Sam~le Location De12th 

1B East 10 
2B East 20 
3B West 40 
7C West 20 
6C West 10 

Sample Location Depth 

1B East 10 
2B East 20 
3B West 40 
7C West 2() 
6C West 10 

Transect Means: 
Standard Deviations: 

'-

TABLE VII-30 

SEDIMENT CHARACTERIZATION 
TRANSECT: SOUTH CONTROL 

ROSETON/DANSKAMMER POINT VICINITY 

(ft. ) % Sand % Silt % Clay Classification 

53 43 4 Sandy L.oam 
49 46 5 " " 
51 42 7 " " 
58 38 4 " " 
79 16 5 Loamy Sand 

(ft. ) % Organic % Stones % Sand % Silt % Clay 

7 1 48 40 4 
13 0 43 40 4 
27 0 37 31 5 

9 0 53 34 4 
6 0 74 15 5 

13 0 51 32 4 
+9 +14 +10 +1 
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TABLE VII-31 

SEDIMENT CHARACTERIZATION SUMMARY: ALL DEPTHS 
ROSETON/DANSKAMMER POINT VICINITY 

TRANSECT NO o 

NORTH CONTROL SAMPLES % ORGANIC % STONES % SAND ~ SILT % CLAY 

East 5 6 0 27 58 8 
West 4 13 0 41 40 6 
Total 10 9 0 33 50 8 

WAPPINGER 
Wap. Creek East 5 .7 4 59 24 5 
Danskanuner Cove 5 11 0 42 36 12 

(West) 
Total 10 9 2 50 40 8 

DANS KAMMER DISCHARGE 
East 4 5 0 48 41 6 
West 7 9 0 47 35 9 
Total 11 8 0 47 37 8 

Max. t.T 
Max 0 b.T East 3 6 0 35 51 8 
Max. b.T West 7 9 0 44 39 7 
Max. b.T Total 11 8 0 42 43 7 
75 AT 

75 b.T East 4 10 6 43 36 4 
75 b.T West 4 16 0 47 30 6 
75 b.T Total 9 14 3 45 33 5 

INTERMEDIATE 
East 4 6 0 42 48 4 
West 4 10 4 48 34 4 
Total 9 8 2 45 42 4 

SOUTH CONTROL 
East 2 10 0 46 40 4 
West 3 14 0 55 27 5 
Total 5 12 0 51 32 4 

All Stations 65 9 1 44 39 7 



TABLE VII-32 

SEDIMENT CHARACTERIZATION SUMMARY: ALL STATIONS 

ROSETON/DANSKAMMER POINT VICINITY 

DEPTH NO. 
(feet) LOCATION SAMPLES % ORGANIC % STONES % SAND % SILT % CLAY 

10 East 7 8 0 34 51 7 
West 10 10 1 48 32 8 
Total 17 9 1 43 40 8 

20 East 7 7 4 43 40 5 
West 7 10 1 45 38 7 
Total 14 8 2 44 39 6 

30 East 6 7 3 44 42 5 
Wes.t 9 12 0 43 38 8 
Total 15 10 1 43 40 6 

40 East 6 7 0 46 41 6 
West 7 12 0 45 36 7 

Total 13 10 b 45 38 6 

50 Total 6 9 0 52 34 6 

All East 26 7 2 42 44 6 

All West 33 11 0 45 36 7 

All Total 65 9 1 44 39 7 
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transect stations were relatively low in silt and clay content 

and hiqh in sand and organic content. 

5. The relatively high organic content of western sediments may 

be correlated with relatively large particle size s, since these 

sediments are generally higher in sand and lower in silt con

tent than eastern sediments. 

Table VII-33 summarizes sediment composition for seven separate areas of 

the Hudson River studied in 1973, including the Roseton/Danskarmller' Point 

area. There is a general increase in organic content from Kingston (mile 

point 96) to Hastings (mile point 22). The Roseton/Danskammer Point sedi

ments fall into this pattern. Sand, silt, and clay content may be controlled 

more by local conditions than by river mile point. The North Control Transect 

means are very similar to means for all Hudson River samples. 

The chemical analysis results are presented in Table VII-34 and are shown 

graphically in Figures VII-41 through 44. All of the detailed chemical 

data was obtained from western stations. The general trend appears to be 

that the South Control transect is lowest in concentration of most parameters, 

with the North control and the other transects being similiar. Also, for 

all parameters analyzed, the deeper stations have higher concentrations 

than the shallow lO-foot stations. 
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TABLE VII -3:3 

HUDSON RIVER SEDIMENT CHARACTERIZATION 

ROSETON/DANSKAMMER POINT VICINITY 

MILE NO. % % % % % 

LOCATION POINT SAMPLES ORGANIC STONES SAND SILT CLAY 

Kingston 96 20 7 1 41 49 2 

Poughkeepsie 75 48 9 1 18 67 5 

Danskammerj 65 65 9 1 44 ~9 7 
Point Roseton 

Lovett 40 11 11 4 34 45 6 

Bowline 37 24 11 0 27 58 4 

Nyack 28 2 13 0 40 40 7 

Hastings-on- 22 2 15 2 48 29 6 
Hudson 

Mean 10 1 32 51 6 

North Control 9 0 33 50 8. 
Transect at Rose-
tonjDanskammer 
Point 
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TRANSECT 

New 
New 
New 
DANSK DISCH 
DANSK DISCH 
MAX 6.T WEST 
MAX l>T WEST 
MAX l>T WEST 
75 l>T WEST 
75 l>T West 
75 l>T WEST 
SCW 
sew 
sew 
NCE 
SCE 
MAX 6.T EAST 

NOTE: <DoLo 

DEPTH 
(FT.) 

10 
20 
30 
10 
30 
10 
20 
30 
10 
20 
30 
10 
20 
30 
30 
30 
30 

MOISTURE 
CONTENT 
(percent of 
wet wto) 

40.17 
56.62 
50.42 
47.32 
56.50 
38.02 
50.07 
51.65 
50.62 
57.72 
57.58 
25.l!4 
52.46 
40.21 

less than detection limit. 

TVS 
(percent of 
wet wt.) 

2.85 
8.93 
4.01 
3.17 
3.67 
6.81 
3.54 
3.83 
3.06 
2.97 
3.22 
2064 
2.50 

TABLE VII-34 

SEDIMENT CHEMICAL ANALYSIS 

ROSE TON/DANS KAMMER POINT VICINITY 

COD 
mg/100g 
DRY WT. 

680.9 
8946 
7473 
8648 
8872 
4000 

13032 
12584 

9194 
5742 
9258 
4857 
8092 
8204 

TP 
mg/100g 
DRY WT. 

55.8 
111.5 
85.1 
69.3 

114.8 
54.1 
96.1 
86.1 
84.7 

112.3 
112.4 
49.8 
40.0 
47.5 

TKN 
mg/100g 
DRY WT. 

153.9 
234.9 
245 00 
239.4 
267.8 
113.6 
260.8 
290.9 
243.6 
231.3 
180.1 

94.9 
227.8 
130.1 

Cd 
mg/100g 
DRY WT. 

0.23 
0.28 

<D.L. 
0.37 
0.44 

<D.L. 
2.72 
1. 32 
2.13 
2.38 
2.46 

<D.L. 
<DoL. 
<DoL. 

Cu 
mg/100g 
DRY WT. 

7022 
10.30 
10.20 

5.09 
3.21 

<D.L. 
7.80 

10.33 
8.40 
7.44 
6.27 
3.45 

<O.L. 
1.66 

Pb 
mg/100g 
DRY WT. 

2.45 
7.53 
9.09 
1.33 

<D.L. 
7.76 
8.80 

11.01 
8.63 

11.27 
14.01 

7006 
<D •. L. 
<D.L. 

Zn 
mg/100g 
DRY WT. 

16.61 
24.78 
22.52 
11.16 
14.37 
8.99 

39.41 
24.34 
30.30 
25.34 
25.06 
11.45 
0.27' 
0.89 

SOLUI 
C1 

mg/l 

45 

238 

442 
57 

188 
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D. CONCLUSIONS 

The objectives of water quality investigations conducted in the Roseton/ 

Danskammer Point vicinity were to define temporal and spatial patterns in 

major water quality parameters in the study area in 1973, to compare these 

patterns with those found in previous years, to compare the~e patterns with 

those for other areas of the Hudson River in 1973, and to provide support for 

concurrent ecoiogical studies. Samples or field measurements were taken. 

monthly at six stations at specified depths; a total of thirteen samples 

were collected monthly. Additional field measurements for dissolved oxygen, 

specific conductivity, and temperature were taken approximately weekly to 

support various fish, benthos, and plankton studies. The results of these 

investigations indicate the following: 

1. On the basis of NYSDEC and EPA· studies conducted on the Hudson 

River between 1967 and 1973, there appear to be at least four 

patterns of yearly mean· concentration for water quality parameters. 

These are: 

(a) concentrations not affected by location (N03' Fe, Mn, Hg). 

(b) concentration iricreaseswith proximity to New York City 

(Ca, K, Na, Mg~ CI, S04, TDS; i.e., parameters indicating 

degree of salt.intrusionJ. 

(c) conceritration increases with increasing proximity to Albany 

and, especially, to New York City (C02 , F, MBAS, orthophosphate, 

total phosphorus, NH
3

, N0
2

, TKN, COD; i.e., generally, parameters 

which reflect municipal pollution). 

(d) concentrations reaching a maximum or minimum at a point between 

New York City and Albany (Cu and Pb, maximum at about mile point 
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25; suspended solids, maximum between mile points 70 and 

80; Si, minimum between mile points 70 and 100). 

VII-43 

2. The water quality in the study area (mile points 62 to 68) iri 1973 

was very similar to that expected from review of previous studies. 

Except for relatively low BOD and relatively high suspended solids 

values, the water quality of the study area in 1973 was not signi

ficantly different from that at both mile points 77 and 96. Several 

other parameters were relatively high or low compared to one or the 

other study area, but not both areas. 

NH3 was the only parameter measured which was significantly different 

in 1973 than in previous years. The values were approximately an 

order of magnitude less than previous values (0.02 mg/l vs. 0.2 mg/l). 

Phenol was apparently higher than in previous years (0.03 mg/l vs. 

0.01 mg/l) but values for phenol were highly variable, and insufficient 

data are available from previous studies to make definitive statements. 

Phenol was the only measured parameter with a mean value exceeding 

existing or proposed water quality standards or criteria; in particular 

the mean value of 0.03 mg/1 exceeds the standard of 0.001 mg/l 

established for drinking water. 

3. The major cause of variation in water quality in 1973 was salt 

intrusion. Based on freshwater flow at Green Island and on CI and 

specific conductivity data at various points in the river ih 1973, 

it is estimated that significant salt intrusion occurred approx

imately 10 to 15% of the time at mile point 62 and approximately 

5% of the time at mile point 68. This intrusion, which occurred 
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mainly during October, was measured during a survey on October 24, ~973 

in the study area and caused obvious peaks in concentrations of 

Cl, TDS, S04' TS, total hardness and possibly TVS. 

4. Relatively minor increases in CI, S04' TDS, and alkalinity were 

attributable to decreased flow from May through September. 

5. The slight increase in pH from June'through October may have 

reflected increased algal activity during this period. 

6. Temperature and dissolved oxygen values exhibited expected annual 

patterns, with dissolved oxygen decreases reflecting temperature 

increases. On a monthly average basis percent saturation values 

varied from about 50 to 70% in the July through October 

period to about 80 to 90% during remaining periods. The 

ammonia pattern was similar to that for dissolved oxygen and was 

probably due to similar causes, i.e., the increased rate of 

oxidative processes in response to. increased temperature. 

7. Silica values decreased from January to August and remained low 

until early December, when the values .:gain rose. This pattern 

also coincided with the freshwater flow pattern. 
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9. Several parameters were highly variable, namely NH3' TSS, Cl, 

phenol, Zn, and Cr. NH3 and Cl variations were relatively 

smooth in response to natural hydrodynamic and biochemical 

phenomena. TSS, Zn and Cr had relatively low values during 

the September to November period followed by relatively high 

values, but generally it appeared to vary randomly. Phenol values 

varied within the study area in a manner suggesting a possible 

input from Wappinger Creek. 

10. The mile point 37-42 area was relatively higher than all other 

1973 study areas with respect to TKN, NH3 and N03. Cr values 

decreased with increasing distance upstream. NH3 values were 

lowest at the study area and higher both upstream and downstream. 

Concentrations in the mile point 37-42 area were much higher than in 

other 1973 study areas with respect to components reflecting 

salt intrusion directly, e.g., TS, TDS, TVS, S04, and CL 

11. Statistical correlations indicated that during salt intrusion 

there were increases in BOD, COb, temperature, and TVS, and a 

slight decrease in pH attributable to the intruding waters. 

12. Statistical correlations also indicated that the bottom sediment, 

when slightly disturbed, contributed relatively high values of COD 

BOD, TP,and TKN compared to normal values for the river. 

13. A statistically significant negative correlation between pH and 

S04 was attrib1iltable to freshwater phenomena. It appears that 

sulfate variations in the study area during freshwater conditions 

may have caused relatively minor pH variations. 
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14. Analysis of variance techniques did not indicate any important 

main station effects (Le., significant differences in parameter 

values attributable to station differences) based on the entire 

data record. Interaction effects involving station were largely 

attributable to salt intrusion. Most main depth effects were 

attributable to slight disturbance of bottom sediments during 

sampling for four samples. There was a main depth effect for 

dissolved oxygen which indicated that a mean dissolved oxygen 

value for surface samples 0.4 mg/l higher than that for bottom 

samples was significant. Main date effects were evident for most 

parameters, except for some of those associated with disturbance 

of sediment during sampling and for Zn and Cr. Variations in 

Zn and Cr were random in nature. 

15. At all depths and at all transects western sediments were generally 

higher in organic content and lower in silt content than 

eastern sediments. 

16. Sand, silt and clay fractions were similar for all depths for total 

samples; there was little difference between eastern and western 

sediments attributable to depth of station, except at the 10 foot 

depths where eastern sediments were comparatively high in silt and 

low in sand content. 

17. North Contrel and South Control transects had the most extreme 

differences in sediment composition. North Control transect 

sediments were relatively high in silt and clay content and 

relatively low in sand and organic content (except western stations, 

which were high in organic content). South Control transect 
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stations were relatively low in silt and clay content and 

high in sand and organic content. 

VII-47 

18. The relatively high organic content of wester sediments may have been 

correlated with relatively large particle sizes, since these sediments 

were generally higher in sand and lower in silt content than eastern 

sediments. 
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CHAPTER VI 



VI. FISH 

A. INTRODUCTION 

The presence and persistence of a stable fish community is essential to 

the functioning of any estuarine system. Fishes are unique among aquatic 

organisms in that various species, or the life history stages of species, 

function at many levels of energy exchange: primary consumers, secondary 

consumers, top carnivores, and detritus feeders. Thus, the addition or loss 

of fishes to an aquatic system can influence the stability of the system 

by altering its nutrient cycling and energy flow characteristics. 

Fish, particularly coastal fishery populations, depend upon estuaries for 

important parts of their life cycles (Clark et al., 1969). Estuarine and 

near-shore coastal areas function as major spawning and nursery locales for 

marine fishes. Young fish congregate in these areas in order to benefit 

from the availability of food and protection from predators (Gunter, 1938; 

Lobell, 1939, Warfel and Merriman, 1944; Massman et a1., 1952; Reid, 1954; 

June and Reintjes, 1957; Arnold et al., 1960). 

Recent studies, including those described in this report (Jerome et al., 

1965; Fisk, 1966; Texas Instruments, 1972a, 1972b, 1973a, 1973b; Quirk, 

Lawler & Matusky Engineers, 1969, 1973a, 1973b; Raytheon, 1971), have 
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been designed to view estuarine areas as functional units encompassing all 

trophic levels. This approach is based on the interrelationship of trophic 

levels and species within an estuary. The impact of a change in an estuary, 

either natural or manmade, may be directly experienced by a single trophic 

level or species, but the effect of that chang,= can be reflected throughout the 

entire system. Because fish are able to function at various tro~~ic levels, 

changes in fish populations provide a good scale against which to measure 

environmental change (Grimes, 1971; Tsai, 1968, 1973; McErlean et al., 1973). 

Environmental change produced by natural or cultural causes must be evalu

ated against a data base which is comprehensive enough to permit character

ization of normal variation. This is especially true in the case of estuarine 

fish communities which normally experience greater seasonal changes during 

the migration of adults to spawning areas and t:he emigration of juveniles 

(McErlean et al., 1973). The data base must describe the community changes 

in order to be useful for future studies. 

Biological measures of environmental change fall into several categories. 

Those applicable to fish communities include condition indices, population 

dynamics, community structure, and community metabolism. Condition factors 

of fish species are based on the relationship between length and weight 

of individuals within the species and measure t:he physiological state or 

health of the individuals. 
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Population dynamics of a fish species are determined by the relative abundance 

and distribution of the species, as well as age distribution, growth rate, 

age at maturity,and fecundity. Criteria based on community structure 

generally take the form of mathematically calculated diversity indices 

which relate the composition of the fish community and· the relative 

abundance of species. 

Community metabolism is determined by the fixation and transfer of energy 

within fish populations and is measured in terms of biomass and food 

webs or predator-prey relationships. Each of these biological criteria 

of environmental change, when related to fishes, must be interpreted in 

comparison with all other criteria as well as with descriptive baseline 

data on other trophic levels. Careful evaluation of fish communities 

makes it possible to provide unique information on changes within the 

Hudson River estuary. 

1. Previous Studies of Hudson River Fish 

Ideally, baseline information about a given environment is obtained 

through long-term studies of three or more years using identical 

sampling stations and standardized laboratory and field procedures. 

Unfortunately, few studies of any estuarine system have been extended 

beyond a single year. Exceptions include work by Massmanet al. 

(1952) on the Rappahannock River and by McErlean et al. (1973) on the 

Patuxent River. In the absence of unified long-term data pertaining 

to the Hudson River, it is necessary to evaluate the data presented 

by this report in terms of previous studies. 
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The characterization of Hudson River fishes can be expected to vary 

correspondingly with the sampling locations and the sampling proce

dure employed or with the relative efficiency of the various types 
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of gear used. Comparisons of dominant species, life-history parameters 

of selected species, and diversity of specific fish communities can be 

made, since each of these parameters is relatively independent of gear 

selectivity. 

The first major work in recent times to supply information concerning 

fish populations of the lower Hudson watershed was carried out by the 

New York Conservation Department in 1937 (Moore et al., 1937). This 

work provided background information on Hudson River fish species and 

their parasites. 

During the 1950's several studies were directed toward analysis of 

the mechanisms involved in determining shad abundance. Fecundity, 

or the productivity of the individual female shad measured by egg 

counts, was studied in an effort to dete~mine the reproductive poten

tial of the Hudson River shad population (Lehman, 1953). From 1954 

to 1958, three papers appeared in which t.he possible factors associated 

with fluctuations in shad abundance were discussed; the general 

consensus was that commercial over-fishing rather than environmental 

degradation was the main cause of fluctuating abundance (Burdick, 1954; 

Talbot, 1954; Nichols, 1958). 

At approximately the same time, attention was focused on the striped 

bass, another commercially important fish species found in the Hudson. 
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Migratory and racial studies indicated that the reaches of the 

Hudson River north of Croton Point produced a race of striped bass 

morphologically distinct from that found in Chesapeake Bay and other, 

more southern areas of striped bass population (Raney, 1952). 

In addition, tagging studies demonstrated that the Hudson River is 

important in supplying the striped bass needed for the valuable 
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sport fishery located in the western quarter of Long Island Sound 

(Raney and deSylva, 1953). During 1955, the spawning grounds of the 

striped bass in the Hudson River were defined to include the area from 

Bear Mountain upriver to Cruger Island, with the most intense spawning 

occurring in the vicinity of West Point. The most important juvenile 

nursery ground for striped bass lay in the brackish water portion 

between Newburgh and the George Washington Bridge (Rathjen and Miller, 

1957). 

Results of striped bass tagging studies along the northeast Atlantic 

Coast from 1959 to 1963 were published in 1968, and the Hudson River 

was defined as a major spawning river and source of recrui,tment for 

striped bass populations of Long Island Sound and the New York Bight 

(Clark, 1968). 

In 1966, the first of three Hudson River symposia took place. Although 

this symposium emphasized the chemical and physical aspects of the Hudson, 

two papers were presented on fish and fish egg distribution (Grim, 1966; 
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Perlmutter et al., 1966); one paper on fish stomach analysis 

and invertebrate distribution in the Hudson was presented (Hirschfield 

and Rachlin. 1966). 

The life histories of the migrating anadromous fish such as shad, 

sturgeon, and striped bass were described (Clark and Smith, 1969) and 

information was presented on larval fish and eggs in relation to a 

proposed pump storage plant at Cornwall (Carlson and McCann, 1969). 

Papers on fluctuations in fish populations on a diurnal and a seasonal 

basis include those by Heller and Hermo (1969) and Perlmutter et al. 

(1969) . 

Research on the Hudson from 1969 through the early 1970's was character-

ized by comprehensive studies sponsored by representatives of the power 

generation industry. Most of these studies took an ecosystem approach; 

that is, they evaluated each trophic level, plankton, benthos, and 

fisr. as an integral portion of a dynamic, multi-faceted estuarine 

system. 

In 1969 studies were undertaken by Quirk, Lawler & Matusky Engineers and 

Oceanographic Analysts, Inc. (1969a) to assess the effect of the cooling 

water discharge from the Roseton Generating Station on the temperature 

distribution and ecology of the Hudson River. Similar studies of fish 

distribution in this area of the Hudson River were conducted in 1971 

and 1972 (Quirk, Lawler & Matusky Engineers, 1973a), in relation to the 

operation of the Roseton and Danskammer Point plants. 
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Additionally, ecosystem studies of other areas of the Hudson River have 

been conducted since 1969 in conjunction with the operation of power 

plants (see Quirk, Lawler & Matusky Engineers, 1971, 1973b, 

1974; Raytheon Co., 1971; Texas Instruments, Inc., 

1973a, 1973b). These studies are concerned with quantitative evalu

ation of the impact on the aquatic environment resulting from the 

operation of the Bowline, Lovett and Indian Point plants and a pre

siting study in the Kingston vicinity. 

2. Present Study Objectives 

Fish represent the upper levels of the trophic structure and are the 

most visible members of the aquatic ecosystem. In this capacity 

they can be used to evaluate the aquatic environment and to monitor 

any changes that occur within the aquatic system. The use of fish 

as a criterion for environmental monitoring necessitates an understanding 

of the community structure and its normal changes with time. This 

chapter considers the fish community in the vicinity of Roseton/ 

Danskammer Point and the changes in this community over the three 

year study period 1971 through 1973. 

The objective of the studies conducted in 1973 was to provide base

line, preoperational data against which it would be possible to 

assess the impact on the Hudson River of operation of the Roseton 

Generating Station. The fish sampling program was specifically 

designed to evaluate: 

Quirk. Lawler lit ~1atusky Engineers 



The seasonal variation in species 
abundance of fishes, and diversity 

The annual variation in species, 
abundance, and diversity 

• The population dynamics of selected species, 
including age and growth, spawning periodicity 
and mortality 

The condition of selected species, 
including length-weight relationships and 
condition factors 

The trophic relationships through stomach 
content analyses of selected species 

Implicit in the st:udy objectives is the intent of combining 

information from the Roseton/Danskammer Point region of the Hudson 

with information collected in conjunction with similar studies in 
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the Lovett, Bowline and Kingston regions., as well as with information 

prepared by other organizations. 

The discussion herein reflects the results of the studies conducted 

in 1971, 1972 and 1973. Details and results of the studies conducted 

in 1971 and 1972 have been reported (Quirk, Lawler & Matusky Engineers, 

1973a) and, except where appropriate, are not included in this report. 
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B. MATERIALS AND METHODS 

1. sampling Frequency 

A comprehensive sampling program, in terms of both numbers of samples 

collected and stations sampled, was conducted in 1973. The 1973 

program was divided into two programs conducted on an alternating 

week schedule. One program was designed for collection of fish near 

the plant sites simultaneous with impinged fish collection and the 

second for fish distribution and community structure comparison at 

areas upstream and downstream of the plant sites. 

The 1973 river sampling program was initiated in March and continued 

through December. Weather conditions limited the sampling program 

to once per month in March, April and December. In addition, special 

programs to collect fish specimens for stomach analysis and fecundity 

were conducted on a seasonal basis. 

2. Collection Techniques and Equipment 

Throughout the course of the ecological surveys in the Roseton/Danskammer 

Point vicinity several types of sampling apparatus were employed. 

Selectivity and sampling location necessitate" more than one type of sampling 

gear to obtain an accurate assessment of the fish community (Powell, 

Bowden and Hagen, 1971; Pope, 1966; Lagler, 1971). 
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Sampling gear used fell into two broad categories: active and passive. 

Active methods involve fishing with a fabric mesh moved through the 

water, contrasted with passive methods where netting is left stationary 

(Lagler, 1971). Gear of the active type used in this study were the otter 

trawl and the beach seine. 

The otter trawl had a mouth opening of 30 feet and was S feet deep. The 

body of the net was 2 inch square mesh and the cod end was of 1-1/2 inch 

mesh with a 1/4 inch square mesh liner. In addition, two beach (bag) 

seines, each with 1/4 inch square mesh, were used to sample the near 

shore community; the first was 50 feet long by S feet deep, and the 

second was 100 feet long by 8 feet deep. 

The otter trawl was used for both bottom -trawls and surface trawls, for 

which floats were attached to the otter boards or vanes. Tow lines 200 

feet long were used for the surface trawls and ISO-foot lines for all 

bottom trawls. For each sampling, nets WE~re towed at a constant boat 

speed against the tidal current or, if at slack tide, against the next 

expected tidal influence. Trawls during 1973 were based on time, approx

imately 10 minutes, within the distance limits of an established station. 

In 1971-1972 time varied, but distance covered was held more or less 

constant. 

At each beach seine deployment station, wi.dth boundaries were marked on 

permanent shore structures. The seine was set from the front of a shallow 

draft boat by the following procedure: 

(a) One end of the net was held at the shoreline at one boundary 

mark. 

QUirk9 Lawler i&' Matusky Engineers 



VI-ll 

(b) The net was set perpendicular to shore to the extent of the net. 

(c) The free end of the net was brought to shore in an arc to the 

other boundary mark. 

(d) With lead line on the bottom, the net was pulled to shore, 

thus concentrating the collection as in a bag. 

The approximate distance of the seine haul along the beach was one half the 

length of the net. The approximate area sampled by the 50 foot seine 

was 300 ft2 (25 m2) and for the 100 foot seine 1000 ft2 (90m2). 

Passive collection techniques rely on entanglement or entrapment in the 

fabric mesh (Lagler, 1971; Weber, 1973). Passive methods are more 

selective than active methods, and therefore do not necessarily yield 

a representative sample of the fish community. The greater selectivity 

of passive techniques was exploited to sample for specific fish popula

tions as opposed to the more general community sampling of the active 

sampling methods. 

Gill nets, fyke nets, and frame nets were the passive collection methods 

employed. Several types of gill nets were used during the study period. 

Standard gill nets, with 1-1/2 inch and 2-1/2 inch square mesh and 300 

feet long, were set primarily to capture adult fish during spawning 

migrations. Mesh size used in each net determined the size of fish 

collected, thus rendering this method highly selective. Standard gill 
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nets were of the surface and bottom types, and drift sampling was the 

technique primarily employed in the Roseton/Danskammer Point area. The 

1-1/2 inch square mesh nets were 8 feet deep and the 2-1/2 inch square 

mesh nets were 10 feet deep. 

In order to determine the fish community more accurately and reduce 

the selectivity of the gill nets, experimental type gill nets were 

also used. These nets were made of separate panels each of a different 

mesh size. The variability in mesh size, though each is selective for 

a certain size range, has an overall effect of lessening selectivity on 

the sawpled community. 

~~o different experimental gill nets were used: one 125 feet by 6 feet 

deep having five 25-foot panels with square mesh sizes ~, 1, l~, 2 

and 2~ inches; the second 300 feet by 12 feet having six 50-foot panels 

of square mesh sizes 3/8, ~, 3/4, 1, l~ and 2 inches. The experimental 

gill nets were of the surface and bottom type and were fished by two 

different methods: one technique was to anchor the net and the other 

technique was to drift the nets with the current. 

Two entrapment devices were used in the Roseton/Danskammer Point area, 

to sample the near shore community. A fyke net and a frame net, both 

with ~ inch square mesh, were fished at several locations in the study 

area. The fyke net had a 2~ -foot hoop wi t:h a 50 -foot lead and wings 

attached and was set perpendicular to the shore with the lead between 

the shore and the hoop. The fyke net was developed for fishery surveys 

where fish movements are random such as in an estuary (Weber, 1973). 
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The frame net (or trap net) was used due to its similarity to the 

fyke net and applicability to slightly deeper water areas. The frame 

net was 3 feet by 5 feet with four hoops and a 40-foot by 3-foot lead. 

Fishing was performed by placing the net in water deep enough to oover 

the frame at low tide, with the lead either toward or away from the 

shore. 

3. Station Locations 

Sampling stations established for the 1973 studies were an expansion 

of stations established in studies conducted previously at this site 

(Quirk, Lawler & Matusky Engineers, 1973a). Location of the 1973 

stations is shown in Figure VI-I. In addition, a localized seine 

and trawl collection program was conducted in the immediate vicinity 

of the Danskammer Point plant. 

VI-2. 

These stations are shown in Figure 

Data in 1973 were recorded at all 1971 and 1972 sampling stations plus 

an additional trawl station near each of the two existing plants on 

the east side of the river; two new east and west stations north of 

the Newburgh-Beacon Bridge were also used to collect fish in areas 

south of the plants. 

Due to the river bottom contour across from the Roseton plant, frequent 

problems with bottom trawls resulted in sporadic collections at this 

depth and station. 

Along with the expanded trawl stations for open water fish collections, 

the seine program was also increased for the shallow water near shore 

community. The additional seine sites were: 

Quirk. Lawler IEf .Matusky Engineers 
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(a) Southern area of the cove north of Danskammer Point. 

(b) In the vicinity of the Roseton Discharge. 

(c) On the east side of the river across from Roseton and 

north of the Chelsea Yacht Club. 

(d) Small cove area on the west side of the river, north 

of the Newburgh-Beacon Bridge. 

(e) Cove area on the east side of the river north of 

Newburgh-Beacon Bridge and south of abandoned brickyard. 

VI-14 

Frame net locations were designed to augment the seine data. Locations 

were in the cove area north of Danskammer Point, south of the Danskammer 

Point discharge, near the Roseton discharge, near the mouth of Wappinger 

Creek, and at the south seine area on the eastern shore. The gill nets 

were drift-fished at the two trawl stations directly in front of the 

Roseton plant. 

The localized program consisted of five trawl stations established in 

the vicinity of the Danskammer Point plant (Figure VI-2) , three in the 

cove area just north of the plant intake, and two in the discharge area. 

The stations were established along la, 20 and 30 foot depth contours. 

Surface and bottom trawls were conducted at the 20 and 30-foot stations 

and a surface trawl at the 10-foot station. The trawls were of five 

minute duration with one set conducted, on ebb tide and a second· 

set on flood tide. A third set of trawl stations and a seine station 

were added in the vicinity of the Roseton discharge area toward the 

end of the study period. 

Quirk, Lawler &Matusky Engineers 
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seine stations at Danskammer Point were sampled at slack water after 

each tidal cycle; three seine stations in all were sampled for 

ebb-flood comparison. 

C. RESULTS AND DISCUSSION 

1. River Fish Collections: 1971-1973 

The primary emphasis of the river fish ecological survey was to 

obtain baseline data on the species present and to assess their 

distribution by time and location. The species list of fish col

lected in the Roseton/Danskammer Point vicinity during the 1971-1973 

study period is presented in Table VI-I. Annual collections and 

percent composition for each species for seine and trawl collections 

are presented in Table VI-2 in rank order based on 1973 collections. 

VI-IS 

Seines and trawls were used in all three years, so that these data are 

comparable between years. The table also lists eaoh species in the 

Roseton/Danskammer Point vicinity which utilizes the estuary. 

Sampling efforts increased from 1971 to 1973~ therefore, comparison 

of the total numbers of fish collected is not valid. However, 

sampling did encompass the same study area, seasons, and sampling 

techniques. The fish collected are therefore representative of the 

community, and consequently percent composition values ·can be used as a 

reliable method of relating a population to the total community. 

Quirk. Lav.-ler fflfl'vi"atusky Engineers 



TABLE VI-l 

FAMILY, COMMON AND SCIENTIFIC NAMES OF FISHES COLLECTED; 1971-1973 
ROSETON/DANSKAMMER POINT VICINITY 

FAMILY 

Acipenseridae 

Angui11idae 

Belonidae 

Carangidae 

Catostomidae 

Centrarchidae 

Clupeidae 

Cyprinidae 

Cyprinodontidae 

Engravlidae 

Gadidne 

Gasterosteidae 

COMMON NAME 

Atlantic sturgeon 
Shortnose sturgeon 

American eel 

Atlantic needle fish 

Crevalle jack 

White sucker 

Black crappie 
Bluegill sunfish 
Largemouth bass 
Pumpkinseed sunfish 
Redbreasted sunfish 
Sma1lmouth bass 
White crappie 

Alewife 
American shad 
Atlantic menhaden 
Blueback herring 
Gizzard shad 

Carp 
Emerald shiner 
Golden shiner 
Goldfish 
Silvery minnow 
Spottail shiner 

Banded killifish 

Bay anchovy 

Atlantic tomcod 

Fourspine stickleback 

SCIENTIFIC NAME * 

Acipenser uxy::::hynchus 
Acipenser brevirostrum 

Anguilla rostrata 

Strongylura marina 

Caranx hippos 

Catostomus commersoni 

Pomoxis nigromaculatus 
Lepomis macrochirus 
Micropterus salmoides 
Lepomis gibbosus 
Lepomis auritus 
Micropterus dolomieui 
Pomoxis annularis 

Alosa pseudoharengus 
Alosa sapidissima 
Brevoortia tyrannus 
Alosa aestivalis 
Dorosoma cepedianum 

Cyprinus carpio 
Notropis atherinoides 
Notemigonus crysoleucas 
Carassius auratus 
Hybognathus nuchalis 
Notropis hudsonius 

Fundulus diaphanus 

Anchoa mitchilli 

Microgadus tomcod 

Apeltes quadracus 



TABLE VI-l (con't) 

FAMILY COMMON NAME SCIENTIFIC NAME 

Ictaluridae Brown bullhead Ictalurus nebulosus 
White catfish Ictalurus catus 
Yellow bullhead Ictalurus natalis 

Mugilidae White mullet Mugil curema 

Osmeridae American smelt Osmerus mordax 

Percichthyidae Striped bass Morone saxatilis· 
White perch Morone americana 

Percidae Tesselated darter Etheostoma olmstedi 
Yellow perch Perca flavescens 

Pomatomidae Bluefish Pomatomus saltatrix 

Soleidae Hogchoker Trinectes maculatus 

* Scientific names from American Fisheries Society~ S,Pecial Publication No. 6 



TABLE VI-2 

RIVER FISH COLLECTIONS AND PERCENT TOTAL CATCH: 1971-1973 
ROSETON/DANSKAMMER POINT VICINITY 

Number of Specimens Collected and Percent 
Species - Rank Order 1973 of Total Catch (Yearly) 

l:m ~E 1971 
Scientific Name 

-,.-
Common Name Number Percent Number Percent Number Percent 

Blueback herring Alosa aestivalis 6669 31. 21 918 9.31 550 42.67 
White perch Marone americana 6102 28.56 2831 28.72 373 28.94 
Spottail shiner Notropis hudsonius 2035 9.52 609 6.18 33 2.56 
Striped bass Morone saxatilis 1058 4.95 176 1. 79 59 4.58 
Alewife Alosa Eseudoharensus 967 4.53 181 1.84 157 12.18 
Alosa ~. Alosa ~. 966 4.52 - - - -
Atlantic tomcod Microgadus tomcod 699 3.27 3357 34.05 39 3.03 
Brown bullhead Ictalurus nebulosus 487 2.28 38 0.39 7 0.54 
American shad Alosa saEidissima 425 1. 99 101 1. 02 8 0.62 
Golden shiner Notemigonus crysoleucas 321 1. 50 46 0.47 - -
Hogchoker Trinectes masculatus 196 0.92 136 1. 38 16 1. 24 
Goldfish Carassius auratus 191 0.89 57 0.59 2 0.15 
Pumpkinseed LeEomis <ribbosus 179 0.84 143 1.45 - -
Bay anchovy Anchoa mitchilli 165 0.77 974 9.88 4 0.31 
Bluegill sunfish Lepomis macrochirus 162 n '7c. 1 n n , n , 0.08 v. I V ..LV V • .LV ..L 

Tessellated darter Etheostoma olmstedi 140 0.66 63 0.64 3 0.23 
Banded killifish Fundulus diaphanus 126 0.59 14 0.14 - -
White catfish Ictalurus catus 97 0.45 99 1. 00 2 0.15 
American eei Anguilla rostrata 68 0.32 24 0.24 4 0.31 
Gizzard shad Dorosoma cepedianum 47 0.22 20 0.20 - -
Atlantic sturgeon AciEenser oxyrhenchus 40 0.19 10 0.10 5 0.39 
Notropis ~. Notropis .§£. 39 0.18 17 0.17 - -
Morone ~. Morone ~. 38 0.18 - - - -
Carp Cyprinus carpio 36 0.17 8 0.08 - -
Largemouth bass MicroEterus salmoides 22 0.10 2 0.02 - -
Rainbow smelt OSIl!erus ll\()rda~ 18 0.08 5 0.05 25 1. 94 
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Approximately 60 percent of the total cat:ch in 1973 was composed 

of blueback herring and white perch. During three years of sampling 

the percent composition of white perch ranged from 28.5 to 28.9% 

averaging 28.7% of the total. The most E!fficient collecting technique 

for white perch was found to be the otter trawl. The constant yearly 

percentage value, viewed with relation to the large number of fish 

collected, is a strong indication of a st.able population. 

Blueback herring and white perch had a combined composition of 71.7%, 

thus dominating the 1971 fish collection. In 1972 their combined 

total was 38%, with white perch making up 28.7% of the total. A trend 

of decreased percent composition in 1972 compared with 1971 and 1973 

was also noted for two other prevalent species: alewife and striped 

bass. All three of these species are known to migrate up the Hudson 

River to spawn in the spring (Perlmutter, 1938; Carlson and McCann, 

1969). 

The record freshwater flow of the Hudson River in 1972, as measured 

at Green Island (see Chapter VII), could have had an effect on the 

location of spawning activity, consequently decreasing the population 

in the study area. 

The American shad, another anadromous species, represented a small 

proportion of the total catch over the three years. The general 

decline in abundance of this species in the Hudson (Curran and Ries, 

1936) limits statements about the abundance of this species. 

Quirk. Lawler (f;f Matusky Engineers 



Spottail shiner was the third most abundant species collected in 1973 

composing 9.5% of the total catch. The percent composition for this 

species increased over the years from 2.6% (1971) to 6.2% (1972) to 

9.5% (1973). Greatest numbers of the spottail shiners were caught 

VI-17 

by beach seine in the late tall and early winter periods. In the 

successive years of the study the number of seine collections increased 

from 1 to 35 to 98. This increase in seine collection activity 

could account for the increase in spottail shiner percentage 

composition. 

Atlantic tomcod composed 34.05% of the 1972 collection and approximately 

3% for each of the other two years. Of the 3,357 specimens collected 

in 1972, 2,630 were collected on December 28, 1972. The last date 

that weather permitted sampling in 1971 was December 8, and in 1973, 

December 12. Tomcod spawn during late January to early March and the 

later date of sampling in 1972 could have collected the spawning run 

not encountered in the previous two years. 

Bay anchovy had a composition of 9.9% in·.1972 compared to an average 

of 0.5% in the other two study years. Bay anchovy were also 

reported in large numbers as far north as Kingston (Quirk, Lawler & 

Matusky Engineers, 1973b) in 1972. The bay anchovy is a late spring-

summer spawner (Hildebrand and Schroeder, 1971) and would not have been 

affected by the spring run-off as would the species which spawn in the early 

spring. The large numbers of bay anchovies collected in 1972 may 

have been representative of an extremely large year class which had 

not been sampled in previous years. 

Quirk, Lawler ffif Matusky Engineers 
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All other species made up a very small percentage of the total collec

tion. The increased numbers of species and individuals reflect the 

increase fishing activity over the three year period. 

2. Total Collection by Collection Method: 1971-1973 

Accurate assessment of the biological community requires the use of 

several different collection methods in a well-designed sampling program. 

Different types of sampling gear are needed because of the selectivity 

of the gear and specific locations the gear is designated to sample 

(Lagler, 1966; Barkley, 1972; Weber, 1973). The nature of the community 

sampled, various sizes and locations of different life stages, 

mobility and recruitment necessitate· a long range program to ensure 

collection of all, or a majority of the fish species present, in a 

given river segment. 

Monthly summaries of the total number of each species caught by gill 

nets, seines and trawls is presented in Tables VI-3, VI-4, and VI-5 

for 1971, 1972 and 1973, respectively. Actual values for each sample 

are presented in Appendix VI-B. 

During 1971, the maiority of the spring sampling efforts were directed 

toward collection of migratory and spawning species in gill nets (Table 

VI-3). Experimental gill nets were employed at several sites with 

marginal results. 

The spring spawning species (American shad, alewife, and striped bass) 

were not collected by any of the gill nets and only 2% of all blueback 

Quirk, I.awler t'iif'Matusky Engineers 
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herring collected were captured using this gear. Problems associated 

with the use of gill nets in an estuary, such as tidal currents, fishing 

time in relation to tidal cycles, and methods, whether stationary or 

drifting, were probably factors in the success of this method (Weber, 

1973). 

During 1972, assessment of the nearshore habitat was conducted by 

the use of both seines and fyke nets. All species collected by the 

fyke net were also collected by seines; however, the difference in 

species collected each month demonstrated the necessity for varied 

gear types to evaluate the fish community structure. 

In 1973 frame nets were used in conjunction with seine collections in 

several near shore areas. Two species, emerald shiner and yellow bull-

head, were collected by this method alone during 1973. The 1973 monthly 

collection data show that on several occasions seines and frame nets 

collected different popUlations from the same zone, indicating that 

efficiency of collection varies seasonally. 

A total of 23,341 fish representing 44 species were collected in 1973 

by all techniques. Trawls and seines accounted for 44.2% and 47.3% 

of the total catch, respectively. Gill net collections accounted 

for 2.4% and frame nets 6%. 

3. Population Location Preference 
Based on 1973 Collections 

The 1973 sampling program was designed to determine the distribution 

and composition of the fish in the Roseton/Danskammer Point vicinity. 

Quirk, Lawler 5f' Matusky Engineers 
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Qualitative information about the locational preferences of a popula

tion can be obtained from the results of various collection techniques. 

Approximately 80% of the 7,260 blueback herring collected during 1973 were 

taken in seines {Table VI-5)iOf these 96% were taken during July, August, 

September and October. In addition trawls collected 1,330 herring~ 

82% of these were collected in July I 99.8% by surface trawL:. From 

July through October primarily young-of-the-year fish were collected 

indicating a large number of small fish moving in the surface waters 

near shore. 

Many schools were noted along the shore during the fall, pointing to 

the possible use of this area by young herring as a nursery 

before making their run to the sea. Several age group I specimens 

(lOcm total length) were collected during May (along with mature 

alewives on their spawning run), suggesting that some of the organisms 

spawned in the previous year remain in the lower Hudson through the 

first year of life, moving to sea in their second year. 

White perch were collected during every month of the study, indicating that 

one phase of the life cycle was resident. in the study area at all times. 

Of the 5,388 white perch collected, 72.5% were collected by trawls. 

Bottom trawls were the most efficient of 1:he two types, yielding 

83% of the white perch. 

During the spring, the majority of the white perch collected were from 

age groups I through IV; however only a small number were sexually 

Quirk.Lawler (jjf Matusky Engineers 
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mature. The first juvenile white perch were collected in July with 

peak abundance noted in September and October. Approximately 27% 

were collected in near shore areas. Young white perch are known to 

move into shallow water areas to feed on fry of other species 

(Bigelow and Schroeder, 1953). The large numbers of larval herring 

available in 1973 may have provided an ample food source for juvenile 

white perch. 

The third most abundant species, the spottail shiner, was collected 

mainly in the near shore area by seines or by bottom trawls at the 

more shallow stations. The species is reported to be found almost 

exclusively in quiet, shallow areas, where they feed on insects and 

are themselves used as a food source by other fish (Hildebrand and 

Schroeder, 1971). 

Striped bass collected in 1973 were primarily young-of-the-year taken 

during the fall and winter months in the near shore area by seines. 

The absence of fish in the spring and the sharp decline in bass 

abundance during the winter indicate that the fish move from the study 

area to more southerly nursery grounds during the colder months. 

Alewives were collected by gill nets and seines in the spring. Very 

few were caught in trawl collections. During the summer and fall, 

the young-of-the-year alewives were collected as they migrated 

through the study area. 

QUirk, La\vier 6f ~1atusky Engineers 
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The Atlantic tomcod spawns during the wi.nter months. During the 

study period, one or more of its life stages was present in the 

study area, although weather conditions precluded river sampling during much 

of the time when adult forms were in the river. A total of 788 of 

the 966 tomcod (79%) were collected by bottom trawls. This species 

is a benthic feeder which explains the bottom trawl abundance 

(Bigelow and Schroeder, 1953). 

Species such as the hogchoker, brown bullhead, Atlantic sturgeon, 

shortnose sturgeon and carp were collectE~d primarily by bottom trawls. 

Several species, such as the fourspine stickleback, emerald shiner, 

white and black crappie, silvery minnow, pumpkinseed, and redbreasted 

sunfish, are the primary littoral fauna as evidenced by their collection 

almost exclusively by seines and frame nE!ts. 

Fishes commonly associated with more snline waters, such as crevalle jack, 

mullet, needlefish,and bluefish, were collected only occasionally. 

The occurrence of these species in the upper estuary was generally 

during late summer and fall in the Roseton/Danskammer Point 

vicinity. 

4. Collection Abundance and 
Biomass by Month: 1971-1973 

The fish community changes structure on a temporal basis. Such 

changes are associated with population mig"rations, recruitment and 

presence or absence of different life stages of the community members. 

Quirk, Lawler @fMatusky Engineers 
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Seasonal and daily movements of fishes from shallow water to deep 

water have been noted for several species (Wells, 1968; Hildebrand 

and Schroeder, 1971; Mansueti and Hardy, 1967). 

Table VI-6 and Figure VI-3 present, for surface and bottom trawls, 

monthly average fish collected per 10 minutes trawl time for 1971, 

1972 and 1973. 

In each year a midsummer peak is indicated in numbers of fish per 

10 minutes for surface trawls. The peaks occurred during August during 

1971 and 1972 and during July in 1973. The 1971 and 1973 peaks were 

the result of large catches of young-of-the-year blueback herring, 

whereas the peak for 1972 represented an 87% bay anchoVy composition 

in the August collections. 

Bottom trawls collected the greatest number of species and individuals 

in the Roseton/Danskammer Point area. This is attributable to the 

preference of local fish species for a demersal existence and/or 

greater efficiency pf this gear compared to surface trawls. 

The bottom trawl trend observed from 1971 and 1973 produced small 

spring-early summer catches which increased in the fall and then 

decreased in late fall-early winter. In 1972 no winter decline 

was observed. In November 1972 sampling was conducted in the more 

southern areas of Newburgh Bay and not at the established stations. 

At these stations, spottail shiner (27%) and white perch (40%) were 

found in greater concentrations than in the Roseton/Danskammer Point 

area. 

Quirk. Lawler tTIf Matusky Engineers 



Month 

1971 

May 
June 
July 
August 
September 
october 
November 
December 

1972 

April 
May 
June 
July 
August 
September 
October 
November 
December 

1973 

March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

~ -

TABLE VI-6 

MONTHLY AVERAGE TRAWL CATCH PER 10 MINUTE EFFORT: 1971-1973 
ROSETON/DANSKAMMER POINT VICINITY 

Number of Efforts Number of Fish 
Surface Trawl Bottom Trawl Surface Trawl Bottom Trawl 

- 4 - 58 

- 6 - 107 
- 1 - 86 
2 3 425 248 
2 2 2 72 
2 2 30 52 
4 4 89 80 
2 2 4 34 

- 1 - 2 
3 4 32 66 
2 4 0 100 
2 2 30 295 
4 4 1129 519 
2 2 352 374 
3 10 26 2799 
- 2 - 470 
2 13 0 2978 

3 3 32 140 
2 4 3 149 I 

18 17 36 561 
19 18 121 504 
21 23 1762 1171 
17 18 60 369 
11 11 33 2356 
26 29 540 788 
29 26 72 815 
15 15 2 203 

Fish per 10 minutes effort 
Surface Trawl Bottom Trawl 

- 9.7 

- 9.7 
- 57.3 

149.6 152.7 
0.8 26.0 
6.0 23.4 
8.9 8.2 
0.8 2.0 

- 1.5 
5.3 14.7 

0 14.0 
7.5 98.4 

136.6 74.8 
58.7 107.4 
4.6 95.8 

- 207.9 
0 308.2 

10.7 65.6 
2.1 70.1 
2.0 41. 3 
9.7 49.3 

169.2 73.2 
3.7 24.0 
5.9 407.4 

33.6 50.9 
3.1 51. 7 
0.2 22.9 
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FIGURE VI-3 

CATCH PER 10 MINUTE TRAWL EFFORT 
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The 1972 December results would have been lower, corresponding to the 1971 

and 1973 values, except for sampling results on December 28 when a 

large number of Atlantic tomcod were coLlected. The fall peak in all 

three years was composed of young-of-the-year white perch. 

Seine efforts were initiated in June 1972 on a monthly basis. 

Table VI-7 presents the number of seine efforts conducted per month, 

number of fish collected and the catch per seine effort through 

December 1973. The monthly catch per seine effort is shown graphically 

in Figure VI-4. Spring-early summer and fall values exhibited the 

same general trend for the two years. August collections differed 

greatly with few organisms/effort collected in 1972 compared to 

very large numbers in 1973. 

The August high for 1973 was due to a very large number (3,576) of 

juvenile blueback herring (82% of monthly seine catch). Blueback 

herring composition was similar in 1972 and 1973, 72% and 82%, 

respectively; total number of fish (130) , however, was much less. 

~he movement of blueback herring fr~T :_nto the nore .7)rocluct:'ve anD 

protected zone in the near shore area is the cause of the peak values 

during late summer. As the fish mature and the littoral zone 

environment becomes harsher with the approach of winter (Ruttner, 

1963; Wells, 1968) fish moved to deeper waters, causing the 

decline noted in fall and winter. 

Biomass is a measure of the living organic matter existing in an 

area (Ruttner, 1963; Odum, 1971). All fish collected in 1973 were 

counted and weighed prior to specific analysis of length and sex. 
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Month 

1972 

April 
May 
June 
July 
August 
September 
October 
November 
December 

1973 

March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

TABLE VI-7 

MONTHLY AVERAGE BEACH SEINE CATCH PER EFFORT FOR: 1972-1973 
ROSE TON/DANS KAMMER POINT VICINITY 

Number of Number of P .. verage Number 
Seine Efforts ~ish Collected Collected per Effort 

- - -
- - -

3 38 12.7 
5 57 11.4 
6 130 21. 7 
3 269 89.7 
5 366 73.2 
2 28 14.0 

11 47 4.0 

4 154 38.5 
2 49 24.5 

11 690 62.7 
15 386 25.8 
15 499 33.3 
15 4345 289.6 
11 1300 118.2 
29 3063 105.6 
18 457 25.4 
11 98 8.9 

: 



ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 

MONTHLY AVERAGE CATCH PER EFFOR~ BEACH SEINES 

1972 --1973 

300 
LEGEND: 

J\ 0 0 1972 
t:r----6 1973 

I \ 
250 l-

I \ 
I \ 

200r I \ 
::r: \ en I lL \ I lL 

\ 0 
, 

150 I \ a: 
w I CD L __ ~ 

I :::> 
z ~ 100 

I 
\ I 

/~ I \ 

1§ 
50 I-

~ /" --t1 \ 
--.. -t:t" "n---- ~ ......... 

;::0 
rn 
< ...... 

I 
...::::-

0 
MAR APR MAY JUN JUL AUG SfP OCT NOV DEC 

MONTH 



VI-2S 

Analysis of the weight of collections enables one to estimate the 

community on a stored energy level basis (Russell-Hunter, 1970). 

The average weight of fish collected by seine and trawl and the 

total biomass per collecting effort by month in 1973 is presented 

in Table VI-8 and Figure VI-So 

The greatest fish biomass was noted in the spring, due primarily to 

the goldfish and golden shiner populations in the nearshore area. 

The biomass per effort value fell to approximately 0.75 kg and 

maintained this level through the summer and fall months. 

The biomass per effort as shown in Figure VI-S demonstrates the 

greater weight per fish (indicating adults) in the spring, shifting 

to much smaller young-of-the-year fish during the fall. 

The monthly average biomass (weight) was calculated for the dominant 

species collected in 1973. Tables VI-9 and VI-IO present these 

values for seines and trawls, respectively. 

For seine collections, August (the period when the greatest numbers 

were collected by seine) showed the lowest average biomass for most 

species. The average weight for goldfish, golden shiner and brown 

bullhead varied very slightly over the year. The temporal variation 

of average biomass for each collection method reflects the movement 

of the different life stages into and out of the study area. In 

addition, the movement or lack of movement from deep waters to the 

more shallow areas is reflected by comparison between the collection 

methods. 
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MONTH 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

TABLE VI-8 

BIOMASS PER EFFORT SEINES AND TRAWLS: 1973 
ROSETON/DANSKAMMER POINT VICINITY 

NUMBER OF EFFORTS BI0V>ASS PER EFFORT (kg) TOTAL BIOMASS 
SEINE TRAWL SEINE TRAWL PE~ EFFORT (kg) 

4 6 5.94 0.383 2.606 

2 6 0.204 1.711 1. 335 

11 35 2.44 0.494 0.961 

15 36 1. 20 0.711 0.856 

15 42 0.270 1.114 0.779 

15 34 0.785 0.777 0.779 

11 23 0.584 1.11 0.724 

29 70 0.612 0.686 0.665 

18 56 0.723 0.316 0.415 

11 30 0.258 0.119 0.156 
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Blueback White 
MONTH Herring Perch 

March - 255.2 

April - -
May 8.8 42.6 

June 12.7 35.2 

July 0.7 11.5 

August 0.8 2.6 

September 1.4 7.6 

October 1.8 8.1 

November 1.7 28.6 

December - 8.9 

NOTE: 
Biomass in grams 

TABLE VI-9 

MONTHLY AVERAGE BIOMASS PER FISH: 1973 SEINE COLLECTIONS 
ROSETON/DANSKAMMER POINT VICINITY 

SPECIES 

I 
Spottail Striped Atlantic Brown American 

Shiner Bass Alewife Tomcod Bullhead Shad 

6.1 - - - - -

0.9 - - - - -

8.6 59.7 130.6 1.1 42.5 -

10.2 39.5 46.2 - 117.9 -

8.2 0.9 0.8 - ll8.9 0.7 

1.9 2.6 1.2 - - 2.2 

4.6 7.4 3.3 - 54.3 4.2 

7.4 9.9 4.0 - 206.1 S.9 

5.3 47.4 6.0 - 131.8 8.1 

3.8 50.6 - - - -
- -

Golden 
Shiner Hogchoker Goldfish: 

58.4 - 294.9 

- - -
I 
I 

70.7 - - I 
i 

i 

46.6 - 390.0 I 

i 

I 

19,2 1.5 f:"")(""1 ""\ 
..),,)::7 • .) : 

I 

I 
54.S 4.S 231. 4 I 

I 
I 

39.2 - - I 

61. 7 1.7 414.7 

S1. 0 - 561.1 

53.1 - -
I -



... 
Blueback White 

MONTH Herring Perch 

March - 49.8 

April - 72.2 

May 14.5 80.9 

June - 67.4 

July 0.9 40.9 

August 1.3 56.5 

September 1.6 6.6 

October 2.3 17.7 

November 1.9 15.3 

December - 9.5 

NOTE: 
Biomass in grams 

TABLE VI-10 

MONTHLY AVERAGE BIOMASS PER FISH: 1973 TRAWL'COLLECTIONS 
ROSETON/DANSKAMMER POINT VICINITY 

SPECIES 

Spottai1 Striped Atlantic Brown American 
Shiner Bass Alewife Tomcod Bullhead Shad 

8.3 - - 16.4 - -
9.5 - 206.8 29.5 - -

11.1 - 54.9 3.1 72.5 -
12.9 9.9 19.9 5.5 66.7 -

7.5 46.9 3.9 6.5 99.7 -
4.8 30.9 4.4 4.3 103.5 2.4 

... 
2.3' 6.4 5.3 5.7 115.7 7.8 

3.3 10.9 6.9 32.5 129.1 8.3 

5.9 11. 3 5.5 52.1 109.6 8.7 

4.4 6.8 - 62.5 153.4 -
I-. 

Golden 
Shiner Hogchoker Goldfish 

50.7 - -

- .- -

- 12.3 -
, 

- 9.0 358.3 

96.4 1.9 598.1 

- 15.8 331.5 I 

I 

59.0 6.9 358.1 

90.7 15.9 418.5 

60.1 14.7 
i - I 

84.6 - - I 
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5. Ebb-Flood Comparison of Catches: 1973 

Tidal conditions affect the fish communi1:y in many ways. Resident species, 

in order to maintain the same geographical position, must constantly 

orientate to the shifting currents and varying tidal velocities. Spawning 

fish can either move with a favorable current or expend energy and move 

against the current. After spawning, when physical condi tiut! of the fish 

population is poor, the situation may be critical (Weatherly, 1972). 

Larval fish are at the mercy of the tidal currents for the first days 

after hatching. 

The fish collected over the study period fall into several categories 

with varying life stages. The effect of tidal currents is therefore 

essential in understanding life cycles and distribution. 

Tidal cycle effects on the fish community were discussed by Boyle (1969), 

who indicated that the striped bass and o·ther fish species were more likely 

to be caught on an ebb tide than on a flood tide and attributed this 

to a greater likelihood of food for fish being washed into the main 

flow from streams and marshes on an ebb tide. 

The results of collections at the localized sampling stations shown 

in Figure VI-2 were used for comparison of ebb and flood catches. 

Data analysis consisted of combining the n~nthly ebb collection data 

for trawls and seines and comparing these to the combined monthly flood 

collection data using the Student's Paired t-test for numbers of 

Quirk,Lawler I&fMatusky Engineers 



organisms and numbers of species, after first testing for homogeneity 

of variance by Bartlett's test. These results are presented in Table 

VI-II. Ebb-flood comparisons for seine collections are shown in 

Figures VI-6, VI-7 and VI-8. 

For the dates having sufficient data points for comparison, there was 

no significant difference in the number of individuals or the number 

VI-27 

of species collected by trawls on ebb or flood tide. Similarly, the 

seine data showed no significant difference between ebb-flood collections. 

The seine data peaks shown in Figures VI-6, VI-7 and VI-8, though not 

significantly different from other data, are ecologically important 

because these peaks indicate the cyclic movements of fish species and 

their location ~rcfcrcnccs. 

The peaks for the Danskarnrner discharge station on ebb tide in May and 

for all three stations on ebb tide in September were caused by an 

influx of large numbers of blueback herring. The peak in October at 

the north cove station was due to juvenile herring, while the peak 

at the discharge station was due to young-of-the-year white perch and 

striped bass. 

Additional comparisons were made among the dominant species to deter

mine whether there were tidal fluctuations in abundance due to variable 

life styles.The wilcoxon Test was used to test both trawl and seine 

collection data. Species tested were blueback herring, striped bass, 

spottail shiner, alewife, brown bullhead, American shad, golden shiner, 

hogchoker, white perch, Atlantic tomcod, and Alosa spp.(juvenile 

blueback herring and alewife). 

Quirk. Lawler ~ Matusky Engineers 



Date 

A. TRAWL 

l. Number 

3/21 

8/7 

9/4 

10/3 

10/31 

11/28 

Degree 

TABLE VI-ll 

EBB-FLOOD COMPARISONS: 1973 TRAWLS AND SEINES 
ROSETON/DANSKAMMER POINT VINICITY 

of Freedom t Calculated Probability 

of Species 

1 -1.000 p = .5 

1 -0.6084 p<.5 

2 -10 3979 o2<p>.4 

4 -0.3469 p>.5 

3 -0.1265 p>.5 

5 007181 p>.5 

2. Number of Fish 

3/21 1 -0.0910 p>.5 

8/7 1 -0.1328 p>.5 

9/4 2 0.3749 p>.5 

10/3 4 2.0928 .1 <p>.2 

10/31 3 -0.1246 p>.5 

11/28 5 -0.0081 p>.5 

B. SEINE 

1. Number of Species 

3/21 1 -1.1647 .4<p>.5 

8/7 1 3.8176 ol<p>o2 

10/3 2 2.3018 ol<p>.2 

10/31 2 0.7838 p>.5 



TABLE VI-II (continued) 

Date Deqree of Freedom t Calculated Probability 

2. Number of Fish 

3/21 1 -2.1215 .2<p>.4 

8/7 1 1.8171 .2<p>.4 

10/3 2 -0.0317 p>.5 

10/31 2 -1.1027 .2<p>.4 

11/28 3 1.4478 .2<p>.4 

* Denotes Significant Difference 
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Except for the trawl and/or seine catches of the spottail shiner, there 

was no significant difference between ebb and flood catches of any 

species tested. Greater numbers of spottail shiner were collected by 

seine of slack water after ebb tide. This species is a resident of 

the shore areas (Hildebrand and Schroeder, 1971) and the possible 

concentration of this population in the shallow areas could have 

contributed to the larger catches of this species after ebh tide. 

The numbers of species and abundance of organisms were compared for 

surface and bottom trawls using the t-test. The first comparison 

was for number and species collected at the five stations on the same 

tide by surface trawl versus bottom trawl. On both ebb and flood 

tides, bottom trawls yielded significantly higher numbers qf organisms 

and species compared to surface trawls. 

In addition, the influence of tidal cycle on catches by similar 

trawls was tested, e.g., bottom trawls conducted on ebb tide compared 

to bottom trawls conducted on flood tide. Significantly higher numbers 

of fish and species were collected when surface trawls were conducted 

on ebb tide as opposed to flood tide. There was no significant difference 

between ebb and flood tide collections for bottom trawls. 

These tests indicate that the majority of the fish community in the 

RosetonjDanskammer Point area are bottom or deeper water species not 

affected by changing tidal conditions. The pelagic species collected 

in surface trawls were predominantly young-of-the-year Clupeidae. 

Quirk. Lawler i.&'" Matusky Engine ers 



The yreater number collected on the ebb tide would indicate that 

these fish are using the favorable tidal current in their movements 

to more southern nursery areas or marine waters. 

6. Day/Night Collection Comparisons: 1973 

The dynamics of the fish populations are influenced by environmental 

conditions such as temperature, sunlight, and chemical constituents 

VI-29 

of the water. The photic cycle has been reported to have an influence 

on the movements and relationships within the fish community (Nikolsky, 

1963; Odum, 1971). Many organisms are adapted to a sedentary existence, 

relying on currents to bring the necessary food materials within reach; 

other organisms are more active. However the organism obtains its 

requirements for growth and reproduction, periods of activity and 

inactivity usually assume a twenty-four hour cycle. 

Evaluation of the day/night differences in the fish community was con

ducted at the eight trawl stations shown in Figures VI-l and VI-2. 

All stations (trawl and seine) were samplE~d during daylight hours and 

all trawl stations and selected seine stai:ions were sampled at night. 

The results of the trawl efforts are shown in Figures VI-9 through VI-l2. 

Day/night differences in abundance and species numbers were tested 

for all trawls and seines. The data were tested first for homogeneity 

of variance using Bartlett's method. Homogeneous data were then 

tested by Student's Paired t-test. If homogeneity of variance was 

not found the non-parametric Wilcoxon-Signed Rank test was used for 

the analysis. The t-statistic results are presented in TableVI-12 

for seines and trawls. 

Quirk9 Lawler iEifMatusky Engineers 
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Date 

A. TRAWLS 

l. Number 

5/30-31 

6/26-27 

8/11-22 

9/18-19 

10/17-18 

11/15-16 

12/15-16 

TABLE VI-12 

DAY-NIGHT COMPARISON: 1973 TRAWLS AND SEINES 
ROSETON/DANSKAMMER POINT VICINITY 

Degrees of Freedom t Calculated 

of Species 

7 0.809 

4 1.875 

5 OQ722 

2 -0.110 

7 1.137 

7 -0.522 

7 0.465 

2. Number of Fish 

5/30-31 7 1.065 

6/26-27 4 1.739 

8/21-22 5 1.826 

9/18-19 2 0.283 

10/17-18 7 1.422 

11/15-16 7 1.583 

12/11-12 7 1.204 

Probability 

.4>p>.5 

.1<p<.2 

p<.5 

p<.5 

.2>p>.4 

p>.5 

p<.5 

.2<p<.4 

.1<p<.2 

.1<p<.2 

p>.5 

.1<p<.2 

ol<p<.2 

.2 P .4 



TABLE VI-12 (continued) 

Date Degrees of Freedom t Calculated Probabili ty 

B. SEINES 

l. Number of Species 

8/21/-22 3 00087 p>.5 

10/17-18 2 0.095 p>.5 

11/15-16 2 0.549 p>.5 

12/11-12 3 -4.944 .01<p<.025 

2. Number or Fish 

8/21-22 3 1.237 .2<p-S:.4 

10/17-18 2 1..038 .4<p<.5 

11/15-16 2 0 .. 917 .4<p<.5 

12/11-12 3 -1..489 .2<p<.4 
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No significant differences in number of fish between day and night 

seining collections were found. Species numbers were found to 

be significantly different only for the December 11-12 collection date 

when more were collected during the night hours (9) than during the 

day hours (4). 

The trawl dates having homogeneity of variance and tested by the 

Student t-test were found not to be significantly different for day 

and night. Data from July 26-27 did not have homogeneity of variance 

and was tested using the non-parametric method. On this date both the 

number of organisms and species numbers were significantly higher for 

the day collection than for the night collection. 

A diversity index (Shannon-Weaver) was calculated for each collection 

using information theory. The diversity index assigns a numerical 

value to the faunal composition of a community. If all communities 

are sampled equally, then the index values can be compared to show 

environmental effects on the species and their numerical contribution 

to the aggregate. 

The resultant diversity index values were used to evaluate the day/night 

influence on the community structure for each month in an analysis of 

day/night differences by the Wilcoxon Rank Sum Test for Unpaired Measure

ments (Snedecor and Cochran, 1967). A second comparison was made at each 

sampling station and for each individual day/night collection using 

the Wilcoxon Paired Signed Rank Test (Snedecor and Cochran, 1967). 
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VI-3l 

For the monthly comparison the totals for seines and trawls were first 

added together with the diversity index based on organisms per effort. 

The test showed that July had a higher mean diversity index for day 

collections and December had a higher index at night. All other 

months showed no statistical differences. 

Seines and trawls sample different portions of the fish comrnuD.' .. ty i 

therefore diversity indices were compared for each method on a 

monthly basis. Night seines were not ini·tiated until August I so 

comparisons are possible only for the las-;: five months of 1973. The 

near shore community was found to be significantly more diverse during 

the daylight hours in November; other moni:hs did not exhibit day/night 

differences. 

Trawls conducted during the night in Decenilier had a mean diversity 

value higher than trawls conducted during the day. All other monthly 

collections had similar mean diversity values for both day and night 

collections. 

The Rank Sum Test was used to compare the data in two ways. The data 

for both trawls and seines were pooled and the day diversity value 

compared to the night diversity value at each station. The results 

of this test are presented in Table VI-13. A significantly higher 

diversity index was-found for day efforts in June and for night 

efforts in December; July was significant because only one comparison 

was made. In other months there was no siqnificant difference in 

diversity values during either of the photic periods. 

The second use of the Rank Sum Test was for individual comparison of 

trawls and seines. These results are presen:t..ed in Table VI-14. 
t,luirk, Lawler illfMatusky Engineers 



Date 

5/30-3 

6/26-27 

7/24-25 

.i 

8/21-22 

9/18-19 

10/17-18 

11/15-16 

12/11-12 

Sum of the 

TABLE VI-13 

RANK SUM TEST FOR DAY-NIGHT 
COMPARISON OF SEINES AND TRAWLS 

ROSETON/DANSKAMMER POINT VICINITY 

Negative 
And Positive Ranks Number of 
E T- E T+ Comparisons 

9 12 6 

0 3 2 

0 1 1 

31 14 9 

5 5 4 

27 28 10 

29 16 9 

34 2 8 

Critical Range 
and Alpha Value 

1<T<20 a = 0.062 

O<T<3 a 0.50 

O<T<l a 1.00 

6<T<39 ex 0.054 

0<T<6 a 0.124 

8<T<47 ex = 00048 

6<T<39 a = 0.054 

4<T<32 CJ. 0.054 



A. TRAWLS 

Month 

May 

June 

August 

September 

October 

November 

December 

B. SEINES 

August 

September 

October 

November 

December 

TABLE VI-14 

STATION COMPARISON OF DIVERSITY INDEX VALUES 
BY COLLECTION TECHNIQUE 

ROSETON/DANSKAMMER POINT VICINITY 

Sum of the Negative 
And Positive Ranks 

E T- E T+ 

9 12 

0 3 

13 2 

5 1 

13 15 

14 7 

13 2 

5 5 

0 1 

4 2 

3 3 

6 0 

Number of 
Comp;:l.risons 

6 

2 

5 

3 

7 

6 

5 

4 

1 

3 

3 

3 

Critical Range 
And Alpha Value 

I<T<20 0'. = 0.065 

0<T<3 Ct 0.50 

O<T<IS 0'. 0.065 

0<T<6 0'. 0.25 

2<T<26 0'. 0.046 

1<T<20 0'. 0.062 

0<T<15 0'. 0.062 

0<T<10 Ct 0.124 

O<T<l Ct := 1.00 

0<T<6 0'. 0.25 

0<T<6 0'. := 0.25 

0<T<6 0'. := 0.25 
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VI-32 

The June trawl stations had a significantly higher diversity index 

for the daylight hours. Only December showed a difference between 

day and night seine collections; a significantly higher diversity 

value was found for night collections. 

Species most abundant in 1973 studies were compared for day/night 

differences by seines and trawls. Species tested were the spottail 

shiner, striped bass, alewife, Alosa spp. (juvenile alewife and 

blueback herring), brown bullhead, American shad, golden shiner, 

hogchoker, white perch, Atlantic tomcod and blueback herring. These 

eleven species composed 93.25% of all fish collected in 1973. The 

Wilcoxon Rank Sum Test was used for the comparison. 

The spottail shiner was the only species showing a significant difference 

between day and night seine collections; a greater number were collected 

during the day than at night. The spottail shiner population is a 

primary food source for other fish species and is a normal resident 

of the shore community (Hildebrand and Schroeder, 1972; Wells, 1968). 

Two species (spottail shiner and white perch) exhibited a significant 

difference between day and night trawl collections. For both species 

a greater number were collected during the daylight hours. This 

difference could be attributed to feeding patterns dependent on visual 

location of food. 

Statistical analysis using the Paired t-test was used to test for 

differences in abundance and number of species for surface and bottom 

trawls collected during the two time periods. The evaluation was first 

Quirk, Lawler &1\,1atusky Engineers 



VI-33 

conducted on surface trawl/bottom trawl comparisons at the same station 

and then comparing all surface trawls and all bottom trawls for the 

two time periods. The results for the station day/night comparisons 

are presented in Tables VI-IS and VI-16. 

A significantly higher number of organisms and species were collected 

with bottom trawls than with surface trawls during the dayl.;.;'1t: hours 

(Table VI-IS). No significant differences between day and night in 

numbers of fish and species were found,indicating that surface and 

bottom fish populations had approximately the same composition during 

daylight and night hours. 

7. Index of Affinity 

For a given set of environmental conditions one community of organisms 

grows and functions, while another community mayor may not exist, or 

may function more or less efficiently (Odl~, 1971; Nikolsky, 1963). 

As environmental conditions change with time or location, the community 

structure changes. This alteration usually involves a shift in 

species dominance, size, or exclusion of some species and inclusion of 

others. 

Community structure in the Roseton/Danskanmer Point study area was 

determined by use of an affinity index. 'l'he analysis was computed by 

the dominance affinity method of Renkonen (see Kontkanen, 1957) for 

numbers of species and biomass by month. This method bases affinity 

on the sum of the lowest dominance values of every species common to 

compared samples. 

QUirk9 Lawler ffifMatusky Engineers 



A. DAY 

Abundance 

Number of Species 

B. NIGHT 

Abundance 

Number of Species 

TABLE VI-IS 

DAY-NIGHT STATION COMPARISONS 

ROSETON/DANSKAMMER POINT VICINITY 

Degrees of Freedom 

40 

40 

36 

36 

t calculated 

7.236 

7.578 

5.841 

5.626 

Probability 

p<O.OOl 

p<O.OOl 

p<O.OOl 

p<O.OOl 
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TABLE VI-16 

SURFACE AND BOTTOM TRAWL COMPARISON 
ROSETON/DANSKAMMER POINT VICINITY 

A. SURFACE TRAWLS 

Degrees of Freedom t calculated 

Abundance 45 -1. 749 

Number of Species 45 -0.462 

B. BOTTOM TRAWLS 

Abundance 38 -1.822 

Number of Species 38 -0.122 

Probability 

O.05<p<0.1 

p>0.5 

0.05<p<O.1 

p>O.S 
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VI-34 

Calculationsinv0lved computing the percent composition for each species 

in a sample and then summing the lowest common value for that species 

between the two samples being compared. The index values indicating 

the similarity of the samples were then combined for the year using 

a trellis diagram (MacFayden, 1963) which enabled a visual representa

tion of the comparisons. 

Percent similarities were computed on 20% intervals between the 

highest affinity and lowest affinity values, and shown graphically 

on the same trellis diagram. The comparison values that fell into 

the highest percent interval (80-100%) were considered to be similar, 

reflecting the same basic community structure. The values in the lower 

percent interval indicated a dissimilar community structure, and the 

intermediate intervals w€re considered transitional, indicating a community 

structure change. These results are shown in Figure VI-13 for species 

numbers. 

The months exhibiting the greatest affinity were found to be: 

(a) March and December 

(b) April, September, November and December 

(c) July and August 

(d) September, October and November 

(e) october and November 

(f) November and December 

The successive months from July through December are simi'lar, but only 

the months September, Octobe~ and November compare as a block. 

Quirk.Lawler ~"Matusky Engineers 



MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPT. 

OCTo 

NOV. 

DEC. 

ROSETON/DANSKAMMER POINT ECOLOGICAL STUDIES 
AFFINITY INDEX VAI"UES 

1973 

AFFINITY INDEX FOR NUMBERS OF FISH SPECIES* 

15.8 ~2.o pS,6 pl.3 r56,6 ~8.7 I"" ~ ~~ 
211 ~3.9 9.8 0.5 47.5 31.7 66.8 I"" ~~ 
36.7 63.7 :>2.9 60.0 ~S.O 26,0 57.1 pS.l 

~8.l 62~ ~8.9 44.6 ~7.0, 19,0 36.6 ~19 163.0 "" 

*Trawls and Seines Only. 

FIGURE VI-13 

INDEX RANGE 

22.7-3400 

34.1-45.4 

45.5-56.8 

56.9-68.2 ~ 



VI-35 

The community during this time of the year was dominated by blueback 

herring, white perch, and spottail shiners. The majority of the blue

back herrings and white perch collected from June through December 

were young-of-the-year. 

The percent composition of the two dominant species, blueback herring 

and white perch, in great part, explains the high affinity between the 

later months of the year. In July and August the percent composition 

of blueback herring was 39% and 72%, respectively; and for white perch, 

21% and 11%, respectively. Comparison gave a high index value of 50. 

In September the percent composition of bluebacks dropped to 25% and 

white perch increased to 48%,'yielding an index of 36. September also 

had fewer species present compared to August and October, 

again showing a low index value. 

The affinity index for the community structure based on biomass is 

shown in Figure VI-14. The months June through October had a very 

high affinity with all months having a similar weight value per species 

collected. At this time of the year the greatest numbers were observed 

and rapid development of fish takes place. Before and after these months 

the number of species is less and growth is usually slower. 

Affinity values for seines and trawls are presented in Figures VI-IS 

and VI-16, respectively. Near-shore communities in July, August and 

September were quite similar. During this period large numbers of 

young-of-the-year fish, primarily Clupeids, were collected by seine. 

Fish of this family are normally spring-early summer spawners, and have 

planktivorous larvae. The shallow, more protected waters offered a safe 
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MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGllST 

SEPT o 

ocr. 

NOV. 

DEC. 

ROSETON/DANSKAMMER POINT ECOLOGICAL STUDIES 
AFFINITY INDEX VALUES 

1973 

AFFINITY INDEX FOR BIOVillSS OF FISH* 

2Q2 46.9 55.7 852 72f) 71A l"",~~ 
27.5 34.8 42.2 70.6 55.3 54.5 74.61~~ 
17.0 36.6 47.0 55.0 49.3 48.8 SSA 58.31~~ 
2 U 18.8 58.0 30.3.24.0 25.3 32.6 34.2 52.8 I~ 

* TRAWLS AND SEINES ONLY 

FIGURE VI-14 

INDEX RANGE 

12.1-26.7 rna 
26 08-41. 3 D 
41. 4-55.9 ~ 

5600-70 05 ~ 

70.6-85.2 ~ 



ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 
AFFINIty INDEX VALUES 

SEINES 
1973 

~ 
~ 
t.LI ~ ~ 
et:l ~ t.LI t.LI 

E- ro t.LI et:l IXl ::c: ..-l tJ) et:l ro ~ u H t.LI >< ::::l E- o 
~ ~ >< Z ..-l t.:l c.. E- ~ U 

~ c.. ~ ::::l :::> ~ t.LI g t.LI « I-) t-:l tJ) Z 0 

'" ~i~i~\~!fi ~t~!I ~~m~~1 . [l@~l~lj~ =fmtf ~ MARCH :-:.:-:.:.> ~ 

APRIL 182 '" ~gf\ Mff It\J ~ 
~0.6 ~ ~ ~ ~ ~ ~ ~ ~ MAY 31ft ~ ~ 

I'" 
::=::::::::: ~ ~ JUNE 24.3 226 149.8 :::::::::::: ................. 

JULY 10.5 8.2 ~1l 34.5 ~ ~ 'lj ~ ~ ~ ~ 
AUGUST 7.0 4.5 144.4- 14.4 r>8.0 ~ ~ m~~~~~~~~ ~~~~~~~~~~~~ 

::::::::::: :::::::::::: 

I"" ~ :.:.:.:::.: .. 
SEPT. ~1.7 24.5 ':7&7 ~3.6 

.:.:.:.:.:.: 
d6 6,7 :::::::::::! 

ocr. 19.9 20.4 Is 3.0 Is 0.8 ~4.1 ~9.5 ~1.7 ~ ~ ~ 
NOV. 22.7 49.6 42.2 149.:4- ~7.3 15.2 ~2.5 55J I"" ~ ~ 
DEC. 44.8 33.7 46.7 34.4- ~4.5 12.:4- 19.1 38,9 ~S.2 I"" 

FIGURE VI-IS 

AFFINITY INDEX 
FOR NUMBERS 

COLLECTED 

INDEX RANGE 

4.5-20.3 

20.4-36.2 

36.3-52.1 

52.2-68.0 

68.1-83 0 9 ~ 



ROSETONjDANSK.c..MMER POINT RIVER ECCLOGICAL STUDIES 

AFFINITY INDEX VALUES 
TRAWLS 

1973 
po;: 
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FIGURE VI-16 

AFFINITY INDEX 
FOR NUMBERS 
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INDEX RANGE 

11.4-26.6 r~t~l~~1 

26.7-41.9 D 
42.0-57.2 ~ 

,57.3-72.5 ~ 

72.6-87.8 ~ 

AFF INITY INDEX 
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VI-36 

area where these young fish found refuge and food. All other months 

showed a great deal of variability in the near-shore community based 

on this collection technique. 

Community composition by weight for seine efforts was similar during 

September, October, and November. The community structure showed great 

variability during the spring months when shore conditions were less 

stable than open water conditions and migratory species were prevalent 

in the area. Through the summer and early fall, spawning fish left 

the area and the monthly biomass for young-of-the-year tended to 

stabilize as these fish migrated from the near-shore area to more open 

waters or moved further down river. 

The affinity index value for numbers of organisms collected by trawl 

(Figure VI-16) was highly variable. This is due in part to the lumping 

of surface and bottom trawl figures and also to the change in 

community composition in the more open water areas. The months of 

April, August and September had high affinity index values because 

white perch composed 71.1 to 74.2% of the collections during these 

months. 

Earlier months had a low index value, primarily because the influx of 

migratory spawners altered community structure. The numbers of 

individuals per species became more stable in August when the young-of

the-year, mainly white perch, were in the study area. The fall 

community structure varied as fish emigrated from the study area, 

leaving only a small resident population. 
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VI-37 

Biomass affinity index showed that the community, as expressed by 

weight of organisms collected, was similar from April to October. It 

was during this time that the greatest n~mbers of individuals and 

species were collected. As the numbers of organisms in the study area 

declined in the fall, the community structure exhibited low biomass 

affinity. 

8. Community Structure by Diversity Index 

In recent years the diversity index has been increasingly used to evaluate 

fish populations (Bechtel and Copeland, 1970; Dahlberg and Odum, 1970; 

Swartz, 1972). Bechtel and Copeland (1970) found that the diversity 

index showed station-to-station and seasonal differences indicating 

changes in the fish community that could also be interpreted in terms 

of water quality. Dahlberg and Odum (1970) concluded that diversity 

indices could be used to summarize the structure of a fish community. 

A low diversity index number indicates that the majority of individuals pre

sent are members of one or a few populations (species), while a high value 

represents a more even distribution of the organisms among species. Usually 

the more species present, the more stable the community. As more of the 

available niches are filled, however, the stability is altered if more members 

of one species are present than the niche can maintain (Roughgarden, 1971). The 

diversity index combines these variables as a numerical value for comparison. 

The number of species, average number of fish collected, and mean diversity 

by month in 1973 for seines and trawls is presented in Figures VI-17 and 

VI-IS, respectively. 
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VI-38 

During the spring, summer and winter months the abundance of organisms was 

comparatively low. A sharp increase was observed in August and abundance 

gradually decreased through the fall months. The shore catch was composed 

of few species in the spring; the number of species increased in the early 

summer, remained high through the summer and fall, and declined in the 

winter months. 

The mean diversity index was high in March and dropped off in April, 

probably due to movement of some species to deeper water. The value 

increased in May and assumed a fairly constant value until the species 

number and abundance fell in the winter. These values indicated a 

fairly stable community during the summer and fall months. 

As shown in Figure VI-18 the number of species composing the surface 

fish catch was consistently less than the demersal catch yielded by 

bottom trawls. The same trends were observed for composite surface 

and bottom trawls. 

The average number of organisms collected by surface trawl and bottom 

trawl indicate a very small spring fish population in the Roseton/ 

Danskammer Point area. The number of fish collected by surface trawls 

declined through May and June and increased sharply to a July peak, 

after which ,the catch declined through August and September. A second 

increase noted in October, due primarily to abundance of post-larval 

Alosa spp., declined in November and December. 

Bottom trawls showed a gradual increase in numbers collected through July. 

A slight decrease in the abundance of demersal fish was noted for August 

followed by a sharp increase in September. The September peak was due 

to the presence of young-of-the-year white perch. 
Quirk., Lawler I'ijf ~atuHky l:ng-i IW(!rS 



The low value in March for bottom trawls was similar to the December 

yield. As neither month reflects large numbers of spawning fish or 

young-of-the-year, the March values probably represent the winter 

population in this area of the river. 

VI-39 

The diversity index for surface trawls was very low throughout the year. 

There was a gradual increase to a value of 0.5 in October a;,d -then a de

cline to values found in other months. 

The mean diversity index for bottom trawls was much greater than for 

surface trawls. There was a spring low due to the collection of few 

species and small numbers of fish. The diversity index increased in May 

to approximately 1.0 and did not vary greatly until the winter months, 

when it declined gradually to approximately 0.7. 

Of the three communities sampled, near-shore, open water surface and open 

water bottom, the most diverse community \vas found near shore. The variety of 

habitats available, such as weeds, rocks,m~d open bottom, represent various 

niches absent from the deeper waters. The same seasonal trends were found 

by McErlean et al. (1973) in a long term study in the Patuxent Estuary. 

The diversity index based on biomass for seines and trawls is presented 

in Figure VI-19. When evaluating the upper trophic levels, Bechtel and 

Copeland (1970) found the differences in diversity based on numerical catch 

and diversity based on biomass to be significant in establishing differences 

in the community. A diversity index based on numbers gives as much 

emphasis to a carp weighing several kilograms as to a tesselated darter 

weighing a few grams. This relationship, as pointed out by Wilhm (1968), 

yields an erroneous picture of the community when'considered alone. 
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VI-40 

The seine biomass mean monthly diversity showed a gradual increase 

from March through September, peaking at approximately 2.5 and gradually 

dropping to a December index value similar to that of March, approxi

mately 0.6. The near shore area is populated by resident species and 

the young-of-the-year of both area residents and non-residents. The 

increase in diversity in the spring was due to the movement into 

the area of spawners and resident forms that had been over-wintering in 

deeper waters or other areas of the estuary. 

Between the spring spawners (May) and the appearance of young-of-the-year 

a slight decrease is found in the diversity value. The relative value 

was maintained by the growth of the resident fauna. with the use of 

the shallow water by fry, growth proceeded rapidly and the diversity 

index reflects the growth. By late fall the young-of-the-year fish are 

moving from the area to either marine or southern estuary nursery grounds. 

The biomass index closely follows the ind,~x based on numbers (Figure 

VI-l6). When the diversity index at a station was lower for biomass than 

for numbers, Bechtel and Copeland (1970) concluded that environmental 

stress was the cause. Of the monthly values only the March biomass 

value was much lower than the number value. At this time of the year 

the colder water and lack of food could have been the general cause for the 

lower biomass number. 

The trawl mean monthly biomass diversity (surface and bottom combined) 

shows a very slight increase through October, when it peaked at 2.75, and then a 
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gradual decline. The value is less than the seine biomass diversity 

indicating a smaller population size due to fewer available niches. 

The relative consistency of the diversity value between 1.00 and 1.50 

suggests a fairly stable open water community. 

The species numbers, diversity index (Shannon-Weaver), and number fish 

per ten-minute trawl effort for each collection date are presented 

graphically in Figures VI-20 through VI-24. These figures relate to 

the stations near Danskammer Point used for ebb-flood comparisons. 

Similar information is presented in Figures VI-9 through VI-12 for 

the east-west transect stations sampled for day/night differences. 

VI-41 

The ten and twenty-foot stations in the cove north of Danskammer Point 

were used for both studies, permitting a degree of comparability for the 

total numbers collected. The near field stations sampled more shallower, 

near-shore areas. These stations were also very close to the intake 

and discharge of the Danskammer Point Steam Station. 

On the north cove transect (Figure VI-20 through VI-.22) very few 

organisms, representing only a few species, were collected by surface trawls 

over the study period,as evidenced by the low diversity index. The 

time period for the collections was also restricted to the late 

summer months. The greatest numbers were collected on flood tide, 

with the diversity index dropping from the shallower ten-foot transect 

to the thirty-foot transect. The fish collected by the surface trawls 

were primarily young-of-the-year herring. 
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VI-42 

Tidal influence was not very pronounced in the bottom trawl collections. 

The yields increased during early September and late October for both 

surface and bottom trawls, resulting in both cases from the presence of 

young-of-the-year white perch. The ebb tide collection was of greater 

magnitude than the flood collection. For the peak collections by bottom 

trawl the diversity index was lower for the ebb collection at each 

transect. 

The flood collection during the peak was lowest at the twenty-foot 

station and highest at the thirty-foot station. The bottom community 

in the cove area had a relatively low diversity during the spring and 

summer months and increased during the fall. The greatest diversity 

values were found at the thirty-foot transect whereas fewer species 

dominated at the near-shore station. 

An interesting note is the increase in diversity and numbers on flood 

tide at the twenty-foot transect. This may have been caused by the 

beginning of the Atlantic tomcod spawning run, because flood tide is 

the most favorable for this migration, and Bigelow and Schroeder (1953) 

state that this species moves at a depth of around twenty feet. 

Surface trawls in the Danskammer Point discharge area (Figures VI-23 

and VI-24) collected few or no fish on most sampling dates. However, in 

July the twenty-foot ebb and thirty-foot flood collections yielded large 

numbers of fish, mainly blueback herring and some alewives. The numbers 

collected at the thirty-foot transect were of smaller size than the 

twenty-foot transect and were not identified to species. 

Quirk, Lawler :Elf Matusky Engineers 



VI-43 

These smaller organisms are distributed in patches and their occurrence 

in this area may have been due to tidal influence. 

Very few fish were collected at the thirty-foot transect by bottom 

trawls. A summer (July) peak was experienced at the twenty-foot transect 

on ebb and during October for flood. Both collections were almost 

exclusively young-of-the-year white perch. Those collected in .:Tuly were 

post-larval forms while the October collection included well developed 

juveniles. The di versi ty value for the blenty-foot transect increased 

during November and decreased for the thirty-foot transect, possibly 

due to the movement of fish popUlations into warmer waters. 

Because of few collections at the Roseton discharge transect, trends 

could not be established for comparative purposes. 

Very few fish and species were collected by surface trawls at the north 

control transect (Figure VI-g). Several cmadromous species, namely 

blueback herring, American shad, and bay anchovy, were collected during 

October on the west side of the river. Both the day and night collections 

were made within two hours of each other and encompassed high slack to 

ebb water currents. A greater number of bay anchovy were collected during 

the night hours. The most fish were collE~cted on the east side through

out the study; however, the di versi ty indE~x shows that all fish belonged 

to one species or that the total number was evenly distributed among 

two species. 
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Bottom trawls on the west side yielded greater collections in the summer 

and lower catches in the fall and winter. The diversity index was low in 

the summer, increasing in the fall, and maintaining a fairly high value 

through December except for the December night collections; however, 

these latter values for Decembe~ were based on only two species collected. 

The reverse trend is true for the east side station. Very few fish 

were collected in the summer, but abundance increased in the fall and decreased 

in the winter. The high value in October was due to occurrence of brown bull

head and white perch. The diversity index was high throughout most of the 

study period, pointing to a more stable community structure. 

The east side of the river at this point is shallower with many rooted 

aquatic plants. This area was probably used for feeding purposes 

during the late summer-fall period. Several of the fish collected 

were young-of-the-yea4 indicating an area of quieter, more sheltered 

waters, as required by these young fish. 

Due to the shallowness of the ten-foot transect only surface trawls 

are comparable for the cove stations (Figure VI-IO). At both the 

ten-foot and twenty-foot transects very few organisms were collected 

by night surface trawls. In October large numbers of white perch 

were collected, along with several Clupeidae and bay anchovy. The 

December value is due almost exclusively to spottail shiner. The 

twenty-foot transect had a more diverse community structure, but 

only in the fall. The spring-summer collections were mono specific 
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with juvenile Alosa spp. taken during the day trawls in June and 

white perch from the June and July night trawls. Bottom trawls at the 

twenty-foot transect had a high diversity value throughout the study. 

After June, only surface trawls were conducted on the east side of the 

river across from Roseton (Figure VI-II). In the summer all trawls 

pointed to a very sparse population; all surface trawls conduct:ed 

after July during daylight and night hours failed to collect any fish. 

VI-45 

A great deal of fluctuation in the community structure was noted at the west 

station. Very few fish were collected by trawling, although bottom trawls 

yielded the greater catches. In June and July the catch by bottom 

trawl consisted mainly of young-of-the-year Atlantic tomcod and white perch. 

In the fall months, the number of tomcod decreased; and the bottom population 

was mainly young-of-the-year white perch. The collections in November and 

December showed an increase in adult tomcod, but were still dominated by white 

perch. 

Surface trawls at the west station collect.ed mainly Clupeidae, mostly blue

back herring young, but also shad and alewife, especially in October. The 

diversity index was fairly high for surface trawls in late summer-fall due 

to the Clupeidae. The demersal community appeared to be quite diverse 

decreasing during the winter. 

The South Control stations (Figure VI-l2) were located just north of the 

Newburgh-Beacon Bridge. Depth at the west side station was approximately 

50 feet and the east station was shallow, approximately 30 feet, and 

situated ncar u very large shallow area of the rive~. 
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No fish were collected from the surface waters during spring sampling. 

Young-of-the-year Atlantic tomcod were abundant in bottom trawl collec

tions. The bottom community was composed mainly of adult white perch 

through the fall, becoming quite diverse although with fewer organisms 

in the late fall-winter period. 

Diversity index was low in the summer and increased in the fall and winter, 

when it included several species and low numbers. 

Few adult alewife and blueback herring were collected during the spring 

by surface trawl on the east side of the river .. In the late summer-early 

fall, few young-of-the-year Clupeidae were collected. For the most 

part the surface fauna was sparse in this area. The greatest diversity 

was recorded in November for surface trawls. 

In May and June large numbers of young-of-the-year Atlantic tomcod were 

collected by bottom trawls. Adult white perch, in addition to the tom-

cod, were found in June. The number of tomcod decreased in July and tomcod was 

not collected again until November. The white perch population shifted 

to young-of-the-year in August, after which very few adults were collected. 

The general trend indicated from comparison of north and south transect 

datawasa spring migration in the channel on the west side of the river, 

mainly in the surface waters. In summer, the population shifted to young

of-the-year Clupeidae along the shore in the surface waters and white 

perch young-of-the-year in the bottom waters. In the north, movement 

to the shallower east side for feeding was observed. 

Quirk, Lawler fff'Matusky Engineers 



At the southern transect greater numbers of young-of-the-year tomcod 

were found, especially at the eastern station. Since this area is 

approximately 30 feet deep, the preference by tomcod for intermediate 

depths could account for their higher incidence. 

VI-47 

White perch were the dominant species in the deeper waters at all times 

of the year. Adult tomcod were found in the spring and young-o~-the-year 

in the late summer months. Since few adults were collected after July 

these fish must leave the immediate areas sampled and possibly move 

into the deeper main channel. 

9. Age and Growth 

(a) Introduction. Age is one of the most important parameters in a 

study of the population dynamics of fish. The age composition of the 

stock, the relative strengths of the different age groups, and the 

maximum life span are, within certain limits, a species characteristic. 

Fish with a short life cycle and a population consisting of only a few 

age groups, such as the anchovy and the river herring, are adapted to 

living under conditions of high and variable mortality. Their popula

tion dynamics ensure a rapid replacement of the stock. 

On the other hand, species such as sturgeon, in which the population 

contains age groups spanning several decades, are best adapted to living under 

conditions of a relatively stable food supply and negligible annual 

fluctuations in the mortality of mature individuals. If a substantial 

part of this population should die, replac(ement would be slow (Nikolsky, 1963). 
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Knowledge of the age of fish can act as an identifying factor by which 

the migrations of certain year classes can be followed and chapters 

in their life history pieced together. Striped bass do not ordinarily 

travel far until they are two years old. This was determined when 

young fish of the enormous year classes of 1934 and 1942 in Chesapeake 

Bay did not appear in New England waters until two years later 

(Bigelow and Schroeder, 1953). 

Fish scale analysis can be used to determine the age group of a fish 

as well as to obtain much of the historical information necessary to 

determine growth patterns. Age determination can be accomplished by 

counting the annuli, which are yearly growth marks on the scales. 

Measurement of the scale length and distance between the annuli to 

determine scale length to body length relationships results in yearly 

growth increment values. The method of determination of scale growth 

to body growth is termed the "back calculation technique" (Tesch, 1971). 

Growth rates are an index to population densities, and slow growth 

rates are often symptomatic of overcrowded conditions. If there 

were a source of attrition in a populatio~ it would be beneficial 

to know if this "cropping" was occurring in an overcrowded, stunted 

population or whether the population was already at the optimum 

density for good growth and survival. 

The back calculation technique on scales from five year old white 

perch collected in 1972, for instance, will supply information on growth 
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rates for each year from 1967 through 1971. In this way, a data file 

can be built up on growth rates from previous years, and an attempt 

can be made to correlate these rates with parameters such as rainfall, 

solar radiation, water temperature, and population densities. 

Results from detailed age and growth studies which use length frequency 

and scale analysis are presented for white perch and striped bass. In 

addition, length frequency analyses of growth rates are presented in 

Appendix VI-A for spottail shiner, blueba.ck herring, alewife, and 

Atlantic tomcod. For purposes of clarity it should be stated that 

the lengths of individual fish, in addition to being used in the 

formulation of length/weight relationships within species, were utilized 

to obtain information on age composition of the population, growth rates 

of young fish from month to month, and recruitment of slower-growing 

or later-spawned contingents to the Roset:on/Danskammer Point fish 

populations. 

(i) Length Frequency Analysis. The lensrth composition of a fish 

population which reproduces seasonally will often exhibit modes among 

the smaller fish, which correspond to the youngest age groups. These 

modes will be most pronounced for species with a short spawning season 

and rapid, uniform growth. 
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In the older age groups, because of increased overlapping growth and a 

decline of age group strength due to mortality, the length peaks of the 

discrete age groups tend to decrease and blend together. For these reasons, 

length frequency analysis was used primarily to monitor growth rates of 

young-of-the-year (0 age group) fish from one year to the next. It was 

also used to validate length at annulus formation derived from scale analysis 

for younger age groups of selected species. 

(ii) Scale Analysis. Scale analysis provided two main inputs to the study 

of fish populations in the Roseton/Danskammer Point vicinity during 1971, 

1972 and 1973. The first and most basic source of information came from 

interpreting the age of individual fish by reading the number of annuli, 

or winter marks, on the scales. The second was provided by back cal

culating the length that individual fish attained during each successive 

year of their lives, thus compiling information on growth rates of fish 

for the years prior to their capture. 

Quantitative information on the age structure and growth rate of a popula

tion followed from year to year in relation to environmental factors can 

frequently help in understanding factors that affect dominant year classes. 

This rate is directly and significantly affected by temperature and by other 

physical and biological conditions. Thus it is possible for different 

age classes or broods to be roughly the same size or to have wide 

differences in average size (Mansueti, 1961). 
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If scales are to be used as valid indicators of age and growth, certain 

assumptions must be made. One of these is that the annulus is formed 

yearly and at approximately the same time each year. A second assump

tion is that the annual increment in scale length maintains 

a constant ratio with the annual increment in body length (Van 

Oosten, 1929); i.e., the body-length, scale-length 

relationship is exactly linear, with its intercept at the origin, 

ignoring the initial length of the fish at scale formation. Actual 

data plots of body length on scale length for several species of fish 

showed that the relationship is not direc·t1y proportional and that the 

regression line through the data points generally has a positive y

intercept, roughly corresponding with the fish's body length at scale 

formation. This positive value is used as a correction factor in the 

back-calculation formula and must be deteJ~ined separately for each 

species and each distinct environment, such as the Hudson River or 

Chesapeake Bay. 

It should also be pointed out that several investigators working with 

various fish species have determined that the "constant ratio" mentioned 

by Van Oosten between increments in scale length and body length is often 

not present (Huntsman, 1918; Dew, 1970; Koski, 1973; Marcy, 1974). The 

ratio often decreases, i.e., the relationship is not linear, scales growing 

faster than the body as the fish grow older, resulting in somewhat higher 

values for body length at scale formation (correction factors) than would 

be found in nature. 
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It is possible to avoid this problem by using only younq-of-the-year fish 

for the regression of body length on scale length (Koski, 1973; Marcy, 

1974). The slope of the regression of body length on scale length during 

the early period of rapid fish growth is steeper than it is afterwards, 

resulting in a lower y- intercept than when older, slower-growing fish 

are used. 

(b) Striped Bass 

(i) Length Frequency. Young-of-the-year striped bass were first 

collected during July 1973 with a mean length of approximately 4 cm. 

The mean length of the young striped bass population at the end of 

the 1973 growing season in October and November was slightly greater 

than 9 cm (Figure VI-2S). This compares very well with the yearly growth 

estimate of 8.98 em as obtained from the back calculation technique 

(see below). 

No comparison with 1971 and 1972 growth rates was made using length 

frequency methods because of smaller catches during these years. 

Although it is generally known that the Hudson River serves as an 

extensive nursery area for young striped bass, the almost complete 

dominance of young-of-the-year fish in trawl and seine catches may 

be a function of gear selectivity and gear avoidance by larger 

striped bass. 

(ii) Body-Scale Relationship. The body-scale relationship for 44 male, 

female and immature striped bass collected during 1973 was described 

by the regression L = 14.4 + 66.49S (r = 0.98), where L is total 
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length in millimeters and S is thescale radius in millimeters 

(Figure VI-26). 

VI-53 

The regression intercept of 14.4 rom was used as the correction factor 

in the formula for body length at scale formation. The plot of the 

scale length-body length data is shown in Figure VI-26. Due to the 

small sample size (44) all individuals were used in the regression analysis. 

Robinson (1960) reported that the calculated correction factor for 

striped bass from California was 24.6 rom (fork length) while 

Mansueti (1961) reported a value of 10.9 rom (fork length) for 

Chesapeake Bay area striped bass. Mansueti (1958) investigated 

actual scale formation in striped bass and found that scales were first 

evident at a body length of approximately 20 rom total length. 

A correction factor of 15.8 rom total length was used in a study of 

Haverstraw Bay striped bass (Quirk, Lawler & Matusky Engineers, 1974). 

Texas Instruments (1973a) calculated a correction factor of 31.9 rom 

total length, which was the highest value in any of the reported studies. 

(iii)Time of Annulus Formation. Annuli had been formed by mid-July in 

all of the 156 striped bass examined from the Hudson River during 1972, 

and most had been formed by the end of June. Merriman (1941) stated 

that striped bass annuli became evident by April or May, but contrary to 

this information Hudson River striped bass exhibited no annuli until 

June during 1972. 

Quirk. Lawler [fr' Matusky Engineers 



:lE 
~ 

I 
~ 
(!) 

z 
W 
-.I 

I 
en 
LL 

FIGURE VI-26 

ROSETON/DANSKAMMER POINT RiVER ECOLOGICAL STUDIES 

SCALE RADIUS-TOTAL LENGTH RELATIONSHIP FOR 
44 MALE AND FEMALE STRIPED BASS COLLECTED AT 

ROSETON DURING 1973 

360r-------------------------

320 

280 

" 
240 • 

• .. 
200 

.. 
160 

. .. .. .. 
~ . : . .. 

120 .. 
" .. 

L = 14.4 + 66.49S 
80 

r = 0.98 
• .. .. 

III 

40 

o~~~--~~~~~~--~~~--~~~--~~~--~~~~ 

o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

SCALE LENGTH (MM) 



VI-54 

(iv) Age and Growth. Length attained at the end of each year of life, 

i.e., at annulus formation, is presented in Table VI-17 for male, 

female, and immature striped bass from year classes 1969-1972 collected 

in 1973 in the Roseton/Danskammer Point vicinity. 

The calculated growth rates were compared to results from several other 

growth studies of striped bass (Table VI-18), and it was evident that 

growth rates noted from the Hudson River, especially in the Roseton/ 

Danskammer Point area, appeared to be lower than those found in most 

other studies. These lower growth rates may have been indicative of 

inter-specific competition with white perch, resulting in overcrowding 

and consequently stunted growth rates. 

However, the differences observed between growth rates found in this 

and other studies may result from differences in sampling gear. 

Striped bass in Maryland (Mansueti, 1961) and in South Carolina 

(Scruggs, 1955) were captured by size selective gear such as gill and 

trammel nets. Mansueti (1961) stated that the more rapid growth apparent 

in striped bass caught by gill nets was consistent with the expecta-

tion that such selective gear would take a comparatively large segment 

of the faster-growing younger age groups within the population. 

Merriman (1941), however, utilized several methods of collection, such 

as pound nets, seines, and angling, and stated that it is unlikely that 

the growth rates in his study were biased by sampling gear. 
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Year Class 

1972 

1971 

1970 

1969 

GRAND AVERAGE: 
SAMPLE SIZE: 
STANDARD DEVIATION: 
STANDARD ERROR: 
VARIANCE: 
CONFIDENCE INTERVAL a = 0.05) 
AVERAGE ANNUAL INCREMENT 

TABLE VI-17 

STANDARD DEVIATION AND STANDARD ERROR FOR AVERAGE 
CALCULATED GROWTH (MM) OF STRIPED BASS YEAR CLASSES 

1969-1972 COLLECTED DURING 1973 

ROSETON/DANSKAMMER POINT VICINITY 

Number of Fish Aged Calculated Total Length at End of Year 
From Each Year Class 1 2 3 

14 85.72 

6 86.40 144.36 

2 111.38 150.31 197.90 

1 124.54 271. 37 292.46 

89.81 159.79 229.42 
23 9 3 
23.82 63.73 80.46 
4.97 21.24 46.45 

567.46 4061.28 6473.95 
79.53-100.09 110.72-208.87 29.67-429.17 

89.81 69.98 69.63 

4 

310.00 

310.00 
1 
1 
1 
1 

80.53 



. I 

. 
Chesapeake San Joachin-

Bay Sacramento 
Annulus Maryland River 

Formation (Mansueti, California 
1961) (Robinson, 

1960) 

1 129.5 104.1 

2 294.6 248.9 

3 384.8 388.6 

4 449.6 497.8 

-- ------ --~- - -

NOTE: 

TABLE VI-18 

MEAN CALCULATED FORK LENGTHS (MM) AT ANNULUS FORMATION 
FOR STRIPED BASS BASED ON SEVERAL STUDIES 

ROSETON/DANSKAMMER POINT VICINITY 

LOCATION AND REFERENCE 

Santee-Cooper Hudson River Hudson River 
Reservoir, New England MP 40-60 Kingston 

South States (Texas Vicinity 
carolina (Merriman, Instruments MP 95. 
(Scrug"gs, 1941) 1973a) (QL&M, 1973~) 

1957) 

170.2 124.5 111.3 101.3 

355.6 . 233.7 224.7 224.8 

466.8 365.8 310.2 -

528.3 449.6 401.5 -
--- ------ -- ----- - - -~.--.--------

1. Conversions to fork length after Mansueti (1961) 
2. Sexes combin~d for all studies 

KEY: 

MP = Mile Point 

QL&M a Quirk, Lawler & Matusky Engineers 

Hudson River Hudson River 
Bowline Roseton 

ViCinity Vicinity 
MP 35 MP 65 

(QL&M, 1974) Present Study 

105.6 83.5 

204.3 148.6 

I 

333.3 213.4 

427.8 288.3 

---.~--- - -- ~ 
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(b) White Perch 

(i) Length Frequency. Length frequency analysis of white perch 

collected from April through June 1973 shows that the predominant 

segment of the white perch population in the Roseton/Danskammer Point 

vicinity during this time was composed of adults two years old and 

older (Figure VI-27). This corresponds to the timing of the spring 

spawning migration undertaken annually by white perch in the Hudson 

River and other estuaries. 

Evidence of the spring spawn first appeared in trawl and seine catches 

during the latter part of July 1973. These young-of-the-year white 

perch were first recruited into the fishery at a mean length of just 

over 3 cm. The growth rate of the young-of-the-year white perch 

population was then monitored through the summer and fall until 

a maximum length of approximately 8 cm. was attained in November 1973 

(Figure VI-27) . 

Comparison of annual growth rates for young white perch during the 

period 1971-1973 indicated that growth was similar 

during 1971 and 1973 and was better in both years than in 1972 (Quirk, 

Lawler & Matusky Engineers, 1973a), perhaps due to better growing 

conditions within the estuary during these years. Results from 

Hudson River ecological studies during 1971 and 1972 in the vicinity 

of Kingston (mile point 95) and Haverstraw Bay (mile point 36) showed 

that the trend of lower white perch growt.h rates in 1972 was observed 

Quirk, Lawler ffjf !\fatusky Engineers 



FIGURE vr-27 

LENGTH DISTRIBUTION (eM) OF WHITE PERCH 

COLLECTED FROM THE ROSETON IDANSKAMMER 

POINT VICINITY DURING 1973 

(DOTTED LINE REPRESENTS CUT-OFF POINT BETWEEN AGE GROUP~ 
WHERE CONTINUOUS DISTRIBUTION IS PRESENT) 
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at each of these locations also, indicating that it was a river-wide 

phenomenon rather than one restricted to the Roseton area (Quirk, 

Lawler & Matusky Engineers, 1973a, 1971b, 1974). 
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A thirteen-year study of white perch in the Patuxent River, Maryland 

(Mansueti, 1961) showed that there were significantly different growth 

rates between certain years. Mansueti attributed these differences to 

interactions of biological parameters (population density) and environ

mental parameters (temperature, rainfall and solar radiation). A 

direct relationship was observed between first year growth and the time 

period in days that the water temperature was between 10 and lSoC (50-

S90F) . 

Mansueti also noted a direct correlation b-c:tw0cn growth rates and solar 

radiation interpreted as average monthly percent of possible sunshine. 

This correlation of sunlight to the growth of the white perch can be 

explained indirectly from increased productivity at the base of the food 

web resulting in similar increases at higher trophic levels. Heavy 

spring rains and high population densities of young-of-the-year white 

perch were negatively correlated with first-year growth rates. 

Spring rainfall in the Hudson River was gn~ater in 1972 than in 1971, 

resulting in record flows throughout the estuary. Climatological 

data for the two years also showed that the average monthly percent 

of possible sunshine measured at Albany and Central Park for the 

Quirk,lawler JjfMatusky Engineers 



five month period of February through June was 8% less in 1972 than 

in 1971. Relative abundance expressed as numbers of white perch per 

ten minutes of bottom trawl showed that there were higher population 

densities of white perch at Roseton/Danskammer Point and Bowline in 

1972 than in 1971 (Quirk, Lawler & Matusky Engineers, 1973a, 1974). 

These differences in rainfall, solar radiation and population density 

between 1971 and 1972 may have influenced growth rates of white perch 

in the Hudson River. 

(ii) Body-Scale Relationships. The body-scale relationship for male, 

female, and immature white perch collected at Roseton/Danskammer Point 

and Haverstraw Bay during 1971, 1972 and 1973 are described by the 

regression: L = 25.3 + 45.40S (r = 0.86) where L is total length in 

millimeters and S is scale radius in millimeters (Figure VI-28) . 

VI-57 

The regression intercept of 25.3 mm was used as the correction factor 

for body length at scale formation in this study. The correction factor 

was calculated only for young-of-the-year fish collected at Roseton/ 

Danskammer Point and Haverstraw Bay. The pooling of the data from 

both areas of the Hudson River increased the number of observations 

from 39 for Roseton/Danskammer Point alone to 126; this technique was used 

only after the data from each area were found not to be significantly 

different when analysis of covariance was employed. 

Calculated correction factors for other studies are: Mansueti (1961) 

16.3 mm standard length in Maryland; Wallace (1971), 22.4 mm fork 

length in Delaware; St. Pierre and Davis (1972), 20.9 mm fork length 

Quirk, La\.\-lcr 1'&' ~fatusky Engineers 
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FIGURE VI-28 

ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 

SCALE RADIUS-TOTAL LENGTH RELATIONSHIP FOR 
126 YOUNG WHITE PERCH COLLECTED AT 
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in the James and York Rivers. Virginia; Texas Instruments, Inc. (1973), 

27.2 mm total length in the Hudson River, and Quirk, Lawler & Matusky 

Engineers (1974), 31.9 mm total length for the Bowline area. 

(iii)Time of Annulus Formation. Annuli had been formed by September 

in all of the 566 white perch collected from the Roseton/Danskammer 

Point area during 1972 and 1973 and in all but two fish by August. 

A trend of earlier annulus formation in younger fish was evident, 

with the earliest formation in May and June for younger fish. 

The peak of annulus formation appeared to be in July. This 

generalized pattern was also observed for a combined sample of 

1169 white perch from Bowline (mile point 35), Roseton/Danskammer 

Point and Kingston (mile point 95). 

Time of annulus formation, in addition to being a species characteristic, 

is probably influenced by environmental conditions and seems to vary 

somewhat with both location and year. 

During a study on Lake Ontario, Sheri and Power (1969) found 

that peak annulus formation was in July for five of the years studied 

but occurred in June for two years, and August for two other years. 

However, annulus formation generally spanned the time period from May 

to September as was found for the Hudson River. Marcy (1974) stated 

that annulus formation of Connecticut River white perch began by late 

March and was completed by the third week in June for all age groups. 

Mansueti (1961) observed annulus formation only during April, May and 

June in the Patuxent River, Maryland. Wallace (l97l) found that for 

Quirk. Lawler ffif Matusky Engineers 
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Greater growth for females in each year of life is a phenomenon well

established in the literature (Mansueti, 1961; Miller, 1963; Wallace, 

1971; St. Pierre and Davis, 1972; Texas Instruments, Inc., 1973a). 

St. Pierre and Davis (1972) suggested that the smaller size of males 

may reflect their sexual maturation at an earlier age. 
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Growth in length by each sex was greater during the first year than in 

any other year, representing approximately 40% of the mean total length 

attained by five year old fish. Average annual increments decreased 

rapidly after age II (Figure VI-30). 

White perch growth rates for fish collected in the Roseton/Danskammer 

Point vicinity were generally lower than those at Bowline (mile point 

35) (Quirk, Lawler & Matusky Engineers, 1974) and higher than those 

at Kingston (mile point 95) (Quirk, Lawler & Matusky Engineers, 1973b). 

Young-of-the-year growth rates in this area,however, were significantly 

lower (a = 0.05) than those found for young white perch at both Kingston 

and Bowline (Quirk, Lawler & Matusky Engineers, 1973a, b, 1974). 

A trend of slower white perch growth in the upper portion of an estuary 

was noted by Mansueti (1961) for the Patuxent River, by Miller (1963) 

and Wallace (1971) for the Delaware River, by Texas Instruments, Inc. 

(1973) for the Hudson River, and by Marcy (1974) for the Connecticut 

River. Data from Bowline, RosetonjDanskammer Point and Kingston indicate 

that there is a trend of depressed growth from the lower to the upper 

regions of the Hudson River. 

Quirk. Lawler iIif Matusky Engineers 



-~ 
:;! ---
::r: 
Io 
Z 
W 

I 
--' 

CALCULATED GROWTH OF YEAR CLASSES OF 
505 MALE AND FEMALE WHITE PERCH COLLECTED 

FROM THE HUDSON RIVER AT ROSETON DURING 1971,1972 AND 1973 
(HORIZONTAL LINES CONNECT IDENTICAL AGE GROUP IN DIFFERENT YEARS) 

200 ,~--------~------~--------~--------~--------~--------~------~--------~--~ 

160 -----

120 ~---

.-J « 80 
I-

--;,-t"-

o 
I-

40 I / /-+------

0' I If II K , , , 

1965 1966 1967 1968 1969 1970 1971 1972 

YEAR CLASS OR HATCHING YEAR 

---n 

~ 
C 
AJ 
m 

< 
I 

1..,'-1 

o 



VI-61 

The fact that young-of-the-year growth rates at Roseton/Danskammer Point 

were significantly lower than those at Kingston or Bowline may be a 

function of the relatively low fish support potential of the benthos 

in this area. The overall abundance and biomass of benthos in the Roseton/ 

Danskammer Point area was lower than values reported in the Kingston 

and Bowline areas (Quirk, Lawler & Matusky Engineers, 1974). 

This suggests that the food supply for fish is relatively lo~which may 

be responsible for reduced growth rates. However, any statement which 

associates conditions at Roseton/Danskammer Point with growth assumes that 

the fish spend their first growing season in this area. In other words, 

the suggestion is made that there are resident white perch at Roseton/ 

Danskammer Point which may overwinter in the lower estuary but which 

return each year to this area. Additional investigations would be 

necessary to support such an assumption. 

White perch growth rates. recorded in several areas of the Hudson River 

were compared with growth rates found in eleven other aquatic environ

ments (Table VI-20). Data from other investigations were converted 

from fork length to standard length by the equation SL = 1.31 + O.83TL 

(Marcy, 1974). In general, growth rates for white perch in the Hudson 

River were lower than those found for most other studies, especially 

in the older age groups. 

There was also some indication that white perch were not as long-lived 

in the Hudson River as in many other areas. Although Texas Instruments, 

Inc. (1973) showed the presence of fish more than seven years old, there 

were only six out of 952 fish in this age category. A biological 

Quirk., lawler ,'(·(·l\falusky Engineers 



TABLE VI-20 

MEAN CALCULATED STANDARD LENGTHS (mm) AT ANNULUS FORMATION FOR WHITE PERCH BASED ON SEVERAL STUDIES 

ROSETON/DANSKAMMER POINT VICINITY 

LOCATION AND REFERENCES 
Connecticut River 

Lake Ontario Quabbin Reservoir, (km 199-176; upper) Connecticut River State of Conn. 
Annulus (Sheri and PoWer Massachusettes Roger Road (Km 11-74; lower) (Whitworth & 
Formation 1966) (Taub, 1966) (personal communicat~on (Marcy, 1973) Sauter; 1972) 

1st 64 74 81 71 73 
2nd 105 127 146 148 107 
3rd 136 171 177 106 137 
4th 156 193 204 211 160 
5th 174 209 230 184 
6th 187 222 255 202 
7th 202 233 282 
8th 219 251 
9th 232 264 

lOth 232 273 

Delaware Eiver Estuary Delaware River Patuxent River, James River, York River, 
(Miller 1963) near Artificial Is. Maryland Virginia, Virginia 

(Wallace, 1971) (Mansueti, 1961) (St. Pierre and (St. Pierre and 
Davis 1972) Davis. 1972) 

I 
1st 73 68 73 61 64 
2nd 117 110 113 99 97 
3rd 138 130 135 124 120 
4th 153 144 151 144 142 
5th 167 154 164 159 159 
6th 181 'C~ ... v<. 181 172 176 
7th 193 170 198 186 193 
8th 204 174 209 199 209 
9th 248 221 214 220 

10th 257 241 222 229 
I 

Hu(lson Ri vcr lIunaon Rivor Hudson River 
Roanoke 1'.1 ver Corm~all-l\c~burS"h Ba¥ ossining !{uclson Rivet: Hudson R1.ver Roseton 

North Carolina Mp 56-60 MP 30-35 Xingston Vicinity Bowline MP 65 
(Conover, 1958) (Texas Instrument~ (Texas Instrument~ MP 95 MP 35 Present study 

1972a) 1973a) (QL&ME, 1973b) (QL&ME 1974) 

1st 56 62 64 64 64 61 
2nd 87 108 112 106 109 104 
3rd 120 132 138 126 132 129 
4th 146 147 151 138 143 140 
5th 168 158 164 149 150 150 
6th 188 169 177 155 164 159 
7th 204 182 187 156 166 
8th 218 175 192 
9th 190 222 

'--------_lOth _____ 
--------~ -

NOTE: format and conversions to standard length from Marcy (1974). 



survey of the lower Hudson River in 1936 collected no fish older 

than six years old (Greeley, 1973). 
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Mansueti (1961) stated that the longevity of white perch varies with 

geographical range, the longest life spans in the north and the 

shortest in the southern most part of its range. Mansueti felt that 

length of life was inversely related to the growth rate, and that 

organisms living in waters with higher average temperatures and longer 

growing seasons would have a higher growth rate and shorter life span. 

This generalization is only partially consistent with results from 

the Connecticut River (Marcy, 1974), and it does not explain the 

longevity and lower growth rates found for white perch in the Hudson 

River. 

Analysis of growth histories for white perch collected in the York and 

James Rivers in Virginia showed that while there was little fluctuation 

in first-year growth, annual growth in all later years of life appeared 

to have been decreasing since 1961 in both estuaries (St. Pierre and 

Davis, 1972). This corresponded to the trend found by Mansueti (1961) 

for the Patuxent River, Maryland. Such a trend, which suggests stunting 

(Marcy, 1974), is directly opposed to Lee's phenomenon (as defined by 

Hile, 1936), and St. Pierre and Davis (1972) felt that this may 

indicate increased competition. 

Hudson River growth histories for combined sexes of the 1965-1972 year 

classes (based on data from Table VI-19) did not show any obvious 

Quirk, Lawler Y Matusky Engineers 
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trends in white perch growth rates for age groups I-V (Figure VI-30); 

this was similar to findings by St. Pierre and Davis (1972). As indi

cated in Figure VI-3~, young-of-the-year growth for the years 1965 through 

1972 was greatest during the spring and summer of 1967. This trend of 

greater growth for the 1967 year class extended through the five years 

of growth shown, indicating that growth in the first year of life is 

important in determining the length attainment of subsequent age groups 

throughout the life of the year class. 

Young-of-the-year growth for white perch was poorest during the 1972 

season. This trend of poor growth also applied to one-year-old fish 

(1971 year class) and two-year-old fish (1970 year class) during 1972 

(Figure VI-3D). It is interesting to note that rainfall was very 

heavy in the spring of 1972, and record freshwater flows were observed 

in the Hudson River during this time. 

Although some fluctuations in white perch qrowth rates from year to 

year were found in Roseton/Danskammer Point data, there was no evidence 

of a consistent decrease in growth from year to year, as found in the 

York and James Rivers (St. Pierre and Davi", 1972). In a study con

ducted in 1972 no significant difference in white perch growth rates was 

noted over the last nine years for the port:ion of the river from Ossining 

(mile point 30) to Newburgh Bay (mile point: 56) (Texas Instruments, Inc., 

1973a). These data suggest that white perch growth rates are fairly 

stable from year to year in the Hudson River and that there is no 

discernible trend of decreasing growth which would be indicative of a 

population undergoing stunting. 

Quirk, Lavdcr '~: \Iatusky l:ngincers 



There are indications that the white perch population in the Hudson 

River has exhibited signs of stunting and overcrowding for almost 
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the past half-century. The hypothesis is strengthened by the findings 

of a 1936 biological study of the Hudson, which reported that the 

white perch was one of the dominant fish species in the river and 

that its small size and slow growth rate was probably due to a 

tendency to overcrowd the capacity of the environment (Curran and 

Ries, 1937). However, it has already been shown that Hudson River 

white perch exhibit one of the lowest growth rates of populations 

studied thus far (Table VI-19), and it is this fact which suggests 

that they may have already undergone a stunting process and are now 

stabilized at an equilibrium of minimal growth for the species. 

10. Reproduction 

(a) Spawning Periodicity. Successful reproduction is an important 

factor ensuring the survival of a species in the face of adverse 

environmental conditions, predation and natural mortality. The degree 

of reproductive success of temperate zone organisms is often dependent 

upon accurate timing of the reproductive cycle. Certain times of year 

are more favorable than others for reproductive success of the various 

species. The annual reproductive cycle must be such that young are 

produced, or begin to develop when favorable conditions exist. 

Quirk, Lawler :'Gf~'latusky Engineers 
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The period from April through June (spring) is primarily associated with fish 

spawning. This period is characterized by increasing concentrations of phyto

plankton and zooplankton, by the emergence of insect larvae and adults, and 

by growth and reproduction of benthic organisms. Thus, a rich and diverse food 

supply is available for young fish produced in the spring. In order to exploit 

the food supply to the fullest, and increase reproductive success, it is advan

tageous for spawning to occur at a time when food supply is increasing and 

at an optimal value when needed. 

Fish larvae do not actively feed for several days after hatching but obtain 

nutrients from an attached yolk sac. However, the larvae must begin feeding 

once the yolk sac nutrients have been exhausted. The yolk sac of white 

perch and striped bass are assimilated within four to seven days of 

hatching (Mansueti, 1964; Humphries and Cillaming, 1972). The transition 

from yolk feeding to active feeding has been described as the "critical 

period" for larvae (Bagenal and Braum, 1971), since many larvae fail to 

survive this relatively rapid transition (Shelbourne, 1957; Bishai, 1960 i 

Morris, 1955). 

The presence of accurately timed daily and annual cycles in nature which per

sist in spite of altered or unpredictable environmental stimuli has led to 

the concept of the internal biological clock. This physiological clock is an 

innate timing mechanism which regulates much of the overt behavior of plants 

and animals on a daily and seasonal basis. The controlling element in the 

development and maintenance of the timing ITlechanism has been identified variously 

as temperature, tidal cycles, day length, or salinity cycles in the environ

ment. Whether acting alone or together, these and other cyclically fluctua-

ting environmental stimuli preserve the accurate yearly timing of fish repro

duction. 

Quirk, I.awler IIi' Matusky Engineers 
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(i) White Perch 

The white perch spawning period in 1973, shown in comparison with 

spawning periods in 1971 and 1972 in Figure VI-31 was constructed 

by plotting the gonad weight, expressed as a percentage of the body 

weight (coefficient of maturity), against time. The actual time of 

spawning corresponds to the descending portion of the curve. 

The figure shows the cyclic aspects of white perch reproduction 

and the relationship to temperature and photoperiod (measured in 

hours and minutes between dawn and sunset). Spawning occurred 

when temperatures (OF) were in the 60's or 70's in all three years. 

At that time day length was approaching the yearly maximum 

(Figure VI-3l). 

Although little winter work was done in the upper reaches' of the 

river, investigations in the area of Haverstraw Bay (mile point 

36) during 1971 and 1972 (Quirk, Lawler & Matusky Engineers, 1974) 

showed that the white perch spawning cycle generally comnlenced with 

a period of gonadal quiescence marked by very low coefficients 

of maturity, lasting for approximately three months after spawning. 

This was followed by an increasing coefficient of maturity of 

both sexes. The maturation cycle began in October and November 

and continued through the winter until the following spring,' 

around June, when spawning occurred. The 1973 data shown in Figure 

VI-31 appears to follow this general trend. 

Quirk, Lawler ffif Matusky Engineers 
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The initiation of white perch spawning in Haverstraw Bay was 

estimated to have occurred between May 25 and June I, 1971, and between 

June 1 and June 5 during the 1972 season (Quirk, Lawler & Matusky 

Engineers, 1974). Spawning in the Roseton/Danskammer Point area 

during 1971 and 1972 seemed to have begun about a week later than 

in Haverstraw Bay and spawning during 1973 at Roseton did not reach 

a peak until after June 20. The difference in timing for the 

initiation of spawning between Roseton (mile point 65) and 

Haverstraw Bay (mile point 36) may be due to a time lag in the 

spawning migration of white perch from the lower estuary. 

White perch spawning at Roseton/Danskammer Point occurred from 

early June through mid-July when water temperatures ranged 

between 61. and 75°F. This species spawns at approximately the 

same time in the Delaware River (Miller, 1963) and in Lake 

Ontario (Sheri and Power, 1968). In the Chesapeake Bay area 

white perch spawn from early April through May when water 

temperatures range from 54°F to 63°F (Mansueti, 19()}). 

Delaware River white perch spawn at water temperatures of 

68°F to 77°F (Miller, 1963). Differences in temperature 

and times of spawning within this range of geographical areas 

suggests that factors other than temperature and day length 

influence the timing of white perch spawning. 

(b) Fecundity. An important facet of fish reproduction is fecundity, 

which is often defined as the total number of mature eggs spawned per 

female during the season studied. In addition to being a necessary 

input for mathematical modelling of fish populations, fecundity may 

Quirk, Lawler illf Matusky Engineers 



reflect physical and biological conditions in the environment. 

Blaxter (1969) stated that considerable intra-specific variations 
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in fecundity from year to year, almost certainly related to environ

mental effects, are well established in the literature. Rounsefell 

(1957), for example, noted that higher temperatures resulted in lower 

fecundities; Bagenal (1966) reported that high population densities 

were correlated with low fecundity, and Scott (1961) indicated that 

insufficient food supply caused a reduction in egg count. 

Fecundity analyses were carried out using gravimetric and volumetric 

methods. Estimates of egg numbers were determined for 25 tomcod 

(gravimetric method) and for five individuals of each of the following 

species: white perch, blueback herring and alewife (volumetric method) . 

(i) White Perch 

Fecundity data from five white perch collected from the Roseton/ 

Danskammer Point area and fecundity estimates for white perch 

of identical sizes collected during other studies are presented 

in Table VI-21. The Roseton/Danskammer Point data are limited 

by the small sample size; however, these may be considered with 

respect to data from other sources. 

White perch fecundity was correlated with the equation: 

F lOa + bX which on a loglO basis transforms to: log F 

a + bX. This equation was used by both Sheri and Power (1968) 

and Texas Instruments, Inc. (1972) for similar correlations 

on data from the Lower Hudson River and Lake Ontario, respectively. 

Quirk, Lawler ffifMatusky Engineers 



TABLE VI-21 
FECUNDITY ESTIMATES: WHITE PERCH, BLUEBACK HERRING AND ALEWIFE 

ROSETON/DANSKAMMER POINT VICINITY 
A • WHITE PERCH 

FECUNDITY ESTIMATE 
Hudson River Hud.son River" 

Total Lengt.~ of RE)s.~to:6 (Milepoint 40-60) 

Date of Capture Fish (rom) (QL&M, 197~~) (Texas Instr., 1972) 

5/3/73 189 64343 59310 
5/3/73 191 115805 61500 
6/15/73 190 48877 60400 
6/15/73 190 39132 60400 
6/15/73 200 60275 72400 

* Estimate based on log # eggs = 3.2836 + 0.007881 (total length in rom) [~:~:86] 

t Estimate based on log # eggs = 2.912 + 0.009 (fork length in rom) [r=0.82] n=50 

B. BLUEBACK HERRING 
Fecunditv Estimate 

Total Length of Roseton (QL&M, 1973a) Connecticut River (Loesch 1969) 

Lake Ontario+ 
(Sheri and Power, 

1968)+ 

32660 
33300 
32660 
32660 
40180 

Fish (rom) All eqqs ±0.3mro diam. Total eqgs in ovaries Eggs retained after spawning Total eggs spawned 

294 159077 222000 52500 169500 
298 167540 230000 56730 173270 
301 131196 255400 59830 195570 
307 123798 246800 57750 189050 
312 158833 242450 56735 185715 

---

C. ALEWIFE 

Fecunditv Estimate 
Total Length of Roseton (QL&M., ) 973a) ConnectJ.cut .KJ.v~r "'KJ.ssel, r9;9} 

1 

Fish (rom) All eggs 0.3mro diameter Total eggs in ovaries Eggs· r~t~nnep afte.r -spaJlh. : Tot. eggs Sp. 
"44,403 

202 154375 46840.7 2432.92 44,403 
249 69932 164654.5 18742 145,913 
275 128769 228092.7 27521.12 200,572 
289 118388 250749.2 30656.52 220,093 

I 294 162754 
-- - ---
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Fecundity values for three white perch collected at RosetonjDanskanuner 

Point on June 15 were substantially lower than fecundity estimates 

for similar size fish based on May 1972 data (Texas Instrument, 

Inc., 1972). Figure VI-31 indicates that 1973 white perch spawning 

occurred about one week later than in 1972. The lower fecundity 

values observed on June 15, 1973 suggest that spawning may have 

begun prior to this collection. Fish collected prior to spawning 

in 1972 (Texas Instrument, Inc., 1972) had higher fecundity values 

than those determined for fish caught: in June 1973. 

The two white perch collected on May 3, 1973 had higher fecundity 

values than larger fish collected in June 1973. These values 

were also higher than values calcula1:ed for fish of identical 

sizes in 1972 (Table VI-21). This further supports the sugges

tion that spawning began before the June 15 collection. Fecundity 

of Lake Ontario white perch (Sheri and Power, 1968) was generally 

lower than that reported for Hudson River white perch. 

(ii) Blueback Herring 

Fecundity estimates for blueback herring collected at Roseton/ 

Danskammer Point are similar to those predicted by Loesch (1969) 

for bluebacks in the Connecticut RivE~r (Table VI-21). Variation 

in ova production for individual fish on the Connecticut River 

ranged from 45,800 (238 mm fish) to 349,700 (310 mm fish). The 

range for retained eggs was 9,300 (253 mm fish) to 107,600 (297 

mm fish). These figures on egg retention show that unspawned and 

resorbed eggs are a significant part of fecundity estimates. 
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Although an egg retention study of bluebacks was pot conducted for 

fish collected at Roseton/Danskammer Point, only those eggs 

larger than 0.3 mm in diameter were counted. This method may 

not account for all egg retention, since spawned blueback eggs 

are approximately 1.0 rom in diameter (Bigelow and Schroeder, 1953). 

An interesting fact of Loesch's work on the Connecticut River 

was that egg production and retention increased with fish size 

through the 296 to 305 rom size interval, then notably declined, 

emphasizing the importance of recognizing fish size and age as 

functions in production estimates. 

(iii) Alewives 

Fecundity estimates for alewives collected in the Roseton/Danskammer 

Point area are presented in Table VI-21 in comparison with estimates 

for alewives collected in the Connecticut River (Kissel, 1969). 

The Connecticut River data account for egg retention and reflect 

fecundity of generally larger alewives than were analyzed from 

the Hudson River. High mortality is a factor generally associated 

with high fecundities such as those found for blueback herring and 

alewife. 

Kissel (1969) determined that out of 80,000 spawned alewife eggs, 

one young fish survived to leave the spawning grounds in the 

Connecticut River. This represents a combined freshwater mortality 

of 99.9987% which is higher than the freshwater mortality 

estimated for salmonids with large eggs and low fecundities. 
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Comparison of the anadromous alewife along the Atlantic coast 

with alewife from Lake Michigan (Norden, 1967) showed that fecundity 

of the landlocked fish was considerably less than that of the 

anadromous populations. Norden reported that the number of eggs 

produced per female ranged from 11,147 (160 rom fish) to 22,407 

(192 rom fish), and that lower fecundil:ies were due to the smaller 

size of lake alewives compared to their anadromous counterparts. 

For example, age class VI females from Lake Ontario averaged 157 

rom in length while females of the same age class from Atlantic 

populations averaged 248 rom (Graham, 1956). 

(iv) Tomcod 

Fecundity values were determined for 25 tomcod collected in the 

Roseton/Danskammer Point area on Decerrmer 20 and 28, 1972 (Table 

VI-22). These fish ranged from 118 to 216 rom in length, from 

19.9 to 111.0 gm in weight, and the number of eggs ranged 

from 1,798 to 24,850. Tomcod fecundity and length data were 

described by the equation: log F = 2.776 + 0.008X (r = 0.73), 

while fecundity and weight relationships were expressed by 

log F = 3.593 + 0.009X (r = 0.79). Each equation indicates that 

fecundity increases with an increase in length or weight. 

Fecundity data from twelve tomcod collected in the Haverstraw 

Bay in December 1972 (Quirk, Lawler & j'1atusky Engineers, 1974) 

were based on fish lengths and weights ranging from 115 to 

154 rom and from 11. 7 to 34. Ogm I respectively. Egg counts ranged 

Quirk. Lawler [;fMatusky Engineers 



Number of 
Fish 

25 

Regression 

-- Equations 

Length 
(rom) 

118 
123 

·128 
135 
140 
140 
144 
147 
147 
147 
147 
148 
148 
153 
153 
157 
159 
159 
168 
171 
172 
190 
198 
200 
216 

TABLE VI-22 

FECUNDITY ESTIMATES: TOMCOD 
ROSETON/DANSKAMMER POINT VICINITY 

Fish Ovary Number of 
Weight Weight Eggs 

(groS) (gros) 

19.9 4.39 5667 
20.0 3.13 5331 
24.0 3.33 7609 
27.3 7.23 10191 
28.5 7.94 8673 
25.0 3.23 1798 
33.6 6.87 6689 
35.9 8.60 8213 
31. 9 6.94 8503 
36.7 9.23 8454 
37.9 9.01 8303 
38.4 8.84 10064 
32.7 6.70 6578 
28.7 5.14 3967 
46.5 15.46 14520 
38.3 9.70 14135 
51.1 13.37 14459 
42.8 11.23 9344 
60.1 21.17 16854 
64.8 19.85 19066 
61. 8 15.93 16171 
68.2 21.41 17458 
87.6 27.00 22592 
83.2 23.74 16830 

111.0 31. 48 24850 

Log 

Mean Fish Mean Egg Range Egg 
Length (rom) Count Count 

Number 
Eggs 

3.75 
3.73 
3.88 
4.01 
3.94 
3.26 
3.83 
3.92 
3.93 
3.93 
3.92 
4.00 
3.82 
3.60 
4.16 
4.15 
4.16 
3.97 
4.23 
4.28 
4.21 
4.24 
4.35 
4.23 
4.40 

1563 11450.2 1798-24850 

length: log F= 2.776 + O.OO8X (r ::: 0.732) ; F = No. 
weight: log F = 3.594 + 0.009X (r 0.794) F No. 

of 

Eggs, X = length, 
Eggs, I = weight, 

Quirk, Lawler ffif Matusky Engineers 
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from 1,348 to 11,437. The relationship between fecundity and 

length was expressed by the equation: log F = 2.05 + O.lX 

(r = 0.53) and the relationship between fecundity and weight 

was log F = 3.10 + 0.02X (r = 0.61). 

Sample sizes for both collections were small, and so these data 

were pooled to provide a broader data base. The relationship 

between fecundity and length for the combined data was expressed 

as log F = 2.285 + O.OllX (r = 0.77) and between fecundity and 

weight as log F = 3.413 + 0.012X (r = 0.81) and are shown in 

Figure VI-32. The rate of increase in fecundity was similar 

whether based on length or weight. 

Fecundity values were similar for tomcod collected at Roseton/ 

Danskammer Point and from Haverstraw Bay. Fish from Haverstraw 

Bay were collected two to three weeks earlier and were generally 

smaller than the fish collected at Roseton/Danskammer Point. 

Mean length of the Haverstraw Bay tomcod was 131 rom while the 

mean length for those collected at Roseton/Danskammer Point was 

156 rom. Schaner and Sherman (1960) reported that Massachusetts 

tomcod averaging 217 rom in length contained an average of 22,129 

eggs. 

11. Stomach Content Analysis 

The trophodynamic aspect of ecology, as advanced by Lindeman (1942), 

emphasizes the flow of energy through an ecosystem in the form of 

nutrients. Evaluation of the stomach contents of fish which are normally 

Quirk. Lawler Ilff'Matusky Engineers 
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member? of the highest trophic level can be useful in confirming 

this energy flow and the production potent.ial of the ecosystem (Windell, 

1971). In addition, food preference and feeding habits may be a 

valuable tool in assessing the population dynamics of a given dietary 

group such as plankton, benthos, or other fish populations, and their impact 

on the distribution of the fish populations. 

Four fish species were selected for stomach analysis on a seasonal basis; 

these were white perch, striped bass, brown bullhea~ and pumpkinseed. 

These four species constituted the major members of the resident fish 

community in the Roseton/Danskammer Point area. 

Stomach analysis collections were conducted separately from the standard. 

ecological surveys and all fish collected were analyzed within 48 hours 

of collection. Between collection and analyzing, the fish were frozen 

to retard the digestive process. 

The populations investigated were sub-divi.ded by seasons (spring and fall) 

length intervals to evaluate feeding preference differences for different 

age groups. The length groups were: 

SIZE INTERVAL, CM 
SPECIES I II III 

White perch 0.1-10.0 10.1-17.0 >17.1 

Striped bass 0.1-12.0 12.1-30.5 >30.6 

Pumpkinseed 0.1-12.0 12.1-16.0 >16.1 

Brown bullhead 0.1-10.0 10.1-20.0 >20.1 
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(a) Whi te Perch 

(i) Spring 

The dominant food item consumed by the 49 white perch analyzed 

was amphipods which composed 93.0% of the total identified food 

volume (Table VI-23). Dipteran larvae composed 3.5% of the 

identified volume. 

White perch of size interval I consumed primarily dipterans and 

trichopterans. When combined these totaled 11.5% of the total 

food volume, with amphipods composing 5.7%. More than 60% of 

fish of size intervals II and III had amphipods in their stomachs; 

this component equalled approximately 60% of the total volume. 

(H) Fall 

Amphipods were the dominant food item consumed by 36 white perch 

of all size ranges (Table VI-24) and were observed in 94.4% of 

the stomachs, where they composed 90.7% of the total identified food 

volume. Unidentified fish remains amounted to 5.5% of the 

identified food volume, but were observed only in fish of size 

interval III. 

Copepods were found in 29.4% of white perch of interval I, but 

were not observed as frequently in the larger fish. Of the 

24 fish of size inte"rval II from both the spring and fall collec

tions, copepods were observed in only two. Copepods were not found 

in any of the 20 size interval III fish. The larger white perch 

appeared to select larger food items, primarily amphipods and 

forage fish. 
Quirk. Lawler ®" Matusky Engineers 



o 
= ... 
"'i 
~ 

~ 
~ 

& 
CD 
"'i 

~ 
~ 
~ 
pO< 

= 1',1) 

~ 
'< 
t'fj 
::l 

I)Cj 
"". 
= CD 
CD 
"'i 
I:Il 

ORGANISM 

Amphipoda 

Isopoda 

Copepoda 
Unidentified 
Crustacean 
Eggs 

Diptera 

Odonata 

Trichoptera 

Oligochaeta 

Pelecypoda 

Nema 

TOTAL 

------- ---- -

TABLE VI-23 

STOMACH CONTENT ANALYSIS: WHITE PERCH - SPRING 1973 

ROSETON/DANSKAMMER POINT VICINITY 

SIZE SIZE SIZE 
GROUP 1 GROUP II GROUP III TOTAL 

Volume,ml % Total 
Ivolume Ivolume, iVolume, 

ml % Tot9- l . ml % Total ml % Tptal 

0.07 31. 8 3.6 93.7 2.2 97.4 5.87 93.0 

0.0 0.0 0.11 2.9 0.0 0.0 O.ll 1.7 

0.01 4.5 - - 0.0 0.0 - -

- - 0.0 0.0 0.0 0.0 - -

0.09 40.9 0.10 2.6 0.03 1.3 0.22 3.5 

0.0 0.0 0.0 0.0 0.03 1.3 0.03 0.5 

0.05 22.7 0.03 0.8 0.0 0.0 0.08 1.3 

- - - - 0.0 0.0 - -

0.0 0.0 - - 0.0 0.0 - -

0.0 0.0 - - 0.0 0.0 - -

I 

0.22 99.9 3.84 100 2.26 100 6.32 100 

---- - ---- ------- - - -- _ .. -
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ORGANISM 

Pisces 

Arophipoda 

Copepoda 

Isopoda 

Ostracoda 

Cladocera 

Diptera 

Odonata 

Oligochaeta 

Pelecypoda 

Gastropoda 

Nema 

TOTAL 

TABLE VI-24 

STOMACH CONTENTS ANALYSIS: WHITE PERCH - FALL 1973 
ROSETON/DANSKAMMER POINT VICINITY 

SIZE SIZE SIZE 
GROUP I GROUP II GROUP III 

Volume lVolume' 
Volume,ml % Total ml % Total ml % Total 

0.0 0.0 0.0 0.0 0.60 18.4 

1. 35 89.4 5.90 96.9 2.60 79.8 

0.15 9.9 - - 0.0 0.0 

0.01 0.7 0.17 2.7 0.02 0.6 

- - 0.0 0.0 0.0 0.0 

- - 0.0 0.0 0.0 0.0 

- - 0.01 0.2 0.04 1.2 

0.0 0.0 0.01 0.2 0.0 0.0 

- - - - 0.0 0.0 

0.0 0.0 - - 0.0 0.0 

0.0 0.0 0.0 0.0 - -

0.0 0.0 - - 0.0 0.0 

1. 51 100 6.09 100 3.26 100 

TOTAL 

Volume % Total 
ml I 

0.60 5.5 

9.85 90.7 

0.15 1.4 

0.20 1.8 

- -

- -

0.05 0.5 

0.01 0.1 

- -

- -

- -

- -

10.86 100 



A spring and fall food content comparison using the index of 

similarity (see Kontkanen, 1957) showed a percent volume 

similarity of 93.0%. Comparisons were also made for the 

seasonal food habits of the three different size ranges. The 

diets of size interval I white perch were only 36.3% similar, 

which may be attributed to the greater volume of dipterans con

sumed in the spring than in the fall. Fish of size interval II 

were 96.6% similar in their volumetric consumption while size 

interval III fish showed an 81.0% similarity. 

(b) Brown Bullhead 

(i) Spring 

Brown bullhead displayed varied feeding habits that appeared to 

be influenced by the availability of prey. Stomach analysis of 

size interval I bullhead indicated that dipterans and amphipods 

composed 55.6% and 27.8% of the iden1:ified food volume, 

respectively (Table VI-25). Odonata and oligochaetes composed 

13.9% of the identified volume. 

VI-75 

Bullheads of size interval III collected in June showed approxi

mately the same food habits as the smaller fish, having fed 

primarily on amphipods and dipterans. Stomachs of interval III 

fish collected in July contained young-of-the-year fish. Blue

back herring and Morone spp. contributed 96.7% of the total volume. 

QUirk9 Lawler tW'Matusky Engineers 



TABLE VI-25 

STOMACH CONTENT ANALYSIS: BROWN BULLHEAD - SPRING 1973 

ROSETON/DANSKAMMER POINT VICINITY 

SIZE SIZE 

ORGANISM GROUP I GROUP II TOTAL 

Vol. ,ml % Total Vol. ml % Total Vol.ml % Total 

Alosa aestivalis 0.0 0.0 11.20 96.3 11.20 93.4 

Morone ~. 0.0 0.0 0.4 3.4 0.4 3.3 

Fish eggs 0.'01 2.8 0.0 0.0 0.01 0.1 

Amphipoda 0.10 27.8 0.0 0.0 0.10 0.8 

Isopoda - - 0.0 0.0 - -

Diptera 0.20 55.6 0.01 0.1 0.21 1.8 

Odonata 0 •. 03 8.3 0.0 0.0 0.03 0.3 

Trichoptera - - 0.0 0.0 - -

Oligochaeta 0.02 5.6 0.02 0.2 0.04 0.3 

Pelecypoda - - 0.0 0.0 - -

TOTAL 0.36 100.1 11.63 100 11.99 100 
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(ii) Fall 

Oligochaetes, both by number and volume, were the most important 

prey of size interval II brown bullhead, for which they composed 

13.9% of the total food volume, whereas dipterans amounted to 4.8%. 

Bullheads of size interval III consumed primarily amphipods which 

were observed in 60.0% of the stomachs and composed 26.4% of the 

total food volume. Oligochaetes and dipterans constituted the 

remaining 8.8% of the total food voll~e which could be identified. 

Fish, which were an important food it:em in the spring, were not 

found in any stomachs from the fall collection. 

A comparison of spring and fall food consumption of the brown 

bullhead indicates 2.9% similarity. Bullheads of size interval 

II had diets that were 31.7% similar, which could be attributed 

to variations in the consumption of insects and crustaceans between 

spring and fall. Size interval III bullhead show dissimilar diets 

(0.3%). The total length of brown bullhead appeared to be an 

important factor in their July feeding behavior, since only size 

interval III individuals consumed forage fish. 

(c) pumpkinseed 

(i) Spring 

Pumpkinseed of size interval I fed primarily on dipteran larvae 

which occurred in 72.7% of the stomachs and amounted to 30.8% of 

the total food volume (84.9% of the identified volume) (Table VI-26). 

Quirk,Lawler W"Matusky Engineers 



o c: ..... 
"'i 
~ 
~ 

~ 
~ 

~ -ttl 
"'i 

~ 
3: 
~ 
~ c: 
(I) 

~ 
'< 
t'Ij 

= ~ 
"",. 

= ttl 
ttl 

" (I) 

ORGANISM 

Amphipoda 

Copepoda 

Isopoda 

Diptera 

Coleoptera 

Odonata 

Acari 

Oligochaeta 

Gastropoda 

Hydra 

TOTAL 

TABLE VI-26 

STOMACH CONTENTS ANALYSIS: PUMPKINSEED - SPRING 1973 
ROSETON/DANSKAMMER POINT VICINITY 

... ~. 

SIZE SIZE SIZE 
GFiOUP I GP.OUo II C:ROUP III 

~olume, Volume, Volume 
ml % Total ml % Total ml % ,+otal 

0.15 9.4 1. 30 48.0 0.0 0.0 

0.0 0.0 - - 0.0 0.0 

0.0 0.0 0.07 2.6 0.0 0.0 

1. 35 84.9 0.90 33.2 0.0 0.0 

0.0 0.0 0.01 0.4 0.1 8.3 

0.05 3.1 0.02 0.7 0.0 0.0 

- - 0.05 1.8 0.0 0.0 

- - 0.01 0.4 0.0 0.0 

0.01 0.6 0.35 12.9 1.9 91. 7 

0.03 1.9 0.0 0.0 0.0 0.0 

1. 59 99.9 2.71 100 1.2 100 

I 
TOTAL I 

Volume, I I 

ml % Total . 

I 

1.45 26.4 

I - -

0.07 1.3 

2.25 40.9 
, 

0.11 2.0 
, 

0.07 1.3 

0.05 0.9 

0.01 0.2 

1.46 26.5 

0.3 0.5 

5.50 100 
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Amphipods were second in importance, composing 3.4% of the total 

food volume. Small quantities of Odonata and gastropods were also 

consumed. 

Size interval II fish consumed primarily amphipods, dipterans and 

gastropods. Of the ten stomachs containing food, 50.0% had 

amphipods, while 30.0% had dipterans and gastropods. Amphipods 

and dipterans made up 23.8% and 16.5% of the total food volume, 

respectively. 

There were only two pumpkinseeds in size interval III and their 

stomachs contained primarily gastropods and coleopterans. 

(ii) Fall 

Amphipods and dipterans were most abundant volumetrically (35.1%) 

in the diet of size interval I fish,while gastropods and dipterans 

were most abundant in size interval II fish (55.6%). 

Dipterans were the most frequent food item in pumpkinseed size interval 

I fish, occurring in 42.9% of the st:omachs. Gastropods (60.0%) 

were the most frequently observed food items for fish of size 

interval II. There was only one fish belonging to size interval 

III; stomach analysis revealed only unidentified material. 

When all size ranges are considered together, a comparison 

between spring and fall feeding shows a 91.7% similarity in 

percent volume consumed. Interval I fish show a 47.0% similarity 

between seasonal food habits and interval II, a 64.0% similarity. 

Quirk. Lawler tfjf Matusky Engineers 



Pumpkinseeds subsisted primarily on various crustaceans, insects 

and molluscs. The volume of each of these food items depended 

VI-78 

on the season and size interval considered. There does not appear to 

have been any relationship between fish length and size of prey. 

(d) Striped Bass 

(i) Spring 

All striped bass collected in July were of size interval II. Fish 

were the major food items, occurring in 62.5% of the stomachs. 

unidentified members of the family Clupeidae (Alosa) were the only 

fish observed, representing 86.6% of the total food volume and 

99.9% of the identified food volume (Table VI-27). Amphipods, 

copepods, dipterans, oligochaetes and nematodes were consumed but their 

combined volumes amounted to less than 0.1% of the total food volume. 

(H) Fall 

with the exception of one fish, all striped bass collected in 

October were young-of-the-year fish, size interval I (Table VI -28). 

The only striped bass of size interval II had unidentifiable stomach 

contents. 

Amphipods and copepods were the dominant prey of size int~rval I 

striped bass, each having occurred in 42.1% of the stomachs con

taining food. The combined volume of crustaceans amounted to 

43.6% of the total identified food volume. Although unidentified 

fish remains formed most of the food volume (52.3%), they were 

found in the stomach of only one striped bass. 

Quirk. Lawler IfifMatusky Engineers 



TABLE VI-27 

STO~\CH CONTENT ANALYSIS: STRIPED BASS - SPRING 1973 

ROSETON/DANSKAMMER POINT VICINITY 

SIZE 
GROUP II 

ORGANISM Volume, ml % Total 

Pisces, Alosa aestivalis 10.0 99.9 

Arophipoda - -

Copepoda - -
Diptera - -

Oligochaeta - -

Nematoda - -

TOTAL 10.0 99.9 



TABLE VI-28 

STOMACH CONTENT ANALYSIS: STRIPED BASS - FALL 1973 

ROSETON/DANSKAMMER POINT VICINITY 

SIZE SIZE 

GROUP I GROUP II TOTAL 
!Volume ~olume, vOlume, 

ORGANISM m1 % Total m1 % Total ml % Total 

Pisces, Unidentified 0.9 52.3 0.0 0.0 0.90 13.4 

Pisces, Morone americana 0.0 0.0 5.0 100 5.00 74.4 

Amphipoda 0.40 23.3 0.0 0.0 0.40 6.0 

Copepoda 0.35 20.3 0.0 0.0 0.35 5.2 

Ostracoda - - 0.0 0.0 - -

Crustacean Eggs - - 0.0 0.0 - -
Diptera 0.02 1.2 0.0 0.0 0.02 0.3 

Odonata - - 0.0 0.0 - -
Oligochaeta 0.05 2.9 0.0 0.0 0.05 0.7 

TOTAL 1. 72 100 5.0 100 6.72 100 
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The results of striped bass stomach analysis suggests that the type 

of food ingested depends on fish length. Amphipods and copepods 

were important as food items to striped bass of size interval Ii 

while fish prey was the preferred food of size interval II striped 

bass. Seasonal influence on striped bass feeding was not accounted 

for because of catches of different size intervals in each season. 

D. FISH IMPINGEMENT STUDIES 

1. Introduction and 
Study Objectives 

The impingement of fish on the travelling screens of power plants has 

generated concern regarding the impact of impingement on the fish popu-

lations. These concerns are related to both the total numbers of fish 

impinged and the viability of fish returned to the water body. To put 

the impact of impingement in proper perspective, the total numbers of 

fish in the fish population in the waterbody in question must also be 

considered. 

The fundamental objective of the studies presented herein was to deter-

mine the species and numbers of fish impinged at the Roseton and Danskammer 

Point plants during the course of an annual seasonal cycle. The resulting 

data was to be used in assessing the impac·t of the Danskammer Point plant, 

and of the Roseton plant after commercial operation, and the combined 

impact of these power plants on the Hudson River. Preliminary viability 

estimates and a prel'iminary analysis of the impact of impingement are 

based on the results of these studies. 

QUirk9 Lawler $f Matusky Engineers 
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Data collected at the Roseton plant are limited. This plant was not 

operational in 1973 and impingement studies were conducted only when 

operation of the circulating water pumps would not interfere with plant 

construction or peak power demands. 

2. Materials and Methods 

The fish impingement studies conducted in 1973 dealt with samples col

lected from the travelling screen wash at each plant and the methods 

and materials used for sampling were as for river fish and are presented 

earlier in this chapter. 

(a) Plant Collections. Sampling procedures at each plant consisted of 

one collection every alternate week at 2-hour intervals over a 24-hour 

period. The samples were collected from the travelling screen wash 

discharge at each plant. 

(i) Roseton 

Samples were collected from the screen wash discharge sluiceway 

at Unit 2. Each of the four Unit 2 travelling screens was washed, 

and a combined sample was collected. 

(ii) Danskammer Point 

Two screen wash discharge sluices exist at the Danskammer Point 

plant; one from Units 1 & 2 and one from Units 3 & 4. The Unit 

1 & 2 sluice draws from a total of six travelling screens (3 per 

unit) and the Unit 3 & 4 sluices draw from a total of six 

travelling screens (3 per unit)., 

Quirk~ Lawler IW'Matusky Engineers 
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(b) Laboratory Analysis. Laboratory analysis of each impinged fish 

sample consisted of identification, enumeration, length and weight, 

determination of sex, maturity, age and growth characteristics. These 

procedures are discussed earlier in this chapter. 

(c) Data Analysis. The reSUlting data were analyzed to investigate 

the following: 

(1) species composition of impinged fish; 

(2) monthly impingement rate estimates; 

(3) comparison of impingement rates at Danskammer Point 
Units 1 & 2 and Units 3 & 4; 

(4) comparison of day and night impingement rates; 

(5) ebb-flood comparisons; 

(6) river and plant comparisons of relative abundance, 
relative condition factors, length-weight equations, 
species diversity and length distribution; 

(7) an estimate of the impact of impingement of fish on the 
river popUlation. 

Where appropriate, data from the 1972 impingement study at Danskammer 

Point are compared with the 1973 data. Where sample sizes were sufficient, 

the data were analyzed by a variety of statistical techniques (summarized 

in Appendix I-A) to determine significant differences. 

Quirk, LawlerlW'Matusky Engineers 



VI-82 

3. Results and Discussion 

(a) Species Composition. Numbers and species of fish collected in 1973 

are shown for Roseton and Danskammer Point in Tables VI-29 and VI-30, 

respectively. A species inventory of fish impinged at Danskammer Point 

in 1973 is presented in Table VI-31. Changes in the ranked abundance of 

the most prevalent species in Danskammer Point impingement collections 

are shown in Table VI-32. 

The predominant species in Danskammer Point impingement collections 

from January through December, 1973 was the Atlantic tomcod which 

composed 76.0% of the total annual catch. This was an increase from 

1972 when tomcod made up only 32.1% of the total catch. This increase 

was also evident in the estimated numbers of impinged tomcod noted in 

Tables VI-33 and VI-34. Based on monthly percent composition values for 

1973 (Tables VI-29) and 1972 (QLM, 1974), the estimated number of tomcod 

impinged during 1972 was 134,111 fish; the estimate for 1973 was 815,563 

tomcod. This indicates that there may have been a substantial increase 

in tomcod abundance in the Danskammer Point area between 1972 and 1973. 

However, comparison of river abundance between years was not possible 

because in 1973 99.3% of the tomcod impinged were collected during January, 

February and March when river sampling was not feasible due to ice 

conditions. 

White perch, which ranked first in abundance and constituted 32.7% of the 

total Danskammer Point impingement catch during 1972, ranked third and 

made up only 6.8% of the total catch in 1973. The estimated number of 

impinged white perch during 1972 was 136,617 fish; the estimate for 1973 

Quirk. Lawler I&'Matusky Engineers 



TABLE VI-29 

ROSETON IMPINGEMENT COLLECTIONS· 
1973 - MONTHLY AVERAGE SPECIES COMPOSITION 

1 
July August september October November December TOTAL 

SPECIES SCIENTIFIC NAME /I , /I % /I % /I % /I % II % /I % 

White Perch Morone americana 11 122.0 475 40.8 976 46.6 6328 41. 8 937 
1 

8798 142.5 51.0 71 18.4 

Blueback Herring Alosa aestivalis 

1
26

•
0 

131 11. 2 340 16.2 6571 43.4 633 34.5 I 1 0.3 7676 137 . 1 

Alewife Alosa pseudoharengus 13 426 36.6 263 12.5 690 4.5 43 2.3 I 1435 I 6.9 

Bay Anchovy Anchoa mitchilli 25 2.1 434 20.7 789 5.2 I 1248 I 6.0 

Striped Bass Morone saxatilis 1 2.0 40 3.4 20 0.9 309 2.0 34 1.8 12 3.1 416 2.0 

Spottail Shiner Notropis hud;onius 4 8.0 5 I 0.4 6 0.03 I 56 0.4 74 I 4.0 189 49.0 I 334 1.6 

White Catfish Ictalurus catus 1 2.0 29 I 2.5 6 0.003 I 53 0.3 84 I 4.6 17 
4.4 I 190 0.9 

Bluegill Sunfish Lepomis macrochiris 1 I 0.08 

I 
105 0.7 4 I 0.2 8 2.1 118 0.6 I 

RainbOW Smelt Osmerus mordax I 
27 1.3 62 0.4 7 I 0.4 1 0.3 97 0.5 

Atlantic Tomcod Microgadus tomcod 2 4.0 16 1.4 9 0.4 18 0.1 8 0.4 25 6.5 78 0.4 

Hogchoker Trinectes maculatus 8 16.0 3 

I 
0.3 11 0.5 49 0.3 2 0.1 1 0.3 74 0.36 

Alosa sp. 65 0.4 .65 0.3 

Golden Shiner Notemigonus cry.soleucas 2 4.Q I I 
1 0.006 2 0.1 24 6.2 29 0.14 

unidentified spp. 1 2.0 1 0.08 20 0.13. 22 0.1 

American Shad Alosa sapidissima 

I 
5 0.4 

1 

13 

1 

0.09 1 
0.

05
1 

19 I 0.09 
crayfish Camburus sp. 5 10.0 5 0.4 1 

I 
0.04 5 0.03 1 0.05 17 0.08 

pumpkinseed Lepomis gibbosus 1 0.08 2 0.09 6 0.04 I 2 0.1 5 

I 
1.3 16 0.08 

Gizzard Shad Dorosoma cepedianum I 1 0.05 14 3.6 15 0.07 

Goldfish Carassius auratus 1 0.08 11 2.8 12 0.06 

Tessellated Darter Etheostoma olmstedi I 6 0.04 I 
0.3 I 6 0.03 

American Eel Anguilla rostrata I I 3 0.02 1 I 0.05 1 5 0.02 

Atlantic Sturgeon Acipenser oxyrhynchus I 1 2.0 I 2 I 0.1 3 0.01 

Brown Bullhead Ictalurus nebulosus I 1 2.0 1 I 0.08 I ! 1 0.3 I 3 0.01 

Black Crappie Pc~cxis nigromaculatus I I 1 0.04 I 1 0.006 I 1 0.3 I 3 I 0.01 

Banded Killifish Fundulus diaphanus I I 3 0.7 3 0.01 

Blue Crab Callinectes sapidus I I 3 0.02 

I 
I 3 0.01 

Rock Bass Ambloplites rupestris I I 1 0.3 I 1 0.005 

i 
, I TOTAL 50 1165 2096 15,153 1836 386 20,686 



SPECIES 

Atlantic Tomcod 
Alewife 
White Perch 
Blueback Herring 
Striped Bass 
Bay Anchovy 
Spot tail Shiner 
Golden Shiner 
Pumpkinseed 

Goldfish 
White catfish 
Bluegill sunfish 
Gizzard Shad 
American Shad 
Brown Bullhead 
Rainbow Smelt 
American Eel 
White Crappie 
Yellow Perch 

Others 

MONTHLY TOTAL 

SCIENTIFIC NAME 

Microgadus ~ 
Alosa pseudohosengus 
Morone americana 
Alosa aestivalis 
MOrOne saxatilis 
~ mitchilli 
~is hudsonius 
Notemigonus crysoleucas 
Lepomis gibbosus 
~~. 
Carassius auratus 
Ictalurus catus 
Lepomis ma~irus 
Dorosoma cepedianum 
Alosa sapidissima 
Ictalurus nebulosus 
Osmerus mordax 
Anguilla--rostrata 
Pomoxis annu1aris 
Perca flavescens 

TABLE VI-3~ 

1973 MONTHLY AVERAGE SPECIES COMPOSITION 
DANSKAMMER POINT IMPINGEMENT COLLECTIONS 

January 

# % 

79,125 I 98.7 
1 0.001 

38 I 0.04 
1 0.001 

368 I 0.5 
303 I. 0.4 

46 0.05 

170 1 0.2 
30 0.03 

17 0.02 
9 1 0.01 

7 I 0.009 

6 0.007 

10 1 0.01 
4 0.005 

13 I 0.02 

1 
80,148 

February 

# % 

I 
16,930 I 98.1 

1: I 
96 
67 
23 

75

1 

28 
1 

3 1 

; I 
1 I 

7 I 

0.05 

0.02 

0.5 
0.3 
0.1 

0.4 
0.1 
0.006 

0.01 
0.01 
0.01 

0.006 

0.04 

17,251 

I 
I 

I. 
I 

I 
I 

I 

March 

# % 

20151 89.3 

281 1. 2 

1 1 0.04 

104 4.6 

4 0.2 
441 1. 9 

12 
18 

3 

1; 1 

; I 

5 

0.5 
0.7 
0.1 

0.1 
0.7 
0.04 
0.09 

0.2 

2,257 

April 

# 

I :;1 
1 365 I 

18: I 
4~ 1 

3 
24 

1 

I 

~ I 
4 1 

9 1 

I 

% 

5.3 
ll.O 
47.2 

0.1 

24.2 
5.2 
0.5 

0.4 
3.1 
0.1 

0.1 
1.0 
0.1 

0.5 

1.2 

774 

May 

# 

73 I 
179 I 

113:~ I 
I 

263 
35 

1

116 

1 

;~ I 
14 I 

1141 

1 

~ I 

6 1 

1 13

1 

% 

3.4 
8.3 

61.1 
3.0 

.5 

12.1 
1.6 
5.4 

0.5 
1.2 
0.6 

0.6 
0.2 
0.05 
0.09 
0.3 

0.6 

2,167 

June 

# 

7 
48 

570 
80 
37 

1 , 

3~ I 
8: I 

~ I 
I I 

I 3: 

I 

I" I 

% 

0.7 
5.1 

60.2 
8.5 
3.9 
0.1 
3.6 
0.7 
9.4 

0.4 I 
0.9 
0.7 I 

3.6 I 
0.3 

1.2 

I 

I 

940 

July 

# 

31 
462 

1966 
32 

134 
6 

63 
22 
40 

323 
4 

28 
11 

5 

l~ I 
~ I 

141 

I 

% 

.98 
14.57 
62.02 

1. 01 
4.23 
0.19 
1.99 
0.69 
1.26 

10.19 
0.13 
0.88 
0.35 

0.16 
0.47 
0.06 
0.22 
0.003 
0.0003 

0.4 

3,170 



SPECIES SCIENTIFIC NAME 

Atlantic tomcod Microgadus tomcod 
Alewife Alosa pseudoharengus 
White perch Morone americana 
Blueback herring Alosa aestivalis 
Striped bass Morone saxatilis 
Bay anchovy Anchoa mitchilli 
Spottail shiner Notropis hudsonius 
Golden shiner Notemigonus crysoleucas 
Pumpkinseed Lepomis gibbosus 

Alosa spp. 
Goldfish Carassius auratus 
White catfish Ictalurus catus 
Bluegill sunfish Lepomis macrochirus 
Gizzard shad Dorosoma cepedianum 
American shad Alosa sapidissima 
Brown bullhead Ictalurus nebulosus 
Rainbow smelt Osmerus mordax 
American eel Anguilla rostrata 
White crappie Pomoxis annularis 
Yellow perch Perca flavescens 

Others 

MONTHLY TOTAL 

August 

# % 

7 0.27 
005 77.5 
325 12.56 

95 3.67 
63 2.43 
18 0.70 

9 0.35 
11 0.43 
10 0.39 

6 0.23 
3 0.12 

22 0.85 
2 0.08 

2 0.08 

2 0.08 

2587 

TABLE VI-30 
(Continued) 

September 

# % 

2 0.03 
4269 70.3 

575 9.47 
151 2.49 
108 1.78 
866 14.26 

14 0.23 
6 0.10 

14 0.23 
7 0.12 
7 0.12 
6 0.10 

22 0.36 

17 0.28 
2 0.03 
2 0.03 
6 0.10 

4 0.08 

6073 

October November December Annual Total 
# % # % # % # % 

19 0.19 2 0.07 517 38.90 98,796 76.0 
3954 38.53 751 25.58 0 0 11,754 9.0 
2198 21.42 1306 44.48 170 12.79 8,874 6.8 
1863 18.15 510 17.37 4 0.30 2,801 2.2 
1156 11.26 196 6.68 69 5.19 1,779 1.4 

759 7.40 1 0.03 0 0 1,651 1.3 
15 0.15 52 1.77 170 12.79 1,375 1.1 

1 0.01 8 0.27 73 5.49 617 0.5 
36 0.35 2 0.07 13 0.98 396 0.3 

330 0.3 
2 0.02 28 2.11 315 0.2 

83 0.81 13 0.44 46 3.46 315 0.2 
100 0.97 42 1.43 45 3.39 258 0.2 

2 0.02 21 0.72 173 13.02 213 0.2 
48 0.47 16 0.55 108 0.08 

1 0.01 4 0.30 86 0.07 
4 0.04 13 0.44 1 0.08 53 0.04 
6 0.06 1 0.03 2 0.15 39 0.03 
1 0.01 6 0.45 22 0.02 

3 0.23 19 0.01 

15 0.2 2 0.07 5 0.4 100 0.08 

10,263 2936 1329 129,890 



TABLE VI-32 

DOMINANT SPECIES 
DANSKAMMER POINT IMPINGEMENT COLLECTIONS 

1972 AND 1973 

1972 1973 
SPECIES % SPECIES 

White Perch 32.7 Torncod 

Torncod 32.1 Alewife 

Spot tail shiner 8.3 White Perch 

Alewife 7.8 Blueback herring 

Blueback herring 6.2 Striped bass 

Golden shiner 3.1 Spottail shiner 

% 

76.0 

9.0 

6.8 

2.2 

1.4 

1.3 



SPECIES 

Atlantic tomcod 
Alewife 
White perch 
Blueback herring 
Striped bass 
Bay anchovy 
Spottail shiner 
Golden shiner 
Pu..mpkinseed 

Goldfish 
White catfish 
Bluegill sunfish 
Gizzard shad 
American shad 
Brown bullhead 
Rainbow smelt 
American eel 
White crappie 
Yellow perch 
Crevalle jack 
Black crappie 
Banded killifish 
Hogchoker 
Red-breasted sunfish 
Atlantic sturgeon 
Brown trout 

r L __ 

TABLE VI-3l 

FISH AND INVERTEBRATE IMPINGEMENT COLLECTION AT 
DANSKAMMER POINT GENERATING STATION 

SCIENTIFIC NAME 

Microgadus tomcod 
Alosa pseudoharengus 
Morone americana 
Alosa aestivalis 
Morone saxatilis 

1973 

SPECIES 

White sucker 
Largemouth bass 
Carp 

Tessellated darter 
Rock bass 

L- L-. L~ 
I 
~-

SCIENTIFIC NAME 

Catostomus commersoni 
Micropterus salmoides 
Cyprinus carpio 
Morone sp. 
Etheostoma olmstedi 
Ambloplites rupestris 

I 
I---~. 

Anchoa mitchilli 
Notropis hudsonius 
Notemigonus crysoleucas 
Lepomis gihhosus 

Four-spine stickleback Apeltes quadracus 
Yellow bullhead Ictalurus natalis 

Alosa sp. 
Carassius auratus 
Ictalurus catus 
Lepomis macrochirus 
Dorosoma cepedianum 
Alosa sapidissima 
Ietalurus nebulosus 
Osmerus mordax 
Anguilla rostrata 
Pomoxis annularis 
Perea flaveseens 
Caranx hippos 
Pomoxis nigromaculatus 
Fundulus diaphanus 
Trineetes maculatus 
Lepomis auritus 
Acipenser oxyrhynchus 
Salmo trutta 

Crayfish 
Black bullhead 
Brook trout 
Whi te mullet 
Redfin pickeral 
Shortnosed sturgeon 
Blue crab 
Bluefish 
Silvery minnow 
Emerald shiner 
Smallmouth bass 
Largemouth bass 
Atlantic menhaden 
Atlantic needlefish 
Northern pike 
White bass 
Chain pickeral 
Chub sucker 

Cambarus sp. 
Ietalurus melas 
Salvelinus fontinalis 
Mugil eurema 
Esox amerieanus americanus 
Aeipenser brevirostrum 
Callinectes sapidus 
Pomatomus saltatrix 
Hybognathus nuchalis 
Notropis atherinoides 
Mieropterus dolomieui 
Mieropterus salmoides 
Brevoortia tyrannus 
Strongylura marina 
Esox lucius. 
Morone chrysops 
Esox niger 
Erimyzon sp. 

r---' 



MONTH 

Janu·ary 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

AVERAGE 

ANNUAL TOTAL: 

TABLE VI-33 

ESTIMATED MONTHLY IMPINGEMENT RATES 
DANSKAMMER POINT GENERATING STATION 

1973 

Estimated Number Of 
Observed Average 1973 Impinged Fish Based 

Impingement Average Flow on Average 
No./MG MGD Flow (MGD) for Units 1-4 

Units. Units Units Units No. Per No. Per 
1 & 2 3 & 4 1 & 2 3 & 4 Day Month 

29.5 78.0 62.35 201.20 17532.9 543,520 
15.8 23.5 60.26 167.33 4884.4 136,763 
15.2 2.2 49.70 203.04 1202.1 37,265 

3.8 0.2 99.79 200.51 419.3 12,579 
4.9 0.7 120.96 249.65 767.5 23,793 
2.4 0.7 111.64 305.32 481. 7 14,451 
6.2 1.7 120.88 328.90 1308.6 40,567 
7.5 1.1 119.66 334.08 1264.9 39,212 

17.6 3.1 120.96 322.98 3130.1 93,903 
20.4 3.9 114.49 224.82 3212.4 99,584 
10.0 1.8 89.29 259.04 1359.2 40,776 
2.6 2.5 44.91 203.04 624.4 19,356 

3015.6 91,814 

1,101,769 
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MONTH 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

AVERAGE 

TABLE VI-34 

ESTIMATED MONTHLY IMPINGEMENT RA'rES 
DANSKAMMER POINT GENERATING STATION 

1972 

1972 -

Observed Average *1972 
Impingement Average Flow 

No./MG MGD 
Units I Units Units Units 
1 & 2 3 & 4 1 & 2 3 & 4 

4.8 5.9 65 217 
2.1 1.0 61 199 
4.4 1.5 69 152 
5.1 1.5 87 196 
7.6 1.3 108 217 
6.1 0.9- 117 258 
3.4 0.5 111 276 
4.9 1.2 115 314 
5.4 1.3 112 250 

10.1 3.2 97 246 
4.8 1.7 107 258 
3.6 12.9 

I 
--70 230 

-

ANNUAL TOTAL 

*Based on sampling days 
**Calculated from data on sampling days 

*~stimated Number Of 
Impinged Fish Based 

on Average 
Flow (MGD) for Units 1-4 .,-

No. Per No. Per 
Day Month 

r 
1592 49,361 

327 9,483 
532 16,492 
738 22,140 

1103 34,196 
946 28,386 
515 15,965 
941 29,165 

-

982 29,454 
1767 54,783 

953 28,578 
3219 99,789 

1135 34,816 

417,792 



MONTH 

July 
August 
September 
October 
November 
December 

AVERAGE 

TABLE VI-35 

ESTIMATED MONTHLY IMPINGEMENT RATES - 1973 
ROSETON GENERATING STATION 

1973 

**Estimated Number of 
Observed Average Impinged Fish Based 

Impingement *Average Flow on Average 
No./MG MGD Flow (MGD) 

No. Per No. Per 
Day Month 

0.2 288 58 1,798 
1.0 547.2 547 16,957 
3.8 547.2 2,079 62,370 
9.6 417.6 4,009 124,279 
2.2 495.4 1,090 32,700 
0.1 288 29 899 

1,302 39,834 

NOTE: Estimates are based on limited plant operation in 1973. 
*Based on sampling days. 

**Calculated from data on sampling days. 



was 72,971 white perch. Bottom trawl data from river surveys at the 

Danskammer Point site also reflected a lower abundance level (measured 

as catch per unit effort) for white perch during 1973 than during 1972, 

suggesting a relationship between impingement rates and river abundance. 

(b) Impingement Rates 

Monthly Impingement 
Rate Estimates 

The average daily impingement at Danskammer Point was 3,015.6 fish 

per day, estimated from flow rates through the plant (Table VI-33) • 

The 1972 estimate was 1,135 fish per day (Table VI-34). The 

average daily impingement at Roseton (July through December 1973 

only) was 1,202 fish per day (Table VI-35). The estimated annual 

impingement at Danskammer based on average plant operating condi-

tions was 1,101,769. Average total cooling water flow over the 

entire study period at Danskammer Point was 343 MGD, or approx-

imately 75% of the total cooling water pumping capacity (455 MGD) . 

(c) Comparison of 1973 Impingement Rates for Danskammer Point Units 1 

& 2 and Units 3 & 4. Impingement rates (fish/million gallons of cooling 

water flow) fluctuated with time, and with the exceptions of January, 

VI-83 

February and December, Units 1 & 2 collected more fish per million gallons 

of flow than Units 3 & 4. 

The species impinged in greatest numbers (Atlantic tomcod, alewife, white 

perch, blueback herring, striped bass and spottail shiner) were examined 

to determine if a significant difference existed between impingement rates 

Quirk. lawlor'f,fMatusky Engineers 



for Units I & 2 and Units 3 & 4. The time periods tested were chosen 

on the basis that the species examined were most abundant during those 

months. 

Except for white perch there was a significant difference between 

impingement rates for all species examined. In addition,' with the 

exception of tomcod, the number of fish impinged per million gallons 

VI-84 

of flow was greater at Units 1 & 2 than at Units 3 & 4 during the time 

periods tested. Impingement rates for tomcod during January, February, 

March and December, 1973, were significantly higher at Units 3 & 4 than 

at Units I & 2 (Table VI-36). 

A non-parametric test (Wilcoxon's Signed Rank Test) was used for the 

above species because Bartlett's test of homogeneity of variance 

indicated non-homogeneity. However, homogeneity of variance was 

established for white perch and parametric analysis (paired t-test) 

was used for the period April to December. There was no significant 

difference between impingement rates at Units I & 2 and 3 & 4 for 

white perch (t = 0; 274 degress of freedomi p > 0.5) 

(d) Comparison of Danskammer Point Impingement Rates for Night and Day. 

Impingement rates (Fish/MG) for six fish species (white perch, striped bass, 

alewife, blueback herring, bay anchovy and tomcod) were examined to deter

mine if there was a significant difference between night and day impinge

ment rates. Tests were run separately for the Roseton and Danskammer Point 

plants. Night and day were differentiated by the following schedule based 

on data from the National Oceanic and Atmospheric Administration. 

Quirk. lawler (Gf.Matusky Engineers 



Species 

Atlantic Tomcod 

Alewife 

Blueback Herring 

Striped Bass 

Spottail Shiner 

TABLE VI-36 

STATISTICAL EXAMINATION OF 1973 IMPINGEMENT RATES 
AT UNITS 1 & 2 AND UNITS 3 & 4 

DANSKAMMER POINT GENERATING STATION 

WILCOXON SIGNED RANK TEST 

Time Period 
Tested T+ T- n (#Pairs) 

Jan-Mar, Dec 2,930 4,573 122 

July-Nov I 8,510 1,360 140 

I 
Oct-Nov 1,482 663 I 65 

July-Dec 10,679 1,411 155 

Jan-May, Dec 11,627.5 5208.5 183 

*If Z >1.96, then the difference is significant at the 95% confidence level. 

Z (Test I 
Statistic) * Decision 

2.098 Significant 

I 7.435 Significant 

I 
I I 2.673 Significant 

8.278 ! Significant 

4.472 Significant 

I 



VI-8S 

Time of Year 
Hours of Time Spans for 
Daylight* Day and Night* 

November - January 9.5 hrs. Day 0730-1700 
Night 1701-0729 

February - April 12 hrs. Day 0600-1800 
Night 1801-0559 

May - July 14.5 hrs. Day 0445-1915 
Night 1916-0444 

August - October 12 hrs. Day 0600-1800 
Night 1801-0559 

*Derived from local mean times of sunrise and sunset. 

All samples exhibited homogeneity of variance (Bartlett's Test); Student's 

Paired t-test was used for testing. Only those dates when day and/or 

night samples contained fish were used in the tests, to avoid statistical 

bias resulting from zero catches for both night and day collections 

during certain seasons. 

Impingement rates at Roseton were significantly greater during the 

night than during the day for white perch, alewife, blueback herring 

and striped bass. Impingement rates at Danskammer Point were signifi-

cantly higher at night for alewives and bay anchovies (Table VI-37). 

All differences observed were due to higher impingement rates during the 

night than during the day. Satisfactory explanations for these day-

night differences in impingement are not presently available; however, 

several possible hypotheses are presented below. 

(i) Differences in impingement rates between night and day may 

be a manifestation of fish activity rhythms. Most species 

demonstrate highly periodic activity behavior in nature, 

and, according to species, become active during only the day 

Quirk. I.awler I&tMatusky Engineers 
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Species 

White Perch 

Alewife 

Bay Anchovy 

I Blueback Herring 
I 

I 
Striped Bass 

I 
White Perch 

Alewife 

Bay Anchovy 

I 
Blueback Herring 

I 
Striped Bass 

I 
Tomcod 

, 

Time Period 
Tested 

Aug-Nov 

Aug-Oct 

Sept-Oct 

Sept-Nov 

Oct 

May-Nov 

July-Nov 

Sept-Oct 

Oct-Nov 

Gct 

TABLE VI-37 

ANALYSIS OF NIGHT AND DAY IMPINGEMENT RATES 
FOR SELECTED SPECIES 

ROSETON AND DANSKAMMER POINT GENERATING STATIONS 

Degrees of 
Plant Freedom t-Va1ue 

Roseton 7 -10.861 

Roseton 5 - 5.509 

Roseton 3 - 3.163 

I 
I I Roseton 5 - 6.049 I 

I 

I I Roseton 2 - 5.379 

I I Dan skamme r 
I 

14 - 0.767-

I I Dan skamme r 

I 
10 - 3.343 

I I Danskammer 

I 
4 - 3.017 

I I Danskammer 

I 
4 - 1.416 

I Danskammer 2 1.018 I 
I 

Jan-Mar + Dec I 
I 

Danskammer 

I 
12 - 0.727 

J 

P Determination 

P <.001 Significant 

.001< P <.005 Significant 

p = .025 Significant 

.001< P <.005 I Significant 
I 

.025< P <.05 Significant 

.4< P <.05 Not Significant 

.005< P <.01 Significant 

I 
.025< P <.05 Significant 

I 
.2< P <.4 Not Significant 

I 
.4< P <.5 Not Significant 

I 
.4< P <.4 Not Significant 
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(diurnal), only at night (nocturnal), or during the morning 

and evening dusk hours (crepuscular). (Dew (1970) and O'Connor 

(1972) have shown for the marine and estuarine fishes 

Tautogolabrus adspersus and Trinectes maculatus, for example, 

that at certain times of the day, these fishes are almost 

immobile, resting in protected crevasses or in the bottom 

sediments). 

Depressed activity levels during nocturnal hours have been 

described for several fish species (Hasler and Villamonte, 

1953; Davis and Bardach, 1965; Hergenrader and Hasler, 1966; 

Olla, 1966, 1974). It may be hypothesized, therefore, 

that during inactive periods fishes assuming a resting, 

immobile state in the intake plume would be subject to heaviest 

impingement by being passively carried into the intake. 

(ii) It may also be hypothesized that for another species, impinge

ment rates may increase in proportion to their activity, pre

suming that by its very activity this fish species increases 

the probability of its encountering the intake water flow. 

(iii) Members of the herring family (alewife and blueback herring) 

and the anchovy are filter-feeders and are found typically 

in schools. When schools are actively feeding at night, fish 

may become entrained in the cooling water flow for the following 

reasons: 

Quirk. Lawler Ifjf Matusky Engineers 
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a. At night zooplankton (and fish) are frequently attracted 

to light; the plant surroundings are usually well lighted. 

The resulting concentration of plankton near the plant attracts 

nocturnal-feeding fish, thereby increasing the chance that 

they will enter the intake. 

b. The flow of cooling water is drawn primarily from surface 

layers. The tendency of zooplankton to become evenly 

distributed in the water column by day and to concentrate 

in surface waters at night may attract the filter-feeding 

fishes into the water masses most likely to enter the 

plant. 

(iv) White perch and striped bass are visual feeders, and may be 

indirectly attracted to the plant area by the presence there 

of forage fish (small anchovies, alewives and blueback herring) , 

which are drawn to the plant's lights. 

(v) Another factor may also be operative at night which could in

crease impingement rates of striped bass and white perch. 

These species rely heavily upon vision for predator avoidance 

as well as food procurement. It has been proposed (Stone 

and Webster, 1974) that fishes approaching power plant intakes 

perceive entrainment in the cooling water flow by visual cues; 

the rate of passage of stones, et:c., through the visual field. 

The ability of a fish to perceive such cues at night may be 

reduced, with the result that, wi.thout having perceived his 

gradual entrainment, the organism is entrapped in a flow from 

which he cannot escape. 

Quirk, Lawler ffifMatusky Engineers 
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These hypotheses rely upon an assumption which has not been demonstrated 

to be operative in the case of the Danskammer Point plant, that is, that 

fishes entrapped in the cooling water flow are carried immediately to 

the travelling screens with a time lag equal to the time it takes a 

particle of water to travel the length of the intake canal. 

(e) Comparison of Impingement Rates During Ebb and Flood Tide. It is 

known that some recirculation of Danskammer Point's thermal discharge 

occurs at the Roseton intake on ebb tide and at the Danskammer Point 

intake on flood tide. It is also true that several fish species have 

been collected in relatively high concentrations within the Danskammer 

Point thermal plume during the fall when water temperatures in the river 

are dropping. Because of the presence of an autumnal population in 

association with the Danskammer Point heated discharge, it was hypothesized 

that fish impingement may be greater at Roseton and/or Danskammer Point 

during times of recirculation. 

The four species impinged in greatest numbers at Danskammer Point and 

Roseton during October and November (blueback herring, alewife, white 

perch and striped bass) were examined to determine if there were signifi

cant differences between impingement rates during ebb and flood tides. 

There was no significant difference for any of the species examined at 

Roseton or Danskammer Point (Table VI-38). 

(f) River and Plant Comparisons 

(i) Relative Abundance, 

The purpose of comparing relative abundance for plant and river was 

to determine if trends in impingement followed trends appearing in 

Quirk, I.awler tEifMatusky Engineers 



SPECIES PLANT 

Blueback herring Dans~ammer Point 

Alewife Danskammer Point 

Blueback herring Roseton 

Alewife Roseton 

Striped bass Rose ton 

----------------- --- -------- I-

SPECIES PLANT 

Striped bass Danskammer Point 

White perch Danskammer Point 

White perch Roseton 

---------- .---

TABLE VI-38 

STATISTICAL EXAMINATION OF IMPINGEMENT RATES DURING 
EBB AND FLOOD TIDES 

ROSETON/DANSKAMMER POINT GENERATING STATIONS 

WILCOXON SUM RANK TEST (UNPAIRED DATA) 

TIME PERIOD z (TEST) 
TESTED T (EBB) n (EBB) T (FLOOD) n (FLOOD) STATISTIC) 

October-November 4520.5 68 3994.5 62 0.308 

-
October-November 4865.0 68 3650.0 62 1.913 

October-November 862.5 31 790.5 26 0.577 

October 423.5 20 279.5 17 1.311 

Oc~ober 238.5 16 167.5 12 0.279 

-- - -- - - --- ----- -- - -- ---_L..-.-. 

PAIRED T-TEST 

TIME PERIOD DEGREES OF 
TESTED t VALUE FREEDOM 

October-November 1.185 128 0.1 < p < 0.2 

'October-November 0.913 128 0.1 < p < 0.2 

October-November 0.958 55 0.1 < p < 0.2 

-- ----- - ----------.~-- -- - -

DETERMINATION 
, 

Not Significant I 
, 
I 

Not Significant I 

Not Significant I 

Not Significant 

Not Significant 

DETERMINATION I 
Not Significant 'I 

I 

Not ,Significant I 

Not Significant 
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Hudson River catches. Over the past three years it has been found 

that the river catches generally follow the life history patterns 

established in the literature for estuarine species such as white 

perch, alewife, blueback herring, and tomcod (Quirk, Lawler & 

Matusky Engineers, 1973a, 1973b, 1974). A certain amount of pre

dictability could be applied toward mitigation of impingement 

effects if it were found consistently that impingement itself is 

associated with known life history parameters for a given species. 

Only those species which occur in sufficient abundance in both river 

catches and impingement collections can be compared. Three species 

were examined from the 1973 collections: white perch, alewife, and 

blueback herring. Tomcod were not compared because river collections 

were not made at the season of their peak abundance, January and February. 

Plant and river abundance data for a species were compared in two 

different ways: first, a comparison of relative abundance as percent 

of total catch and second as the number of fish collected in the river 

per unit of fishing effort compared to the observed number of impinged 

fish collected per million gallons of cooling water flow. 

Neither of these methods allow strict comparison of the populations 

collected in the plant and in the river; however, they can be used to 

compare the timing of peak abundance found in the plant and river, 

and to analyze the vulnerability to impingement of life history stages 

for certain species. A preliminary comparison of these populations 

is presented in a later section of this report. 

Quirk, Lawler C&'Matusky Engineers 
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a. White Perch 

Comparisons for white perch, represented as percentage of total 

catch in the plant and in the river, show similar patterns for 

both 1972 and 1973 (Figures VI-33, VI-34 and VI-35). The greatest 

percentage representation of white perch impingement collections 

for both years was during the spring spawning migration from April 

through July. However, there was a large difference in nun~ers of 

white perch impinged during this period, with 54% less fish impinged 

per million gallons during 1973 than during 1972 for the peak month 

of May. This suggests that there were fewer white perch in the 

Roseton/Danskammer Point area in the spring of 1973 than there were 

during the same period in 1972. 

Bottom trawls collected more white pe],ch during the spring of 1973 

than during 1972, but this may have resulted from differences in 

depths sampled. Several shallow-water trawls (10-30 feet) were 

conducted in front of and adjacent to the Danskamrner Point plant 

in 1973, whereas only deep-water trawling (30-50 feet) was con

ducted in 1972. As the 1972 report sl:ated, white perch may not use 

the deepest water during their spawning migration, and consequently 

would be found in greater numbers at shallower depths. 

Although the percentage representation of white perch in the total 

impingement collection at Danskamrner Point was highest during the 

spring of 1973, numbers of fish per million gallons were greatest 

during October and November. Length-frequency analysis indicates 

Quirk, lawler & Matusky Engineers 



FIGURE VI-33 

ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 
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FIGURE VI-34 

ROSETON/OANSKAMMER POINT RIVER ECOLOGICAL STUDIES 

WHITE PERCH 
DANSKAMMER 1973 
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FIGURE VI-35 

ROSETON/OANSKAMMER POINT RIVER E(fOLOGICAL STUDIES 

WHITE PERCH 
ROSETON 1973 
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that this fall peak in numbers was composed almost entirely of 

young-of-the-year fish. These data are consistent with the ob

served downstream autumnal migration for young white perch in the 

Hudson River. The lag time for white perch between peak river 

catches and peak impingement collections (Figure VI-34) may be a 

function of retention time in the Danskammer Point intake canal, 

but tagging studies would be necessary to gain insight into this 

question. There was also a lag time between peak river catches 

and peak impingement collections at Roseton, but it was not as 

pronounced as at Danskammer Point (Figure VI-35). 

b. River Herring 

The category "river herring" is composed of alewife and blueback 

herring, anadromous species which enter the Hudson to spawn 

during the spring. Although adult blueback herring and especially 

alewife were present in April and May gill net and seine catches, 

they did not appear to be vulnerable to impingement at Danskammer 

Point (Figures VI-36 through VI-39). The same trend for these two 

species was found at Danskammer Point during the spring of 1972 

(Figures VI-40 and VI-41). 

Peak abundance for alewife and blueback herring in Danskammer Point 

impingement samples occurred in the late summer and fall of 1973 

(Figures VI-36 and VI-38)i the same trend was observed in 1972 

(Figures VI-40 and VI-41). Length-frequency analysis (Appendix VI-A) 

showed that the abundance peaks for both years consisted almost 

entirely of young-of-the-year herring, reflecting the autumnal 

Quirk, Lawler trff'Matusky Engineers 



FIGURE VI-3( 

ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 
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FIGURE VI-37 

ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 
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FIGURE VI-38 

ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 

BLUEBACK HERRING 
DANSKAMM.ER 1973 
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FIGURE VI-39 

ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 

BLUEBACK HERHING 
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FIGURE VI-40 

ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 
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FIGURE VI-41 

ROSETON/DANSKAMMER POINT RIVER ECOLOGICAL STUDIES 
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seaward migration for young of these species in the Hudson River. 

The same general trend in abundance was noted for alewife and blue

back herring in Roseton impingement collections during the late 

summer and fall of 1973; however, the numbers of fish impinged per 

million gallons were much less at Roseton (Figures VI-37 and VI-39). 

An interesting contrast between alewife and blueback herring is 

evident in river catches and Danskammer Point impingement collec

tions during 1973. Alewife collections in the plant were 

proportionally larger than collections in the river during late 

summer and fall, whereas blueback herring collections during the 

same time period were much larger in the river than in the plant 

(Figures VI-36 and VI-38). This is a real difference rather than 

sampling bias, since the same stations, collection dates, and 

sampling gear were used for both species. 

Differences in location in the water column could cause the 

observed disparity between alewife and blueback herring impinge

ment rates. There was no significant difference (Table VI-39) 

between numbers of alewives collected in surface trawls and bottom 

trawls during day or night, indicating an even dispersion through

out the water column during an entire 24-hour cycle. However, 

significantly greater numbers of blueback herring were collected 

in bottom trawls during the night-time and in surface trawls 

during the day (Table VI-39). This indicates that blueback herring 

made diurnal vertical migrations and were found close to the 

surface during the day and close to the bottom at night. 

• t. ti ,.~ I,., \ I •• I 'r;, 1\'"" I q I, 1 e' .. LI I ....... q 



TABLE VI-39 

STATISTICAL EXAMINATION OF DAY-NIGHT BOTTOM TRAWL 
AND SURFACE TRAWL CATCHES FOR ALEWIFE AND BLUEBACK HERRING 

STUDENT'S t-TEST 

Degrees of 
Species Time Comparison Freedom t-Value p Value Determination 

Alewife Day Surface vs 20 .666 p>.5 Not Significant 
Bottom Trawls 

Alewife Night Surface vs 

I 
18 .475 p>.5 

I 
Not Significant 

Bottom Trawls 
Blueback Herrinq Niqht Surface vs I 20 3.41 .001<p<.005 I Significant 

I I" I 
~ _ Bottom'TTaWlSI _ J J ____ ~ 

WILCOXON SUM RANK TEST 

1 ! 
n

BT TST 
Computed T~~st T Critical 

Species Time Comparison TBT Statistic (<X=.005) Determination 

I I I 

I Surface vs 

I 
I 

Blueback Herring Day 112.5 14 163.5 52.5 76 Significant 

I Bottom Trawls 

1 
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These findings correspond to previous data on the Hudson River in 

the area of Indian Point which showed that daytime surface trawl 

catches were dominated by blueback herring and nighttime catches 

by alewife (Raytheon, 1971). 

These behavioral characteristics may account for the observed 

difference in impingement rates for alewife and blueback herring 

at Danskammer Point in 1973. There is a skimmer wall at the trash 

racks of the Danskammer Point intake which extends four feet below 

the mean water level. This wall may prevent surface-dwelling 

fish from entering the intake and therefore young-of-the-year 

blueback herring would be vulnerable to impingement mainly at 

night (12 hours during August through October). Alewives, which 

appear to be fairly evenly dispersed throughout the water column 

during night and day, would be vulnerable throughout a 24-hour day. 

(ii) Relative Condition Factors 

One hypothesis regarding the impingement process is that it is 

selective for the weaker, less healthy segment of a fish population, 

and that, therefore, impingement may act as a beneficial cropping 

mechanism. An indication of the health or well-being of fish 

populations can be found through analysis of length-weight relation

ships. Fish of a given length in good condition will generally 

weigh more than fish of the same length in poorer condition. This 

approach was used to compare the condition of fish collected from 

the Hudson River to the condition of fish impinged at Danskammer Point. 
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This appreach has limitations in that length-weight relationships and 

condition factors may be naturally influenced by sex, age and season, 

in addition to possible systematic errors caused by gear selectivity 

and differential preservation. 

The relative condition factor (Kn ), as proposed by LeCren (1951), 

is expressed as: 

where w = weight of a fish of a specific length and WI = the computed 

weight of a fish of the same length derived from the equation: 

log W = log a + b log L 

calculated for the fish collected on the same date from the Roseton/ 

Danskammer Point area of the Hudson River. 

The use of Kn for the measurement of fish condition results in a value 

that has a common base regardless of species or size. ~ is always 

1.0 when the condition or weight of a fish of a specific length is 

equal to the average condition or weight predicted by the baseline 

equation for a fish of the same length. Whenever fish are in poorer 

condition than average, Kn is less than 1.0, and when condition is 

better than average, Kn is greater than 1. O. For example, respective 

~ values of 0.8 and 1.2 for two fish of the same length would 

indicate that the second weighs 40% more than the first and 20% 

more than the average or base (Swingle and Shell, 1971). 

Except for striped bass collected at Roseton, the weighted K for n 

all impinged fish was lower than 1.0, suggesting that impinged 
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fish were thinner than river fish (Table VI-40). The same trend 

was observed for impinged tomcod and spottail shiner in 1972. 

Condition decreased for most species as length intervals grew 

larger, and it was hypothesized that increased swimming ability 

of larger fish enabled them to avoid actual impingement upon the 

travelling screen for a longer period of time, and therefore they 

would expend more energy than smaller fish before becoming impinged. 

This trend was especially evident at Danskammer Point where entrap-

ment in the intake canal is a more important factor in impingement 

than at Roseton. 

(iii) Species Diversity Comparison 

Species diversity (H) was calculated from the following formula: 

where: 

H = 

S 
L 

i=l 
n· 1. 

N 

number caught of the species ii 

N = total number caughti 

S = number of species. 

The diversity of a community is dependent upon number of species 

present (species richness) and the di~tribution of individuals 

among the species (species evenness). Diversity (H) as calculated 

herein weights the contribution of each species in proportion to 

its contribution to the total number collected. Thus, by allocating 

numbers into species categories, this index reflects community 

structure. 
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SPECIES 

Striped bass 

White Perch 

Alewife 

Blueback herring 

Spottai1 shiner 

TABLE VI-40 

WEIGHTED MEAN CONDITION FACTORS - 1973 
ROSETON AND DANS KAMMER POINT GENERATING STATIONS 

River Length-Weight 
PLANT DATE Parameters* 

a b 

Danskammer Point Oct. 1973 5.867 3.453 
Roseton Oct. 1973 5.867 3.453 

Danskammer Point May 31, 1973 5.362 3.264 
Danskammer Point July 25, 1973 5.274 3.217 
Roseton Oct. 3, 1973 5.069 3.13 

Danskammer Point Oct. 9, 1973 5.121 3.021 
Roseton Oct. 1973 5.121 3.021 

Danskammer Point Oct. 1973 6.382 3.703 
Roseton Oct. 1973 6.382 3.703 

Danskammer Point May 31, 1973 5.123 3.063 

*Based on the equdtion logW -a + b10gL where W Weight, and L Length 

Weighted Mean 
I 

Kn for Impinged Fish 

0.954 

J 1.080 

0.931 

I 0.911 
0.861 

0.995 i 

0.965 I 
I 

0.897 I 

0.850 
i 

0.986 
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wilhm (1968) stressed the point that from an ecological and bio

energetic point of view it is important to know whether a collection 

of 100 individuals comprising five species is allocated 96:1:1:1:1 

or 20:20:20:20 with respect to individual species numbers. Both 

of these collections have five species and a total number of 100 but 

their population structure is vastly different, and the diversity 

value for the first assemblage is much lower than for the second. 

Comparisons of diversity of Roseton and Danskammer Point impingement 

collections with diversity of river collections show that impingement 

collections generally have greater species diversity values than 

surface trawl, bottom trawl or seine catches (Figure VI-42). 

Comparison of the three river communities sampled, i.e., near shore, 

open water surface and open water bottom, shows that the most diverse 

community was near shore (lOO-foot seine samples). The same trend 

was observed during a 1971-1972 river study in the area of Haverstraw 

Bay (Quirk, Lawler & Matusky Engineers, 1974). The reason for higher 

species diversity near shore may be that the varied available habitats, 

such as weeds, rocks and open bottom, present niches which are absent 

from the 1imnetic area of the river. 

The fact that species diversity values are higher for impingement 

samples than for other collection methods indicates that impingement 

withdraws fish from all three habitats: shore, shoal water and 

deep water. The high diversity of the impingement samples as well 

as the species assemblages occurring in impingement catchesSsuggests that 

Quirk. I.awler ir5r Matusky Engineers 
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these collections are more representative of the shore community 

than the pelagic or deep-water communities. It further indicates 

that impingement is not species-selective when compared with 

conventional gear. 

(iv) Length-Frequency Distribution. General length-frequency information 

comparing the age and size composition of river and impingement collec

tions at Roseton and Danskammer Point are presented in Appendix VI-A. 

Analysis of white perch length distributions in bottom trawls, seine 

hauls and impingement collections provided additional evidence that 

impingement at Roseton and Danskammer Point draws primarily upon the 

shore population. 

Analysis of Danskammer Point collections in May 1973 showed that the 

white perch size distribution in seine collections was similar to that 

of impingement collections, but that on the same date the length distri

bution of bottom trawl catches was significantly different (a = 0.05) 

than either seine or impingement collections (Table VI-4l). The same 

trend was found for Roseton when the length distribution of impinged 

white perch was compared to that of white perch from seines and 

bottom trawl collections on August 21, 1973 (Table VI-4l). These data 

suggest that seine hauls and impingement collections at Roseton and 

Danskammer Point collect the same, near shore segment of the white perch 

populations. 



~-

Plant 

Danskammer Point 

Roseton 

TABLE VI-41 

COMPARISON OF MEAN LENGTHS OF BOTTOM TRAWL, SEINE AND IMPINGEMENT 
COLLECTIONS OF WHITE PERCH 

AT DANSKAMMER POINT ON MAY 30-31, 1973 AND AT ROSETON ON AUGUST 21, 1973 

Collection Sample Mean Total Standard Standard 
Method Size Length (cm) Deviation Error 

Bottom Trawl 125 16.57 2.300 0.206 

Seine 81 13.23 2.545 0.283 

Impingement 391 13.66 4.476 0.226 

Bottom Trawl 280 14.46 2.878 0.172 

Seine 123 5.66 1.626 0.147 

Impinement 341 5.54 0.882 0.048 

-~ - ------

95% 
Confidence 
Interval 

16.17-16.98 

12.66-13.79 

13.22=14.11 

14.29-14.64 

5.37-5.95 

5.45-5.64 
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E. CONCLTJSIONS 

Fish collection efforts were conducted in 1973 in the Roseton/Danskammer Point 

vicinity of the Hudson River to determine abundance, distribution, and compo

sition of fish populations. Similar studies were also conducted in 1971 and 

1972. These data will serve as baseline information for eventual comparison 

with data collected after initiation of commercial operation of the Roseton 

Generating Station. The results of the 1971, 1972 and 1973 studies indicate 

the following: 

1. A total of 32,516 fish representing 39 species were c01lected 

in the Roseton/Danskammer Point vicinity during the period 1971-

1973. TWo species, blueback herring and white perch, composed 

53.6% (17,443 individuals) of the total. 

2. Trawls were the most effective method of collection; bottom trawls 

generally caught more fish than surface trawls. 

3. Blueback herring were the most abundant species in 1973, composing 

31.2% of the total; the majority were young-of-the-year fish 

collected by seines from the shore area or in surface trawls; sur

face trawl collections also peaked during this time period. 

4. White perch are the dominant resident species in the Roseton/Danskammer 

Point area and composed 28% of the total catch in each year. Those 

collected were mainly young-of-the-year and were most abundant in 

the early fall; as a result, bottom trawl collections were also 

greatest during this time period. 
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5. The near-shore community, i.e., those collected by seine efforts, 

was composed of spottail shiners, juvenile striped bass, pumpkin

seed, sunfish, and juvenile herring. 

6. Atlantic tomcod, brown bullheads, hog chokers , and white perch were 

the dominant members of the offshore deeper water fish community. 

7. The collection of marine species such as the white mullet and 

crevalle jack is associated with salt front intrusion into the study 

area during periods of low flow. 

8. Due to the presence of adults of migratory species and a minimum 

of year-old resident specie& the average biomass per fish was great

est in the spring and declined during the summer as the community 

became dominated by young-of-the-year fish. A slight increase in 

average biomass occurred in the fall-winter period as juverd les grew 

or migrated to other nursery areas, l(~aving the more stable over

wintering populations. 

9. Results of trawl and seine collections during different tidal phases 

indicated that: 

a) There was no significant difference between numbers of fish or 

numbers of species caught by trawls during ebb or flood tide. 

b) Seines collected similar numbers of fish and species regardless 

of the tidal stage. 
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c) Of the prevalent species considered, only the spottail shiner 

exhibited a significant difference in abundance betweer. ebb and 

flood catches. More spottail shiners were collected by seine after 

ebb tide than after flood tide. 

d)· Comparison of surface trawls and bottom trawls individually for 

ebb-flood differences showed that: 

1. At the same station bottom trawls collected significantly 

more individuals and species than surface trawls on both 

tidal stages. 

2. All ebb bottom trawls and all flood bottom trawls show 

no significant difference in numbers of fish or species caught. 

3 0 Significantly more fish and more species were caught by ebb 

surface trawls than by flood surface trawls. 

10. Evaluation of differences in day and night collections by trawl and 

seine showed that, 

a) The number of fish caught by seines did not differ between day 

and night and, except for December, the number of species 

caught was also similar for both day and night collection. In 

December more species were caught at night than during the day. 

b) Except for collections in July there were no day-night differences 

between the numbers of fish or species caught by trawl. In July 

significantly more fish and more species were collected by trawls 

during the day than at night. 
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c) Day-night differences in community structure based on diversity 

index values showed that: 

1. Except for July and December, there were no significant 

day-night differences in diversity for pooled seine and trawl 

collections. July day collections had a significantly higher 

mean diversity than night collections. December night collections 

had a significantly higher mean diversity than day collections. 

2. For all months except November the mean monthly diversity 

index based on seine collections was similar for day and night 

collections. In November,day collections had a significantly 

higher mean diversity than night collections. 

3. Similar diversity was exhibited in all months, except 

December, for d<:,-y and night trawl collections. Night trawl 

collections in December were significantly more diverse than 

daylight trawl collections. 

d) Diversity index values were compan'!d between day and night 

collections for pooled seine and trawl data and June day diversity 

was significantly greater than night diversity. December night 

diversity was significantly higher than day diversity. 

e) Trawl station diversity values were tested for differences between 

day and night collections and showed "that stations sampled in June 

had significantly higher daylight diversity values and those in 

December had higher diversity values for night collections. 
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f) Tests to determine if there was any significant difference 

between day and night collections by either trawl or seine for the 

prevalent species showed that: 

1. Significantly more white perch were collected by day trawls 

than by night trawls. 

2. Day collections of spottail shiner were significantly higher 

than at night collections for both trawls and seines. 

3. Day and night collections of other prevalent species were 

not significantly different. 

11. Community numerical abundance and biomass stru~ture was evaluated 

for each month by an index of similarity. 

a) Based on numbers of fish collected, the community structure waS 

similar during July and August, and during the winter-spring period. 

During the summer months the community was dominated by juvenile 

white perch and blueback herring. In the winter-spring period, when 

water temperature was low, the resident faunal community was more 

in evidence. 

b) June through October were the most similar based oncomrnunity 

biomass structure due in large part to the high numbers of young

of-the-year fish dominating these collections. 

c) The large numbers of young-of-the-year fish of several species 

also explains the high monthly affinity values for numbers and bio

mass during the summer-fall period when seines and trawls were com

pared separately. 
QUirk9 Lawler ffifMatusky Engineers 
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12. Diversity index values for number of organisms and the biomass of 

the individuals from each seine and surface and bottom trawl collect

ion showed that: 

a) Diversity of seine collections was greatest during the summer 

months and gradually declined in the later part of the year. 

b) The greatest bottom trawl diversity was found during the fall. 

Bottom trawl diversity was generally greater than surface trawl 

diversity which was consistently low throughout the year. 

c) Biomass diversity was much higher for seines than for trawls, 

indicating a broader distribution of weight among the near-shore 

species. 

13. Comparisons of species numbers, diversity indices and numbers of 

organisms collected on the various t.idal cycles and for th,e two 

time periods, day and night, at each station showed a great deal of 

variation in all areas sampled,with each station exhibiting faunal 

assemblages and activity different from the other stations. 

14. Length distribution for white perch and striped bass indicated that: 

a) Striped bass young-of-the-year, first collected in July, averaged 

4cm in length. At the end of the growing season, a length of approx

imately 9cm was attained. 

b) Length data for white perch collected during the spring indicated 

the presence of adult fish. The first young-of-the-year fish were 

collected in July and averaged 3cm in length. An average length 
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of 8cm was reached at the end of the growing season. White perch 

growth rates were similar in 1971 and 1973 and somewhat lower in 

1972. 

15. Analysis of striped bass and white perch scales to determine age 

and growth rates showed that: 

a) The body length corresponding to scale formation in the striped 

bass was 14.4mm, with the first annulus formed around the end of 

June or early July. Comparison of Hudson River striped bass with those 

in other estuaries indicate that the Hudson River population had 

lower growth rates, especially those. from the Roseton area. 

b) For white perch from Haverstraw Bay and Roseton/Danskammer 

Point combined, the body length corresponding to scale formation 

was 2S.3mm. Annuli formation occurred in all but two fish by 

August, and these formed around September. Younger fish appeared to 

form their annulus at an earlier date, around May and June. 

c) Female white perch attained greater length during each year 

than males,and for both sexes the greatest growth was in the younger 

age groups. Hudson River white perch do not appear to reach the 

same length nor grow as fast as those from other areas, suggesting 

overcrowding of the population. 

16. Based on .the coefficient of maturit~ spawning of white perch in the 

Roseton/Danskammer Point area was estimated to occur during June. 
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17. Stomach content analysis of fish collected during the spring and 

fall to determine feeding preference of selected species showed that: 

a) Arophipods were the primary food item for white perch in both 

seasons with the smaller fish also feeding on dipterans in the spring. 

b) Brown bullheads exhibited a more varied dietary pattern with 

the larger size fish feeding on blueback herring young in the spring 

and switching to amphipods and dipterans in the fall. The smaller 

bullheads fed on dipterans and amphipods in the spring. 

c) Pumpkinseeds feed on dipterans, gastropods and amphipods in both 

seasons with preference depending on size group of fish. 

d) Striped bass of the size examined preferred other fish 

during both seasons. 

18. Much greater numbers of tomcod were Lmpinged in 1973 than in 1972, 

suggesting that tomcod were more abundant in the river in 1973. 

19. Impingement of white perch was about 30% higher in 1972 than in 

1973. This was also reflected in river abundance data obtained 

for this species, suggesting that th€~ rate of impingement may be 

directly related to river abundance. 

20. The estimated number of all fish impinged in 1973 was twice that 

found in 1972. This increase is due in large part to the very 

great increase in impingement of tomc:od in 1973 as compared to 1972. 
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21. There were significant differences between day and night impinge

ment rates in 1973, with the differences due to increases in 

night impingement rather than to a decrease in day impingement 

rates. 

22. Based on fish population diversity and length-frequency measure

ments, it appears that the impinged fish population is most 

closely related to the extant near-shore fish population and is 

probably recruited from this population. 
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0954 

20' .. 1620- 1310 .1541 
1625 

20' .. 1808- 1240 .1458 
1813 

*20' .. 1808- 1520 .0447 
1813 

20' .. 2004- 1130 .1329 
2009 

20' .. 0553- 1860 .2187 
0558 

O· 8/29-30 0104- 2090 .2458 
73 0109 

t 

* * Larvae 
Larvae 1000 m3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1 5 

0 0 

- -----

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 
3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

Atlantic 
Tomcod Sunfish Others 

I 



r r 

Station: ROE 
Meter 

Depth Date Time Revs. 

0' 8/29-30 0104- 1940 
73 0109 

O· .. ·0534- 2210 
0539 

0' " 0534- 2410 
053-9 

10' " 2305- 1620 " 
2310 

10' .. 2305- 1870 
2310 

*10' .. 0740- 2750 
0745 

*10' .. 0740 4340 
0745 

20' " 2248- 1760 
2253 

" 20' " 2248- 1990 
225-3 

20' .. 0617- 1660 
0622 

20' " 0617- 2320 
0622 

4' 

vol.", "f '"Larvae 
m3 Larvae 1000 m3 

.2281 0 0 

.2599 9 9" 

.2834 0 0 

.1905 0 0 

.2199 0 0 

.0809 0 0 

.1276 0 0 

.2070 0 0 

.2340 0 0 

.1952 0 0 

.2728 0 0 

-. - --

- -.--

ROSETON-DANSlCAMMER FISH LARVAE 
1973 

Larval Fish COncentration Per 1000 m3 

American Striped White Rainbow 
Alosa Shad " Bass Perch Cyprinids Smelt Darters 

Atlantic 
'l'oIIIcOc1 SUnfish Others 



, Station: RDECH 
Meter Vol. , # 

Dep_th' Date Time Revs. m3 ,Larvae 

0' 4/11/73 0932- 2030 .2387 0 
0937 

10' " 1135- 2450 .2881 0 
1140 

O· :>/10/73 1013- 1990 .2340 84 
1018 

0' " 1918- 2110 .2481 21 
1923 

'10' " 1957- 1630 .1917 14 
2002 

20' " 2130- 2050 .2411 4 
2135 

30' I" 1124- 1860 .2187 82 
1129 

30' " 1306- 1570 .1846 343 
1311 

30' " 2156- 1540 .1841 0 
2201 

40' " 1417- 1620 .1905 108 
1422 

40' " 2338- 0990 .1164 0 
2343 

50' " 2354- 1710 .2011 3 
2359 

O' ~/22-:-23/ 1125- 1690 .1987 404 
73 1130 

O' -n 1805- 1350 .1576 330 
1810 

0' .. 0045- 1220 .0359 17 
0050 

i LarVae 
1000 m3 

0 

0 

358 

85 

73 

12 

375 

1858 

0 

568 

0 

15 

2033 

2094 

501 

ROSE'J.'QN-DANSKAMMER FISH I..AItVAE 
1973 

Larval F~sh Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch ~rinids Smelt Darters 

350 8 

85 

73 

12 

375 

1853 5 

556 6 6 

15 

2033 

2094 

501 

-.-~- - - - --- --

Atlantic 
TOmcod sunfish Others 

, 

, 



'f 

---------------------_.------- -- --

Station: RDECH 
Meter Vol., I f Larvae 

Depth Date . Time ReVS.: .3 LarVae 1000.3 

0' . 5/22-23 0045- 1220 .1437 120 836 
73 0050-

0' " 0316- 1410 .1658 776 4680 
0321 -

0' " 0737- 2400 .2822 198 702 
0742 

10' 1125- 1530 .1799 152 
-

845 
1130. 

_ *10' " 1520- 2010 .0591 253 4281 
1525 

10' " 1520- 17;80 .2093 1041 4974 
1525 

10' " 1805- 1130 .1393 234 1761 
1810 

" 10' - . 0005- 1160 .1364 2 15 
0010 

10' " 0316- 1410 .1658 288 1737 
0321. 

20' " 1210- 1620 .1~05 98 514 
1215 

20' " 2200- 1240 .1458 2 14 
2205 -

20' II 0005- 1160 J.364 1 7 
0010 

20' " 0456- 1640 .1929 798 4137 

It 
050~ 

30' 1210- 1380 .1623 2 .~ -g 
1215 

30' " 2200- 1240 .1458 1 7 
2205 

-

! 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 .3 
American striped White Rainbow 

Alosa Shad Bass Perch .~rlnids Smelt Darters 
787 49 

4294 356 30 

702 

834 11 

3942 339 
-

4974 

1753 8 

15 

1635 60 6 18 12 6 

5 5 5 5 499 

7 7 

7 

3981 130 26 

12 

7 

Atlantic 
'l'OIIIcod Sunfish Others 

! 



Station: RDECH 
Meter Vol. , # 

Depth. Date Time ·ReVs. m3 Larvae 

30' 5/22-23 2220- 1440 .1693 10 
73 2225 

-30' .. 
0456- 1640 .1929 440 
0501 

40' " 1350- 1770 .2082 392 
135-5 

40' " 1350- 1890 .0556 61 
1355 

40' " 2220- 1440 .1693 1 
2225 

40' .. 0702- 2010 .2364 175 
0707 

50' " 0702- 2010 .2364 211 
0707 

0' .. 1921- 1620 .1905 170 
1926 

0' .. 2328- 1570 .1846 97 
2333 

0' .. 0258- 1850 .2i76 103 
0303 

0' " 0702- 1710 .2011 459 
0707 

0' .. 0910- 1570 ~1846 443 
0915 

10' .. 2036- 1380 .1623 431 
2041 

10' " 2328- 1370 .1611 81 
2333 

10' " 0258- 2030 .2387 125 
0303 

It Larvae 
1000 m3 

59 

2281 

1883 

1097 

6 

740 

888 

892 

525 

473 

2282 

2400 

2656 

621 

524 

---- ----

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 
3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids smelt Darters 

29.5 29.5 

342 1887 52 

1873 5 5 

899 144 54 

6 

719 13 4 4 

821 42 4 4 13 

114 5 5 406 

106 279 

---

Atlantic 
'l'<lIDcOd SUnfish others 

4 

I 

118 
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station: RDRl'J 

Meter Vol •• 
'DePth Date 'l'iIIIe Revs. JIl3 

10' 6/7-8/7 0702- 1610 .1893 
0707 

10' .. 0910- 1690 .1991 
09i5 

20' .. 1921- 1130 .1329 
1926 

20' It 0424- 1720 .2023 
0429 

30' .. 1921- 1130 .1329 
1926 

30' .. 2328- 1250 .1470 
2333 

30' II 0424- 1640 .1929 
0429 

40' ',' 2036- 1430 .1682 
2041 

40' n 0015- 1610 .1893 
0020 

40' .. 0052- 1570 .1846 
0057 

50' " 2036- 1330 .1564 
2041 

50' " 0015- 1550 .1823 
0020 

50' II 0552- 1360 .1599 
0557 

0' 6/19-20 1015- 1830 .2152 
73 1020 

O· " 1727- 1650 .1940 
1732 

if 

It • LarVae 
LarVae 1000 JIl3 

849 4485 

182 914 

247 1792 

169 835 

141 1061 

81 551 

131 678 

279 1658 

62 396 

231 1251 

160 1023 

34 186 

234 1463 

294 1366 

14 72 

-- --

ROSBTON-DAHSIWIMER FISH LARVAE 
1973 

Larval Ftsh concentration Per 1000 JIl3 
Alllerican Striped White Rainbow 

' Alosa Shad Bass Perch ~rinids Smelt Darters 

553 198 84 

575 98 5 

206 43 10 

132 38 16 

1324 5 32 5 

1 Atlantic 
Tomcod Sunfish Others 

69 



Station: RDECH 
Meter Vol. , 

Depth Date Time Revs. 103 

O· 6/19-20 2232- 1930 .2274 
73 2237 

O· , 2340- 1660 .1952 
2345 

O· " 0654- 1600 .1882 
0659 

10' " 1120- 1390 .1635 
1125 

10' .. 2033- 1540 .H'Ol 
2038 

10' .. 0140- 1760 .2070 
0145 

20' .. 1120- 1800 .2121 
1125 

20' .. 2033- 1240 .1458 
2038 

20' .. 0140- 1770 .2082 
0145 

30' n 1320- 1790 .2105 
1324 

30' .. 2202- 1640 .1932 
2207 

30' " 2232- 1630 .2860 
2237 

30' " 0528- 1970 .2317 
0533 

40' " 1320- 1800 .2117 
1325 

40' " 2202- 1500 .1764 
2207 

- -

* * Larvae 
Larvae 1000 103 

434 1909 

172 881 

271 1440 

232 1419 

26 143 

331 1599 

117 551 

158 1084 

326 1566 

305 1449 

165 1170 

268 934 

514 2218 

185 -j -874 

5 28 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval F;ish Concentration Per 1000 10 
3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

784 10 46 41 

826 24 563 6 

1512 48 29 5 

75 70 401 5 

1244 5 149 168 

507 16 16 

775 9 71 19 

-- - -~--'-~ 

: 

Atlantic 
Tomcod Sunfish Others 

5 

316 



{ 

Station: RImeH· 

Meter Vol •• 
Depth Date. Time Revs. a 3 

40' 6/19-20 0528- 1860 .2187 
73 0533 

50' 1015- 1640 .1929 
1020 

50-55' .. 1727- 1470 .1729 
1732 

50' .. 2340- 1640 .1929 
2345 

50' .. 0654- 1510 .1776 
0659 

0' 7/2-3/7 1027- 2190 .2575 
lO:p 

O· " 1352- 1880 .2211 
1357 

0' " 1808- 2280 .2681 
1813 

0' n 2207- 2040 .2399 
2212 

0' .. 0503- 1980 .2328 
0508 

10' " 1129- 2740 .3222 
1134 

10' .. 1508- 1820 .2140 
1513 

10' " 1932- 2060 .2423 
1937 

10' .. 0122- 2730 .3210 
0127 

20' .. 1232- 3190 .3751 
1237 

I 

I t Larvae 
Larvae 1000 a 3 

681 3114 

41 212 

434 2510 

170 907 

249 1402 

385 1495 

114 516 

150 559 

69 288 

8 34 

41 127 

19 89 

33 136 

458 1427 

97 258 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval F~sh Concentration Per 1000 a 3 

American Striped White Rainbow 
Mosa Shad . Bass Perch Cyprinids Smelt Darters 

52 47 72 41 

586 36 223 10 

511 

246 17 4 

248 5 5 

----

Atlantic 
Tomcod Sunfish others 

26 

5 

21 



Station: RDECH 
Meter Vol., it It Larvae 

DePth· Date Time Revs. m3 Larvae 1000 m3 

*20' 7/2-3/7 1232- 1440 .0423 4 94 
1237 

20' " 1700- 2450 .2881 67 233 
1705 

*20' " 1700- 3230 .0950 9 94 
1705 

20 " 2045- 2880 .3387 36 106 
2050 

*20' " 2045- 3110 .9143 17 19 
2050 

20' " 0320- 2350 .2764 85 308 
0325 

*20' " 0320- 1010 .1188 0 0 
0325 

30' " 1129- 1870 .2199 30 136 
1134 

30' " 1508- 1720 .2023 41 203 
1513 

30' " 1932- 1950 .2293 43 188 
1937 

30' .. 0122- 1890 .2223 513 2308 
0127 

40' " 1027- 1800 .2117 13 61 
1032 

40' " 1352- 1590 .1870 17 91 
1357 

40' " 1808- 2260 .2658 4 15 
1813 

40' " 2207- 2350 .2764 249 897 
2212 

*1/2 Meter Net 

ROSE'l'ON-DANSlCAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch ~rinids Smelt Darters 

47 47 

205 21 7 

74 10 10 

94 6 3 

18 1 

217 80 4 

27 64 

817 4 76 

-- - -_.-

1 Atlantic 
'l'aIIcOd Sunfish Others 

3 

7 

I 

! 

I 

I 

I 

, 

I 
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Station: RDECH 
Meter Vol., 

Depth Date Time Ravs. .. 3. 

40' 7/2-3/7 0503- 1830 .2152 
0508 

O· 7/17-18 0942- 1640 .1929 
73 0947 

0' .. 1442- 1070 .1258 
1447 

O· .. 1823- 1540 .1811 
1828 

O· .. 2240- 2580 .3034 
2245 

O· .. 0538- 1080 .1270 
0543 

10' .. 1100- 1150 .1352 
1105 

10' .. 1609- 1088 .1270 
1614 

10' .. 2001- 1880 .2211 
2006 

10' .. 0055- 1620 .1905 
0100 

20' .. 1317- 1640 .1929 
1322 

*20' " 1317- 1770 .0520 
1322 

20' .. 1720- 1480 .1740 
1725 

*20' .. 1720- 1850 .0544 
1725 

20' " 2129- 1700 .1999 
2134 

*1/2 Meter Net 

{ 

I It Larvae 
Larvae 1000 m3 

627 2914 

18 93 

4 32 

3 17 

0 0 

4 31 

2 15 

0 0 

1 5 

8 42 

7 36 

0 0 

8 46 

0 o -

7 35 

1 

ROSJft'C*-DANSlWIMBR rISH LARVAE 
1973 

Larval Ftsh Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch .<=l'P~ihids Smelt Darters 

32 

5 10 21 

46 

30 5 

--- --- ---.~-

Atlantic 
Tomcod SUnfish others 

, 

i 
, 
, 



station: RDECH 

Meter Vol., I 
Depth Date Time Revs," " 1113 Larvae 

*20' 7/17-18 2129- 1960 .0576 0 
73 2134 

20' .. 0310- 970 .0285 2 
0315 

20' .. 0310- 1780 .2093 101 
0315 

30' .. 1100- 1380 .1623 2 
1105 

30' .. 1609- 1100 .1294 32 
1614 

30' .. 2001- 1770 .2082 10 
2006 

30' .. 0055- 1510 .1776 23 
0100 

40' .. 1442- 1070 .1258 7 
1447 

40' .. 1823- 1200 .1411 14 
1828 

40' .. 2240- 1900 .2234 4 
2245 

40' .. 0503- 1290 .1517 17 
0508 

O· 7/31/13 0928-
B/l/73 I 0933 

610 .0717 0 

0' .. 1326- 1210 .1423 0 
1331 

O· .. 1356- 2110 .2481 0 
1401 

O· .. 1718- 1420 .1670 0 
1723 

* 1/2 Meter Net 

\ \ 

# Larvae 
1000 m3 

0 

76 

482 

12 

247 

48 

130 

56 

99 

18 

112 

0 

0 

0 

0 

ROSETOtH)ANSKAMMER FISH LARVAE 
1973 

Larval Flsh Concentration Per 1000 m3 

AlIIerican striped White Rainbow 
Alosa Shad "Bass Perch Cyprinids Smelt Darters 

38 38 

105 57 320 

16 32 8 

13 5 

----- -_. "--- -- - -- " 

Atlantic 
'l'OIIICOd Sunfish Others 

I 



( ( I r 

Station: RDECH 
Meter Vol.~ 

Depth· Date TilDe . Revs." l III 

O· 7/31/73 2001- 1650 .1940 
8/1/73 ~O06' 

O' " 0006- i610 .1893 
0011 

O' .. 0500- 1880 .2211 
0505 

10' " 1045- 1190 .1399 
1050 

10' .. 1448- 1740 .2046 
1453 

10' It 1810- 1790 .2105 
1815 

10' .. 2104- 1680 .1979 
2109 

10' " 0127- 2620 .3081 
0132 

10' .. 0618- 1320 .1552 
0623 

20' .. 0928- 1180 .1388 
0933 

20' .. 1326- 1440 .1693 
1331 

20' .. 1356- 1870 .• 2199 
1401 

20' n 1718- 1.340 .1576 
1723 

20' .. 2001- 1230 .1446 
2006 

20' .. 0006- 1460 .1717 
0011 

f 

• t Larvae 
Larvae 10001113 

0 0 

4 21 

21 95 

0 0 

0 0 

O. 0 

3 15 

4 13 

14. 90 

0 0 

0 0 

0 0 

0 0 

0 0 

7 41 

. - ~ . 

ROSB'l'ON-DANSltAMMBR FISH LARVAE 
1973 

. Larval Fj,sb ·Concentration Per 1000 III 
3 

American Striped White Rainbow 
AloM Shad Bass Perch eyprinids smelt Darters 

2 

90 5 

15 

10 

71 19 

35 6 

. Atlantic 
'1'oIIcod Sunfish others 



Station: RDECH 
Meter Vol., It 

Depth Date Time Revs. m3 Larvae 

30' 7/31/73 1045- 1490 .1752 0 
8/1/73 1050 

30' It 1448- 1870 .2199 0 
1453 

30' It 1810- 1730 .2034 0 
181"5 

30' .. 2104- 1530 .1799 0 
2109 

30' .. 0127- 1790 .2105 9 
0132 

30' .. 0618- 2270 .2670 4 
0623 

40' It 0928- 1370 .1614 1 
0933 

40' It 1326- 1610 .1893 0 
1331. 

40' It 1718- 1.280 .1.505 0 
1.723 

40' It 0006- 1420 .1670 15 
001.1 

40' It 0500- 2080 .2446 9 
0505 

O· 8/14-15 0932- 1.740 .2046 0 
73 0937 

0' It 1602- 1320 .1552 0 
1607 

0' It 1951- 2580 .3034 a 
1956 

O· .. 0212- 1920 .2258 1 
021.7 

-----

It Larvae 
1000 m3 

0 

0 

0 

0 

43 

15 

6 

0 

0 

90 

37 

0 

a 

0 

4 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish concentration Per 1000 m 3 

1tmerican Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

38 

4 11 

6 

48 30 12 

25 12 

Atlantic 
Tomcod Sunfish Others 

5 

j 

4 

I 
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station: RDEeR 
Meter Vol., 

Depth Date Time ReVS. ml 

10' 8/14-1~ 1026- 260 .0306 
·73 1031 

10' " 1703- 1070 .1258 
1708 

10' .. .2045- 1490 .1752 
2050 

10' .. 0302- 1050 .1235 
0307 

20' " 1310- 1590 .1870 
1315 

*20' . " 1310- 1800 .0529 
1315 

20' " 2212- 1780 .2097 
2217 

20' " 0537- 1920 .2258 
0542 

30' " 1026- 1000 .1176 
1031 

30' .. 1703- 1070 .1258 
1708 

30' " 2045- 1300 .1529 
2050 

30' .. 0608- 1790 .2105 
0613 

O· 8/29-3( 0048- 1770 .2082 
73 0053 

O· " 0048- 1720 .2023 
0053 

O· .. 0516- 1840· .2164 
0521 

*1/2 Meter Net 

r { 

•• t Larvae 
LarVae 1000 m3 

0 0 

0 0 

3 17 

7 57 

0 0 

0 0 

4 18 

7 31 

0 0 

0 0 

0 0 

0 0 

3 14 

2 10 

2 9 

- --

ROSE'l'ON-DANSKAMKER FISH LARVAE 
1973 

Larval F~sh concentration Per 1000 m
3 

American striped White Rainbow 
Alosa Shad ·BaS8 Perch . Cyprinids smelt Darters 

17 

-

14 

18 9 

1 Atlantic 
'l'oIIIcod Sunfish others 

4 

4 



station: RDF.C 
Meter Vol., 

Depth' Date Time Revs. m3 

O· 8/29-30 0516- 2330 .2740 
73 0521 

20' .. 2318- 1620 .1905 
2323 

20' n 2318- 1900 .2234 
2323 

20' .. 0630- 1780 .2093 
0635 

20' .. 0630- 2390 .2811 
0635 

40' .. 2045- 1730 .2034 
2050 

40' .. 2045- 1960 .2305 
2050 

40' .. 0802- 2320 .2728 
0809 

40' .. 0802- 1830 .2152 
0809 

t • Larvae 
Larvae 1000 m3 

2 7 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

ROSETON-DANSKAMMER FISH IARVAE 
1973 

Larval F~sh Concentration Per 1000 m
3 

American Striped White Rainbow 
Alosa Shad Bass Perch CYPrinids Smelt Darters 

- - ----

Atlantic 
'l'ODlCOd sunfish Others 
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station: RDWCH 

Depth Date Time 

O· 4/11/73 0915-
0920 

10- .. 1115-
1120, 

O· 5/10/73 0949-
0945 

0' .. 1905-
1910 

10' .. 1135-
1140 

10' .. 2011-
2016 

20' .. 1230-
1235 

20' " 1246-
1251 

20' ,. 2108-
2113 

30' .. 1324-
1329 

30' .. 2230-
2235 

40' .. 1400-
1405 

40' ", 2314-
2319 

50' .. 1430-
1435 

50' " 1605-
1610 

( r 

Meter Vol., 
Revs.' , m3 

2390 .2810 

2160 .2540 

2080 .2446 

1520 .2675 

1540 .1811 

1740 .2046 

1820 .2140 

1510 .1775 

1660 .1952 

1600 .1881 

1890 .2222 

1850 :2175 

2370 .2787 

1610 .1893 

1770 .2081 

r 
\ 

I 
Larvae 

0 

1 

54 

127 

129 

5 

17 

221 

7 

75 

0 

22 

21 

9 

4 

( f 

t LarVae 
1000 .3 

0 

4 

221 

464 

712 

24 

79 

1245 

36 

399 

0 

101 

75 

48 

19 

r J r 

ROSE'l'ON-DANSlCAMMER FISH LARVAE 
1973 

Larval Fish COncentration Per 1000 m 3 

American striped White Rainbow 
Alosa Shad 'Bass Perch <:yprinids Smelt Darters 

221 . 

456 4 

129 

24 

79 

1245 

36 

388 11 

101 

72 3 

42 6 

19 

Atlantic 
, 'J.'omcod Sunfish Others 

, 

4 I 

i 
4 

I 



Station: RDWeR 
Meter Vol., I 

Depth· Date Time Revs. JIl3 Larvae 

50' 5/11/73 0018- 1900 .2234 3 
0023 

O· 5/22/73 1045- 1670 .1963 325 
1050 

0' " 1640- 1370 .1611 57 
1645 

0' " 2050- 1530 .1799 66 
2.955 

O· 5/22;;:'13, 0754- 1860 .2187 98 
/73 0759_ 

1U' ." 1045- ·1760 .2069 31 
1050 

10' " 1640- 1500 .1764 24 
1645 

10' " 2025- 1390 .1634 36 
2030 

10' " 2340- 1530 .1799 0 
2345 

\10' 
I!. 0248- 1490 .1752 98 

0253 
20' 

.. .L305- 1.710 .2010 17 
1310 

20' " 1445- 1370 .1611 50 
1450 

"'20' .. .. 1890 .0555 8 

20' .. 2115- 1510 .1775 5 
2120 

20' .. 2340- 1530 .1799 2 
2345 

---_. 

*1/2 Meter Net 

<'. 

41 Larvae 
1000 m3 

12 

1656 

353 

367 

448 

246 

136 

220 

0 

572 

85 

310 

144 
28 

11 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch c;yprinids Smelt Darters 

4 4 4 

1636 6 

186 12 1'1 

367 10 10 

448 155 

NO SAMP "E 

130 6 

208 12 

388 154 17 

85 

298 12 

144 
28 

11 

.1 

'-'''' ~ . 

Atlantic 
Tomcod Sunfish Others 

! 
i 

11 

-



{ 

Station: RDWCH 

Depth Date Time 
20' 5/22-23/ 0517': .. 73 0522 

It 
1~05-30' 
1310 

30' .. 2115-
2120 

30' .. 2245-
.. 2?5Q 

30' 

*40' .. 
40' .. 
40' .. 
40' .. 
50' .. 

-
+0' 

+10' .. 
+20' " 
+30' .. 
+40' " 

+ Chann.el Station 
*1/2 Meter Net 

0511-
0527 
13'35-
1340 
1335-
1340 
2245-
2250 
0639-
0644 
0639-
0644 _ 
1107-
1112 
1107-
1112 
1240-
1245 
1240-
1245 
1410-
1415 

Meter 
Revs.' 

1620 

1930 

1510 

1430 

16-20 

1760 

1540 

1430 

1490 

1490 

1450 

1650 

1430 

2440 

1270 

( r f 

Vol.; f • ~ae 
.3 Larvae 1000 m3 

.1905 102 535 

.2269 a6 _. 379 

.1775 2 11 

.1681 65 387 

.1905 43 - -226 

.0518 16 309 

.1811 35 193 

.1681 3 18 

.1752 . 45 257 

.1752 108 616 

.1705 230 1349 

.1940 35 181 

.1681 107 636 

.2869 197 .--.63] 

.1494 108 729 

I-

-------_._--- -.-.--.------.. --. -

JOSB'l'OIf-DANSIWIMER FISH LARVAE 
1973 

Larval Ftsh COncentration Per 1000 m3 

American Striped White Rainbow 
Aiosa ShAd Bass Perch cyprlnids Smelt Darters 

505 10 5 10 5 

366 4 9 

11 

381 6 

SAMPLE roST 

193 116 

193 

12 6 

257 

594 17 5· 

1349 

165 5 11 

606 18 6 6 

614 10 63 

696 7 26 

-- ---

Atlantic 
Tomcod sunfish others 

., 

j 



station: RDWCH 
Meter Vol •• 

Depth Date Time Revs. .3 

50' 5/22-23 1410- 1270 .1494 
/73 1415 

O· 6/7-8/7 1858- 2180 .2564 
1903 

0' " 2240- 1650, .1940 
2245 

0' " 0236- 1850 .2176 
0241 

0' " 0643- 1790 .2105 
0648 

0' o. 0930- 1400 .1646 
0935 

10' n 2055- 1500 .1764 
2100 

10' n 2240- 1460 .1717 
2245 

10' o. 0236- 1680 .1976 
0241 

10' " 0643- 1790 .2105 
0648 

10' " 0930- 2270 .2670 
0935 

20' " 1858- 1140 .'1341 
1903 

20' " 0405- 1460 .1717 
0410 

30' " 1858- 910 .1070 
1903 

30' .. 2240- 1570 .1846 
2245 

+Channel Station 

* It Larvae 
Larvae lOOO m3 

42 281 

58 226 

542 2794 

44 202 

31 147 

70 425 

605 3430 

425 2475 

102 516 

53 252 

51 191 

104 775 

195 1136 

199 1860 

305 1652 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American striped White Rainbow 
Alosa Shad 'Bass Perch cyprinids Smelt Darters 

74 174 33 

856 1871 26 .14 

373 2038 47 17 

349 764 17 6 

130 1511 11 

-- - - - -- ----- --~.-~- ~, 

Atlantic 
Tomcod Sunfish Others 



Station: ROwell 
Meter Vol., I 

Depth Date '1'ime Revs. 1113 Larvae 

30' 6/7-8/7 0405- 146.0 .1717 193 
0410 

30' II 1.039- 2350 .2764 118 
1044 

40' II 2055- 1330 .1564 162 
2100 

40' n 0035- 1680 .1976 233 
0040 

40' II 0520- 2050 .2411 226 
0525 

SO' II 2055- 1600 .1882 93 
2100 

SO' n 0035- 1630 .1917 189 
0040 

50' " 0520- 2150 .2528 588 
0525 

O' 6/19-20 0951- ·1380 .1623 159 
73 0956 

o· II 1655- 1160 .1364 34 
1700 

0' .. 0000':" 1870 .2199 296 
0005 

O· n 0633- 1570 .1846 136 
0638 

10' n 1145- 1600 .1882 579 
1150 

10' II 2049- 1260 .1482 2 
2054 

10' .. 0057- 1400 .1646 104 
0102 

- --

t Larvae 
1000 JIl3 

1124 

427 

1036 

1179 

938 

494 

986 

2326 

979 

249 

1346 

737 

3076 

14 

740 

ROSBTctHlAHSKAMMER FISH LARVAE 
1973 

Larval F1sh Concentration. Per 1000 m3 

American Striped White Rainbow -

Alosa Sbac1 Bass Perch cn>rinids Smelt Darters 

223 941 5 10 

266 709 11 

117 132 

*MISSIN VIAL 95 9 

2136 21 903 16 

480 12 18 12 

Atlantic 
Tomcod Sunfish others 

I 

I 

I 

109 



station: ' ROweR, 

Meter Vol., I 
DePth Date Time Revs. .3 LarVae 

20' 6/19-20 1145- 1620 .1905 258 
73 1150 

20' " 2049- 1220 .1435 232 
2054 

20' " 0057- 1290 .1517 BB 
0102 

30' " 1240- 1920 .2258 180 
1245 

30' " 2139- 1500 .1764 98 
2144 

30' .. 0547- 1620 .1905 220 
0552 

40' .. 1240- 1860 .21B7 184 
1245 

40' .. 2139- 1490 .1765 BO 
2144 

40' " 0547- 1730 .2034 122 
0552 

50' " 0951- 940 .1105 51 
0956 

50' " 1655- 1300 .1529 4 
1700 

50' " 0000- 1520 .17B8 211 
0005 

50-55' " 0633- 1450 .1705 53 
0638 

+50' n 1406- 1810 .2129 87 -
14011 

+50' .. 14'06- 1450 .1705 62 
1411 

+ Channel Station 

• Larvae 
1000 m3 

1354 

1617 

593 

797 

555 

1155 

841 

453 

600 

461 

26 

1258 

311 

409 

363 

ROSETON-DANSlCAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m3 

American Striped White Rainbow \ 
Alosa Shad Bass Perch C}'prinlds Smelt Darters 

299 142 903 10 

13 

142 59 617 23 

861 185 50 6 

13 13 

- -

Atlantic 
ToIIIcOd Sunfish others 

13 

7B 

i 
! 
, 

I 



( ( r r 

Station: RDWCH 
Meter Vol •• I 

'Depth Date 'time ReVs. 'm3 LarVae 

0' 7/2-3/7 0915- 2080 .2446 44 
0920 

O· .. 1332- 1760 .2070 7.1 
1337 

0' .. 1742- 2150 .2528 1212 
174'7, 

0' Q 2132- 2160 .2540 70 
2i37 

0' " 0435- 1590 .1870 3 
0440 

10' .. 1155- 1590 .1870 10 
1200 

10' " 1555- 2000 .2352 7 
,1600 

10' .. 1947- 2200 .2587 24 
1952 

10' " 0145- ' 1530 .1799 106 
0150 

20' If 0915- 1270 .1494 2 
Og20 

*20' h 1638- 2700 .0794 1 
.1643 

20' " 1638- 2500 :2940 7 
1643 

*20' .. 2037- 2920 .0858 2 
2042 

20' .. 2037- 3270 .3846 11 
2042 

*20' .. 0241- 1540 .1811 15 
0246 

--

'.*1/2 Meter Net 

r 

f LarVae 
1000 m3 

180 

343 

4794 

276 

16 

53 

30 

93 

589 

13 

13 

24 

23 

29 

83 

ROSE'l'ON-DANSlCAMMBR FISH LARVAE 
1913 

Larval F!sh COncentration Per 1000 m3 

American Striped White Rainbow 
Mosil Shad . Bass Perch Cyprinids Smelt Darters 

338 . 

260 8 4 

-

13 

24 

23 

26 

83 

AUantic 
ToIIIcOd Sunfish Others 

5 

4 

3 



Station: RDWCH 
Meter Vol •• 

DeP_th . Date Time Revs. m3 

20' 7/2-3/7 0241- 2360 .2775 
0246 

30 .. 1155- 1830 .2152 
1200 

30' " 1555- 1840 .2164 
1600 

30' .. 1947- 2070 .2434 
1952 

30' " 0145 1440 .1693 
0150 

40' " 0915- 1250 .1470 
0920 

40' .. 1332- 1890 .2223 
1337 

40' n 1742- 2200 .2587 
1747 

40' " 2132- 2940 .3457 
2137 

40' " 0435- 1530 .1799 
0440 

0' 7/17-18 0911- 1440 .1693 
73 0916 

0' '" H56- 1450 .1705 
1401 

0' " 1800- 1360 .1599 
1805 

0' n 2214- 1320 .1552 
2218 

0' " 0503- 1110 .1305 
0508 

-- ~~-

II It Larvae 
Larvae 1000 \113 

242 872 

19 88 

3 14 

16 66 

97 573 

4 27 

19 85 

17 66 

46 133 

59 328 

6 35 

0 0 

1 6 

6 38 

1 8 

ROSETON-DANSlCAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

857 4 11 

36 9 40 

130 3 

26 6 6 

Atlantic 
TOmcod Sunfish Others 



r ( 

Station: RDWCH 

Meter Vo1., 
Depth Date Time Revs. m3 

10' 7/17-18 1133- 1160 .1364 
73 1138 

10' • 1628- 1250 .1470 
1633 

,10' " 2027- 1410 .1658 
2032 

10' " 0137- 1270 .1494 
0142 

20' .. 1300- 1750 .2058 
1305 

*20' .. 1300- 1970 .5792 
1305 

20' .. 1705- 1620 .1905 
1710 

*20' " 1705- 2080 .0612 
1710 

20' " 2108- 1890 .2223 
211.3 

*20' " 2108- 2160 .0635 
2113 

20' " 0235- 1960 .2305 
0240 

*20' .. 0235- 3260 .0958 

30· 
0240 

" 1133- 1390 .1635 
1138 

30' n 1628- 1320 .1552 
1633 

30' n 2027';' 1510 .1776 
2032 

--- -

*1/2 Meter Net 

f 

• ft LarVae 
Larvae 1000 m3 

1 7 

1 7 

0 0 

16 123 

5 24 

0 0 

2 10 

0 0 

6 27 

2 31 

22 95 

3 31 

0 0 

-
1 6-

5 28 

ROSE'l'Olf-iWISlCAMMER FISH URVAE 
1973 

Larval F1sh COncentration Per 1000 m 3 

American striped White Rainbow 
Alosa Shad Bass Perch . Cyprinids Smelt Darters 

14 10 

10 

22 5 

31 

69 22 

31 

Atlantic 
'l'Omcod Sunfish Others 

I 

i 



Station: RDWCIi 

Meter Vol., It 
Depth Date Time Revs'- m3 Larvae 
30' 7/17-18 0137- 1660 .1952 12 

73 0142 
40' .. 0911- 1540 .1814 0 

0916 
40' .. 1356- 1520 .1788 0 

1401 
40' .. 1800- 1270 .1494 3 

1805 
40' " 2214- 1800 .2121 7 

2218 
40' If 0503- 1290 .1517 17 

0508 
O· 7/31/73 0857 1060 .1247 0 

8/1/73 0902 
O· .. 1300- 970 .1141 2 

1305 
0' " 1657- 1410 .1658 0 

1702 
O· .. 1937- 1430 .1682 0 

1942 
O· .. 2330- 1520 .1788 0 

2335 
0' " 0412- 1590 ~1870 2 

0417 
10' .. 1108- 1640 .1929 0 

1113 
10' .. 1530- 1510 .1776 0 

1535 
10' .. 1826- 1580 .1858 0 

1831 

- ---------- ----------- ------~ ~ 

i Larvae 
1000 m3 

61 

0 

0 

20 

33 

112 

0 

18 

0 

0 

0 

10 

0 

0 

0 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval F~sh Concentration Per 1000 m 3 

.ilmerican striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

28 5 

5 5 

i 

Atlantic .. 
'l'OmcOd Sunfish Others 



t 1 

Station: RDWCH 
Meter Vol., 

Depth· . Date Time . Revs. m3 

10' 7/31/73 2142- 1650 .1940 
8/1/73 2147 

10' .. 0149- 1610 .1897 
0154 

10' " 0639- 1500 .1764 
064~ 

20' " 0857- 1300 .1529 
OSl02 

20' " 1300- 1290 .1517 
1305 

20' " 1657- 1220 .1435 
1702 

20' " 1937- 1460 .1717 
1942 

20' " 2330- 1450 .1705 
2335 

*20' " 0720- --- ---
0725 

20' " 0720- 30 .0035 
0725 

30' " 110B- 820 .0964 
1113 

30' " 1530- 1930 .2270 
1535 

30' " 1826- 1680 .1976 
1831 

30' " 2142- 1670 .1964 
2147 

30' n 0149- 1790 .2105 
0154 

*1/2 Meter Net 

f 

I t Larvae 
LarVae 1000 i113 

0 0 

2 11 

0 0 

0 0 

0 0 

0 0 

0 0 

8 47 

0 0 

0 0 

0 0 

0 0 

1 5 

0 0 

3 14 

-- ----

ROSETON-DANSKNIMER FISH Ll\RVAE 
1973 

Larval F~sh Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch cyprinids Smelt Darters 

11 

47 

5 

14 

! .Atlantic 
'l'omcod sunfish others 



-----------------------_.-.-_._ .......... - ._- .. _-_. -- .. . 

Station: RDWCH '. 

Meter Vol. , 
Dep'th Date Tillie Revs. \13 

30' 7/31/73 0639- 2060 .2423 
8/1/73 0644 

40' .. 0857- 1020 .i200 
0902 

40' " 1300- 1250 .1470 
1305 

40' .. 1657- 1250 .1470 
1702 

40' .. 1937- 1370 .1611 
1942 

40' n 2330- 2030 .2387 
2335 

40' .. 0435- 2850 .3352 
0440 

O· 8/14-15 0909- 1400 .1649 
73 0914 

O· n 1542- 1630 .19.17 
1547 

O' .. 1918 1460 .1717 
1923 

0' It 1940- 1470 .1729 
1945 

0' . " 0133- 2190 .2575 
0138 

10' " 1050- 1160 .1364 
1055 

10' .. 1720- 2200 .2588 
1725 

10' .. 2106- 1200 .1435 
.."." 

It It Larvae 
LarVae 1000 \13 

3 12 

1 8 

0 0 

0 0 

1 6 

14 58 

8 24 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
.. -- --

0 0 

2 14 

ROSETON-DANSKAMMER FISH lARVAE 
1973 

Larval Fish Concentration Per 1000 m3 

J\merican Striped White Rainbow 
Mosa Shad Bass Perch cyprinids Smelt Darters 

12 

8 

6 

46 4 

21 3 

7 
--- -- --- -- ---- ---- --- -- --

Atlantic I 

'l'OIDcOd Sunfish Others 
I 

I 
I 

I 

8 

, 

7 



{ r ( 

station; RDWCH. 
Meter 

Depth Date 'rille .Re'vs. 

10' 8/14-15 0325- 2650· 
73 0330 

20' " 1252- 1280 
1257 

*20' " 1252- 1670 
1257 

20' " 1753- 1450 
1758 

*20' It 1753- 1720 
1758 

20' " 1918- 1250 
1923 

20' " 2158- 1470 
.2203 

20' .. 0518- 1460 
0523 

30' " 1050- 1180 
1055 

30' .. 1720- 1390 
1725 

30' .. 2106- 1520 
2111 

30' .. 0625- 1720 
0630 

40' " 0909- 1710 
0914 

40' .. 1542- 1380 
iIi47 

40' " 1940- 1190 
1945 

*1/2 Meter Net 

r { 

Vol., I I~ae 

m3 Larvae 1000 m3 

.3116 0 0 

.1505 0 0 

.0491 0 0 

.1705 0 0 

.0506 0 Q 

.1470 0 0 

.1729 3 17 

.1717 1 6 

.1388 0 0 . 

.1638 0 0 

.1788 1 6 

.2023 1 5 

.2015 0 0 

.1623 0 0 

.1399 0 0 

-- --

6 

5 

ROSE'l'ON-DANSKlUIMER PISH LARVAE 
1973 

Larval F1sh COncentration Per 1000 m3 

Alllerican striped White Rainbow 
Alosa Shad . Bass Perch Cyprinids Smelt Darters 

6 

Atlantic 
Tomcod Sunfish others 

11 

6 



.--. --~~ 

station: RDWCH 
Meter Vol., 

Depth· Date Time Revs. m3 

O· 8/29-30 0032- 1530 .1799 
73 0037 

O· .. 0032- 1960 .2305 
0037 

O· .. 0500- 2236 .2630 
0505 

O· .. 0500- 2930 .3346 
0505 

20' .. 2345':- 1610 .1893 
2350 

20' .. 2345- 2100 .2470 
2350 

20' .. 0651- 2190 .2575 
0656 

20' " 0651- 2800 .3293 
0656 

40' .. 2025- 1810 .2129 
2030 

40' .. 2025- 1580 .1858 
2030 

40' " 0821- 1780 .2.093 
0826 

40' " 0821- 2420 .2846 
0826 

It f Larvae 
Larvae 1000 m3 

0 0 

2 9 

1 4 

1 3 

0 0 

1 4 

0 0 

0 0 

0 0 

0 0 

0 0 

Q 0 

ROSETON-DANSKAMMER. FISH LARVAE 
1973 

Larval Ftsh Concentration Per 1000 m 3 

American Striped White Rainbow 
A10sa Shad Bass Perch Cyprinids SJnelt Darters 

--- -- ~--~-

Atlantic 
'l'oIIIcOd Sunfish others 

I 



r 

Station: ROW 
Meter Vol., 

Depth Date Time Revs.: m3 

20'25! 3/21/73 1355- 1740 .2046 
1400 

O· " 1412- 2340 .2752 
1417 

0' 4/11/73 0900- 2450 .2881 
090'5 

10' n 1100~ 2110 .2481 
1105 

*0' 5/3/73 0835- 3020 .0888 
0840 

*35' " " 2550 .0751 
0' 5/10/73 0933- 2240 .2634 

0938 
0' " 1808- 1360 .1599 

1813 
10' " 1150- 1700 .1999 

1155 
10' .. 2028- 1360 .1$99 

2033 
20' n 1209- 1790 .2105 

1214 
20' " 2044- 1510 .1775 

2049 
30' .. 1340- 1580 .1858 

1345 
30' " 2257- 2350 .2763 

2302 
O· 5/22- 1010- 1400 .1646 

23/73 1015 

- -

*112Meter Net 

I ft Larvae 
Larvae 1000 m3 

393 1921 

290 1054 

0 0 

0 0 

2 23 

4 53 
84 319 

8 50 

187 935 

2 13 

III 523 

0 0 

3 16 

18 65 

192 1166 

--

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval F!sh Concentration Per 1000 .3 
American Striped White Rainbow 

Alosa Shad Bass Perch eyprinids Smelt Darters 

23 

53 
319 

50 

930 5 

13 

508 5 10 

16 

65 

1166 

Atlantic 
ToIIIcOd Sunfish Others 

1921 

1054 

, 

, 

1 

I 
I 



Station:RDW 
Meter Vol., t 

-Depth Date Time Revs. m3 Larvae 
0' 5/22/7~ 1620- 1510 .1764 145 

1625 
0' " 2025- 2270 -.2674 415 

2030 
0' I 0148- 2280 .2686 1293 

0158 
*0' • 0148- 2280 .0671 227 

0158 
0' n 0230- NO SAM! LE 

0235 
0' " 0809 NO SAM! LE 

0814 
10' I 1010- 1590 .1873 41 

1015 
10' " 1620- 1500 .1764 43 

1625 
10' " 2025- 1400 .1649 90 

2030 
10' " 2325- 1440 .1693 1 

2330 
10' " 0230- 1670 .1964 204 

0235 
20' " 2325-- 1440 .1693 3 

2330 
3'0' " 0556- 1610 .1893 111 

0601 
-30' " 0556 1610 .1893 284 

0601 
40' " 0619- 1330 .1564 35 

0624 
50' n 0619- 1330_ .1564 137 

It Larvae 
1000 m3 
750 

1465 

4811 

3364 

218 

244 

511 

6 

1044 

18 

586 

1500 

224 

876 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval FLsh Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

720 22 

1369 45 4 15 

4685 7 7 -108 

3299 45 20 

218 

227 17 

491 18 

6 

983 36 5 10 

12 6 

571 5 5 5 

1431 21 16 32 

205 13 6 

857 19 

Atlantic 
Others I Tomcod Sunfish 

6 

32 

4 

6 

5 



{ r ( ( 

---~------"-'-------"----"--- .'. 

station: ROW 
Meter Vol., I I' Larvae 

Depth· Date 'lime Revs. . '3 m Larvae 1000 m3 

O· 6/7-8/7 1820- 1250 .1470 103 701 
'1825 

O· .. 2210- 1620 .1905 233 1223 
2215 

O· n 2347- 1540 .1811 78 430 
2352 

0' n 0212- 1860 .2187 333 1522 
0217 

0' n 0628- 1740 .2046 114 557 
0633 

O· II 0946- 2020 .2376 195 821 
0951 

10' n 2124- 1960 .2305 218 945 
2129 

10' n 2210- 1480 .1740 248 1425 
2215 

10' .. 2347- --- --- 0 0 
2352 

10' II 0212- 1430 .1682 124 737 
0217 

10' n 0628- 1590 .1870 167 893 
0633 

10' n 0946- 2090 .2458 164 667 
0951 

20' n 1820- 1380 .1623 183 1127 
1825 

20' .. 2124- 1440 .1693 105 620 
2129 

20' n 0345- 1500 .1764 214 1213 
0350 

- -

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval F~sh Concentration Per 1000 m3 

American striped White Rainbow 
Alosa Shad Bass. Perch 'Cyprinids Smelt Darters 

16 1171 10 10 

46 11 1310 35 6 6 

224 325 6 12 6 

Atlantic 
'1'omcod Sunfish others 

16 

11 

I 
I 

47 



.l 

-----------------------------------------_.-

Station: ROW 
Meter Vol., t 

Depth Date Time Revs. rill Larvae 
30' 6/7-8/7 1820- 1520 .1788 100 

1825 
30' i. 2210- 1100 .1294 139 

2215 
30' .. 2347- 1270 .1494 0 

2352 
30' .. 0345- 1500 .1764 214 

0350 
30' .. 1020- 2410 .2834 511 

1025 
0' ~/19-20 0925- 1710 .2011 758 

73 0930 
0' .. 1453- 1420 .1673 368 

1458 
0' .. 0018- 1360 .1599 203 

0023 
0' to 0611- 2010 .2364 249 

0616 
10' .. 1205- 1542 .1813 129 

1210 
10' .. 2110- 1630 .1917 54 

2115 
10' " 0037- 1320 .1552 84 

0042 
20' " 1205- 1710 .2011 93 

1210 
20' n 2110- 1230 .1449 56 

2115 
20' . 0037- 1570 .1846 164 

0042 

- --- -

• Larvae 
1000 m3 
559 

1151 

0 

1213 

1803 

3769 

2200 

1269 

1053 

711 

281 

559 

462 

386 

88 

---- ----

ROSETON-DANSKAMMER FISH lARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

1Imerican striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

124 8 796 15 54 

1447 6 6 741 

976 181 19 62 31 

496 11 199 5 

509 6 6 

194 44 ~19 5 

834 6 38 

-- - -----_ .. ----- --- -- -- .~--- ---- '------

Atlantic 
Tom<:od sunfish others 

77 

19 



station: ROW 
Meter Vol., 

Depth Date Tillie Revs. " m3 

30' 6/19-20 0925- 940 .1105 
73 0930 

30' .. 1453- 1120 .1317 
1458 

30' .. 001~- 1230 .1446 
0023 

30' .. 0611- 1620 .1905 
0616 

0' 7/2-3/7 0850- 1950 .2293 
0855 

O· .. 1313- 1750 .2058 
1318 

O· .. 1723- 2160 .2540 
1728 

O· .. 2108- 2590 .3046 
2113 

O· .. 0400- 2100 .2470 
0405 

10' .. 1214- 1960 .2305 
1219 

*10' .. 1214- 2360 •. 0694 
1219 

*10' .. 1620- 2710 .0792 
1625 

10' .. 1620- 2380 .2799 
1625 

*10' " 2008- 2790 .0820 
2013 

*J./2' Meter Net 

I " Larvae 
Larvae 1000 m3 

44 398 

23 174 

125 864 

109 572 

110 480 

104 505 

84 331 

102 335 

60 243 

26 113 

0 0 

0 0 

9 33 

3 37 

ROSETON-DANSl(AMMER FISH LARVAE 
1973 

Larval F~sh Concentration Per 1000 m 3 

American striped White Rainbow 
Alosa Sbad 'Bass Perch cyprinids Smelt Darters 

23 38 106 7 

816 7 7 34 

-

495 10 

227 8 4 

91 9 9 4 

25 4 4 

37 

,Atlantic 
Tomcod Sunfish Others 

4 



station: RDW 
Meter Vol., 

DePth Date Time Revs;- m3 -

10' 7/2-3/7 2008- 2340 .2752 
2013 

*10' .. 0215- 1890 ~0556 

0220 
10' .. 0215- 2070 .2434 

0220 
20' .. 0850- 1420 .1670 

0855 
20' n 1313- 1770 .2082 

1318 
20' .. 1723- 1890 .2223 

1728 
20' .. 2108- 1650 .194-0 

2113 .. 0400- 2410 .2834 
0405 

0' 7/17-18 0812- 1300 .1529 
73 0817 

0' 1338- 1270 .1493 
1343 

0' .. 1549- 1260 .1482 
1504 

0' .. 1539- 1540 .1811 
1544 

0' .. 2152- 1560 .1835 
2157 

0' .. 0428- 1390 .1635 
0433 

10' .. 1145- 1690 .1987 
1150 

*1/2 Meter Net 

. I 

t # Larvae 
Larvae 1000 m3 

23 84 

13 234 

201 826 

3 18 

0 0 

7 31 

219 113 

265 935 

11 72 

7 47 

2 13 

3 17 

2 11 

7 42 

0 0 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 
American striped White Rainbow 

3 

Alosa shad Bass Perch cyprinids Smelt Darters 

84 

198 36 

793 8 25 

843 56 32 

72 

47 

13 

11 6 

11 

24 18 

I Atlantic 
Tomcod Sunfish Others 

4 

,; 
" "-i 



( 

station: ROW 
Meter 

Depth Date Tillie Revs. 

*10' 7/17-18 1145- 1120 .. 
73 1150 

10' " 1648- 1530 
1653 

*10' " 1648- 1760 
1653 

10' II 2050- 1810 
2055 

*10' " 2050- 1910 
2055 

10' .. 0215- 1630 
0220 

*10' " 0215- 1870 
0220 

20' " ·0812- 1250 
0817 

20' " 1338- 1710 
1343 

20' II 1459- 1280 
1504 

20' " 1539- 1230 
1544 

20' II 2152- 1560 
2157 

20' .. ~28- 1490 
O·B3 

O· 7/31/73 0830- 900 
8/1/73 0835 

O· .. 1240- 1530 
1245 

*1/2 Meter Net 

Vol., I t Larvae 
m3 Larvae 1000 m3 

.1807 0 0 

.1799 0 0 

.2070 0 0 

.2131 a 0 

.2246 0 a 

.1917 19 99 

.0550 3 54 

.1470 1 7 

.2011 5 25 

.1505 13 86 

.1446 5 35 

.1835 8 43 

.1752 6 34 

.1058 0 a. 

.1799 1 6 

- - -- ----- ~ 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m3 

American striped White Rainbow 
Alosa Shad Bass PerCh cYPrinids smelt Darters 

68 31 

36 18 

7 

20 5 

13 73 

14 21 

16 5 22 

17 17 -

Atlantic 
'l'oalcOd Sunfish Others 

6 

~ . ~. 



Station: RDW 
Meter Vol. , 

Depth Date 'l'ime Revs. m3 

O· 7/31/73 1918- 1890 .2223 0 
~/l/73 1923 

0' n 2223- 830 .0976 3 
2228 

0' .. 0253- 1860 .2187 3 
0258 

*10' .. 1131- 1950 .0573 0 
1136 

10' II 1131- 1480 .1740 0 
1136 

*10' .. 1550- 2520 .0741 0 
1555 

10' .. 1550- 1830 .2152 0 
1555 

*10' .. 1843- 1980 .0582 0 
1849 

10' .. 1843- 1960 .2305 0 
1848 

*10' .. 2203- 1750 .05'ls 1 
2208 

10' II 2203- 1950 .2293 4 
2208 

*10' .. 0223- 2690 .:3163 2 
0228 

10' .. 0223- 2150 .2528 5 
0228 

*10' II 0700- 2400 .0706 0 
0705 

10' .. 0700- 2970 .3493 1 
0705 

*1/2Meter Net 

* Larvae 
f Larvae 
100011\3 

0 

30 

15 

0 

0 

0 

0 

0 

0 

19 

17 

6 

20 

0 

3 

ROSE'l'ON-DAHSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad -Bass Perch Cyprinids Smelt Darters 

20 10 

5 5 

19 

13 4 

6 

16 4 

3 

---J -- -_._- _ 

Atlantic 
TOmcod sunfish others 

5 

I 
I 

I 



station: RDW 
Meter 

Depth' Date Time Revs. 

20' 7/31/73 0830- 1140 
8/1/73 0835 

20' .. 1240- 1590 
1245 

20' .. 1633- 1520 
1638 

20' .. 1918- 1660 
1923 

20' " 2223- 1660 
2228 

20' .. 0253- 1960 
0258 

o· a114-15 08!>3- 2410 . 

73 0858 
O· " 1525- 1680 

1530 
O· .. 0115- 2110 

0120 

*10' .. 1738- 2400 
1743 

10' .. 1738- 2150 
1743 

*10' " 
2133- 1070 
2138 

10'" " 2133- 1240 
2138 

10' " 0340- 1720 
0345 

20' .. 0853- 1860 
0858 

*1/2 Meter Net 

( r 

Vol., • t Larvae' 
m3 LarVae 1000 m3 

.1341 0 0 

.1870 0 0 

.1788 0 0 

.1952 1 5 

.1952 4 20 

.2305 3 13 

.2834 . 0 u 

.1976 0 0 

.2481 1 4 

.0706 0 0 

.2531 0 0 

.0315 0 0 

.1458 0 0 

.2023 () 0 

.2191 0 0 

- --

ROSE'l'ON-DANSKAMMER FISH IARVAE 
1973 

Larval Fish concentration Per 1000 m 3 

American striped White Rainbow 
Alosa Shad Bass Perch: cyprinids Smelt Darters 

5 

15 5 

13 

Atlantic 
Tomcod Sunfish others 

4 



Station: RDW 

Meter Vol. , 
Depth Date Time Revs. m3 

20' 8/14-15 1427- 1030 .1211 
73 1432 

20' " 1427- 1260 .1482 
1432 

20' u 1525- 1090 .1282 
1530 

20' u 0505- 2040 .2399 
0507 

0' 8/29-30/ 0440- 2200 .2587 
73 0445 

0' " 0440- 2040 .2399 
0445 

O· u 0018- 1920 .2258 
0023 

0' u 0018- 2210 .2599 
0023 

*10' u 0726- 2690 .0791 
0731 

*10' " 0726- 3360 .0988 
0731 

10' u 0001- 1270 .1494 
0006 

10' u 0001- 1850 .2176 
0006 

20' n 0707- 2120 .2493 
0712 

20' " 0707- 2900 .3410 
0712 

20' " 2007- 2160 .2540 
2016 

*1/2 Meter Net 

It 
LarVae 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 .-
0 

-

It LarVae 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval F~sh concentration Per 1000 m 
American striped White Rainbow 

3 

1000 1li3 Alosa Shad Bass Perch cvprirtids Smelt Darters 

0 

0 

0 

16 8 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0-

0 

-- ---- -- - --- ---- -----

Atlantic 
TcaIcod Sunfish others 

8 



[ [ 

Station: ROW 

Meter vol., # 
Depth Date TiM ReVs. m3 Larvae 

20' 8/29-30 2007- ·2720 .3199 0 
·73 2012 

-

• LarVae 
1000·m3 

0 

_. 

ROSETON-DANS1CAMMBR FISH LARVAE 
1973 

Larval Ftsh Concentration Per 1000 m3 

American Striped White Rainbow 
Alosa .. Shad . Bass Perch Cyprinids Smelt Darters 

.Atlantic 
Tomcod Sunfish Others 



Station: D1 

Meter Vol •• • 
De~th Date Time Revs. m3 LarVae 

Slrface 5/22-23 1200 
1207 - 201.1 101 

B ottorn 1200 
1207 - 201.1 126 

S 1330 
1333 - 86.2 38 

B 1330 
1333 - 86.2 5 

B iSIS 
1520 - 143.6 15 

5 1908 
1915.5 - 215.5 67 

5 2100 
2103.5 - 100.6 148 

S 0000 
0003.5 - 100.6 172 

S 0205 
0208.5 - 100.6 717 

S 0325 
0329. - 114.9 723 

s 0425 
0428 - 86.2 388 

S 0525 
0528.5 - 100.6 167 

S 0625 
0628 - 86.2 439 

S 0735 
0738.5 - 100.6 409 

S 0835 
0838.5 - 100.6 239 

- --~ _._- --

t Larvae 
lOOOm1 

502 

626 

441 

58 

104 

311 

1481 

1710 

7127 

6292 

4501 

1660 

5093 

4066 

2376 

ROSE'l'ON-DANSKAHMBR PISH LARVAE 
1973 

Larval Fish Concentration Per 1000 ml 

AI1Ierican Striped White llainbov 
Alosa shad Bass Perch Cyprinida Slllelt Darters 

373 124 5 

402 224 

209 209 23 

58 

1441 129 99 

5059 1580 20 467 

35 

12 

.. 

12 

Atlantic 
Tomcod sunfish others 

I 
. 
I 



r r r 

.station: DI 
. Meter Vol.; 

. Depth Date Time ~. .3 

s 5/22-23 0915 
0922 - 201.1 

s* 1200 
1207 - 50.3 

m* 1200 
1207 - 50.3 

B* 1200 
1207 - 50.3 

s* 1330 
1337.5 - 53.8 

M* 1330 
1338 - 57.4 

B* 1330 
1338.5 - 61.0 

s* 1515 
1520 - 35.9 

M* 1515 
1520 - 35.9 

B* 1515 
1520. - 35.9 

s* 1908 
19;1.5.5 - 53.8 

M* 1908 
1916 - 57.4 

B* 1908 
1915 - 53.8 

s* 2100 
2104 - 28.7 

M* 2100 
2104 - 28.7 

* = 1/2 mete~ net 

• f Larvae 
Larvae ~OOO .3 

420 2089 

23 457 

74 1471 

54 1074 

14 160 

14 244 

21 344 

6 167 

10 279 

8 223 

6 112 

7 122 

12 223 

34 1185 

20 697 

-- ---

I 

ROSB'l'ON-DANSltAMMER FISH LARVAE 
1973 

Larval F!sh Concentration Per 1000 .3 
American striped White Rilinboll 

Alosa . Sha4 Bass Perch CYPJ;inids Smelt Darters 

5 

-
130 112 - 19 

157 87 

131 197 16 

139 28 

251 28 

167 28 28 

Atlantic 
'l'OIICOd Sunfish Others 

I 

I 

I 
I 



Station: DI 
Meter Vol.. , i 

DePth Date Time Revs. .3 LarVae 

S* 5/22-2 0000 
0003.5 - 25.1 52 

M* 0000 
0003. c - 25.1 35 

B* 0000 
0004.5 - 32.3 11 

S* 0205 
0208.5 - 25.1 116 

M* 0205 
0209 - 28.7 147 

B* 0205 
0209.5 - 32.3 101 

S* 0325 
0329 - 2B.7 170 

M* 0325 
0329 - 28.7 74 

B* 0325 
0329 - 28.7 47 

S* 0425 
0428.5 - 25.1 72 

M* 0425 
0429 - 28.7 B4 

B* 0425 
0429.5 - 32.3 56 

S* 0525 
0528.5 - 25.1 54 

M* 0525 
0528.5 - 25.1 53 

B* 0525 
0529.5 - 32.3 17 

.. -

* = 1/2 meter net 

f LarVae 
1000.3 

2072 

1394 

341 

4582 

5122 

3127 

5923 

257B 

1638 

2869 

2927 

1734 

2151 

2112 

526 

ROSB'l'ON-DANSKAHHER PISH LARVAS 
1973 

Larval Pish Concentration Per 1000 .3 
Alllerican Striped White Rainbow 

Alou Shad Baas Perch Cyprinlcls Smelt Darters 

1673 239 40 120 

1275 120 

279 31 31 

3187 956 438 

3554 1185 70 314 

2508 464 62 93 

5122 279 35 453 

1977 247 282 

1394 35 35 174 

.. 

1992 50 

Atlantic 
'1'oaIcOd SUnfish Others 

~1 

p5 



r r 

station: DI 

Meter Vol •• 
Depth Date Time Revs. .3 

S* 5/22-2 0625 
0628.5 - 25.1 

M* -625 
0629 - 28.7 

B* 0655 
0629:5 - 32.3 

s* 0735 
0738.5 - 25.1 

M* 0735 
0743 - 57.4 

B* 0735 
0743.~ - 61.0 

S* 0835 
0838.5 - 25.1 

M* 0835 
0839 - 28.7 

B* 0835 
0843 - .. 57.4 

S* 0940 
0947. - 50.3 

M* 0940 
0947 - 50.3 

B* 0940 
0947 - 50.3 

* = 1/2 meter net 

I f LarVae 
Lanae lOO() m3 

157 6255 

132 4599 

76 2353 

104 4143 

128 2246 

109 1787 

167 6653 

111 387 

91 1585 

88 1750 

73 1451 . 

68 1352 

---

aosJm)N-DANSlWIMER FISH LARVAE 
1973 

LarVal Fbh Concentration Per 1000 m3 

American . Striped White Rainbow 
Alosa Shad Bas8 Perch ~X'inid8 Slllelt DaX'ter8 

-

370 7 

.. 

Atlantic 
'1'oIDcocl SUnfish Others 

, 



Station: DI 

Meter Vol., • DePth Date Time Revs. m3 LarVae 

B 6/7-8 1655 
.1700 - 143.6 17 

S 1702 
1709 - 201.1 19 

B 1702 
1709 - 201.1 70 

S 23is 
2322 - 201.1 230 

B 2315 
2322 - 201.1 131 

B 0215 
0222 - 201.1 97 

S 0215 
0222 - 201.1 135 

B 0353 
0400 - 201.1 148 

S 0353 
0400 - 201.1 13 

S 0644 
0651 - 201.1 223 

B 0644 
0651 - 201.1 44 

B 1500 
1504 - 115.0 70 

S* 1655 
1700· - 35.9 22 

M* 1655 
1700 - 35.9. 28 

13* 2016 
2021 - 35.9 38 

* = 1/2 meter net 

f Larvae 
1000 113 

85 

94 

348 

1144 

651 

482 

671 

736 

65 

1109 

219 

348 

613 

780 

1058 

- --

ROSE'l'ON-DANSKAMMER FISH lARVAE 
1973 

Larval Fi8h Concentration Per 1000 m 3 

Jlmerican striped White Rainbow 
Alo8A Shad Bass Perch Cyprinid8 Smelt Darters 

5 

65 323 25 

189 40 - 333 90 

264 10 164 4~ 

423 SS 144 5 45 

'278 40 30 

III 23 418 56 

56 446 III 167 

Atlantic 
'l'omcod SUnfi8h Others 

! 



Station: DI 
Meter Vol.. , .. 

Depth Date TilDe ReVs. .3 

S* 6/7-8 2016· 
2021 - 35.9 

M* 2016 
2021 - 35.9 

B* 2319 
2327 - 57.4 

M* 23i9 
,2327 - 57.4 

S* 2319 
2327 - 57.4 

B* 0215 
0222 - 50.3 

M* 0215 
0222 - 50.3 

S* 0215 
0222 - 50.3 

B* 0353 
0400 - .. 50.3 

S* 0353 
. 

0400, - 50.3 
M* 0353 

0400 - 50.3 
B* 0644 

0651 - 50.3 
M* 0644 

0651 - 50.3 
s* 0644 

0651 - 50.3 
M* 1500 

1504 - 28.7 

* 1/2 meter net 

• tLarVae 
Larvae· 100011\3 

38 1058 

26 724 

14 244 

28 488 

54 941 

24 477 

16 318 

50 994 

0 0 

38 755 

19 378 

50 994 

19 378 

24 577 

10 348 
-- -- ---

ROSE'l'ON-DANSDHMBR FISH UUWAB 
1973 

LarVal F!sh Concentration Per 1000 m3 

American Striped Nh1te Rainbow 
Alosa· Shad Bass Perch .CYP~inid8 smelt Darters 

192 52 

52 418 17 

366 - 453 87 17 

219 60 159 20 20 

239 60 20 

736 80 99 80 

.. 

279 35 35 

Atlantic 
'1'oIIIcod Sunfish Others 

7 



Station: DI 
Meter Vol •• II It Larvae 

Depth Date Time Revs. m3 LarVae 1000 m3 

B* 6/7-8 1500 
1504 - 28.7 3 105 

B 6/19- 0831 
20 0838 - 201.1 571 2839 

B 1106 
1113 - 201.1 540 2685 

B 1300 
1309 - 201.1 34 169 

S 1457 
1504 - 201.1 99 492 

B 1457 
1504 - 201.1 115 572 

S 1736 
1743 - 201.1 115 572 

B 1736 
1743 - 201.1 91 453 

B 2000 
2007 - 201.1 1243 6181 

B 2207 
2214 - 201.1 399 1984 

B 0055 
0102 - 201.1 248 1233 

S 0420 
0427 - 201.1 

s* 0831 
0838 - 50.3 147 2922 

B* 0831 
0838 - 50.3 113 2247 

S .. 1106 
1113 - 50.3 82 1630 

- -

.. - 1/2 meter net 

-

ROSETON-DANSKAMMER. FISH lARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

70 35 

2282 35 30 338 

104 10 15 30 10 

273 25 25 149 20 

259 149 114 45 5 

1810 129 10 30 5 

1000 99 15 119 

1213 139 60 
-

I Atlantic 
TOmcod Sunfish Others 

, 

i 

! 

I 

219 
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Station: D1 
Meter Vol., # t Larvae 

Dep_th Date Tim8 Revs., m3 Larvae 1000 m3 

B* 6/19- 1106 
20 1113 - 50.3 221 4394 

S* 1300 
1307 - 50.3 6 119 

M* 1300 
1307 - 50.3 5 99 

B* "1300 
1307 - 50.3 18 358 

M* 1457 
1504 - 50.3 13 258 

S* 1738 
1745 - 50.3 15 298 

M* 1738 
1745 - 50.3 13 258 

B* 1738 
1745 - 50.3 15 298 

M* 2002 
2009 - SQ.3 161 3201 

S* 2209 
2216 - 50.3 114 2266 

B* 2209 
2216 - 50.3 105 2087 

S* 0055 
0102 - 50.3 24 477 

B* 0055 
0102 - 50.3 38 755 

S* 0420 
0427 - 50.3 71 1412 

M* 0420 
0427 - 50.3 83 1650 

- -

* '" 1/2 meter net 

ROSE'l'ON-DANSKAHMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

J\II\erican Striped White Rainbow' 
Alosa Shad Bass Perch cyprinidS Smelt Darters 

3877 219 258 40 

119 

80 20 

169 20 20 40 40 20 

119 60 60 20 

1968 80 219 

1650 258 159 20 

358 60 20 40 

676 20 60 

Atlantic 
Tomcod Sunfish Others 

40 , 

20 



station: D1 
Meter Vol. , It 

Depth Date Tillie Revs. m3 Larvae 

B* 6/19- 0420 
20 0427 - 50.3 34 

B 7/2-3 0827 
0834 - 201.1 235 

B 1005 
1012 - 201.1 151 

S ·1154 
1201 - 201.1 33 

B 1154 
1201 - 201.1 22 

S 1400 
1407 - 201.1 24 

B 1400 
1407 - 201.1 58 

B 1705 
1712 - 201.1 49 

B 1920 
1927 - 201.1 64 

B 2113 
2120 - 201.1 422 

B 2345 
2350 - 143.5 48 

B 0137 
0140 - 201.1 34 

M* 0824 
0832 - 50.3 30 

B* 0825 
0832 - 50.3 51 

S* 1003 
1010 - 50.3 13 

-- -- - - ----- ----

It Larvae 
1000 m3 

676 

1169 

751 

164 

109 

119 

298 

244 

318 

2093 

334 

169 

596 

1014 

258 
- ----

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

154 10 

60 30 15 5 

80 15 25 

99 60 119 5 

307 21 7 

139 15 15 

Atlantic 
'l'omcod Sunfish Others 

5 



{ [ 

Station: D1 

Meter Vol., * Depth Date Time Revs. m3 Larvae 

S* 7/2-3 1003 
1010 - 50.3 23 

S* 1156· 
1203 - 50.3 2 

M* 1156 
00.03 - 50.3 3 

B* . 1156 
1203 - 50.3 12 

S* 1402 
1409 - 50.3 2 

M* 1402 
1409 - 50.3 8 

B* 1.402 
1409 - 50.3 20 

S* 1705 
1712 - 50.3 13 

B* 1705 
1712 - 5Q.3 15 

S* 1920 
1927 - 50.3 34 

B* 1920 
1927 - 50.3 30 

S* 2113 
2120 - 50.3 23 

B* 2113 
2120 - 50.3 24 

S* 2345 
2350 - 35.9 3 

M* 2345 
2350 - 35.9 20 

--

* = 1/2 meter net 

It Larvae 
1000 m3 . 

457 

40 

60 

239 

40 

149 

398 

258 

298 

676 

596 

457 

477 

84 

557 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Flsh Concentration Per 1000 m 3 

American Striped White Rainbow 
A10sa Shad Bass Perch cYPrinids Smelt Darters 

40 

40 20 

99 139 

20 20 

20 60 

119 258 

84 

474 84 

Atlantic 
TOmcod SUnfish Others 

80 

20 

, 



Station: 01 

Meter Vol., # 
Depth Date Time Revs. 1113 Larvae 

B* 7/2-3 2345 
2350. - 35.9 17 

s* 0.137 
0.144 - 50..3 20. 

M* 0.137 
0.144 - 50..3 7 

B* ·0.137 
0.144 - 50..3 11 

s* 0.450. 
0.457 - 50..3 8 

M* 0.450. 
0.457 - 50..3 7 

B* 0.450. 
0.457 - 50..3 16 

M* 0600 
0.60.7 - 50..3 20. 

B* 0.60.0. 
0.60.7 - 5Q.3 21 

* 1/2 meter net 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 10.0.0. m 3 

, Larvae American Striped White Rainbow 
10.0.0. 1113 Alosa Shad Bass Perch cyprinids SIIIelt Darters 

474 223 137 28 28 

398 358 20. 

139 80. 40. 20. 

219 119 40 60. 

60. 

139 

318 

398 

577 

__ 0- __ ~ ____________ 

I 

Atlantic 
TOIIICod Sunfish Others 

20 

I 
I 
I 
I 

! 

I 

, 
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Station: Dr 
Meter Vol., 

Depth Date. Time Revs. m3 

B 7/17- 0723 
18 0730 - 201.1 

B 0856 
0905 - 201.1 

5 1101 
1108 - 201.1 

5 . 1254 
1301 - 201.1 

B 1254 
1301 - 201.1 

5 1454 
1501 - 201.1 

5 1645 
1652 - 201.1 

B 1645 
1652 - 201.1 

B 1945 
1952 - 291.1 

B 2150 
2157 - 201.1 

5 0007 
0014 - 201.1 

B 0007 
0014 - 201.1 

- 0105 
0112 - 201.1 

s 0212 
0217 - 143.6 

B 0212 
0217 - 143.6 

- - -----

i t Larvae 
Larvae 1000 1113 

7 35 

13 65 

0 1 

0 0 

1 5 

4 20 

1 5 

14 70 

15 75 

12 60 

11 55 

34 169 

7 35 

20 139 

17 118 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m3 

American striped White Rainbow 
Alosa Shad Bass Perch CYPrinids Smelt Darters 

5 

10 10 

30 25 5 

50 5 

70 20 70 

30 5 

96 14 21 

49 7 63 

Atlantic 
'l'omcod Sunfish Others 

I 

I 

10 

7 



Station: D1 
Meter Vol., 

Depth Date' Time Revs. m3 

S 7/17- 0412 
18 0419 - 201.1 

B 0412 
0419 - 201.1 

S 0,607 
0614 - 201.1 

B ' 0607 
0614 - 201.1 

S* 0725 
0732 - 50.3 

B* 0725 
0732 - 50.3 

M* 0900 
0907 - 50.3 

B* 0900 
0907 - 50.3 

S* 1104 
1111 - 50.3 

M* 1104 
1111 - 50.3 

B* 1104 
1111 - 50.3 

S* 1257 
1304 - 50.3 

M* 1257 
1304 - 50.3 

B* 1257 
1304 - 50.3 

S* 1456 
1503 - 50.3 

* = 1/2 meter net 

It t Larvae 
Larvae 1000 m3 

4 20 

5 25 

0 0 

1 5 

0 0 

1 20 

0 0 

5 99 

0 0 

1 20 

0 0 

0 0 

0 0 

0 0 

0 0 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rainbow 
, Alosa Shad Bass Perch CYPrinids Smelt Darters 

-- -- - - ----L...,. 

Atlantic 
Tomcod Sunfish Others 
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Station: DI 

Meter Vol .. , It 
. Depth· Date Time Revs. m3 tarvae 

14* 7/17- 1456 
18 1503 - 50.3 2 

B* 1456 
1503 - 50.3 1 

S* 1647 
1654 - 50.3 0 

14* . 1647 
1654 - 50.3 1 

B* 1647 
1654 - 50.3 2 

M* 1947 
1954 - 50.3 2 

B* 1947 
1954 - 50.3 5 

M* 2152 
2154 - 14.4 3 

B* 2152 
2154 - 14.4 4 

S* 0005 
0012 - 50.3 0 

M* 0005 
0012 - 50.3 1 

. B* 0005 
0012 - 50.3 8 

5* 0210 
0217 - 50.3 0 

M* 0210 
0217 - 50.3 5 

B* 0210 
0217 - 50.3 5 

* ~ 1(2 meter net 

f Larvae 
1000 m3 

40 

20 

0 

20 

40 

40 

99 

208 

278 

0 

20 

159 

0 

99 

99 

f 

ROSE'l'ON-DANSlCAMMER FISH LARVAE 
1973 

Larval F~sh Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch . Cyprinids Smelt Darters 

20 20 

20 

208 

278 

20 

20 40 40 

40 60 

1 
Atlantic I 

Tomcod Sunfish Others I 

I 

, 
I 



Station: 
DI 

Meter Vol., # 
Depth Date Time Revs. m3 Larvae 

S* 7/17- 0410 
18 0417 - 50.3 3 

M* 0410 
0417 - 50.3 1 

B* 0410 
0417 - 50.3 2 

S* '0605 
0612 - 50.3 0 

M* 0605 
0612 - 50.3 0 

B* 0605 
0612 - 50.3 3 

* = 1/2 meter net 

t Larvae 
1000 m3 

60 

20 

40 

0 

0 

60 

ROSETON-DANSKAMMER FISH IARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rainbow 
A10sa Shad Bass Perch Cyprinids Smelt Darters 

-- -- '---- -- -~ -- ~ 

Atlantic 
'l'Omcod Sunfish others 

i 



( { 

Station: DI 

Meter Vol., It 
Depth Date Time Revs. m3 Larvae 

B 7/31- 0818 
8/1 0825 - 201.1 4 

B 0918 
0925 - 201.1 3 

B 1023 
·1030 - 201.1 1 

B ·1131 
1138 - 201.1 0 

B 1416 
. 1423 - 201.1 0 

S 1416 
1423 - 201.1 0 

S 1557 
1604 - 201.1 0 

B 1557 
1604 - 201.1 0 

B 1828 
1835 - 2Q1.1 5 

B 2143 
2150 - 201.1 7 

B 2350 
2357 - 201.1 0 

B 0114 
0121 - 201.1 11 

S 0431 
0438 - 201.1 4 

B 0431 
0438 - 201.1 5 

B* 2143 
2150 - 50.3 17 

- --

* = 1/2 meter net 

It Larvae 
1000 m3 

20 

15 

5 

0 

0 

0 

0 

0 

25 

35 

0 

55 

20 

25 

40 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval F!sh concentration Per 1000 m 3 

American Striped White Rainbow 
A16sa Shad Bass Perch cYPrinids Smelt Darters 

15 

15 

5 

20 15 

55 

15 5 

25 

20 20 

Atlantic 
Tomcod Sunfish others 

15 

, 
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Station: D1 
Meter Vo!., It 

Depth Date Time Revs. m3 Larvae 

M* 7/31- 2350 
8/1 2357 - 50.3 0 

B* 2350 
2357 - 50.3 2 

M* 0114 
0121 - 50.3 1 

B* ·0114 
0121 - 50.3 1 

S* 0431 
0438 - 50.3 0 

M* 0431 
0438 - 50.3 0 

B* 0431 
0438 - 50.3 1 

M* 0823 
0830 - 50.3 1 

B* 0823 
0830 - 50..3 0 

M* 0920 
0927 - 50.3 2 

B* 0920 
0927 - 50.3 2 

M* 1023 
1030 - 50.3 0 

B* 1023 
1030 - 50.3 0 

M* 1131 
1138 - 50.3 0 

B* 1131 
1138 - 50.3 0 

* 1/2 meter net 

* Larvae 
10.00 m3 

0 

40 

20 

20 

0 

0 

20 

20 

0 

40 

40 

0 

0 

0 

0 
- -

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m3 

Jllllerican . Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

40 

20 

20 

20 

20 

40 

20 20 

-.---~ ----- --.~ 

Atlantic 
Tomcod Sunfish Others 
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Station: DI 

Meter Vol., 
. De..E..th Date Time· Revs. m3 

S* 7/31- 1416 
8/1 1423 - 50.3 

M* 1416 
1423 - 50.3 

B* 1416 
1423 - 50.3 

S* .1557 
1604 - 50.3 

M* 1557 
1604 - 50.3 

B* 1557 
1604 - 50.3 

M* 1828 
1835 - 50.3 

B* 1828 
1835 - 50.3 

M* . 2143 
2150 - 50.3 

*1/2 Meter Net 

It # Larvae 
Larvae 1000 m3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1 20 

2 40 

ROSETON-DANSKAMMER FISH LARVAE 
1913 

Larval F~sh Concentration Per 1000 m 3 

American striped White Rainbow 
A10sa Shad Bass Perch .~rinids Smelt Darters 
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40 

Atlantic 
TOmcod Sunfish Others 
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Station: 01 
Meter Vol., It 

Depth Date Time Revs. m3 Larvae 

B 8/14- 0850 
15 0857 - 201.1 0 

S 1035 
1042 - 201.1 0 

B 1035 
1042 - 201.1 0 

B ·1320 
1327 - 201.1 0 

S 1348 
1355 - 201.1 0 

s 1540 
1547 - 201.1 3 

B 1540 
1547 - 201.1 1 

s 17.40 
1747 - 201.1 1 

B 1940 
1947 - 201.1 2 

B 2002 
2009 - 201.1 1 

B 2115 
2122 - 201.1 1 

S 2115 
2122 - 201.1 1 

B 2338 
2345 - .201.1 1 

S 2338 
2345 - 201.1 0 

B 0223 
0230 - 201.1 0 

- -

It Larvae 
1000 m3 

0 

0 

0 

0 

0 

15 

5 

5 

10 

5 

5 

5 

5 

0 

0 

ROSE'l'ON-OANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

lImerican striped White Rainbow 
Alosa Shad Bass Perch cvprinids Smelt Darters 
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Atlantic i 

Torncod Sunfish Others ! 
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5 

10 

5 

5 

5 
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station: OJ; 
Meter Vol., 

De~th Date Time !leVs. m3 

S 8/14- 0223 
15 0'230 - 201.1 

B 0325 
0332 - .' 201;1 

5 0325 
0332 - 201.1 

B .0609 
0616 - 201.1 

S 0607 
0616 - 201.1 

B* 0850 
0857 - 50.3 

M* 0850. 
0857 - 50.3 

B* 1035 
1042 - 50.3 

M* .1035 
1042 - 50.3 

S* 1035 
1042 - 50.3 

B* 1320 
1327 - 50.3 

M* 1320 
1327 - 50.3 

S* 1320 
1327 - 50.3 

B* 1542 
1547 - 35.9 

M* 1542 
1547 - 35.9 

'", = 1/2 meter net 

{ 

i t Larvae 
. Larvae lOOOm3 

0 0 

1 5 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 .Q 

0 0 
~ 

0 0 

0 0 

- -

llOSETON-DANSKAMMER FISH LARVAE 
1973 

Larval 'Fish concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch CVPrinids Smelt Darters 

Atlantic 
Tomcod Sunfish Others 

5 

I 
I 



station: 01 

Meter Vol.. it 
Depth Date Time Revs. m3 Larvae 

S* 8/14- 1542 
15 1547 - 35.9 0 

So, 1742 
1749 - 50.3 0 

M" 1742 
1749 - 50.3 0 

S" '1742 
1749 - 50.3 0 

M* 2004 
2011 - 50.3 0 

S" 2004 
20'11 - 50.3 0 

B* 2117 
2114 - 50.3 0 

M* 2117 
2124 - 50.3 1 

S* 2117 
2124 - 50,3 0 

B* 2340 
2347 - 50.3 0 

M* 2340 
2347 - 50.3 0 

S* 2340 
2347 - 50.3 0 

B* 0225 
0232 - 50.3 0 

M* 0225 
0232 - 50.3 0 

S" 0225 
0232 - 50.3 0 

* 1/2 meter net 

* Larvae 
1000 m3 

0 

0 

a 

a 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

ROSETON-DANSKAHMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American striped White Rainbow 
Alosa Shad Bass Perch cvprinids Smelt Darters 

- - - _.- --- ._--

Atlantic 
Tomcod Sunfish Others 
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Station: 01 

Meter Vol., 
Dellth Date . Time. Revs. m3 

B* 8/14- 0327 
15 0334 - 50.3 

M* 0327 
0334 - 50.3 

S* 0327 
0332 - 50.3 

B* ·0611 
0618 - 50.3 

M* 0611 
0618 - 50.3 

S* 0611 
0618 - 50.3 

S 0325 
0332 - 201.1 

B 0609 
0616 - 201.1 

S 0609 
0616 - 201.1 

- ~ 

* = 1/2 meter net 

t t Larvae 
. LarVae lOOO·m3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American striped White Rainbow 
Alosa Shad Bass Perch _~rinids Smelt Darters 

Atlantic 
TOmcod Sunfish Others 
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Station: DI 

Meter Vol. , It 
Depth Date Time Revs. m3 Larvae 

S 8/29 0413 
0420 - 201.1 0 

B 0413 
0420 - 201.1 0 

S 0457 
0504 - 201.1 0 

8 ·0457 
0504 - 201.1 0 

8 0644 
0651 - 201.1 0 

8 0733 
0740 - 201.1 0 

S 1642 
1649 - 201.1 0 

B 1642 
1649 - 201.1 0 

S 1716 
1723 - 2Q1.1 4 

.B 1716 
1723 - 201.1 0 

8 1904 
1911 - 201.1 1 

S 1904 
1911 - 201.1 0 

S 1935 
1942 - 20~.1 0 

B 1935 
1942 - 201.1 0 

S 2200 
2207 - 201.1 0 

It Larvae 
1000 m3 

0 

0 

5 

0 

0 

0 

0 

0 

20 

0 

5 

0 

0 

0 

0 

ROSE'l'ON-DANSKAMMER FISH lARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American 
Alosa Shad 

- ---- --

Striped White 
Bass Perch 

-.. -.~L...-

Cyprinids 

I . , 

Rainbow 
Smelt Darters 

Atlantic 
Tomcod Sunfish Others 

I 
I 
I 

j 
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Station: 01: 

Meter Vol.., • Dep.th Date TDe . ReVs. a3 LaiVae 
B 8/29 2200 

2207 - 201.1 0 
S 2229-

2236 - 201.1 0 
B 2229 

2236 - 201.0 1 
B* 0413 

0420 - 50.3 0 
S* 0413 

0420 - 50.3 0 
S* 0451 

0504 - 50.3 0 
H* 0457 

0504 - 50.3 0 
S* 0711 

0718 - 50.3 0 
B* 0711 

0718 - 50.3 0 
H* 0733 

0740 - 50.3 0 
B* 0733 

07.40 - 50.3 0 
S* 1642 

1649 - 50.3 1 
B* 1642 

1649 - 50.3 0 
S* 1716 

1723 - 50.3 0 
H* 1716 

1723 - 50.3 0 

~.= 1/2 meter net 

I LarVae 
1000 Ja3 

.' 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

ROSId'Qt-DUSDIIIIBR PISII LARVAE 
1973 

LarVal. Fj;sh -Concentration Per IOOO .3 
Allerican Striped llbite lIainbow 

Alosa Shad Bass Puch C¥Pr'inids s.elt Darters 

-

.. - -

AUantic 
~ SUnfish Others 

I 



Station: DI 

Meter Vol., If 
Depth Date Time Revs. m3 Larvae 

S" 8/29 1904 
1911 - 50.3 0 

B" 1904 
1911 - 50.3 0 

S" 1935 
1942 - 50.3 0 

B* 1935 
1942 - 50.3 0 

5* 2200 
2207 - 50.3 0 

B" 2200 
2209 - 64.6 0 

S* 2200 
2209 - 64.6 0 

B* 2229 
2236 - 50.6 0 

,. 1/2 meter net 

It Larvae 
1000 m3 

0 

0 

0 

0 

0 

0 

0 

0 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m3 

American Striped White Rainbow 
Alosa Shad Bass Perch J~YI>rinids Smelt Darters 

- - - -~- -~---- '---

( Atlantic 
Tomcod Sunfish others 

, 
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station: DD 
Meter Vol.,' . t 

Depth Date '1'ime Revs. .. 3 .. LArvae 
B 5/22-2 1245 

1252.5 - 353.4 87 
B 1640 

1647.~ - 353.4 17 
B 1826 

1833 - 329.8 54 
B 1958 

2001 - 141.4 58 
B 2145 

2152 - 329.8 14 
B 2310 

2317 - 329.8 0 
B 0254 

0257.5 - 164.9 0 
B 0412 

0415.5 - 164.9 32 
B 0511 

0514.5 - " 164.9 9 
B 0623 

0633 - 377.0 104 
B 0710 

0720 - 471.2 108 
B 0813 

0823 - 471.2 33 
B 1037 

1044.5 - 353.4 248 

ROSE'l'ON-DANSKAMMER FISH lARVAE' 
1973 

tarva1 F~sh concentration Per 1000 m 3 

• LarVae Amuican Striped White Rainbow 
1000.3 Alosa Sb&4 Baas Perch Cyprinids smelt Darters 

246 209 31 3 3 

48 37 8 

164 127 9 24 3 

410 311 99 

42 36 . 3 

0 

0 

194 182 12 

55 49 

276 247 29 

229 . 216 8 

70 64 6 .. 

702 580 99 3 

-_._--

Atlantic 
TOmcod Sunfish others 

3 

3 

b 

5 

20 



Station: . DD 
Meter Vol., # II Larvae 

Depth Date Time Revs. .. m3 Larvae 1000 m3 

B 6/7-8 1655 
1700 - 235.6 132 560 

B 2335 
0002 - 329.9 132 400 

B 0250 
0253 - 141.4 16 113 

B ·0430 
0437 - 329.9 46 139 

B 0722 
0729 - 329.9 22 67 

B 6/19- 1012 
20 1019 - 329.8 598 1813 

B 1402 
1409 - 329.8 2 6 

B 1634 
1641 - 329.8 110 334 

B 1900 
1907 - 329.8 75 227 

B 2345 
2352 - 329.8 316 958 

B 0.301 
0308 - 329.8 35 106 

B 0532 
0539 - 329.8 

-- ~-

ROSETON-OANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 
3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

68 170 34 259 17 

97 12 133 36 121 

85 14 7 7 

79 13 6 36 

52 15 

1425 121 103 155 9 

6 

912 6 3 27 9 

--~~ 

Atlantic 
Tomcod Sunfish Others 

13 

I 

I 
I 
I 
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Station: DD 
Meter Vol. , II 

Depth Date Time Revs. m3, Larvae 

B 7/2-3 0925 
0932 - 329.8 63 

B 1115 
1122 - 235.6 32 

B 1245 
1252 - 329.8 12 

B '1505 
1512 - 329.8 18 

B 1825 
1832 - 329.8 6 

B 2018 
2025 - 329.8 4 

B 223.0 
2237 - 329.8 15 

B 0020 
0027 - 329.8 166 

ROSETON-DANSXAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

* Larvae American Striped White Rainbow 
1000 m3 Alos.a Shad Bass Perch cyprinids Smelt Darters 

191 

136 132 4 

33 3 12 18 

55 

18 

12 

45 45 

503 182 18 61 6 

----- -.-

Atlantic 
'Tomcod Sunfish Others 

236 

----



Station: DD 

Meter Vol. , 
Depth Date Time . Revs. m3 

B 7/17- 0819 
18 0826 - 329.8 

B 0949 
0956 - 329.8 

B 1158 
1205 - 329.8 

B ' 1359 
1406 - 329.8 

B 1605 
1612 - 329.8 

B 1730 
1737 - 329.8 

B 2035 
2042 - 329.8 

B 2235 
2242 - 329.8 

B 0245 
0252 - 3~9.8 

B 0515 
0522 - 329.8 

# It Larvae 
Larvae 1000 m3 

8 24 

11 33 

2 6 

0 0 

0 0 

2 6 

0 0 

4 12 

1 3 

0 0 

-- --

ROSETON-DANSKAMMER FISH LARVAE 
1913 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch cyprinids Smelt Darters 

3 3 

6 6 

Atlantic 
Tomcod Sunfish Others 
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Station: DO 
Meter Vol., II 

De~th Oate Time Revs. m3 Larvae 
B 7/31- 0722 

B/1 0729 - . 329.B 1 
B 0849 

0856 - 329.8 2 
B 0954 

1001 - 329.8 0 
B 1105 

1112 - 329.8 1 
B 1337 

1343 - 282.7 0 
B 1515 

1522 - 329.B 0 
B 1656 

1708 - 329.B 1 
B 1920 

1927 - 329.B 4 
B 2303 

2310 - 329.8 5 
B 0040 

0047 - 329.8 9 
B 0155 

0202 - 329.8 1 
B 0524 

0531 - 329.B 0 

--~ 

• Larvae 
1000.ml 

3 

6 

0 

3 

0 

0 

3 

12 

15 

27 

3 

0 

R()sE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

AIIIerican Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

3 

6 

3 

3 

12 

9 6 

15 9 

Atlantic 
TOmcod Sunfish Others 

3 



Station: DO 

Meter VoL, /I 
Depth Date Time Revs. m3 Larvae 

B 8/14- 0940 
15 0947 - 329.8 0 

B 1140 
1147 - 329.8 0 

B 1415 
1422 - 329.8 1 

B ·1640 
1647 - 329.8 0 

B 1820 
1827 - 329.8 0 

B 2030 
2037 - 329.8 1 

B 2153 
2200 - 329.8 0 

B 0027 
0032 - 329.8 0 

B 0300 
0307 - 329.8 0 

B 0354 
0401 - 329.8 0 

B 0641 
0648 - 329.8 0 

* Larvae 
1000 m3 

0 

0 

3 

0 

0 

3 

0 

0 

0 

0 

0 

ROSETON-DANSKlIMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch <:yr>rinids Smelt Darters 
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AU.antic 
TOmcod Sunfish Others 
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station: DD 

Meter Vol., 
Depth Date . Timia Revs •.. 1113 

B 8/29 0542 
0549 - 329.4 

B 0600 
0607 - 329.4 

B 0803 
0810 - 329.4 

B 0819 
0826 - 329.4 

B 1746 
1753 - 329.4 

B 1801 
1808 - 329.4 

B 2002 
2009 - 329.4 

B 2017 
2024 - 329.4 

B 2301 
2308 - 32,9.4 

B 2317 
2324 - 329.4 

[ 

* It LarVae 
Larvae 1000 1li3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

---

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval Flsh Concentration Per 1000 m 3 

~rican Striped White Rainbow 
Alosa Shad Bass Perch . Cyprinids Smelt Darters 

Atlantic 
Tomcod Sunfish Others 

i 



Station: RI 

Meter Vol. , It 
Depth Date Time Revs. m3 Larvae 

B* 6/7-8 1908 
1916 - - 11 

B* 2042 
2047 - - 14 

B* 0856 
0903 - - 22 

B* 0925 
0932 - - 11 

B* 1537 
1544 504 .0148 13 

S* 7/2-3 0828 
0835 380 .0112 0 

M* 0828 
0835 330 .0097 2 

B* 0828 
0835 55.4 .0028 0 

S* 1233 
1241 330 .0097 1 

M* 1233 
1241 550 .0162 1 

B* 1233 
1241 4.1 .0002 0 

S* 1443 
1451 390 .0115 0 

M* 1443 
1451 - - 1 

B* 1443 
1451 6.0 .0003 0 

S* 1736 
1746 450 .0132 1 

* = 1/2 meter net 

41 Larvae 
1000 m3 

-
-
-

-

878 

206 

103 

62 

76 

-

ROSETON-DlINSKAMMER FISH LARVAE 
1973 

Larval Fish COncentration Per 1000 m 
American striped White Rainbow 

3 

Alosa Shad Bass Perch Cyprinids smelt Darters 

203 608 68 

206 

103 

62 

76 
- - -~ - - - - - - --- - ------ ----------------- -

Atlantic 
Tomcod Sunfish Others 



( r r 

Station: . RI 
Meter Vol •• It 

Depth Date Time Revs. JIl3. Larvae 

M* 7/2-3 1736 
1756 610 .0179 8 

B* 1736 
1746 0.4 .0000 0 

S* 2040 
2050 8.0 .0004 31 

M* 2040 
2050 81.0 .0041 68 

B* 2040 
~.--

~ 2050 6.4 .0003 8 
\ 

S* 2250 
2300 480 .014 29 

M* 2250 
2300 760 .0223 38 

B* 2250 
2300 0.1 .0000 1 

S* 0050 
0100 640 .0188 22 

M* 0050 
0100 550 .0162 35 

B* 0050 
0100 0.6 .0000 9 

S* 0237 
0247 250 .0074 5 

M* 0237 
0247 610 .0169 17 

B* 0237 
0247 0.2 .0000 2 

S* 0540 
0550 520 .0153 4 

~~-

* = 1/2 meter net 

41 Larvae 
1000 JIl3 

447 

77500 

16585 

26667 

2057 

1704 

-
1170 

2161 

676 

950 

261 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch cypdnids Smelt Darters 

391 56 

72500 2500 

15122 244 488 

26667 

1773 213 71 

1659 45 

745 213 160 

1975 62 62 62 

676 

950 

65 196 

Atlantic 
Tomcod Sunfish Others 

, 

I 
I 
, 

I 

53 

'" \' ,,,-
1"\ 
'r 



Station: RI 

Meter Vol., II It Larvae 
Depth Date Time Revs. m3 LarVae 1000 m3 

M* 7/2-3 0540 
0550 1710 .0503 6 119 

B* 0540 
0550 0.1 .0000 1 

* 1/2 meter net 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American striped White Rainbow 
Alosa Shad Bass Perch cyprinids Smelt Darters 

99 20 

~-- - -~ --- -- ----------L--.. _~_ 

Atlantic 
Tomcod sunfish Others 

I 



r 

Station: RI 
Meter Vol., 

Depth Date - Time -~vs. nl3 

S* 7/17- 0740 
18 0750 870 .0256 

M* 0740 
0750 1290 .0379 

B* 0740 
0750 1350 .0397 

S* 0947 
0957 830 .0244 

M* 0947 
0957 960 .0282 

B* 0947 
0957 1180 .0347 

S* 1210 
1220 1030 -.0303 

M* 1210 
1220 1060 .0312 

B* 1210 
1220 1330 .0,392 

S* 1341 
1351 1190 .0350 

M* 1341 
1351 1120 .0329 

B* 1341 
1351 1050 .0309 

S* 1523 
1533 790 .1314 

M* 1523 
1533 850 .0250 

B* 1523 
1533 990 .0291 

* 1/2 meter net 

I ft Larvae 
Larvae 1006 m3-

0 

0 

0 

0 

1 35 

0 

0 

0 

3 769 

6 171 

0 

1 32 

2 9 

0 

0 
.-

RQSE'l'ON-DANSlCAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rail'ibow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

769 

171 

32 

Atlantic 
Tomcod Sunfish Others 



station: RI 
Meter Vol., It 

Depth Date Time Revs. m3 LarVae 

S* 7/17- 1705 
18 1715 840 .0247 0 

M* 1705 
1715 1000 .0294 2 

B* 1705 
1715 2320 .0682 3 

S* 2010 
2020 980 .0288 1 

M* 2010 
2020 2060 .0606 4 

B* 2010 
2020 11190 .3290 0 

s* 2202 
2212 1100 .0323 5 

M* 2202 
2212 3990 .1173 0 

B * 2202 
2212 4620 .1~58 0 

S* 2345 
2355 560 .0165 9 

M* 2345 
2355 980 .0288 9 

B* 2345 
2355 2010 .0591 1 

s* 0135 
0145 1290 .0379 B 

M* 0135 
0145 2250 .0662 10 

B* 0135 
0145 1340 .0394 6 

--~ 

* 1/2 meter net 

It LarVae 
1000 m3 

68 

44 

35 

66 

155 

545 

313 

17 

211 

151 

152 
----

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 
3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

303 121 121 

174 139 

17 

132 26 53 

91 30 30 

76 25 51 

Atlantic 
Tomcod Sunfish others 

I 
! 

I 
! 



{ ( 

Station: RI 

Meter Vol., 
De2th Date Time Revs. m3 

S* 7/17- 0415 
18 0425. 770 .0226 

M* 0415 
0425 830 .0224 

B* 0415 
0425 1790 .0526 

S* 0600 
0610 1230 .0362 

M* 0600 
0610 1320 .0388 

B* 0600 
0610 1400 .4116 

S* 0657 
0706 610 .0169 

S* 7/31- 0940 
8/1 0950 1010 .0297 

B* 0940 
0950 1150 .0338 

S* 1107 
1117 1150 .0338 

B* 1107 
1117 1270 .0373 

S* 1256 
1306 980 .0288 

B* 1256 
1306 980 .0288 

B* 1256 
1306 1900 .0559 

S* 1408 
1418 820 .0241 

* = 1/2 meter net 

• II Larvae 
Larvae 1000 m3 

.4 177 

4 179 

3 57 

0 

3 77 

3 7 

0 

0 

0 

0 

0 

0 

0 

0 

0 
- -----

ROSB'l'ON-DANSKAHMER FISH LARVAE 
1973 

Larval Fish Concentration Per. 1000 m 3 

American Striped White Rainbow 
Alosa Shad BaSS Perch Cyprinids Smelt Darters 

. Atlantic 
Tomcod Sunfish Others 



Station: RI 
Meter Vol. , /I 

Depth Date Time Revs. m3 Larvae 

B* 7/31- 1408 
8/1 1418 1070 .0315 a 

S* 1545 
1555 770 .0226 0 

B* 1545 
1555 140 .0041 0 

S* 1830 
1840 1180 .0347 1 

B* 1830 
1840 1320 .0388 0 

s* 1942 
1952 1110 .0323 1 

B* 1942 
1952 1260 .0370 0 

s* 2135 
2145 1380 .0406 1 

B* 2135 
2145 1450 .0426 4 

S* 2330 
2340 810 .0238 1 

B* 2330 
2340 920 .0270 1 

S* 0049 
0059 810 .0238 2 

B* - 0049 
0059 1050 .0309 5 

S* 0333 
0343 530 .0156 4 

B* 0333 
0343 810 .0238 2 

* 1/2 meter net 

It Larvae 
1000 m3 

29 

31 

25 

94 

42 

37 

84 

162 

256 

84 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 
3 

lImerican Striped White Rainbow 
Alosa Shad Bass Perch <=yprinids Smelt Darters 

47 47 

42 

37 

42 42 

162 

192 

84 
--- ~-~----

! 

Atlantic I 
Tomcod Sunfish Others i 

I 

29 

I 

25 

I 

64 



Station: RI . 

Meter Vol., * Depth Date 'l'iJIle Revs. 'm3 Latvae 

S* 7/31- 0530 
8/1 0540 870 ;0256 1 

B* 0530 
0540 1000 .0294 i 

J 

----

*1/2 Meter Net 

II Larvae 
1000 m3 

39 39 

34 

--

ROSE'l'ON-DANSKAMMER FISH LARVAE 
1973 

Larval F~sh Concentration Per 1000 m3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyptinids Smel,t Darters 

34 

Atlantic 
.'l'omcod Sunfish Others 



Station: .Il[ 

Meter Vol. , 
Depth Date Time Revs. m3 

s* 8/14- 1008 
15 1015 560 .0165 

B* 1008 
1015 690 .0203 

s* 1108 
1118 980 .0288 

B* 1115 
1125 1440 .0423 

S* 1229 
1239 930 .0273 

B* 1229 
1239 l350 .0397 

s* 1323 
1333 1210 .0356 

B* 1323 
1333 1350 .0397 

S* 1428 
1438 800 .0235 

B* 1428 
1438 1110 .0326 

S· 1635 
1642 650 .0191 

B* 1635 
1642 1010 .0297 

S· 2010 
2017 730 .0215 

B* 2010 
2017 1080 .0318 

S* 2213 
2220 590 .0173 

• 1/2 meter net 

II II Larvae 
Larvae 1000 m3 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 31 

0 

_._-- -

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

-----~-

Atlantic 
Tomcod Sunfish Others 

1 
I 
i 

, 



f 

Station: RI 
MI;Iter VOl., 

Depth Date Time ReW. m3 

B* 8/14- 2213 
15 2220 860 .0253 

S* 2355 
0002 610 .0179 

B* 2355 
0002 820 .0241 

S'" 0105 
0112 330 .0097 

B* 0105 
0112 500 .0147 

S'" 0645 
0652 570 .0168 

B* 0645 
0652 940 .0276 

-

'" = 1/2 meter net 

.. It Larvae 
Larvae 1000 1113 

0 

0 

0 

0 

0 

0 

0 

_. --

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m 3 

American Striped White Rainbow 
Alosa Shad Bass Perch cyprinids sine1t Darters 

Atlantic 
Tomcod sunfish Others 

I 
I 
I 
, 

I 
I 

I 



Station: RD 

I Meter Vo!., # 
Depth Date Time Revs. m3 LarVae 

B* 6/7-8 1927 
1932 - 11 

B* 1954 
1957 26 

B* 2019 
2025 - 43 

B* 1004 
1012 - 56 

B* 1038 
1041 - 34 

B* 1116 
1120 - 56 

20'* 1334 
1337 170 .0050 40 

20'* 1407 
1410 178 .0052 19 

20'* 1430 
1433 120 .0035 4 

20'* 1445 
1449 36 .0011 4 

* 7/2-3 1046 
1054 1895.0 .0961 1 

* 1356 
1403 377.2 .0191 3 

* 1642 
1657 2162.8 .1097 7 

* 1836 
1846 1373.3 .0698 69 

* 2145 
2155 1439.4 .0730 97 
----.~-- -- - -------_. -

-* 
1/2 meter net 

It Larvae 
1000 m3 

8000 

3654 

1143 

3636 

10 

157 

64 

989 

1328 

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval Fish Concentration Per 1000 m3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids Smelt Darters 

1200 6600 200 

2885 577 

857 286 

2727 909 

10 

105 52 

9 55 

716 29 43 14 

1301 27 

, Atlantic 
Tomcod sunfish others 

, 

, 

I 

192 i 

186 



Station: RD 
Meter Vol., * Depth Date Time Revs. m3 Larvae 

* 7/2-3 2334 
2344 862.4 .0437 0 

* 0147 
0157 523.9 .0266 82 

* 0445 
0455 1128.7 .0223 64 

* 7/17- e807 
18 0814 610 .0179 0 

* 1011 
1023 5690 .1673 1 

* 1233 
1243 5600 .1646 5 

* 1407 
1417 4470 .1314 1 

* 1550 
1600 - - 0 

* 1735 
1745 990 .0291 0 

* 2033 
2043 980 .0288 0 

* 2220 
2230 5450 .1602 3 

* 0025 
0035 3080 .0906 21 

* 0158 
0208 16770 .4930 32 

* 0435 
0445 5980 .1758 0 

* 0619 
0629 4770 .1402 19 

* = 1/2 meter net 

1.. 

* Larvae 
lOOOm3 

3083 

2870 

6 

30 

8 

19 

232 

65 

136 
--

ROSETON-DANSKAMMER FISH LARVAE 
1973 

Larval F~sh Concentration Per 1000 m 3 

American Striped White RainboW 
Alosa Shad Bass Perch CVori~ids Smelt Darters 

2594 338 

1973 404 404 45 

18 12 

8 

121 110 

22 6 37 

Atlantic 
Tomcod Sunfish Others 

150 

45 



station: RD 

Meter Vol. , 
Depth Date Time Revs. . m3 

B* 7/31- 1010 
8/1 1020 5300 .1558 

B* 1128 
1138 3530 .1391 

B* 1320 
1330 2940 .0867 

B* ]:426 
1436 3130 .0920 

B* 1620 
1630 20 .0006 

B* 1915 
1925 1000 .0029 

Bo, 2030 
2040 2060 .0606 

B* 2225 
2235 - -

B* 0010 
0020 2830 .0832 

B* 0132 
0142 10 .0003 

B* 0403 
0413 6380 .1876 

B* 0615 
0625 2300 .0676 

-
* 1/2 meter net 

II # Larvae 
Larvae 1000 m3 

0 

0 

0 

0 

0 

0 

0 

a 

8 96 96 

0 

0 

1 15 15 

-- -- --~--

ltOSETON-DANSKMlCER FISH lARVAE 
1973 

LarVal Fish Concentration Per 1000 m3 

American Striped White Rainbow 
Alosa Shad Bass Perch CYPrinids Smelt Darters 

, Atlantic 
'l'ODlcod sunfish Others 

I 
I 

I 



r 

"" .... ,,~ 

Station: lID 
Meter Vol., I 

Depth. Date Tillie Revs. ml LarVae 

* 8/14- 1555 
15 1602 4150 .1220 0 

* 1738 
1745.5 3140 .0923 0 

* 2055 
2062.5 3670 .1079 0 

* 2320 
2327 2170 .0638 0 

* 0045 
0052 370 .0109 0 

* 0605 
0612 600 .0176 0 

-- --- ---

* 1/2 meter net 

r 

II Larvae 
1000 m3 

r r 

ROSE'l'ON-DANSICAMMER FISH LARVAE 
1973 

r 

Larval Fish Concentration Per 1000 m3 

American Striped White Rainbow 
Alosa Shad Bass Perch Cyprinids smelt Darters 

-- ---~-. 

Atlantic 
'l'oIIIcOd Sunfish Others 

i 
I 



APPENDIX V - B 



APPENDIX V-B 

ROSETON/DANSKAMMER POINT 
1973 

FISH LARVAE LENGTH-FREQUENCY 



( 

LCX!ATIONa ROE 

DA'l'B 'tIMB DBP'1'II 2 3 4 

3/13/73 1028 
1033 S 

3/21/73 1436 
1441 SIM 
1450 
1456 B1M 

4/11/73 0945 
0950 S 

5/10/73 1028 
1033 81M 6 
1052 
1057 10' 3 16 
1929 
1934 S 1 1 
1945 
1950 10' 

5/22-23, 1145 
73 1150 S 

1740 
1745 
1740 
1745 10' 
0025 
0030 10' 2 1 
0354 
0359 S 69 
0354 
0359 10' 1 
0436 
0441. 20', 5 5 

6/8/73 0318 
0323 1M 2 2 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
LENGTH ~, DATA 

1973 

NUMBER OF LARVAE BY 1. MIll SIZE GROUPS 
5 6 7 8 ',9 10 11 

60 64 6 

138 124 22 

15 1 2 

1 1 

48 314 92 4 4 4 7 

220 81. 6 3 13 3 

114 135 18 . 12 6 

3 2 

97 32 24 21 3 8 

13 11 12 20 10 13 8 

17 '32 56 44 40 35 . 20 

6 27 24 28 57 48 46 

i 

SPECIES: ~ 

12 13 14 others TO'lAI 

0 

0 

0 

0 

136 

303 

. 20 I 
I 

2 

11 484 

3 329 

303 

8 

254 

2 100 

254 ---
34 34 4 2 317 

.--



LOCATION: RDE 

DAB 'lIMB DBP'l'II 2 3 4 5 

6/8/73 0318 
0323 10' 2 2 
0440 
0445 20' 
0440 
0445 30' 5 -3 

6/19/73 1045 
1050 1M 
1045 
1050 lMO' 
1045 
1050 30' 2 1 
1100 
1105 10' 3 
1100 
1105 20' 
1930 
1935 lM 1 3 12 
1930 
1935 1MB 
1930 
1935 30' 
2012 
2017 10' - 5 
2012 
2017 1 20' 

7/2-3/ 1108 
73 1113 10'*M 

1108 
1113 IMIO' 1 
1421 
1426 1MO' 

* = ~ meter net 

KOSE'l'ON-DANSlCAMMER FISH LARVAB 
LBHG'l'B PREQUENCY, DATA 

1973 

. NUMBER OF LARVAE BY 1 DID S.IZE GROUPS 
6 7 8 ·9 10 11 

3 3 4 4 6 14 

.. 8 25 8 20 25 34 

. 7 58 

4 4 3 3 1 

1 3 2 2 2 

4 3 9 3 10 

1 5 7 4 7 6 

2 13 5 10 5 4 

1 

2 2 

1 2 14 13 15 

SPECIES: Alosa 

12 13 14 Others TOTAL 

17 16 22 5 98 

0 

22 3 8 162 

116 . 289 123 82 680 

0 

18 

2 . I 
1 

16 

12 8 4 7 60 

1 1 1 3 52 

0 

0 

5 49 

1 

2 6 

18 6 4 1 75 

4 7 203 214 



DATE . . TIME DEP'l'H 

7/2-3/7 1421 
1426 20' 
1451 
1456 10'*M 
1451 
1456 IM10' 
1905 
1910 10'*M 
1905 
1910 IM10' 
2207 
2212 40' 
2230 
2235 1M 
2254 
2259 lM20' 
0045 
0050 10'*M 
0045 
0050 1M10' 

7/17-18 1002 
73 1007 lM10' 

1024 
1029 10'*M 
1024 
1029 IMI0' 
1547 
1552 10'*M 
1547 
1552 lMI0' 
1540 
1845 1MO' 

* = ~ meter net 

LOCATION: RDE 

2 3. 4 5 

ROSBTON-DANSlCAMMER FISH LARVAB 
LBNG'l'H p~, DATA 

1973 

I 

NUloUlEROF LARVAE BY 1 _ SIZE GROUPS 
6 7 8 ·9 10 11 

1 1 1 

1 3 

11 29 17 34 

1 

3 

317 

SPECIES: ~ 

12 13 14 Others TOTAL 

1 4 4 9 

0 

4 1 7 5 20 

2 1 2 9 
I 

86 57 63 40 337 : 

0 j 

. 
6 6 3 16 32 i 

189 189
1 
1 

7 9 9 22 50 

42 359 
, 

1 1 2 4 8 

! 
0 

0 I 
0 

0 

1 1 2 



LOCATION: RDE 

DAD TIME DEP'l'B 2 3 4 5 

7/17-18 1840 
73 1845 !MO' 

1539 
1544 10'*M 
1535 
1544 IMlO' 
2300 
2305 !MO' 
2300 
2305 1M20' 
0024 
0029 10'*M 
0024 
0029 IMI0' 
0603 
0608 IMO' 
0603 
0608 IM20' 

7/31- 1020 
8/1/73 1025 IMI0' 

2042 
2045 lMIO' 
0035 
0040 1M 
0035 
0040 IM20' 
0103 
0108 10'*M 
0103 
0108 IM10' 
0523 
0528 1M 

~ --- -- .--~ --- -

* :=; ~ meter net 

ROSE'l'ON-DANSlCAMMER FISH LMVAB 
LENGTH FREQUENCY, DATA 

1913 

. NUMBER OF LARVAE BY 1 II1II SIzE GROUPS 
6 .7 8 ·9 10 11 

. 

12 

1 

12 

SPECIES: ~ 

13 14 others wrJ 
0 

0 

0 

0 

10 10 

2 2 

10 22 

2 2 

1 1 

0 

0 

4 4 

6 7 

1 1 

5 5 

2 2 



LOCATION. RDE 

DATE TIME DEPTH 2 3 4 5 

7/31- 0523 
8/1/73 0528 lM20' 
8/14-15/ 1008 .. 
73 1013 10'*M 

0302 
0307 IMIO' 
0553 
0558 1~20' 

- - -----

* = ~ meter net 

ROS~N-DANSKAMMER FISH LARVAE 
LENGTH .!J!EQUENC! I DAT~ 

1973 

NUMBER OF LARVAE BY 1 mill SIZE GROUPS 
6 7 8 ·9 10 . 11 

. 

. 

. ( 

12 

SPECIES: A10sa 

13 14 others TO'l'Al 

19 19 

0 

0 

0 

. 



LOCATION: RDE 

DATE TIME DEPTH 2 3 4 5 

3/13/73 1028 
1033 S 

3/21/73 1436 
1441 SIM 
1450 
1456 BIM 

4/11/73 0945 
0950 SlM 

5/10/73 1028 
1033 SIM 
1052 
1057 10' 
1929 
1938 S 
1945 
1950 10' 

5/22-23 1145 
73 1150 S 

1740 
1745 
1740 
1745 10' 
0025 
0030 10' 
0345 
0359 S 
0354 
0359 10' 
0436 
0441 20' 

6/8/73 0318 
0323 1M 

~E'l'ON-DANSKAMMER FISH LARVAB 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 -9 10 11 

1 5 22 

1 1 

4 

1 2 

-- -----_---~ --_1....-------- , 

12 

40 

SPECIES: American Shad 

13 14 Others TOTAL 

0 

0 

0 

0 

0 : 

I 

0 

. 0 

0 

2 70 

0 

0 

2 

4 

3 

0 

0 



LOCATION t RDE 

DA'l'B TIME DEPTH 2· 3 4 

6/8/73 0.318 
0.323 10' 
0.440. 
0.445 20.' 
0440 
0.445 30.' 

6/19/73 10.45 
10.50. 1M 
10.45 
10.50. 3D' 
110.0 
110.5 10.' 
110.0. 
1105 20.' 
1930. 
1935 1M 
1930. 
1935 1MB 
1930. 
1935 30' 
20.12 
2017 10.' 
20.12 
20.17 1M20' 

7/2-3/7 110.8 
1113 lo.'*M 
110.8 
1113 IMIo.' 
1421 
1426 IMo.' 
1421 
1426 20.' 

---

... - t. mQt-Ar net 

5 

ROSE'l'ON-DANSKAMMER FISH LARVAB 
LENGTH F!EQUENSY« DATA 

1973 

NUMBER OF LARVAE BY 1 mill SIZE GROUPS 
6 7 8 ·9 10 11 

2 

12 

SPECIES: American Shad 

13 14 others TOTAl 

0. 

0 

a 

IS 20 

0 

a 

. 0 

a 

0. 

a 

0 

0. 

0. 

0. 

0. 

a 



LOCATION: RDE 

DATE 'lIMB DBP'l'II 2 3 4 

7/2-3/7 1451 
1456 10'*M 
1451 
1456 lMIO' 
1905 
1910 10' *M 
1905 
1910 IMI0' 
2207 
2212 40' 
2230 
2235 1M 
2254 
2259 lM20' 
0045 
0050 lO'*M 
0045 
0050 lMI0' 
1002 
1007 lMI0' 

7/17-18 1024 
73 1029 10'*M 

1024 
1029 IMIO" 
1547 
1552 10'*M 
1547 
1552 1M10' 
1840 
1845 IMI0' 
1840 
1845 IM20' 

-- --_.- - - --~ ,--,- -----

* = ~ meter net 

5 

ROSETON-DANSDMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 DIll SIZE GROUPS 
6 7 8 9 10 11 

, 

SPECIES: 

12 13 

American Shad 

14 Others TOTAL 

0 

0 

0 

0 

0 

0 

. 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



LOCATION: RDE 

DA'l'E TIME DEPTH 2. .3 4 

7/17-18 1939 
73 1944 10'*M 

1939 
1944 1MIO' 
2300 
2305 IMO' 
2300 
2305 1M20' 
0024 
0029 10'*M 
0024 
0029 IMI0' 
0603 
0608 IMO' 
0603 
0608 IM20' 
1020 
1025 IMI0' 
2042 
2047 IMI0' 
0035 
0040 1M 
0035 
0040 lM20' 
0103 
0108 10'*M 
0103 
0108 IMIO' 
0523 
0528 1M 
0523 
0528 IM20' 

---- - -----~-~ -

*.= ':! meter net 

5 

ROSE'lON-DANSl<AMl-!ER FISH lARVAE 
LENGTH FREQUENCY, DATA 

1973 

! 

NUMBER OF LARVAE BY 1 DIm SIZE GROUPS 
6 7 8 9 10 11 

SPECIES: American Shad 

12 13 14 others 

. 

TOTJ1 

0 

0 

0 
I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



LOCATION: RDE 

DATE TIME DEPTH 2 3 4 5 
8/14-15 1008 
73 1013 ~O'*M 

0302 
0307 ~MI0' 
0553 
0538 IM20' 

* = ~ meter not 

ROSETON-DANSICAMMER FISH tARVAB 
LENGTH FREQtJEN'g, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 ·10 11 

~-

-- - ------ -

SPECIES: Amer ican Shad 

12 13 1" Others TOTAL 

0 

0 

0 
I 

I 
I 



r 

DATE TIME DEPTH " 
3/13/73 1029 

1033 S 
3/21/73 1435 

1441 S1M 
1450 
1456 B1M 

4/11/73 0945 
0950 S1M 

5/10/73 1029 
1033 S1M 
1052 
1057 10' 
1929 
1934 S 
1945 
1950 10' 

5/22-23 1145 
73 1150 S 

1740 
1745 
1740 
1745 10' 
0025 
0030 10' 
0334 
0339 S 
0334 
0339 10' 
0436 
0441 20' 

6/8/73 0318 
0323 1M 

LOCATION: RDE 

2 3 4 5 

1 

2 1 

1 5 12 23 

-----

ROSETON-DANSKAMMER FISH LARVAl 
LENGTH FREQUENCY, DATA 

1913 

NtOOmR OF LARVAE BY 1 mm SIZE GROUPS 
"6 7 8 9 10 11 

24 
" " 

12 

SPECIES": Striped Bass 

13 14 others TOTAl 

0 

0 

0 

0 

0 

0 

. 0 

0 

0 

0 

0 

1 

3 

0 

0 

63 



LOCATION: RDE 

DATE TIME DEPTH 2 3 4 5 

6/8/73 0318 
0323 la' 1 2 7 3 
0440 
0445 20 1 2 
0440 
0445 30' 1 1 2 

6/19/73 1045 
1050 1M 
1045 
1050 30' 
1100 
1105 la' 1 
1100 
1105 20' 
1930 
1935 1MB 
1930 
1935 30' 2 7 
2012 
2017 10' 1 
2012 
2017 IM20. 

7/2-3/73 H08 
1113 10'*M 
1108 
1113 10'M 
1421 
1426 1MO' 
1421 
1426 20' 
1451 
1456 10'*M 

* = ~ meter net 

ROSETON-DANSKAMMER FISH IARVAB 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 1 1 

2 2 

3 3 3 14 14 16 

17 9 2 

, 

. 

---- - ---------~---- ---~ 

SPECIES: Striped Bass 

12 13 14 Others TOTAl 

13 

3 

4 

0 

3 

5 

. 
0 I 

I 

11 15 4 7 90 I 

37 

1 

0 

a 

0 

0 

1 1 

0 



LOCATION: RDE 

DA'l'E . TIME DEPTH 2 3 4 

17/2- 3/ 73 1451 
1456 lO'M 
1905 
1910 10'*M 
1905 
1910 IMIO' 
2207 I 

2212 40' 
2230 
2235 1M 
2254 
2259 1M20' 
0045 
0050 10'*M 
0045 
0050 1M10' 

7/17-18/ 1002 
73 1007 lM10' 

1024 
1029 10'*M 
1024 
1029 1M10' 
1547 
1552 10'*M 
1547 
1552 lMI0' 
1840 
1845 1MO' 
1840 
1845 1M20' 
1939 
1944 10'*M 

I- __ C_c -

-~ ... 

5 

1 

ROSE'l'ON-DANSKAMMER FISH IJ\RVAB 
LENGTH FREQUENCY, DATA 

1973· 

NUMBER OF LARVAE BY 1 111m SIZE GROUPS 
6 7 8 .9 10 11 

;:.: 

1 1 5 

2 2 1 1 1 

1 

SPECIES: striped Bass 

-
12 13 14 Others' TOTAl 

0 

0 

0 

0 

, 

0 I 
I 

1 1 

. 2 10 

1 2 10 

0 

0 

0 

0 

0 

0 

1 

0 



LOCATION: RDE 

DATS TIME DEPTH 2 3 4 5 

7/17-18/ 1939 
73 1944 lMI0' 

2300 
2305 IMO' 
2300 
2305 IM20' 
0024 
0029 10'*M 
0024 
0029 IMlO' 
0003 
0008 IMO' 
0003 
0008 1M20' 

7/31- 1020 
8/1/73 1025 1M10' 

2042 
2045 lM10' 
0035 
0040 1M 
0035 
0040 IM20' 
0103 
0108 10'*M 
0103 
0108 1M10' 
0523 
0521 1M 
0523 
0521 1M20' 

8/14-15 1008 
73 1013 1M10' 

- ---- -- ---- .............. 
* = !:! meter net 

J«lSB'l'ON-DANSKAMMER FISH LARVAB 
LENGTH FREQUENCY! DATA 

1973 

NUMBER OF LARVAE BY 1 DID SIZE GROUPS 
6 7 8 9 10 11 

1 1 

1 

12 

, 
.L 

1 

SPECIES: striped Bass 

13 14 others TOTAL 

0 

0 

2 2 

I 

0 I 
I 

2 1 3 8 

0 

- 2 

0 

0 

0 

0 

0 

0 

2 2 

1 

0 



r 

:r..oCA'l'ION t RDE 

DATE TIME DEPTH 2 3 4 5 

8/14-15/ 0302 
73 0307 IMIO' 

0553 
0558 IM20' 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
LENGTH FREQtJEN9', DA~ 

1973 

·1 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS . 
6 .7 8 ·9 10 11 12 

SPECIES: Striped Bass 

, 

13 14 others TOTAJ 

. 0 

0 

.~-

-f;' 



IDCATIOM: RDE 

DAft 'nMB DEP'l'II -2 3 .4 
3/13/73 1028 

1033 S 2 
3/21/73 1436 

1441 SIM 1 3 
1450 
1456 BIM 

4/11/73 0945 
0950 SIM 

5/10/73 1028 
1033 SIM 
1052 
1051 10' 
1929 
1934 S 
1945 
1950 10' 

5/22-23 1145 
73 1150 S 

1740 
1745 
1740 
1745 10' 
0025 
0030 10'. 

·0354 
0359 S 
0354 
0359 10' 
0436 
0441 20 

6/8/73 0318 
0323 1M 

5 

2 

30 

4Z 

BOSJti'UIt-DMSDIIIIBR Fl'SII LA1lVU 
LB8G'ftj Pl!!\lUBID. DAD 

1973 

RUMBER OF LARVAE BY 1 _ SIZE GiOUPS 
6 7 8 ·9 10 11 

17 9 

11 

68 50 

. 

- - . -- i-

SPBCIBS: Tom Cod 

12 13 14 Otbera m.rAL 

30 

45 
i 

133 

0 

0 

0 

. 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



DATE . TIME DEP'm 

6/8/73 0318 
0323 10' 
0440 
0445 20' 
0440 
0445 30' 

6/19/73 1045 
1050 1M 
1045 
1050 30' 
1100 
1105 10' 
1100 
1105 20' 
1930 
1935 1M 
1930 
1935 1MB 
1930 
1935 30' 
2012 
2017 10' 
2012 
2017 IM20' 

7/2-3/7 1108 
1113 10~ *,t. 

HOB 
1113 IMI0' 
1421 
1426 1MO' 
1421 
1426 20' 

- - -- .-

LOCATION: RDE 

2 3 4 .5 

ROSETON-DANS1<AMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

. NUMBER OF LARVAE BY 1 mm SIZE GROUPS -6 7 e ·9 10 1.l. 

SPECIES: Tom Cod 

12 13 14 others TOTAl 

0 

0 

0 

0 

0 

0 

. 
0 , 

0 

0 I 

0 

0 

0 

0' 

a 

0 

0 



r, LOCATION: RDE 

DATE 'rIME DEP'l'H 2 3 4 

7/2-3/73 1451 
1456 10'*M 

1451 
1456 1M10' 

1905 
1910 10'*M 

1905 
1910 1MI0' 

2207 
2212 40' 

2230 
2235 1M 

2254 
2259 1M20' 

0045 
0050 lO'*H 

0045 
nnc;n 1M10' 

7/17-18 1002 
73 1007 1M10' 

1024 
1029 10'*M 

1024 
1029 1M10' 

1547 
1552 10'*M 

1547 
1552 1M10' 

1840 
1845 IMO' 

1840 
1845 1M20' 

--- - - -- ~ --- ~. --, --_ .. --

* == ~ meter net 

5 

ROSETON-DANSlCAMMER FISH LARVAE 
LENGTH I'RE~, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 12 

SPECIES: Tom Cod 

13 14 Others TOl'AL 

0 

0 

0 

I 

0 
I 

0 

0 

- 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



f 

DATE TIME DEP'l'B 

7/17-18 1939 
73 1944 lO'*M 

1939 
1944 1MIO' 
2300 
2305 !MO' 
2300 
2305 lM20' 
0024 
0029 10'*M 
0024 
0029 lMlO' 
0603 
0608 !MO' 
0603 
0608 1M20' 

7/31- 1020 
8/1/73 1024 !M10' 

2042 
2047 IM10' 
0035 
0040 1M 
0035 
0040 1M20'· 
0103 
0108 10'*M 
0103 
0108 IMlO' 
0523 
0528 1M 
0523 
u~28 lM20' 

- - ~ 

LOCATION: RDE 

2 3 4 5 

JOSE'lON-DANSlCAMMER PISH LARVAB 
LBHGTH PRBQ!JENC!, DATA 

1973 

NUMBER OF LARVAE BY 1.11D SIZE GROUPS· 
6 .7 8· .g 10 11 

. 

SPECIES: Tom Cod 

12 13 14 others TOI'AI 

0 

0 

0 

0 

0 
I 

0 

. 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



T 

LOCATION: RDE 

DATE TIME DEPTH 2 3 4 

8/14-15 1008 
73 1013 ~O'.*M 

0302 
0307 IMIO' 
0553 
0558 IM20' 

- --- -- --.--~-- - --

* = ~ meter net 

5 

-

ROSE'l'ON-DANSICAMMER FISH URVU 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 .7 8 9 10 11 

SPECIES: Tom Cod 

12 13 I" others TOTAL 

0 

0 

0 

I 

. 



( 

DATE 'tIME DEP'l'H .. 
3/13/73 1028 

1033 S 
3/21/73 1436 

1441 SIM 
1450 
14Sl BIM 

4/11/73 0945 
095.0 SIM· 

5/10/73 1028 
1033 SIM 
1052 
1057 10' 
1929 
1934 S 
1945 
·1950 10'. 

5/22-23/ 1145 
73 1150 S 

,1740 
1745 
1740 
1745 10' 
0025 
0030 10' . 
0354 
0359 S 
0354 
0359 10' 
0436 
0441 20' 

6/8/73 0318 
0:'23 

x.cx::ATIONs RDE 

2 . 3 4 5 

1 

3 

2 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 ·9 10 11 

.. 

.. 

2 

2 

. 

SPECIES: White Perch 

12 .13 14 others TOTAl 

0 

0 

0 

0 

3 

5 

. 0 

0 

0 

0 

0 

0 

0 

0 

0 

2 



LOCATION: RDE 

DATE TIME DEPTH 2 3 .. 
6/8/73 0318 

0323 10' 2 5 
0440 
0445 20' 1 
0440 
0445 30' 

6/19/73 1045 
1050 1M 
1045 
1050 30' 4 
1100 
1105 10' 3 
1100 
1105 20' 1 5 
1930 
1935 1M 
1930 
1935 1MB 
1930 
1935 30 6 2 
2012 
2017 10' 1 
2012 
2017 IM20 1 

77/2-3/7 oJ nOB 
1113 10' *M 

noa 
1113 1M la' 1 2 ! 1421 

m~ 
1M D' 

20' 

* = ~ meter net 

5 

1 

2 

a 

4 

3 

14 

1 

ROSE'l'ON-DANSlCAMMER FISH LARVAB 
LENGTH FREOUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

7 3 

3 2 1 

5 1 

19 11 3 

2 

1 

6 1 

SPECIES: White Perch 

12 13 14 others TOTAL 

8 

1 

2 

0 
, 

22 

13 

. 15 

a 

a 

55 
. 

1 

3 

a 

4 

0 

8 



LOCATION: RDE 

DATE 'rIME DEPTH 2· 3· 4 . 5 

7/2-3/7~ 1451 
1456 10'*M 
1451 
1456 1M 10' 
1905· 
19.10 10' *M 
1905 
1910 1M 10' 
2207 
2212 . 40' 
2230 
2235 1M 
2254 
2259 1M 02' 
0045 
0050 10,' *M 
0045 
0050 1M 10' 1 

7/17-18/ 1002 
. 73 1007 1M 10' 

1024 
1029 10' *M 
1024 
1029 1M 10' 
1547 
1552 10'._*M 

- 1547 
1552 1M 10' 
1840 
1845 1M 0' 
1840 
18qS 1M 20' 

- - ------

ROSETON-DANSKAMMER FISH lARVAE 
LENGTH P!EQUENCY, DATA 

1973 

. NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
" . 6 7 .8 9 10 11. 

.. 

1 

1 

5 2 

4 2 2 6 6 . io 

. 

SPECIES: White Perch. 

12 13 14 others TOTAl 

0 

0 

0 

0 

2 4 3 3 21 

0 

3 4 1 10 19 

2· 2 12 

.. 7 4 5 54 

0 

0 

1 1 

0 

0 

0 

O. 



LOCATION: RDE 

DA'l'E TIME DEP'l'H 2 3- .. 5 

7/17-18/ 1939 
73 1944 10' *M 

1939 
1944 - 1M 10' 
2300 
2305 1M 0' 
2300 
2305 1M 20' 
0024 
0029 10' *M 
0024 
0029 1M 10' 
0603 
0608 11vi 0 ~ 

0603 
0608 ui 20' 

7/31- 1020 
~/1/73 1025 1M 10' 

2042 
2047 1M 10' 
0035 
0040 1 20' 
0103 
0108 10' *M 
0103 
0108 1M 10' 
0523 
0528 1M 
0523 
0528 1M 20' 

'- - .1..;;.-- -- ---~-

* ;: ~ meter net 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH !'!EQtJENC!, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 

3 11 

12 

6 

SPECIES: Whi te Perch 

13 14 Others TOTAI 

0 

2 2 

0 

0 

1 2 

5 5 5 35 
1 
i 

0 

1 1 

0 

0 

1 1 3 5 
. 

0 

0 

0 

6 6 



LOCATION I RDE 

DATE TIME DEPTH 2 3" 4 S 

8/14-15 1008 
73 1013 1M 10' 

0302 
0307 . 1M 10' 
0553 
0558 1M 20' 

. 

ROSETON-DANSlCAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

. 

12 

SPECIES; White Pe.rch 

13 14 others '1'O'1'AL 

0 

0 

1 

0 



LOCATION: RDECH 

DATE TIME DEPTH 2 3 4 

4/11/73 0932 
0937 S 
1135 
1140 M 

5/10/73 1013 
1018 S 1 4 
1124 
1129 B 9 
1306 
1311 B 
1417 
1422 B 
1918 
1923 S 1 2 
1957 
2002 S 1 
2130 
2135 M 
2156 
2201 30' 
2338 
2343 40' 
2354 
2359 50' 

5/22-23 1125 
73 1130 S 4 

1125 
1130 10' 
1125 
1130 30' 1 
1350 
1355 40' 11 

---- --- --------_. ----.-~ ~-

ROSE'l'ON-DANSKAMMER FISH lARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mill SIZE GROUPS 
5 6 7 8 9 10 11 

35 24 15 3 1 

43 30 

91 199 42 7 3 

3 39 44 11 2 2 5 

4 13 1 

6 7 

2 

3 

237 98 4 39 18 

29 91 14 10 6 

1 

157 89 93 29 7 

_I 

SPECIES: Alosa --

12 13 14 others TOTAL 
, 
, 

I 

0 I 
I 

I 

0 

83 

82 

342 

106 

21 

14 

2 

0 

0 

3 

4 404 

150 

2 

4 390 



LOCATION: RDECH 

DATE TIME DEPTH .2 ;3 4 5 

5/22-23 1350 
73 1355 40'* 8 24 

1520 
1525 10' 116 624 
1520 
1525 10'* 49 
1805 
1810 0' 69 
1805 
-810 10' 3 3 60 
2200 
2205 20' 
2200 
2205 30' 1 1 
2220 
2225 40' 
0005 
0010 10' 
0005 
0010 20' 1 
0045 
0050 0'* 10 3 
0045 
0050 0' 39 36 
0316 
0321 0' 26 26 
0316 
0321 10' 9 30 
0436 
0441 30' 9 23 22 
0456 
0501 20' 

_L 

ROSETON-OANSl<AMMER FISH lARVAE 
LENGTH FREQUENCY I DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 ·9 10 11 

13 2 1 

228 43 18 12 

148 36 

207 38· 3 10 

84 31 13 28 3 5 

2 1 

1 1 1 1 

, 11 4 7 4 7 

21 47 125 135 73 109 

33 58 39 51 21 30 

20 21 6 3 1 

6 136 322 

SPECIES: ~ 

12 13 14 Others TO'l'Al 

48 

1041 

233 

3 330 I 

! 

3 233 

0 

- 5 

0 

0 

1 

17 

5 113 

145 5 712 

271 

324 

252 52 768 

~ 



DATE TIME DEPTH 

5/22-23 0456 
73 0501 30' 

0702 
0707 ~O' 
0702 
0707 50' 
0737 
0742 0' 

6/7-8/73 2328 
2333 0' 
2328 
2333 10' 
0015 
0020 40' 
0015 
0020 50' 
0424 
0429 20' 
0424 
0429 30' 

6/19-20 1015 
73 1020 0' 

1015 
1020 50 ' 
1120 
1125 10' 
1120 
1125 20 ' 
1320 
1325 40' 
2202 
2207 30' 

- - -- - -

LOCATION:' RDECH 

2 3 4 5 

18 

4 4 

2 2 63 32 

10 79 

5 3 

2 1 3 

1 6 

1 3 

10 2 

5 

12 

1 

4 

2 

ROSE'l'ON-DANSlCAMMER FISH LARVAE 
LENGTH PREQOENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

33 

I 
12 2 ~ 1 

~ 

52 I 24 19 34 11 13 

5 is 10 17 32 14 

73 7 5 5 17 

2 4 3 

2 1 1 2 1 

1 2 4 9 11 7 

3 1 1 1 1 1 

6 6 13 6 19 19 

14 16 10 14 8 10 

18 20 20 2C 28 32 

3 1 2 

2 6 13 33 6 25 

3 2 5 4 

4 4 32 32 27 

3 7 21 43 32 28 

---- ---- -------- -- ---~ --~-- --~ -

SPECIES: Alosa 

12 13 14 others TOTAl 

66 

"i9 170 

2 194 

2 198 

2 2 21 

3 1 17 I 

5 2 . 1 50 

4 6 2 24 

8 8 10 15 120 

26 5 3 111 

58 52 15 10 285 

2 1 10 

27 13 4 2 l35 

1 15 

32 33 2 8 164 

10 3 5 154 



LOCATION: RDECH 

DAft TIME DEPTH . 2 3 4 5 
. 

6/19-20 2340 
73 2345· 50' 

~\: . 
2340 

- .. 

2345 0' 
: 

0140 
0145 .10' 
0140 
0145 .20' 

7/2-3/7 1232 
1237 20'* 
1232 
1237 20 ' M 
1352 
1357 O'M 
1352 
1357 40' 
1700 
1705 20'* 2 
1700 
1705 20'M 3 
2045 
2050 20'M 1 
2045 
2050 20'*M 
2207 
2212 0' 
2227 
2212 40' 
0320 
.0325 20 ' M 
0320 
0325 20 '*M 

• ~ 1 _ _ "" ... ~ ..... ..... .0. .... 

aoBETON-DANSXAMMER FISH LARVAE 
LENGTH ~, DATA 

.1913 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 1 8 9 10 . ·11· 

4 17 13 

11 24 30 

22 16 

3 30 24 47 44. 21 

1 1 

2 5 6 12 14 17 

6 2 9 2 17 

1 

1 1 

2 4 3 3 6 

3 1 4 2 

1 

1 1 1 3 7 

4 

2 

SPECIES: A10sa 

12 13 14 Others TO'l'A: 

10 33 19 17 113 

30 37 4 17 153 

97 59 76 43 313 

27 27 24 1~ 259 

2 

28 2 6 1 93 

26 17 24 . 10 113 

1 1 2 5 

3 1 8 

11 9 10 13 64 

2 7 12 32 

1 1 4 9 16 

6 5 4 31 59 

7 215 226 

6 4 4 46 62 

0 
I 



LOCATION: RDECH 

DATE TIME DEPTH '2 3 4 5 

7/17-18 1317 
73 1322 20'M 

1317 
1322 20'*M 
1442 
1447 O'M 
1442 
1447 40' 
1720 
1725 20 ' M 
1720 
1725 20'*M 
2124 
2135 20'M 
2120 
2134 20'*M 
2240 
2.245 OIM 
2240 
2245 40' 
0310 
0315 20'M 
0310 
0315 20 ' *M 

7/31- 0928 
8/1/73 0933 40'M 

1448 
1453 10' 
2104 
2100 10 ' M 
0006 
0011 O'M 

* ;::; ~ meter net 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH' PSEQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 1Iml SIZE GROUPS 
6 7 8 9 10 11 

1 1 

. 

6 

2 
- - ,-~ .. ~-.,------,i....--_"'" 

. " 

SPECIES: A10sa --

12 13 14 Others TOTAL 

1 1 

0 

2 I 

I 

0 

0 

0 

, 

6 6 

0 

0 

3 3 

16 22 

0 

1 1 

0 

3 3 . 

2 4 



LOCATION: RDECH 

DAft TIME DEP'l'H 2 3 4 5 

7/31- 0006 
8/1/73 0011 20 1 M 

0006 
0011 40 l M 
0127 
0132 10 ' M 
0127 
0132 30'M 
0500 
0505 30 ' M 
o SO!!) 
0505 40' 
0618 
9623 10 ' M 
0618 
0623 30'M 

8/14-15 2045 
73 2050 10'M 

2212 
2217 40'M 
0212 
0217 O'M 
0302 
0307 10 ' M 
0537 
0542 20' 

L.. . --

ROSE'l'ON-DANSlCAMMER FISH lARVAB 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mID SIZE GROUPS 
6 7 8 -9 10 11 

SPECIES: 

12 13 

Alosa 

14 Others TOTAl 

6 6 

0 

4 4 

6 6 
I 

20 20 

6- 6 

. 
11 11 

0 

0 

3 3 

0 

0 

4 ~ 



LOCATION: 
RDECH 

DATE TIME DEPTH "2 3 4 

4/11/73 0932 
0937 S 
1135 
1140 M 

5/10/73 1013 
1018 S 
1124 
1129 B 
1306 
1311 B 
1417 
1422 B 
1918 
1923 S 

1957 
2002 S 
2130 
2135 M 
2156 
2201 30' 
2338 
2343 40' 
2354 
2359 50' 

5/22-23 1125 
73 1130 S 

1125 
1130 10' 
1210 
1215 20' 
1210 
1215 30' 

~- ~~-- --~~ 

J 

5 

iOSETON-DANSKAMMER FISH LARVAB 
LENGTH FREQyENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 

SPECIES: 

12 13 

American Shad 

14 others TOTAL 

0 

0 

0 

0 
! 

0 

0 

, 0 

0 

1 

0 

0 

0 

0 

0 

0 

0 



f 

LOCATION: RDECH 

.. 

DATE TIME DEPTH 2 .3 4 5 

5/22~23 1350 
73 1355 40' 

1350 
1355 40'* 
1520 
1525 10' 
1520 
1525 10'* 
1805 
1810 O· 
1805 
1810 10' 
2200 

-
2205 20' 
2200 
2205 30' 
2220 
2225 40' 
0005 
0010 .10' 
0005 
0010 20' 
0045 
0050 0' * . 
0045 
0050 0' 
0316 
0321 0' 
0316 
0321 10' 
0436 
0441 30' 

- --- _. ~-

* = ~ meter net 

ROSETON-DANSI<AMMER FISH LARVAS 
LENGTH ~, DATA 

1973 

NUMBER OF LARVAE BY 1 tam SIZE GROUPS 
6 7 8 ·9 10 11 

1 

1 4 2 1 

1 . 14 3 2 

., 

. 

1 1 11 28 15 

2 7 1 

1 1 

SPECIES: American Shad 

12 13 14 others TO'l'Al 

0 

8 

0 

20 

0 

0 

. a 

0 

0 

a 

0 

0 

0 

3 59 

10 

2 



LOCATION: RDECH 

DATE TIME DEPTH 2 3 4 5 
5/22-23 0456 
73 0501 20' 

0456 
0501 30' 
0702 
0707 40' 
0702 
0707 50' 
0737 
0742 0' 

6/7-8/ 2328 
73 2333 0' 

2328 
2333 ' f"\' .l.U 

0015 
0020 40' 
0015 
0020 50' 
0424 
0429 20' 
0424 
0429 30' 

6/19-20 1015 
73 1020 0' 

1015 
1020 50' 
1120 
1125 10' 
1120 
1125 20' 
1320 
1325 40' 

----- ----

ROSB'rON-DANSKAMMER FISH IARVAS 
LENGTH PREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 7 16 1 

3 10 86 165 

1 1 1 

1 6 2 1 

.. 

SPECIES:American Shad 

12 13 14 others TOTAL 

25 

16 3 364 

3 
I 
i 

10 

0 

1 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



, ( 

ROSETON-DANSKAMMER FISH LARVAE 
N 

LENGTH FREQtJENC!, DATA 
1973 

LOCATION: ' RDECH SPECIES: American Shad 

, NUMBER OF LARVAE BY 1 DIDl SIZE GROUPS 
DATE TIME DEP'l'H 2 3 4 5 

" 
6 1 8 : 9 10 ' 11 12 13 14 others TfYrAI 

6/19-20 2202 
73 2207 30' 

0 

2340 
2345 50' 0 

2340 
2345 0' a 
0140 
0145 10' 0 , 

I 

I 

0140 
0145 20' . 1 1 

7/2-3/73 1222 
·1237 20'*M a 

1232 
1237 20'*M 0 

1352 
1357 O'M 0 

1352 
1357 40' 0 

1700 
1705 20'*M 

0 

1700 
1705 20'M 0 

2042 
2051 20'M 0 

2045 
2050 20'*M 0 

2207 
2212 0' 0 

2207 
2212 40' 0 

0320 
0325 20' 0 

* = ~ meter net 



LOCATION: RDECH 

DATE TIME DEPTH 2 3 4 5 

7/2-3/7 0320 
03.25 20'*M 

7/17-18 1317 
73 1322 20'M 

1317 
1322 20'*M 
1442 
1447 O'M 
1442 
1447 40' 
1720 
1725 20'M 
1720 
1725 20' *iv1 

2124 
2135 O'M 
2129 
2134 20'*M 
2240 
2245 O'M 
2240 
2245 40' 
0310 
0315 20'M· 
0310 
0315 20' *M 

----- -------

* = ~ meter net -1-··--· I 

ROSBTON-DANSICAMMER FISH IARVAB 
LENGTH !'REQtJENg!, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 ' 11 

6 6 6 1 1 

. 

... 

12 

SPECIES:American Shad 

13 14 others T(Yl'At 

0 

2 22 

0 

0 
I 

- 0 

0 

. 0 

0 

0 

0 

0 

a 

0 

_ l 



.! i 

DATE TIME DEPTH 

4/11/7J 0932 
. 0937 S 

1135 
1140 M 

5/10/73 1013 
1018 S 
1124 
1129 B 
1306 
1311 B 
1417 
1422 B 
1918 
1983 S 
1957 
2002 S 
2130 
2135 M 

2156 
2201 30' 
2.338 
2343 40' 
2354 
2357 50'· 

5/22-23 1125 
73 1130 S 

1125 
1130 10' 
1210 
1215 20' 
1210 
1215 30' 

. LOCATION: RDECH 

2 3· 4 5 

1 

1 

------

ROSETON-DANSXAMMER FISH lARVA!!: 
LENGTH FREQYENC!, DATA 

1973 

NUMBER OF LARVAE BY 1 mill SIZE GROUPS 
6 7 8 9 10 11 

. 

SPECIES: Striped Ba'ss 

12 13 14 others TOTAL 
, 

a 1 

I 
0 J 

I 
a 

0 

0 

0 

0 

0 

0 

0 

0 

a 

1 

a 

1 

a 



LOCATION: RDECH 

DATE TIME DEPTH 2 3 4. 5 

5/22-23 P.350 
73 P.355 40' 

P.350 
1355 40'· 
1520 
P.525 10' 
1520 
1525 10'· 
1805 
1810 0' 
1805 
1810 10' 
2200 
2205 20' 
2200 
2205 30' 
2220 
2225 40' 
0005 
0010 10' 
0005 
0010 20' 
0045 
0050 0'· 
0045 

. 0050 0' 
0316 
0321 0' 
0316 
0321 10' 
0436 
0441 30 ' 2 

ROSETON-DANSlWtMER FXSH LARVAS 
LEHGTH FRBQtJEtC!, DAD 

1973 

NUMBER OF LARVAE BY 1 lID SIZE GROUPS 
6 7 8 ·9 10 11 

1 

- --- .. "-- --- ---

12 

SPECIES: Striped Bass 

13 14 others TOTAl 

0 

0 

0 

0 

0 

1 

- 0 I 

I 
0 I 

! 

0 

0 

0 

0 

0 

0 

0 

2 



LOCATION: RDECH 

DATE TIME DEPTH 2 3. 4 
5/22-23 0456 
73 0501 20' 

. 0456 
0501 30 t 
0702 
0707 40' 
0702 
0707 50' 1 
0737 
0742 O· 

6/7-8 2328 
73 2333 0' 7 17 

2328 
2333 10' 11 19 
0015 
0020 40' 1 2 
0015 
0020 50' 1 1 2 
0424 
0429 20' 10 23 
0424 
0429 30' 2. 13 

6/19-2 1015 
73 1020 0' 

1015 
1020 50' 
1120 
1125 10' 
1120 
1125 20' 1 
1320 
1325 40' 

'} 

5 . 

46 

15 

3 

3 

7 

4 

4 

ROSETON-DANSKAMMER FISH LARVAB 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mill SIZE GROUPS 
.6 7 8 ·9 .10 11 

5 

5 

1 

5 4 

4 

3 7 

1 1 

SPECIES: Striped Bass 

12 13 14 others ~ 

0 

0 

0 

1 

0 

75 

45 

11 

7 

40 

19 
.. -

1 

9 

4 

15 

2 

~"-



LOCATION: RDECH 

DATE TIME DEPTH 2 3 4 5 

6/19-20 2202 
73 2207 30' 

2340 
2345 50' 2 
2340 
2345 o· 1 1 
0140 
0145 10' 2 
0140 
0145 20' 120 

7/2-3/ 1232 
73 1237 M20'* 

1232 
1237 M20' 
1352 
1357 a'M 
1352 
1357 40' 
1700 
1705 20'*M 
1700 
1705 20'*M 
2045 
2050 20'*M 
2045 
2050 20'*m 
2207 
2212 O· 
2207 
2212 40' 
0320 
0325 20'*M 

. - . -- . __ . -- -- ~- --- "---~~ _ . 

*.:: ~ meter net 

ROSETON-DANSlCAMMER FISH IARVAB 
LENGTH FRE~, DATA 

1973 

NUMBER OF LARVAE BY 1 l1li SIZE GROUPS 
6 7 8 9 10 11 

1 2 

4 1 

1 7 . 1 

102 28 9 

1 

SPECIES: Striped Bass 

12 13 14 Others TOTAL 

3 

7 

2 

11 

259 

0 

. 0 

0 

0 

1 

0 

0 

O· 

0 

0 

0 



i 

LOCATION: RDECH 

DA'l'B TIME DEPTH 2 3 4 

7/17-18 l317 
73 1322 20*M 

1317 
1322 20*m 
1442 
1447 O'M 
1442 
1447 40 ' 
1720 
1725 20 ' M 
1720 
1725 20*M 
2129 
2134 20 ' M 
2129 
2134 20*M 
2240 
2245 O'M 
2240 
2245 40' 
0310 
0315 20'M 
0310 
0315 20*M 

7/31- 0928 
.8/1/73 0933 40'M 

1448 
1453 10' 
2104 
2109 10'M 
0006 
0011 O'M 

* :;:; l-:! meter net 

5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH PREQUENgY f DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 ·9 10 11 

1 

12 

1 

1 

SPECIES: Striped Bass 

13 14 others ~ 

1 2 

0 

0 

1 2 

0 

0 

. 0 
I 

0 I 

0 

0 

1 10 12 

1 1 

O· 

0 

0 

0 

-~,,-



LOCATION: ROEeR 

DATE TIME DEPTH 2 3 .4 

7/31- 0006 
8/1/73 0011 20 1 * 

0006 
0011 40 1 M 
0127 
0132 10 1 M 
0127 
0132 30'M 
0500 
0505 0' 
0500 
0505 40' 
0618 
0623 10 i M 3 
0615 
0623 30'M 

8/14-15 2045 
73 2000 10'M 

·2212 
2217 40'M 
0212 
0217 O'M 
0302 
0307 40'M 
0537 
0542 20'··· 

~ -

* = ~ meter net 

ROSFroN-DANSKAMMER FISH LARVAB 
LENGTH FREQUENCY, . DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
5 6 7 8 9 10 11 

- - -_.- ---- .. 

12 

SPECIES: Striped Bass 

13 14 others TOTAl 

0 

5 5 

·0 

0 

1 1 

0 

3 I 

0 

0 
I 
I 
i 

0 I 

, 

0 

0 

I 2 2 

... 



r ( -

LOCATION: 

DATE ' TIME DEPTH 2 3 4 

4/11/73 0932 
0937 S 
1135 
1140 M 

5/10/73 1013 
1018 S 
1124 
1129 B 
1306 
1311 B 

,1417 
1422 B 
1918 
1923 S 
1957 
2002 s 
2130 
2135 M 
2156 
2201 30' 
2338 
2343 40' 
2354 
2359 50' 

5/22-23/ 1125 
73 1130 S 

1125 
1130 10' 
1210 
1215 20' 
1210 
1215 30' 

----- -

',I 

RDECH 

5 

ROSE'l'ON-DANSl(AMMER FISH lARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 _ SIZE GROUPS 
6 7 8 9 10 11 

SPECIES: 

12 13 14 

Tom Cod 

Others 'f'Ol'A! 

0 

0 

0 

0 

0 

0 , 
I 

I - 0 

0 

0 

0 

0 

0 __ 

0 

0 

0 

0 



LOCATION: RDECH 

DATH TIME DEP'l'ft 2 3 4 

5/22-23/ 1350 
73 1355 40' 

1350 
1355 40'* 
1520 
1525 10' 
1520 
1525 10'* 
1805 
1810 O· 
1805 
1810 10' 
2200 
2205 20' 
2200 
2205 30' 
2220 
2225 40' 
0005 
0010 10' 
0005 
0010 20' 

·0045 
0050 0'* 
0045 
0050 0' 
0316 
0321 0' 
0316 
0321 10' 
0436 
0441 30' 

* == ~ meter net 

5 

ROSETON-DANSKAMMER FISH LARVAB 
LEHG'1'H FREQUENCY, DATA 

1973 

HUMBER OF LARVAE BY 1 DIll SIZE GROUPS 
6 .7 8 ·9 10· 11 

-- -- - - --- - ------

SPECIES: 

12 13 

Tom Cod 

14 others TOTAl 

0 

0 

0 

0 

0 

0 

- 0 

0 

0 

0 

0 

0 

o· 

0 

0 

9 9 



LOCAT'ION: RDECH 

DATE TIME DEPTH 2 .3 4 

7/2-3/73 1232 
1237 20'*M· 
1232 
1237 20 ' M 
1352 
l357 O'M 
1352 
1357 40' 
1700 
1705 20'M 
1700 
1705 20 ' M 
2045 
2050 20'M 
2045 
2050 20'*M 
2207 
2212 0' 
2207 
2212 40' 
0320 
0325 20' 
0320 

.0325 20 ' *M 
7/17-18/ 1317 
73 1322 20'M 

1317 
1322 20'*M 
1442 
1447 O'M 
1442 
1447 40' 

* ::: ~ meter net 

5 

f 

ROSE'l'ON-DANS1<AMMER FISH lARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 .7 8 9 10 11 

, 

, 

, 

12 

SPECIES: Tom Cod 

13 14 others ~ 

0 

0 

0 

0 

0 

0 

. 0 
I 

0 

0 

0 

0 

0 
---

0 

0 

0 

0 

--



LOCATION: RDECH 

DATE TIME DEPTH 2 3 4 

7/17-18/ 1720 
73 1725 20'M 

1720 
1725 20'*M 
2120 
2134 20'M 
2129 
2134 20'*M 
2240 
2245 O'M 
2240 
2245 40' 
0310 
0315 20 ' M 
0310 
0315 20'*M 

7/31- 0928 
8/1/73 0933 40'M 

1448 
1453 la' 
2104 
2109 10'M 
0006 
0011 20'M 
0006 
0011 20'M 
0006 
0011 40'M 
0127 
0132 10'M 
0127 
0132 30'M 

- - -~----- -----

* = ~ meter net 
( 

5 

ROSE"l'ON-DANSKAMMER FXSH LARVAB 
LEHG'l'H FRBQOENCY, DATA 

1973 

HUMBER OF LARVAE BY 1 1l1li SIZE GROUPS 
.6 7 8 ·9 10 11 

SPECIES: 

12 13 

• 

Tom Cod 

14 others TOTAL 

a 

a 

0 

a 
I 

a I 
I 

a I 
. a 

0 

0 

0 

a 

0 

0 

0 

0 

a 



LOCATION: RDECH 

DA'l'B TIME DEPTH 2 3 4 

7/31- 0500 
8/1/73 0505 0' 

0500 
0505 40' 
0618 
0623 10'M 
0618 
0623 30'M 

8/14-15/ 2045 
l73 2050 10'M 

2212 
2217 10'M 
0212 
0217 O'M 
0302 
0307 10'M 
0537 
0542 20' 

5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY« DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 ·9 10 11 

1 

SPECIES: 

12 13 

Tom Cod 

14 others ~ 

0 , 
i 

0 I 
i 
I 

0 

1 

0 

0 

0 

0 

0 

~ 



LOCATION: 

DATE TIME DEP'l'B 2 3 

4/11/73 0932 
0937 S 
1135 
1140 M 

5/10/73 1013 
1018 S 
1124 
1120 B 
1306 
1311 B 
1417 
1422 B 
1918 
1923 S 
1947 
2002 S 
2130 
2135 M 
2156 
22.01 30'_ 
2338 
2343 40' 
2354 
2339 50' 

5/22-23 1125 
73 1130 S 

1125 
1130 10' 
1210 
1215 20' 
1210 
1215 30' 

- ---- --- -------

RDECH 

ROSBTON-DANSlCAMMER FISH LARVAB 
LENGTH PREQtJENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
4 5 6 7 8 9 10 11 

1 1 

1 1 

1 

1 1 

1 

- -- ~.- ~---

---1--1 

SPECIES: White Perch 

12 13 14 others TOTAl 

2 

0 

2 

0 

1 

2 

- 0 

0 

0 

0 

0 

0 

0 

0 

1 

0 



LOCATION: 

DATE TIME DEP'l'H 2 3 

5/22-23 1350 
73 1355 40' 

1350 
1355 40'* 
1520 
1525 10' 
1520 
1525 10'* 
1805 
1810 0' 
1805 
1810 10' 
2200 
2205 20' 
2200 
2205 30' 
2220 
2225 40' 
0005 
0010 10' 
0005 
0010 20' 
0045 
0050 0'* 
0045 
0050 A' 
0316 
0321 A' 
0316 
0321 la' 1 
0436 
0441 30' 1 1 

* - ~ meter net' 

I 

RDECH 

4 5 

1 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY« DATA 

1973 

'\ 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 

SPECIES: Whi te Perch 

-, 
12 13 14 others '1 '(y1.~'A 

( 

( 

( 

( 

( 

' . 
( 

( 

( 

( 

( 

( 

( 

( 

--.. , 



LOCATION: RDECH 

DATE TIME DEPTH 2 3 4 

5/22-23 0456 
73 0501 20' 

0456 
0501 30' 
0702 
0707 40' 
0702 
0707 50' 
0737 
0742 O· 

6/7-8/7 2328 
2333 o· 
2328 
2333 10' 
0015 
0020 40' 
0015 
0020 50' 3 
0424 
0429 20' 1 13 
0424 
0429 30'· 1 

6/19-20 1015 
73 1020 0' .1 5 

1015 
1020 50' 5 
1120 
1125 10' 37 44 
1120 
1125 20' 3 
1320 
1325 40' 1 1 

- -

5 

3 

4 

11 

23 

5 

ROSE'l'ON-DANSJ(AMMER FISH JARVAH 
LBNGTB nEQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 11IlIl SIZE GROUPS 
6 ., 8 9 10 11 

1 

1 

4 1 

35 24 

4 3 
_. - --I.-.. 

12 

SPECIES: White Perch 

. 
13 14 others TOTAL 

0 

- 0 

0 I 

1 i 
0 I 

I 

a I 
. a 

a 

3 

17 

1 

7 

14 

92 

85 

14 



r { 

LOCATION: RDECH 

DA'l'B TIME DEPTH 2 3 4 5 

6/19-20 2202 
73 2207 30' 1 

2340 
2345 50' 9 . 17 
2340 
2345 0' 3 
0140 
0145 10' 2 

·7/2-3/73 1232 
1237 20'*M 
1232 
1237 20'M 1 1 
1352 
1357 O'M 
1352 
1357 40' 1 
1700 
1705 20'*M 
1700 
1705 20'M 1 1 1 
2045 
2050 20'M 
2045 
2050 20'*M 1 
2207 
2212 0' 
2207 
2212 40' 
0320 
0325 20'M 
0320 
0325 20'*M 

* == ~ meter net 

r 
ROSETON-DANSKAMMER FISH LARVAE 

LENGTH FREQUENCY« DATA 
1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 1 

12 7 3 

1 2 

4 

1 1 1 

1 1 1 

1 

2. 

1 

SPECIES: White Perch 

--
12 13 14 Others rotA! 

3 

48 

6 

6 

0 

2 
i 

0 

1 2 5 12 

0 

6 

1 2 

1 

1 1 4 

0 

1 

0 

-",-..,_'.".-., """~' 



LOCATION: RDECH 

DA'l'B TIME DEPTH 2 3 4 5 

7/17-18 1317 
73 1322 20'M 

1317 
1322 20'*M 
1442 
1447 O'M 
1442 
1447 40' 
1720 
1725 20'M 
1720 
1725 20'*M 
2129 
"'1~A .c;.A,.J'" 20!M . 
2129 
2134 20'*M 
2240 
2245 O'M 
2240 
2245 40' 
0310 
0315 20'M 
0310 
0315 20'*M 

7/31- 0928 
8/1/73 0933 40'M 

1448 
1453 10' 
2104 
2109 10'M 
0006 
0011 O'M 

-- ~ --- ----- ~ -- ---. - --- --- -_. ----

* = ~ meter net 

- { -\ I 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 DIll SIZE GROUPS 
6 7 8 9 10 11 

. 
1 

12 

3 

SPECIES: White Perch 

I 

13 14 Others TOTAL 
I 

I 

4 4 

a 

a 

.t. 

3 5 8 

0 

-
1 1 

0 

0 

1 1 

1 66 67 

1 1 

0 

0 

0 

a 



f ) 
\ r f . 

LOCATION: 

DATE TIME OEPTH 2 3 

7/31- 0006 
8/1/73 0011 20 1 M 

0006 
0011 40 l M 
0127 
0132 10 1 M 
0127 
0132 30 1 M 
0500 
0505 0' 
0500 
0505 40' 
0618 
0623 10 1M' 

0618 
0623 30 1 M 

8/14-15 2045 
73 2050 10'M 

2212 
2217 40'M 
0212 
0217 O'M 
0302 
0307 10'M 
0537 
0542 20' 

r 

RDECH 

4 5 

r 

ROSE'l'ON-DANSKAMMER FISH LARVAl!: 
LENGTH P!EQUBNCY, DATA 

1973 

1 

NUMBER OF LARVAE· BY 1 nun SIZE GROUPS 
6 .7 . 8 ·9 '10 11. 12 

1 

SPECIES: White Perch 

13 14 Others ',OOTAL1 

1 1 

2 2 

0 

0 

0 

3 3 

0 

1 1 3 

0 

0 

, 
0 

0 

0 

.---



LOCATION: RDWCH 

DATE TIME DEPTH 2 3 4 5 

4/11/13 0915 
1920 lMS 
1115 
1120 lMI0' 

5/10-11/ 0949 
73 0954 lMS 7 50 

1135 
1140 lM10' 2 7 
1230 
1235 lM20' 10 
1246 
1251 IM20' 81 
1324 
1329 IM30' 13 44 
14QO 
1405 lM40' 1 
1430 
1435 1M50' 2 1 1 
1605 
1610 1M50' 2 
1905 
1910 IMS 5 
2011 
2016' IMI0' 3 1 
2108 
2113 lM20' 2 
2230 
2235 IM30' 
2314 
2319 IM40' 1 3 2 8 
0018 
0023 IM50' 

~~ -

I 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

15 1 

79 41 

7 1 

133 3 3 2 

12 ') 2 "'-

14 8 1 

2 1 1 

2 

28 33 2 

1 

4 1 

5 1 

1 
- -~-~--~~ -- --~-- -- ------~'----

SPECIES: ~ 

, 

12 13 14 Others TOTAL 
i 

0 
I 

0 

73 

12<; 

18 

22. 

73 

24 

8 

4 

68 

5 

7 

0 

20 

1 



---1 __ .-l'---.J 

DATE TIME 

5/22-23/ 1045 
73 1050 

1305 
1310 
1335 
1350 
1335 
1350 
1445 
1450 
1445 
1450 
1640 
1645 
1640 
1645 
2050 
2055 
2050 
2055 
2115 
2120 
2115 
2120 
2245 
2250 
2245 
2250 
2340 
2345 
0248 
0253 

--f ---l _---1 .-I -.J ---..! '" r --·1----1 --I ,-~ 

LOCATION: ROweH 

DEPTH 2 3· 4 5 

1MO'. 15 180 

IM20' 3 6 

40'*M 3 

IM40' 1 3 10 

20'*M 2 5 

IM20' 2 14 

IMS 3 17 

IMI0' 6 11 

IMO' 7 28 27 

IM10' 1 6 20 

IM20' 4 1 

IM30' 1 1 

IM30' 7 19 23 12 

IM40' 

1M20' 

IMI0' 7 

""'" - L TY\O ..... Oy npr. 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

104 3 6 12 

2 4 1 1 

2 1 3 1 

3 3 7 3 3 1 

1 

15 5 6 5 1 

11 1 

3 1 1 1 

4' 

5 1 

2 

29 9 4 13 4 

--I ,-{ -.- -l --1 --~ 

SPECIES: ~ 

12 13 14 Others TOTJ -

o 

1 

3 

-



LOCATION: ROWCH 

DATE TIME DEPTH 2 3- 4 5 

5/22-.23/ 0517 
73 0522 IM20' 15 19 

0517 
0522 IM30' 13 19 
0634 
0644 IM40' 1 14 20 
0634 
0644 IM50' 3 4 38 49 
0754 
0759 IMS 2 7 35 
1305 
1310 lM30' 20 22 

6/7-R/73 2240 
2245 1MS /I 2 ..., 
2240 
2245 IMI0' 5 
2240 
2245 IM30' 4 5 9 
0035 
0040 IM40' 3 4 
0035 
0040 1M50' 8 22 
0405 
0410 IM20' 7 18 

~/19-201 1145 

73 1150 IMI0' 
1145 
1150 1M20' --- 3 6 
1240 
1245 lM40' 3 
1655 
1700 1MS 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY! DATA 

1973 

NUMBER OF LARVAE BY 1 ram SIZE GROUPS 
6 7 8 9 10 11 

8 19 3 14 13 5 

3 2 2 2 1 

7 2 1 

5 2 

38 8 2 2 2 

2 2 3 1 6 

19 37 41 25 6 

19 15 5 1 1 14 

3 2 

6 5 7 2 5 

2 1 3 2 1 4 

12 12 6 1 

14 14 33 57 95 66 

3 6 9 8 2 7 

3 3 5 2 10 3 

2 1 1 2 3 
_. _ .. -

--~ - ----- --

SPECIES: Alosa 

12 13 14 others TOTAL 

46 

42 

45 

3 104 

2 98 

1 57 

10 8 10 4 166 

1 1 2 64 

1 24 

4 4 4 44 

2 3 2 1 51 

56 

47 33 14 28 401 

9 1 58 

1 1 31 

1 2 4 16 

\ 



r ( r 

LOCATION: RDWCH 

DATE TIME DEPTH 2 3- 4 5 

-6/19-20/ 1655 
73 1700 IM50 

0000 
0005 IMO' 
0000 
0005 IM50 3 3 
0057 
0102 IM20 
0057 
0102- lMIO 

7/2-3/73 1332 
, 

1337 IMO' 
1332 
1337 40'M 
1638 
1643 20'* 
1638 

-1643 IMO 
2037 
2042 M* 
2037 
2042 IMO' 
2132 
2137 IMO' 16 9 
2132 
2137 lM40 1 
0241 
0246 20'* 

. 0241 
0246 1M20 

7/17-18/ 1300 
73 1305 IM20 

---

* ;:; ~ meter net 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

3 3 18 13 31 

_3 3 10 7 15 13 

4 4 6 10 14 

2 2 3 6 19 5-

1 

1 1 1 1 

16 7 7 2 1 1 

8 

SPECIES: ~ 

12 13 14 Others TOTAl 

0 

0 

31 18 13 18 54 

25 4 1 3 84 
I 

I 

7 14 66 32 97 

12 9 7 5 70 

0 

1 

1 2 7 

1 1 2 

1 9 10 

1 1 4 66 

1 1 42 45 

2 1 2 10 15 

20 20 40 150 238 

0 



LOCATION: RDWCH 

DATE TIME DEPTH 2 3· 4 5 
7/17-i8/ 1300 
73 1305 1M20' 

1356 
1401 lMO' 
1356 
1401 IM40' 
1705 
1710 20'*M 
1705 
1710· 20'*M 
2108 
2113 20'*M 
2108 
2113 lM20' 
2214 
2218 1MO' 
2214 
2218 IM40' 
0235 
0240 20'*M 
0235 
0240 IM20' 

7/31- 0857 
8/1/73 . 0902 1M40' 

1300 
1305 1MO' 
1657 
1702 IM40' 
1826 
1831 IM30' 
1937 
1942 IM40' 

... _"- ______ .L.. 

ROSETON-DANSKAMMER FISH LARVAE. 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

2 

SPECIES: 

12 13 

1 1 

1 -1 

1 1 

1 

A10sa 

14 others '!'OrAL 

0 

0 

O' 

0 i 

0 

0 

5 5 

4 

5 5 

1 3 

15 17 

1 

0 

0 

0 

1 1 



r r 

LOCATION: ROweH 

DATE TIME DEPTH 2 3.· 4 5 

7/31- 2142 
8/1/73 2147 IM30' 

2330 
2335 IMO' 
2330 
2335 IM20' 
2330 
2335 IM40' 
0149 
0154· 1MI0' 
0149 
0154 IM30' 
0412 
0417 1MO' 
0435 
0440 IM40' 
0639 
0644 lM30' 
2106 
2111 IMI0' 
2106 
2111 lM20' 
2106 
2111 lM30' 
2158 
2203 IM20' . 
0518 
0523 1M20' 
0625 
0630 IM30' 

~-- .. _. -_. 

1 

ROSETON-DANSKAf.tMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 

1 1 

SPECIES: A10sa --.-.-.--

12 13 14 

1. 

others TOTAl 

0 

0 

a 

4 5" 

0 , 

3 3 

1 1 

3 

a 

0 

1 1 

0 

0 

0 

0 

- -~ -



LOCATION: ROWCH 

DATE 'lIMB DEPTH I 2 3- 4 
4/11/13 0915 

0920 lMS 
1115 
1120 !M10' -

5/10-11/ 0949 
73 0954 lMS 

1135 
1140 !M10' 
1230 
1235 . lM20' 
1246 
1251 IM20' 
1324 
1329 1M30' 
1400 
1405 IM40' 
1430 
1435 lM50' 
1605 
1610 1M50' 
1905. 
1910 1MS 
2011 
2016 IMlO' 
2108 
2113 IM2·0· 
22·30 
2235 IM30' 
2314 
2319 IM40' 
0015 
0023 1M50' 

L- __ .~_~~ _" ___ L-.. 

( 

5 

ROSETON-DANSl(N.1MER FISH LARVAE 
LENGTH FREQUENCY. DATA 

1973 

NUMBER OF LARVAE BY 1 nun SI2:E GROUPS 
6 7 8 9 10 11 

1 

12 

SPECIES: American Shad 

13 14 Others TOTAl 

0 

0 

0 

0 

0 

0 

0 

0 

1 

o . 

0 

0 . 
0 

0 

0 

0 

.( 



f 

LOCATION: RDWCH 

DATE TIME DEP'l'H 2 3· 4 5 

5/22-23/ ~045 
73 1050 IMO' 

1305 
1310 1M20' 
1335 
1340 40'*!ol 
1335 
1340 1M40' 
1445 
1450 20'*1>1 
1445 
1450 1M2 0 , 
1640 
1645 1MS 
1640 
1645 lMI0' 
2050 
20·55 lMO' 
2050 
2055 1M10' 
2115 
2120 1M20' 
2115 
2120 IM30' 
2245 
2255 IM30' 
2245 
2245 .1M40' 
2340 

: 

2345 1M20' 
0248 
0253 IMIO' 

* = ~ meter net 

r r 

ROSETON-DANS1<AMMER FISH LARVAE 
LENGTH FREQUENCY l DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 1 3 
. 

1 1 

1 

2. 

1 2 8 10 

SPECIES: American Shad 

12 13 14 others TOTAl 

0 

0 

1 6 

0 

0 

I 

0 I 

2 
I 

1 

0 

2 

0 

0 

0 

0 

0 

5 1 27 

--



LOCATION: RDWCH 

DAft TIME DEP'l'B 2 3· 4 

5/22-2"3/ 0517 
73 0522 1M20' 

.0517 
0522 IM30' 
2639 
2644 1M40' 
2639" 
2644 1M50' 
0754 
0759 1MS 
1305 
1310 lM30' 

6/7-8/7 2240 
2245 1MS 
2240 
2245 lM10' 
2240 
2245 1M30' 
0035 
0040 lM40 r 

0035 
0040 lM50' 
0405 
0410 lM20' 

6/19-20 1145 
73 1150 IMlO r 

1145 
1150 1M20' 
1240 
1245 IM10' 
1655 
1700 1MS 

-

- ·-1 

5 

ROSETON-DANSKAMMER FISH lARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 . 1 

1 

1 1 1 

_________ -- L.-.. . 
--~-. 

-- ~ ---_. -

12 

SPECIES: American Sh,ad 

13 14 Others TOTAl 

2 

1 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

--- - -~ 



r 

DATE TIME DEPTH 
6/19-20/ ~6SS 
73 ~700 1MSO' 

POOO 
POOS 1MO' 
pOOO 
POOS IMSO' 
pOS7 
PI02 IM20' 
[0057 
~n02 IMI0' 

7/11-18 ~1.300 
73 11305 1M20' 

11300 
1305 1l~20' 

1356 
1401 1MO' 
1356 
1401 IM40' 
1705 
1710 20'*M 
1705 
1710 20'*M 
2108 
2113 20'*M 
2108 
2113 20' 
2214 
2218 A' 
2214 
2218 IMO' 
2214 
??1Q An' 

. r 

LOCATION: ROweR 

2 3 4 5 

1 

ROSETON-DANSKAMMER FISH lARVAE 
LENGTH FREQUENCY, DATA 

1973 

r 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

SPECIES: American Shad 

12 13 14 Others TO'I'i'U 

a 

0 

a 

0 

0 

a 

0 

a 
! 

0 

0 

0 

a 

0 

0 

0 

v ""~ .... 



LOCATION: RDWeH 

DATE 'l'·IME DEPTH 2 3· 4 

7/17-18/ 2214 
7.3 2218 IM40' 

0235 
0240 20'*M 
0235 
0240 20'*M 
0235 
0240 20' 
0235 
0240 ·1M20' 

7/31- 0857 
8/1/73 0902 IM40' 

0857 
0902 1M40' 
1300 
1305 . O· 

1657 
1702 40' 
1826 
1831 IM30' 
1826 
1831 IM30' 
1937 
1942 40' 
1937 
1942 IM40' 
2142 
2147- ·1M30' 
2330 
2,335 0' . 
2330 
2335·· .-

* = ~ meter net 

.- \ .. ( 

5 

ROSETON-DANSKAt-tMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 a 9 10 11 12 

SPECIES: American Shad 

13 14 others TOTAl 

0 

0 

b 

0 

0 

0 

0 
I 

0 

0 

0 

0 

0 

0 

0 

0 

0 



1 

LOCATION: RDWCH 

DATE TIME DEPTH I 2 3· 4 
7/31-' 2330 
8/1/73 2335 20'IM 

2230 
2335 40' 
0149 
0157 1M10' 
0149 
0157 1MlO' 
0149 
0157 . IMlO' 
0412 
0417 lMO' . 
0412 
0417 lMS 
0435 
0440 1M40' 
0435 
0440 40' 
0639 
0644 lM30' 

8/14/73 2106 
2111 lMlO' 
2106 
2111 lM20' 
2106 
2111 1M30' 
2158 
2203 . IM20' 
2158 
2203 IM20' 

---- ._---

5 

--

ROSE'rON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 a 9 10 11 .12 

'-

SPECIES: American Shad 

13 14 Others TOTAl 

0 

0 

'0 

.0 

0 

0 

0 , 
0 

0 

0 

0 

0 . 
0 

0 

0 

___ . I 



LOCATION: RDWCH 

DATE TIME DEP'1'8 2 3 4 5 

4/11/73 0915 
0920 IMS 
1115 
1120 IMlO' 

5/10-11 0949 
73 0954 lMS 

1135 
1140 IMI0' 
1230 
1235 IM20' 
1246 
1251 IM20' 
1324 
1329 IM30' 1 
1400 
1405 IM40' 
1430 
1435 IM50' 
1605 
1610 IM50' 
1925 
1910 1MS 
2011 
2016 IMI0'. 
2108 
2113 IM20' 
2230 
2235 IM30' 
2314 
2319 IM40' 1 
0018 
0023 IM50' 1 

_. - - -- ----~ 1..0...- -- ._. '- - -- -- -

1 

ROSETON-DANSKAMMER FISH IARVAS 
LENGTH FREQUENCX, DATA 

1973 

NUMBER OF LARVAE BY 1 DID SIZE GROUPS 
6 7 8 9 10 11 

. 

1 

SPECIES: Striped Bass 

12 13 14 Others TC11'AL 

0 

0 
I 
I 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

1 

1 



( 

LOCATION: ROweR 

DATE TIME DEPTH 2 3. 4 5 

5/22-23/ 1045 
73 1050 IMO' 1 1 

1305 
1310 lM20' 
1335 
1340 40'*M 
1335 
1340 IM40' 
1445 
1450 20'*M 
1445 
1450 IM20' 
1640 
1645 IMS 1 2 11 
1640 
1645 lMI0' 
2050 
2055 1MO' 
2050 
2055 lMI0' 
2115 
21~0 IM20' 
2115 
2120 IM30' 
2245 
2250 lM30' 
2245 
2250 IM40' 
2340 
2345 1M20' 
0248 
0253 IMI0' 

-- -~- 1----'--

~ L ~""""".o.,.... npt: ... 

r 
lfOSETON-DANSKAMMER FISH lARVAE 

LENGTH FREQUENCY, DATA 
1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 .7 8 ·9 10 11 

9 2 

SPECIES: Striped Bass 

12 13 14 others ro:J 
2 

0 

0 
, 
i 
, 

0 I 
I 
I 

0 I 
0 

25 
( 

0 
I 
I 

0 

0 

0 

0 

0 

0 

0 

0 



DATE . TIME DEPTH 

5/22-23 0517 
73 0522 1M20' 

0517 
0522 lM30' 
0639 
0644 1M40' 
0639 
0644 1MSO' 
0754 
0759 1MS 
1305 
1310 1M30' 

6/7-8/73 2240 
2245 1MS 
2240 
2245 IM10' 
2240 
2245 1M30' 
0035 
0040 lM40' 
0035 
0040 1MSO' 
0404 
0410 lM20' 

6/19-20 1145 
73 1150 IM10' 

1145 
1150 1M20' 
1240 
1245 1M40' 
1655 
1700 lMS 

·1 

LOCATION: RDWCH 

2 3 4 5 

1 

5~ 138 171 

47 33 237 

3 22 202 

5 32 122 

8 19. 103 

7 28 78 17 

3 

10 

1 1 

JUlSETON-DANSKAMMER FISH LARVAS 
LENGTH FREQUEN£!, DATA 

1973 

NUMBER OF LARVAE BY 1 JIIIIl SIZE GROUPS 
'6 7 8 ·9 10 11 

30 3 

50 

21 2 

6 

1 

10 5 2 

6 5 

- -- ------ - - --- --- - --- --- --_ .. - ----- ----- --- '--

SPECIES: Striped Bass 

12 13 14 others TOTAL 

0 

0 
I 

I 
I 

0 

0 

0 

1 

-. 361 

350 

277 

122 

136 
.. 

130 

4 

27 

13 

0 



r r 

LOCATION: ROweH 

DA'l'B ,TIME DEPTH '2 ,3 4 

6/19-20/ 1655 
73 1700 IM50' 

0000 
0005 IMO' 
0000 
0005 IM50' 2 
0057 
0102 IM20' 
0057 
0102 1MI0' 1 

7/2-3/73 1332 
1337 IMO' 
1332 
1337 40'M 
1638 
1643 20'*M 
1638 
1643 20'M 
2037 
2040 20 1 M 
2037 
2042 20 1 M 
2132 
2137 O'M . 
2132 
2137 10 1 M 
0241 
0246 20 1 M 
0241 
0246 20 1 M 

7/17-18 1300 
73 1305 20 1 *M 
--~ ----1-----_ 

_ __ A... __ __ +-

5 

5 

r 
BOSB'l'ON-DANSlCAMMER FISH lARVAE 

LENGTH r!BQUENCY, DATA 
1913 

r '! 

NUMBER OF LARVAE BY 1 mill SIZE GROUPS 
6 ,7 8 '9 10 11 

1 1 

10 8 3 

17 9 

. 4 

1 

1 1 

: 
. 

SPECIES: Striped Bass 

12 13, 14 ~~s[~ 
2 

21 

33 

4 

2 

0 

. 2 

0 

0 

0 

0 

0 

0' 

0 

1 1 

o ~ 

J 



. LOCATION: RDWCH 

, , 

DATE TIME DEP'l'H '2 3 4 

7/17-18 1300 
73 1305 1M20' 

1356 
1401 1MO' 
1356 
1401 1M40' 
1705 
1710 20'*M 
1705 
1710 1M20' 
2108 
2113 20'*M 
2108 
2113 1M20' 
0"'),..,'1'" 
':'L.L"* 

2218 1MO' 
2214 
2218 1M40' 
0235 
0240 20'*M 
0234 
0240 IM20' 

7/31- 0857 
8/1/73 0902 IM40' 

1300 
1305 1M 0' 
1657 
1702 1M40' 
1826 
1831 IM30' 
1937 
1942 1M40' 

-- ----. --- _ ~----. i--~'"-

*=~ meter net 

-Ii 

5 

ROSBTON-DANSKAMMER FISH LARVAE 
LENGTH PREQU!!!C!, DATA 

1973 

NUMBER OF LARVAE BY 1 DID SIZE GROUPS 
6 7 8 '9 10 11 

1 

1 

12 

SPECIES: Striped Bass 

13 14 Others TOTAL 

1 1 3 

0 

0 

I 0 
I 

0 

2 2 

. a 

1 

1 1 

0 

0 

0 

0' 

0 

0 

0 



( 

DATE TIME DEPTH 
7/31- 2142 
8/1/73 2147 1M30' 

2330 
2335 1MO' 
2330 
2335 1M20; 
2330 
2335 IM40' 
0149 
0154 1M10' 
0149 
0154 1M30' 
0412 
0417 1MO' 
0435 
0440 IM40' 
0639 
0644 1M30' 

8/14-15 2106 
73 2111 IMIO' 

2106 
2111 IM20" 
2106 
2111 IM30' 
2158 
2203 1M20' 
0518 
0523 IM20' 
0625 
0630 1M30' 

~-

r..oCATION: RDWeH 

2 3 4 5 

r 

ROSETON-DANSlCAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 

SPECIES: Striped Bass 

--
12 13 14 others TOTAl 

pc:>!t-:-' 

0 

0 

0 

0 

0 

0 

. 1 1 
I 
I 

1 1 

0 

0 

0 

0 

0 

0 

1 

~-. 



LOCATIONs RDWCH 

DATE TIME DEPTH 2 3· 4 5 

~/11/73 0915 
0920 1MS 
1115 
1120 1M10' 1 

5/10-111 0949 
73 0954 lMS 

1135 
1140 1MI0' 
1230 
1235 1M20' 
1246 
1251 lM20' 
1324 

·1329 IM30' 
1400 
1405 1M40' 
1430 
1435 1MSO' 
1605 
1610 IMSO' 
1905 
1910 1MS 
2011 
2016 lMlO' 
2108 
2113 lM20' 
2230 
2235 IM30' 
2314 
2319 lM40' 
0018 
0023 lMSO' 

- - - - -- ------- ------_. ---- - - -

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY. DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7. 8 9 10 11 

c_ -- ------ --- ------- ---- --- - ----- ---

12 

- -

SPECIES: Tom COd 

13 14 Others TOTAL 

0 

1 

0 

0 

I 0 i 
I 

I 

0 i 
I 
I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



r f 

LOCATION: ROweH 

DATE TIME DEPTH 2 3· 4 S 

5/22-23 1045 
73 1050 1MO' 

1305 
1310 Im20' 
1335 
1340 40'*M. 
1335 
1340 1M40' 
1445 
1450 20' *M 
1445 
1450 1M20' 
1640 
1645 1MS 
1640 
1645 ·lM10' 
2050 
2055 1MO' 
2050 
2055 ·lM10' 
2114 
21.20 1M20' 
2115 
2120 IM30' 
2245 
2250 IM30' 
2245 
2250 1M40' 
2340 
2345 1M20' 
0248 
0253 IMI0' 

: 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1913 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 1 8 9 10 11 

SPECIES: 

12 13 14 

Tom Cod 

others TOTAL 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

" . 
v .. 



LOCATION: RDWCH 

DATE TIME DEPTH 2 3· 4 

5/22-23 0517 
73 0522 1M20' 

0517 
0522 1M30' 
0639 
0644 1M40' 
0539 
0644 lM50' 
0754 
0759 1MS 
1305 
1310 1M30' 

6/7-8/ 2240 
73 2245 1MS 

2240 
2245 lMIO' 
2240 
2245 1M30' 
0035 
0040 IM40' 
0035 
0040 1M50' 
0405 
0410 IM20' 

6/19-20 1145 
73 1150 1M10' 

1145 
1150 IM20' 
1240 
1245 1M40' 
1655 
1700 .1MS 

L--__ ~_ L-_~_ 

l 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
5 6 7 8 9 10 11 

-- -------- ~----
L-______ L-. ________ 

-----~ - -

SPECIES: Tom Cod 

12 13 14 others TOTAl 

0 

0 

0 

0 

0 

0 

0 
I 

0 

0 

0 

0 

0 

0 

0 

0 

0 
----- L....-___ 



r { 

LOCATION: RDWCH 

DATE TIME DEPT8 2 3· 4 
6/19-20 1655 
73 1700 .1MSO' 

0000 
0005 1MO' 
0000 
0005 1M50' 
0057 
0102 IM20' 
0057 
0102 ·lMIO' 

7/2-3/7~ 1332 
1337 1MO' 
1332 
1337 1M40' 
1638 
1643 20' *M 
1638 
1643 1M30' 
2037 
2042 40'l\'M 
2037 
2042 IM20' 
2132 
2137 1MO' 
2132 
2137 1M40' 
0241 
0246 30'*M 
0241 
0246 1M20' 

7/17-18 P.300 
73 1305 20'l\'M 

,. - -

... - L ..... ot-o"" npt 

( 

5 

ROSETON-DANSJ<Al.1MER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

SPECIES: 

12 13 14 

TOIII Cod 

-
Others TQTAI 

0 

0 

0 

O. 

0 -

0 

0 
I 
I 

0 
I 
I 
I 

0 

0 

0 

0 

0 

0 

0 

0 
.---~ ... -



LOCATION: ROWCH 

DATE TIME DEPTH 2 3 4 

~/17-ui 11300 
~3 ~305 1M20' 

~356 

fI. 4Ol 1MO' 
~356 
~40l lM20' 
~205 
1210 
1205 
11210 
2104 
2113 
2104 
2113 
~211 

·2218 0' 
2211 
2218 lMO' 
~211 
2218 10' 
2211 
2218 10' 
0235· 
0240 lM20' 
0235 
0240 20'*M 
0235 
0240 20' 
0235 
0240 IMO' 

7/31- 0051 
~/1/73 0102 10' 
L-. 

*.=- ~ meter net 

5 

ROSETON-DANSKAMMER FISH lARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 12 

SPECIES: Tom Cod 

13 14 others TOTAL 

0 

0 

0 

I 
0 I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



r ( 

LOCATION: RoweH 

DATE TIME DEPTH 2 3· 4 5 

7/31- 0051 
8/1/73 0102 

1300 
1305 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

.NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

SPECIES: Tbm Cod 

12 13 14 others rorJ 



LOCATION: ROweH 

DATE TIME DEPTH 2 3 4 5 
4/11/73 0915 

0920 IMS 
1115 
1120 IMlO' 

5/10-11/ 0949 
73 0954 IMS 

1135 
1140 IMI0' 
1230 
1235 IM20' 
1246 
1251 IM20' 
1324 
1329 IM30' 
1400 
1405 IM40' 
1430 
1435 IM50' 
1605 
1610 1M50' 
1905 
1910 .1MS 
2011 
2016 IMI0' 
2108 
2113 IM20' 
2230 
2235 lM30' 
2314 
2319 1M40' 
0018 
0023 1M50' 1 

- --_ ... _- ------- - - ------- --~ 

. i 

ROSETON-DANSI<AMMER FISH LI\RVAB 
- LENGTH I'REQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 DID SIZE GROUPS 
6 7 8 -9 10 11 

1 

1 

SPECIES: 

12 13 

White Perch 

14 Others TOTAl 

0 

0 

0 

0 

0 

1 

, 0 
I 

0 

O· 

0 
i 

1 

0 

0 

0 

0 

1 



r r 

LOCATION: ROweH 

DAft TIME DEPTH '2 3 4 

5/22-23/ 1045 
73 1050 1MO' 

1305 
.1310 1M20' 

1335 
1340 40'*M 
1335 
1340 1M40' 
1445 
1450 20'*M 
1445 
1450 1M20' 
1640 
1645 1MS 
1640 
1645 1M10' 
2050 
2055 1MO' 
2050 
2055 1M10' 
2115 
2120 1M20' 
2115 
2120 IM30' 
2245 
2250 1M30' 
2245 
2250 1M40' 
2340 
2345 1M20' 
0248 
0253 1MIO' 

*=~ meter net 

5 

( 

ROSETON-DANSKAMMER FISH lARVAE 
LENGTH fREQUENCY, DATA 

1973 

. ( 

NUMBER OF IJUWAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

SPECIES: Whi te Perch 

12 13 14 Others 'TOTAl 

0 

0 

0 

0 
i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

---. 



LOCATION: RDWCH 

DATE TIME DEPTH -2 3 4 

5/22- 23 0517 
73 0522 1M20' 

0517 
0522 lM30' 
0639 
0684 IM40' 
0639-
0684 1M50' 
0754 
0759 1MS 
1325 
1310 lM30' 

"6/7-8/7.:: 2240 
2245 IMS 2 1 
2240 
2245 1MIO' 4 
2240 
2245 IM30' 2 
0035 
0040 IM40' 1 
0035 
0040 1M50' 1 1 
0405 
0410 IM20' 1 

6/19-20 1145 
73 1150 IMI0' 1 4 

1145 
1150 IM20' 6 
1240 
1245 1M40' 
1655 
1700 1MS 3 

- ----

-( 1 -j 

ROSB'l'ON-DANSlCAMMER FISH LARVAB 
LENGTH PREQtJEIfg, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
5 6 7 8 9 10 11 

1 

4 

78 61 30 

13 54 69 30 

15 58 48 12 2 

5 5 5 

-- .. 

-- ! 

SPECIES: White Perch 

12 13 14 Others TOTAl 

1 

0 

0 

0 

0 

0 

3 

8 

2 

1 

2 

2 1 

173 

172 

l35 

18 I 



( 

LOCATION: ROweR 

DATE TIME DEP'l'B 2 .3 - 4 

6/19-io/ .1655 
73 1700 l,MSO' 

0000 
0005 IMO' 1 
0000 
0005 1MSO' 1 
0057 
0102 IM20' 
0057 
0102 - IM40' 

7/2-3/73 1332 
1337 IMO' 
1332 
1337 40'M 
1638 
1643 20'*M 
1638· 
1643 lM20' 
2037 
2040 20' *M 
2037 
2040 IM20' 
2132 
2137 40'* 
2132 
2137 1M40' 
0241 
0246 20'*M 
0241 

-0246 1M20' 

"'" - L ....... _4- ..... _ __-I-

5 

1 

1 

2 

1 

1 

r 

ROSE'l'ON-OANSICAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 DIm SIZE GROUPS 
6 7 8 9 10 11 

. 3 3- 1 

1 

1 5 1 

1 

SPECIES: White Peroh 

--
12 13 14 Others TOTAl 

0 

2 

9 

0 

3 

0 

1 9 

0 

0 

0 

0 

0 

1 

0 

2 3 -.. --~ 

.-



LOCATION I RDWCH 

DATE TIME DEPTH '2 3, 4 5 

7/17-18 1300 
73 1305 20'*M 

1300 
1305 IM20' 
1356 
1401 IMO' 
1356 
1401 1M40' 
1705 
1710 ' 20'*M 
1705 
1710 1M20' 
2108 
2113 20'*M 
2108 
2113 1M20' 
2214 
2218 0' 
2214 
2218 IMO' 
2214 
2218 40' 
2214 
2218 IM40' 
0235 
0240 20'*M 
0235 
0240 20'*M 
0235 
0240 1M20' 1 

7/31- 0856 
8/1/73 0902 1M40' 

* = ~ meter net 

- I r -l --I 

ROSETON-DAHSlCAMMER FISH LARVAB 
LBHGTB PREQtJ!!!CY, DATA 

1973 

NUMBER OF LARVAE BY 1 JIIIIl SIZE GROUPS 
6 7 8 9 10 11 

1 1 1 

12 

2 

1 

SPECIES: White Perch 

13 14 Others TOTAL 

0 

1 1 2 

0 

'0 

0 

1 1 2 

0 

1 1 

2 

0 

0 

0 . 
0 

0 

5 

0 
. 

-I 



DA'l'B TIME DEP'l'B 

7/31- 0857 
8/1/73 0902 lM40' 

1300 
1305 0' 
1657 
1702 40' 
1826 
1831 IM30 t 

1826 
1831 . 1M30' 
1937 
1942 40' 
1937 
1942 IM40' 
2142 
2147 IM30' 
2330 
2335 0' 
2330 
2335 20' 
2330 
2335 1M40' 
0149 
0154 IMlO' 
0149 
0154 lMIO' 
0149 
0154 IMIO ' 
0412 
0417 lMO' 
0412 
0417 IMS 

r 

LOCATION: RDWCH 

2 .3· 4 5 

. 

~ -- ---------

r 
ROSB'l"ON-DANS1O\MMER FISH LARVAE 

LENGTH FREQUENCY, DATA 
1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
"6 7 .. 8 9 10 11 

SPECIES: Whi te . Perch 

12 13 14 others 'lOTAL 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

I 1 

a 

0 

0 

a 

0 



LOCATION: RDWCH 

DATE TIME DEPTH 2 3- 4 5 

7/31- 0435 
atl/73 0440 IM40' 

0435 
0440 40' ' 
0639 
0644 IM30' 

8/14/73 2106 
2111 lMI0' 
2106 
2111 1M20' 
2106 
2111 IM30' 
2158 
2203 1M20' 
2158 
2203 IM20' 

_. 

~- I-.-.--~-. 

_____ I 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

! 

12 

, 

SPECIES: White Perch 

I 

13 14 others 'l'O'l'~ 
I 
I 

o I 

0 

0 

0 

0 

0 

1 1 

a 



LOCATION: ROW 

DA'l'B TIME DEPTH 2 3· 4 5 

3/13/73 1355 
1400 IMBott 

3/21/73 1412 
1417 IMS 

4/11/73 . 1412 
1417 IMS 
1100 
1105 10'lM 

5/3/73 0835 
0840 " lS*M 
0845 
0850 35"*M 3 
0933 
0938 1MS 1 4 38 
1150 
1155 10'lM 2 5 
1209 
12:1.4 20'lM 2 
1340 

, l345 30'1M 2 
1808 ". 

1813 IMS 4. 
2028 
2033 10'lM 
2044 
2049 20'lM 
2257· 
2302 30'IM 1 5 5 

5/10-11/ ~933 
73 0938 ~urf 1M 1 4 38 

~150 
~15' 10' 1M 2 5 

l:i meter net 

r 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 m:m SIZE GROUPS 
6 7 8 9 10 11 

1 1 

1 

37 3 

39 124 16 

21 78 3 2 2 

1 

2 1 

1 

3 1 

37 3 

39 124 16 

SPECIES: A10sa 

12 13 14 Others '.f'OTAl 

0 

0 

0 

0 

2 

4 

1 84 
I 

186 

108 

:3 

1. 8 

1 

0 

15 --

1 84 

JJlli_~_ 



LOCATION: ROW 

DATE TIME DEPTH 2 3· 4 5 

5/10-11, 
73 1209 

1214 20' 1M 2 
1340· 
1345 30' 1M 2 
1808 
1813 ~urf 1M 4 
2028 
2033 10'lM 
2044 
2049 20' 1M 
2257 
2302 3D' 1M 1 5 5 

5/22-23, 
73 1010 . 

1015 O· 2 . 5 22 
'1010 
1015 10' 1 1 12 24 

ROSETON-DANSKAMMER FISH LARVAB 
LENGTH PREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 JIll SIZE GROUPS 
6 7 8 9 10 11 

21 78 3 2 2 

1 

2 1 

1 

3 1 

51 .~ 5 

3 

. 
- - - L-. - -. 

SPECIES: Alosa 

12 13 1. Others 'l'OTAL 

108 

3 

i 
1 8! 

1 

0 

15 

2 192 

41 

. 



f r , 

LOCATION: RDW 

DATE TIME DEPTH 2 3 .' 4 5 

5/22-23 1620 
73 1625 O· 2 27 58 

1620 
. 1625 10' 17 11 

2025 
2030 O· 17 123 196 
2025 
2030 10' 1 3 19 43 
2325 
2330 10' 1 
2325 
2330 20' 1 1 
0148 
0153 0' 65 148 754 
0148 
0153 *M 2 17 23 83 
0230 
0235 10' 5 8 45 
0556 
0601 20' 5 31 
0556 
0601 30' 11 46 192 
0619 

·0624 40' 5 7 15 
0619 
0624 50' 23 74 31 
0809 
0814 0' 1 5 43 

6/7-8/ 2124 
13 2129 20' . 1 9 23 2 

2210 
2215 0' 

. '--

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 B 9 10 11 

27 4 4 . 5 

5 1 . 3 2 1 

30 

7 4 3 

163 30 30 30 15 

45 13 7 5 12 7 

19 14 3 22 30 30 

45 19 3 

16 3 

4 1 

2 2 2 

31 4 1 2 3 

1 1 1 

3 

SPECIES: Alosa 

12 13 14 Others TOTAl 

127 
-

.. 40 

366 

1 81 

1 

2 
i 
I 

7 1 7 12561 

7 221 

8 3 193 

~ 3 108 ~ 

3 271 

32 

134 

90 

38 

3 
'--...-" 



OATS TIME 

16/7-8/73 2210' 
2215 
2210 
2215 

16719-20/ 1205 
73 1210' 

1205 
1210 
1453 
1458 
1453 
1458 , 

I 
0018 
0023 
0018 
0023 
0037 
0042 
0037 
0042 

7/2-3/73 1214 
1219 
1214 
1219 
1313 
1318 
1313 
1318-
1620 
1625 
1620 
1625 

DEPTH 

10' 

30' 

10' . 

20' 

0' 

30' 

S 

30' 

10' 

20' 

10'*11 

10' 

0' 

20' 

10' 

10'* 
... 

I 
- \ 

LOCATION: ROW 

2 3 4 5 

4 

4 9 

2 

1 2 

8 

2 2 

2 

6 

3 

1 

., - _.- I - - I 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE CROUPS 
6 7 8 9 10 11 12 

1 2 1 

2 1. 

9 19 20 7 16 11 3 . 
1 11 10 6 5 2 

33 48 59 48 25 15 

2 2 1 L 
I • 

4 9 27 20 27 33 

4 .16. 

1 4 4 6 4 11 9 

~ 2 .2.. 2 -" 

1 3 

7 2 7 

3 

SPECIES: Alosa 

13 14 others TOT~ 

8 

.:; _'Ll 

2 1 90 

39 

3 3 242 

~ 

16 4 12 156 

26 35 35 118 

2 6 32 79 

?Q ,"- ~ ..l5...a.. 

0 

1 2 14 21 
I 

22 14 47 102 I 

0 

2 1 7 

o . 



LOCATION: ROW 

DATE TIME DEPTH 2 3· 4 5 

7/2-3/7 l 2008 
2013 10* 

·2008 
2013 10 3 1 5 ·1 
0215 
0220 10' 
0215 
0220 10'* 
0400 
0405 0 
0400 
0405 20' 

7/17-18 0812 
73 0817 0' 1 

0812 
0817 20' 
1145 
1150 10'* 
1145 
1150 10' 
1338 
1343 0' 
1338 
1343 20' 
1459 
1504 0' 
1459 
1504 20' 
1539 
1544 0' 1 
1539 
1544 20' 

--- -- --~ ---

* ". l.; meter net 

ROSETON-DANSKAMMER FISH LARVAe; 
LENGTH FREQUENCY! DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 1 1 

3 

2 

1 1 

159. 

1 2 3 2 

1 

1 

-

12 

3 

3 

1 

4 

5 

1 

SPECIES: Alosa 

-
13 14 others TOTAl 

3 3 

3 4 23 

3 16 168 193 

1 1 6 11 

5 6 39 56 

80 239 

2 11 I 

I 

0 

0 

0 

1. 7 

1 1 2 4 

2 

0 

1 2 

0 
-"- .. ~--



LOCATION: ROW 

DAft TIME DEPTH 2 3· 4 

7/17-18 1648 
73 '1653 10'· 

1648 
1653 10' 
2050 
2055 10'· 
2050 
2055 10' 
2152 
2157 . 10' 
2152 
2157 20' 
0215 
0220 10' 
0215 
0220 10'* 
0428 
0433 0' 
0428. 
0433 20' 

7/31- 1240 
8/1/73 1245 

1918 
1923 0' 
22()J 
2208 10'* 
2203 
2208 10' 
2223 
2228 0' 
2223 
2228 20' 

----- -_.- ---_. "- -- -- - ---- ---- -.~ ---------~.- -_. 

* = ~ meter net 

1- I 

5 

ROSE'l'ON-DANSXAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10. 11 

1 

5 

1 

1 

SPECIES: 

12 13 

1 

---~-----.-

A10sa 

14 Others TOTAL 

0 

0 

0 
, 

'0 

2 

3 3 

8 13 

2 2 

1 . 2. 

3 . 3 

0 

0 

1 1 

1 2 

2 2 

3 3. 
'--



[ r 

LOCATION: ROW 

DATa TIME DEPTH 2 3 4 5 

7/3J.- 0223 
8/1/73 0228 10 

0223 
0228 10'*M 
0253 
0258 0' 
0253 
0258 20' 
0700 
0705 10' 

8/14~15/ 0115 
73 0120 0 

0505 
0510 20' 

* .=: ~ meter net 

ROSETON-DANSKAMHER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

.;;: 

SPECIES: ~ 

12 13 14 

1 

I . 

others ~ 

3 4 

0 

0 

2 2 

1 1 

0 

2 2 

. 

'<-10'.,. ... _,.>..~ 



LOCATION: RDW 

DATE 'tIME DEPTH I 2 3· 4 

3/21/73 1355 
1400 1m Bot 
1412 
1417 1m sur 

4/11 1412 
1417 1m sur 
1100 
1105 101m 

5/3 0835 . 1 surf 
0840 *m 
0845 
0850 35'*m 

5/10 0933 
0938 surflm 
1150 
1155 10'lm 
1209 
1214 20'lm 
1340 
1345 30'lm 
1808 
1813 surf1m 
2028 
2033 10'm 
204·4 
2049 20'lm 
2257 
2302 30'lm 

5/22-23 1010 
1015 O' 
1010 
]015 la' 

* = 1-2 meter net 

I ······1 .,. ·1 . I 

5 

ROSE'l'ON-OANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 a 9 10 11 

SPECIES: American Spad 

12 13 14 others TOTAl 

0 

0 

0 

0 

0 

0 

0 I 

, 

0 

0 

0 

0 

0 

0 

0 

0 

o . 



f r 1 

LOCATION: ROW 

DATE TIME DEPTH 2 3 ·4 5 

5/22-23 1620 
1625 O· 
1620 
1625 10' 
2025 
2030 O· 
2025 
2030 10' 
2325 
2330 10' 
2325 
2330 20' 
0148 
0153 0' 
0148 
0153 *'m 
02030 
0235 10 i 

0556 
0601 20' 
0556 
0601 30' 
0619 
0624 40' 
0619 
0624 50' 
0809 
0814 0' 

6/7 2124 
2129 20' 
2210 
2215 0' 

* = 1.; meter net 

r 

RDSETON-DANSKAr-tHER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

f 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

2 1 1 

3 

1 2 9 

\ 

1 1 

1 2 

2 3 2 

1 

1 2 1 

2 

SPECIES: American Shad 

12 13 14 others TOTAl 

4 

3 

12 

0 

0 

0 

2 I 

3 

7 

1 

4 

2 

0 

0 

0 

1 1 
.... -..-•... 



LOCATION: ROW 

DAft TIME DEPTH 2 3· 4 5 

6/7/73 2210. 
2215 10.' 
2210. 
2215 30' 

6/19-20 1205 
1210 10' 
1205 
1210. 20' 
1453 . 
1458 0. 
1453 
1458 30.' 
0.018 
0.023 S 
0018 
00.23 30' 
Q037 . 
0.042 10' 
0037 
00.42 20.' 

7/2 1i14 
1219 10'*m 
1214 
1219 1m 10' 
1313 
1318 0' 
1313 
1318 20' 

- ------ ----- --" -- ---- -- -~----- ------- ---_."._- ----------- --

* :; ~ meter net 

I . ~ I 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY t DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 

---------- ----------- ---------" --"-

~'I 

12 

1 

~ 

SPEClES: American Shad 

13 14 others TO'l'AI 

1 2 

1 

0. 

0. 

1 1 

0 

29 . 29 

0. 

0 

0 

0. 

. 0 

0. 

0. 

~ L .. 



I 

DATE TIME DEPTH 

3/13/73 1355 -
1400 1m Bo 

3/21/73 1412_ 
1417 1m Sur 

4/11/73 1412 
1417 1m Sur 
1100 
1105 10' ro 

5/3/73 0835 1 surf 
0840 '* :m 
0845 
0850 35'*ro 

5/10-11/ 3 0433 
0438 *-m20' 
1150 
1155 10'lm 
1209 
1214 20'lro 
1340 
1345 30'lm 
1808 
1813 surflro 
2028 
2033 10'lro 
2044 
2049 20'lro 
2251 
2352 30'lro 

- -

r [ i If 

LOCATION: RDW 

2 3- 4 5 

~ 

1 

------ '--------- ~-

ROSETON-DANSKN-U-1ER FISH LARVAE 
LENGTH FREQUENC~ATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 12 

,I 

SPECIES: Striped Bass 

13 14 others TOTAl 

0 

0 

0 

0 

0 

0 I 

I 

0 

1 

0 

0 

0 

0 

0 



LOCATION: ROW 

DATE TIME DEPTH I 2 3· 4 5 

5/22-23 1010 
1015 0' 
1010 
1015 10' 
1620 
1625 0' 
1320 
1325 10' 
2025 
2030 0' 1 
2025 
2030 10' 
2325 
2330 10' 
2325 
2330 20' 
q148 
0153 0' 1 1 
0148 
0153 * 'm 

02030 
0235 10' 
0556 
0601 20' 1 
0556 
0601 30' 3 
0619 
0624 40' 
0619 
0624 50' 
0809 
0814 0' 

..... { . - i 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1913 

NUMBER OF LARVAE BY 1 nun .SIZE GROUPS 
6 1 8 9 10 11 

... ! 

... ~ 

12 

SPECIES.: striped Ba,ss 

13 14 Others TOTAl 

0 

0 

0 

0 

1 

0 

0 I 

0 
I 

2 

0 

0 

1 

3 

0 

0 

0 



I 

LOCATION: ROW 

OA'l'E TIME DEPTH 2 3 4 

6/7-8/7 ~ 2124 
2129 20' 

1 7 12 
2210 
2215 0' 10 27 
2210 
2215 10' 3 "5 30 
2210 
2215 30' 3 13 

6/19-20 1205 " 
1210 la' 
1205 
1210 20' 
1453 
1458 0' 
1453 
1458 30' 1 
0018 
0023 0' 
0018 
0023 30' 
0037 
00"42 10' 
0037 
0042 20' 

7/2-3 1214 
1219 *m 10' 
1214 
1219 1m la' 
1313 
1318 0' 

! 

----.- --------- ~---~---

* = ~ meter net 

5 

ROSETON-OANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mIn SIZE GROUPS 
6 1 8 9 10 11 

32 3 

176 6 

172 18 

53 32 2 

1 1 

4 4 1 

1 

2 1 1 

1 2 

1 

1 

1 1 

.; /, 

SPECIES: Striped Bass 

12 13 14 others TOTAl 

55 

223 

228 

103 

2 

9 

1 

5 

3 

1 

1 

0 

0 

2 

0 

- --



LOCATION: ROW 

DATE TIME- DEPTH 2 3- 4 5 

7/2-3/73 1313 
1318 20' 
1620 
1625 10' 
1620 
1625 *m 10' 
2008 

- 2013 10' 
2008 -
2013 10' 
0215 
0220 10' 
0215 
0220 * 10' 
0400 
0405 0' 
0400 
0405 20' 

7/17:-18 0812 
0817 0' 
0812 
1817 20' 
1145 
1150 *m 10' 
1145 
1150 10' 
1338 
1343 0 
1338 
1343 10' 
1459 

- -1504 0' -- -~ ---- - ---- - -

* = ~ meter net 

- - \ 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

1 . 1 

--

12 

5 

SPECIES: striped Ba~s 

13 14 others TOTAl 

0 

0 

0 

0 

0 

0 

0 I 

0 

4 1 4 16 

0 

0 

. 0 

0 

0 

0 

o . 
-- - -

1-\ 



i, I 

LOCATION: ROW 

DATE TIME DEPTH 2 3 4 

7/17-18 1459 
1504 20' 
1539 
1544 O· 
1539 
1544 20' 
1648 
1653 10* 
1648 
1653 10' 
2050 
2055 10* 
2050 
2055 10' 
2152 
2157 10' 
2152 
2157 20' 
0215 
0220 10' 
0215 
0220 10* 
0428 
0433 0' 
0428 
0433 20' 

7/31-8/1 1240 
1245 5' 
1918 
1923 20' 
2203 
2208 10* 

* = ~- meter net 

5 

ROSETON-DANSKMtMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

- ----- -~-.-----.- -- '----- ~ 

12 

2 

--

L 

SPECIES: Striped Bass 

13 14 Others TOTAl 

1 1 2 

0 

2 

0 

0 

0 

0 ! 
0 

1 1 

0 

0 

0 

0 

0 

1 1 

0 
------ .~-

L-___________ -- ----



LOCATION: ROW 

DATE TIME DEPTH 2 3· 4 5 

7/31-8/1 2203 
2208 la' 
2223 
2228 0' 
2223 
2228 20' 
2330 
2335 20' 
0223 
0228 . 10' 
0223 
0228 *m 10' 
0253 
0258 0' 
0253 
0258 20' 
0700 
0705 10' 

8/15 0115 
0120 0' 
0505 
0510 20' 

-

* = !~meter net 

ROSETON-DANSJ<AMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 .10 11 

-_. -------- -'----

12 

SPECIES: 
striped Ba,ss 

13 14 Others TOTAl 

a 

0 

a 

0 

0 

a 

1 1 
I 

0 
I 

0 

a 

0 



I f I ' f 

LOCATION: RDW 

DATE TIME DEPTH 2 3· 4 

3/21/73 1355 
1400 ~MBott 3 
1412 ~ 
1417 !;urface 9 

4/11/73 0900· 
0905 1M surF 
1100 
1105 10'lM 

5/3/73 0835 1 surf 
0840 *M 
0845 
0850 35'*M 

~-. 

* = !,. ml'd-.er net 

5 

71 

67 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY I DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

258 61 

165 49 

, 

SPECIES: .. Tomcod 

12 13 14 others TCJl'Al 

393 

290 

0 

0 

0 

0 

I 
I 

-



OATS TIME DEP'l'H 

3/21/73 135S 
1400 IMBot 
1412 
1417 IMS 

:4/11/73 \.l4.1.:l 

1417 IMS 
1100 
1105 10'M 

5/3/73 I Utl.5:::> 

0840 lS*M 
0845 
0850 30'*M 

:::>/ l.U-~l./ IU~.:S.:S 

73 0938 IMS 
1150 
1155 10'lM 
1209 
1214 20'IM 

1340 
1345 30'lM 

1808 
1812 IMS 
2028 
2033 10'iM 
2044 
2049 20'lM 
2257 
2352 3Q'lM 

5/22-23/ I lUlU 

73 1015 0' 

1010 
1015 10' 

-- . -- . -- -

* = ~ meter net 

LOCATION I RDW 

2 3 4 5 

.. 

1 

-- -~---.-- - - . 

ROSETON-OANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mrn SIZE GROUPS 
6 7 8 9 10 11 

2 

- ---- L......-_. ___ ~ __ 
--~--

I \ 

SPECIES: White Perch, 

12 13 14 others TOTAL 

a 

a 

a 

0 

i a I 

a 

a 

1 

2 

a 

a 

a 

0 

0 

0 

0 



~TION: ROW 

DATE TIME DEPTH 2 3 4 5 

5/22-23/ 1620 
73 1625 0' 

1620 
1625 10' 
2025 
2030 0' 
2025 
2030 10' 
2325 
2330 10' 
2325 
2330 20' 
0148 
0153 0' 
0148 
0153 *M 
0230 
0235 10' 
0556 
0601 20' 
0556 
0601 30' 
0619 
0624 40' 
0619 
0624. 50' 
0809 
0814 O· 

6/7/73 2124 
2129 20' 1 
2210 
2215 0' 2 

* :=:: ~ meter net 

( 

ROSETON-DANSKAHHER FISH LARVAE 
LENGTH FREQUENCY I DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

- - ---- -~------ ~-------- -- -- -

SPECIES: White Perch 

12 13 14 others TOl'Al 

0 

0 

0 

0 

0 

0 

I 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 4 
--- ---- --- - - ~- -- -- ---- - - ----- -~--



LOCATION. 

DATE TIME DEPTH 2 3 

6/7-8/73 2210 
2215 10' 
2210 
2215 30' 

6/19-20 1205 
73 1210 10' 1 

1205 
1210 20' 2 
1453 
i458 0' 14 
1453 
1458 30' 
0018 
0023 S 

0018 
0023 30' 
0037 
0042 10' 
0037 
0042 20' 

7/2-3/73 1214 
1219 10'*M 
1214 
1219 10M 
1313 
1318 0' 
1313 
1318' 20' 
1620 
1625 10' 
1620 
1625 10'*M 

•.. _--- .-.-

* = ~.meter net 

I .... I 

RPW 

4 5 

. 2 4 

11 16 

12 12 

51 50 

4 4 

1 3 

1 

1 1 

L-__ ~ 

I 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY c DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 a 9 10 11 

2 

8 

12 6 

9 

5 1 

5 1 

1 

2 

1 

. I 

SPECIES: Whi te Perch 

12 13 14 Others TOTAL 

6 

'J 

36 

.1 
44 I 

I 

124 

14 

10 

1 

0 

-=t 

0 

2 

0 

0 

1 

0 



LOCATION: RDW 

DATE TIME DEPTH 2 3 .4 

7/2-3/73 2008 
2013 10'*M 
2008 
2013 10' 
0215 
0220 10' 
0215 
0220 10'* 
0400 
0405 0' 
0400 
0405 20' 

7/17-18/ 0812 
73 0817 0' 

0812 
0817 20' 
1145 
11'50 10'*M 
1145 
1150 10' 
1338 
1343 0' 
1338 
1343 20' 
1459 
1504 0' 
1459 
1504 20' 
1539 
1544 0' 
1539 
1544 20' 

---- . -

* l:z meter net 

5 

I 

ROSETON-DANSKlIMl-lER FISH LARVAE 
LENGTH FREQUENCY t DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 a 9 10 11 

1 

1 

1 

1 

SPECIES: White Perch' 

12 13 14 Others TOTAl 

0 

0 

2 1 2 6 

1 1 

1 1 2 

2 4 2 9 

0 

1 1 

0 

0 

0 

1 

0 

3 5 3 11 

1 1 

2 1· 3 



LOCATION: ROW 

DATE TIME DEPTH 2 3. .4 
7/17-18 1648 
73 1653 10'* 

1648 
1653 10' 
2050 
2055 10'*M 
2050 
2055 10' 
2152 
2157 . 0' 
2152 
2157 20' 
0215 
" ..... "'"l" v'"''"'u 10' 
0215 
0220 10'*M 
0428 
0433 0' 
0428 
0433 20; 

7/31- 1240 
8/1/73. 1245 5 

1918 .. 
1923 20' 
2203 
2208 10'* 
2203 
2208 10' 
2223 
2228 0' 
2223 
2228 20' 

* = ~ meter net 

I -- I ---I 

5 

ItOSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 .9 10 11 12 

1 

-_. 1 ________ --'----___ 
~.--- --~-- ~~- - - ------

--I 

SPECIES: White Percl'l 

13 14 others TOTAl 

0 

0 

0 

0 

0 

4 4 

6 6 

1 1 

1 2 3 

1 2 3 

0 

0 ! 

I 
I 

0 
I 

1 1 

1 

1· 1 



r r 

LOCATION: ROW 

DATE TIME DEP'l'H 2 3· 4 

7/31- 2330 
8/1/73 2335 20' 

0223 
0228 10' 
0223 
0228 10'*M 
0253 
0254 0' 
0253 
0254 20 
0700 
0705 10 

8/15/73 0115 
0120 0 
0505 
0510 20 

-~-.---- ~-~---

I 

5 

< 

( r 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

SPECIES: White Perch 

12 13 14 Others TOTAl 

0 

1 1 

b 

0 

0 

0 

0 
I 

0 I 

I 



LOCATION: R.I. 

DATE TIME DEPTH 2 3 4 5 

6/7-8/7.; 0925 
0932 - SA ~LE L PST 
1908 
1916 B~M 
2042 
2047 B~M 3 
~856 
0903 B~M 1 1 
1537 
1544 B~M 2 

7/2-3/73 0825 
0835.5 M~M 
1233 
1241 S~M 
1233 
1241 M~M 
1443 
1451 M~M 
1620 

·1623 S~M 
1736 
1746 SJ,M 
1736 
1746 M~M 
1807 
1810 S~M 
1807 
810 B1:I 

2040 
2050 S1:I 
~040 
~050 S~M 

._._-j ···-1 

ROSETON-DANSKAMMER FISH lARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 

1 

1 

1 

1 1 
- - ~ '---'-- .. ~ . ---

12 

2 

SPECIES: A10sa ---

13 14 Others TOTAL 

-0 

3 

3 

3 

2 2 

1 

1 

0 

0 

1 1 

0 

1 1 2 

1 1 

3 26 29 

2 4 52 62 



r J 

LOCATION: R.I. 

DATE TIME DEPTH 2 3 4 5 

7/2-3/73 2040 
2050 Bl.:!M. 

7/2-3/73 2115 
2118 Sl.:!M 
2115 
2118 Bl.:!M 
2250 
2300 Sl.:!M 
2250 
2300 Ml.:!M 
2250 
2300 B~M 
2315 
2318 Sl.:!M 
2315 
2318 Bl.:!M 
0050 
0100 Sl.:!M 
0050 
0100 Ml.:!M 1 
0050 
0100 B~M 
0110 
0113 S~M 
0110 
0113 B~M 
0237 
0247 S~M 
0237 
0247 M~M 
0237 
0247 B~M 

.- ---

r 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

1 1 1 

1 1 1 1 2 

1 1 

1 

1 1 1 4 

1 1 2 2 

1 

1 

1 

2 

1 

1 

2 

1 

1 

SPECIES: Alosa 

12 IJ 14 Others TOTAl 

2 4 8 

1 4 5 

5 5 
, 

2 4 15 21 I 

4 4 22 37 

3 4 

2 

1 3 7 

1 5 14 

3 6 15 32 

1 5 7 

1 1 2 

1 4 6 

1 4 5 

1 1 15 17 

1 2 



LOCATION: R.I. 

DATE TIME DEPTH 2 3 4 

7/2-3/73 0258 
0301 S~M 
0540 
0550 S~M 
0540 
0550 M~ 
0540 
0550 B~M 
0605 
0608 B~M 

7/17-18 0842 
73 0845 S~M 

0842 
0845 B~M 
1039 
1042 S~M 
1039 
1042 B~M 
1210 
1220 S~M 
1210 
1220 M~M 
1210 
1220 B~M 
1253 
1256 S~M 
1253 
1256 B~M 
1341 
1351 S,~M 

1341 
1351 M~M 

---- - -- -~ L...: -- -- - --- --

- I .. I 

5 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mIn SIZE GROUPS 
6 7 8 9 10 11 

. 

1 2 

-_. I 

12 

2 

SPECIES: A1asa 

13- 14 Others TOTAL 

1 4 5 

1 1 

5 5 

0 

1 1 

" v 

0 

0 

0 

0 

0 

0 

0 

0 

1 6 

If) 



r r 

LOCATION: R.I. 

DATE TIME DEPTH 2 3 4 

7/17-18 1341 
73 1351 B~M 

1424 
1427 S~M 
1424 
1427 B~M 
1610 
1613 S~M 
1610 
1613 ~M 
1806 
1809 SJ,M 
1806 
1809 BJ,M 
2059 
2102 SJ,M 
2059 
2102 ~M 
2250 
2253 SJ,M 
2250 
2253 ~M 
2345 
2355 S~M 
2345 
2355 M~M 
2345 
2355 B~M 

0100 
0103 S~M 
0100 
0103 B~M 

- - -

5 

r 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA· 

1973 

NUMBER OF LARVAE BY Imm SIZE GROUPS 
6 7 8 9 10 11 

1 

J 

12 

SPECIES: A10sa 

13 14 others TOTAl 

0 

0 

0 

0 

0 

0 
I 

0 I 

1 

1 

0 

2 2 

4 4 

5 5 

1 4 5 

1 1 

4 4 

2 2 



LOCATION: R.t. 

DATE TIME DEPTH 2 3 4 

7/17-18 0135 
73 0145 S~M 

0135 
0145 M~M 
0135 
0145 B~M 
0235 
0238 S~M 
0235 
0238 M~M 
0504 
0507 S~M 
0504 
0507 B~M 

7/31- 1159 
8/1/73 1201 B~M 

1830 
1840 S~M 
2045 
2047. B~M 
2135 
2145 S\M 
2135 
2145 B~M 
2150 
2152 S\M 
2245 
2247 ~M 
2330 
2340 S~M 
2330 
2340 B~M 

- ------ - ~-~--

t .1 . -I 

5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

SPECIES: ~ 

12 13 14 

1 1 

, 

Others TOTAL 

3 5 

6 6 I 
I 
I 

3 3 

1 1 

2 2 

3 3 

3 3 

1 1 

0 

0 

0 

2 2 

1 1 

0 

0 

1 1 



( ( 

LOCATION: R.I. 

DATE TIME DEPTH 2 3 4 

7/31- 2348 
8/1/73 2350 S~M 

0049 
0059 S~M 
0049 
0059 B~M 
0106 
0108 S~M 
0106 
0108 B~M 
0333 
0343 S~M 
0333 
0343 B~M 
0347 
0349 B~M 
0530 
0540 S~M 
0530 
0540 B~M 

8/14/73 2010 
2017 B,M 
2230 
2233 S~M 

r 

5 

J 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

SPECIES: 

12 13 

Alosa 

14 others TOTAl 

0 

1 1 

5 5 

1 1 

1 1 

3 3 
I 

2 2 

1 1 

1 1 

0 

0 

1 1 



LOCATION: R.I. 

DATE TIME DEPTH 2 3 4 5 

6/7-8/73 0925 
0932 SAMP :.E LOS 
1908 
1916 B~M 1 2 2 5 
2042 
2047 B~M ;1 3 
0856 
0903 B~M 6 
1537 
1544 B~M 2 3 2 

7/2-3/73 0520 
0835.5 M~M 
1233 
1241 S~M 

1233 
1241 M~M 
1443 
1451 M~M 

1736 
1746. M~M 
1807 
1810 S~M 

1807 
1810 B~M 

2040 
2050 S~M 
2040 
2050 M~M 

2040 
2050 B~M 

2115 
2118 S~M 

l 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom .SIZE GROUPS 
6 7 8 9 10 11 

1 

4 

7 

2 

1 1 

12 

4 

SPECIES: Striped Bass 

l;l 14 Others ~~ 

11 

8 

3 16 

9 

0 

0 .. 

1 1 

0 

6 

0 

0 

0 

1 1 

0 

0 



{ 1 ( ( t, 

LOCATION: 

DATE TIME DEPTH 2 3 

7/2-3/7 2115 
2118 B~M 
2250 
2300 S~M 
2250 
2300 M~_ 
2250 
2300 B~M 
2315 
2318 S~M 
2315 
2318 B~M 
0050 
0100 S~M 
0050 
0100 M~M 
0050 
0100 B~M 
0110 
0113 S~M 
0110 
0113 B~M 
0237 
0247 S~M 
0237 
0247 M~M 
0237 
0247 B~M 
0258 
0301 S~M 
0504 
0550 S~M 

~. 

r 

R.I. 

4 5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 .7 8 9 10 11 

1 

1 

1 

SPECIES: Striped Bass 

12 i~ 14 others TOTAl 

1 1 

0 

0 

0 

0 

0 

2 3 

1 

1 I 

i 
0 I 

0 

a 

0 

0 

0 

1 1 2 



LOCA'l'ION: R.I. 

DATE TIME DEPTH 2 3 4 

7/2-3/73 0504 
0550 ~M 
0504 
0550 B~M 
0605 
0608 B~M -

7/17-18 0842 
73 0845 S~M 

0842 
0845 B~M 
1039 
1042 S~M 
1039 
1042 B~M 
1210 
1220 S~M 
1210 
1220 M~M 
1210 
1220, ~M 
1253 
1256 S~M 
1253 
1256 B~M 
1341 
1351 S~M 
1341 
1351 M~M 
1341 
1351 B~M 
1424 
1427 S~M 

- -- -

I ., ---j -- .. I 

5 

ROSETON-DANSKAMMER'FISH LARVAE 
LENGTH FREQUEN£Y, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 a 9 10 11 

- -- ----- '---'_I-.- -'------

,I 

12 

SPECIES: Striped Bass 

1~ 14 others TOTAL 

0 

0 

0 

0 

0 

0 

0 -

0 

0 

0 

0 

0 

0 

0 

0 

0 



{ f f ( f, T 

LOCATION: R.T. 

DATE TIME DEPTH 2 3 4 

7/17-18 1424 
73 1429 lojB 

1610 
1613 Sloj 
1610 
1613 B~ 
1806 
18 S~ 
1806 
18 B~ 
2050 
21 sloj 
2059 
2102 B~ 
2250 
2253 SlojM 
2250 
2253 B~M 
2345 
2355 S~M 
2345 
2355 M~M 
2345 
2355 BlojM 
0100 
0103 S~M 
0100 
0103 ~M 
0135 
0145 Sl:2M 
0135 
0145 M~M 

-- ---- ---

5 

I 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

2 

12 

SPECIES: Striped Bass 

13 14 others TOTAl 

0 

0 

0 

0 

2 1 3 

0 

0 ! 

0 

0 

2 2 

0 

0 

. a 

a 

1 1 

2 



LOCATION: R.I. 

DATE TIME DEPTH 2 3 4 5 

7/17-18 0135 
73 0145 B~M 

0235 
0238 S~M 
0235 
0238 M~M 
0504 
0507 S~M 
0504 
0507 B~M 

7/31- 1159 
8/1/73 1201 B~M 

1830 
1840 S~M 
2045 
2047 B~M 
2135 
2145 S~M 
2135 
2145- B~ 
2020 
2152 S~M 
2245 
2247 B~M 
2330 
2440 S~M 
2330 
2440 B~M 
2348 
2350 S~M 
0049 
0059 S~M 

- 1 f ( --I 

ROSETON-DANSKAMMER FISH lARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

--i---- -

I 

12 

SPECIES: Striped Bass 

1~ 14 others TOTAL 

1 1 

0 

0 

0 

0 

0 

i 

0 --

0 

0 

0 

0 

0 . 
0 

0 

0 

0 

-/ 



r t 

LOCATION: 

DATE TIME DEPTH 2 3 

7/31- 0049 
8/1/73 0059 S~M 

0049 
0059 B~M 
0106 
0108 S~M 
0106 
0108 B~M 
0333 
0343 S~M 
0333 
0343 B~M 
0347 
0349 B~M 

0530 
0540 S~M 
0530 
0540 B~M 

2010 
2017 B~M 
2230 
2233 S~M 

~------ ----

!, r 

R.I. 

4 5 

r 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER ,OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 ' 10 11 

SPECIES: Striped Bass 

12 1;l 14 others TOTAl 

0 

0 

0 

0 

0 

0 

0 
, < 

0 I 

I 
I 

0 

0 

0 



LOCATION: R.I. 

* 1/2 meter 

DATE TIME DEPTH 2 3 4 
6/7-8/73 0925 

0932 SAM ~LE LO 3T 
1908 
1916 B* 
2042 
2047 B* 1 
0856 
0903 B* 
1537 
1544 B* 

7/2-3/7 0828 
0835. c M* 
1233 
1241 S* 
1233 
1241 M* 
1443 
1451 M* 
1620 
1623 S* 
1736 
1746 S* 
1736 
1746 M* 
1807 
1810 S* 
1807 
1810 B* 
2040 
2050 S* 
2040 
2050 M* 

I.....- -~-~ ~ ~- - -- -~'----- L--~-~-- -~ ---

-[ - -\ - ! 

5 

ROSE'l'ON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 a 9 10 11 

.... ~ 

SPECIES: White Perch 

12 13 14 Others 

3 

1 

. 

1 

2 

TOTAL 

0 

1 

3 

0 I 

0 -I 

0 

0 

0 

0 

0 

1 

0 

0 

1 

2 



r f r [ r 

LOCATION: 

* 1/2 meter 

DATE .TlME DEPTH 2 3 

7/2-3/7 2040 
2050 B* 
2115 
2118 S* 
2115 
2118 B* 
2250 
2300 S* 
2250 
2300 M* 
2250 
2300 B* 
2315 
2318 S* 
2315 
2318 B* 
0050 
0100 S* 
0050 
0100 M* 
0050 
0100 B* 
0110 
0113 S* 
0110 
0113 B* 
0237 
0247 S* 
0237 
0247 M* 
0237 
0247 B* 

" 
1 

R.I. 

4 5 

r 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

1 

12 

1 

SPECIES: White Perch 

13 14 Others TOTAl 

0 

1 1 

0 

3 3 

1 

0 

0 i 
I 

0 

1 3 

1 1 

1 1 . 

1 1 

1 1 

0 

0 

0 



LOCATION: R.I. 

* 1/2 meter 

DATE TIME DEPTH 2 3 4 '5 

7/2-3/7 0258 
0301 S* 
0540 
0550 S* 
0540 
0550 M* 
0540 
0550 B* 
0605 
0608 B* 

7/17-18 0842 
73 0845 S* 

0842 
0845 B* 
1039 
1042 S* 
1039 
1042 B* 
1210 
1220 S* 
1210 ... 
1220 M* 
1210 
1220 B* 
1253 
1256 S* 
1253 
1256 B* 
1341 
1351 S* 
1341 
1351 B* 

. -- -_. o. -. ---------

I - I \ 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 12 

, 

SPECIES: White Perch 

1;3 14 others 

1 1 

1 

1 

1 

3 

TOTAL 

2 

0 

1 

1 
I 

I 

:-
1 

0 

0 

0 

0 

3 

0 

0 

0 

0 



r r J 

LOCATION: 

* 1/2 meter 

DATE TIME DEPTH 2 3 4 

7/17-18 1341 
73 1351 B* 

1424 
1427 S* 
1424 
1427 B* 
1610 
1613 S* 
1610 
1613 B* 
1806 
1809 S* 
1806 
1809 B* 
2059 
2102 S* , 

2059 
2102 B* 
2250 

, 

2253 S* 
2250 
2253 B* 
2345 
2355 S* 
2345 
2355 M* 
2345 
2355 B* 
0100 
01e3 S* 
0100 
0103 B* 

R.I. 

I 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY· 1 nun SIZE GROUPS 
5 6 7 8 9 10 11 

--

12 

SPECIES: White Perch 

l;l 14 Others TOTAl 

1 1 

0 

0 

0 

0 
i 

0 I 
I 

I 

2 2 

0 

0 

0 

0 

2 2 

4 4 

0 

1 1 

2 2 



LOCATION: 

* 1/2 meter 

DATE . TIME DEPTH 2 3 

7/17-18 0135 
73 0145 S* 

0135 
0145 M* 
0135 
0145 B* 
0235 
0238 S* 
0235 
0238 M* 
0504 
0507 S* 
0504 
0507 B* 

7/31- 1159 
8/1/73 1201 B* 

1830 
1840 S* 
2045 
2047 B* 
2135 
2145 S* 
2135 
2145 B* 
2150 
2152 S* 
2245 
2247 B* 
2330 
2340 S* 
2330 
2340 B* 

I-- -

I 

R.I. 

4 5 

. \' 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY I DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 

-. - - L...-. 

SPECIES: Whi te Perch 

12 13 14 Others TOTAl 

2 2 

1 2 

2 2 

1 1 

0 

2 2 

1 1 
-~ 

0 

0 
I 

0 
, 

I 

0 

2 2 

0 

0 

1 1 

0 



r r 

* 1/2 meter 

DATE TIME DEPTH 

7/31- 2348 
8/1/73 2350 S* 

0049 
0059 S* 
0049 
0059 B* 
0106 . 
0108 S* 
0106 
0108 B* 
0333 
0343 S* 
0333 
0343 B* 
0347 
0349 B* 
0530 
0540 S* 
0530 
0540 B* 

8/14/73 2010 
2017 B* 
2230 
2233 S* 

r 

LOCATION: R.I. 

2 3 4 5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

- -.-~-- L-.. 

SPECIES: White Perch 

12 1;3 14 Others TOTAl 

0 

1 1 

0 

0 

0 

0 

0 

0 

i 
0 

1 1 

0 

0 



LOCATION: R.D. 

DATE TIME DEPTH 2 3 4 5 

6/7-8/73 1927 
1932 ~M 1 4 
1954 
1957 M 3 
2019 
2025 MB , 3 4 
1004 
1012 ~B 11 13 
1038 
1041 ~B 1 3 5 
1116 
H2O B~M 8 4 
1334 
1337 B 1 3 
1407 

1 1 5 5 
1430 
1432 M 1 
1445 
1440 M 1 

7/2-3/73 10.116 
1054 ~B 
1356 
14035 ~B 
1836 
1846 ~B 2 
1855 
1858 ~B 
2145 
2155 ~B 
2204 
2207 B 

-', 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 

2 1 

1 1 3 

1 2 

2 

1 

1 

2 

2 

1 1 

3 1 9 3 6 5 

3 

1 
_1---- ___ c . __ . ___ . ____ . ____ I---'--~ ---~ 

SPECIES: A10sa 

12 1,3 14 others TOTAL 

1 7 

6 

1 1 14 

27 

9 

14 

5 

1 14 

3 

3 

1 1 

2 

9 6 3 4 51 

2 1 8 11 

2 2 6 82 95 

1 3 6 24 35 



r ( r r r 

LOCATION: R.D. 

DATE TIME DEPTH 2 3 4 

7/2-3/73 0011 
0014 ~ 
0147 
0157 ~B 
0205 
0208 B 
0445 
0445 ~ 
0500 
0503 ~B 1 

7/17-18 0924 
73 0927 ~MB 

1056 
1059 ~MS 
1233 
1243 ~MB 
1305 
1308 ~MB 
1407 
1417 ~MB 
1439 
1442 ~MB 
1638 -
1641 ~MB 
1749 
1751 ~MB 
2046 
2049 ~MB 
0025 
0035 ~MB 
0040 
0043 ~MB 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

f 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
5 6 7 8 9 10 11 

1 

3 1 4 

1 

10 

1 

------_1..-

12 

6 

2 

SPECIES: Alosa 

1J 14 others TOTAl 

2 8 11 

8 8 39 69 

2 5 8 

44 44 

·13 24 ._-

0 
i 

0 

3 

0 

0 

0 

0 

0 

0 

11 11 

1 1 



LOCATION: R.D. 

DATE TIME DEPTH 2 3 4 5 

7/17-18 0213 
73 0216 ~MB 

0447 
0450 ~MB 
0158 
0208 ~MB 

7/31- 2245 
8/1/73 2247 B 

0010 
0020 ~MB 
0020 
0028 ~MB 
0403 
0413 ~MB 
0417 
0419 ~MB 
0615 
0625 ~MB 

~ 

.... \ 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY,. DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

4 

------- _. -----~I....-- -

12 

SPECIES: A10sa 

13 14 others TOTAL 

2 6 

0 

11 11 

0 

8 8 

1 1 

0 

5 5 

1 1 

. 



r ' r r 

LOCATION: R.D. 

* 1/2 meter 

DATE TIME DEPTH 2 3 4 

6/7-8/7 j1927 
1932 * 
1954 
1957 * 
2019 
2025 B* 
1008 
1012 B 1 2 
1038 
1041 B 1 2 2 
1116 
1120 B 1 6 
1334 
1337 B 2 10 
1407 

1 
1430 
1433 * 
1445 
1449 * 

7/2-3/ 1046 
73 1051 B* 

1356 
1403.5 B* 
1642 
1647 B* 
1836 
1846 B* 
1855 
1858 B* 
2145 
2155 B* 

r 

5 

3 

1 

9 

8 

7 

15 

2 

1 

r 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA' 

1973 

f 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 a 9 10 11 

2 

2 

8 

6 

11 

6 

1 

1 1 

1 

t- ~- ---- -- _.- -,-_L.. -

SPECIES: Striped Bass 

12 f~ 14 Others 'I'OTAL 

3 

'2 

3 

20 

19 

25 

33. 

3 

0 

1 ,'-

0 

1 1 

1 

2 

1 

0 



LOCATION: R.D. 

* 1/2 meter 

DATE TIME DEPTH 2 3 4 

7/2-3/73 2204 
2207 B* 
0011 
0014 * 
0147 
0157 B* 
0205 
0208 B* 
0445 
0455 * 
0500 
0503 B* 

7/17-18 0924 
73 0927 B* 

'Ol;e:: _""'.."v 

1059 S* 
1233 
1243 B* 
1305 
1308 B* 
1407 
1417 B* 
1439 
1442 B* 
1638 
1641 B* 
1749 
1751 B* 
2046 
2049 B* 
0025 
0035 B* 

- --- - ---

·1 ( • 1 
\ -! 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
5 6 7 8 9 10 11 

1 1 

1 

---~.-~-

12 

SPECIES: Striped Bass 

l~ 14 Others TOTAL 

1 1 

0 

7 9 

0 

2 6 9 

1 1 

0 I 

0 

0 

0 

0 

0 

0 

·0 

0 

0 



r r r 

LOCATION: R.D. 

* 1/2 meter 

DATE TIME· DEPTH 2 3 4 5 

7/17-18 0040 
73 0043 B* 

0158 
0208 B* 
0213 
0216 B* 
0445 
0447 B* 

7/31- 2245 
8/1/73 2247 B* 

0010 
0020 B* 
0026 
0028 B* 
0403 
0413 B* 
0417 
0419 B* 
0615 
0625 B* 

-- .~--

f ( 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

{ 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 12 

SPECIES: Striped Bass 

1~ 14 others TOTAl 

0 

0 

0 

3 3 

0 

0 

0 

0 

0 

0 



LOCATION: R.D. 

DATE TIME DEPTH 2 3 4 5 

6/7-8/7 1927 
1932 ~M 1 
1954 
1957 ~M 3 
2019 
2025 ~B 2 
1004 
1012 ~B 
1038 
1041 B~M 1 
1115 
1120 B~M 2 1 1 
1330 
1337 B~M 
"AI'\"'-' .... -.:v I 

1490 
1433 ~M 1 
1445 
144~ ~M 

7/2-3/iJ 1046 
1054 ~B 
1356 
1403.5 ~B 
1642 
1647 ~B 
1836 
1846 ~B 
1855 
1858 ~B 
2145 
2155 ~B 

\ -\ 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11 

2 

1 

1 

-~ - --- ._-_. -

\ - ( 

12 

1 

SPECIES: Whi te Perch 

13 14 Others TOTAl 

1 

3 

2 

0 

1 

6 

0 .. 

0 
I 

1 

0 

0 

0 

1 3 1 6 

3 3 

2 

2 2 



r r 

LOCATION: R.D. 

DATE TIME DEPTH 2 3 4 5 

7/2-3/7 2204 
2207 ~B 
0011 
0014 ~ 
0147 
0157 ~B 
0205 
0208 ~B 
0445 
0455 ~ 
0500 
0503 ~B 

7/17-18 0924 
73 0927 ~B 

1056 
1059 ~S 
1233 
1243 ~B 
1305 
1308 ~B 
1407 
1417 ~B 
1434 
1442 ~B 
1638 
1641 ~B 
1749 
1751 ~B 
2046 
2049 ~B 

-

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1913 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 lQ 11 

1 

1 

. 

12 

1 

SPECIES: Whi te Perch 

1~ 14 others TOTAl 

1 1 

0 

0 

1 1 2 
I 

2 3 2 9 I 

1 1 2 5 

0 

0 

1 1 2 

1 1 

1 1 

1 1 

0 

0 

0 



LOCATION: R.D. 

DATE TIME DEPTH 2 3 4 

7/17'-H 0025 
73 0035 ~B 

0040 
0043 ~B 
0213 
0216 ~B 
0447 
0450 ~B 
(U58 
0208 ~B 

7/31- 2245 
8/1/73 2247 B 

0910 
0020 ~B 
0026 
0028 ~B 
0403 
0413 ~B 

0413 
0419 ~B 
0615 
0625 ~B 

--~ - ! -I I 

ROSETON-DANSKAMMER FISH IARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
5 6 7 8 9 10 11 

- - -- - ~--- -- - ~- 1....-- --_ -------

- -( 

12 

SPECIES: White Perch 

1;l 14 others TOTAL 

1 9 10 

0 
, 

1 7 8 
I 

1 1 

3 1 14 18 

0 

0 

0 

0 

2 

0 

- I 



DATE TIME 

5/22-23/ 1200 
73 1207 

1200 
1207 
1330 
1333 
1330 
1333 
1332 
13375 
1330 
1338 
1330 
1338 
1515 
1520 
1515 
1520 
1515 
1520 
2100 
2104 
0000 
00035 
0000 
00035 
0000 
00035 
0000' 
00045 
0205 
0208-5 

r r 

LOCATION: D.I. 

DEPTH 2 3 4 5 

S 9 41 

B 43 

S 4 4 6 

B 2 1 

S* 1 1 2 

M* 1 5 1 

B* 2 2 

S* 1 1 3 

M* 2 6 1 

B* 1 5 

B* 5 5 

S* 3 3 30 

S 12 19 

M* 1 7 18 

B* 2 

S 13 84 225 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

15 4 5 1 20 5 

22 7 11 33 

1 1 4 1 1 11 

1 1 

1 1 1 3 3 

2 3 2 

1 6 2 7 

1 

3 1 1 2 

5 1 1 2 3 

40 21 2 4 12 21 

3 2 3 

2 2 2 1 1 

30 40 17 47 128 
----- -~ -

SPECIES: Alosa 

12 13 14 others TOTAL 

100 

10 126 

3 36 I 

I 

5 

13 

14 

20 

5 

9 

7 

17 

48 

21 4 2 158 

1 35 

10 

50 34 668 



LOCATION: D. I. 

DATE TIME DEPTH 2 3 4 5 

5/22-23 0205 
73 0208-5 S* 1 3 38 

0205 
0208-5 M* 1 3 58 
0205 
0208-5 B* 3 11 40 
0325 
0328-2 S* 1 9 81 
0325 
0328 M* 3 6 38 
0325 
0329 B* 1 5 19 
0525 
0529 M* 2 3 21 
0835 
0839 M*. 2 4. 50 

6/7-8/ 1655 
73 1700 S* 2 2 

1655 
1700· M* 1 
1830 
1832-5 B 1 
2207 
2211 S* 1 
2207 
2211 B* 
2315 
2322 S 1 1 
2315 
2322 B 10 9 
2319 
2327 S* 2 6 4 

--I ! - -! I 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

25 3 5 18 10 1 

17 3 3 25 19 6 

15 3 4 1 5 11 

34 7 2 4 7 9 

6 2 5 3 

11 2 2 1 1 

15 2 1 2 2 

37 7 4 2 1 

1 

1 

1 

1 1 

2 1 

2 2 1 1 1 

10 8 4 2 2 

2 2 2 1 1 
-- - ------------

SPECIES: A10sa 

-

12 1) 14 Others TOTAl 

104 

1 136 

3 96 

1 155 

63 

42 

1 1 50 , 

, LJllR 

5 I 

I 

2 I 
1 

2 

3 

3 

1 1 1 1 13 

1 46 

1 21 

··1 



r 

LOCATION: D • I. 

DATE. TIME DEPTH 2 3 4 5 

6/7-8/ 2319 
73 2327 M 1 1 

0034 
0036 B 1 2 3 3 
0035 
0037 B 3 6 5 
0215 
0222 S 16 
0215 
0222 B 10 19 
0215 
0222 S* 4 14 
0215 
0222 M* 4 4 
0215 
0222 B* 2 
0325 
0327 B 2 4 
0520 
0522 B 
0802 
0804 B 2 8 14 
1000 
1002 S 4 
1000 
1002 B 1 
1145 
1148 B 1 1 
1145 
1148 M 3 
1145 
1148 B 1 

-- ~.~---- -- .. ~' 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY. 1 ram SIZE GROUPS 
6 7 8 9 10 11 

·1 

1 ·1 

1 2 1 

30 18 19 1 5 

9 8 7 2 

14 1 4 

2 2 

6 3 2 1 

4 3 1 2 

2 

13 5 4 2 2 1 

1 1 

1 

1 1 1 

SPECIF;S : A10sa 

12 1~ 14 others TOTAL 

3 

11 

1 19 

5 1 1 96 

55 

37 

12 .. 

14 

2 18 

2 

51 

4 

3 

3 

6 

1 



LOCATION: D.L 

DATE TIME DEPTH 2 3 4 5 

6/7-8/ 1250 
73 1252 B 

1500 
1504 M* 7 
1500 
1504 B* 
1500 
1504 B 17 28 
1530 
1532 S* 1 1 
1530 
1532 B 1 1 

6/19-20 0195 
73 0197 - B 

1106 
1113 S* 
1106 
1113 B* 2 10 
1106 
1113 B* 4 4 34 
1131 
1133 S* 4 6 
1131 
1133- B 2 
1300 
1307 S* 
1300 
1307 M 1 
1300 
1307 B 
1300 
1307 B 2 

-( - ~ ~ -I I 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mmSIZE GROUPS 
6 7 8 9 10 11 

1 1 

1 1 

1 1 

6 3 2 1 3 1 

2 

1 1 1 1 1 

1 3 4 6 13 

8 28 25 45 50 15 

61 26 12 45 49 83 

1 7 6 4 4 1 

1 2- 3 3 3 4 

1 2 

2 

1 2 1 2 1 

1 2 5 2 1 3 
- ----- ------L_~ __ ~ L...-- _______ -----

SPECIES: Alosa 

12 13 14 others TOTAL 

2 

9 

2 

2 1 64 

2 

1 5 

1 1 5 12 

15 12 4 10 68 

10 2 195 

45 34 27 42 466 

2 1 36 

4 3 1 3 29 

3 6 

1 4 

2 1 10 

2 1 4 23 

~ I 



r 

LOCATION: D. I. 

DATE TIME DEPTH 2 3 4 

6/19-20 1330 
73 1333 B 1 

1457 
1504 M* 
1457 
1504 S 1 
1540 
1542 B* 
1736 
1743 S 
1809 
1811 B 
2025 
2027 S 1 
2025 
2027 B 
2207 
2214 B 
2209 
2216 S* 
2209 
2216 B* 
2235 
2237 B 
0055 
0102 B 
0055 
0102 S* 
0055 
0102 B* 1 2 
0115 
0117 S* 1 
0115 
0117 B* 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
5 6 7 8 9 10 11 

1 2 1 4 6 6 2 

2 1 1 1 

2 3 7 4 7 6 6 

2 3 2 2 4 8 1 

1 2 1 

2 1 2 1 

3 3 2 2 2 2 1 

3 10 6 13 

1 3 3 1 8 21 

1 4 ,10 

8 22 24 16 32 

1 1 4 2 3 2 

4 1 2 6 5 4 2 

2 1 3 2 

,-~--'---
1 1 1 1 

SPECIES: A10sa 

12 1~ 14 others TOTAL 

3 2 1 5 34 

'1 I 6 

5 7 12 60 I 

1 1 2 

9 7 3 41 82 

1 2 1 4 12 

7 

2 4 4 3 28 

44 73 101 140 390 

30 22 4 10 103 

25 15 13 28 96 

2 2 

49 43 19 . 8 221 

3 5 21 

5 1 1 34 

1 1 11 

1 5 



LOCATION: D • I • 

DATE TIME DEPTH 2 3 4 
6/19-20/ 0445 
73 1447 S 

0445 
0447 M 
0445 
0447 B 
0710 
0712 S* 1 
0710 
0712 M* 
0710 
0712 B* 2 

1/2-3/73 0850 
0852 B 
1047 
1049 S 
1047 
1049 B 1 
1154 
1201 S 11 
1154 
1201 B 
1156 
1203 s* 
1156 
1203 M* 
1156 
1203 B* 
1223 
1225 B 

1400 
1407 S 

5 

1 

1 

3 

1 

8 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY., DATA 

1973 

NUMBER OF· LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

1 3 1 1 2 

1 1 2 

1 1 5 1 

1 2 2 

1 2 2 5 

1 5 7 8 1 7 

1 

- - ------ -------

SPECIES: A10sa 

12 13 14 Others TOTAL 

1 1 1 12 

6 10 

2 1 12 

3 2 14 

3 4 1 19 

6 2 47 

1 4 74 79 

7 7 

11 12 

20 31 

2 2 2 5 12 

2 2 

,. 
2 2 

3 2 5 

4 4 

1 1 2 12 16 

( 



r 

LOCATION: D. I. 

DATE TIME DEPTH 2 3 4 5 
7/2-3/ 1400 
73 1407 B 5 

1402 
1409 0* 
1402 
1409 M* 
1402 
1409 B 
1434 
1436 0 
1434 
1436 B* 1 
1746 
1748 B* 5 
1946 
1948 0* 
1946 
1948 B* 
2137 
2139 B 
2345 
2350 0 
2345 
2352 .M 
2345 
2352 B 5 
2345 
2352 B 
0010 
0013 0 
0010 
0013 B 2 

-- - ---~- -~, 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

1 2 

1 2 . 

2 2 1 

'I 

12 

1 

1 

4 

4 

SPECIES: Alosa 

1;J 14 Others TOTAl 

15 20 

1 1 

1 1 

6 6 

0 
I 

1 ! 

I 68 73 

1 2 7 

2 4 7 

6 5 45 63 

1 2 3 

1 1 15 17 

.' 3 8 

5 30 44 

1 1 2 5 

2 



LOCATION: D • I • 

DATE TIME DEPTH 2 3 4 

tl/2-3/73 0137 
0144 B 
0137 
0144 0 
0137 
0144 M 

0137 
0144 B 
0200 
0203 B 
0506 
0507 s* 
0506 
0507 B* 
0620 
0622 0* 
0620 
0623 MB* 

'-/17-18 0753 
73 0755 0* 

0753 
0755 B* 
0921 
0923 B* 
1041 
1043 B* 1 
1101 
1108 B* 
1104 
1111 0* 
1104 
1111 B* 

5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mIll SIZE GROUPS 
6 7 8 9 10 11 

1 1 1 

4 1 1 1 1 

1 1 

2 

1 1 2 

-------------

SPECIES: A10sa 

12 13 14 others TOTAL 

1 1 3 19 27 

4 1 3 2 18 
i 
I 

1 3 4 

6 6 

0 

1 1 

2 1 10 15 -

1 2 1 23 29 

1 . 1 1 21 24 

0 

1 1 

1 1 6 

6 7 

2 2 

0 

0 



r f r f 

LOCATION: D . I . 

DATE . TIME PEPTH 2 3 4 

7/17-18/ 1254 
73 1301 ·0' 

1254 
1301 B 
1257 
1304 0* 
1257 
1304 M* 
1257 
1304 B* 
1454 
1501 0 
1454 
1501 B 
1456 
1503 0* 
1456 
1503 M* 
1456 
1503 B* 
1703 
1705 B 
2005 
2007 B 
2150 
2157 B 
2152 
2159 M* 
2152 
2159 B* 
2205 
221)7 B* . 

5 

r ( 

ROSETON-DANSKAMMER ~ISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMaER OF LARVAE BY 1mm SIZE GROUPS 
6 7 8 9 10 11 

1 

2 1 

1 

1 

12 

1 

1 

1 

SPECIES: Alosa ---

13 14 Others TOTAl 

0 

0 

0 

0 

0 

2 

3 I 

a 

1 

0 

0 

7 7 

4 6 

2 3 

0 

0 



LOCATION: 0.1. 

DATE TIME DEPTH 2 3 4 5 

7/17-18 0005 
73 0012 0* 

0005 
0012 M* 
0007 
0014 0'* 
0007 
0014 B 5 7 1 
0045 
0047 0' 
0045 
0047 B 
0210 
0217 0' 
0200 
0217 M 

0200 
0217 B 
0212 
0219 0 
0212 
0219 B 7 
0230 
0232 0' 
0230 
0232 B 2 
0640 
0642 B 

7/31- 0818 
8/1/73 0825 B 

0823 
0830 

I, 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY I DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

- -- 1..;..- --- -- '- ----~ ~~~~ ~~--

SPECIES: A10sa --

12 13 14 

1 

2 

- -

Others TOTAL 

0 

1 1 

10 10 

1 14 

2 2 

0 , 

0 I 

I 
I 

1 1 

0 

13 14 

7 

1 1 

2 

2 4 

3 3 

1 1 



r r 

LOCATION: D. I . 

DATE TIME OEPTI:I 2 3 4 5 

7/31- 0836 
8/1/73 0838 B 

0918 
0925 B 
0920 
0927 M* 
0920 
0927 
1023 
1030 S 
1437 
1441 
1828 
1835 B* 
1828 
1835 B 
1847 
1849 B 
2143 
2150 B* 
2143 
2150 M* 
2143 
2150 B 
2350 
2357 B* 
0017 
0019 B 
0114 
0121 B 
0114 
0121 S* 
~---

L-..- .. 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

1 

3 

1 

SPECIES: Alosa 

12 13 14 

1 

1 

1 

1 

1 

. 

Others TOTAl 

0 

1 3 

2 2 

1 1 

1 

1 

1 

0 I 

5 6 

1 1 

0 

1 4 

0 

2 2 

10 11 

0 



LOCATION: D • I • 

DATE TIME DEPTH 2 3 4 5 

7/31- 0114 
8/1/73 0121 M* 

0114 
0121 B* 
0431 
0438 B* 
0431 
0438 S 
0431 
0438 B 
0457 
0459 S 
0457 
()459 B 

8/14-15/ 1540 
73 1547 S 

1540 
1547 B 
1740 
1747 S 
1740 
1747 B 
2002 
2009 B 
2115 
2162 s 
2115 
2122 B 
2117 
2124 S* 
2117 
2124 B* 

- -- ~ -- '-

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

SPECIES: A10sa 

12 1.;3 14 Others TOTAL 

1 1 

0 

1 1 

3 3 

5 5 

3 3 

4 4 

0 

0 

0 

0 

0 

0 

0 

0 

0 



{ r 

LOCATION: D. I. 

DATE TIME. DEPTH 2 3 4 5 

8/14-15 2338 
73 2345 S 

2338 
2345 B 
0001 
0003 
0001 
0003 B 
0223 
0230 B 
0325 
0332 B 

L...-- -

f I 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA . 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 .8 9 10 11 

SPECIES: 

12 1,3 

Alosa 

14 Others TOTAl 

59 59 

llO 110 

2 2 

a 

a ! 

a 



LOCATION: 0 • I . 

* 1/2 meter 

DATE TIME DEPTH 2 3 4 

5/22-23/ 1200. 
73 1207 S 

1200 
1207 B 
1330 
1333 S 
1330 
1333 B 
1330 
133"45 S* 
1330 
1338 M* 
1339 
1338 B* 
1515 
1520 S* 
1515 
1520 M* 1 
1515 
1520 B* 
2100 
2104 B 
0000 
0003 S* 
0000 
00035 S 
0000 
00035 M 
0000 
0004.5 B* 1 
0205 
0209 S 

.;..... - -- - ..... --

. 5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

-

12 

SPECIES: Striped Bass 

1) 14 Others TOTAL 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

a 

0 

0 

1 

0 



LOCATION: D .I. 

* 1/2 meter 

DATE TIME DEPTH .2 3 4 5 

5/22-23 if 0205 
. 73 0209 S* 

0205 
0209 M* 
0205 
0209 B* 1 
0325 
03285 S 
0325 
03285 S* 
0325 
0329 M* 
0325 
0329 B* 
0425 
0428 S 
0525 
0529 M* 
0625 
0628 S 
0835 
0839 M* 
0915 
0922 S 

6/7-8/73 1655 
1700 S* 
1655 
1700 M* 
1830 
18125 S 
1830 

-

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6· 7 8 9 10 11 

1 1 

1 

SPECIES: Striped Bass 

12 ·1) 14 Others 

-

TOTAl 

0 

2 

2 

0 

0 

0 

0 , 

0 
I 

I 

I 
1 

1 

0 

1 

15 

16 

1 

1 



LOCATION: D. I • 

*1/2 meter 

DATE TIME DEPTH 2 3 4 

6/7-8/73 2207 
2211 S* 
2207 
2211 B* 1 
2315 
2322 S 1 12 31 
2315 
2322 B 3 19 18 
2319 
2327 S* 3 5 
2319 
2327 M* 3 6 7 
2319 
2327 B* 2 
0034 
0036 B 1 1 2 
0035 
0037 B 1 15 
0215 
0222 S 6 5 8 

0215 
0222 B 3 14 
0215 
0222 S* 1 2 
0215 
0222 M-R 1 2 
0215 
0222 B* 1 
0325 
0327 B 2 
0520 
0527 B 

5 

4 

21 

21 

10 

7 

2 

5 

7 

14 

1 

6 

1 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

1 

3 

8 

7 I 

2 

3 

2 

2 

1 

1 

5 

--

SPECIES: Striped Bass 

12 13 14 Others TOTAl 

1 

5 

65 

3 67 

26 

1 24 

11 

6 

24 

1 29 
I 

33 

4 

3 

8 

4 

______ L 1 



r r r r 

LOCATION: D.I. 

* 1/2 meter 
... 

DATE TIME DEPTH 2 ·3 .4 
6/7-8/7 0802 

0804 B 4 
1000 
1002 s* 
1000 
1002 B* 
1145 
1148 S 
1145 
1148 B 
1145 
1148 M* 
1145 
1148 B* 
1250 
1252 B 
1500 
1504 M* 
1500 
1504 B* 1 
1500 
1504 B 
1530 
1532 s* 
1530 
1532 B* 

6/19-20 0915 
73 0917 B 

1106 
1113 S* 
1106 
11.1.3 B* 2 6 

5 

12 

3 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY , DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 .. 8 9 10 11 

1 3 

SPECIES: 

12 1.3 

Striped Bass 

14 Others TOTAl 

20 

0 

0 

0 

0 
I 

0 1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

11 



LOCATION: D. I. 

* 1/2 meter 

!DATE TIME DEPTH 2 3 4 5 
I 

I 6/19-20 1106 
73 1113 B 4 

1131 
1133 S* 
1131 
1133 B* 
1300 
1307 S* 
1300 
1307 M* 1 
1300 
1307 B* 
1300 
1307 B 1 
1330 
1333 B 1 
1457 
1504 M* 
1457 
1504 S 1 
1540 
1542 S* 
1540 
1542 B* 
1736 
1743 S 2 2 9 
1809 
1811 B 
2025 
2027 S* 
2025 
2027 B* 

---

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

2 

2 2 

1 

2 

1 

1 2 

3 1 

1 

1 1 

3 3 1 2 

- "-- --- '---' --~- ~-- 'L... 

SPECIES: Striped Bass 

12 13 14 Others TOTAL 

6 

0 

4 

0 

1 

1 

3 

2 

3 

5 

1 

2 

22 

0 

0 

0 



LOCATION: D.'I. 

-L / £- ~I.I.~ \,,-C .. 

DATE TIME DEPTfI. 2. 3 4 5 

6/19-20 2207 
73 2214 B 

2209 
2216 S* 
2209 
2216 B~ 

2235 
2237 B 1 
0055 
0102 B 
0055 
0102 S* 
0055 
0102 B* , 
0115 
0117 S* 
0115 
0117 B* 
0445 
0447 s* -
0445 
0447 M* 
0445 
0447 B* 1 
0710 
0712 s* 
0710 
0712 M* 
0710 
0712 B* 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 1 

1 1 1 

1 1 

1 

1 

1 

.~ -- --" 

SPECIES: Striped Bass 

12 13 14 Others TOTAL 

2 

0 

0 

1 

3 

0 

0 . , 

0 
I 

I 
0 

2 

1 

2 

0 

0 

1 



LOCATION: 0 • I. 

* 1/2 meter 

DATE TIME DEPTH 2 3 4 5 

7/2-3/73 0850 
0852 B 
1047 
1049 S* 
1047 
1049 B* 
1154 
1201 S 
1154 
1201 B 
1157 
1203 S* 
1156 
1203 M* 
1156 
1203 B* 
1223 
1225 B 
1400 
1407 S 
1400 
1407 B 
1402 
1409 S* 
1402 
1409 M* 
1402 
1409 B* 
1434 
1436 S* 
1434 
1436 B* 

----

ROSETON-DANS~£R FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

. NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 

1 

6 2 

--- --~.- --- ---- -

12 

1 

1 

J. 

-

SPECIES: Striped Bass 

13 14 Others TOTAl 

a 

0 

0 

2 2 

2 2 6 

0 

0 
I 

0 I 

I 

0 

1 3 

1 2 12 

0 

0 

0 

0 

0 



* 1/2 meter 

.DATE TIME DEPTH 

7/2-3/7...; 1746 
1748 B 
1946 
1948 S* 
1946 
1948 B* 
2137 
2139 B 
2345 
2350 S* 
2345 
2352 M* 
2345 
2352 B* 
2345 
2352 B 
0010 
0013 S* 
0010 
0013 B* 
0137 
0144 B 
0137 
0144 S* 
0137 
0144 M* 
0137 
0144 B* 
0200 
0203 B* 
0506 
0507 S* 

[ 

LOCATION: D • I • 

2 3 .4 5 

, 

I 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 

- -- .. ~.- .. -. ~ 

SPECIES: Striped Bass 

12 13 14 Others TOTAl 

0 

0 

0 

1 2 

0 
i 

3 3 ! 

1 2 2 5 

3 3 

0 

0 

1 1. 1 3 

1 1 

1 1 

1 1 2 

0 

0 
--~-- -- L..-.-.-.. 



LOCATION: 

* 1/2 meter 

DATE TIME DEPTH 2 3 

7/2-3/ 0506 
73 0507 B* 

0620 
0622 S* 
0620 
0623 MB* 

7/17-18 0753 
73 0755 S* 

0753 
0753 B* 
0921 
0923 B 
1041 
1043 B 
1101 
1108 B 
1104 
1111 S* 
1104 
1111 B* 
1254. 
1301 S' 

1254 
1301 B 
1257 
1304 S* 
1257 
1304 M* 
1257 
1304 B* 
1454 
1501 S 

L- - -~ L-

D.!. 

4 5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11, 

SPECIES: Striped Bass 

12 1) 14 Others 

1 1 

TOTAL 

0 

0 
I 

0 
I 

0 

0 

0 

'" v 

0 

0 

0 

0 

0 

0 

0 

0 

2 



LOCATION: D.L 

* 1/2 meter 

DATE TIME DEPTH 2 3 4 5 

7/17-i8 1454 
73 1501 B 

1457 
1503 S* 
1456 
1503 M* 
1456 
1503 ,B* 
1703 
1705 B* 
2005 
2007 B 
2150 
2157 B 
2152 
2159 M* 
2152 
2159 B* 
2205 
2207 B* 
0005 
0012 S* 
0005 
0012 M* 
0007 
0014 S 
0007 
0014 B 
0045 
0047 S* 
0('45 
0047 B* 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8. 9 10 11 

1 

12 

1 

1 

SPECIES: Striped Bass 

13 14 Others TOTAl 

3 3 7 

0 

0 

1 1 

0 

0 
! 

1 2 5 

0 

0 

0 

0 

0 

0 

4 4 

0 

0 
..... 



LOCATION: D.L 

* 1/2 meter 

DATE TIME DEPTH 2 3 4 5 

7/17-18 0210 
73 0217 

0210 
0217 
0210 
0217 
0212 
0219 
0212 
0219 
0230 
0232 
0230 
0232 
0640 
0642 

7/31- 0818 
8/1/73 0825 

0823 
0830 
0836 
0838 
0918 
0925 -
0920 
092-
0920 
0927 
1023 
1030 
1437 
1441 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

--~-- _I.- - -- --

12 

SPECIES: Striped Bass 

13 14 Others TOTAL 

0 

2 2 

2 2 

2 2 

1 1 ! 
I 

0 

1 1 

0 

0 

0 

0 

a 

a 

0 

0 

0 



y 

LOCATION: D.l. 

* 1/2 meter 

DATE TIME DEPTH 2 3 4 5 

7/31-- 1828 
8/1/73 1835 B* 

1828 
1835 B 
1847 
1849 B 
2143 
2150 B* 
2143 
2150 M* 
2143 
2150 B 
2350 
2357 B* 
0017 
0019 B 
0114 
0121 B 

0114 
0121 S* 
0114 
0121 M* 
0114 
0121 B* 
0431 
0438 B* 

, 0431 
0438 S 
0431 
0438 B 

0<157 
0459 S 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

,c 
\ 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

--- --~--~- -~--- -

12 

--

SPECIES: Striped Bass 

1,3 14 Others TOTAL 

0 

0 

0 

0 
I 

0 
-I 
I 

0 

0 

0 

0 

0 

0 

0 

0 

1 1 

0 

a 
---- -



LOCATION: D.l. 

* 1/2 meter 

DATE TIME DEPTH 2 3 4 

7/31- 0457 
8/1/73 0459 B 
8/14-15 1540 
73 1547 S 

1540 
1547 B 
1740 
1747 S 
1740 
1747 B 
2002 
2009 B 
2115 
2122 S 
2115 
2122 B 
2117 
2124 S* 
2117 
2124 B* 
2338 
2345 S 
2338 
2345 B 
0001 
0003 
0001 
0003 B 
0223 
0230 B 
0325 
0332 B 

---~_L-.c-~.~- -~ 

.5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 12 

SPECIES: Striped Bass 

l~ 14 Others TOTAL 

0 

0 

0 

0 

0 

0 I 
I 

0 i 

0 

0 

0 

0 

0 

0 

a 

0 

0 



LOCATION: 

DATE TIME DEPTH 2 3 

5/22-23/ 1200 
73 1207 0' 

1200 
1207 B 
1330 
1333 0' 
1330 
1333 B 

~ meter 1330 
1337.1': 0' 
1330 
1338 M 
1330 
1338 B' 
1515 
1520 0 1 
1515 
1520 M 
1515 
1520 B 1 
2100 
2104 B 

~ meter 0000 
0003.5 S 1 
0000 
0003.5 S 
0000 
0003.5 M 

~ meter 0000 
0004.5 B 
0205 
0208.5 S 1 

i 

D.I. 

4 5 

-----

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 

SPECIES : White Perch 

12 13 14 Others TOTAl 

0 

0 

0 

0 

0 

0 
I 

0 

1 

0 

1 

0 

1 

0 

0 

0 

2 



LOCATION: 

DATE TIME DEPTH 2 3 

5/22-23/ 0205 
73 ~ 0208.5 S 
~ 0205 

0208.5 M 

~ 0205 
0208.5 B -. 

~ 0325 
0328.5 S 1 2 
0325 
0328.5 S 1 

~ 0235 
0329 M 

~ 0235 
0329 B 1 

~ 0425 
0428 S 

0525 
0529 ~M 
0625 
0628 S 
0835 
0839 ~M 
0915 
0922 S 

6/7-8/73 1655 
1700 ~S 
1655 
1700 ~M 1 2 
1830 
1832.5 S 
1830 
1832.5 B 

_. 

0.1. 

4 5 

1 

----

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 12 

SPECIES: White Perch 

13 14 Others TOTAL 

0 

0 

0 

4 

1 
I 

i 
I 

0 

I 
1 

1 1 

0 

0 

0 

0 

0 

3 

0 

0 



( 

LOCATION: D.l. 

DATE TI~ DEPTH 2 3 4 

6/7-8/ 2207 
73 2211 J,s 

2207 
2211 J,B 1 
2315 
2322 S 2 2 
2315 
2322 B 
2319 
2327 J,s 
2319 
2327 J,M 
2319 
2327 J,B 
0034 
0036 B 
0035 
0037 B 
0215 
0222 S 1. 
0215 
0222 B 
0215 
0222 J,s 3 
0215 
0222 J,M 
0215 
0222 J,B 1 
0325 
0327 B 
05"0 
0522 B 

5 

1 

1 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 B 9 10 11 

< 

~ 

-

12 

SPECIES: White Perch 

13 14 Others TOTAl 

0 

1 

5 

0 

0 I 

0 

0 

1 

0 

1 
, 

0 

1 4 

0 

1 

0 

0 



LOCATION: D.L 

DATE TIME DEPTH 2 3 4 

6/7-8/ 0802 
73 0804 B 

1000 
1002 l.:!s 
1000 
1002 l.:!B 
1145 
1148 S 
1145 
1148 B 
1145 
1148· l.:!M 
1145 
1148 l.:!B 
1250 
1252 B 
1500 
1904 ~M 1 
1500 
1504 l.:!B 
1500 
1504 B 4 1 
1530 
1532 l.:!s 1 
1530 
1532 l.:!B 

"- _ .. _-

5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

----~--

12 

SPECIES: . I'Jhite Perch 

13 14 Others TOTAL 

0 
, 

I 

0 

0 

0 

0 

0 

0 , 

0 

1 

0 

1 6 

1 

0 



( 

LOCATION: D.I. 

DATE TIME DEPTH 2 3 4 

6/19-20 0915 
73 0917 B 1 

1106 
1113 ~S 1 
1106 
1113 ~B 4 4 
1106 
1113 B 3 26 25 
1131 
1133 ~S 1 1 1 
1131 
1133 ~B 1 
1300 
.1307 ~S 
1300 
1307 ~M 
1300 
1307 ~B 1 
1300 
1307 B 1 1 3 
1330 
1333 B 
1457 
1504 ~M 2 
1457 
1504 S 3 5 
1540 
1542 ~S 
1540 
1542 ~B 1 
1716 
, "711 ':1 I=: 1 2 

5. 

2 

1 

13 

1 

·1 

1 

11 

1 

2 

5 

r 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 

1 

1 

9 2 

1 

1 

1 

SPECIES: White Perch 

12 13 14 Others TOTAl 

1 

3 

9 

68 
I 

3 I 

1 

0 

0 

2 

6 

2 

3 

30 

2 

4 

9 



LOCATION: D.!. 

DATE TIME DEPTH 2 3 4 

6/19-20 1809 
73 1811 B 1 

2025 
2027 ~S 
2025 
2027 ~B 
2207 
2214 B 
2209 
2216 ~S 
2209 
2216 ~B 
2235 
2237 B 
0055 
0102 B 
0055 
0102 ~S 1 
0055 
0102 ~B 
0115 
0117 ~S 
0115 
0117 ~B 
0445 
0447 ~S 
0445 
0447 ~M 
0445 
0447 ~B 
0710 
0712 ~S 

-----

5 

1 

1 

1 

1 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 

--------

12 

SPECIES: White Perch 

1) 14 Others TOTAL 

1 

0 

1 

0 

0 

0 

1 I 

I 

0 

1 

1 

0 

0 

1 

0 

1 

0 



DATE TIME DEPTH 

6/19-20/ 0710 
73 0712 ~M 

0710 
0712 ~B 
0850 
0852 B 
1047 
1049 ~O' 
1047 
1049 B 
1154 
1201 0' 
1154 
1201 B 
1156 
1203 ~O' 
1156 
1205 ~M 
1156 
1205 ~B 

1223 
1225 B 
1400 
1407 0' 
1400 
1407 B 
1402 
1409 ~O' 
1402 
1409 ~M 

140'" 
1409 ~B 

r 

LOCATION: D. I . 

2 3 4 5 

1 

--

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 

1 4 

, 

SPECIES: White Perch 

12 1,3 14 Others TOTAl 

0 

1 

0 

1 1 

0 

0 i 
! 

3 3 
I 

0 

.1 1 

1 1 5 7 

1 1 3 

2 3 5 

5 4 7 3 24 

1 1 

1 1 1 3 

4 3 7 5 13 



LOCATION: 0.1. 

DATE TIME DEPTH 2 3 4 5 

7/2-3/7 1434 
1436 ~Ol 

1434 
1436 ~B 
1746 
1748 B 
1946 
1948 ~Ol 

1946 
1948 ~B 
2137 
2139 B 
2345 
2350 ~O' 
2345 
2352 ~M 
2345 
2352 ~B 
2345 
2352 B 
0010 
0013 ~O' 
0013 
0013 ~B 
0137 
0144 B 
0137 
0144 ~O' 
0137 
0144 ~M 
0137 
0144 ~B 

ROSETON-OANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

--L-- --- - -~-_. -

12 

SPECIES: White Perch 

13 14 Others TOTAL 

0 

1 1 

0 

0 

I 

0 i 
, 

1 1 
I 
I 
I 

0 

0 

1 1 

1 1 

0 

0 

1 2 3 

0 

1 1 

1 2 3 



LOCATION: D. I . 

DATE TIME DEPTH 2 3 4 5 

7/2-3/73 0200, 
0203 ~B 
0506 
0507 ~O 
0506 
0507 ~B 
0620 
0622 ~O 
0620' 
0622 ~MB 

7/17-18/ 0753 
73 0755 ~O 

0753 
0755 ~B 
0921 
0923 B 
1041 
1043 B 
1101 
n08 B 
1104 
1111 ~O 
1104 
1111 ~B 
1254 
1301 0 
1254 
1301 B 
1257 
1304 ~O 
12.J7 
1304 ~M 

-/ 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rnm SIZE GROUPS 
6 7 8 9 10 11 12 

SPECIES: White Perch 

13 14 - Others TOTAL 

1 1 

0 

-
0 

I 
I 

0 

0 

0 

0 

1 1 2 

0 

0 

0 

0 

" 

0 

1 1 

0 

0 
-- ----~-



DATE TIME DEPTa 

7/17-ia 1257 
73 1384 ~B 

1454 
1501 O· 
1454 
1501 B 
1456 
1503 ~O 
1456 
1503 ~M 
1456 
1503 ~B 
1703 
1705 ~B 
2005 
2007 B 
2150 
2157 B 
2152 
2159 ~M 
2152 
2159 ~B 
2205 
2207 ~B 
0005 
0012 ~O 
0005 
0012 ~M 
0007 
0014 S 
0007 
0014 B 

LOCATION: D • I . 

2 3 4 5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 

SPECIES: White Perch 

12 1) 14 Others TOTAL 

0 

0 

1 1 3 

0 

1 1 
I 

0 

1 1 

0 

1 0 

0 

4 4 

2 2 

0 

0 

1 1 

14 14 
~-



f I 

LOCATION: D.L 

DATE TIME DEPTH 2 3 4 

7/17-18 0045 
73 0047 ~O 

0045 
0047 ~B 
0210 
0217 ~O' 
0210 
0217 ~M 
0210 
0217 ~B 
0212 
0219 0' 
0212 
0218 B 
0230 
0232 0' 
0230 
0232 
0640 
0642 B 

7/31- 0818 
8/1/73 0825 B 

0823 
0830 ~M 
0836 
0838 B 
0918 
0925 B 
0920 
0937 ~M 
09:'0 
0937 ~B 

5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1. rom SIZE GROUPS 
6 7 8 9 10 11 12 

SPECIES: White Perch 

IJ 14 Others TOTAL 

0 

2 2 

a 

2 2 

I 

3 3 I 

4 4 

1 8 9 

0 

1 1 

0 

0 

0 

0 

0 

0 

1 1 



LOCATION: D.I. 

DATE TIME DEPTH 2 3 4 

7/31- 1023 
8/1/73 1038 B 

1437 
1441 B 
1828 
1835 ~B 
1828 
1835 B 
1847 
1849 B 
2143 
2150 ~B 
2143 
2150 ~M 
2143 
2150 13 
2350 
2357 ~B 
0017 
0019 B 
0114 
0121 B 
·0114 
0121 ~S 
0114 
0121 ~M 
0114 
0121 ~B 
0431 
0438 ~B 
0431 
0438 S 

-- -- --- ~-- ---- -- --- I-

5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

---

SPECIES: White Perch 

12 13 14 Others 

1 

2 

3 

2 

1 

TOTAL 
i 

0 

0 

0 

0 I 

0 

1 

2 

3 

2 

0 

0 

0 

0 

1 

0 

0 



.' 
DATE TIME DEPTH 

7/31- 0431 
8/1/73 0438 B 

0457 
0459 S 
0457 
0459 B 

8/14-15 1540 
73 1547 S 

1540 
1547 B 
1740 
1747 S 
1740 
1747 B 
2002 
2009 B 
2115 
2122 S 
2115 
2122 B 
2117 
2124 S 
2117 
2124 B 
2338 
2345 S 
2338 
2345 B 
0001 
0003 
OOOl 
0003 B 

LOCATION: D.l. 

2 3 4 5 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

, 

SPECIES: White Perch 

12 1.3 14 Others TOTAL 

0 

1 1 

1 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



LOCATION: D. I • 

DATE TIME DEPTH 2 3 4 

8/14-15 0223 
73 0230 B 

0325 
0332 B 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUE~CY I DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
5 6 7 8 9 10 11 

--- ---1.--- L......- L----- - "--.--- - --_._--

SPECIES: White Perch 

12 1.3 14 others TOTAL 

0 

0 

i 
I 

I 



t 

LOCATION: D.O. 

DATE TIME DEPTH- 2 3 4 5 
5/22-23/ 1037 
73 1044 1M B 2 61 91 

1245 
1252 3 6 22 
1640 
1647 -I 3 3 3 
1826 
1833 2 14 18 5 
1958 
2001 1 5 20 
2145 
2152 5 5 
0412 
0415 5 13 11 
0511 
0545 1 7 
1623 
1633 6 46 31 
0710 
0720 2 20 73 
0813 
0823 2 3 11 14 

6/7-8/7 1845 
1848 
2355 
0002 10 14 
0250 
0253 1 1 7 
0520 
0522 1 
0532 
0534 1 4 

._ .. __ .. 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rnm SIZE GROUPS 
6 7 8 9 10 11 

17 2 8 38 13 

7 14 8 10 5 6 

3 1 2 

2 4 

3 4 5 8 11 

1 1 

1 

2 4 7 7 1 

5 3 3 

1 1 1 

1 1 

2 3 3 1 2 1 

1 1 1 

1 2 

2 2 

SPECIES: A10sa 

12 13 14 Others rofAI 

6 2 240 

4 85 

16 

45 

1 58 

12 
I 

30 I 

8 

104 

106 

33 . 

2 

36 

12 

4 

9 



LOCATION; D . D • 

DATE TIME DEPTH 2 3 4 

6/7-8/7 0722 
1M J 0729 1 5 

1300 
1303 1 18 
1645 
1700 1 2 5 

6/19-20 1012 
73 1019 

1035 
1037 1 
1210 
1212 1 
1402 
1409 
1650 
1652 1 
1910 
1912 1 
2103 
2110 
2115 
2117 
2345 
2352 
0011 
0013 
0320 
0322 4 
0550 
0552 

7/2-3/7 0940 
0942-

--I -I --- --\ --I --Or 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH F~UENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
5 6 7 

7 1 

15 15 5 

-2 1 

1 2 5 

1 1 1 

1 

1 1 4 

, 
4 9 11 

1 5 4 

1 
-- ---- L.---~-"----- -

.--l I 
---I --I 

8 

2 

1 

35 

3 

8 

7 

7 

7 

9 10 11 

2 1 

1 1 2 

3 1 

9 53 18 

3 4 7 

6 10 7 

6 5 7 

1 1 

5 2 3 

7 3 7 

- ( 

SPECIES: Alosa 

12 13 14 others TOTAL 

17 

60 

16 
, 

62 92 66 175 510 I 

15 12 8 12 73 

7 5 4 15 66 

1 2 

1 2 

1 

12 7 10 74 134 

-l 5 13 38 62 

301 301 

36 36 

5 4 7 15 76 

6 2 2 23 67 

1 2 1 15 20 

-I \ 



DATE TIME DEPTH 

7/2-3/73 1115 
1122 1M B 
1130 
1132 
1245 
1252 
1332 
1334 
1843 
1845 
2034 
2036 
2230 
2237 
2246 
2248 
0020 
0027 

7/17-18/ 2045 
73 2047 

2235 
2242 
2245 

<II' 

2247 
0105 
0112 
0301 
0303 
0530 
0532 
0720 
0727 

r I 

LOCATION: D.D. 

2 3 4 5 

7 

1 

3 

---

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARV~ BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 1 

1 

1 

41 

1 

, 
3 

SPECIES: Alo!5a 

12 1~ 14 Others Tal'A! 

24 31 

1 6 9 

1 1 

1 2 

3 4 

1 1 2 

1 3 10 15 
• I 

2 8 10 ! 

19 60 
I 

3 

2 2 

1 1 

5 6 

4 4 

1 1 

1. 4 



LOCATION: 

DATE 'rIME DEPTH 2 3 

7/31- 0722 
8/1/73 0729 1M B 

0849 
0856 
0901 
0903 
1118 
1122 
1656 
1703 
1920 
1927 
1932 
1934 
2303 
2310 
2322 
2324 
0040 
0047 
0155 
0202 
0206 
0208 

----I --~\ 

D.D. 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
4 5 6 7 8 9 10 11 

1 1 

1 

1 

2 

1 

- -I-. - - ~-~~ 

--r ~-~ -- -! ( 

SPECIES: A10sa -

12 1;3 14 Others TOTAL 

1 1 

2 2 

1 1 

1 1 

1 1 

1 1 4 

1 4 6 -

3 3 

1 

3 5 

1 1 

1 2 

- L....-



LOCATION: D.O. 

DATE TIME DEPTH 2 3 4 

5/22-23 1037 
73 10445 1MB 

1037 
1044,5 1MB 
1245 
1252.5 1MB 
1245 
1252.5 1MB 
1640 
1647 1MB 
1826 
1832 1MB 
1948 
2001 1MB 
2145 
2154 1MB 
0412 
04155 1MB 
0511 
05145 1MB 
0623 
0633 1MB 
0710 
0720 1MB 
0813 
0823 1MB 

6/7-8/73 1645 
\ 1700 1MB 4 13 

1845 
1848 1MB 
2220 
2222 1MB 

~.- -.--~-

5 

20 

3 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUE~Y, DATA 

1973 

. NUMBER OF LARVAE BY 1 mIn SIZE GROUPS 
6 7 8 9 10 11 

3 

5 

SPECIES: Striped Bass 

-
12 13 14 others TOTAl 

0 

0 

0 

0 

0 

0 
! 

0 

0 

0 

0 

0 

0 

0 

40 

8 

0 



LOCATION: D.O. 

DATE TIME DEPTH 2 3 4 

6/7-8/73 2355 
0002 1MB 1 3 13 
0250 
0253 1MB 2 
0430 
0437 1MB 1 2 
0520 
0522 1MB 
0532 
0534 1MB 1 
0722 
0729 1MB 
1300 
1303 1MB 
1430 

1MB 
6/19-20 1012 
73 1019 1MB 1 

1035 
1037 1MB 
1210 
1212 1MB 
1402 
1409 1MB 
1420 
1422 1MB 
1650 
1752 1MB 
1910 
1912 1MB 
2103 
2110 1MB 1 

-I ----{ I -{ 

5 

26 

3 

1 

3 

8 

1 

5 

1 

1 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY I DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 

1 

1 

2 

18 6 1 

1 1 

1 1 
- --- .-

-j ---I 
I --I - ( 

SPECIES: Striped Bass 

12 1~ 14 others TOTAl 

44 

2 

6 

2 

1 

5 

0 

0 

34 

0 

1 

0 
,- j 

0 

7 

1 

4 



LOCATION: D.D. 

DATE TIME DEPTH 2 3 4 5 
6/19-20/ 2115 
73 2117 

2345 
2352 2 
0011 
0013 
0320 
0322 6 

0550 
0552 1 3 2 1 

7/2-3/73 0940 
0942 
1115 
1122 
1130 
1132 
1245 
1252 
1332 
1334 
1843 
1845 
2034 
2036 
2230 
2237 
2246 
2248 
0020 
0027 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DAT~ 

1973 

NUMBER OF LARVAE BY 1 mm SIZE GROUPS 
6 7 8 9 10 11. 

1 

5 7 3 2 3 

2 4 3 1 

1 

1 1 

SPECIES: Striped Bass 

,--~ 

12 1.) 14 others TOTAI 

1 

2 

a 

26 

17 

0 

1 1 
I 

1 1 2 

L 1 1 4 

0 

0 

0 

0 

0 

1 3 6 

, 



LOCATION: D.O. 

DATE TIME DEPTH 2 3· 4 

7/17-18/ 1158 
73 1205 

1359 
1406 
1418 
1420.5 
2045 
2047 
2235 
2242 
2245 
2247 
0105 
0112 
0301 
0303 
0530 
0532 
0720 
0727 

7/31- 0722 
8/1/73 0729 

0849 
0856 
0901 
0903 
1105 
1112 
1118 
1122 
1656 
1703 

.- I ···-1 
, 

-~ ·~··f 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
5 6 7 8 9 10 11 

-i --, --I I 

SPECIES: Striped Bass 

12 1~ 14 others TOTAl 

0 

0 

0 

0 

0 

0 
, 

1 1 i 

3 3 

0 

0 

0 

0 

0 

1 1 

0 

0 



LOCATION: D.O. 

DATE TIME DEPTH 2 3 4 5 

7/31- 1920 
8/1/73 1927 1M 

1932 
1934 1M 
2303 
2310 1M 
2322 
2324 1M 
0040 
0047 1MB 
0155 
0202 1M 
0206 
0208 1MB 
0539 
0541 1M 

8/14-15 1415 
73 1422 1MB 

1830 
18~2 1MB 
2030 
2037 1MB 
2047 
2049 1MB 
2117 
2124 ~MiollD 
2153 
2200 1MB 
0027 
0034 1MB 
0040 
(147 1MB 

~ ... -

ROSETON-DANSKP~R FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 11 12 

SPECIES: Striped Bass 

'--~-

13 14 others 'l'Q'I'AL 

0 

0 

0 
I 

! 

0 

0 

0 

0 

0 --

0 

0 

1 1 

0 

0 

0 

. 
0 

0 



LOCATION: D.O. 

DATE TIME DEPTH 2 3 4 

5/22-23 1037 
73 10445 1MB 

1037 
10445 1MB 
1245 
12525 1MB 1 
1245 
12525 1MB 
1640 
1647 1MB 
1826 
1833 1MB 
1958 
2001 1MB 
2145 
2154 1MB 
0412 
04155 1MB 
0511 
05145 1MB 
0623 
0633 1MB 
0710 
0720 1MB 
0813 
0823 1MB 

. 6/7-6/ 1645 
73 1700 1MB 

1845 
1848 1MB 
2220 
2222 1MB 

- - - -

-, 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF. LARVAE BY 1 nun SIZE GROUPS 
5 6 7 8 9 10 11 

-- - --~- -~_L----I.... 

-- -~-- -, --~-) 

12 

SPECIES: White Perch 

1~ 14 others TOTAL 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

I 



I 

LOCi\TION: D.O. 

DATE TIME DEPTH 2 '3 ' 4 

6/7-8/ 2355 
73 0002 1MB 2 

0250 
0253 1MB 1 
0430 
0437 1MB 1 1 
0520 
0522 1MB 
0532 
0534 1MB 1 
0722 
0729 1MB 
1300 
1303 1MB 1 
1430 

1MB 
6/19-20 1012 
73 1019 1MB 26 

1035 
1037 1MB 1 3 
1210 
1212 1MB 1 2 7 
1402 
1409 1MB 
1420 
1422 1MB 
1650 
1652 1MB 1 1 
1910 
1912 1MB 
2103 
:-'110 1MB 

----_. 

5 

8 

1 

13 

4 

5 

1 

2 

ROSETON-DANSKAMMER F'ISH LARVAE 
LENGTH FREQUENCY, DAT~ 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 a 9 10 11 

2 

1 

11 1 

2 

1 

SPECIES: White Perch 

-, 

12 1.3 14 others TOTAl 

12 

1 

2 

0 

1 

0 

3 I 
-2~_J 

51 

10 

16 

0 

0 

3 

0 

2 



LOCATION: D.O. 

DATE TIME DEPTH 2 3 4 5 

6/19-20 2115 
73 2117 1MB 

2345 
2352 1MB 1 
0011 
001.3 1MB 1 
0320 
0322 1MB 2 4 18 
0550 
0552 1MB 1 1 6 11 

7/2-3/73 0940 
0942 1MB 
1115 
1122 1MB 
1130 
1132 1MB 
1245 
1252 1MB 
1332 
1.334 1MB 
1843 
1845 1MB 
2034 
2036 1MB 
2230 
2237 1MB 
2246 
2248 1MB 
0020 
0027 1MB 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF IARVAE BY 1 mIll SIZE GROUPS 
6 7 8 9 10 11 

8- 2 

5 2 1 

1 

- --

12 

5 

SPECIES: White Perch 

1;i 14 Others TOTAL 

0 ; 

1 

1 

34 

27 

0 

0 

0 

6 7 

0 

0 

0 

0 

0 

5 8 2 20 



LOCATION: D.D. 

DATE TIME DEPTH 2 3 4 5 

7/17-18 0833 
73 0835 1MB 

ll58 
1205 1MB 
1359 
1406 1MB 
1418 
1420~ 1MB 
2045 
2047 1MB 
2235 
2242 1MB 
2245 
2247 1MB 
0105 
0112 1MB 
0301 
0303 1MB 
0530 
0532 1MB 
0720 
0727 1MB 

7/31- 0722 
B/l/73 0729 1MB 

0849 
0856 1MB 
0901 
0903 1M 
1105 
1112 1MB 
1118 
1122 1M 

r 
ROSETON-DANSKAMMER FISH LARVAE 

LENGTH FREQUENCY I DATA 

1973 

NUMBER OF LARVAE BY 1 rom SIZE GROUPS 
6 7 8 9 10 • 11 

--- ----

12 

1 

SPECIES: Whi te Perch 

13 14 Others TOTAL 

0 

1 

0 
i 

1 1 

0 

2 2 

0 

0 

1 1 

0 

0 

0 

0 

0 

0 

0 



LOCATION: D.O. 

DATE TIME DEPTH 2 3 4 5 

7/31- 1656 
8/1/73 1703 1M 

1920 
1927 1M 
1932 
1934 1M 
2303 
2310 1M 
2322 
2324 1M 
0045 
0047 1MB 1 1 1 
0155 
0202 1M 
0206 
0208 1MB 
0539 
0541 iM 

8/14-15 1415 
'73 1422 1MB 

1830 
1832 1MB 
2030 
2037 1MB 
2047 
2049 1MB 
2117 
2124 ~MMID 
2153 
2200 1MB 
0027 
0034 1MB 

~- ~ 

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

,- . 
~~ - ----

12 

-~-

SPECIES: White Perch 

13 14 Others TOTAl 

0 

0 

0 

2 2 

1 1 

3 

0 I 

I 
1 1 I 

I 

0 

0 

0 

0 

0 

0 

0 

0 



LOCATION: D • D • 

DATE TIME DEPTH 2 3- 4 5 

8/14-15 0040 
73 0047 1MB 

- ---L..-

ROSETON-DANSKAMMER FISH LARVAE 
LENGTH FREQUENCY, DATA 

1973 

NUMBER OF LARVAE BY 1 nun SIZE GROUPS 
6 7 8 9 10 11 

SPECIES: White Perch 

12 1;l 14 others TOTAL 

0 
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APPENDIX VI-A 

FISH LENGTH FREQUENCY 
FOR 

ECOLOGICAL AND IMPINGEMENT SAMPLING 
AT 

ROSETON AND DANSKAMMER POINT GENERATING STATIONS 



LENGTH-FREQUENCY OF ALEWIFE IMPINGED 
AT DANSKAMMER POINT GENERATING STATION DURING 1973 

Number of Fish in 
Each Lenqth Interval 

July July Aug Sept Oct 
Length Frequency (em) 1-15 16-31 
1.1- 2.0 
2.1 - 3.0 
3.1 - 4.0 57 25 
4.1 - 5.0 140 24 3 
5.1 - 6.0 11 8 17 4 3 
6.1 - 7.0 1 1 27 90 23 
7.1 - 8.0 1 11 93 77 
8.1 - 9.0 3 28 5j 
9.1 - 10.0 5 26 

10.1 - 11.0 3 3 
11.1 - 12.0 4 
12.1 - 13.0 1 
13.1 - 14.0 1 
14.1 - 15.0 
15.1 - 16.0 1 1 1 
16.1 - 17 .0 
17.1 - 18.0 
18.1 - 19.0 1 
19.1 - 20.0 
20.1 - 21.0 
21.1 - 22.0 
22.1 - 23.0 
23.1 - 24.0 
24.1 - 25.0 
25.1 - 26.0 



FIGURE VI-A-l 

LENGTH DISTRrSUTION (CM) OF ALEWIFE 
COLLECTED FROM THE ROSETON/OANSKAMMER 

POINT VICINITY DURING 1973 
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LENGTH-FREQUENCY OF ALEWIFE IMPINGED AT DANSKAMMER POINT GENERATING STATION DURING 1973 

Number of Fish in Each Length Interval 
AUG AUG SEPT SEPT OCT OCT OCT 31-

Length Interval (ern) MAY JUNE JULY 7-8 21-.22 5-6 18-19 3-4 17-18 NOV 1 NOV 
L 1 - 2.0 1 
2.1 .. 3.0 1 1 
3.1 - 4.0 20 1 
4.1 - 5.0 75 52 5 3 
5.1 - 6.0 68 253 97 44 59 2 

6.1 - 7.0 101 223 341 198 589 44 82 27 3 

7.1 - 8.0 55 152 166 106 798 189 565 257 109 
8.1 - 9.0 3 33 42 18 301 96 520 392 320 
9.1 ":'10.0 2 1 6 5 62 23 195 152 219 

10.1 -11.0 2 1 1 7 2 38 56 74 

11.1 -12.0 6 2 3 11 19 23 

12.1 -13.0 5 4 1 2 1 4 4 

13.1 -14.0 3 8 21 3 1 
14.1 -15.0 14 26 3 3 2 2 3 1 
15.1 -16.0 3 11 2 1 2 3 1 

16.1 -17.0 2 4 1 1 2 1 1 , 

17.1 -18.0 2 2 1 2 , 

18.1 -19.0 1 3 2 

19.1 -20.0 2 1 

20.1 -21.0 
21.1 -22.0 2 1 
22.1 -23.0 1 
23.1 -24.0 1 2 1 
24.1 -25.0 3 1 1 
25.1 -26.0 17 1 
26.1 -27.0 24 1 
27.1 -28.0 31 2 3 
28.1 -29.0 34 2 
29.1 -30.0 15 1 
30.1 -31. 0 9 1 
31.1 -32.0 2 
32.1 -33.0 
33.1 -34.0 1 
34.1 -35.0 
35.1 -36.0 1 

36.1 -37.0 3 
37.1 -38.0 2 

. 38.1 -39.0 '-- ._--'------
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LENGTH DISTRIBUTION <eM) OF ALEWIFE 

FROM IMPINGEMENT SAMPLES 

FIGURE VI-A-2 

AT DANSKAMMER POINT GENE~RATING STATION 

DURING 197~~ 
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Length 

LENGTH-FREQUENCY OF ALEWIFE IMPINGED 
AT ROSETON GENERATING STATION DURING 1973 

Number of Fish in Each Length Interval 
August Sept 15-19 Oct 3-4 Oct 17-19 

Interval (em) N=377 N=236 N=19 N=480 
1.1- 2.0 
2.1 - 3.0. 
3.1 - 4.0 
4.1 - 5.0 43 
5.1 - 6.0 222 34 3 
6.1 - 7.0 89 159 4 104 
7.1 - 8.0 21 34 13 228 
8.1 - 9.0 2 9 2 106 
9.1 - 10.0 29 

10.1 - 11.0 10 
11.1 - 12.0 
12.1 - 13.0 . I 
13.1 - 14.0 
14.1 - 15.0 
15.1 - 16.0 
16.1 - 17.0 
17.1 - 18.0 
18.1 - 19.0 
19.1 - 20.0 
20.1 - 21.0 
21.1 - 22.0 
22.1 - 23.0 
23.1 - 24.0 
24.1 - 25.0 



FIGURE VI-A-3 

LENGTH DlSTRIBUTION (eM) OF ALEWIFE 
FROM IMPINGEMENT SAMPLES , 

AT ROSETON GENERATING STATION 
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LENGTH-FREQUENCY OF BLUEBACK HERRING IMPINGED 
AT DANSKAMMER POINT GENERATING STATION DURING 1973 

Number of Fish in Each Length Interval 
Length April May July July Aug Aug Sept Sept 

Interval (em) I-lB 19-31 1-17 1B-31 1-17 18-31 
1.1- 2.'0 
2.1 - 3.0 133 11 1 
3.1 - 4.0 192 lOB 22 2 - , 

J .. .J... 1 
4.1 - 5.0 13 177 240 252 21 31 
5.1 - 6.0 15 45 66 124 229 
6.1 - 7.0 1 
7.1 - B.O 3 
8.1 - 9.0 11 
9.1 - 10.0 48 

10.1 - 11.0 58 
11.1 - 12.0 21 
12.1 - 13.0 3 1 
13.1 - 14.0 
14.1 - 15.0 
15.1 - 16.0 
16.1 - 17 .0 
17.1 - 1B.0 
18.1 - 19.0 
19.1 - 20.0 
20.1 - 21.0 
21.1 - 22.0 
22.1 - 23.0 
23.1 - 24.0 
24.1 - 25.0 
25.1 - 26.0 
26.1 - 27.0 4 4 1 
27.1 - 28.0 13 12 
2B.1 - 29.0 21 17 
29.1 - 30.0 13 20 
30.1 - 31.0 5 11 
31.1 - 32.0 .2 11 

Oct Nov 

1 

1 1 
7 1 

B9 14 



FIGURE VI-A-4 

LENGTH DISTRIBUTION <CM) OF BLUEBACK HERRING 

COLLECTED FROM THE ROSETON IDANSKAMMER 

POINT VICINITY DURING 1973 
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LENGTH-FREQUENCY OF BLUEBACK HERRING IMPINGED 
AT DANSKAMMER POINT GENERATING STATION DURING 1973 

Number of Fish in Eaeh Length Interval 

OCT OCT 
Length Interval (em) MAY JUNE AUG SEPT 3-4 17-18 OCT 31 

1.1- 2.0 
2.1 .- 3.0 1 
3.1 - 4.0 
4.1 - 5.0 31 4 1 4 
5.1 - 6~0 45 57 13 44 33 
6.1 - 7.0 4 59 85 450 142 
7.1 .- 8.0 3 16 8 235 172 
8.1 - 9.0 4 1 1 57 69 
9.1 - 10.0 10 1 19 18 

10.1 - 11. 0 18 4 3 
11.1 - 12.0 3 6 1 2 
12.1 - 13.0 5 5 2 
13.1 - 14.0 2 1 i 1 
14.1 - 15.0 3 2 1 
15.1 - 16.0 1 
16.1 - 17.0 2 1 
17.1 - 18.0 1 1 
lB. 1 .- 19.0 2 1 
19.1 - 20.0 
20.1 - 21.0 
21.1 - 22.0 
22.1 - 23.0 
23.1 - 24.0 6 
24.1 - 25.0 1 6 
25.1 - 26.0 3 7 
26.1 - 27.0 2 7 1 
27.1 - 28.0 6 B 
2B.1 - 29.0 3 6 
29.1 - 30.1 1 1 
30.1 - 31.0 1 

NOV 

1 
78 

193 
160 

32 
16 

1 
1 
1 



FIGURE VI-A-6 

LENGTH DISTRIBUTION (eM) OF BLUEBACK HERRING 
FROM IMPINGEMENT SAMPLES 

AT DANSKAMMER POINT GENERATING STATION 

28 
24 
20 
16 
12 
8 
4 
0 

12 
10 
8 
6 
4 
2 
0 

120 
100 
80 
60 
40 
20 

0 
60 
50 

:I: 40 
U) 

li.. 30 
20 

li.. 10 0 

0:: 0 
LU 120 tIl 
::!!: 100 :::> 
Z 80 

60 
40 
20 

0 
600 
500 
400 
300 
200 
100 

0 
240 
200 
160 
120 
80 
40 

0 
240 
200 
160 
120 
80 
40 

0 
0 

DURING 1973 

TL= 6.6 

MAY 
N=60 

.JUNE 
N= 67 

AUGUST 
N= 86 

SEPTEMBER 
N= 138 

OCTOBER 3-4 
No. 108 

OCTOBER 17-18 

OCTOBER 31 
NOVEMBER 1 
N=440 

4 8 12 16 20 24 28 32 36 40 
FISH LENGTH (eM) 



LENGTH-FREQUENCY OF BLUEBACK HERRING IMPINGED 
AT ROSETON GENERATING STATION DURING 1973 

Number of Fish in Each Length Interval 
August Sept Oct Oct 31- Nov 

Length 18-19 17-19 Nov 1 15-16 
Interval (cm) N=129 N=236 N=1366 N=315 N=489 
1.1- 2.0 1 1 
2.1 - 3.0 1 
3.1 - 4.0 1 
4.1 - 5.0 47 5 2 
5.1 - 6.0 73 146 79 15 63 
6.1 - 7.0 7 85 1010 139 246 
7.1 - 8.0 4 25S 135 152 
8.1 - 9.0 12 22 16 
9.1 - 10.0 S 4 8 

10.1 - 11.0 
11.1 - 12.0 
12.1 - 13.0 
13.1 - 14.0 
14.1 - lS.0 
lS.1 - 16.0 
16.1 - 17.0 
17.1 - 18.0 
18.1 - 19.0 
19.1 - 20.0 
20.1 - 21.0 
21.1 - 22.0 
22.1 - 23.0 
23.1 - 24.0 1 
24.1 - 25.0 



FIGURE VI-A-7 

LENGTH DISTRIBUTION (eM) OF BLUEBACK HERRING 
FROM IMPINGEMENT SAMPLES 

AT ROSETON GENERATING STATION 
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Length 
1.1-
2.1 -
3.1 -
4.1 -
5.1 -
6.1 -
7.1 -
8.1 -
9.1 -

10.1-
11.1 -
12.1 -
13.1 -
14.1 -
15.1 -
16.1 -
17.1 -
18.1 -
19.1 -
20.1 -
2l.1 -
22.1 -
23.1 -
24.1 -
25.1 -
26.1 -

LENGTH-FREQUENCY OF SPOTTAIL SHINER IMPINGED 
AT DANSKAMMER POINT GENERATING STATION DURING 1973 

Number of Fish i.n Each Length Interval 
Interval (cm) Mar Apr May July Aug Oct 
2.0 ! 
3.0 2 
4.0. 1 
5.0 3 3 59 3 
6.0 8 4 2 36 28 
7.0 5 5 10 4 78 
8.0 3 1 4 12 69 
9.0 26 11 19 23 3 24 

10.0 62 33 54 27 8 76 
1l.0 16 6 29 11 4 87 
12.0 8 2 15 2 1 17 
13.0 1 2 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 

Dec 

2 
1 

12 
49 
22 

5 
6 
3 
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FIGURE VI-A-8 

LENGTH DISTRIBUTION (CM) OF SPOTTAIL SHINER 

COLLECTED FROM THE ROSETON/DANSKAMMER 
POINT VICINITY DURING 1973 

(DOTTED LINE REPRESENTS CUT-OFF POINT BETWEEN AGE GROUPS 
WHERE CONTIN.UOUS DISTRIBUTION IS PRESENT) 
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LENGTH-FREQUENCY OF SPOTTAIL SHINER IMPINGED 
AT DANSKAMMER POINT GENERATING STATION DURING 1973 

Number of Fi h in Each, Length 

MARCH APRIL 
Length Interval (em) 

1.1- 2.0 
2.1 - 3.0 
3.1 - 4.0 
4.1 - 5.0 
5.1 - 6.0 
6.1 - 7.0 
7.1 - 8.0 5 3 
8.1 - 9.0 13 23 
9.1 - 10.0' 40 99 

10.1 - 11.0 32 52 
11.1 - 12.0 7 6 
12.1 - 13.0 3 1 
13.1 - 14.0 3 
14.1 - 15.0 3 
15.1 - 16.0 1 
16.1 - 17.0 1 
17.1 - 18.0 2 
18.1 - 19.0 1 
19.1 - 20.0 
20.1 - 21.0 
21.1 - 22.0 
22.1 - 23.0 
23.1 - 24.0 
24.1 - 25.0 
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88 
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14 
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1 
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FIGURE VI-A-9 

LENGTH DISTRIBUTION (CM) OF SPOTTAIL SHtNER 
FROM IMPINGEMENT SAMPLES 

AT DANSKAMMER POINT GENERATING STATION 
DURING 197'3 

(DOTTED LINE REPRESENTS CUT-OFF P()INT BETWEEN AGE GROUPS 
WHERE CONTINUOUS DISTRIBUTION IS PRESENT) 
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LENGTH-FREQUENCY OF SPOTTAIL SHINER IMPINGED 
AT ROSETON GENERATING STATION DURING 1973 

Number of Fish in 
Each Length Interval 

Length November December 
Interval (em) N=337 N=187 
1.1 - 2.0 
2.1 - 3.0 
3.1 - 4.0 2 
4.1 - 5.0 4 
5.1 - 6.0 20 1 
6.1 - 7.0 94 19 
7.1 - 8.0 96 49 
8.1 - 9.0 32 36 
9.1 - 10.0 11 14 

10.1 - 11.0 60 47 
11.1 - 12.0 12 17 
12.i - 13.0 6 4 
13.1 - 14.0 

, 14.1 - 15.0 
15.1 - 16.0 
16.1 - 17.0 
17.1 - 18.0 
18.1 - 19.0 
19.1 - 20.0 
20.1 - 21.0 
21.1 - 22.0 
22.1 - 23.0 
23.1 - 24.0 
24.1 - 25.0 



FIGURE VI-A-IO 

LENGTH DISTRIBUTION (eM) OF SPOTTAIL SHINER 
FROM IMPINGEMENT SAMPLES 

AT ROSETON GENERATING STATION 
DURING 1973 

(DOTTED LINE REPRESENTS CUT-OFF POINT BETWEEN AGE GROUPS 
WHERE CONTINUOUS DISTRI BUT ION IS PRESE NT) 
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LENGTH-FREQUENCY OF STRIPED BASS IMPINGED 
AT ROSETON GENERATING STATION DURING 1973 

Number of Fish in 
Each Length Interval 

August October 
Length 17-19 

Interval (em) N=40 N=291 
1.1 - 2.0 
2.1 - 3.0 
3.1 - 4.0 4 
4.1 - 5.0 14 
5.1 - 6.0 12 10 
6.1 - 7.0 10 88 
7.1 - 8.0 131 
8.1 - 9.0 46 
9.1 - 10.0 9 

10.1 - 11.0 3 
11.1 - 12.0 
12.1 - 13~0 2 
13.1 - 14.0 2 
14.1 - 15.0 
15.1 - 16.0 
16.1 - 17.0 
17.1 - 18.0 
18.1 - 19.0 
19.i - 20.0 
20.1 - 21.0 
21.1 - 22.0 
22.1 - 23.0 
23.1 - 24.0 
24.1 - 25.0 



FIGURE VI-A-ll 

LENGTH DISTRIBUTION (eM) OF STRIPED BASS 
FROMIMPINGEME~lT SAMPLES 
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LENGTH-FREQUENCY uF STRIPED BASS IMPINGED 
AT DANSKAMMER ~OINT GENERATING STATION DURING 1973 

Number of Fish in Each Length Interval 
OCT OCT OCT 31 

JULY AUG SEPT 3-4 17-18 -NOV 1 NOV 
Length Interval (em) 

1.1 - 2.0 
2.1 - 3.0 1 
3.1 - 4.0 4 1 
4.1 - 5.0 3 2 
5.1 - 6.0 1 7 3 1 1 
6.1 - 7.0 26 10 6 9 6 1 
7.1 - 8.0 14 31 20 37 36 9 
8.1 - 9.0 1 3 22 11 81 81 28 
9.1 -10.0 3 1 15 12 41 124 44 

10.1 -11. 0 17 1 4 11 25 106 30 
11.1 -12.0 10 2 4 7 13 94 17 
12.1 -13.0 15 3 4 38 9 
13.1 -14.0 10 1 2 3 25 15 
14.1 -15.0 10 1 12 9 
15.1 -16.0 3 2 9 
16.1 -17.0 4 1 3 4 
17.1 -18.0 1 5 1 
18.1 -19.0 8 1 
19.1 -20.0 7 1 2 
20.1 -21.0 8 1 
21.1 -22.0 7 1 1 
22.1 -23.0 4 1 1 
23.1 -24.0 2 2 
24.1 -25.0 1 1 
25.1 -26.0 3 1 
26.1 -27.0 1 
27.1 -28.0 
28.1 -29.0 1 
29.1 -30.0 
30.1 -31. 0 
31.1 -32.0 
32.1 -33.0 
33.1 -34.0 
34.1 -35.0 
35.1 -36.0 
36.1 -37.0 
37.1 -38.0 
38.1 -39.0 1 



FIGURE VI-A-12 

LENGTH DISTRIBUTION (eM) OF STRIPED BASS 
FROM IMPINGEMENT SAMPLES 

AT DANSKAMMER POINT GENERATING STATION 
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LENGTH-FREQUENCY OF TOMCOD IMPINGED 
AT DANSKAMMER POINT GENERATING STATION DURING 1973 

Number of Fish in Each Length Interval 
Length Jan 5 Jan 11 Jan 18 Jan 31 Feb 8 Feb 15 Feb 22 Feb 28 

Interval (ern) N=1050 N=3027 N=2301 N=1965 N=1748 N=2065 N=1006 N=1101 
1.1- 2.0 
2.1 - 3.0 
3.1 - 4.0 
4.1 - 5.0 
5.1 - 6.0 
6.1 - 7.0 1 
7.1 - 8.0 1 3 
8.1 - 9.0 3 3 2 3 4 
9.1 - 10.0 36 74 42 19 13 20 6 5 

10.1 - 11.0 135 308 119 65 39 55 18 17 
11.1 - 12.0 191 562 . 260 155 85 138 42 46 
12.1 - 13.0 208 673 368 255 167 270 114 129 
13.1 - 14.0 165 503 387 350 290 363 192 200 
14.1 - 15.0 93 283 269 330 253 330 158 190 
15.1 - 16.0 50 150 180 250 220 238 134 142 
16.1 - 17.0 43 135 163 178 148 213 119 127 
17.1 - 18.0 39 97 126 145 150 156 86 82 
18.1 - 19.0 25 78 97 84 118 119 52 78 
19.1 - 20.0 14 43 76 30 83 73 31 31 
20.1 - 21.0 13 30 46 20 47 29 18 14 
21.1 - 22.0 11 23 33 25 35 25 11 16 
22.1 - 23.0 10 16 53 23 26 12 7 11 
23.1 - 24.0 4 15 32 19 27 5 13 3 
24.1 - 25.0 4 13 25 3 14 6 1 7 
25.1 - 26.0 3 12 16 7 13 7 
26.1 - 27.0 1 7 3 4 10 3 2 1 
27.1 - 28.0 1 2 3 3 1 1 
28.1 - 29.0 2 
29.1 - 30.0 1 1 
31.1 - 32.0 1 
32.1 - 33.0 
33.1 - 34.0 
34.1 - 35.0 1 
35.1 - 36.0 . 
36.1 37.0 -



FIGURE VI-A-13 

LENGTH DISTRIBUTION (CM) OF TOMCOD 

COLLECTED FROM THE ROSETON/DANSKAMMER 

POINT VICINITY DURING 1973 
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'-

LENGTH-FREQUENCY OF TOMCOD IMPINGED AT 
DANSKAMMER POINT GENERATING STATION DURING 1973 

Number of Fish In 
Each Length Frequency 

Length Interval (em) MAY JUNE JULY NOV 
1.1- 2.0 
2.1 - 3.0 2 
3.1 - 4.0 17 10 
4.1 - S.O Sl 24 
S.l - 6.0 109 62 1 
6.1 - 7.0 12 38 6 
7.1 - 8.0 ' S3 23 
8.1 - 9.0 4S 38 
9.1 - 10.0 12 IS 

10.1 - 11.0 1 2 
11.1 - 12.0 6 
12.1 - 13.0 13 
13.1 - 14.0 3 1 17 
14.1 - lS.0 3 1 IS 
15.1 - 16.0 7 9 
16.1 - 17.0 1 6 
17.1 - 18.0 7 
18.1 - 19.0 4 
19.1 - 20.0 8 
20.1 - 21.0 4 
21.1 - 22.0 4 
22.1 - 23.0 1 
23.1 - 24.0 
24.1 - 2S.0 
2S.1 - 26.0 
26.1 - 27.0 



FIGURE VI-A-14 

LENGTH DISTRIBUTION (CM) OF TOMCOD 
FROM IMPINGEMENT SAMPLES 

AT DANSKAMMER POINT GENERATING STATION 
DURING 1973 
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Length 

LENGTH-FREQUENCY OF WHITE PERCH IMPINGED 
AT ROSETON GENERATING STATION DURING 1973 

Number of Fish in Each Length interval 
Aug Aug Sept Oct Oct Oct 31 Nov 
7-8 21-22 18-19 3-4 17-19 Nov 1 15-16 

Interval (em) N=136 N==340 N=443 N=250 N=1780 N=221 N=510 
1.1 - 2.0 
2.1 - 3.0 1 
3.1 - 4.0 18 4 
4.1 - 5.0 85 66 10 3 8 1 2 
5.1 - 6.0 32 "226 174 83 192 37 26 
6.1 - 7.0 42 205 126 792 93 144 
7.1 - 8.0 2 52 34 700 74 222 
8.1 - 9.0 2 4 84 15 89 
9.1 - 10.0 4 13 

10.1 - 11.0 1 
11.1 - 12.0 2 
12.1 - 13.0 2 
13.1 - 14.0 2 
14.1 - 15.0 3 
15.1 - 16.0 1 
16.1 - 17 .0 3 
17.1 - 18.0 
18.1 - 19.0 
19.1 - 20.0 
20.1 - 21.0 
21.1 - 22.0 
22.1 - 23.0 
23.1 - 24.0 
24.1 - 25.0 

Nov 
28-29 
N=26 

8 
10 
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FIGURE VI-A-15· 

LENGTH DISTRIBUTION (eM) OF WHITE PERCH 
FROM IMPINGEMENT SAMPLES 

AT ROSETON GENEIRATING STATION 
DURING r973 
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LENGTH-FREQUENCY OF WHITE PERCH IMPINGED 
AT DANSKAMMER POINT GENERATING STATION DURING 1973 

Number of Fish in Each Length Interval 
OCT OCT 

AUG SEPT 3-4 17-18 OCT 31 NOV DEC 
Length Interval (em) 

1.1- 2.0 
2.1 - 3.0 1 
3.1 - 4.0 6 
4.1 - 5.0 20 7 2 
5.1 - 6.0 123 130 33 45 30 19 1 
6.1 - 7.0 46 235 136 185 165 200 17 
7.1 - 8.0 1 118 106 199 287 478 46 
8.1 - 9.0 9 30 52 117 369 32 
9.1 - 10.0 10 3 14 90 14 

10.1 - 11. 0 9 3 2 4 10 13 
11.1 - 12.0 14 4 1 2 8 12 1 
12.1 - 13.0 10 3 3 1 12 16 1 
13.1 - 14.0 15 5 3 18 21 4 
14.1 - 15.0 13 9 5 5 33 9 5 
15.1 - 16.0 4 5 2 3 28 19 7 ., 

16.1 - 17.0 12 4 1 1 20 13 6 
17.1 - 18.0 7 3 2 3 17 6 10 
18.1 - 19.0 7 3 9 4 3 
19.1 - 20.0 5 4 2 2 3 4 
20.1 - 21.0 2 3 3 1 
21.1 - 22.0 1 4 1 2 
22.1 - 23.0 1 
23.1 - 24.0 1 
24.1 - 25.0 to.. 



LENGTH DISTRIBUTION (CM) OF WHITE PERCH 
FROM IMPINGEMENT SAMPLES 

AT DANSKAMMER POINT GENERATING STATION 
DURING 1973 

(DOTTED LINE REPRESENTS CUT-OFF POINT BETWEEN AGE GROUPS 
WHERE CONTINUOUS DISTRIBUTION IS PRESENT) 
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LENGTH-FREQUENCY OF WHITE PERCH IMPINGED 
AT DANSKAMMER POINT GENERATING STATION DURING 1973 

Number of Fish in 
Each Length Interval 

Length Frequency (cm) April May 
1.1- 2.0 
2.1 - 3.0 
3.1 - 4.0 1 
4.1 - 5.0 1 
5.1 - 6.0 15 34 
6.1 - 7.0 19 84 
7.1 - 8.0 18 74 
8.1 - 9.0 3 4 
9.1 - 10.0 1 11 

10.1 - 11.0 6 72 
11.1 - 12.0 29 215 
12.1 - 13.0 19 100 
13.1 - 14.0 6 34 
14.1 - 15.0 18 55 
15.1 - 16.0 12 75 
16.1 - 17 .0 15 73 
17.1 - 18.0 12 99 
18.1 - 19.0 12 60 
19.1 - 20.0 6 51 
20.1 - 21.0 4 15 
21.1 - 22.0 2 4 
22.1 - 23.0 1 
23.1 - 24.0 
24.1 - 25.0 

'-
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LENGTH DISTRIBUTION (CM) OF WHITE PERCH 

FROM IMPINGEMENT SAMPLES 

AT DANSKAMMER POINT GENERATING STATION 

DURIN(3 1973 

APRIL 
N= 198 

MAY 
N= 1062 

2 4 6 8 10 ~2 14 16 18 20 22 

FISH LENGTH IN eM. 

24 

-





APPENDIX VI- B 



APPENDIX VI-B 

TRAWL, SEINE, TRAP & GILL NET DATA 
FOR 

ROSETON AND DANSKAMMER POINT GENERATING STATION 



ABBREVIATION 

BGN Exp. 
BGN 3" 

BGN 5" 

BT 
FN 
S 50' 
S 100' 
SGN Exp. 
SGN 3" 

SGN 5" 

ST 
TN 

COLLECTION METHOD ABBREVIATIONS 

EXPLANATION 

Experimental bottom gill net 
Bottom gill net with 1.5 inch 

square mesh 

Bottom gill net with 2.5 inch 
square mesh 

Dottom traw'l 
Fyke Net 
Seine - 50 foot 
Seine -100 foot 
Experimental surface gill net 
Surface gill net with 1.5 inch 

square mesh 

Surface gill net with 25 inch 
square mesh 

Surface trawl 
Trap Net 



TRAWLS 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

3-21-73 4-25-73 
STATIONS bC-3D be-l0 bC-IO bC-30 DC-DC! DC-3C RDN DC-30 bC-20 DC-20 
METHOD BT BT B'I" BT ST ST BT BT BT ST 
DURATION (MINS) 10 10 10 4 lS 10 15 3 7 7 
Blueback herring 
White ,Eerch 9 4 Ii. Nr* Nr* 7 :n 44 ~ 

Spottail shiner 11 () .,~ Mr* Mr* ,f\ 
Striped bass 
Alewife 5 1 
Alosa sp. 
Atlantic tomcod 1 ] 

, 
6 

Brown bullhead 
American shad 
Golden shiner 4 
Hogchoker 

-
Goldfish 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 9 .1 3 
Banded killifish 
White catfish 1 
An)erican eel t 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturqeon 
Yellow perch 
Atlantic menhaden 
Small mouth bass 
White crappie 
Fourspine stickleback 
-cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

4-25-23 5-3-23 5..-la--.13.. 
STATIONS RNCW RNCW ROW RDW Inc-3D ROW RDW DC-3D ROW Rnw 
METHOD 1:1"., C!'I" R'1" R'1" <::'1" R'1" R'1" R'1" C::'1" <::'1" 
DURATION (MINS) 1n In 10 10 10 10 1i1 lQ ~('l 1n 

Blueback herring 2 
White perch ?-=I l\T("'* If'> 24 4 2 2 l\T("'* 1I1(",* 
Spott-ail shiner NC* 1 , NC* N"l"* 
Striped bass 
Alewife 
Alosa sp. 

, 

Atlantic tomcod II ~ 21 
Brown bullhead 1 
American shad 
Golden shiner 
Hogchoker 1 3 
Goldfish 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 1 
Largemouth hass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 1 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturqeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETONjDANSKAMMER POINT FISH SAMPLING 

5-31-73 
STATIONS RSCW RSCW mcw bC-20 IRSCE IRNCE IRNCE RSCW RNrTiiI Rnw. 
METHOD BT BT BT BT B~ BT ST ST R'T' R'T' 
DURATION (MINS) 10 5 10 10 10 10 10 10 10 2 
Blueback herring l\Tr* '1\'11"'* '1\'11"'* 
White perch 74 11 1 ':l. c:;. N(,* .... ,1"'* .... ,1"'* 
~ttai1 shiner ? 1 Q 1 

Striped bass 
Alewife do 
Alosa sp. 
Atlantic tomcod lq 11- 1.6 1n ,)R 4 
Brown bullhead 12 c:;. 

American shad 
Golden shiner 
Hogchoker 4 5 3 
Goldfish 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 
American eel 1 1 2 1 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 1 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
Whi te sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

5-31-73 
STATIONS RNCW RDE RDW RDW RNCE DC-20 RDE RSCW RNCE RSCW 
METHOD ST BT BT BT BT . BT ST BT BT ST 
DURATION (MINS) 10 2 10 10 10 10 10 10 10 10 
Blueback herring NC* NC* NC* NC* 1 3' 3 2 
White perch NC* NC* NC* NC* 28 1 2 
Spottail shiner 4 3 1 --f--
Striped bass -
Alewife 
Alosa sp. 

" 
Atlantic tomcod 40 26 67 65 
Brown bullhead 
American shad 
Golden shiner 
Hogchoker 4 5 3 
Goldfish 

---r-

Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
White catfish 1 
American eel 2 3 1 
Gizzard shad 
Morone s-.E.. 
Notropis sp. 
Carp 
Atlantic sturgeon 1 2 6 
Largemouth bass 
Rainbow smel t 
Silvery minnow -
Redbreasted sunfish 
Whi te sucker 
Cravelle jack 
Black crappie 
Whi te mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
Whi te crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



~OSETON/DANSKAMMER POINT FISH SAMPLING 

- -5 31 73 
~TATIONS_ RSCE RSCE 'DC-IO RnF. RDW iRNCE RD~ nC'-ln ~l\It""l<' ~l\I("tJ 

METHOD ST ~'T' ~'T' ~'1' ST ST ST ~'1' ~'1' 'R'T' 
DURATION (MINS) 10 10 10 10 10 1n 10 In 1n In 
Blueback herring 4 1 1 3 1 1 8 1 <1 
White perch 1 
Spottail shiner 1 ... 
Striped bass 
Alewife 1 
Alosa sp. 
Atlantic tomcod 1 'h 
Brown bullhead 
American shad 
Golden shiner 
Hogchoker 1 
Goldfish 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 
American eel ~ 

Gizzard shad 
-.,L 

Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
Whi te mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
cYprinid 



ROSETON/DANSKAMMER POIN'r FISH SAMPLING 

6-13-73 
STATIONS iDO-20 DC-2C be-30 DD-20 DC-20 DC-30 DC-IO 00-30 100-30 IDC-20 
METHOD HT BT BT BT ST ST ST ST BT BT 
DURATION (MINS) 5 5 5 5 .2 5 5 5 5 5 
Blueback herring NC* NC* NC* NC* 
White perch 20 26 4 -

' - 5 4 
'- " 

S~ottail shiner. __ , '1 4 6 
Striped bass --:-----1-. 
Alewife 1 -
Alosa ~ 
Atlantic tomcod ~ 5 
Brown bullhead 2 1 2 
American shad 
Golden shiner 
Hogchoker 
Goldfish 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
White catfish 
American eel 1 2 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 1 
Atlantic sturgeon 
Largemouth bass ~ 

Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
Whi te sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon -
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

"No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

6-18-73 6-26-73 
STATIONS "R~rF. TV"_ ."" n",_"n "RnF. RDE Rnp. nr-')( "Rnw n ... ,"'.", n ... ,I"'r., 
METHOD BT ~'T' 'Rrro crro 'R'T' crro 'Rrro 'Om ,...rn ,... ... 
DURATION (MINS) 10 10 5 10 ? 10 _Ii In I:; 1 

Blueback herring 
~~erch - 1? , ':l 1 5 ? 1 1 1 "1 
Spottail shiner 
Striped bass --
Alewife 2 -
Alosa sp. -
Atlantic tomcod 16 ?1 
Brown bullhead 93 , 
American shad 
Golden shiner 
Hogchoker 1 1 
Goldfish 5 2 
Pumpk inseed 
Bay anchovy 
Blueqill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Larqemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle iack 
Black crappie 
White mullet 
Shortnose sturqeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 



ROSETON/DANSKAMMER POIN'r FISH SAMPLING 

6-26·-73 
----

STATIONS RSCE DC-20 RDW IRNCW IRNrw !nr-l () R~rF. 'R~rw ~ntJ 1:),,1""',1 

METHOD p.'T' <::'T' <::'T' ----S.T.. p.'T' • CIT' CIT' CIT' nm ",m 

DURATION (MINS) 8 I) 10 10 ? " 1() 1() ,,, ,,, 
Blueback herring "1("* , 11.1("* 1\.1"';* >.u •• .. 1,-..* 

White }2erch Q&; , 
Spottail shiner 
Striped bass , 

------- -----
Alewife -
Alosa sp. ":l7 h 

"''' 
, ") 

Atlantic tomcod &;() 

Brown bullhead 
Ameri can sh ad 
Golden shiner 
Hogchoker 2 
Goldfish 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 4 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 1 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
Whi te mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

6-26-73 7-10-73 -STATIONS RNCE "Rnw DC-I0 RDW DD-30 DD-3( 1nD-20 bC-3D DC-1C On-20 
METHOD ST C::fT' C::fT' "afT' 'AfT' lClfT' 'AfT' 'AfT' ~m ~m 

DURATION (MINS) 15 10 10 10 4 c:; 4 c:; C; .II. 

Blueback herring .,.U"* ""1"'* ",.. ... ... .. 
White perch 11=; ., 1 1 c;.? 10 a::: -:; -Spottail shiner 7 , 
Striped bass 1 ? 
Alewife I=; 115 49 
Alosa sp. 2 2"'1 
Atlantic tomcod ~o 1":l ":L7 , 
Brown bullhead 3 2 
Ameri can shad 
Golden shiner 
Hogchoker 

~ 
, 

Goldfish <J 

Pumpkinseed 
Bay anchovy , 
Bluegill sunfish ? 

Tessellated darter , 
Banded killifish 
White catfish 3 4 
American eel , , 
Gizzard shad 
Morone sp. 4 10 

Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturqeon 
Yellow perch 
Atlantic menhaden 
SmallmOuth bass 

i~ White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON!DANSKAMMER POINT FISH SAMPLING 

7-10-73 '7-12-73 7-25-73 

STATIONS DC-3 DC-2 DC-20 DC-20 DD-30 RSCE ROW RSCE 
METHOD ST BT ST BT BT BT BT BT 
DURATION (MINS) 5 5 5 5 5 10 10 10 
Blueback herring la 2 41:)0 
White perch h~ 1 8 141 11 17 
S2.ottail shiner 1 10 1 
Striped bass -- f---- ---f-

12 
Alewife 24 124 68 -Alosa sp. 1 

Atlantic tomcod 8 22 17 2 
Brown bullhead 3 1 1 18 
American shad 
Golden shiner 2 
Hogchoker 
Goldfish 17 1 
Pumpkinseed c:; 
Bay anchovy 3 
Bluegill sunfish 
Tessellated darter 1 
Banded killifish 
Whi te catfish 4 1 1 1 
American eel 2 
Gizzard shad 
Morone sp. 2 9 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
Whi te sucker 1 
Cravelle jack 
Black crappie 
Whi te mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
_Cyprinid 



~OSETON/DANSKAMMER POINT FISH SAMPLING 

7-25-73 

STATIONS RSCW RNCE RDE bC-20 RsCE DC-20 RNCW RNCE iDC-20 RDE 
METHOD BT BT ST ST ST ST -'M' BT BT SW 
DURATION (MINS) 10 10 10 10 10 5 10 10 10 10 
Blueback herring NC* NC* NC* Nell- N~* N~* 
White perch 20 6 1 .c1 
Spottail shiner 
Striped bass 
Alewife 
Alosa sp. 
Atlantic tomcod 1 
Brown bullhead 1 
American shad 
Golden shiner 
Hogchoker 
Goldfish 
Pumpkinseed 
Bav anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 3 
American eel 1 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle iack 
Black crappie 
Whi te mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

7-25-73 
-

STATIONS RDW RSCW RSCE RNCN RDW iRNCE DC-1( RSCW RSCE RNCE 
METHOD BT BT BT BT ST ST ST ST ST ST 
DURATION (MINS) 10 10 5 10 10 10 10 10 10 10 
Blueback herring NC* NC* NC* NC1, NC* NC* NC NC* NC* NC* 
White perch NC* NC* NC* NC;' NC* NC* NC* NC* NC* NC* 
~pottai1 shiner 
Striped bass 
Alewife 
A10sa sp. . 
Atlantic tomcod 
Brown bullhead 
American shad 
Golden shiner 
Hogchoker 
Goldfish 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 
American eel 
Gizzard shad 
Morone s£. 
Notropis sp. 
Carp 
Atlantic sturgeon . 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Crave1le jack 
Black crappie 
Whi te mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

7-25-73 8 7 73 - -
STATIONS RNCW RSCW lRNcw DC-20 rDO-20 DD-30 
METHOD ST ST ST BT BT ST 
DURATION (MINS) 10 10 10 5 5 5 
Blueback herring NC* NC* NC* 
Whi tt~ perch 6 1 
Spottail shiner 2 
Striped bass 1 
Alewife 
A10sa sp. , 
Atlantic tom cod 
Brown bullhead 2 
American shad 
Golden shiner 
Hoqchoker 1 
Goldfish 12 1 
Pumpkinseed 2 1 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 1 
Whi te catfish 1 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

{No Catch 



ROSETONjDANSKAMMER POINT FISH SAMPLING 

8-7-73 
STATIONS DD-3C DC-3C DC-20 DC-.20 DC-IO I DC-20 IDC-30 IDC-20 DC-2C DC-l0 
METHOD t:l'1'1 t:lF1' BT BT ST ST srr srr (1'" c::'" 
DURATION (MINS) 5 5 5 5 5 5 5 5 I:j I:j 

Blueback herring NC* NC* NC* NC* NC* NC* 
White perch 2 ? ~. If. 
Spottail shiner 
Striped bass 
Alewife 

- -
Alosa sp. I 

Atlantic tomcod 1 
Brown bullhead 1 1 
American shad 
Golden shiner 
Hogchoker 
Goldfish 2 5 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 1 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle iack 
Black crappie 
Whi te mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Srnallrnouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

8-21-73 
STATIONS RSCW RSCW RNCW bC-lO DC-20 DC-20 RSCW RNCE RSCE RNCW 
METHOD UIT1 ST ST BT BT ST M.- -.S.T ST BT 

. DURATION (MINS) 10 ~O· 10 S S S 10 10 lO- S 
Blueback herring NC* NC* NC* NC* NC* NC* 
White perch 78 1 3 
Spottail shiner 
Striped ·bass 
Alewife 7 
Alosa sp. 
Atlantic tomcod 

-: 

Brown bullhead 1 
American shad 1 
Golden shiner 
Hogchoker ·1 
Goldfish 
Pumpkinseed 
Bay anchovy 
Blueqill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Larqemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
Whi te sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETONjDANSKAMMER POINT FISH SAMPLING 

8-·21-73 
STATIONS ROW RSCE RNCW ROW RNCE RSCE RSCW !RNCE RNCE nC'-?o 
METHOD BT BT BT BT BT BT BT BT J::'T' R'T' 

DURATION (MINS) 10 10 10 10 10 10 10 10 10 c;. 

Blueback herring 
White perch q 1 fiR S 44 ?q 17 17 , ,,., 
Spottail shiner 1 ., 
Striped bass 1 
Alewife ~ 

A10sa sp. I 

Atlantic tomcod 
Brown bullhead 12 5 11 
American shad 1 

Golden shiner 
Hogchoker 1 ~ 

Goldfish 2 
P-uinpkinseed 1 

Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 
American eel ., 
Gizzard shad 
Moronesp. 
Notropis sp. 
Carp 1 

. Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker ? 
Cravelle jack 
Black crappie 
Whi te mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Small mouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

8-21-73 9-5-73 
STATIONS IRsCE ROW DC-20 DC-30 DC-20 DC-30 bc-10 DC-lO bC-20 DC-30 
METHOD ST ST ST ST ST ST ST ST BT BT 
DURATION (MINS) 10 10 5 5 5 5 5 5 5 5 
Blueback herring 1 12 NC* NC* NC* NC* Ne'" 1 
White perch 13 1 111 150 
Spottai1 shiner 2 53 51 
Striped bass 1 7 4 2 
Alewife 6 7 2 9 . ~~ 

Alosa sp. 
Atlantic tomcod 
Brown bullhead 1 
American shad 
Golden shiner 
Hoqchoker 2 
Goldfish 3 1 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
White catfish 1 
Alrierican eel 
Gizzard shad 

~ Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Larqemouthbass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
Whi te mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POIN~' FISH SAMPLING 

9-5-73 9·-18-73 

STATIONS 1lY'_":t0 1lY'-20 RNCW IDC-1O RNCE RNCW DC-20 DC-20 RNCW ROW 
METHOD BT BT BT ST BT BT BT ST ST ST 
DURATION (MINS) 5 5 li2 5 5 10 5 5 10 10 
Blueback herring 1 66 1 NC* NC* 
White perch 22 160 20 21 22 12 
S~ottai1 shiner 8 42 1 2 12 
Striped bass 4 12 1 3 
Alewife 14 6 12 1 5 2 
A10sa sp. l 

Atlantic tomcod 1 
Brown bullhead 5 43 1 
American shad 14 1 1 
Golden shiner 16 
Hogchoker 1 1 2 
Goldfish 2 1 1 2 
pumpkinseed 1 1 
Bay anchovy 6 2 1 1 1 
Bluegill sunfish 
Tessellated darter Ji 
Banded killifish I 

I 

White catfish 5 1 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturqeon 
Largemouth bass 
Rainbow smelt 4 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
J~yprinid 

*No Catch 

" ' 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

9-18-73 10-3-73 

STATIONS 'RNCF. Inl"'_?o Inl"'_?o l~lJl"'W IRNCE bD-20 nn-?O iRIb":lO [nl"'_?n nl"'-":In 
METHOD ST BT ST ST BT BT ST ST ST ST 
DURATION (MtNS) 10 4 5 10 10 5 5 5 5 5 
Blueback herring NC* .24 NC* NC* NC* 
White perch 70 1 1 45 49 
Spottai1 shiner 7 1 3 
Striped bass 2 4 10 
Alewife 27 21 -Alosa spo 
Atlantic tomcod 
Brown bullhead 1 1 2 
American shad 1 1 
Golden shiner 3 1 
Hogchoker 2 6 
Goldfish 2 
Pumpkinseed 
Bay anchovy . 22 1 
Bluegill sunfish 
Tessellated darter 1 
Banded killifish 
Whi te catfish 1 
American eel 
Gizzard shad 
Morone spo 
Notropis spo 
Carp , 
Atlantic sturgeon , 
Largemouth bass 
Rainbow smelt , 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
Whi te mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Small mouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POIN'l' FISH SAMPLING 

10":3-73 

STATIONS DD-30 DD-20 DD-20 DC-I0 IDD-20 1RD-30 DC-30 DC-_30 DC-20 DD-30 
METHOD ST ST ST BT BT BT BT _BT ~T 'R'l' 

DURATION (MINS) 5 5 5 5 5 5 5 5 5 5 
Blueback herring NC* NC* NC* 
White perch NC* NC* NC* 18 5 3 4 ;2 4 3 .-
Spottail shiner 1 
Striped bass 1 20 
Alewife 
Alosa sp. 
Atlantic tomcod 
Brown bullhead 2 5 2 ] 

American shad 
Golden shiner 
Hogchoker 1 1 3 2 
Goldfish 2 2 2 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 1 ? 

American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 1 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redb~easted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White. mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden . 
Smallmouth bass 
White crappie • 
Fourspine stickleback -
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

10-3-73 10-9-73 
STATIONS DC-30 IDC-20 Inn-~o Inn-~n Inr-ln IRMf"'I<' ae*-:tn g1\lf"''''' 'RMf"'R n.1!-?n 
METHOD ST BT BT ST BT BT ~T _BT l=I'J1 l=I'J1 

DURATION (MINS) 5 5 5 5 5 10 10 10 1n ., 
Blueback herring NC* 
White perch 26 5. 1 2 ~ ~ 1 11"'1 C:'l 

Spottail shiner 
Striped bass 4 
Alewife 
Alosa sp. 
Atlantic tomcod 
Brown bullhead 1: B 1 t; 

American shad 1 
Golden shiner 
Hogchoker 2 1 
Goldfish 1 

Pumpkinseed , 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
White catfish 1 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle iack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 

- White crappie 
Fourspine stickleback 
Cyprinid 

-
*NC-No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

10-9-73 10-17-73 
STATIONS DC-20 DD-30 DC-lO DC-20 IRDW iRNCW IRNew Mew R!=;CW nc-10 
METHOD p.'T' p.'T' ~'T' ~'T' ~'l' l=:'l' ~'T' l=:'J' ST_ ST_ 

DURATION (MINS) 10 10 t; t; 10 10 10 ~O 1n '" Blueback herring 1 1 4 3 9 1 2 8 2 
White perch 94 16 207 
Spot tail shiner 1 3fl 

Striped bass 4 42 1 2 1 1 1 32 
Alewife 12 7 1 3 18 12 7 
Alosa sp. 
Atlantic tomcod 
Brown bullhead 2 1 
American shad 1 3 1 27 2 7 
Golden shiner 
Hogchoker 1 
Goldfish 1 1 
Pumpkinseed 1 
Bay anchovy 1 1 13 48 10 31 1 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 
American eel 1 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 1 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smal1mouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 



ROSETON/DANSK&~R POINT FISH SAMPLING 

10-18..,73 
STATIONS ROW RDW RF. RnF. R!=:I"'F. iRlJl"''Ii' R!=:I"''Ii' T'll"'_ - 1"'If"_?n 

METHOD ST ST ST ST ST BT BT BT fl'T' BT 
DURATION (MINS) 10 10 10 10 10 4 10 5 10 5 
Blueback herring NC* NC* NC* 
White perch 50 7 9 .2 3 
Spottail shiner 2 
Striped bass 1 1 , 

Alewi.fe 1 3 
Alosa sp. 
Atlantic tomcod 
Brown bullhead 11]9 1 10 1 
Ameri can shad 
Golden shiner 
Hoqchoker 6 
Goldfish 8 
Pumpkinseed 
Bay anchovy 4 1 1 
Bluegill sunfish 
Tessellated darter 
Banded killifish . 
Whi te catfish 9 1 2 
American eel 
Gizzard shad 
Morone sp. -
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Pedbreasted sunfish 
White sucker 

..,. Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie ...... 

I 

Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

10-18-73 
-STATIONS RDW RNCE RNCW RNCE RSCE DC-20 RSCW RNCE RNCW 

METHOD BT ST BT ST ST ST BT BT BT 
DURATION (MINS) 10 10 10 10 10 5 10 10 5 
Blueback herring 1 2 3 2 
White perch {i ? ?f=. 2 4 1 " Spottail shiner 
Striped bass 1 
Alewife 1 3 2 6 
Alosa sp. 
Atlantic tomcod 2 
Brown bullhead 3 
American shad 1 
Golden shiner 
HOJ[choker 3 5 1 .-
Goldfish 1 
Pumpkinseed 
Bay anchovy 1 1 1 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 1 1 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
C~rp 
Atlantic sturgeon 2 
Largemouth bass 
Rainbow smelt 1 
Silvery minnow 
Redbreasted sunfish 
White sucker I 
Cravelle jack 
Black crappie 
Whi te mullet 
Shortnose stur~eon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

10-31-73 

STATIONS nr-":In nf"'_":In nf"'_":In ·nf"'_":In Inf"'_.,n Inf"'_ .,n Ir.f"'_.,n h,..,.'"I" h,.., .,,, ..... ,..,.,,, -METHOD c'" c'" 0'" om ST ST BT BT ~T ~T -DURATION (MINS) 5 5 5 5 5 5 5 10 5 5 
. Blueback herring NC* NC* -. 

White perch NC* 19 .~" 44 ... .,.~* 
""- - 123 q? 1 Nf"'* __ 

·Spottail shiner 1 10 5 7t; Nf"'* 

Striped bass 1 4 4a 21 
Alewife 77 
Alcisa sp. a 12 5 6 ":In 
Atlantic tomcod 1 
Brown bullhead 2 ·1 1 
American shad 
Golden shiner --Hogchoker 
Goldfish 2 17 
Pumpkinseed 
Bay anchovy , 1 

Bluegill sunfish 1 
Tessellated darter 1 
Banded killifish 
Whi te catfish 1 
American eel 
Gizzard shad 
Morone sp. .' 

Notropis sp. 
Carp 3 4 
Atlantic sturgeon 1 
Largemouth bass 
Rainbow smelt 1 - Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
~-fui te mullet 
Shortnose sturgeon 1 
Yellow percll 

, 

Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback· 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

10-31-73 11-5-73 

STATIONS DD-30 DD-30 DD-20 DD-a DC-W 
METHOD . ST BT ST BT ST 
DURATION (MINS) 5 5 5 5 
Blueback herring 
White perch 2 3 219 -
Spottail shiner 12 J.. 
Striped bass 2 1 23 
Alewife 
Alosa sp. 49 29 18 
Atlantic torocod 
Brown bullhead 
American shad 
Golden shiner 1 
Hogchoker 
Goldfish 1 
Pumpkinseed 
Bayanchovy 3 
Bluegillsunfish 
Tessellated darter 1 
Banded killifish 
White catfish 3 1 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle i ack 
Black crappie 
White mullet 
Shortnose sturqeon 
Yellow perch 
Atlantic menhaden 
Smallroouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

11-15-73 
STATIONS RNCE RDWN RNCE RNCE RDW RSCW IDC-20 RSCW !mCW bC-10 
METHOD ST BT BT ST ST ST ST BT ST ST 
DURATION (MINS) 10 

~-
5 10 10 '10 10 5 7 10 5 

Blueback herring NC* NC* 
White perch 4 13 -
Spottai1 shiner 
Striped bass ---
Alewife 4 1 3 
Alosa sp. , i 

Atlantic tomcod ?1 

Brown bullhead 12 
American shad 1 
Golden shiner ~ 
Hogchoker 1 1 
Goldfish 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 1 1 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black cr<;ippie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Srnallmouth bass 
White crappie 
Fourspine stickleback 
cyprinid 

*No Catch 



ROSETON/DANSKAMMER POIN'r FISH SAMPLING 

11-15-73 

STATIONS iRDE DC-lO RDE ROW RNCW RDWS DC-20 RSCE RSCW RNCW 
METHOD ST ST ST ST ST BT BT ST ~T BT 
DURATION (MINS) 10 5 10~ ~O 10 5 5 ~ 10 10 
Blueback herring NC* NC* NC* 1 
White perch 1 31 5 1 2 11 
Spottail shiner 2 1 
Striped bass 1 
Alewife 1 
Alosa sp. i 
Atlantic tomcod 1 1 3 2 
Brown bullhead 2 
American shad 
Golden shiner 1 
Hogchoker 
Goldfish 1 
Pumpkinseed 
Bay anchovy 
Blueqill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 1 1 
American eel 1 
Gizzard shad , 

Morbne sp. 
, 

Notropis sp. 
Carp 
Atlantic sturgeon 1 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Crave1le jack 
Black crappie 
WIli te mullet 
Shortnose sturqeon 5 
Yellow perch 
Atlantic menhaden 
Smal1mouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

11-5-73 11-28-73 
STATIONS nl"'_'lr 'D"'i"'t'I b",ror.T bT'lw(: IRDWN iRSCE RSCE RNCW RNCE DC-30 
METHOD BT BT ST BT BT ST BT BT BT ST 
DURATION (MINS) 5 10 10 ~5 6 10 10 10 10 5 
Blueback herrinq 39 1 1 6 1 1 4 2 
White perch ·30 34 2 22 6 5 
Spottail shiner 2 1 
Striped bass 1 
Alewife , 

.. 
Alosa sp. . 
Atlantic tomcod 1 1 10 9 1 1 
Brown bullhead 1 10 
American shad 1 
Golden shiner 
Hogchoker 32 1 1 88 1 
Goldfish 1 1 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
White catfish 1 1 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 4 4 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 1 
Cravelle iack 
Black crappie 
Whi te mullet 
Shortnose sturqeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 



ROSETON/DANSKAMMER POIN~r FISH SAMPLING 

11-28-73 

STATIONS nn-:w Rn-~O InD-3D DD-20 Dn-30 RD-20 .RD-~n nl"'-1n inl"'-1O nl"'-20 
METHOD <::'T' <::'T' <::'T' ~'T' <::'T' l=:'T' l=:T ST S'I' <::T 

DURATION (MINS) c; c; .;. ."i c; CO 5 c; c; c; 

Blueback herring 1 NC* NC* NC'" NC* NC* NC* NC* NC* NC* 
White perch 
Spottail shiner 
Striped bass 
Alewife 
Alosa sp. ~ -
Atlantic tomcod 
Brown bullhead I 

I 
American shad 
Golden shiner 
Hogchoker 
Goldfish 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi'-1te catfish 
American eel 
Gizzard shad 
Morone sp. -
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish I 

White sucker 
Cravelle jack 
Black crappie 
Whi te Jnullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

11-28-73 
STATIONS 1nco_':In T"V"_"n nn..':In ~n-?n Inn_':I.n I~n_?n TV"_?I' T"ln. ."Jr TV"'_ "n ~T"I,.':In 

METHOD ~'1" R ..... R ..... ~ ..... BT BT BT 'AT 'R'1" BT 
DURATION (MINS) 5 5 5 5 5 5 5 5 5 5 
Blueback herrinq 
White perch 1 4 4 5 6 21 
Spot tail shiner 1 3 2 6 5 
Striped bass 1 
Alewife 
Alosa sp. - - , 
Atlantic tomcod 12 17 1 11 
Brown bullhead 1 
American shad 
Golden shiner 
Hogchoker 
Golq.fish 1 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
White catfish 1 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. t 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
Whi te mullet 
Shortnose sturqeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 



ROSETON/OANSKAMMER POIN~' FISH SAMPLING 

11-28-73 12-11-73 
- -

STATIONS iDC-20 1m-30 bO-20 Ro-20 RSCW IRNCW IDC-20 IRNCE IRnE RDl'l. 
METHOD B~ BT BT BT BT BT BT BT ST ST -. 
DURATION (MINS) 5 5 5 5 10 10 5 10 lQ N 
Blueback herring 1 NC* He* 
White perch 12 21 14 13 1 2 4 2 NC* Me* 
Spottail shiner 70 3 1 19 5 
Striped bass 16 7 (71 

Alewife 1 
Alosa Spa 

.. -,1----. 

Atlantic tomcod ~ 4 4. ]0 1 

Brown bullhead 1 
American shad 

- i--

--. 
Golden shiner 1 --
Hogchoker 
Goldfish 10 ~ 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 5 1 
Banded killifish 
Whi te catfish 1 2 
American eel 
Gizzard shad 
Morone Spa 
Notropis Spa 

Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
Whi te mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallrnouth bass 
Whi te crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

12-11-73 

STA'l'IONS hr_ln 'D"Tf"''C' 1:)"tf"'W T"If"'_?n Ipntal~ Ip~("'C' ~ l:!J"\tal<::! .,"',..."" ~~~~. 'DT"Ital 

METHOD ST ST ST ST BT ST BT .c:'T' cm cm 
DURATION (MINS) 5 10 10 5 5 10 C\ 1n 1n 1n 

Blueback herring NC* NC* NC* NC* NC* NC* NC* lITt"* lIT" * lIT(,,* 
White perch 
Spot tail· shiner' 
Striped bass 
Alewife 
Alosa sp. , 
Atlantic tomcod 
Brown bullhead 
American shad 
Golden shiner 
Hogchoker 
Goldfish 
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 
Whi te catfish 
American eel 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden . 
Sma1lmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POIN,]~ FISH SAMPLING 

12-11 .. 73 
---~~ . 

STATIONS nr-?n "QnJ<' "QNC'W "Q!=:C'W "QN("'W "Q!=:C'W l"QnNW 1"Q!=:rR .~ T"\f"'_?r1 

METHOD C:::'1" ~'1" ~'1" R'l" R'l" AT RT R'T' R.'T' R.'1" 

DURATION' (MINS) 10 10 10 10 10 10 5. -.lQ. c:; t; 

Blueback herring NC* NC* NC* NC* 
White perch 1 28 1 7 
Spottai1 __ shiner q 

Striped b~s~_ 
Alewife 
Alosa sp. i -
Atlantic tomcod 4 4 

Brown bullhead 
American shad 
Golden shiner 1 ._-

Hogchoker 
-

Goldfish -
Pumpkinseed 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 1 2 
Banded killifish 
Whi te catfish 
American eel i, 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturSeo_n 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle -jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETONjDANSKAMMER POINT FISH SAMPLING 

12-11-73 -
~!ATIONS 'R~(,,'R nr-Hl RNC'R -METHOD R'l' R'l' R'l' 

DURATION (MINS) 10 t; 10 -Blueback herring -White perch l~ 1 3 -Spottail shiner Q~ --
Striped bass 1 -
Alewife -f----
Alosa sp. -IAtlantic tomcod 1 1 
Brown bullhead 
American shad ! 
Golden shiner 2 
Hoqchoker 1 
Goldfish 
Pumpkinseed 
Bay anchovy 
Blueqill sunfish 
Tessellated darter 1 
Banded killifish 
\'fui te catfish 
American eel 
Gizzard shad -- Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 2 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 



SEINES 

' ..... 

-



ROSETON/DANSKAMMER POINT FISH SAMPLING 

3-21-73 4-25-73 5-18-73 5-30-73 
S'fAT!ONS 

DO JOD OCN pCN DO peS DO OCN WC DCS 
METHOD c::: .£ S S S 8 '8 8 S S 
Blueback herring 8 NC* 
White perch 1 2 13 8 
Spottail shiner 12- 9 3 7 34 2 8 18 
Striped bass 1. 
Alewife 6 3 2 
Alosa sp •. 1. 
Atlantic tomcod 
Brown bullhead 
American shad 
Golden shiner 31. 8 8 1 
Hogchoker 
Goldfish 43 20 1 
Pumpkinseed 1. 2 
Bay anchovy 
Bluegill sunfish 1 1 1 
Tessellated darter 1 1 1 1 1 
Banded killifish 2 3 1 
White catfish 1 1 1 
American eel 1 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 5 10 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 1 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETONjDANSKAMMER POINT FISH SAMPLING 

5-30-73 6-13-73 
STATIONS we ID~ RD ~eE DD RE DE DCN DD Des 
METHOD S 5:: 5:: 5:: ~ 5:: ,. 5:: S 
Blueback herring 2 lQ.1 2 1"> 1 
White perch 10 21 "18 8 6 10 6 
Spottail shiner - ::n ;~q 4 16 11 1 
Striped bass 1 1 
Alewife 2 2 1 4 6 36 10 6 
A10sa s12-· 
Atlantic tomcod 1 

Brown bullhead , ~ 2 

American shad 
Golden shiner ,,~ .d ~ , ~ , 
Hogchoker 
Goldfish , 
Pumpkinseed 1 , ? , .1 q 1 5 
Bay anchovy 
Bluegill sunfish 3 2 2 
Tessellated darter 3 1 
Banded killifish 1 1 7 1 49 
White catfish , 
American eel .1 f; . 

Gizzard shad 
Marone sp. 
Notropis sp. 1 1 8 
earp 8 
Atlantic sturgeon 
Largemouth bass 3 1 1 
Rainbow smelt 
Silvery minnow 11 
Redbreasted sunfish 1 1 
White sucker 
Crave11e jack 
Black crappie 1 3 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White craEEie 
Fourspine stickleback 
Cyprinid 1 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

6-18-73 6"':26-73 
STATIONS DO DO DCN RMXT DSCE RSCE DO iRSCI:-IRMXT RD 
METHOD S S S S S S S S S S 
Blueback herring 1 1 1 
White perch 4 , 2 
Spottail shiner 3 13 18 

, 
7 7 

Striped bass 1 
Alewife 1 1 18 
Alosa sp •. 
Atlantic tomcod 
Brown bullhead 1 1 ~ 1 5 6 
American shad 
Golden shiner 4 5 1 1 1 
Hogchoker 
Goldfish 2 5 1 
Pumpkinseed 1 13 7 1 6 
Bay anchovy 
Bluegill sunfish 1 2 
Tessellated darter 1 
Banded killifish 1 
White catfish 4 2 
American eel 1 4 2 

'- Gizzard shad 
Morone sp. 
Notropis sp. 6 3 
Carp 
Atlantic sturgeon 
Largemouth bass 2 1 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 1 
Crave1le jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie l' 
Fourspine stickleback 
cYprinid 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

6-26-73 7-10-73 7-24-73 

STATIONS DD RE DD pCN DeS DeS ~cw RSCE DO DCN 

METHOD S S S S S S S S S S 

Blueback herrin9 NC'* ,1 lA 11I1C'* R 4 11 
White !Jerch q() 1 ';> R t1 1 2 
Spot tail shiner .1 lR 2 2 
Striped bass 1 1S 1 i 1 

Alewife 7 1() '4 
Alosa sp.· .1 
Atlantic tQmcod 
Brown bullhead 3 2 
American shad 48 7 
Golden shiner 1 41 1 1 
Hogchoker 1 
Goldfish 1. 
Pumpkinseed 4, 1 2 1 1 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 
Banded killifish 6 1 1 1 
White catfish 
American eel 1 2 3 1 
Gizzard shad 
Morone sp. 4 
Notropis sp. 7 
Carp 
Atlantic sturgeon 
Largemouth bass 4 
Rainbow smelt 
Silvery minnow 3 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 1 1 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

7-24-73 8-7-73 8-9-73 8-21-73 
STATIONS RDN DCN DCN DD DD Des DCN DD RD ~cw 
METHOD S S S S S S S S S S 
Blueback herring '11 ":l 18 16 8 1 
White perch 2S 11 74 9 3. 51 14 
Spottail shiner .10 10 2 1 11 20 9 34 
Striped bass 7 5 23 1 13 5 
Alewife 1 1 5 
Alosa sp .. 19 
Atlantic tomcod 
Brown bullhead 
American shad 12 17 7 9 
Golden shiner 3 1 3 2 1 7 1 3 15 
Hogchoker 
Goldfish 1 3 1 1 1 
Pumpkinseed 1 8 3 2 3 1 
Bay anchovy 
Bluegill sunfish 2 2 
Tessellated darter c; C; 1 
Banded killifish 1 
White catfish 
American eel ..1 1 1 2 
Gizzard shad 
Morone sp. 
Notropis sp. 1 
Carp 
Atlantic sturgeon 
Largemouth bass 1 2 
Rainbow smelt 
Silvery minnow 1 
Redbreasted sunfish 2 1 
White sucker 2 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Sma11mouth bass 1 
White crappie 
Fourspine stickleback 1 
Cyprinid 



ROSETONjDANSKAMMER POINT FISH SAMPLING 

8-21-73 9-5-73 

STATIONS RSCE DD DCN ~SCW, IRsCE RD DCS DCS DCN DD 
METHOD S S S S S S S S S S 
Blueback herring 5 3474 51 145 367 23 
White perch 12 1 3 1 12 27 • 1 2 
Spottail shiner 16 . 53 6 
Striped bass 1 7 2 
Alewife 11 1 3 8 
Alosa sp.· 
Atlantic tomcod 
Brown bullhead 
American shad 32 :'8 20 9 3 
Golden shiner 6 10 
Hogchoker 1 
Goldfish 
Pumpkinseed 1 2 2 2 5 5 3 
Bay anchovy 1 1 
Bluegill sunfish 2 1 
Tessellated darter 4 2 7 4 1 4 
Banded killifish 1 2 1 3. 
White catfish 
American eel 1 2 
Gizzard shad 
Norone sp. 
Notropis sp. 2 
Carp 
Atlantic sturgeon 
Largemouth bass 2 1 
Rainbow smelt 3 
Silvery minnow 
Redbreasted sunfish 1 1 
White sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 1 
White crappie 
Fourspine stickleback 
Cyprinid I 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

9-18-73 10-3-73 
STATIONS RSCE DCS DD RE DD RD RSCW DCN DCN DD 
METHOD S S S S S S S S S S 
Blueback herring ~f\ 20 R l 49 .204 79 1 5 
White perch . ~ 21') 20 12 .:' :-=; 1 
Spottai1 shiner 9 1 2 1 19 17 8 2 
Striped bass 3 1 23 5 13 24 14 1 2 
Alewife 12 1 6 2 2 36 
A10sa sp •. 
Atlantic tomcod 
Brown bullhead ? 
Amer ican shad .~ 1 27 1 S 1~ 6 14 
Golden shiner 1 2 2 3 
Hog choker 
Goldfish 
Pumpkinseed 1 1 2 2 1 
Bay anchovy 4 1 
Bluegill sunfish 1 12 1 1 1 
Tessellated darter 1 .1 1 1 1 1 
Banded killifish 1 1 
Whi te catfish .. 13- .~ 

American eel 
Gizzard shad 
Morone SF. 
Notropis sp. 1 1 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 1 2 
White sucker 
Cravel1e jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie . 
FoursFine stickleback 
Cyprinid 



ROSETON/Dk~SKAMMER POINT FISH SAMPLING 

10-3-73 10-9-73 

STATIONS DD DCN Des Des RE DD Des J~~E RSCW DD 
METHOD S S S S S S S S S 

Blueback herring 8 16 110 3 
White perch 44 7 2 13 3 5 5 4 
Spottail shiner 14 12 17 1 8 
Striped bass 61 3 1 2 9 3 2 5 2 
Alewife 4 2 5 2 
Alosa sp •. 
Atlantic tomcod 
Brown bullhead 
American shad 13 2 2 10 3 -
Golden shiner 1 1 
Hogchoker 
Goldfish 
Pumpkinseed 3 5 5 2 
Bay anchovy 
Bluegill sunfish 90 1 2 2 10 
Tessellated darter 6 1 
Banded killifish 4 
White catfish 3 
American eel 1 
Gizzard shad 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 1 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 1 1 
White sucker 
Cravelle jack 
Black crappie 1 
Wbi te mullet 
Shortnose sturgeon 

. Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

10-9-73 10-17-73 
STATIONS DeN RD 100 DCS ~cw RSCE DeN DO RE RD 
METHOD S S S S S S S S S S 
Blueback herring 180 24 1 23 13 18 3 3 
White perch_ 3 16 193 6 4 2 3 1227 19 
S,Eottail shiner 14' 81 74 61 13 48 1 6 35 
Stri,Eed bass i 41 8 1 1 40 1 
Alewife 23 12 1 1 4 3 
Alosa s,E., 
Atlantic tomcod 
Brown bullhead 3 
American shad 19 5 2 5 2 1 5 4 
Golden shiner 5 1 2 12 
Hogchoker 2 1 1 
Goldfish 1 
Pumpkinseed 1 3 4 2 1 7 
Bay anchovy 1 
Bluegill sunfish , 

~ 

Tessellated darter 1 1 4 7 .4 6 1 1 

Banded killifish 33 1 
Whi te catfish 6 
American eel 1 1 
Gizzard shad 1 1 
Morone sp. 

0' 

Notropis sP. 3 1 1 
Carp 1 

Atlantic sturgeon 
Largemouth bass 1 
Rainbow smelt - Silvery minnow 

,Redbreasted sunfish 1 
White sucker 
Crave11e jack 1 2 
Black crappie 1 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Sma11mouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

10-31-73 
STATIONS CN CN DCS tiCS DD DD ~S 
METHOD S S S S S S S 
Blueback herring 1 
White perch 5 7 47 150 43 
Spottail shiner 4 J5 47 ]2 J , lA 
Striped bass I 2 2 5 5 201 23 
Alewife 1 60 
Alosa sE-· 300 4 5 2 
Atlantic tomcod 
Brown bullhead 2 4 
American shad 
Golden shiner 4 
Hog-choker 
Goldfish 
Pumpkinseed 1 1 1 
Bay anchovy 1 
Bluegill sunfish 1 4 1 4 3 
Tessellated darter 4 1 1 
Banded killifish 1 
White catfish 
American eel 2 
Gizzard shad 4 1 7· 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 1 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 3 
Black crappie 2 
Whi te mullet 3 1 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 

. Fourspine stickleback 
Cyprinid , 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

11-15-73 11-11-13 11-20-73 11-21-73 
STATIONS pC RD RD DCS DD DOS ~E beN fRsCE 
METHOD S S S S S S S S S 
Blueback herring 2 1 
White Eerch 1 66 j, 5 6 
Spottail shiner 4 3 15 67 47 15 
Striped bass 1 1 1" ~ 2 
Alewife "I 1 
Alosa sp." 
Atlantic tomcod 
Brown bullhead 5 
American shad 2 
Golden shiner 5 
Hogchoker 
Goldfish" 1 
Pumpkinseed 4 1 
Bay ancho-vy 
Bluegill sunfish 1 
Tessellated darter 2 15 
Banded killifish 1 
White catfish 
American eel 
Gizzard shad 4 10 
Morone sp. 
Notropis sp. 1 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow" 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
Whi te mullet 1 
Shortnose sturgeon 
Yellow perch 

• Atlantic menhaden 
Smal1mouth bass 
Whi te crapEie 
Fourspine stickleback 
Cyprinid 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

11-21-73 11-28-73 11-24-73 12-11-73 

STATIONS IRSCW RD DO DeN RD roes DO IDCN iUCS lU) 

METHOD S S S S S S S S S S 

Blueback herring 1 1 2 
White perch 2 33 1 1 
Spottail shiner 30 11 2 1 9 2 1 
Stri;Eed bass 1 7 
Alewife 
Alosa sp •. 
Atlantic torncod 
Brown bullhead 
American shad 
Golden shiner 3 
Hogchoker 
Goldfish 

" 

Pumpkinseed ":l 3 1 
Bay anchovy 
Bluegill sunfish 
Tessellated darter 3 1 1 1 
Banded killifish 
White catfish 
American eel . 

-
Gizzard shad 23 1 
Morone sp. 
Notropis sp. 
Carp 1 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silve~ry minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White mullet 1 
Shortnose sturgeon 
Yellow perch ~ 

Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cyprinid 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

12-11';"73 

STATIONS RDE peS RSCW DCN ~CE DCS RD DCN DD DO 
METHOD S S S S S S S S S S 
Blueback herring NC* NC* 
White Eerch 12 
Spot tail shiner 3 2 ~ 5 1 13 
Striped bass 5 
Alewife 
Alosa sp., 
Atlantic tomcod 
Brown bullhead 
American shad 
Golden shiner 2 38 1 
Hogchoker 
Goldfish 
Pumpkinseed 1 
Bay anchovy 
Bluegill sunfish , 
Tessellated darter ~ 6 
Banded killifish 2 
White catfish 
American eel 
Gizzard shad 1 1 
Morone sp. 
Notropis sp. 
Carp 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass - White crappie . 
Fourspine stickleback 
cYprinid 

*No Catch 



ROSETON/DANSKAMMER POINT FISH SAMPLING 

12-26-73 

STATIONS DD 1 METHOD S 
Blueback herring 
White 12erch , 

-, 

spot tail shiner 1-
Striped bass 
A l'ewife 
Alosa sp •. 
Atlantic torncod 
Brown bullhead 
American shad 
Golden shiner 
Hogchoker 
Goldfish 
Pumpkinseed , 
Bay anchovy 
Bluegill sunfish 1 
Tessellated darter 
Banded killifish 
White catfish 
American eel 
Gizzard shad 1 
Morone sp. 
Notropis sp. 
Car"p 1 
Atlantic sturgeon 
Largemouth bass 
Rainbow smelt 
Silvery minnow 
Redbreasted sunfish 
White sucker 
Cravelle jack 
Black crappie 
White mullet 
Shortnose sturgeon 
Yellow perch 
Atlantic menhaden 
Smallmouth bass 
White crappie 
Fourspine stickleback 
Cy~.rinid 



TRAP NETS 



LOCATION ------- -------METHOD ---.-----
_ DURA'frON (MINS) 

... - --------_ ... 
SPECIES ----------_. 
Blueback Herrin!l. 
White Perch 
S,Eottail Shiner 
Striped Bass 
Alewife 
Brown Bullhead 
American Shad 
Golden Shiner 
Goldfish 
Pumpkinseed 
Bluegill Sunfish 
Banded Killifish 
I~:fuite Cat{ish 
'''merican Eel 
~~rp 
White Sucker 
Black CraEEie 
Emerald Shiner 
Yellow Perch -
White Cra12Eie 
Yellow Bullhead 

RSCE 
f-------
TRAP NET 
25hr+45m 

ROSETON/DANSKAMMER POINT FISH SAMPLING 
TRAP NETS 

7-23-73 7-24-73 
DCN 75 AT RSCE DCN 

... 

TRAP NET TRAP NET TRAP NET TRAP NET ---- -------1:-:------1-:-:-
23hr+13m 96hr ~r+~Om ____ 25 hrs ---... --- --_._-------

... - i---:-- .. ------ '---- ------- --_._---f---

--
51 9 10 12 11 

1 3 1 6 
2 2 

1 
1 2 4 4 

1 1 
1 
4 6 5 \ 36 5 

1 1 
4 19 6 1 2 

1 

2 2 -

--

--

~~ 



7-24-73 

ROSETONjDANSKAMMEH POINT FISH SAMPLING 
TRAP NETS 

7-25-73 7-27-73 

LOCATION R~rF.___ DCN I ~ __ ~ ____ =D=D~ ____ r_ __ ~~=-T~ ____ -T 

METHOD __ --: ___ -ftr .... RA ... ;.u;~PNET ~ NET TRAP N~ __ TRAP NET TRAP NET 
DURATION (MINS) bt;h .... ..,.,' t;m lI.t;h .... «:l .;Qt;hr4-1.5nL i23hrS±ASm ___ 92hr+50m 
SPECIES 
Blueback Herrinq :1 38 16 -..... --

White Perch ~4 2 
Spottail Shiner 
Striped Bass f. 1 1 
Alewife 1 1 

Brown Bullhead ______ _+---.----~-----------~--------+_----------~------------_r 
American Shad 
Golden Shiner 7 
Goldfish 6 
Pumpkinseed ____ ___~5~ __ -4 ________ ~~--~----r_--~------~---=--------_;_ 
Bluegill Sunfish __ 1--______ --+-______ -+ ____ _ 
Banded Killifish ___ 
\'1hi te Catfish------ ----

\ -\meri~e-f--------_+_-----.---'3"-----_+=========:~====:=-_l_---------f--------+ 
-. Carp 1 

White Sucker 
Black Crappie 
~~~~~~~--------+_--------_l_------~---------_+---------~----------~ Emerald Shiner 
Yellow Perch 
White Crappie 
--~~--~~~--------~---------+_--------4----------~----------~------------__; Yellow Bullhead 



LOCATION nr.lIl 

METHOD iTRA'P ..NET 
DURATION (MINS) 19"'h,..+~Om 
SPECIES 
Blueback Herring 
White Perch ..3. 
Spottai1 Shiner 2 
Striped Bass 1 
Alewife 1 
Brown Bullhead 3 
American Shad 
Golden Shiner 
Goldfish 
Pumpkinseed 3 
Bluegill Sunfish 
Banded Killifish 
-.:Jhite Catfish 
\merican Eel 1 

_Carp 
Whi te Sucker 
Black Crappie 
Emerald Shiner 
Yellow Perch 1 
White Crappie 
Yellow Bullhead 

ROSE'l'ONiDA.!'l..§KAMMER PO~J~_~1::.ISH SAMPLING 
TRAP NETS 

7-31-73 

nn nC'N' RQC:F. DO "-" 

TRA'PNET TRA.'P -.NET. TRA.'P ...NET_ ITRA.'P NET 

96hrs 2"h,..+i1~m 23hr+5m 12~h,..+C:;m 

-
7. 8 , 

4 7 1 

; 

5 , 14 
2 ----

4 1 
44 1 5 2 

1 
1 
1 

1 

... 

" " 



LOCATION -----
METHOD -
DURATION (MINS) 
SPECIES ------
Bl ueback Herring ________ 
White Perch --
Spottaj.l Shiner 

Bass 

ROSETON/DANSKAMMER POINT FISH SAMPLING 

TRAP NETS -----

7-31-73 8-1-73 
RMXT DD DCN RSCE RMXT 

TRAP NET TRAP NET TRAP NET TRAP NET TRAP NET 
23hr35m 24hr+35m 23hr 27hr+3Sm 26hr+35m ----.--
.--- --------1------

_. ________ 7 ___ 
f------- - -----------t- ------.fiP 

c----.--~----- r-..L 4 ---- -- 6 3 
1 ---- -------- f--- ----

Striped __ 1----_.------c---------f-------
Alewife ____ L ____ 

:-------- 1 _. 1 - -
Brown Bullhead ---.1.._ 1 4, 2 
American Shad -
Golden Shiner 
Goldfish 
PumEkinseed 2 4 \ _L .1 
Bluegill Sunfish 
Banded Killifish 
Hhite Catfish ~ -. 
. merican Eel 9 1 1 5 

.s:arp 
White Sucker -
Black Crappie 1 
Emerald Shiner 
Yellow perch 1 1 
White Crappie ______ 

-._------f--

----
Yellow Bullhead 

-
! 



LOCATION 
METHOD 
DURATION (MINS) -
SPECIES 
Blueback Herring 
White Perch 
Spottail Shiner 
Striped Bass 
Alewife 
Brown Bullhead 
American Shad 
Golden Shiner 
Goldfish 
Pumpkinseed 
Bluegill Sunfish 
Banded Killifish 
;Vhi te Catfish 
\merican Eel 

- Carp 
White Sucker 
Black Crappie 
Emerald Shiner 
Yellow Perch 
White Crappie 
Yellow Bullhead 

ROSETON/D~NSKAMMER POINT FISH SAMPLING 
TRAP NETS 

8-14-73 8-15-73 8-16-73 

WC wC' 'RNC'R DCN ~N(",'Ii' 

. TRAP NR'T' 'T''RZl.P NR'T' i'T''RZl.p NR'T' 'T''RZl.P NRT 'T''RlI.P NR'T' 

2 A.h Y'C! ? .. h .... "'.?c;.m ?A.h .... ? .. h ..... ">ClIo.- ?1. h ... C!"'-LlATn 

2 2 
4 4 1 , 

1 
2 2 

17 3 If> 

1 

-.-l 
2 3 5 \ 3 5 

1 3 

1 
3 6 7 

5 
4 1 

1 

-

.' 



I 

LOCATION -
METHOD 
DURA'l'ION (MINS) -----
SPECIES --------
Blueback Herring 
White Perch 
Spottail Shiner 
Stri;eed Bass 
Alewife 
Brown Bullhead 
American Shad - -
Golden Shiner 
Goldfish 
Pum,ekinseed 
~luegill Sunfish -
Banded Kil1ifish 
\'7hi te -Catfish 
-;~erican Ee1-

~:',:,rp 
White Sucker 
Black Crappie 
Emerald-Shiner - -
Yellow Perch 
w'hite CraEEie 
Yellow Bullhead 

ROSETON/DANSKAMMER POINT FISH SAMPLING 
TR!\P NETS 

8-16-73 9-4-73 

~~~~T+?~ NEt~.;>Ii~ DD DCN 
_XRAE....NET TRAP NET 
_24.._hrs __ r? r; h 'I"'~ + 1 5tn 

--- --- -------- --- ._- ----. 

20 4 -- -------- 1 1----
4 _L- 1 

1 9 -
5 1 --- ~- -

3 10 137 
6 

1 

_ '-------_1 4 6 \ 4 2 

'----
2 1 1 

-- '--

2 --
I 26 17 2 

1 
1 

-- "-- -

1 

-. 

--



LOCATION 
METHOD 
DURATION (MINS) 
SPECIES 
Blueback Herring 
White Perch 
Spottail Shiner 
Stri,E.ed Bass 
Alewife 
Brown Bullhead 
American Shad 
Golden Shiner 
Goldfish 
Pum;ekinseed 
Bluegill Sunfish 
Banded Killifish 
Whi te Catfish 

:!\merican Eel 
Carp 
White Sucker 
Black Crappie 
Emerald Shiner 
Yellow Perch 
White Crappie 
Yellow Bullhead 

9-4-73 
DD . 

ROSETON/DANSKAMMER POINT FISH SAMPLING 
TRAP NETS 

TRAP NET 
25 hrs+45 n -------

---------
1 -
A 
~ 

_"L -

, 

8 \ 

5 -. 
-. 

I -



8-2-73 

ROSETON/DANSKAMMEH POINT FISH SAMPLING 
TRAP NETS 

8-14-73 

----------------------~-----------------_,r_.--------~----------~------------~ 

METHOD 
.=.LO..:-::C.;..:A~T . ..:::I..:::O~N~ ___________ ~_~CE DeN DD ____ _t_--=RMlI=:;..;T"-----+_---D;..C;;.:N~----_t 

___ . ___ --i...;T=-:RAc:-..:P NET TRAP NE~_ TRAP.-c:N=E:c.:T=-t_-=T=RAP=-",N=ET""-_t--T~RAP:o.=",--NE-,=T,---:--t' 
DURA lWNTMINS ) 24b~+ 5011L _26hr+ 2 Sm _f--.f§h~~~-=1""O~my--=-2,-=,6,-",h-=r:s,--__ -+..c...::2=-.:4=-=-h=r,""s<--__ -i' 
SPECIES 
=~..:::..::::..::..-----------+------~------ i-------f---------t--------f------'-------,. 
Blueback Herring 3 1 280 
Whi te Perch 3 4 7 ----~----------~-------------T 4 2 
Spottail Shiner 3 
Striped Bass 5 12 
Alewife 
Brown Bullhead 
~~~~~~~~------·+---------+_-------4_---------+---------_;------------r 
American Shad 1 
Golden Shiner 1 1 
Goldfish 
Pumpkinseed 3 2 2 ' 1 

1 1 
Bluegill ~unfish 
Banded Killifish 

~1~Wh~i~t-e~C~a~t-f~ .. i~s~h~-----~---------;----------~-------+-----------r-------------T-
\ . 1 l)merl.can Ee 
rCarp 

2 4 

White Sucker ~ 

Black Crap~..:::i..:::e ________ _t_--__ l----_+----2----~-------_--~----------+_-----------_t 
Emerald Shiner 
Yellow Perch 
I";:,,.;..;:;.:=.:~::..::.;:::.:::.;-;:-----+_·-----·--+__-------_f_------_+_-------__f--------__; 
White Crappie 
Yellow Bullhead 



GILL NETS 



LOCATION 

ME~rHOD 

DURATION (MINS) 
SPECIES 

" !3} ueb~~_, Herring 
't-.'hi te Perch 
Spottai1 Shiner 
StriEed Bass 
Alewife 
Brown Bullhead 
American Shad 
Golden Shiner 
Gold Fish 
Pumpkinseed 
Bluegill Sunfish 
Banded Killifish 
Whi te Catfish 
American Eel 
Carp 
Whi te Sucker 
Black Cra})pie 
Emerald Shiner 
Yellow Perch 
White Crappie 
Yellow Bullhead 

ROSETON/DANSKAMMER POINT FISH SAMPLING 
GILL NETS 

4-25-73 5-3-73 

DC-30 RD RD . 
SGN 5" SGN )rftg. SGN 

60 120 10 

66 99 

.-

180 

1 

-

" 

5-18-73 
RDW DC-30 

-3" SGN 3" sm -70 60 
" 

9 -

1 
141 29 



--
LOCATION 

--
METHOD 
DURATION (MINS) ----
SPECIES --------
.?~~~b,)ck Herrin9: 
W'ni te perch --
S.?ottail Shiner 
Striped Bass -
Alewife 
Brown Bullhead 
~merican Shad 
G()lden Shiner 
Gold Fish 
Pumpkinseed 

SWlfish 

ROSE'l'Ol-Jjf:0NSKAMJ1..ER POINT FISH SAI1PLING 

GILL NETS 

5-30-73 6-13-73 
--,---

DANSK 7 
RDE RDE INTAKE 

~---- .. -... 

------ ____ ~5" SGN 3" --E.GN.--
-~-- 45 .-12Q ____ 

------------------ -----------
NC* 33 _ NC* 
NC* NC* 

8 

---------r--
-- - ----
---1------------ ----.-

f----

-------'-----

7-10-73 7-25-73 

DCS ~ GN. __ -- -
12S :nQO I 

NC* 
NC* <1: • • : -- -

2 
4 

d 
Bluegill --- f-------- r-- _.- --
Banded Killifish .---.-- .-~---- ----------- '------
White Catfish 1 
American 

.-.------~--- f---.- --.-
Eel 

~. 
~ ------_._-

CarE 
White Sucker 
Black Crappie 
Emerald Shiner ------
Yellow Perch - -- ------. 
\,oi te Crappie 
Yellow Bullhead ---

*No Catch 



APPENDIX VII-A 



APPENDIX VII-A 

MAJOR WATER QUALITY SAMPLING LOCATIONS 
ON THE HUDSON RIVER 



~ 
I 

A 
I 

A 

'SAMPLING LOCATION 

Lower Hudson Estuary 

Upper N.Y.Bay to Bear Mt.Bridge 

MP 0-lS0.7 

M!' 11-63 

MP 11-115 

Harlem to Coxsackie 

. 
Yonkers 

-

f r 

MAJOR SAMPLING LOCATIONS IN THE HUDSON RIVER 

SOURCE MP DATE OF RECORD FREQUENCY OF SAMPLING 

~ity Univ. of N.Y. 0-30 2-4/72 Monthly 

ISC 0-47 8/71 Thrice/Oay • 

jQLM 169-1: 0-150.7 
(NYSD of Health) . (0-80) 1929, 36, S9 & 64 .. (30-150) 12/70 

,; (30-15::. ") 9/:7 
'.' (150.7) 8/67 .. (4 ... 77.4) 1964 & 1967 

'. 

pLM 169-1: 11-63 2-10/66 Daily & Monthly 

.,"> 

~ichiqan State Univ. 11-ll5 1964 Irregular 

pLM 14-125 10-12/72 Monthly 

j:1SEPA !. 15.9 10-12/72 Monthly 
NYSDEC 15.9 10/67..,9/70 Monthly 
NYSDOC 15.9 ~/6a -9/72 Monthly 
NYSDEC 15.9 10 /14/70-9/2~/71 Monthly 

. 

I 

TYPE OF DATA 

Physical, Chemical & 
~acter 10lO<]ica1 
Physical, Chemical & 
Bacteriological, 1NLrhJ 

. 
Salinity 
DO, BOD 
no, BOD 
loOng-term BOD 
Salinity 

,salinity Profiles. 

Biological-Chemical 

W.Q. Raw Data 

W.Q.Raw Data 
W.Q. Percentile Summa 
W.Q.RaH Data ~stin9 
W!Q.Raw Data Listing 

. 
" (continued) 



MAJOR SAMPLING LOCATIONS IN THE HUDSON RIVER 

• SMPLlNG IDCATION I SOURCE MP DATE OF RECORD FREQUENCY OF SAMPLING TUB OF DATA 

Mt. St. Vincent ISC 16 7/20/64 Irregular Tidal 
Mt. St. Vincent Qal 16 9/25/67 Irregular salinity 

MP2o-100 NYU Med. Center 20-100 1964-1967 Annually Metals, Radiological 
:Pesticide$ 

lcurrent & chlori~e 
• 

Hastinqs-on-Hudson QLM 21.6 12/2/72 Every 1, 1/2 hour~ 

Dobbs Ferry QLM 23 11/23-24/64 ~Salinity (graphs) 

Nyack NYSDEC 24.6 4/68-9/72 .Q. Raw Data 
NYSDEC 24.6 10/67-9/70 .Q.Percentile Summ, 
NYSDEC 24',6 1967-1970 .Q.Means & Ranges 
NYSDEC 24.6 10/14/70-9/29/71 .Q.Raw Data Listing 
NYSDEC 24.6 1971-1972 W.Q.Means & Ranges 

PierlOOnt USEPA 25 1/70-12/72 Monthly .Q. Statistical 
~ Sununary 
~ 
I Tappan Zee Bridge QLM 27 9/23/67 ~alinitY VI 

MP 27-100 USPHS at Poughkeepsie 27-100 11/66 race metals 
McCrone 1967 27-76 7-8/65 race Metals 
& USPHS 11/66 race Metals 

MP 27-67 NYU Med. Center 127-67 11/66-12/68 I Monthly ~race Metals 

Croton Pt. QLM 33 11/23/64 Irregular alinity (graph) 

NE Lower Hudson OS EPA 0 1/70-12/72 Monthly .Q.Ra~ Data Listinq 
(Me~opo1itan Area) 8.6 

11 
14.8 

(con tinued) 

-: .. 



~ 
I 

"" I 
0\ 

. 

I SAMPLING LOCATION 

Bowline 

Minisceongo Creek 

:'ovett 

Peekskill 

VArplank 
. 

Peekskill 

SOURCE 

QUI 

QLM 

QLM 

NYSDEC 

USGS 
USGS 
{lSEPA 

US;!.t>A 
NYSDEC 

QLM 
QLM 

. 

MAJOR SAMPLING LOCATIONS IN THE HUDSON RIVER 

MP DATE OF RECORD FREQUENCY OF SAMPLING TYPE OP DATA 

37.5 1971-1972 Interim Report: 
Phys-Chem. 

6-10/1970 Pre-op. Ecological 
.studies 

1971-1972 Progress Report-
Ecological Studies . 8-10/69 Monthly Physical, Chemical 

8-12/71 Monthly Physical, Chemical 
5-12/72 Monthly Physical, Chemical 
5-17/72 Hourly Physical, Chemical 
7/14/72 Hourly Physical, Chemicql 

1,8-12/72 Monthly Physical, Chemical 

40 6-10/70 Monthly Physical, Chemical 
1/27 & 2/17/72 Monthly Physical, Chemical 

40.5 10/1/67-9/30/70 Monthly W.Q. Percentile Sarnrn. 
4/68-9/72 Monthly iW .Q. Raw Data Listing 
10/14/70-9/29/71 Monthly ~q.Q.RawData Listing 
1967-1970 W.Q.Means & Ranges 
1971-1972 W.Q~Means & Rang~s 

10/71-9/72 W.Q.Raw Data Listing 
1971-1972 W.Q.Means ~ Ran~~s 
1/70-12/72 . I w. Q. Statis .:.ical 

Summary 
1970-1972 W.Q. Means ~ Ranges 
4/69-9/70 W.Q.Raw Data Listing 

. 43 2/9 & 17/72 Hourly 
.-

Tidal qraphs 
43 2/9-10/72 Hourly Cr & Zn qraphs 

. (camtinued) 



:r 
.~ 

I 
'-.J 

SAMPLING LOCATION 

Indian Pt. 

• 

I 

. 

MAJOR SAllfPLING 'LOCATIONS IN THE HUDSON RIVER 

SOURCE MP DATE OF RECORD PREQUENCY OF SAMPLING 

Con Ed 43 11/22/64 Ever!, 2 hours 
Con Ed 1958-60 Monthly 
Con Ed 1961-63 Monthly 
Con Ed 1962~72 Monthly 
USGS 1960-65 Daily , ' 

0 

. 
USGS 1966-68 Daily 

I Daily SEI 19(,"1-09 

I , 

COn Ed 1967-72 Daily 

Raytheon I 1910 I Daily 
, 

NYU 1972 Daily: 

Raytheon 1969-70 Montll1y 
Raytheon 1969-70 Monthly 
NYU 1968-69 Monthly 
NYSDH (z..."YMA survey) 1968-69 .-
NYU Med. Center 4-12/68 Monthly 
Texas Instruments 5-6/72 Monthly 
Texas Instruments 

1
7

-
8

/
65 Monthly 

USFWPCA 1962-68 -
tlSDHE & W 1962..168 Monthly 

(NYU Med. CElnter) 2/70-12/72 Monthly 

I I 

. , 

I 

I 

'I 

! 

TYPE OF DATA -
Salinity 
Chemical 
Chemical 
Chemical 
Long-term temp. 
(graphs) 
Long Term temp •. 
(graphs). 
Long Terln temp. 
(graphs) 

Long Tenn temp. 
(graph~ 

Short-term temp. 
(graphs) 
Short-Term temp. 
'(graphs 
D.O.Temp.Salinity 
Chemical (report) 
Salinity 
Salinity, flOw 

\ Metals 
Physical-chemical 

Trace metals 
Radioacti~;ity, 
metals 

Radioactl vity, 
metals 

Chemic.al 

.. 
, 

.' 
I 

\ (continued) 
I 



):lI 
I 
~ 
t 

(Xl 

0 

r 

SAMPLING LOCATION 

Peekskill 

Peekskill 

. 
Bear Mt. 

Bear ~It. Bridge-below 
Troy Lock 

West Pt. 

Cornwall 

Newburgh 

Beacon (below B-N bridge) 

Wappinclers 

. 

( r 

MAJOR SAMPLING LOCATIONS IN THE HUDSON RIVER 

SOORCE MP DATE OF RECORD FREQUENCY OF SAMPLING 

\">-
NYSDEC 46.2 4/68-9/72 Monthly 

10/1/67-9/30/70 Monthly 

NYSDEC 46.2 4/68-9/72 Monthly 
. 

0 
10/14/70-9/29/71 Monthly 
1971-1972 

I 1967-1970 
10/1/67-9/30/70 Monthly 

QLM 47 11/21/64 HOl:'Irly 

NYSDH ~6.4-l50.g 1949~51 & 52 7-day basis 

QLM, 51 9 & 11/64 Hourly 

QLM 57 11/3 ... 12/6/65 Every other day 
QLM 57 6-8/72 

QLM 60.6 11/20-21/64 Hourly " .j 

USEPA 61 3/70-12/72 

US EPA 60 1/62-12/72 
. 

" 
. , 

I 

TYPE OF DATA 

... 

W.Q.Raw data 
Listing 

W.Q.Percentile Summ • 

W.Q.Percentile Summ. 
W ·Qi0w Data Listing 

,W.Q.Means & Ha~gpq 
w.Q.Means & l~nges 
~ .Q.Raw Data Listing· 
Salinity graph 

~.Q.Raw Data; flow 

salinity 
\ 

Chemical 
Temp. & Chloride 

Salinity 

w.Q.Statistical Sunun. 

W.Q.Statistical Summ. 

.-

(cont'inued) 



~ 
,s:,. 
I 

\0 

~ 

• 

SAMPLING LOCATION 

Wappingers· Falls 

Rosston 

Wappingers Falls 

Chelsea 

DanskaJ3mer 

Marlboro 

Poughkeepsie 

; 
..... -

MAJOR SAMPLING LOCATIONS IN THE HUDSON RIVER 

soua~ MP DATE OP RECORD PREQUENCY OP SAM'LING 

NYSOEC 60 4/69-9/71 Monthly 
10/1/67-9/30/70 
10/1/67-9/30/70 
1967-1970 

QIlot 65 1-8/71 Frequent " ' . 
QLM . 5-12/71 Monthly 
OLM . 5-12/72 . Monthly 
QLM 5··1' /72 Bimonthly 
Out~~~ss Coun. Co11 6/29-8/10/71 

NYSDEC &5.3 1/1/64-9/29/72 Daily 
10/1/64-9/30/67 
10/1/67-9/30/70 I 

10/1/64-9/30/67 
10/1/67-9/30/70 
1967-1970 

USEPA 65.3 1/70-12/72 

Marist College 65 SUIIVI18r 1971 6 month study 
QLM SuUmer 1969 Weekly 
QLM 1956-1965 Monthly ': 
QIlot 5-10/71 Bimonthly 
QLM 5-12/72 Monthly 

QUo! 6B 11/21/64 Hourly 

USEPA 71.6 1/10-12/72 r 

NYSDEC 1/29/64-6/19/68 Weekly 

I 

L 

TYPE OP DATA 

~.Q.Raw Data Listing 
W.Q.Statistical ·Summ. 
W.Q.Percentile Surnm. 
W.Q.Means & aanges 

Physical, Chemical . 
Physica~ Chemical 

I l?hysical,. C:;i •.• ~~ .. :i. 
(maps, graphs) 
Biological 

W.Q.Raw Data Listing 
W .Q. Statistica1Sum:n. 
W.Q.Statistica1 Summ • 
'w.Q.Percentilc Summ. 
li.Q.percentile· Summ. 
W.Q.Means & Ranges 

Ii. Q. Statistical SUIm\. 

Metals Toxici~y-temp. 
~hysical-chemical 

Chlorides, flow 
Physical,Chem,Bacter. 
Physica1,Chem,Bacter. 

salinity 

w.Q.S~tistical Summ. 
W.Q.RAw Data Listing 

.' 

(corltinued') 

, 



l' 
01:>0 
I .... 
o 

. 

r 

, SAMPLING LOCATION 

Pouqhke.p.le Water Intake 

Poughkeepsie 

Roosevelt Pt. 

Rondout Creek at Rosendale 
Rondout Creek near 
Lowes Corners 
Rondout Creek at Eddyville 

Kingston East 

Kingston 

Rondout Creek 

Esopus Creek 

Esopus Creek at Coldbrook 

'. 

-f -I - { f f r { 

MAJOR SAMPLING LOCATIONS IN THE HUDSON RIVER 

SOURCB MP OATS OF RECORD FREQUENCY OF SAMPLING TYPE OP DATA 

NYSDBC I 75.6 10/13/64-9/29/72. o4ily W.Q.Raw Data Lisdng 
10/1/64-9/30/ 70 W.Q.Statistical Summ, 
10/1/64-9/30/61 W.Q.Percenti1e Summ. 
10/1/61-9/30/10 .... ! W.Q.Percentile Summ 
1967-1970 W.Q.Means .& Ranges 
1911-1972 . 

NYSDEC . 75.6 10/1/67-9/30/70 W.Q.Percentile Summ. 
NYSDEC 75.6 10/1/67-l2/10/70 Daily w.Q.RawDQt~ ~isting 

t ••• ~"'--- 7~.6 1967-1970 W.Q.Means & Ranges " .. 1..., ..... ""'\,,0 

QLK 75.4 11/20/64 Hourly salinity 
NYU Med. Center 3-6/67 Monthly Metals 
USFWPCA 1962-1969 . , 

Metals 

QLK 77.4 Hourly Salinity 
, 

USEPA 88 1962-1971 W.Q.Means & Ranges 
1966-1970 W.Q. Means & Ranges 

1969-1972 W.Q. Means & Ranges 

NYSDEC 89.2 6/66-7/66 Irregular W.Q.Raw Data Listing 
6/68-8/68 Irregular W.Q.Raw Data Listing 
6-7/66 & 6-8/68 W.Q.Means & Ranges 

QLK ' 96 1971-l972 Monthly ~hysica1-Chemical 
." 

USEPA 89 10/62-9/72 W.Q.Statistical Summ. 

USEPA '102 1/62-12/72 W.Q.Statistical Summ. 

1962-1970 ' 'W.Q. Means & ~nges 

, (cohtinued) 
, , 

,I 



):0 
I 

,::. 
.,:.. 
~ 

• 

'SAMPLING IDCATION 

Esopus Creek at Shandaken 

Saugerties 

Clementon 

Catskill 
Hudson South 

Ravena 

. 

Delmar 

. 

" 

MAlOR SAMPLING LOCATIONS IN THE HUDSON RIVER 

SOURCB 
, 

MP DATB or RECORD FREQUENCY or SAMPLING TYPE or DA'l'A 

1963-1972 W.Q.Means & Ranges 

NYSDEC 102.3 10/1/67-9/30/70 W.Q.Percenti1e Summ. 
NYSDEC 102.4 10/1/67-9/30/70 W.Q.Percenti1e Summ. 
NYSDEC 103 10/1/67-9/30/70 W.Q.Percenti1e Surnm. 
NYSOEC 102.3. 1967-1970 W.Q.Means & Ranges . 
NYSDEC 102.4 1967-1970 W.Q.Moans & R8n~p.s 

103 1967-1970 W.Q.Means u Ranges 
, . 

NY S DEC 104.3 10/1/67-9/30/70 W.Q.Percentile Sumnl. 
NYSDEC 104.3 1967-1970 W.Q.Means & Ranges 

NYSDEC 108 10/1/72-10/73 W.Q.Raw Data Listing 
NYSDEC 110.5 10/1/67-9/30/70 W.Q.Percenti1e Summ. 

10/14/70-9/29/71 Monthly W.Q.Raw Data Listing 
4/66 Monthly W.Q.Raw Data Listing 
1967-1970 W.Q.Means & Ranges 
1971-1972 W.Q.Means & Ranges 

NYSOEC 131.6 10/1/67-9/30/70 w.Q.percentile Summ 
NYSDEC 1967-1970 W~Q.Means & Ranges 

. 
NYSDEC 139.7 10/1/67-9/30/70 W.Q.Percenti1e Summ. 

1967-1970 W.Q.M~ans & Ranges 

. 
. '. 
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MAJOR SAMPLING LOCATIONS IN THE HUDSON RIVER 

SAMPLING LOCATION SOUI\CB MP ·DATE OF RECORD FREQUENCY OF SAMPLING 'l'YPE OF DATA 

Troy South NYSDEC 149.7 10/1/67-9/30/70 . W.Q.Percentile ~umm. 

Troy North NYSDEC 151.6 10/1/67-9/30/70 ~.Q.Percentil~ SUll'm. 

Albany QIM 140 1970 Ecological SU!Vey . . 
. 

Albany· Steam Station QI.H 191-1 118-154' 10/70 D.O. 
110-154 9/64 D.O. o' 

110-154 10/64 D.O. 
110-154 7-10/ D.O., ~04' N03 . 

NYSDEC 110-154 10,A;7 -2/71 W.Q.Percentile S~. . 
e--f-"C-

of:>, 

.!.. 
I\,) 

.' 
, 

• Green Island USGS l;4S'/nlt)" 1959/1964 Daily Flow, Salinity' 
l/71-12/72 Daily Flow 

Hadley, Newcomb , North Creek ~.3J 1972 Daily Flow 
Green Island & Lower Hudson USGS 1948-1972 Monthly Flow: 25-yr average 

Green Island USGS jG'J • .r l-l2/72 Daily Discharge, flow 
1/73-10/73 Daily ?isCharqe,flow 

Upper Hudson NYSDH 150-300 1959 Irregular ~.Q"discharge & 
stream gauging summ. 

Hydroscience, Inc. 0.2-50.5 8-10/64 Physical-Chemical 

WATERS AROOND METROPOLI' AN NEoW YORK .-
Sandy Hook Bay ISC 7/12-22/71 24 hour survey W.Q. 
Raritan Bay ISC 

.' 

Throq:t Neck 8/3/64 ,\ D.O., Temp. 
The Narrows 7/22/64 D.O., temp • 

. 
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RELEVANT WATER QUALITY PARAMETERS 

A. OXYGEN DISTRIBUTION AND DEPLETION 

Dissolved Oxygen (DO) is derived from contact with the atmosphere or from photo

synthetic processes. Relatively low levels of DO in surface· waters may contri

bute to an unfavorable .environment for fish and other aquatic life. The absence 

of DO may lead to the appearance of the odoriferous products of anaerobic de

composition in the water column. The concentration of DO in water, which is 

at equilibrium with a normal atmosphere, is a function of the water temperature, 

the salinity, and the atmospheric pressure. The ability of water to hold oxygen 

decreases with increased temperature or dissolved solids or decreased atmospheric 

pressure. 

Natural waters~ however, are seldom at equilibrium. Nonequilibrium conditions 

are brought about by changes in temperature and other physical, chemical, or 

biogenic activities which alter the chemistry of the water as shown diagrama

tically in the previous section. Most perturbations from equilibrium are 

caused by biogenic processes. Oxygen is consumed by the respiration processes 

of plants and animals, bacterial decomposition of organic matter and also the 

chemical oxidation of reduced chemical species produced in the reducing areas. 

DO may show marked diurnal variation. 

In polluted waters, oxygen is required for the natural purification process 

which takes place in rive~ine systems. This process involves the bacterial 

oxidation of added organic matter and the stabilization of the mud-water 

equilibria. The determination of DO at various points in the river is necessarY 

to assess the extent to which self-purification has proceeded. 
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The biochemical oxygen demand (BOD) is a bioassay measurement of the quantity 

of oxygen required for a five-day bacterial oxidation of certain waterborne 

organic wastes at ambient temperatures. The primary chemical compounds affected 

fall into three general categories: 1) Carbonaceous organic material usable 

as a source of food by aerobic microorganisms; 2) Oxidizable nitrogen (nitrites, 

ammonia, organic nitrogen) which serves as food sources in the nitrification 

process; and 3) certain chemically oxidizable materials (ferrous iron, sulfide, 

sulfite). 

In a slow, sluggish stream, a 5-day BOD of about 5 mg/l might be sufficient to 

produce deoxygenation resulting in an anaerobic condition, whereas a swiftly 

flowing stream can often handle 50 mg/l of 5-day BOD without appreciable deple

tion of DO. Each stream must therefore be considered in its own right, and 

until the reaeration characteristics of the stream are known, the limiting 

values of BOD should not be set. 

The BOD is often used as a measurement of the self-purification ability of a 

stream to handle discharges of biodegradeable subs·tances. 

The chemical oxygen demand <COD) also provides a mE~asurement of the readily 

oxidizable organic compounds in a receiving water or effluent. In this test, 

the results are expressed in terms of the total quantity of oxygen required for 

the oxidation of the organic materials by a strong chemical oxidant (potassium 

dichromate). Most organic substances, with the exception of certain high 

molecular weight organics and benzene-type structures, are oxidized in this 

test regardless of the biological assimilability of these substances. Therefore, 

COD values are often greater than the corresponding BOD values, and may be much 

greater when significant amounts of biologically resistant organic matter are 

present. 
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B. MAJOR WATER CONSTITUENTS 

In natural waters the principal dissolved solids consist mainly of carbonates, 

bicarbonates, chlorides, sulfates, phosphates and possible nitrates of calcium, 

magnesium, sodium, and potassium, with traces of iron, manganese, and other 

substances. These constituents generally originate from the weathering of soils 

and rocks. This.mineral content may be lowered artificiaily by dilution or 

raised by the addition of chemical wastes, dissolved salts, acids, alkalis, etc. 

Total dissolved solids is ~ measure of the dissolved solids obtained by the 

weight of the residue remaining after evaporation of the volatile portion of 

an aliquot of the filtered water sample. Waters are sometimes classified on 

the basis of total dissolved solids as follows: 

Fresh water 

Brackish water 

Salty water 

Brine 

o - 1000 mg/l 

1000 - 10,000 mg/l 

10,000 - 100,000 mg/l 

>100,000 

The quantity and quality of dissolved solids serve as nutrients in productivity, 

as agents in osmotic stress, and in direct toxicity. Dissolved solids may also 

influence the toxicity of heaVy metals and organic compounds to fish and other 

aquatic life, primarily because of the antagonistic effect of the heavy metals. 

Many toxicants are generally more toxic in distilled water than in hard water 

of high dissolved solids. It is recognized that concentrations of total 

disso~ved solids should not be changed to the extent that the biological 

conununities characteristic of particular habitats are significantly changed. 
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Specific Conductance is a second method of rapidly estimating the dissolved 

solids of a sample. This reading is a measure of the capacity of water to 

convey an electrical current, and is related to the total concentration of the 

ionized substrates in water (and the temperature at which the measurement is 

made). Values are expressed in ~mhos/cm at 25°C. The nature of the various 

dissolved substances, their actual and relative concentrations, and the ionic 

strength of the water sample, all affect the specific conductance. These 

measurements are often related to each other by an empirical factor. Commonly, 

the amount of total dissolved solids in mg/I is about 55 to 75 percent of the 

specific conductance. 

Hardness represents a third method of determining the dissolved salts in water. 

The hardness of water is commonly accepted to represent the total amount of 

calcium and magnesium present in water, expressed in terms of an equivalent 

amount of calcium carbonate in mg/I. Other polyvalent cations may also contri

bute, but commonly to a much smaller degree. Hardness has also been used to 

classify waters as follows: 

Soft 

Moderately hard 

Hard 

Very hard 

o - 60 mg/l 

61 - 120 rug/I 

121 - 180 rug/l 

>180 rug/l 

As mentioned in the discussion of total dissolved solids, the hardness modifies 

the toxicity of many pollutants. 

Magnesium is one of the most common elements in the crust of the earth, consti

tuting about 2.1 percent of it. Concentrations of magnesium in fresh waters 

are extremely variable, depending upon the amount and solubility of the element 
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bound in the surrounding geological sources. Magnesium occurs as part of the 

chlorophyll molecule making it necessary for photosynthesis in small quantities. 

It is often discussed as a component of the water's hardness. 

Chloride is the most important and most widely distributed of the chemical halo

gens in natural water. Chloride salts are very soluble and once in solution, 

the concentration is only changed through evaporation or dilution, because 

there are few effective biogeochemical controls or regulation. Besides natural 

sources, chloride addition also occurs through the discharge of industrial and 

municipal wastes and in deicing operations. In estuarine systems, chloride 

concentrations are often used to measure the extent of sea water intrusion at 

a given location. These waters can be classified according to the following 

generalized scheme: 

Fresh water 

Brackish water 

Salty water 

Seawater 

a - 100 mg/l Cl 

100 - 1000 mg/l Cl 

>1000 mg/l Cl 

"'19,000 mg/l 

Rapid fluctuations in chloride concentration can cause osmotic pressure imbalances 

in freshwater fish and aquatic life. 

Sulfate is the most oxidized species in the sulfur group and is often reported 

as mg/l sufate (S04)' Natural sources of this anion include the dissolution 

of sulfate containing rocks, the breakdown and oxidation of organic sulfur 

compounds (proteins), and the oxidation of biologically produced hydrogen sulfide. 

It is also discharged in' the effluents of both industrial and municipal point 

sources. 
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Sulfate can be broken down to the odoriferous hydrogen sulfide gas by sulfate 

reducing bacteria under reducing conditions. Sulfur species are continually 

undergoing oxidation and reduction reactions in the aquatic environment. Con

centration limits have been set in domestic waters at 250 mg/l to avoid problems 

associated with taste or a mild laxative effect. At these concentrations, 

sulfate can cause scaling problems in industrial water applications. There 

are no toxicological effects noted for aquatic life. On the contrary, sulfur 

species are required for protein and chlorophyll formation. 

C. NUTRIENT CHEMISTRY (MACRONUTRIENTS) 

Nutrients, such as carbon, nitrogen and phosphorus, are important properties of 

water and sediment quality. Nutrient-rich waters create the potential for algal 

blooms and eutrophication in estuaries and other partially restricted bodies of 

water. The bio-stimulatory effect of these nonconservative constituents is 

related to their chemical form; for example orthophosphate, nitrate, ammonia, 

carbon dioxide, bicarbonate etc. These "available" nutrients can be dissolved 

in the water, adsorbed on the pelagic particulate system or included in the 

sediments. 

Nutrients can enter the aquatic system through natural decomposition of either 

allochthonous 9r autochthonous organic materials. By carefully controlling the 

addition of all organic wastes from sewage and industrial point sources, it 

might be possible under certain conditions to limit excess productivity. Besides 

the macronutrients, these wastes contain vitamins, trace elements and other 

growth stimulants. Details of the three major mac:conutrient chemical systems 

as measured in this report are briefly described below: 
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1. Carbon System 

Alkalinity is an indicator of the ability of a given water sample to neutra

lize or accept hydrogen (H+) ions and it is often expressed as the equiva

lent amount of calcium carbonate in mg/l. Alkalinity of natural waters is 

primarily due to the presence of inorganic carbon species with other salts 

of weak acids (acetate, phosphates, silicates, borates, cyanide, sulfides, 

etc.) usually adding only a minor contribution in non-marine aquatic systems. 

Direct contribution of hydroxide may be present from industrial discharges, 

however this does not represent the natural chemical character of the water. 

The compli~ated equilibrium involving the inorganic carbon forms is shifted 

by changes in temperature, pH, cations, and other dissolved solids, thus 

changing the concentrations of the individual species found. The relative 

proportions of these different forms vary with the pH. The theoretical 

amount assuming equilibrium, may be obtained from available species-distri

bution diagrams. However, because this system is involved in biological 

activity (respiration addS C02 and photosynthesis removes C02) equilibrium 

cannot be attained. The difference between measured values for the alkalin

ity species and the theoretical amounts that should be present at equilibrium 

provide the researcher with a measure of the nonequilibrium in the system 

and the magnitude of. the biological processes. Changes in this index are 

related to changes in the concentration of other chemical species important 

to biological productivity. 

This test is often used by aquatic biologists as a rough index of the fertil

ity of a stream or lake. The alkalinity also serves as a buffering agent to 

help prevent any sudden change in pH value, which might cause death to fish 

or other aquatic life. 
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2. Nitrogen system 

Nitrogen occurs abundantly in nature, constituting some 78 percent by 

volume of the atmosphere. Nitrogen is also an essential constituent of all 

living organisms and it is present in many mineral deposits as nitrates. 

From organic matter, nitrogen undergoes bacterial degradation from complex 

proteins to ammonia, nitrites, and nitrates. These simple nitrogen forms 

can be synthesized through photosynthesis into complex organic matter once 

again. Nitrogen is present in aquatic organisms and natural waters in 

various oxidation states ranging from -3 (ammonia and amino groups) to +5 

(nitrate) • 

Most water analyses have been restricted to ~nonia-(NH3}' nitrite-(N02), 

nitrate- (N03)' and kjeldahl (NHrN plus organic~-N) nitrogen. 

AMMONIA NITROGEN is found in the following chemical species: ammonium ion 

(~4+)' free ammonia, and other unionized ammonium compounds. This distri

bution of ionized vs. unionized ammonia at a given temperature varies with 

pH. In most natural waters, the pH range is such that the ammonium ions 

predominate, however, in alkaline waters high concentrations of unionized 

ammonia can be found, which increases the toxicity of "ammonia solutions. 

In streams polluted with sewage, up to one-half of the nitrogen may be in 

the form of free ammonia." Ammonia is the product of the heterotrophic 

microbiological decay of animal and plant protein. These compounds as well 

as arnines may be discharged in industrial effluents. Especially in oligo

trophic fresh w.aters, ammonia nitrogen can exhibit marked diurnal variations. 

For many aquatic microorganisms, this nitrogen form is preferred to the 

nitrate form. 
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NITRITE AND NITRATE occur in natural waters as the intermediate and end 

products, respectively, of the bio-oxidation of ammonia nitrogen (nitrifica

tion). Nitrite is often used as a corrosion inhibitor in industrial process 

water. However, this form is not commonly found in surface waters to any 

great extent because it is rapidly oxidized to nitrate. Nitrate is commonly 

used as a fertilizer and is also found in industrial discharges. For many 

types of algae it is the form most readily used in their growth. Many 

studies have cited this nitrogen form as being "limiting" to the growth of 

aquatic microorganisms in estuarine systems. 

TOTAL KJELDAHL NITROGEN, after subtracting the ammonia nitrogen, provides 

a measure of the organic nitrogen in the aquatic system. These nitrogen 

forms are derived largely from biological synthesis with smaller amounts 

contributed by the discharge of industrial and municipal wastes. Organic 

nitrogen can be transformed into the above nitrogen species by bacterial 

activity, thus adding to the nutritionally available nitrogen pool. 

3. Phosphorus System 

The exact chemical forms of the phosphorus compounds present in aquatic 

systems are still imperfectly known. Most analyses have been restricted 

to relatively simple assays for orthophosphate and total-phosphorus. 

Phosphates seldom exhibit direct toxic effects upon fish or other aquatic 

life •. However, the discharge of excessive amounts of phosphates to fresh

water aquatic systems can contribute to excessive growths of algae with the 

concomitant oxygen depletion leading to fish mortality and degradation of 

water-based recreational activity. Because of the bio-utilization of 

phosphates, they are seldom found in. large concentrations unless a constant 

pollutant source is available. 
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D. TRACE ELEMENTS (METALS) 

The group of elements included under this heading are often referred to as heavy· 

metals. Most, if not all, of these metal ions serve as micronutrients in 

various metabolic processes of aquatic life at extremely low concentrations. 

This effect is often difficult to analytically determine because of the inability 

to distinguish the "available" ionic species (valence state) at these low levels. 

once these low nutrient levels are exceeded, these heavy metals become toxic 

to some species in the different trophic levels. 'rhe toxic effects of these 

metals may be persistent and cumulative over the long term. They can also act 

synergistically with each other substances to incrE~ase the toxicity. A brief 

description of each metal involved in this study is included below: 

1. Chromium 

Significant concentrations of chromium seldom come from natural sources. 

Hexavalent chromium in either the chromate ion (cro4- 2) or the dichromate 

ion (cr207-2) is often discharged in cooling waters in which it has been 

used as a corrosion inhibitor. Fairly high concentrations of hexavalent 

chromium are possible in waters having normal pH levels. When chromium is 

present as a cation in its trivalent state, its solubility is quite low with 

conditions present in most natural waters. Both chemical valence states 

are toxic to most biological species at relatively low levels. on the basis 

of available literature, it appears that the following concentrations of 

chromium (total,· as determined by atomic absorption spectrophotometry) will 

not interfere with the specified beneficial uses of the water: 

1. Domestic Water Supply ••••• O.OS mg/l 
2. Wildlife •••••••••••••••••• S.O mg/l 
3. Fish ..•..•..•....•.•.....• l.0 mg/l 
4. Other aquatic life •••••••• O.OS mg/l. 
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2. Copper. 

Copper ions commonly occur in natural surface waters only in amounts up to 

about 0.05 mg/l. Their presence is generally the result of ~ discharge 

containing cor£osive products of copper or brass tubing or from the use of 

copper compounds for the control of undesirable plankton organisms. Cupric 

ions introduced into natural waters at pH 7 or above will precipitate the 

metal as the hydroxide or as basic copper carbonate, thus keeping the con-

centrations relatively low. Complexation reactions may enhance the ·solu-

bility under certain conditions. On the basis of the toxicity literature 

available, the following threshold concentrations of copper are indicated for 

specific beneficial water uses: 

1. Domestic Supply •••••••••••••••••••••••• l.0 mg/l 
2. Freshwater fish and aqutic life •••••••• 0.02 mg/l 
3. Marine water fish and aquatic life ••••• 0.05 mg/l. 

3. Iron 

This element is an· abundant and widespread constituent of rocks and soils. 

It is released to natural water by bacterial redubtion in the presence of 

organic matter. Iron is also present in discharges containing metallic 

+2 
corrosion products. While ferrous iron (Fe ) is quite soluble in water, 

much of the total iron is readily oxidized in the presence of dissolved 

oxygen to the ferric state (Fe+3) and is subsequently precipitated out as 

the flocculant hydrous oxide. Due to iron's staining characteristics, 

concentrations of only a few tenths of a milligram per liter can make it 

unsuitable for many domestic and industrial uses. Iron is a necessary 

element in the formation of many plant and animal porphyrins. The oxidized 

iron precipitates have done damage to aquatic organisms by the smothering 

and coating action which is characteristic of these floes. 
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4. Lead 

Although this element is often released from galena and limestone, much 

of the lead in natural waters results from thE! wide use of lead as a gaso

line additive and its subsequent dispersal in engine exhaust. Lead is also 

widely used in plumbing and is released as a corrosion product. 

At a pH greater than 4.5 lead is precipated from solution as the hydroxide 

or carbonate keeping ambient concentrations moderately low. In view of the 

Drinking Water Standards setting a mandatory limit of 0.05 mg/l of lead in 

water delivered to the consumer, and in light of the fact that lead concen

trations as low as 0.1 mg/l have been deleterions to fishlife, especially 

in soft waters, it is evident that the dissolved lead content of surface 

waters should be restricted to less than 0.05 mg/l where these two beneficial 

water uses are involved. 

5. Manganese 

Although present in small quantities, manganese is ubiquitous in occurrence. 

It is commonly found in its divalent form which is either in solution or 

adsorbed to the suspended particulate matter. Manganese can also be present 

in the quadrivalent hydrous oxide form which is also part of the suspended 

phase in natural waters. Industries may use manganese compounds in a 

higher valence state, such as potassium permang~late (Mn+7). However, this 

species is very unstable and reverts to the di- and quadrivalent species 

in the aquatic environment. Natural sources of n~nganese include mineral 

weathering and decomposition of vegative matter. Although manganese is a 

key micronutrient (necessary for photosynthesis in plants and as an important 

enzyme activator in animals) and biostimulatory a't certain low levels, it 
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also inhibits the growth of aquatic organisms at slightly higher levels. 

Concentration limits around 0.05 mg/l for many water uses have been set 

because of the staining and the deposition of manganese compounds on 

plumbing fixtures. 

6. Vanadium 

This element is also essential for the growth of green plants and. is concen

trated by aquatic life. Large concentrations of vanadi~ in oil-bearing 

strata are further concentrated in the fly-ash from burning coal and oil 

and same is released to the atmosphere. In this manner, the element finds 

its way into the environment. 

Its concentration in natural waters is often quite low because of the 

solubility of its compounds. Whether any concentrations of vanadium are 

actually harmful to aquatic life has not been adequately demonstrated. 

The EPA found no reports in the literature on the toxicity of vanadium to 

marine organisms. 

7. Zinc 

zinc is abundant in rocks and ores but is only a minor constituent in 

natural waters because of the solubility of its compounds. Because it is 

a micronutrient for algal growth, zinc is released to the aquatic environment 

by decomposition processes. Zinc is also found in most industrial wastes. 

resulting from corrosion of galvanized iron and brass in condensing, cooling, 

and distribution systems, and from its use as a corrosion inhibitor. This 

metal is quite toxic at low levels for freshwater aquatic life and fish. 

The major concern with zinc compounds in marine waters is not one of acute 

toxicity, but rather of the long-term sub-lethal effects of the metallic 

compounds and complexes. Quirk, Lawler ififMatusky Engineer 
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E. SOLIDS AND OTHER WATER PARAMETERS 

1. Total Suspended Solids 

This test represents the isolation of the materials causing turbidity in 

water. These materials include sand, clay, finely divided organic matter, 

bacteria, and plankton. Agricultural runoff, construction activities, 

industrial operations, storm sewers, and municipal wastes all contribute 

suspended solids to the water. The composition and concentrations of 

suspended particles in surface waters are important because of their effect 

on light penetration, temperature, solubility products, and aquatic life. 

The interference with light penetration limits the biological production of 

oxygen and organic matter. 

2. Turbidi ty 

Turbidity refers to the measurement of opacity or light-scattering in water. 

It expresses the extent to which suspended matter in the water inhibits the 

penetration of light becaUSe of scattering and absorption. Turbidity results 

are generally expressed in Jackson Turbidity Units (JTU). Secchi disc 

measurements also give a measure of turbidity or water clarity by determining 

the depth in meters at which a circular white disk disappears from view 

when lowered into the water. Turbidity may have an impact upon fisheries 

in a body of water by inhabiting growth or egg and larvae development, 

interfering with natural movements, reducing the availability of food, 

and reducing the fish's ability to capture food organisms. 
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3. Total Solids 

Total solids is a measure of the dissolved and suspended solids obtained 

by the weight of the residue remaining after evaporation of the volatile 

portion of an aliquot of the whole water sample (see the sections on total 

dissolved solids and total suspended solids). 

4. Total Volatile Solids 

Total volatile solids is a measure of organic material or other volatile 

matter in the solids fraction driven off by ignition in a muffle furnace 

at 550°C. While the method is supposed to measure organic carbon it also 

included a water of crystallization measurement under certain circumstances. 

5. Phenols 

The term phenol generally refers to phenol and phenolic type compounds 

which react with 4-aminoantipyrene to yield a measureable color intensity. 

Phenols and chlorinated or phenylated derivatives represent a major class 

of cooling tower biocides. These compounds are also found in domestic and 

animal wastes, in other industrial discharges, and in the decomposition of 

organic matter, especially deciduous leaves. In domestic waters, phenols, 

particularly halogenated phenols, impart a medicinal taste at relatively 

low concentrations. Phenolic compounds may also affect fish in two ways, 

by their direct toxic action and by imparting a taste or otherwise tainting 

their flesh. Reported concentrations of phenolic compounds which are toxic 

to aquatic life vary widely because of the applicable antagonistic and 

synergistic effects of other dissolved substances present. Phenols are 

used in larger concentrations as a disinfectant for bacteria and other 

microorganisms. 
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6. I>!i 

pH is a measurement which is defined as the negative logarithm (base 10) 

of the hydrogen ion concentration. The pH scale ranges from 0 to 14 with 

a pH of 7 representing neutral conditions, i.e., equal concentrations of 

hydrogen (acid) and hydroxyl (base) ions. Values of pH less than 7 indicate 

progressively increasing acidity, while pH values greater than 7 denote 

increasing alkalinity. The pH value is an effective parameter for predic

ting chemical and biological properties of aqueous solutions. Extremes of 

pII can exert stress conditions or kill aquatic life outright. Even moderate 

changes from acceptable criteria limits of pH are deleterious to some 

aquatic species. Since pH controls the degree of dissociation of many 

substances (i.e., ammonia, sulfide, cyanides, etc.); and since the undis

sociated compounds are frequently more toxic than the ionic forms, pH may 

be a highly significant factor in determining limiting or threshold concen

trations. The pH also determines the distribution of species in the nutrient 

cycles described earlier in this section. 

While the pH of natural fresh waters generally lies between 6.0 and 8.5, 

photosynthesis or caustic additions can increase this value to 9.0 or higher. 

Natural waters with high concentrations of carbon dioxide or that are 

influenced by other acidity releasing reactions, such as sulfur oxidation, 

can reach pH values lower than 4.5. A solution is said to be buffered if 

its pH is not greatly changed by addition of moderate quantities of acid 

or base. The ocean represents a buffered aquatic system where pH rarely 

fluctuates outside the range between 8.0 and 8.3. 
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7. . Temperature 

Changes in water bodies or streams may result from natural climatic phenomena 

or from the introduction of industrial wastes such as condenser cooling 

waters. Temperature is an important factor in properly determining the 

quality of waters. It affects the palatability of water, treatment processes, 

the value of water for many industrial uses (including cooling processes), 

and its suitability as a habitat for aquatic life. Temperature is a major 

factor in determining the effect of pollution on aquatic organisms. The 

resistance of fish to certain toxin substances has been shown to vary widely 

with temperature. Dissolved oxygen concentration are temperature dependent 

as previously discussed. Because oxygen is more soluble in cold water, the 

reduction of DO by pollution is especially serious during periods of high 

temperature when oxygen levels are already low. Increased temperature also 

accelerate biological activity including that of the oxygen utilizing bacteria 

which decompose organic wastes. These pollutional effects may be especially 

serious when low flow conditions coincide with high temperatures. 
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. ". 

ALPHABETICAL LISTn;G OF PAIWotETERS vlITH 'ABBREVIATION 

PAlW·1ETERS 

Alkalinity 

. Biochemical Oxygen Demand (Total) 

Biocbem1calOxygen Demand. (Filtered) 

.. Carbon Dioxide 

Chemical Oxygen Demand· (Total) 

Chemical Oxygen Demand (Filtered) 

. Chlqride· 

Chlorophyll:-A 

Coliforms: 
Tota.l Coliform 

J'ecal Coliform 

Color 

CYanide 

Dissolved Oxygen (Lab Measurement) 

Dissolved OXygen (Field Measurement) 

Fluoride 

Nitrogen: 
Ammonia Nitrogen 

Organic Nitrogen (Total) 

Organic Nitrogen (Dissolved/Filtered) 
. 

TOtal Kjeldahl Nitrogen 

Nitr~te Nitroqen 

Nitr.ite Nitrogen (Total)' 

Nitrite Nitrogen (Filtered) 

Oil & Grease 

pH (Lab Measurement) 

·ABBRElJIATION 

ALI< 

'1:BOO 

FBOO 

CO2 

'!'COD 

FCOD 

Cl , 
Chla. 

Teol 

PCol • 
. ·Col 

CN 

DO 

FDO 

F 

NH3N 

ORGN-

ORND 

TKN 

N03N 

N02N 

N02F 

OG 

pH 

UNIT OF 
MEASUP-D1E:1T 

mg/l CaC03 

~/l 

mg/l 

mg/l 

mg/l 

mq/l 

mq/l 

)1.g/1 

t ~olonies/lOOml 

* Colonies/lOOml 

CU 

mg/l 

. mq/l 

mg/l 

mq/l 

trlg/l N 

trlg/l N 

trlg/l N 

lUg/l N 

mg/l N 

trlg/l N 

mg/l N 

.' mg/l 



PARAMETERS 

(Field Measurement) 

phenols 

Phosphorus: 
Ortho-Phosphate 

Total Phosphorus 

Salinity (Field) 

Settleable Residue 

Solids: 
Total Solids 

Total Dissolved Solids 

Total Volatile Solids 

Total Suspended Solids 

Volatile Suspended Solids 

Specific Conductance: 

(Lab Measurements) 

(Field Measurements) 

Sulfate 

Surfactant 

Temperature 

Total Hardness 

Total Inorganic Carbon (Total) 

Total Inorganic Carbon (Filtered) 

Total Organic Carbon (Total) 

Total Organic Carbon (Filtered) 

Turbidity 

ABBREVIATION 

FpH 

phI 

OP 

TP 

·FSAL 

SetR 

TS 

TDS 

TVS 

TSS 

VSS 

SpC 

FCon 

Sur 

T 

TH 

TTIC 

FTIC 

TTOC 

FTOC' 

Tur 

UNIT OF 
MEASUREMENT 

mg/l 

mg/l p 

mg/l p 

• ppt 

ml/l/hr 

mg/I 

mg/l 

mg/l 

mg/l 

mg/l 

~mhos/cm at 250 C 

~mhos/cm at 250 C 

mg/l 

~m/l LAS 

mg/l CaC03 

mg/l 

mg/l 

mg/l 

mg/l 

FTU 



UNIT OF 
PARAMETERS ABBRE:VIATION MEASUREi'1ENT 

! Me,tals 

Al~inum Al mg/1' 

Antimony' Sb mg/l 

Arsenic As mg/1 

8a1'ium sa mg/l 

'. Beryllium Be mg/l 

! cadmium Cd mg/l --,.. 

calcium ca 1119'/1 
I 
~ . Chrom.1um Cr mq/l ., 

Cobalt Co mg/l 

Copper CU mg/l 

IrOn Fe mg/1 

Lead· BD.- mgv'l 

Magnesium M<] mg/1 

Manganese HIl ·mg/l 

Mercury 89 m9/1 

Molybdenum No mg/1 

Nickel Ni Dl9/1 

Potassium K m9/1 

Selenium ·Se mg/1 

Silicon Si Jn9/1 

Silver Ag mg/1 

SOdium Na mg/1 

-
'.I:'hclllium Tl 1119/1 

Tin Sn lng-/l 
......... 

Titanium '1'1" .mg/1 



. PARAMETERS 

Metals Cont'd. 

Vanadium 

Zinc 

4 

UNIT OF 
ABBREVIATION MEASUREMENT 

v 

Zn 

mg/l 

mq/l 



I 

7"~ 

""l-

I 
, ..... 

( 

Conp. JOil STATION DATP. TIME DP.P'!'TI -------

1q9R9 17632 CFI-1 73/05/29 114:10 '1.0 
1 7 199 17632 CR-1 73/06/19 16:0~ '1.0 

21iq9 17G32 C"-1 73/07/30 11:25 1.0 
234q~ 1 7 632 C"-1 73/08/'22 Q:40 1.0 
27697 17632 C8-1 73/10/03 13:20 1.0 
2989'1 17632 C"-l 73/10/24 13:17 1.0 
332~5 1 7 n32 C8-1 73/11/27 11: 15 1.0 

301 17G32 C8-1 74/01/03 11:10 1.0 

CODP. JOB STATION DATE '1'TlfF: DEPTFI -------
!' 

14989 1 7 632 CR-1 73/05/29 14:10 1.0 
17199 1 7 632 CR-1 73/06/19 16:115 1.11 
21199 17632 CFI-1 73/07/30 11:25 1.0 
23499 1 7 632 CR-1 73/08/22 9:40 1.0 
27697 17632 CR-l 73/10/03 13:20 1.0 
29899 1 7 632 CR-l 73/10/24 13:17 1.0 
33295 17632 CH-l 73/11/27 11: 1~ 1.0 

301 1 7 632 CR-l 74/01/03 11:~0 1.0 

TC 

PC 

COPP' ,TO!1 STATTON [lATI? TIMP. DP.PTR -------

1'1989 17632 CR-l 73/05/29 14:10 1.0 
17199 176~2 CR-l 73/06/19 16:nS 1.0 
21199 17632 CH-l 73/07/~0 11:25 1.0 
23499 17632 CH-l 73/0fl/22 q: '10 1.0 
2 7 697 17632 CH-1 73/10/03 13:20 1.0 
'9899 17r,32 CR-l 73/11'1/24 13:17 1.0 
~3295 171132 CR-l 73/11/27 11:15 '1.0 

301 171\32 C.1I-l 74/01/03 11:30 1.0 

conI? ,TOB SIJ'A'J'ION !lATE n m: T>F:!''''FI -------

1 119P.9 171\32 CH-1 73/05/29 14 10 1.0 
1'7199 17632 ClI-1 73/011/19 16 05 1.0 
21199 176~2 ClI-l 73/07/30 11 25 1.n 
2~4Q9 171\32 CFI-l 73/08/22 q 40 1.0 
27697 1763?' CH-1 73/10/0?, 1:>' :10 1.0 
29R9q 17632 CR-l 73/1(J/24 13 17 1.0 
33295 17632 Cn-l 73/11/27 11 1~ 1.0 

3nl 171\32 CTT-l ,74/01/03 11 30 1.0 

MP wm "'.YPP. PRP,q 

6R.? 1\0.0 GRAR /.fO 
fHl.2 no.o GRAR UO 
6R.2 55.0 r:RAR '10 
GA.? hO.O r:RAR !1(J 
I\R.? 60.0 CRAll MO 
6R.2 fil1.0 r:RAll }.fa 
fiP.2 55.11 r:RAR NO 
6R.? 1;0.0 r:F?A.'R UO 

UP l'Sn T.VPP, F'JlP'(J 

6R.2 60.0 r:RAll #0 
68.? 1';0.0 r:RAR NO 
FiR.2 55.0 r:RAll NO 
6R.2 60.1l r:RAll NO 
68.2 60.0 r:RAll 1.10 
f>1l.2 60.0 r:RAR /.f0 
IIA.;' 55.0 GRAR MO 
1'R,2 1';0.0 r:RAR }.IO 

TC UP ,'Im T.YPI? FRP.r! 

fiR.2 61'1.0 r:RA."J NO 
fiR.? 60.0 r:TlA!l MO 
1'~.? 5 5.0 r:RAR ~fO 

6P.2 611.0 r:RAll NO 
6P.2 r,o.O (;RATI ;'10 
1I~.2 I) r). 0 r:PAl1 '·fO 
oR.? 55.0 r:RAll 110 
I;R.2 r, 1).0 aRAll /10 

"'C ,.fP 'Af;[1 ".YPP. PRP() 

fiP..? r, n • 0 a J? A P. ~IO 

GR.? r;I1.0 r:RAR "0 
flf).2 55.0 aRAl? !,-O 
f)Q.? Go.n r,PA71 "(I 

6P,? (;(), n (mATI llO 
F:~.? I';(). n CPA'R !AO 
I';n.? 55.0 r:PATl IfO 
fiR. ? 5().1) r:P.ATI 1m 

IilPlIT, lfAITTTRNAilCF: , ANALYSIS, RF.'?R.fF.T!F., S"'A'!' RP7'!!TTWAT, OR END? 
1I 
P.l1'FF:R VARIABLES TO BI? TlISPLAYEn 
Teon, '!'SB, TXT{. CL ,PHT" CR, ZIl,ALK ,NH:,lN ,TP 
P.llTEH HF:STRLCTlOif KRY D=730501,7ilOl10 S=CH-1 1I=50.fiO 
P.llTF:R JOB NlIlfllER(S) 
iJ: 

17632 

TC()T> 

q 

111 
:-\ 

17 
111 

5 
11 

5 

ALK 

43.0 
'Ifi.O 
~5.0 

61.0 
fiO.O 
59.0 
56,0 
44.0 

TOTAl, i/O. OF SAMPLES = R 
P.ilTP.R A 1 POR OUTPlI'!' '1'0 '1'SR LlflE PRIP1TPR, A ? FOR Oll'!'PliT TO "!FlP '!'P,P!I:,NAJ, 

n: 
2 

POSITTON PAPP.R AllD PRESS PP.'1'URN 

TI'!I'! TKN CT, PFiL CR 7.N 

q 0.5<; 6 n.noo 0.025 0.025 
3 n.55 n 0.000 O.Olf! 0.056 
7 O.l1fl fi 0.015 0.000 0.040 
7 0.4'1 11 0.020 f).000 0.1136 
1 0.35 16 0.000 0.000 0.006 

26 0,'15 50 0,035 0,000 0.050 
12 0.311 18 0.003 0.024 O.lO? 
8'i 0.01 11 0.000 0,035 0.0'10 

NFI:J!l TP 

11.2 11.03 
0.0 O.I1R 
0.0 0.1l9 
0.0 0.1l8 
0.0 o .M) 
0,0 0.115 
1'1.0 0,11? 
0.1 0.1)7 

TDr. CL 804 "'80[1 iV03N TCOT> T 

125 n 12 1 0.38 9 54.00 
100 6 15 2 I) .76 10 71. 26 
160 F; 17 1 fl.?7 3 
140 11 U 1 n.47 17 
1f)O 11\ :?1 1 0.37 10 71.60 
210 ~O :;>7 1 0.~7 5 71.60 
155 1R 2P () 0.73 11 41\.40 

75 11 16 :> 0.70 5 

PFI TT'.~ 'F.r; 

7.7 ?~ US. 
7.Fi 1f;' :1..0 ~I 

'7.r Rn 170 
'7,R 75 1Sf'l 
7.f', 51 1Gf) 
7.4 5q ::>15 
fi.q 25 :t r ;1 
7.4 :>,p 1(;1') 



. I 

COTIT' 

14'lAI1 
171<)A 
2119A 
234')!' 
27696 
2'lfl9fl 
3129 11 

302 

CODI': 

JOil S'l'ATIOl1 

1 7 632 C}l-1 
17632 ClI-1 
17632 ClI-l 
17632 CH-1 
17632 CH-l 
17632 Cll-1 
17632 CH-1 
17632 CH-1 

,Tnil STATION 

l '19Rfl 17632 ClI-l 
1 7 1<)fl 17632 ClI-1 
211'lA 17632 ClI-l 
231198 17632 Cl1-1 
27696 17632 CH-l 
2989~ 17632 ClI-l 
3:)29 11 17632 ClI-1 

302 17632 C"-1 

COPE ,TOF STAJ'ION 

14'lPR 17n32 (:11-1 
1719!1 1 7 632 C1I-1 
21198 17632 CH-1 
2349P. 17632 ClI-l 
27096 1 7 632 C/I-1 
29P98 17532 C"-l 
3329 11 17032 Cl'-l 

302 1 7 032 CH-1 

Con? 

1 /19 Ilil 
1719R 
2119R 
234911 
27696 
29R9R 
332911 

302 

JOil S'J'A'?InTl 

1 7 1332 (:H-l 
17632 ClI-l 
1 7 f>32 ClI-l 
17632 C[I-l 
17632 CH-l 
17fi32 C['-l 
1 7 632 Cll-l 
17632 CH-l 

I>ATF. TIME PEPTH 

n/05/29 
73/06/19 
73/07/30 
73/08/22 
73/10/03 
73/10/24 
73/11/27 
74/01/0:'1 

14 10 
16 25 
11 2!; 

9 40 
13 20 
13 17 
11 1') 
11 30 

511.0 
58,0 
5·:'1,0 
5'fl, n 
5R.n 
58,0 
53,0 
58.0 

nATE TIllE PRPTH 

73/05/29 
73/06/19 
73/07/30 
73/0fl/22 
73/10/03 
73/10/24 
73/11/27 
74/01/03 

14 10 
16 25 
11 :?S 

9 40 
13 20 
13 17 
11 1S 
11 30 

SR,O 
5P..O 
53.0 
5R,O 
5R,n 
58,0 
53.0 
5R.O 

PATE TIVP. PF.PTP 

73/05/29 14 In 
73/06/19 16 25 
73/07/30 11 25 
73/0R/22 .. 9 40 
73/10/0313 20 
73/10/24 13 17 
73/11/27 11 15 
74/01/03 11 30 

59.n 
SR.n 
53.0 
58.0 
5·1\. () 
S!1.n 
5'3.0 
5R,0 

PATH TTl'E nRP'1'JI 

73/()5/29 
73/06/19 
73/07/30 
73/09/2') 
73/10/03 
73/10/24 
73/11/27 
74/01/03 

14: 10 
16:25 
11:25 

9:40 
13:20 
13:17 
11:15 
11:30 

58.0 
5"fl.0 
53.0 
5R.n 
58.0 
5R.0 
53.0 
58.0 ... .;~. ..... 

PC 

'1'C 

7'(: 

'1'C 

UP 

f\~,? 

61l.? 
fiR.2 
1;1'.2 
5R,2 
5R,? 
6R.2 
fiR.? 

gp 

I)fl.? 
oR.? 
fin.? 
6R.? 
fiR,2 
I;B.? 
fiA.? 

J\R. ? 

I-IP 

~R.? 

~p.? 

6R.2 
fi·n.2 
fiR.? 
6R.? 
68.2 
nll.2 

UP 

f\/l.? 
!;R.? 

FR.? 
fiR.2 
nR,2 
6P..2 
6f\.2 
fiR.? 

. ,'"t" 

lIsn TJPP. PRP.O 

60.0 r.RAil UO 
60,n r.RAR UD 
55.0 GRAR NO 
60.0 r.RAR 1'0 
60,0 GRAR f.~O 

50,0 GRAR NO 
5S.0 GRAB MO 
nO.O GRAil MO 

Nm TYPR FRI?O, 

50.0 GRAR NO 
f\0.0 r.RAR NO 
55.0 GRAil MO 
6fl.0 r.RAR 1~0 
r,n.O GRAR lIO 
f\o.o GRAR ;.fO 
SS.o r.RAR MO 
1\11,0 ORAR NO 

mm TYPE F'RRC! 

60.0 GRAR NO 
fiO.O GRA[1 flO 

55.0 ORAR 1'0 
,,0.0 (;PAP NO 
60.n (;RAR NO 
1;-0.0 ORAR P(J 
S"S , 0 (;RAll f'O 
60.0 (;RATl flO 

1'8.TJ '!'.YPR PPIW 

ll!1,O GRAll NO 
fin.o GFAR [.1() 

5S.0 GPAI1 NO 
nfl.O ORAl? f.fO 
"n,o (;RAP NO 
nO.O OPAR MD 
5S.0 r.PAF U() 
f;().0 GRAF 1m 

"" ... , ' -t 
Ill?lJT, /fAINTENAllCR, ANAJ.YSIS. RE~RIF:llE. SrA'I' RF,']'RTF.VAJ. OR l?NJ1? 
R . 

1mT!?R VARI ARLEE TO RE PISPf,AYEP 
TCOTJ,TSS,TKN,CL,PHL,CP,ZN,ALK,NlI3P,TP 
RlITER RP.STRIC'lION Kl?Y P=730S01,740110 S=ClI-2 l7=n,2 
RTlTER JOB lWl·fllER(S) 
n: 

17632 
TOTAL 110. OF SAMPLES = R 

TCnT) 

~:l 

1? 
?O 
~.4 

q 

1S 
lq 
1? 

AT,Y 

43.0 
47.0 
52.0 
SA.O 
SI1.0 
fi1.0 
SA.n 
4fl.n 

r.ns 

130 
!i11 
l.7S 
1'~5 

!.~S 

?S!l 
?7~ 

7S 

PH 

7 .. 0 
7.S 
7.f\ 
7,11 
7.5 
7.0 
fi.Q 
7.S 

EWi'RR A 1 POR ()Wi'Pll'l' TO TSR LINE PRITJTER, A 2 FOR OU']'PUT ']'0 'FliP. '1'ERf.'JfJAJ. 
n: 

2 
POBITJ()[l PAPRR Alln PRRSS RRTlJRN 

'1',<;::: 

RF, 

11 
145 

?7 
15 
?5 
4n 

l~n 

NP?N 

n.n 
n.n 
0.0 
0.0 
0.0 
0.0 
n.n 
n.n 

CT, 

7 
o 

11 
1') 
15 
fig 
17 
tf) 

'1'VS 

4~ 

?P 
RS 
flS 
R? 
7? 

1:?0 
?7 

'1'?N 

0.8n 
f).RO 
f).Ofl 
0,33 
0.15 
n.G? 
(J.40 

o.gS 

T? 

n.1l1 
n.ll 
o.?::? 
o.n 
n.np 
n.1)9 
o.ns 
1).111 

S04 

1? 
15 
13 
14 
lq 
?q 
10 
::'1 

r;rs 

nn 
1:'fl 
?:?0 
1 '7 S 
1!~ II 
::?7r; 
315 
:?f)5 

Cr. 

7 

fi 

11 
1n 
15 
fi9 
17 
10 

T[i(lJ1 

4 
2 
1 
? 
? 
'3 
() 

2 

PlTL 

fl.OOO 
o.nnll 
0.0:)5 
O.noo 
fl,OI)O 
0.0:)0 
o.oso 
n.oso 

N03N 

O.SO 
11.79 
n.31 
O.SO 
0.38 
n.38 
I).R? 
f).R3 

ClI 

O.06() 
0.011 
O,03? 
0.000 
1).000 
0.000 
0.000 
0.035 

'T'(:OD 

23 
12 
20 
14 

9 
15 
19 
18 

7.1) 

O. Mi9 
0.1156 
0.050 
0.025 
0.0411 
0.100 
0.117 
0.n66 

T 

54,00 
70.70 

70.70 
72.50 
40.40 



cOn!? JOil STATION nATE TIffT{ nEP~TI ".C MP ~mn T"VP? PE?C! ------- Tcon TSS ~](ll CL PHL CR ZN 

1 /19A7 17632 CH-? 73/0S/2'? 15:10 1.0 06.7 25.0 GRAB UO 1::1 ?3 0.'10 4 0.000 0.010 0.025 
17197 17632 C8-2 73/06/19 16::15 :1.0 6"15.7 25.0 GRAil #0 1F; 10 0.8'1 fi 0.004 0.000 0.144 
21197 17632 C11-2 73/07/30 11:55 1.0 015.7 25.0 GRAil MO 7 :'15 0.15 A 0.0;>0 0.000 0.011 
2:)497 17632 C8-2 73/08/22 10:00 "1.0 fin.7 ?5.0 GRAil U(l 5 11 0.:)11 10 0,011 0.000 0,02;> 
2'1699 17632 C8-2 73/10/03 13:110 1.0 6fi."7 ?5.0 GRAR UO 9 3 o.n 11) 1).000 0.000 0,000 
2'lB'l0 17632 CR-2 73/10/211 12:50 1.0 6n.7 '5.0 GRAR f10 25 15 0.7R 117 0.015 0.000 0.080 
33297 17fi32 CH-2 73/11/27 10: 30 1.0 f,I;.7 ?5.0 GRAil MO 1;> 24 O.RO lA n.Ooo 0.024 0.097 

303 17632 CII-? 711/01/03 11 :40 "1.0 R"n.7 '5.0 GRAil MO ::I 70 0.35 11 0.050 0,014 0.031 

COD? .TOR STATION PAT? TIME nEP7H TC MP MRn TYPE ~~~Q ------- AJ,K NH3N TP 

1 11987 17 R32 CII-2 B/OS/29 1S:10 1.0 01i.7 ?5.0 nEAR M(J 4::1.0 0.0 0.06 
17197 17632 CH-? 73/06/19 16:::15 1.0 fif).7 25.0 GRAP NO 4fi.0 0.0 0.11 
21197 17632 Clf-'). 73/07/30 11:55 1.0 fiFi.7 25.0 GRAilM() 53.0 0.0 1).12 
2:'1497 17632 CR-2 73/08/')2 10:00 1.0 fili.7 25.0 GRAB MO 5A.O O.n 0.12 
27699 17632 CH-2 73/10/03 13:110 1.0 I;fi.7 25.0 GRAR TAO 511.0 0.0 O.nA 
29R90 17632 Cff-2 73/10/24 12:50 1.0 li6. 7 25.0 GRAll UO 57.0 0.0 0.1fl 
33297 1 7 632 CR-2 73/11/27 10: ~o 1.0 Fi6.7 ?5.0 GRAT? W) 5f;.0 0.1 0.0::\ 

303 17632 CH-2 74/01/03 11:41; "1.0 60.7 2"5.0 ORAR !-fO 40.0 0.1 0.1n 

CODE ,TOR" r;~ATIOli nATE TIN? [J?P'!'R TC MP Mlm 'J'YPE PREQ ------- 'J'ns CL .'I(l" TM71 N(l:lN TCOD T 

1 /19A 7 1 7 632 CH-2 73/05/29 15:10 1.1) 6f',.7 25.0 GRAll UO 110 4 10 1 0.113 13 54.00 
17197 1 7 632 CH-2 73/06/19 16:35 1.0 61;.7 '5.0 GRAR NO q~ 6 1~ 4 0.76 15 71. '10 
21197 1 7 1;32 CH-2 73/07/~0 11: 55 1.0 eli.7 ,)5.0 GRAR 1'0 !AS A 15 1 0.34 7 
23497 1 7 632 CH-? 73/0A/2? 10 :00 1.0 6R.7 '5.0 aRAl? !-f0 170 10 111 1 n.48 5 
27699 1 7 632 CH-2 73/10/03 13:4n 1.0 f',f;.7 25.0 GRAll 140 150 1£\ n 2 0.118 9 7?.00 
29890 17632 CH-2 73/10/211 12: 50 1.0 61';.7 25.0 GRAll ~fO ?10 47 27 , 1).41 25 71.60 
33297 1'1632 CH-2 73/11/27 10:30 1.0 615.7 25.0 GRAB !-f0 210 18 n () 0.77 12 48.20 

303 1 7 632 CH-2 74/01/03 11:46 1.0 6'\.7 '"5.0 GRAR MO 135 11 17 1 ().75 3 

COP!? JOB STATIOll DATE T1H8 [JP.PTH qoC 11.1> !'S n TYPF: PR?(J ------- PH TVS 'J'S 

1/1'?R7 1 7 632 ClI-? 73/05/29 15:111 1.0 ~f;.7 25.0 GRAll no "7. fl 35 11" 
17197 1 7 632 Cll-2 73/06/19 16:35 1.0 fiS.7 25.0 GRAll MO 7.11 ?S un 
21197 1 7 632 ClI-2 73/07/30 11:55 "1.0 01).7 25.0 GRAR "0 7.A 75 ?'?I) 
23497 1 7 632 CH-2 73/0R/22 111:00 1.n 1';15.7 25.0 GRAil U(J 7.A '10 If\() 

27699 1 7 632 CH-2 73/10/03 13:lIn 1.0 ofi.7 :>5.0 GRA"7? UO 7.5 Ii' 1~5 

29P9() 17632 ClT-'l. 73/10/24 12: 50 1.0 fi"!).7 ?!i.O GRAR "~!(J 7.fl Ill' 7:>5 
33297 17632 CII-2 73/11/;>7 10:30 1.0 615.7 '5.0 "rmAP NO fi.q nO ns 

303 1 7 632 CH-2 711/01/03 11:lIn l.n 66.7 25.0 GRAP !.1(J 7.5 qs ~n5 

TTTPU'l', MAIT1TF,IlANCP.. ANAJ,YSIS, RE'FRIPllP-, STAT RF:'J'RTF:11AJ, N? Po.'!!l? 
R 

,.! 1ifTr'ER VARIAI1LT{S TO RE DISPLAXED 
TCOTl.'!'SS,TKlI.CL,PTlL,CR,ZlI,ALK,NFl3N.TP 
F:l1'J'F:R RESTRICTION KEY D=730S01,740110 S=CH-? V=?2,25 
ETI'J'F.R JOil NTJT.fllF:R(S) 
fl: 

1'1632 
TOTA!, ITO. OF SAiJPLF:S = !l 
EilTF:R A 1 FOR OUTPUT TO TSR LINE PRIilTER, A ? POR Ol!TPUqo TO Trrp. TPRMINAL 
n: 

2 
POSITrON PAPER ANn PE!?SS RT:TTlRi"' 



" ~. 

I' 

CODP, ,TOil S'J'tl'J'TON 

149A6 17632 CR-2 
171'lB 17632 CII-2 
21196 17632 CII-2 
23496 1 7 632 CR-? 
27S9A 17632 cn-2 
29889 17632 CII-2 
33296 17632 CR-? 

3 n I, 1763 2 CII- 2 

CODr JOR STAnnN 

149R6 17632 ClI-2 
1 7 19G 1 7 632 CR-? 
21196 17632 CR-? 
23491\ 17632 CR-2 
2769A 17532 CR-2 
2QP8 Q 17632 CR-2 
~3296 1 7 632 CR-? 

304 17632 CR-2 

CODR JaR STATTON 

14986 17632 CR-2 
1 7 196 1 7 632 CIl-2 
21196 17632 CR-? 
23496 1 7 632 Cll-? 
2769? 1 7 632 CR-?' 
29889 17632 crr-2 
33296 1 7 632 CR-? 

30'f 17632 CR-2 

COM: ,TOR STATTON 

llf9P.6 17632 CR-2 
17196 17632 CR-2 
21196 17632 CIl-? 
23496 1 7 632 CFI-2 
276q? 17632 CIl-2 
291189 17632 CR-? 
33296 17632 CN-2 

304 17632 CJI-') 

DATE TIMF: DEP'J'JI 

73/05/29 15 10 23.0 
73/06/19 16 40 23.0 
73/07/30 12 00 23.n 
73/0R/22 10 00 ~3.0 
73/10/03 13 40 23.0 
73/10/24 12 50 23.n 
73/11/27 10 30 ?3.n 
74/01/03 11 46 23.0 

TlATE TIUE DRP'J'H 

73/05/2Q 15 1n 
73/n6/1q 16 40 
73/07/30 12 00 
73/08/22 In 00 
73/10/0'.'. 13 40 
73/10/')4 12 SO 
73/11/27 10 30 
74/01/03 11 4fi 

~::l.() 

23.n 
2'3.0 
23.0 
2''.'..0 
23.0 
2'3.0 
23.0 

nATE TIMF: DP,PTH 

73/05/29 15 10 23.0 
73/06/1Q 16 40 23.0 
7~/07/30 1? on 23.0 
73/08/22 10 00 23.0 
73/10/03 13 40 23.0 
73/10/24 12 50 23.0 
73/11/27 10 30 23.0 
74/01/03 11 4f; 23.0 

DATE TIffi': DEPTH 

73/05/2Q 15 10 23.0 
73/06/1Q 16 40 23,n 
73/07/30 12 00 23,0 
73/0P./22 10 00 23.0 
73/10/03 13 40 23.0 
73/10/24 12 50 23.0 
73/11/27 10 30 23.0 
74/01/03 11 46 23.0 

TC 

'J'C 

TC 

'Fe 

MP liST> TYPF. FlIRQ 

fiF;.7 2'5.0 GRAR {.fa 
6Fi.7 25.0 ORAIl MO 
6Fi.7 ?5.0 GlIA.'1 MO 
6Fi.7 ?5.n GlIAR If(} 
lil).7 25.0 CRAil {.m 
SfJ.7 25.0 CRA!? !f(l 
r,r •• 7 25.0 GRA,~ no 
S'n.7 25.0 GRAll UO 

~I!' 

61;.7 
66.7 
1;1;.7 
oR.7 
'h6.7 
r;r).7 

6Fi.7 
66.7 

liP 

fjr,.7 
(';".7 
fjFi.7 
S".7 
hl).7 
fi".7 
S",7 
613.7 

j·1P 

FiFi.7 
Fifi.7 
1)1).7 
66.7 
61).7 
6F;.7 
nr:..7 
f,F..7 

Nsn TYPR F'RF.Q 

25.0 CRAR ftAO 
25.0 ClIAR ItO 
25.0 GRAll MO 
25.0 ClIAH /.f0 
25.0 GlIAR un 
25.0 GlIAR f.'0 
25.0 GRAR HO 
?5.0 GRAR un 

!.'STI TYPP. "RRC! 

n.o GlIAR f'O 
?S.O GlIAJi no 
?5.0 GRAFl (.f0 
?5.n GRAR lin 
25.0 GHAlI MO 
25.0 GRAR NO 
25.0 GRAll 140 
25.0 GRAR no 

:181' "'YPR nrC! 

? 5 • 0 G!I AIl lAn 
25,0 GP.AR NO 
?5,O GlIAB UO 
~5.n GRAil !An 
25.0 GPAR !!O 
25,0 GRAll 1,1() 

25. n GRAil "~n 

~5.0 GRA!' "n 

II1PUT, UAITJTENAilCR, ANALYSIS, RETRIEVE, S'J'AT RR'I'lITP.VAT, OR p.nD? 
1I 
F:IlTER VARI A RU?S 7'0 TlR DISPLAYETJ 

Tr.Ofl, 'lSS ,TKlI, CT, ,PR [" ClI, Zll ;AT,K, UR 3N , TP 
ElI'i'RR RES'lRTCr:rml KEY D=730501. 7 40t10 S=CP-3 ":n,? 
F.lTTER JOB NUMBER(S) , 
[1: 

17h31 
TM'AL NO. (IF SAl!PU:S : R 

"'cnn 

14 
155 

in 
15 

R 
12 
3" 
12 

AI,I( 

45.0 
54.0 
54.0 
5R.O 
56.n 
fiO.O 
58.0 
'+3.0 

"'J)S 

120 
~1n 

lR5 
:<~0 

150 
270 
125 
1 7 0 

PH 

7.A 
7.4 
7.: 
7.R 
7.1; 

7.1 
F>.q 
7.3 

P,f'TER A 1 FOR OUl'PUT TO TSP LIIJE PRIlJTRR, A 2 F(lR O[lTPUT "'0 Trig TFlWI/lAT, 
n: 

2 
POSITIMT PAPEJI AIJlJ PRESS RF.TURN 

'J'SS 

40 
50n 

70 
25 

Q 
21 

21n 
ion 

Nll:>.N 

O.n 
0.2 
0.0 
0.0 
n.n 
(J.O 
0.0 
0.0 

CT, 

7 
R 
7 

10 
1f; 

7~ 

lil 
12 

,!,II8 

4S 
110 

8S 
141) 

57 
qll 

~5 

I'll) 

'!'KN 

0.1)5 
3. fill 
0.20 
o.~r 

0.20 
n.S" 
(l,,!iO 
0.15 

17' 

0.0n 
1. 43 
0.15 
0.15 
O.OR 
O.IJR 
o.:>? 
0.13 

SOlf 

12 
lQ 
1Jj 

is 
20 
27 
25 
1fl 

'J'S 

HO 
~7() 

2'i5 
?55 
1(',11 

2'10 
335 
:<70 

CL 

7 
P. 
7 

10 
1h 
7~ 

1P 
12 

fRan 

? 
q 

n 
1 
1 
2 
1 
1 

PRL 

0.000 
0.000 
0.015 
0.02Q 
o.ono 
0.015 
0.on3 
0.050 

NO~N 

0.4R 
1. 58 
0.27 
(l.S2 
'1.47 
'1.38 
0.50 
n. 7 3 

eR 

0.020 
0.080 
0.012 
0.084 
0.000 
0.000 
i).000 
0.018 

"'COD 

14 
155 

10 
15 

8 
12 
34 
12 

ZN 

0.047 
0.180 
0.000 
0.031 
0.098 
0.1'+0 
0.158 
0.02Q 

T 

5'+.00 
7L40 

70.90 
71. 60 
4 7 .30 



( 1 

CODE JOR STA'lIOll DATE TIMP. DP.P'J'H TC MP MSn TYPF: !:~~2 ------- TCOf1 rss TKN GL PHL CR ZN 

14985 17631 CR-3 73/0S/29 lS:30 1.0 66.2 25.0 GRAB NO 14 2R 0.50 7 0.000 0.000 0.oS6 
17195 17631 CR-3 73/06/19 16:55 '1,.0 1)6.2 2'5.0 GRAR NO 20 13 1.31 7 0.000 0.018 0.090 
21195 17631 CH-3 73/07/30 12:25 '1.0 61'.2 25.0 GRAR MO 4 16 0.25 \) 1).000 0.018 0.190 
23493 1 7 631 CR-3 73/08/22 10:10 '1.0 1)1\.2 2'5.0 GRAR [.f0 11 22 0.23 5 0.111 0.000 O.OOR 
27693 1 7 631 CR-3 73/10/03 14:00 1.0 6'6.2 ,2'5.0 GRAR NO 13 9 0.40 14 0.015 0.000 0.000 
2geBS 17631 CH-3 73/10/24 14:35 1.0 l)'fl.7. 2'5.0 GRAll NO 10 20 0.f14 93 n.040 0.000 0.070 
33299 1 7 631 CH-3 73/11/27 10 :02 1.0 66.2 2'S.0 GRAR NO 13 17 n.go 19 0.000 n.ooo 0.112 

30S 17631 CR-3 74/01/03 12 :,00 '1.0 6'6.2 2'5.0 GRAR (.f0 7 70 0.65 12 0.050 0.01'7 0.037 

CODE JOR S'l'A'i'IOn DATP. TIME PEP'J'H '!'C MP WID 'J'YPE FRP.() ------- ALK NWlN 'J'P 

14985 17631 CH-3 73/0S/29 15:3n 1.0 !i6.2 25.0 GRAR 140 4fi.0 0.0 0.06 

17195 17631 C8-3 73/06/1'? 16:55 1.0 SI}.2 2'5.0 GRAll NO 4fi.0 0.1 0.:1.1 
21195 17631 CH-3 73/07/30 12:25 1.n 6fl.2 ?5.n GRAR }f0 54.0 o.n n.oQ 

23493 17631 eH-3 73/0R/22 10: 10 1.0 6'15.2 ,25.0 GRAR UO 1)1.0 0.0 n.oa, 

27693 17631 ClI-3 73/10/03 14:nn 1.0 15'1;.2 25.0GRAR NO 5'1.0 o.n n.OF 
298RS 17631 CH-3 73/10/24 llj:3S 1.0 6fi.2 2S.o,GRAl? MO 5'l.0 0.0 0.07 
33299 17631 CH-3 73/11/27 10 :02 :3..0 fi6.2 ?5.0 GRAR NO 5fi.0 0.0 O.OS 

305 17631 CH-3 74/01/03 12:00 1.0 "'1).2 2'5.0 GRAR {>10 lj::).o 0.1 0.08 

COPPo ,TOF STA'J'ION DATi? '!'IMP. DP.P'J'H 'J'C MP ;.Ilm '!'.YPP. PPP.(J ------- 'J'JJS CL S(}4 '!'ROf1 TJ03N '!'COD T 

14985 17631 CII-3 73/05/29 15:::)n 1.0 fi'Fj.2 ? ~ • 0 GR AT! r~o 1:1.0 7 1:1 2 n.41 14 55.00 
171'?S 17631 CR-3 73/06/19 16:5S 1.0 61>.2 25.0 GRA~ 110 115 7 15 4 0.79 20 69.60 
21195 17631 CR-3 73/07/30 12:2S '1.0 fi6.2 25.0 GRAll "0 19S 9 1fi 1 n.29 4 
23493 17631 Cll-a 73/0A/2'? 10:10 1.0 I';fi.2 ?S.O GPAR U() 200 5 1S 1 0.56 11 
2 7 6 9 3 176 31 Cll- a 73/10/r)3 14:0r) 1.0 I';Fi.2 25.0 GRAll 110 ?fiO 14 1fl 1 0.41 13 71. 61) 
2988S 17631 CR-3 73/10/211 14:35 '1. r) 613.2 25.0 GRAR MO 2A 5 ')3 31 2 0.37 10 72.60 
33299 17fi31 cn-3 73/11!?7 10:02 1.0 Ill';.'? 25.0 GRAR [.f0 1'lr) 19 2f1 0 0.73 13 'IR.20 

305 17631 CII-3 74/01/03 17.:00 1.0 F'fi. ? 2S.0 ORAl! NO RO 12 18 ? n.5lj 7 

GODP. JOR ST/ITION DATE TIMP. Di?P'J'I1 'J'C UP USf1 'PYPP. F'RRC! ------- Pll T11S TS 

;"'! ! 14985 17631 CH-3 73/0S/29 lS:30 1.0 66.2 25.0 GRAR M() 7.4 75 140 
171gS 17631 CH-3 73/06/19 10:55 1.0 61';.'? 25.0 ORAR MO 7 .• 4 33 lao 
21195 17631 CH-3 73/07/30 12:'?S 1.0 66.2 25.0 ORAR 110 7.7 7S 210 
23493 17631 CII-3 73/0R/22 10:1n 1.0 6'6.2 25.0 GRAB MO 7.R 125 220 
27693 17631 CH-3 73/10/03 14:00 1.r) fil;.2 2'5.0 ORAl? MO 7.7 lR5 270 
29A88 17631 CR-3 73/10/24 14:35 1.0 61;.2 25.0 GRAR !-fa 7.6 56 3n s 
33299 17531 CH-3 73/H/27 10:02 1.0 "6.2 25.0 ORAR ,110 6.9 69 2ns 

3r)S 17631 CiI-3 74/01/03 12:0n 1.0 R6.2 25.0 ORAB UO 7.5 1fi 15n 

I1/PlIT, UAINTP.NANCP., ANALYSIS, RWFRJF:jlE, 8'PA'J' RP.'I'R,TRVAL ()R P.NJJ? 
R 
EllTP.R VARIABLES '1'0 R8 DISJiLAIF.iJ 
TGOD,TSS,TKN,CL.?HL,CR,ZN,ALK,NH3N,TP 
ElITER RRSTRICTION KP.Y D:730501,740110 S=CII-3 V=22,2S 
P.l1TER JaR NlIHl1P.R(S) 
r: 

17631 
TOTAL NO. OF SAMPLP.S = R 
EliTE.'? A 1 FOR OuTPUT TO TSR LINE PRIlJTP.R, A 2 POR OTl'l'P(lT TO 'J'11P' TF.IWTlIAL 
fl: 

2 
POSITION PAPER AND PRESS RETURN 



COnT? JOil STATION DATE TIUE DF.PT1J TC UP !-fSD TXPF. FRF.Q 
------- Tcon TSf' TKN CL PHL CR ?.N 

1~98~ 17631 CR-3 73/05/29 15:30 :?"3.0 6"6.2 ?5.0 r;RAR NO :!.Q 67 0.80 6 0.000 0.033 0.1)81 

1719q 17631 CR-3 73/06/19 17:(1) 23.0 66.2 60.0 GRAR 110 6~ 180 2.~7 7 0.017 0.000 0.200 

211q~ 17631 CR-3 73/07/30 12:35 23.0 66.2 ?S.O (lRAR 110 13 Rl 0.53 q n.oon 0.000 0.000 

23~92 17631 CR-3 73/08/22 10: 10 2"3.0 6"6. ;> 25.0 GRAR 140 :tn" 26 0.33 16 n.177 0.000 0.028 

27692 17631 CR-3 73/10/03 1~:(1) 2"3,0 61;.2 25.0 (lRAR NO 7 16 o.~o 13 0.000 0.000 0.010 

29AB7 17631 CR-3 73/10/2~ 1~:35 23,0 66.? ?5,O (lRAR MO ~R 2~0 O. fl7 !So 1).010 0.000 0.140 

33298 17631 CR-3 73/11/27 10 :o? 2"3.0 6fi,2 25.0 (lRAR "'0 13 27 n.50 1q n.ooo 0.000 0.107 

306 17631 CR-3 7~/01/03 12:00 2"3.0 615.2 25.0 GRAR /AO ?? lAO 0.56 11 0.100 0.025 0.077 

CODP. JOil STATIOll DATi? TIUE nRPTR TC UP YSn TYPF: PRRO 
------- AT,K Nfl3N 'P.p 

l'I9Rq 17631 Cf/-3 73/05/29 15:30 2"3.0 !n;,? 2"5.0 (lRAR 1m q3.0 0.0 0.1/, 

17194 17631 cn-3 73/06/19 17:00 23.0 613.? fiO.O (lRAR 110 ~R.O 0.1 OofiO 

2119 11 17631 CR-3 73/07/30 12:3:' ;>"::!,O F,n.2 ?5.0 (IF?All [40 55.0 0.1 0.18 

2349? 17631 CR-::! 73/08/?2 10:10 23.0 66,? ?5.0 (lPA,'? no 5'J.O 0.0 0.15 

2 7 692 17631 r.n-::! 73/10/03 1~:00 2"3.0 F;"f;,2 ?"5.0 (lRAR NO 5R .0 0.0 O.Oq 

29887 17631 Clf-3 73/10/2~ 1~:35 23,0 66.2 25.0 (lRAB HO 5q.n 0.0 n.47 

3329A 17631 CH-3 73/11/27 10:02 23.0 6fi.?' 25.0 (lRAll NO 57.0 0.0 0.06 

306 17631 CR-3 74/01/03 12:00 2"3.0 6F;,2 ?"5.0 GRAR }f0 43.0 0.1 0.26 

CODF. JOB S'1'APIOll DA'l'E PIMP. nRPTH TC [.IP !ofSJ1 TYPT? ~~~€ ------- 'J'ns CL S04 'J'RO [J N03N 'J'r.OD T 

14984 17631 CR-3 73/05/29 15:30 23.0 66.2 ?5.0 GRAR UO 130 6 12 1 0.50 19 55.00 
17194 17631 CR-3 73/06/19 17:00 23.0 66.2 no.O GRAR NO li() 7 11 5 i.50 62 Sq.40 
21194 17631 Clf-3 73/07/30 12:35 ?3.0 f;~.2 2S.n GRAil MO 1f;S 9 15 1 0.37 13 
2~~92 17631 CR-3 73/0R/22 10:10 23.0 6"F). ? ?5.0 (lRAB MO ?OO 16 15 1 0.56 10 
27692 17631 CR-3 73/10/03 14:00 23,0 6F;.2 25.0 GRAR NO 4?S 13 20 1 fl.49 7 71.40 
29087 17631 CR-3 73/10/24 14:35 23.0 6F).2 25.0 (lRAR NO 415 150 32 3 0.39 4B 71.60 
::!3290 17631 ClI-::! 73/li/27 10:0? 23.0 6"F;.2 25.0 GRAR MO 240 19 27 0 0.77 13 4R.20 

306 17631 CR-3 74/01/03 12:0(1 "23.0 0"". ? ::"r,.0 GRAll NO ~O 11 19 ? 0.77 22 

r.()J)F; J()B S'1'APION DATE TIUF: DF:PTH PC MP Mtm TYPR FRF.CJ. ------- PH TTfS TS 

149R4 17631 CR-3 73/05/29 15:30 23.0 6F;.2 2"5,0 nRAIl MO 7. 7 40 2flO 
1719/1 17631 ClI-3 73/06/19 17:00 23.0 66.2 (;fl.O GRAR MO 7.5 42 ?'9fl 
2119~ 17631 CH-3 73/07/30 12:35 23.0 66.2 25.0 GRAP NO 7.R 105 2~5 

23~92 17631 CR-3 73/08/22 10:10 23,0 ~6.2 25,0 (lRAB MO 7.9 100 225 
27692 17631 ClI-3 73/10/03 1~:00 23.0 6r).2 25.0 r;RAll }f0 7,,(; 390 4fin 
29887 17631 CR-3 73/10/24 14:35 23.0 6"6,2 25.0 nRAR NO 7.1 110 655 
33298 17631 Clf-3 73/11/27 10:02 23,0 fil'.2 25.n GRAR MO 6.9 110 2'1() 

306 17631 CR-3 7~/01/03 12:0n 23.0 6fi.?' 25.0 aRA.'? flO 7.5 21 ~1(1 

I1TPlJP, JfA III Tl?NAllr.E • ANALYSIS, RE'J'RIF.Vl?, STAT RE'PRTEVAT- OR Rlln? 
R 
F.iTTER VARIABT-F:S 'J'O BE DISPLAYED 
TCOn, T88, PKil, CL ,PHL. CR, ZfI,ALK ,llll3N. PP 
F.iTTER RF:8TRICTION KF.Y D~730501.7~0110 S=CH-~ ~=O,2 
Ri!TF.R JOR HlJUBF:R(S) 
n: 

17631 
TOTAL i/O. OF SAUPLF.S = R 
Ei/TER A 1 FOR OllTPUT TO P8R LIilE PRINTF:R. A 2 FOR OUTPUT 'PO TliF. 'PP.RMTNAL 
r): 

2 
POSITTON PAPF.R Alm PRF:8S RF.TlIRil 



C(l TI i? ,T (!:; BTA7'IaN nATe; PIMP. TlF:P'Fli TC VP !'fin 'J'ypp. FPRf! 
------- Tcall 'FRP 'J'J:ll CI, PHI, C" Zl/ 

1 l fCiP1 1 7 031 CJI-4 73/05/2Q 15:55 2.0 fiF..5 no.o GRAB If() U '1 0.7n J.~ I).no() 0.000 O.03f 

17191 17G31 CII-4 73/06/19 17:1!i "1.0 I)"A.5 RO./) GRAR no ~_ r, 2 O.R?' 7 o.Olf) f).Ol? f).n30 

21193 17632 CH-4 73/07/30 12:45 "1. () 6"6.5 no. OGRAR M() 3 8 n.3q 9 0.000 0.000 0.000 

23491 17631 CH-4 73/0r./22 10:10 1.0 5"r,.5 flO.O GRAP MO :to 8 1).14 1f) 1).283 0.0 €l5 0.O2() 

27fi91 17t,32 CIl-4 73/10/03 14:20 1.0 5"6. S RO.O GRA? MO A R O.2fl 15 0.000 1).000 O.Olf; 

29fl95 17631 CH-4 73/10/24 14:10 1.0 f)G.5 RO.O GRAR !fO 11~ 1 0.11+ 114 0.030 f).OOO 0.070 

33289 17031 CIl-4 73/11/27 9:40 1.0 1)11.5 RI).O GRAR NO 12 7 0.3n 17 0.000 D.OOO 0.071 

307 17G31 CH-4 74/01/03 12:20 "1.0 IH;.5 BO.O GRAR 1m :'1 55 n.?p 10 0.150 f).027 0.026 

CODF. JOR B'J'A7'ION [JATE TIl-IF: nEP'J'H TC UP ,usn TYPF: FRF(] 
------- AI,K Nfl3N 'FP 

14983 17631 CH-4 73/05/2915:"55 2.0 61).5 RO.O GRA? NO 43.0 0.0 0.0 0 

17193 17631 CH-4 73/0f>/lQ 17:15 1.0 (;1).5 AO ~ 0 "GRAR 140 47.0 0.1 O.OR 

21193 17.632 CH-4 73/(>,7/30 12:45 1.0 of).5 AO.O GRAR NO SI).O 0.0 O.OA 

23491 17631 CH-4 73/0A/22 10:30 "1.0 66.5 po.o GRAF MO 01.0 0.0 0.13 

27691 17632 CH-4 73/10/03 14:20 "1.0 fi6.5 RO.O GRAR MO SR.O 0.0 0.07 

29895 17031 CH-4 73/10/24 14:10 1.0 (11).5 fm.O GRAF MO sp..n 0.0 0.05 

33289 17631 CIf-4 73/11/27 9:40 1.0 1)"1) • 5 RO.O GRAR NO 5 7 .0 0.0 O.Bl 

307 17631 Cll-4 7"4/01/03 12: 20 1.0 £)1).5 frO.O GRAH 110 44.0 0.1 o.Oq 

CODE JOB STATION DATE- TIME DEPTH TC MP MSD TYPE FREQ TOS Cl 504 TSOD NON TCeD 1 

14983 17631 CH-4 73/05129 15:55 2.0 66.5 80.0 GRAB MO 110 4 11 1 0.41 12 55.aC 
17193 17631 CH-4 73/06119 11:15 l.r 66.5 80.D GRAB MO 98 7 15 4 16 72.3C 
21193 17632 CH-4 13/07/30 1Z :45 I.e 66.5 81).0 GRAB MO 195 9 15 1 0,.27 3 
23491 17631 CH-4 13/(;8/22 10:30 1.0 66.5 80.ll GRAB MO 150 10 15 1 0.45 10 
27691 11632 CH-4 "13/10/03 14:20 1.0 66.5 80.0 GRAB MO 285 15 16 1 C.4C 8 71.60 
29895 17631CH-4 13/10124 14:10 I.e 66.5 80.0 GRAB MO 350 114 33 2 0.40 14 12.0C 
33289 lrQ31 CH-4 13/11127 9:40 1.0 66.5 80.0 GRAS MO 245 17 28 0 0.69 12 47.30 

301 11631 CH-4 74/CI/1)3 12 :20 1.0 66.5 80.0 GRAB MO 90 10 24 1 0.69 3 

CODE JOB STATION DATE TIME DEPTH Te MP MSD TYPE FREQ PH TVS TS 

14-983 11631 CH-4 13/05/29 15:55 2.e 66.5 80.0 GRAB MO 1.8 40 120 
11193 11631 CH-4 13/06/19 17:15 1. C 66.5 80.0 GRAB MO 1.5 2 100 
21193 11632 CH-4 13101130 12:45 1.0 66.5 8(,.0 GRAB MO 7.9 90 205 
23491 11631 CH-4 73/08/22 10:30 1.0 66.5 80.0 GRAB MO 7.9 50 160 
27691 17632 CH-4 13/10/03 1.4:20 1.0 66.5 80.0 GRAB MO 7.6 210 295 
29895 11631 CH-4 73/10/24 14: 10 l.e 66.5 80.0 GRAB MO 1.5 85 350 
33289 11631 CH-4 73/11127 9:40 1." 66.5 80.0 GRAB MO 6.9 114 255 

307 11631 CH-4 74/01/03 12 :20 1. (' 66.5 80.0 GRAB MD 1.5 49 145 



r,m'Mf VAJUABLKS TO BE DISPJ;AYED 
TCOl). TSS .TIW.CL .?HL .CR. ZN .ALX ,NH3N .TP 
ETiTER RF:S'J'RICTION KEY D=730501.740110 S=CH-4 17=30,40 
EilTP.R JO!l lW!rBER(S) 
[]: 

17631.17,632 
TOTAL [YO. OF SAUPLES = 7 
EilTER A 1 POR OUTPUT TO TSR LIllE PRINTER. A 2 paR OUTPUT TO THE TERlIINAL 
r;: 

2 
POSITION PAPER AND PRESS RETURN 

conE JOiJ STA'J'ION DATi': Tn'E TJEP~H TC 1,.'P l!SD !!.~!! ~~~t] -------
17192 17631 Cll-4 73/06/19 17:15 1i0.0, 6'6.5 11'0.0 GRAB NO 

21192 17632 Cll-4 73/07/30 12:42 4'0.0' 6'r,.5 0'11.0 GRAB NO 
23 119017631 CH-4 73/08/22 10:30 liD. 0, 6'6.5 I:rO.O GRAR NO 
27690 17632 Cll-4 73/10/03 1

'
,:20 liD. D· 6'fi.5 flO.o GRAB NO 

29!l94 17631 C[{-4 73/10/24 14:10 liD. 0, 6'S.5, fro.o GRAB NO 
33208 17631 Cll-4 73/11/27 9:40 'iO.O, 6'6.5 8'0.0 GRAB NO 

30G 17631 CH-4 74/01/03 1?:211 3'0.0 (3'".5 80.0 GRAR UO 

COD:; JOn STATIOiJ DATE TINE DEPTH C'C if? Nsn TjT?T: ~~~3 -------

1719:' 17631 CH-4 73/06/19 17:15 4'/).0 rr6·.5· 80.0 GRAB NO 
21192 17632 Cll-~ 73/07/30 12:42 4'0.0, 6'6.5' Ero.O GRAR MO 
23490 17631 CH-~ 73/08/22 10:30 4'0.0, C'!;.5, lro.O GRAR /.f0 
27CSO 17G32 qH-~ 73/10/03 1'1::<0 4'0.0, 6'(j.5, fro.o GRAB i10 
29894 17631 Cil-4 73/10/24 14:10 4'0.0, 66.5· 80.0 GRAB MO 
33288 17631 CH-~ 73/11/27 9:40 IfO.O 

,....,. ,.. 
(,". ,:) 8'0.0 GRAR UO 

308 17631 Cil-4 74/01/03 12:20 3'n.O' 15'1;.5 R'O.O GRAR MO 

CODT: JOR STATIOl! DATE TIm;; DEPTH TC UP 148[1 TYPE FRP.Q -------
17192 17631 CH-4 73/06/1'J 17:15 1i0 • 0, ,,'''.5 fro.O GRAB !fO 
21192 17632 CH-4 73/07/30 12:42 1i0. D· C'G.5 8'0.0 GRAB NO 
23490 17631 CH-4 73/08/22 10: 30 4'0.0, 66.5 !ro.o GRA8 NO 
27690 17632 Cll-4 73/10/03 14:20 4'0.0, 6'1;.5 0'0.0 GRAll 110 
29894 17531 Cll-4 73/10/24 14:10 1i0.O' S'fi.5, 8'0.0 GRAB UO 
3328fl 17631 cn-~ 73/11/27 9:40 4'0.0 6'6.5 8r).O G/7AR NO 

308 17631 CH-4 74/01/03 12:2r) 3'S.O, 6'6.5' 0'0. 0 GRAR !f0 

CODE JOFl BTI!TIOl! DATE TInE DEPTH TC !-IP U8[1 TYPP. FT1F:C! -------
17192 17631 Cll-4 73/06/19 17:15 4'0.0 6'13.5 8'0.0 GRAl? NO 
21192 17632 Cil-~ 73/07/30 12:42 4'0.0, s'r;.5 flO.O GRA!! tlO 
23490 17631 ell-II 73/08/22 10:3() 4'0.0, 6'!;.5 8'0.0 GRAl? NO 
27690 17632 Cll-~ 73/10/03 14:20 4'0.0, 5fi.5 iro.o GRAn HO 
29894 17631 cn-4 73/10/2 11 14: 10 4'0.0 61;.5 8'0.0 GRAE NO 
33288 17631 CH-~ 73/11/27 9:40 4'0.0 6·6.5 Iro.O GRAl? NO 

308 17631 Cll-4 74/01/03 12:20 3'8.0, 6'6.5 8'0.0 GRAB NO 

,lilPUT. UAIllTENAilCE. A ilAJ,YSIS • RETRIEVE, STAT RP.~R:r:F:VAZ; OR F:frn? 

TCO[l PSS '!!Kfl CL PHL CR ZN 

17 4 1. 73 5 0.007 0.033 0.030 

1::1 3() 0.35 7 '0.000 0.024 0.000 
9 8 O.fir, 10 0.224 0.000 0.006 

10 5 0.30 1'1 0.000 '0.000 '0,010 

11~ ?9 O.Sf> 119 0.025 0.000 0.090 
lS 2f, O.5f) 18 0.000 0.024 0.056 
11 711 0.37 12 0.050 0.019 0,040 

AT,K Ui!1:7 'J'J1 

47.0 '0.0 0,10 
Sf).0 '0.0 0,12 
5f\.0 0,0 '(J.10 
60.0 0.0 0.09 
57.0 0,0 i).or; 

56.0 0.0 0.04 
44.0 0.2 ·0.2S 

TTIt: cr, SIl4 TROD P03ll pcon T 

125 6 if, 5 'r).76 17 70.50 
100 7 15 1 '0.29 12 
175 1'1 14 1 0.51 9 
?SO 14 19 1 0.45 10 71.40 
350 119 31 3 0.38 14 72,50 
245 ill 28 j r).74 15 '17.30 

fiO 12 20 1 '0.84 11 

PH 'J!T'S TS 

7.5 ?5 130 
7.B 95 211 
'7,<} 90 18!> 
'7.7 190 ?S5 
7.2 110 ~1l0 
'6. q 141 270 
'7.4 8 130 

" 



I ( { 

CODE JOB STATION DATE TIffR Dl:;P~H PC UT' MSD TYPF: FP.FC] 
------- TrOD ,],[;S :r: j: 7.; rT, PHI, C-) Zi, f, 

111982 17G31 Cil-If 73/05/29 15:55 7'? • 0, 6·G.5 fro.o GRAR NO lC) Rli n.s:; G 0, '100 'J 0 () 0 0 0 0 0 E~ r 

17191 17631 ell-If 73/05/19 17:25 7rl.O 0'6.5 irO.O GRAll NO in 0 1.1? 7 (j.OOO f).OOO 0.0:(( 

21191 17632 Cil-If 73/07/30 12: If 0 1'8.0 G·!).5· S·O.O GRAB NO 17 110 0.3S f) 0.000 1).0:0 1.1 0.60,[-

2 3 1P:' '1 17631 CN-I+ 73/03/22 10:30 7'8.0' 61).5 so.O GRAB ,.,0 10 16 0 0 52 9 0.171. 0. Olf '1 o. On( 

27689 17032 Cn-if 73/10/03 11H 20 7f.l • 0, 66.5 R·O.O GRAll gO :<8 3?5 0.40 1 "' 0.000 f)oOOO O. () () f - , 

29893 17G31 eN-if 73/10/24 H: 10 78.0, GT).5 rro.o GRAB l!O n 67 0.F)7 DO ').025 ',J. 000 O.07C 

33287 17f)31 CH-I+ 73/11/27 9:40 78.0, 6"f).5 R'O.O GRAn 110 15 114 0.50 111 0.000 '0.000 0.03: 

3,09 17531 CH-I+ 74/01/03 12:20 78.0' 0·G.5 flO.O GRAF NO 1,1 12() 0.4-:' 10 "r). :J £) 0 O. 0,1 3 'Ooo,c: 

CODr: JOil ST11TIOll DATF; TZlfE Di!.'PTH J'C f.;'l' NSf) TYPE FER() 
------- AJ,J: F/iT?,!l ,.,,-) 

_1 

1 JI9 8 ::> 1 7631 C if - 1+ 73i05/29 15:55 7'8.0 6'6.5 8'0.0 GRAD MO, JI'3.0 000 0.12 

17191 17fi31 CJl-4 73/06/19 17:25 7"8.0 G·G.5 rro.o GRAD NO 4P.0 '0.0 0.10 

21191 17632 Cll-I+ 73/07/30 12:40 78.0 S'6.5 !3'(). a GRAB NO 57.0 0.0 O.lg 

23 1189 17631 CH-4 73/08/22 10:30 7·P,.0, G"G.5 fH).O GRAll !fO 1)2.0 000 0.15 

27689 17632 CH-4 73/10/03 11~:20 7'8.0' S'S.5 fro. ° GRAR ltD 58.0 0.0 '0.08 

29fl"93, 17631 CIl-1+ 73/10/21+ 14:10 7'8.0, G'!). 5 fro.o, GRAB NO 59.0 0.0 0.15 

33287 17631 Cll-4 73./11/27 9: 40 78.0 6'6.5, fro.o GRAB no 55.0 0.1 0.03 

309 17631 Cl{-4 74/01/03 12: 20 1'fl. 0 6"6.5 8"0.0 GRA.'R NO 1~'4 0 0 0.0 0.14 

CODF: Jail STA'l'IOll DATE TIUE DEPTH TC UP NSD TYPE FRRP ------- 'Ins CI, 804 :rIWJJ N03N :rCOD T 

1'1982 17631 Cll";'4 73/05/29 15:55 78.0, n·r,.5 8'0.0 ORAl? NO 105 6 12 1 0.45 19 55.00 

17191 17631 CH-4 73/06/19 17:25 78.0' G·!;.5, 8'0.0 GI?AB 1-10 105 7 16 4 '0.79 18 70.20 

21191 17632 CIl-4 73/07/30 12:40 7'fl • 0, n·6.5 8'0.0 GRAR NO 185 0 11 1 '0.21 17 

23489 17631 Cll-4 73/0B/22 10:30 78.0, (i'1?5 fro.o GHAR t!O 1 7 5 9 14 1 '0.55 10 

27689 17632 Cll-4 73/10/03 14:20 78.0, 6'6.5, 11'0.0 ORAB NO 341) 17 20 2 "0. 53 28 71.40 

29893 17631 CH-4 73/10/21J. I t':l0 78.0, 6"6.5 80.0 ORAR no [130 uo 38 2 '0.40 22 73.00 

33287 17631 CH-4 73/11/27 9:40 78.0' 6'6.5 fl"O.O GRAR Ito 155 18 28 1 '(). 75 15 47.30 

309 17631 CH-4 74/01/03 12:20 78.0, 6'6.5 fro.o GRAR itO lR5 10 33 1 '0.84 11 

CODF: JOB STATION DATE TINE DEPTH TC IfP l1SD TYPE FRE(] 
------- PTT TVD 15 

14982 17631 CIl-4 73/05/29 15:55 78.0, 15'6.5 8'0.0 GRAB 1-10 70n 35 1'10 

17191 17631 CH-4 73/08/19 17:25 78.0, 6'6.5 1l"0.0 GnAT! lIO '7.1 15 105 

21191 17632 CIl-4 73/07/30 12:40 7'8.0 G·0.5, fro.o GRAR 11{l 7.7 7.5 2'15 

23489 17631 CIl-4 73/08/22 10:30 7'8.0, 6"6.5, ro.o GRAB NO 7.8 55 19o 
27689 17632 CH-4 73/10/03 14:20 7'8.0 1)'6.5, rro.o GRAB NO 7.7 570 f)f,5 

29893 17631 CH-4 73/10/24 111: 10 78.0, n'6.5' rro.o ORAB j,ro '7 00 130 5flO 

33287 17631 C!I-4 73/11/27 9:40 78.0, 6'6.5 8'(').0 GRAR 110 hog 18 ~" ? I') 

309 17631 CH-4 74/01/03 12:20 78.0, 6'6.5 \10.0 GRAil r!o 7.11 70 305 

~ 



CODE J08 STATION DATE TIME DEPTH TC MP MSD TYPE FREQ TCOD TSS TKN CL PHL CR Zf\ 

14981 17631 CH-5 73/05/29 16:05 1.0 66.5 25.0 GRAB MO 6 21 fj.6C 5 r.~cr r.rOt \~.O20 

17191 17031 CH-S 73/06/19 17:30 1. (l 66.5 25.' GRAB MO 21 I) 1.19 6 O.c,('( G.';cr ".('8(' 

21190 11631 CH-S 73/07/30 13 :05 1. Ci 66.5 25.;') GRAB MO 7 14 ~;.4!j lC O.Cr5 C .(, 8 7 0. 3C '= 

23488 17631 CH-5 73/(.8/22 10 :50 1.0 66.5 25.r:> GRAB /.10 14 7 (;.34 If 0.177 r .00(, o. t~r'f: 
27b88 17631 CH-5 B/10/03 IS:10 1.0 66.5 25.:1 MO 9 17 0.30 22 ',.ref: r. r ('( ".ll,,\) 
2Clan 17631 CH-S 73/10/24 13:45 1. (J 66.5 25.0 GP.AB MO 26 19 r;.45 114 0.0('5 r.flCr ('l.r)6~ 

33291 17631 CH-S 73/11127 9:15 1.0 66.5 30.0 GRAB MO 9 8 CI.M' 22 ('l.cos r • r, or o. f) 82 

310 17631 CH-5 74/r)lIC3 12:40 1.0 66.5 25.0 GRAB 1010 16 60 0.16 12 O.2cr C.G 11 0.('26 

CODE JOB STATIO"'l DATE TIME DEPTH Te MP MSD TYPE FREQ AlK NH3N TP 

14981 17631 CH-5 73/0s/"r:; 16 :05 1.G 66.5 25.1) GRAB MO 43.0 0.0 iJ.()4 

17190 17631 CH-S 13/06/19 17 :30 1.0 66.5 25.J GRAB MO 46.(} . r'.1 0. ('19 

211911 11031 CH-S 73/rnl3t) 13:05 1.0 66.5 25.0 GRAB MO 56.0 o.c 0.11 
23488 17631 CH-5 73/08/22 lt :so 1. ('I 66.5 25.il GRAB MO 59.0 0.0 0.1:: 9 
27688 17631 CH-S 73/lC/C3 15:10 1.0 66.5 25.0 MO 49.0 ').<' o.r. 8 
29892 17631 CH-S 73/10/24 13:45 1. C 66.5 25.0 GRAB MO 58.0 0.0 o.e: "7 

33291 17631 CH- 5 73/11/27 9:15 l.t) 66.5 30.0 GRAB MO 57.0 n.o 0.24 
31) 17631 CH-S 74/01/03 12 :40 l.t: 66.5 25.0 GRAB MO 45.~ 0.0 o.na 

CODE JOB STATION DATE TI ME DE PTH TC MP MSD TYPE FREQ TOS CL S04 BOD NON TCCD T 

149al 17631 CH-5 73/05129 16:05 1. C 66.S 25.() GRAd MO 105 5 12 1 0.30 6 55.(\1) 

17190 17631 CH-5 73/06/19 17:30 I.e 66.5 25. n GRAB MO 125 6 17 4 r.74 21 71.80 

21190 17631 CH-5 73/07130 13:05 1.0 66.5 25.0 GRAB MO 190 lei 17 1 0.1<; 7 

23488 17631 CH-5 73/08/22 1(::SO 1.('1 66.S 25.:> GRAB MO 200 10 16 1 0.52 14 

27688 17631 CH-5 73/10/(13 15:10 1.G 66.5 25.0 MO 610 22 19 1 0.43 9 72.00 

29892 17631 CH-5 73/10/24 13-:45 1.1! 66.5 25.J GRA8 MO 315 114 32 3 r.39 26 72.50 

33291 17631 CH-5 13/11/27 9:1S I.e 66.5 30.0 GRAB MO 110 22 2S 1 D.16 9 41.30 

310 17631 CH-S 74/01103 12 :40 1.0 66.5 25.0 GRAB MO 70 12 20 2 0.55 16 

CODE JOB STATION DATE TIME DEPTH Te MP MSD TYPE FREQ PH TI/ S TS 

14981 17631 CH-5 73/0S129 16:05 1.0 66.5 25.0 GRAB MO 7.8 10 12 S 

17190 17.631 CH- 5 13106/19 17:30 1.C 66.5 25.0 GRAB MO 7.4 34 12 S 

21190 17631 CH-5 73/07/30 13:05 1.0 66.5 25.0 GRAB MO 7.8 125 205 

23488 17631 CH-S 73/08/22 10:50 1.0 66.5 25.0 GRAB MO 7.8 70 2'..(' 

27688 17631 CH-S 73/10/(,3 15:tO 1.0 66.5 25.0 MO 1.8 540 630 

29892 17631 CH-5 73/10/24 13 :4S 1.0 66.5 25.0 GRAB MO 7.6 69 335 

33291 17631 CH-S 73fll/27 9:15 1.0 66.5 30.0 GRAB MO 6.9 15 lac 
310 17631 CH-5 74/01/03 12:40 1.0 66.S 25.0 GRAB MO 7.8 36 130 



C0TlF JOr: STATIMI 

l!f'HlO 17631 CJl-5 
1 '71R'l 17(>31 CJT-5 
211R9 17631 C1I-5 
nllR7 17fi31 Cil-5 
27f)P.7 17631 C'''-5 
2t1PCJl 17631 CiT-S 
3::l2'10 17631 CiT-S 

311 17631 Cl1-5 

(: () l' r. crOll F-TA'?I(lll 

llf 9 g 0 1 7 631 CH - 5 
17189 17631 C[{-S 
211f\CJ 17G31 CH-5 
23Jlfl7 17631 CF-5 
27687 17631 CH-5 
291)91 17631 eH-S 
33290 17631 CH-5 

311 17631 CH-S 

COTJr: JaR STATIOll 

lJI9PO 17631 C1I-5 
17189 17631 Cll- 5 
21189 17631 Cll-5 
23487 17631 Cl1-5 
27687 17631 CH-5 
29891 17631 C[{-5 
33290 17631 CH-5 

311 17631 CH-5 

corm JOB STATION ---- --- -------

14980 17631 CH-5 
17189 17631 CH-5 
21189 17631 CTl-5 
23487 17631 CH-5 
27687 17631 CH-5 
29891 17631 CII-S 
33290 17631 CH-5 

311 17631 CH-5 

( 

DATE :('IUF. TlFP'!'JI 

73/05/29 
73/0(,/19 
73/07/30 
73/08!?2 
73/10/03 
73/10/21~ 
73/11/27 
74/01/03 

1fi:05 
17:35 
13:00 
10:50 
15: 1n 
13:45 

9:15 
12:4 n 

73.0 
73.0 
73.0 
73.0 
73.n 
73.0 
78.0 
13.0 

PATr: TJTF: iJF:P'lJ{ 

73/05 !?9 
73/06/19 
73/07/30 
73/08/22 
73/10/03 
73/10/24 
73/11 /27 
74/01/03 

16:f)5 
17: 35 
13:f)n 
10:S0 
15:1/'l 
13:45 

C):15 
12:40 

2·3. o· 
23.n 
23.0 
2·3. n 
?3.0 
23.0 
2·8.0 
23.0 

DATE 'l'IVF: DP,PTll 

73/05/29 
73/06/19 
73/07/3/'l 
73/08/22 
73/10/03 
73/10/24 
73/11/27 
74/01/03 

DATE 

73/05/29 
73/06/19 
73/07/30 
73/08/22 
73/10/03 
73/10/24 
73/11/27 
74/01/03 

16:05 
17:35 
13:00 
10:50· 
15:1n 
13~45 

9:15 
12:40 

2·3. o· 
2·3.0 
2·3.0 
2·3.0 
23.0 
23.0 
2·R.O 
2.3 0 0 

TINK PJ;;PTH 

16:05 
17:35 
13:00 
10:50 
15:10 
13: 45 

9:15 
12: 11f) 

2"3.0 
2"3.0 
2·3.0 
2·3.0 
23.0 
23.0 
2·R.O 
2·3.0 

JlC 

'!'C 

'J'C 

'T'C 

MP 

En.5 
fir:,.5 
fi·I).5 
f,!).5 
5·!).5 
6·1).5 
6·n.5 
fir-. 5 

!~P 

(1).5 
8(.5 
FI).5 
r,&;.5 
r,r,.5 
0·6.5 
6Fl.S 
6G.5 

!-'P 

66.5 
6n.5 
66.S 
!Hl.5 
fill.5 
66.5 
6.6 0 5 
6·6.5 

UP 

fi6.5 
11~.5 

611.S 
61).5 
66.5 
~6.5 

66.5 
66.5 

PSD TYPK FRED 

25.0 GRAR [fa 
25.0 GRAB UO 
2·S.0 GRAll MO 
2·5.0 GRAT? }fa 
25 .0 ,.1(1 
2·5.0 GFAR NO 
3f).O GRAil NO 
250 f) GR Ai' l'O 

l1Sil T.YPF: To',Tn::{l 

?"i.O r;RAR 1to 
25.0 GRAR rro 
25.0 GRAll [10 
25.0 eRA T' "10 
~ 5.0 !!n 
2·S.0 ORAR NO 
31).0 ORAR NO 
?5.0 ORAl? MO 

mm TYPE FRr:() 

?5.0 fiRAl? gO 
2·5 • 0 fiR AR NO 
25.0 r;PAR 11() 
2·5.0 GRATI .110 
25.0 rm 
25.0 ORAF NO 
30.0 GRAR NO 
25.0 GRAB 110 

M8D TYPE FRE(] 

25.0 GRAB fifO 
25.0 GRAB NO 
2·5.0 GRAB NO 
2·5.0 GRAR NO 
2·5.0 110 
2·5.0 GRAB NO 
30.0 GRAR NO 
2·5.0 GRAB 110 

'FCO!) 

1? 
1::1 

q 

5 
1.1 
:to 
13 
U 

AT,K 

If6.0 
4 7 .0 
!')S.o 
5'1.0 
sq.(\ 

52.0 
5P.O 
If/I. I) 

'TI!)S 

110 
1?0 
200 
17() 
245 
3<:)5 
235 

flO 

PH 

7.8 
7.4 
7.9 
7.R 
7.9 
7.1 
5.Cl 
7.R 

T.c:n 

21 
1 

2q 
q 

f,6 
21 
22 
7f) 

NP",N 

n.o 
0.1 
O.r) 
0.0 
'1.0 
f).0 
0.0 
f).O 

r:r, 

5 
6 

19 
10 
if, 

151 
19 
12 

TT18 

95 

39 
75 
65 

190 
120 

91 
31 

'J'rtT 

O()5~ 

1. 27 
/'l.:'15 
0.1 7 

f),3f, 
0,78 
() • II '1 
1).00 

,?p 

0.11) 
n.oP 
O.:!.? 
O,OP 
0,11 
0.07 
0.0 7 

o.:!.2 

R04 

12 
if' 
15 
16 
1P. 
35 
27 
23 

TS 

130 
DO 
no 
:tIlO 
305 
415 
255 
1'i0 

cr, 

5 
G 

19 
to 
1[; 

1f'1 
lc:l 
1? 

'lR(lT") 

1 
II 

1 
1 
1 
3 

1 
2 

I'l'!' 

0.000 
0.0(1) 
n.oon 
0.11)5 
0.000 
0.n15 
f).003 
O.lf)O 

TJO::lN 

0.45 
0,76 
0.33 
0.51 
/'l.48 
0.40 
0.71 
0.77 

CR 

o.ooa 
0.000 
0.010 
0.169 
0.000 
o.()OO 
(). 016 
'l.OO!) 

'leOD 

12 
13 

9 
5 

11 
10 
13 
13 

7,H 

0.027 
(l.O':)f) 
0.076 
0.036 
0.013 
0.110 
O. or? 
0.042 

T 

55.00 
70.90 

71.40 
73.00 
~8.20 



CODE JOB STATION DATE TIME DEPTH 'FC MP usn TYPE PREP. 
------- ---- ---- 'lcon TSS J'lCN CL PHL CR ZN 

lj~979 17631 CH-6 73/05/29 16:35 '1.0 6'2.7 45.0 GRAR NO 12 3 0.50 4 D.OOO 0.020 D.012 

17188 17631 Cll-6 73/06/19 17:45 '1.0 6'2.7 4'5.0 GRAR NO 22 3 1.15 6 0.000 0.000 0.070 

21188 17631 CH-6 73/07/30 13:30 '1.0 0'2.7 4'5.0 GRAR MO 4 9 0.40 8 0.000 '0.014 0.000 

234-95 17631 CH-6 73/08/22 10: 10 '1.0 6'2.7 4'5.0 GRAR 110 4 9 0.63 11 0.011 0.000 O. ()14 

27695 17631 CH-6 73/10/03 14:50 '1. o· 1"') ... 7 4'5.0 GRAR NO 11 6 0.35 ?8 0.000 0.000 0.032 

29897 17631 Cll-a 73/10/24 12:00 '1. o· 6'2.7 4'5.0 GRAR [40 5 70 0.45 1f36 0.025 0.000 O.OSO 

33293 17631 Cil-6 73/11/27 8:35 '1.0' 6'2.7 4S .0 GRAR MO 17 17 0. 1,0 20 0.000 0.056 0.002 

312 17631 CH-6 74/01/03 13:00 '1.0 6'2.7· 4'5.0 GRAR 110 6 90 O.OG 10 O.OSO 0.000 0.033 

CODE JOB STATION DATE TINE DEP'J'lI TC UP Msn TYPE FREQ ------- ALK NH8N TP 

14-979 17631 CH-6 73/05/29 16:35 1.0 62.7 45.0 GRAR MO 39.0 0.2 O.O? 
17.188 17631 CH-6 73/06/19 17:45 '1. O· 6'2.7, If·S.O GRAR NO 45.0 0.1 0.10 
21188 17631 CH-6 73/07/30 13:30 '1.0 6'2.7 11'5.0 GRAR MO 55.0 0.0 0.10 
23495 17631 CH-6 73/08/22 10:10 '1.0 6'2.7 4'5.0 GRAR 110 59.0 0.0 0.11 
27695 17631 CIl-6 73/10/03 14:50 1.0 7'2.7 4'5.0 GRAB NO 60.0 0.0 0.09 
29897 17631 CH-6 73/10/24- 12:' 00 '1.0 6'2.7, 45.0 GRAB NO 62.0 1).0 0.06 
33293 17631 CH-6 73/11/27 8:35 '1.0, 6'2.7 4'5.0 GRAB ItO 5A.O 1).0 0.n7 

312 17631 CH-6 74/01/03 13:00 '1.0, 6'2.7 4'5.0 GRAB 140 43.0 1).0 0.09 

·CODc JOB STATION DATE TIME DEPTH TC MP MSD TYP E FREQ TDS Cl S04 T800 NG3N TeeD T 

.. 1'+979. 176~1 CH-6 73/05/29 16 :3!? 1.0 62.1 45.0 GRAB 140 115 4 10 1 0.41 12 55.00 

17188 11631 CH-6 73/06/19 11 :45 1.0 62.7 45.' GRAB MO 120 6 14 4 0.84 22 70.50 

~!188 17631 CH-6 73/07i3Ci 13 :30 1.0 62.7 45.0 GRAB 140 185 8 17 1 0.47 4 

. __ ..2ll.92....U9.3...1.. CH--:6 13108/22 10:10 1.0 ~?.07 45.0 GRAB MO 150 11 15 1 0.48 4 

27695 11631 CH-6 73/10/03 14:50 1.0 12.7 45 .0 GRAB 140 150 28 21 1 0.42 11 73.40 

29897 17631 CH-6 73/10/21t 12:00 1.0 62.7 45 .()GRAB 140 410 166 41 2 0.40 5 11.60 

_~329}n6H .. CH-9 73/11/21 8:35 1.0 62.7 1t5.0 GRAB 140 170 20 28 1 0.15 17 48.20 ... 

312 17631 CH-6 74/01/03 13 :00 1.0 62.7 1t5.0 GRAB 140 150 10 14 1 0.13 6 

_COo.~ ... JOI:} .. ST.ATlON DATE TIME DEPTH TC MP MSD TYPE FREQ PH TVS TS 

14919 11631 CH'-6 73/05/29 16:35 1.0 62.1 45.0 GRAB 140 7.2 55 120 

_-1..7J.~.~ lJ 6U _. ~ti-~ 73/Q6/19 17 :45 I.e 62.7 45.0 GRAB 140 7.4 36 125 

21188 17631 CH-6 73/07/30 13:30 1.0 62.7 45.0 GRAB MO 7.8 64 195 

23495 17631 CH-6 73/08/22 10:10 1.0 62.7 45.0 GRAB MO 7.9 16 16r, 

27695 17631 CH-6 13/10/03 14 :50 1.0 72.7 45.J GR~B 140 1.6 12 160 
-29897' f103i "-CH-6 1'3tl0/24 f2 :00 1.0 62.7 45.0 GRAB MO 7.3 94 480 

33293 17631 CH-6 73/11/21 8:35 1.0 62.7 45.0 GRAB MO 6.9 92 185 

__ . .......llL17_~~ l_ ~..tI.-6 74/01/03 13:QO l·O .~~!,7 45.0 GRAB Mo 7.4 40 240 

..... _ .... - '-~-" .. _-------
:::::::::=::.-.--=- .~::..:: :::.:.:.:.:.::-::::::-=: . .:... .. =:; ~--';'-: . 



CD,'J P. ,T(I TO 8r:'A'?.TMl jJATF: TIl!F: TJPP']'Tr '!'C (1P .'~ST' '!'.YPP: F'RP:C] 
------- ';'CnTJ "'SF) 'J'KTl n Pi! T, CR ZH 

1 1,Q78 1 7 631 Cll-6 73/05/29 16:'35 43.0 ()').7 45.0 GRAR l!n 1R 67 O.Rn 7 1).l)l)a I) • 11-10 1).086 

171A7 1 7 631 CH-6 73/06/1<) 17:50 43.0 f)').7 45.0 CRAR ,lin :n 1.0 1.r. 4 'i 1).001) 0 0020 0.0f)0 

211f17 17631 Cll-G ?"J./07/30 13:40 43.0 02.7 1~5. 0 liRAR Mn 1.3 60 O.::>!) 1n r).045 f).OOO (l.OOI) 

23 1, ()II 1 7 631 CH - fi 73/0R/22 10:1n 43.0 62.7 45.0 G:q AT? l'n q 14 O. :')3 10 0024r 'lo034 0.'175 
2769 1, 17631 Cll-6 ?::l/10/03 14:5n 43.0 72.7 45.0 GRAR 11(1 3F, ?!) n.3n 37 'l.nnl) I)onnl) a, nl)ll 

2CJRSfl 17631 Cll-f) 7:1/10/24 12:()() 43.0 fi2.7 4 C;. 0 CRA? !'(I 13n 03 n,71 27') '1. n 15 1) 0001) 0 00fil) 

33292 17fi31 Cfl-f, 73/11/27 8:35 It 3. n 6'2.7 It 5. n GRAR 11() 1S 32 0.')1) 1R 1).1)!)1 f).ono 0.087 
313 1 7 631 Cl!-f) 74/01/03 13:00 43.(1 R?7 45. n aRA;? YO 1.f) 70 n.nr: :1.1 n.n')o f)oOor 0.1)1'10 

CnTJP J()Jl [;TA?IO!7 TlA'!'F: Tn!E TJII?'!''' mc !'T> ,'em 'fIVPP PPP:(l 
------- AT, iI TJ l' '\," ,.,n 

1 11978 17631 CJl- F, 73/05/29 16:35 It :3. n R::>.7 45.0 GPA!? ;'In It 3.0 (1.1 O.OQ 
1 7 187 1 7 631 Cll-£) 73/06/19 17:50 43.0 6':>.7 45.0 GRAR NO .4fi.O n.l noll 
211R7 17631 Cll-6 73/0 7 /30 13:40 It 3. n f)2. 7 115.0 liRAR N) 55.1) n.n 0.1<; 
23119 11 17f)31 Cll-6 73/0(>'/22 10: 10 43.0 ('.2.7 45.n liRAR 1"0 6LI) 1).0 0.n7 
2 ') n q 't 1 ') 6 3 1 C rr - f) 73/10/03 14:50 43.0 72.7 115.0 GRAR ~1.0· l)7.0 0.0 n. :37 
29A9G 17631 Cli-f> 73/10/24 12:nn 43.0 o?7 IIS.O CPA"R ;'f(l ,)<J.n n.n n. 1'1 
31292 17631 CH-6 73/11/27 8:~5 43.f) 112.7 45. n CRAl< NO SR.O n,n n oo7 

313 17631 CH-6 74/n1/n3 13:()0 43.0 G?.7 IIS.n GHAR ffO 4l~ 0 n n.n o.n5 

CODE JOB 5T AT I ON DATE TIME DEPTH Te MP . MSO. TYPE FREQ TDS Cl S04 TBOD NG3N TCeD T 

14918 17631 CH-6 13/05/29 16:35 43.0 62.1 45.0 GRAB MO 131) 1 12 1 C.45 18 54.00 
17187 17631 CH-6 73/06/19 17 :5D 43.(1 62.7 45.0 GRAB MO 105 5 16 6 0.16 23 69.80 
21181 11631 CH-6 73/01130 13 :40 43.0 62.1 45.0 GRAB MO 160 10 15 1 0.48 13 
23494 17631 CH-6 73/(;8/22 INI0 43.0 62.1 45.0 GRAB MO 180 10 15 1 0.56 9 
27694 17631CH-6 73/10/03 14:50 43.0 72.1 45. (j GRA B MO 130 37 28 1 C.56 36 11.40 
29896 11631 CH-6 73/10/24 12:CO 43.C 62.7 45.0 GRAB 1010 670 275 50 3 0.41 UO 73.40 
33292 17631 CH-6 13/11/27 8:35 43.0 62.7 45.0 GRAB MO 183 18 27 (' G.78 15 48.20 

313 17631 CH-6 74/01/03 13:00 43.(' 62.7 45.J GRAB MO 95 13 20 1 0.70 16 

CODE JOB STATION DATE TIME DEPTH TC MP MSD TYP E FRE Q PH TVS T5 

14978 17631 CH-6 73/05129 16:35 43.(' 62.1 45.0 GRAB MO 6.9 10e 190 
17187 17631 CH-6 73/06/19 17 :50 43.0 62.1 45.0 GRAB MO 7.5 23 115 
21187 17631 CH-6 73/07/30 13:40 43.C 62.7 45.0 GRAB MO 7.8 10C 220 
23494 17631 CH-6 73/08/22 10:10 43.0 62.7 45.0 GRAB MO 7.9 90 . 195 
21694 17631 CH-6 73/10103 14:50 43.0 72.7 45.0 GRAB MO 7.7 44 150 
29896 17631 CH-6 73/10/24 12 :00 43.C 62.7 45.0 GRAB MO 7.0 134 735 
33292 17631 CH-6 73/11127 8:35 43.(' 62.7 45.0 GRAB MO 6.9 55 210 

313 17631 CH-6 74/01/03 13 :CO 43. (l 62.7 45.0 GRAB MO 7.7 43 165 
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APPENDIX VII-D 

STATISTICAL SUMMARIES AND CORRELATIONS 
1973 MONTHLY WATER QUALITY SAMPLING 

ROSETON/DANSKAMMER POINT VICINITY 



I 
I 

I 
! 

,,0 

ALPHABETICAL LISTn'G OF PARMIETERS WITH ·ABBREVIATION 

PARJU·lETERS 

Alkalini ty 

Biochemical oxygen Demand .(Total) 

Biochem1cal OX19en De.JIWid. (Filtered) 

CUJ:)on Dioxide . 

CbelU.cal oxygen Demand (Total) 

Chemical Oxygen Demand (Filtered) 

Cbloride' 

Cblorophyll ... A 

Colifoms: 
Total Colifom. 

Fecal COliform 

Color 

Diuolvec1 OXygen (Lab Measurement) 

Dissolved OXygen (Field Measurement) 

Fluoride 

Nitrogen. 
AIIIIDon1a Nitrogen 

~9anic Nitrogen (Total) , 

'. 

er,anic Nitrogel) (Dissolved/Fil tered) 

Total Xjel4ahl Nitrogen 

Nitr.te 'Nitrogdn 

NttJ:~te Nitrogen (Total)' 

Nitr~te Nitrogen (Filtered) 

Oil , Grease 

pH (Lab Measurement) 

ABBREVIATION 

ALl( 

TBOD 

POOD 

CO2 

'l'COD 

peOD 

C1 ., 
Chla 

Teo1 

FCol • 
o ,Col 

eN 

00 

1'00 

F 

NH3N 

ORGN' 

ORND 

'l'lCN 

N03N 

N02N 

N02F 

OG ,-

pH 

ONITOF 
M~SUP~tE~tT 

, mq/l CaC03 

~g/1 

1IIg'/1 

mg/1 

mg/l 

119/1 

mq/l 

,1I·9/1 

• ~olonies/1OOml 

f Co1onies/100ml 

CJl 

mg/1 

mg/l 

mg/1 

mg/l 

mg/l N 

mg/l N 

1Il9'/1· N 

1119/1 N 

1119/1 N ' 

1D9/1 N 

mg/l N 

II\g/1 

. - ..... 



UNIT OF 
PARAMETERS ABBREIlIATION MEASUR£!.1ENT 

Metals 

Al~inum Al mg/l 

Antimony Sb mq/l 

Arsenic As mg/l 

Barium sa mq/l 

Beryllium Be mg/l 

Cac:1mium Cd mq/l 

Calcium Ca 1ll9'/1 

Chromium Cr 
'I 

mq/l 

CobAlt Co mq/l 

Copper CU 1Il9'/1 

Iron Fe mg/l 

Lead Pb~ mq/l 

Magnesium Mg mg/l 

Manganese Nn mg/l 

Mercury Hg 1119/1 

Molybdenum No mg/l 

Nickel Ni mg/l 

Potassium K mq/l 

Selenium -Se mg/l 

Silicon 5i mg/l 

Silver Ag mg/l 

SOdium Na mg/l. • 

'l'ha.llium '1'1 mg/l 

Tin Sn mg/l 

fitaniUlll '1'i' .mg/1 

• 



PARAMETERS 

(Field Measurement) 

phenols 

Phosphorus: 
Ortho-Phosphate 

Total Phosphorus 

Salinity (Field) 

Settleable Residue 

Solids: 
Total Solids 

Total Dissolved Solids 

Total Volatile Solids 

Total Suspended Solids 

Volatile Suspended Solids 

Specific Conductance: 

(Lab Measurements) 

(Field Measurements) 

Sulfate 

Surfactant 

Temperature 

Total Hardness 

Total Inorganic Carbon (Total) 

Total Inorganic Carbon (Filtered) 

Total Organic Carbon (Total) 

Total Organic Carbon (Filtered) 

Turbidity 

ABBREVIATION 

FpH 

PhI 

OP 

TP 

FSAL 

SetR 

TS 

TDS 

TVS 

TSS 

VSS 

SpC 

FCon 

Sur 

T 

TH 

TTIC 

FTIC 

TTOC 

FTOC 

Tur 

UNIT OF 
MEASUREMENT 

mg/l 

mg/l P 

mg/lp 

ppt 

ml/l/hr 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

~mhos/cm at 250 C 

~mhos/cm at 250 C 

mg/l 

~m/l LAS 

mg/l CaC03 

mg/l 

mg/l 

mg/l 

mg/l 

FTU 



PARAME'l'ERS 

. 
Metals Cont'd. 

Vanadium 

zinc 

• 

UNIT OF 
ABBREVIATION MEASUREMENT 

v 

Zn 

. ., 

mq/l 

mg/l 

-. , 
I , 

I 
I 

T 

r 
T 

T 
I 

T. 
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TABLE VII-D- 2 
CH-1 

SURFACE 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

. 
PARAIIK'J'BR RO. 01' SAJ.IP JlAX HIIf H1:AIf VARIANCE 
reOD • t7.0000 3.00nn 1J.7!'100 19.6~29 rss • '5.0000 1.l'Iono 111.75nl) 17".5000 
rlCJl • "0.6300 0.01)1)0" 1).41SI) 0.0399 
CL "S StI.OOOO 0;.01)01'1 15.5"00 21!> ... 2811 Pllt. • 0.0350 0.01)"0 ".01'191 0.0002 CR" • "0.0350 0.0000 1).0128 0.OnD2 
'R • "0.1020 0.01)1i0 /).011114 o.onne 
A£K • 61.0000 113. Olin 0 53.0000 511.0nno .If,. "8 0.2000 0.0/)00 0.0315 0.on55 

"rP 8 0.0900 0.0200 0.0625 0.0007 

CORR8t.ArIOU HA'J'RIX I'OLLOWS: 

rCOD 'tSS rlCtt 
rCOD 1.000 

Ct. PilL CP- U 

rss ~0.~22 1.000 
rKlf "0.311 0.1136 1.000 
Ct. ·0.226 0.116 0.011'7 1.l)nl) 
Pllt. ~O.113 ·0.010 "0.211 0.733 1.000 
CR "0.109 O. SAl 0.52'1 ·0.3112 "0.1553 1.000 IR "0.049 0.031 ·"0.121 1).1?? 0.OS4 0.340 1.0nn 
AU "0.302 ~0.~16 "0.4113 1).475 0.5"18 "0.821 0.010 
• 11311 ·O.1Ifl 0.323 0.~61\ ·0.31)7 "0.~n3 0.624 "0.297 rp ~0.068 ·n.021 ·0. 1 cHI ·0.2811 "0.0113 ·0.478 ·0.523 

PARAlllf'J'ltR '0. 01' SAHP UAX HZ. nAil rARIAttClf 

rD. 8 210.0000 75.00no 1"0.6250 1710.2619 
et. • 50./)000 6.01)"" 15.5"00 215.112811 60_ I 28.0000 12.01)"0 11l.6250 37."107 
tBOD • 2.1)01)0 0.0""0 1.1?0;0 1).1I1n7 
603. • 0.1600 0.2700 0.sn1l3 0.0375 
'1eOD • 17.00(10 :\.0"110 1I.70;no 19.6'+29 
'I S 71.6000 1111.,+1)1)0 62.91;1)0 1'+2.9211C1 
PR • 7.ilooo "1i.9"1)0 7.5250 1).0879 
'lVS • ao.oc"o 15.M"O "~.1250 5'75.1196'+ 
'IS • 235.0000 10"5.01)00 16/).OClOO 1357.11129 

eORR8£A~IOR ",ATRIX POt-LOW/I: 

'If'S CL S04 tBOD 1I031f rCOD 
'IDS 1.onn 
ell 0.727" 1.000 

"so. 0.653 1).738 1.0(1) 
tBOD ·0.650 -0.251 "1).511"1 1.0(1) 
'03" ~0.615 ·-n.195 "0.0711 (1.2511 1.(01) reDO -0.100 ·0.226 -0.215 ·0.23'1 "".2 .. 11 1.00n 
'I "0.169 0.310 -0.09" /).?33 "0.2"11 "0.453 1.0"0 
PR "0.101 "0.378 ·0.77 .. 0."32 -n.5116 0.0"9 1).51111 
'IVS "0.1690 0.199 "'0.025 ·0.15"1 "0.M9 -0.07"1 ".It"l8 
'IS "0.760 "0.875 0.685 ~0.363 -0.IU9 ·0.tt2" 0.1"6 

SrD. M:V. 

~.~320 

27.11298" 
0.19"17 

14.6775 
0.0131 
0.011t1t 
0.0279 
7."1I~3 
0.07 .... 
0.0260 

AU 611311 'J'p 

1.01)1) 
·0.1 .... 1.000 

0.1113 ·0.11211 1.000 

srD. DEr. 

111.3554 
1".11175 

6.111111 
0.5"(1"1 
0.1935 
..... 3'(1 

11."I5'S? 
n.291111 

2 ... 01 .. 5 
311.839 .. 

PII 'tVS ~S 

1.0nn 
0.4117 1.000 

"0.215 0.$"0 1.000 



TABLE VII';"D-3 
CH-1 

BOl"1'CM 
~ 29, 1973 THROUGH JANUARY 3, 1974 
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TABLE VII-D-4 
CH-2 

SURFACE 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

lIAPAIIP'j'r,P 

~r.nl' 
'tt:S 

'I"" CT, 
l'R£ 
cn 
11' 
AT.iC 
III111f 
'11' 

Nn. 01' t:AUP 

8 
a 
II 

" II 
II 

~ I 
II 

" It. 

f.'AX 

25.11/1111'1 
7n.llnnn 
n.pctlln 

117.1'11'11'111 
n.nsnn 
0.11241'1 

. l'I.s .... n 
SII.nnnn 
n.l"nll 
0.12110 

CORRlfT.A'!IO.7 IrA'1'P.IX pnLr.nl/~: 

'tCO!) 
'ISS 
'tKlI 
C£ 
linT. 
cn 
zn 
A£/c 
""3" 'tI' 

.PARAIIS'IBIt 

rD6 
cr. 
80_ 
rSOD 
.03n 
rCOD , 
Pit 
'tV6 
rs 

fCOll 

S.l'Il'1n 
-U."Ii" 

1'1.7'" 
O."~" 

-n.II'1IJ 
-1'1.1711 

o.SCu) 
0.237 

-n.32Q 
-1'1.:'3' 

110. OF SAUl' 

• • • • • • 5 
8 
8 

• 

'ISS 'tIC" 

s.nnn 
-n.22!; 
-".'-12 ". It.,,. 
n."!!7 

-".12:1 

1.nnn 
1'1.2711 

-f).4"! 

-".6115 
I'I.I'I\P 
n.12p. 

I).'"" 
('l.II!!" 

-1'I.nqn 
n."q! 

-n.!l12 

liAr 

210.0000 
.'.0000 
21.001'10 
".0000 
'0.7700 

25.0000 
72.1'101'10 

7.80nl) 
95.001'10 

215.001'10 

CDRRBLA'tIOll UA'IRIX 'OLLOIIS: 

nlS 
Cr. 
so .. 
rSOD '0,,, 
reDD , 

. I'll 
tvS 
'8 

'fD8 
·S.OOO 
'0.659 
0.18'

·0.5 .. 5 
"'0.258 
'0.182 

·0.196 
·0.2,,5 
'0.612 
'0.196 

CL 

1.000 
'''.79'' 
0.0·26 

-0.21'11 
·0.n7 
'1'1.325 

-0.1511 
0."39 
0.526 

so .. 

1.001) 
-0.2'" 

1'1.1011 
0.3911 
'0.01 7 

-0"611 
'1'1.37" 
O.51ct 

",,, 
~.nnnll 

1.1'11)'1'1 
'1.10;111) 
II.·nnnn 
n.nonn 
n ;nnnn 
n./'IlInn 

11.'~'In 
:!".1I2o;O 

11."'''0; 
l~.nn/)n 

/).nl?S 
lI.nnl'n 
n.nr;l' 

1f'!.H'11 
.. ''7.,-~r;1I 

o.np,1I 
lqq .... 'PII 

n.!Hlnl 
A.(lAOl 
'1.nn,!! 

IIn.lln'ln 
n.nnnn 
n.n,no 

o;".p.7~n 
n.n?~n 

0.0P.7S 

.. '7.!I~'fi 
1'1.1'11'121 
0.1'1010 

C£ 

1.nnn 
n.!',n 

-1'1.11'17 
n."nn. 
o.o;nq 

-n."?? 
-n.?!lo 

95.0n1'l0 
· ... O"f'I/I 

11'1.00110 
1'1.00110 
1).3""1) 
3.0·n/)1'I 

"".2/)1)1'1 
11.901)0 

25.001)0 
un. On 1'11'1 

.,.,ROD 

1.1'10" 
0.12" 
0."25 
0.822 
·1'I.09et 

-0,"62 
-0.511 

1'11£ 

1./)1'1" 
n.nq, 

CR III 

-n.2?" 
-n ... ~A 

n ... ~~ 
".,,'\1 

1.1'1111'1 
".1"? 

-1l.24!1 

II.""''' .-n.",!! 

1.nll" 
-n.n2A 

".10;1; 
-1I.l"!! 

KKATI 

158.1250 
15.0000 
18.251)0 

I.S000 
1).5525 

11.2500 
63 ..... 1'10 
7.5375 

81;.2500 
18:\.1250 

1103" rcoTl 

'1.000 
·0.130 
-0.278 
-0.767 

1.001'1 
0.386 

-0.1 .. 6 
-0.211 -0.291 
"0.0 1)1 -0.032 

VARIAttc~ 

111'711.1250 
189."286 
"1.071" 

1."286 
0.0315 

4't.3571 
131.1"80 

0.0913 
1i67.9286 

211)1\.6QIl" 

1.000 
0."11 
0.179 

-".322 

S'I'.'l.. FIFo". 

'1.112!111 
~tI.II""1I 

11.211'11 
1,."e" 

0.017/) 
n.l'ln"l1 
n.no;", 
fi.pq~q 

11.1141;, 
0.11315 

1.nnn 
-n.,r;" 
-".n",-

S1'TI. IIlfV. 

"3.3373 
13.7633 

6.11081 
1.1952 
n.l"" 
7.0255 

11. "520 
0.31'121 

2S.8443 
"S.89A8 

PH '.!VS 

1.01)1) 
lI.letl 

-0.2"7 
1.000 
0.735 

1 

~ 
; 

I 

TP 

t.oon 

'l'S 

1.000 



'fABlE VII-D-5 
CH-3 

SURFACE 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

,.,J..- • ~ •.•• - .~- ... ':" -~'-""'-""-~-~~~'--"-'-- .- . . . -- .'.~ .• ._ ........ - .- :::~ 

PdAltn8R 110. 01 SAHI' lIAr HIli inA. VARIANCE srD. IIEV. 

'leOD • 2"0.0000 ~.Ol)nn 11.5noo 23.n29 ~.8107 
1'88 • 70.0000 9.00~0 2'+.3750 372.8393 1!1.3090 
'Ix. • ·1.31no 0.2300 0.11350 n.1363 0.3691 

, ct. • 93.0000 5.0000 20.7';00 1172.7851 29.5~29 

Plft. 8 '0.1110 '0.00(10 0.0270 0.0015 0.0393 
eR • '0.0180 ·n.onon 0.on66 n.oOOl 0.0091 
111 8 0.1900 o.oono n.070_ 0.n0311 0.0616 
AU 8 51.00no ,+'3. on!)!) 53.0000 '+9.1'+29 7.nl02 
'1f3' e '0.1000 ·o.oono 1).0251) 0.0021 0.04113 

" I '0.1100 0.(51)0 0.0153 o.ono .. 0.0200 

cO"~lJ.rIOIf IIA'lRIX FOr.LOJlS: 

reOD 'ISS rXN Cr. PHI. CIf Ilf AU IIR3N 'lP 
rCOD 1.000 

I 'ISS ·0.39 .. 1.000 
I 'Kil '0.156 ·0.051 '1.000 

CL "0.138 "0.oe9 '0.253 1.000 
PHI. "0.240 0.303 "0.3119 0.01" 1.0no 
CR "o.:uo 0.3'+n 0.232 ·0.321 -0.231 1.ono 
an "0.34'12 "0.225 0.134 O.n13 "0.570 0.4Ql 1.0no 
AU "0.155 ·0.602 -'0.3113 '0. 311~ ·n.372 -0.1119 . -0.126 1.000 

""'6 '0.257 0.547 0.57 7 "0.235 -a.03l 0.734 -0.069 -a.748 1.nna 
1'1' '0.097 '0.019 0.189 "0.230 '1).222 1).719 0.1111 -0.255 0.5110 1.000 

--1 PdAltHER '0. OF SAf.11' IIAX un IIBAII VAIlIANCE S'J'D. DEV. 

fiJS I 28'5.0000 8n.OOM 179.3750 53211.5536 72. -USC!S 
C£ • 9'3.0000 5. onno 21).15no 1172.7857 2!1.~1I2q 

80"- I 3'1.0000 12.00no 19.1250 '+!I.2619 6.7281 
DO" • · ... 0000 ·o.onnn 1.6250 1.~ln7 1.1877 .03' I '11.1900 0.2900 0.5US 0.11312 0.1165 
rCOD I 2'n.oono ·'+.onoll 11. sooo 23.1r.2Q ".11101 
r 5 71.60110 ,+'11.20 on 6:l.2000 11A.5f100 10.gA9" 
I'll • '1.80no ·6.q,,00 7.5000 0.0110'0 0.2828 
rV! ,. 18·s.oono I'll • a (l(l 0 79.2S(l0 2R71.(l71r. S3.!\1I2~ 

'18 I 30'S.00no 13'(1 ;0000 203.7500 390!;.3511 62.11929 

~OaR.r.ArIon MATRIX FOLLOVS: 

'IDS CL so~ !'BOll "OU 'lCOD Plf rvs rs 
f'DS 1.000 
cr, '0.&1,. 1.000 
601t '0.581 0.802 1.00" 
flOD "0.4'+0 '0.0112 -'0.315 1.000 
.OU "0."10 -0.295 o.o"q '0.271 '1.000 
'leoti "0.172 "0.138 -0.121; O.!il~ 0.67S 1.ono 
f ·0 ..... 5 '0 •. 376 0.030 0.532 "0.3n9 0.071 1.0no 
I'll '0.298 0.04" "0.383 0.128 -'0.609 -0.31\7 0.871 1.000 
n. '0.599 "0.162 -0.11111 -'0,"92 -'0.314 O.03A 0.228 0."0'+ 1.000 
f. '0.911' '0.688 '0.6311 -o.,.,n -'0.1179 -0.309 0."27 0.3'+3 0.531 1.000 

'.~ 
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TABLE VII-D-6 
CH-3 

BOTTOM 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

PAlfAI1R1WR RO. OF SAIlP 11M III. ImA" VARIANCE 

~CDD • 12.oono '7.0/)"0 711.2500 3'JII.Sl)0" 
ns • 2_0.001)0 111.0MO 102.1'50 13112.1250 
~lCII 8 '2.11700 /).331)1) 1).11125 11."116" 
Cr. 8 150.00no 6...ol)no 28.8150 2"1".696" 
PHr. • '0.1770 ·o.o/)no 0.0380 n.0043 
C1I 8 '0.0330 11.01)1)1) 0.01)13 0.01)02 

'" a ·0.20no 11.01)1)0 0.01104 0.00117 
A" •• 5.'1.00110 "~.OI)Ol) 5'2.1500 _8.7851 
•• 311 .- '0.10110 '11.0/)110 1).0375 0.on21 
ft' 8 '0.11000 O.OISI)O 0.2.38 /).0371 

CDRBE£ArIOR HAfRIXPOLLOUSI 

'rCOD rss rl:R CL PIlL CR %If 
rcop '1.000 
rss 0.825 1.000 
riCiI '0.828 '0."58 1.00/) 
CL 0._38 '0.606 "0.11 .. 1.000 
pn ·0.2011 ·0.016 "0.233 "0.1_3 '1.000 
Cit ·0.121 '0.096 -0.015 "1).257 0.0'" 1.0110 
IN ·0.891 '''.656 0.17'7 0.331 -0.222 "o.Otl) 1.0nn 
A£1C -0.2111 -0.291) "0.391 '0.1119 0.035 "0.851 -1>.219 
'R3" ·0.3311 /).1f32 0.""1) -1).33~ 1).013 1).0611 1).1 .. 5 
rp '0.'73 0.858 '0.787 0.1129 -0.075 "0.185 0.181 

PARAtlR'11rR 110. OF SAUl' MAX NI. IIBAN VARIANCE 

OS • _2'5.0001) 30.00/)0 21'11.3750 19989.8393 
C£ It lS0.0000 6.001)/) 2".8751) 2 .. 1· ... 696 .. 
HIt • 52.0000 11.001)0 1".8750 5".1250 
rSOD 8 's.onoo 1I.0nl)l) 1.751)11 2.5noo 
.cI3B 8 1.501)0 1).371111 /).66118 0.1358 
rcop 8 11'2.001)1) 7.00110 211.25111) 3911.51)1)0 , 5 71.11000 1f1l.2/)/)1I 113.1200 117.1120 
PH • 7.9000 6.(1)1)1) '1.$1100 0.1171 
fV8 • no. 00110 2'1.0(11)1) 11 ... 151)0 13I1R".21 .. 3 
1'8 • &ss.oono 200.01)"0 319.31sn 25195.'1821 

COR •• £A~ION MArRIX FOLLO~S: 

'rDS CL SO .. f'BOI' 1103" rcop 'I 
rD8 1.000 
cr. ·o.eo .. 1.000 
so .. ·0.6"6 '0.169 1.000 
f'BOD -0.1_5 '0.270 "0.163 1.001) 
110,. "'0.1155 -1).321 "1).361) 0.619 '1.0110 
f'CDD -0.075 '0.1139 "0.031 ·0.Q .. 2 ·0.62A 1.nl)1I 
f' ·0."7" '0.1105 '0.0111 n.65~ n.063 0."8'1 1.01)0 
PR "'0.331. "'0.509 "'0.801) "0".05:] -0.152 -0.3n6 11.320 
"8 0.7.7 '0.012 '0.229 -0.301 "0.335 -0.""7 0.3'12 
1'8 ·0.853 '0.860 ·0.71S 0.281 "0.2110 0.36" 0.Sq7 

S~D. I'EV. 

U.!!123 
85.q193 
n.891" 

4'1.13QS 
n.0656 
11.1)136 
0.068_ 
6.98117 
0.0511t 
n.1925 

ALI: 

1.0110 
"0. If II II 
-0.lA5 

S1'D. I'7.V. 

1"1.3819 
119.1396 

7.3571) 
1.5811 
0.36115 

19.9123 
11).8219 
0.3"23 

116.9795 
158.732" 

Pit 

1.01)0 
11.113;' 

-0.IIS9 

.R38 

1.1)00 
0.11_3 

'/VS 

1.0nO 
0._e8 

( k \ 
, .. 

rp 

1.000 

'IS 

1.000 

'~ 

1 
I 

I 
1 



TABLE VII-D-7 
CH-4 

SURFACE 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

l'ARAifi':'1'r.R 110. OF SAlfP MAX If)" "' •• /1" 

re011 8 16.0000 ~.1l1l1l0 q.7~nn 

'tss " 55.onoo l.nnnn 12.2~no 

rieN 8 O.R2no n.l"nn n.3<1';1 
CT. 8 114.0000 ... nl)nn 21.2~or) 

PilL 8 0.21110 n.nMlo 1').0~<11 

en I! 0.118S0 n.ol)no n. 0 15 5 
zn II n,/)710 O.nnnn 1).1)13!; 
AU 8 51,0000 43.nnoo 5'l.0000 

'''311 8 0.1000 n.onoo n,n2~n 

11' II o,lIlon o,05no 0,1750 

CORRF.LA7.IOH UA~RIX POLLOllt1: 

rcaD TSS 11:N Ct PTfL Clf 

rCOD 1.00n 
'1'SS -0.652 1.(1)1) 
'l1:11 0,""" -0.2"5 1. 000 
CL 0.341 -0.'59 -1).171 1.1)111) 
PilL -n,215 n,374 -I). SOt -O.tll! 1.(1)n 
eR -0."1I1i n.1114 -n.39" -0.'1" n.Q~7 1.tllln 

IT' 0.62'+ -0.203 n .01R O.f; 14 -O,'1"i -0.26<1 
ALl: 0.011 -n.498 -n.li'l1) 0.15' n.l'!" 0.'4!; 

""311 -n.o:l2 n.572 0.3'!!; -"'.:'47 0.12'+ O.nRlI 
'1'1' 1).173 -0.103 -0.11" -0.121 -0.161 -0.111; 

PA,RA11P.TF:Jl 170. OP SA;'!P /lAX H.'" HP.AfI 

111S II 3so."ono '1n.llnnl) l<1n.3751) 
CL a 11'+.nOOO ... nl)no 21.2511n 
SO .. II 33.onno 11.ol)nn 1<l.1\?~0 

'l"O(l II 4.1)01l/) n.nnol1 1.37~0 

1M3" 7 0./;'1110 n.,7110 I).~7:>'l 

'ICaD 8 11i.OOOO 1.I)I)nll '1.7~nn 

'1' S 72.3000 ,+7.3I1nn ~; '1. (, 4"" 
PH 8 7."Inno 1I.'!llnn 7.~7~1) 

ns II 2:l.0.I)Ono ?. MHH' !In.,,,,nll 
'1'S II 350.00no 10n.lll)ot) ?'1'.7~I)11 

COtfR 1I!LM'Inn l'A~ilTX FOX;X;Ollt1: 

I'D!: ex; SO~ 'l'Mn lin3N '!'con 

'1'DS 1.00n 
er- 0.737 1.1)00 
S(14' 0.S'!7 0.751 t.OOO 
'IDOD -0.216 0.157 -0.1311 1. nOli 
"03B -0.2";9 -0.157 n.,+72 -0.'\2'1 1.1)'10 
'lCOD n.llin n.''+l 0.13:? /).5211 n.I)lS 1.non 
'1' 0.211 n.'!7B o.n~ .. /'j."11 O,7!1'7 1'\.1~n 

PR -0.2'14 -O.lfi~ -O.Fif.~ 0.11" -0,745 -0.317 
'1'VS O.70'.i 0.115 O.lS'l -O.SI)' -O.l~' -0.?71 
18 0.'1115 n.732 0.61i2 -0.:!'12 -O.lfil) 0.n3'1 

, Itr. J It" t~ 1"1 o.J.' II. Vf1I" • 

23.011'+ 4.Rn33 1 3n".:1~71 17 .S11!; 
0.nS74 0.2396 

1 111\1.t;42Q j6.QI)0" -
n./HOS 0.10:'!'1 
n.nn09 0.0297 i 
n.0/)06 0.0251 • 

50.8571 7.1314 1 
0,00:21 0.n4!;1 
n.nS63 0.2571; 

1.11 A x; 1: 1111'" ,!,p 

l.nno 
0.080 l.oon 

-n.1:IR -0.6'+'1 1.nnn 
n,51i6 0.2211 -0.2111 1.000 

VA RIA "cP. S7'['I. ['IP.V. 

'l1~2.5S'F; '15.721' 
l'l\l.Ii~?'I :lA.'Inn4 

5'1.'1"21 7.74'+R 
1.41117 1.lR7 7 
n.0251 0.lS~4 

".0714 ~.Rn1~ 

1~7.~1'I) 11. 72~"1 
0.11)50 n.:1:>~11 

~<lf\n.II'i71 112.'1151 
1<1?n.7n~7 11'1.11325 

l' PF rvs '1'S 

-~ 

1.nt)0 
n.50A 1.0no 
o.nSl -1).1il? l.onn 
0,1112 -0,311\ 0.7:11 1.01)" 

I 

~ 
i~ 

; 



,v 
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TABLE VII-D-8 
CH-4 

MID-DEPTH 
MAY 29, 1973 'lHROUGH JANUARY 3, 1974 

PIJlAHK~rR 110. OF SAlfP NAZ HIR HEAD 

~COD ., 1"7.0000 9.00nO 12.5714 rss 1 70.00(10 4.00no 24.5714 
:XU ., '1.1300 0.30('10 0.63a6 
Cr. ., 119.0000 6.00(10 26.5714 
P8l. , '0.22"0 '1'.001'0 0.0437 
Cit ., '0.0330 '1'.0000 (1.0143 
In ., '0.0900 ·o.oono 0.0331 
AU 1· "0.0000 44.0000 54.0000 
.R311 ., '0.2000 '0.0000 0.0296 
fP ., '0.2500 '0.0400 0.1096 

COR~~£ArrO" ltA:'RIX FOLL011S: 

rCOD rss riC" cr, PIfL CR 

reOD 1.000 
rss "0.116 '1.000 
nil '0.611 "0.442 '1.000 
cr. '0.206 '0.101 "'0.1~3 1.0no 
PHl. "0.516 "'0.130 "'0.012 -0.113 '1.000 
CIt '0.166 0.190 '0.495 ·0.475 -0.466 1.01)0 
111 '0.518 '0.311 '0.041 '0.913 -0.216 ·0. 0~2 
AU -0.355 "'0.560 ·0.4 .. 4 .'0.2 .. 9 0.143 ·0.643 . 
'R3N ·0.241 '0. B6B ·0.2311 ·0.151 0.0311 1).149 
IP ·0.362 0.7·29 ·0.15 .. "'0.337 0.117 0.181 

PARAlIn8R NO. OF SAUl' IIAX }!III ImAJr 

fDS ., sso.oooo S·O.OIlOO 147.11'>71 
Cr, 1 119.00no 6.0000 26.5714 .0_ ., 31.0000 1· ... 00no 21'J."2P.6 
nOD 7 '5.0000 1.1'10(10 1.RS71 
1I0aR ., '0.""00 '".29(1) "~SI)71 
rCOD ., 1'7.0000 q.OOOO 12.5114 
f' If· 72.5000 47.31)110 6S.112SIl 
PR ., "1.9000 fI.90011 1.4857 
rvs 7 lro.OOOo 11.(1)00 911.1 .. 29 
n , 38"0.0000 130.0000 223.0000 

eORRrt.A'liOfl HA'IRIX POLLOffSI 

'IDS CL S04 ,."011 11038 'rCOD 

fDS 1.000 
Cr. '0.745 1.000 
.Olf 0.114 '0.764 '1.000 
~BOD '0.014 '0.265 0.05~ 1.000 
.OSII -0.599 ·0.362 '0.0"" '0.1911. '1.000 
rCOD '0.113 0.206 0.l8A '0.157 1).339 1.000 , '0.049 '0.325 ·0.360 0.495 ·0.588 -0.251 
PR "0.322 ·0.416 "0.81)9 -0.154 ·0.454 ·0.630 

"8 0.741 0.167 0.300 "0.1111 ·0.535 ·0.:145 
fS 0.971 '0.&22 '0.781 -0.(71) ·0.559 o.on 

VAPIANCE 8'1'D. DEV. 

'11.2951 2.9185 
53'2.6190 :2'3.0185 

0.2478 0.49711 
1677.9524 "0.9628 

'0.0067 '0.01116 
0.0002 '0.0140 
'0.0010 0.0321 

36.3333 6.0277 
0.0051 0.0756 
'0.0046 '0.0619 

IN ALT. N1I3" f1' 

1.000 
·0.12" 1.00n 

0.094 ·0.732 1.000 
·0.233 ·0.71S 0.918. '1.000 

VARIA."Clf S,.". DlrV. 

BA7~.1I~95 94.200Q 
11;1".IlS2" 40.Q';2A 

.. ~.f\1Qn '6.60"5 
2.4762 1.51:)'; 
11.01151 0.212~ 

A.2957 ·2.P1A5 
1'+6.6751' 12~111" 

0.12411 0.3532 
3Q75.A095 63.0540 
1794.6667 88.287 .. 

PR 'rVS 'rS 

1.000 
0.782 1.000 

·n.21)5 ·0.04Q 1.000 

I 
·0.006 ·0.419 0.S69 1.000 



PA1tAlIR'l '-It 110. 

rCDD 
rS8 
fKl1 
C£ 
pnr. 
Cit 
111 
AU 
.R3R 
rP 

TABLE VII - D-9 
qI-4 

BOTTOO 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

OF SAWP HAl UIn Jl1UR 

8 2'8.GOOO l'n.oolln 17.5noo 

• 12'5.0,000 'n. onllo 92.0nno 
I) '1.1,200 0.351)1) 1).6015 
6 13'0. nooo 't).OOIlO 2~.62SIl 

a.. 'O.l,711l 1).01)ltl) ".Olnn 
e 'O.OAU!O 'o.O"lIn n.0119 
8 '0.6,95,0 '''.(1)51) n.1210 
8 6'2.0000 ~3.0"nl) 5'.25nl) 
It '0.10(10 '1).1l~I)O 1).01:'5 
a:: 'C.1.Q04 '0.0300 '0.1200 

VARIAnCE 

311.01l00 
1091S.11~3 

I) • o Mill 
1111111.111'13 

n.003S 
o.onOIl 
1l.0531 

52.50"0 
'1).1l1)13 
'0.0025 

COBB~£ArIOa HATBIl 'OLLOflSl 

rCOD fSS UN CL 1'11£ CR U 

reOD '1.000 
f88 'O.GG8 '1.000 
ru 0.0,15 -0.4-86 1.00n 
Cr.- '0.3111 ·0.051 0.0611 1.nOO 
PilI. -0.615 ·0.281 -0.195 -0.0,.3 :1.000 
CR .-0.598 -0.193 -0.113,. -0.313 ~.7511 1.000 
Zl1 -0.1).58 0.022 ~0.1I01l -0.1!l6 "'0.263 0.1f13 1.000 
Allie '0.1·511 '0.101 "'0.1112 0.3113 ·0.3!10 0.~1I6 n.ll\l 
.11311 -0..1,13 "'0.302 -0.166' "'0.062 -0.209 ·0.2511 -0.061 
n -0.221 -0.0116 -O.15G 'I) .12 9 1).333 ".G22 1).538 

PARlllm2'BR 80. 0' SANP /lAX NI. }(BAR VARIAnCE 

rD8 8 '3'n.oooo 10'5.01)/)0 21'0.0000 1326'1f. 2A 51 
C£ • 13'0.00(10 'n. onnl) 7_.6250 11llall.R393 
#01+ a 3'8.00no l'l.0nOI) 11. 5000 105.11129 
nOD 8 '~. ol)no '1. 01) I)/) 1.6250 1.1250 
.0311 • 'O.SIIOO '1).21no 1).5850 I).nIl69 
rCDD 8 2'8.00nO to.onnn l'1.5noo H.OOOO 
r 5 13.0000 41.30no 1I'3.3P1)0 13':1.0420 .. " 8 ''7.8000 's.9l)nO 1.112!';1) 1).1307 
nB·, I 570.001)0 1'5.0(01) 122.25()n 3410Q.011" 
n 8 6&'5.00(10 tltS.OOI)O 30'2.5000 361)50.0000 

CDRR81.A!'IOll l1A2'RIZ FOLLO:/S: 

niB CL so. '1T10D N03H '1COD 'I 

rDB '1.000 
cr. 'O.8GS 'l.0GO 
BOil '0.5-92 '0.1-09 1. 01)1) 
nOD - '0.0111 '0.141 -0.020 '1. nOo 
.DU. -0.3114 ·'O.231j. '0,311 7 0.295 1.000 
reOD '0.519 '0.3-111 0.029 '0.381 -0.3514 1.0110 
r '0.612 '0. ""1 0.1111 '1).1\111 -0.2!H! 0.SQ1 '1.0no 
'I. "0.1·29 "0.5,16 "0.555 "'0.111"1 -0.33'1 ·0.115 0.111 
n8 '0.8'-0'8 '0.0,80 0.039 'O.09B "0 .. 161! 0.71111 /l.IU!1 
rtI '0.879 '0.11-62 0.3611 "'0.023 -0.3311 0.721 n.582 

S']'1). DE:V. 

5.11311) 
11)11.1+1113 

O.2GB 
112.9111Q 

0.OSQ5 
0.0189 
0.23111 
1.21151 
0.01SI1 
'0.01196 

ALJt lin. 'rP 

1.00n 
0.09~ 1.000 
0.107 -0.131j. '1.000 

STD. DEV. -1 
115.1701 

"'.91119 
lCl.253Q 
1.06n1 
0.2HIl 
5.8310 

11.531111 
0.31115 

1911.61!1I1I 
199.868" 

PR' '1VS 'IS 

1./)00 
0.322 1.n1l0 
0.:17"1 0.811 '1.000 
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TABLE VII-D-IO 
. CH-S 

SURFACE 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

PARAJ.I~'l~R RO. OP SAIIP HAZ fin IIBAII VARIANt:B . 
'f'CtJD I 2'6.0.000 ·S.OOOI) U.5000 51.1 .. 29 
fiBS • 60.0000 11.00110 18.25110 333."'429 
fllC" • '1.19"0 '0.1600 '11.5050 11.0985 
cr. 8 11· ... 0000 '5. (1) nn 25.1250 1331.2679 
PRr. • 1I.20on 0.0000 .11.0490 0.on75 
CR • '0.0870 '0.00011 0.0123 0.00119 

'" • 0.3050 '0.0000 0.0116 0.0100 
A£1t • 19.0000 43.001)0 51.6250 42.8393 
1111311 • ·0.1~1)0 '0.0000 0.0125 0.0013 
f'lJ • '0.2400 O.OltOO 0.1000 0.0036 

CDBRE£A'l'IOH NA'lRT.X FOLLOVS: 

f'COD '1S8 '1XH C1. PilI. eR •• reOD 1.000 
'ISS '0.033 '1. 000 
f'K" '0.253 "0.625 '1.000 
CL '0.159 '0.018 -0.137 '1.001) 
PB£ '0.138 '}: S-70 "0.51'1 -0.224 1.000 
CI "0.353 .ou -0.193 -0.lB9 -0.119 1.01)0 
&11 -0.217 "0.189 0.092 -0.071 -0.3lt2 0.931 1.000 
A£IC . '0..148 -0.414 -0.231t I) ..... e n.015 0.221 0.298 
.113' 0..42 .. "0.40 .. 0.88:! "0..212 "'0.229 -0.1i;3 0.03" 
1'1' "0.220 "0.2·8 .. '0.106 -0..090 "G.llt3 0.051 1).2"3 

PARANBf'IfR RD. OP SAIII' IIAX "ZIt BAR VARIA1feR 

'IDS • 11:0.00110 'TO.OO"O 2%3.1250 29~"2.4107 

Ct. • 11:".0000 5.0111)0 75.1250 U31.2679 

SO .. I 32.0000 1'2.011"11 1'9.7500 3·FI.2143 

'110D I · ... 0000 1.01)00 1.1.500 1.3511 

lUlU • 'n.7600 ·0.19t)O 1) ... 950 0.039'1 

rCOD • 2"6.0000 '''.01)1)0 13.5000 51.1,,29 

r 5 72.50110 4'.30(1) 63.72no 1:!'I.l,,70 

PH I '1.8000 6.'11)1'10 7.6125 1).10"1 

I'VS • 51+'0.0000 l'S.onl)l) tf'J.87sn 29928.9821 

1" • 810 .• 0000 as.o!'"o 2"2.5000 29335.11"3 

CDRR6LArIOH UA~RIX FOLLOVS, 

S'l'D. DEV. 

1.1514 
19.265'1 

0.3139 
36.48&5 
0.0864 
1).0304 
0.0998 
6.5452 
0.0354 
0.0600. 

A£IC .B3R 

1.0011 
-0.341 1.000 

0.'''69 -0.0.61 

S'I'D. DE'. 

173.03R8 
36.1186!! 
'6.1818 
1.165n 
0.1998 
7.151_ 

11.7961 
0.la27 

172.9'191) 
,171.1767 

'IDS Cr. so .. nJOD lf03N '1CO]) r PH !"IS 
!IDS '1.000 
C£ '0.322 '1.000 
S04 '0.251 '0.873 '1.000 
rao/) -'0.181 '0.360 '0.327 1.0011 
!fOU -0.202 "0.141 '0 .202 0.393 '1.000 
rCOD "0.0"4 '0.659 O.GO" 0.857 '0.322 1.0111) 

'I '0.518 0.3e4 '0.166 0.626 -0.213 1).65'1 1.000 

PH '0.1·71 -0.089 -0.435 -·O.lIll -0.1:12 -0.090 0.555 1.001) 

!"IS '0.. 9-1 It "0.025 -0.095 -0.314 "0.283 -0.2'39 n.1+30 0.3S~ 1.000 

'IS ·O.tOU 0.3-28 ·0.2~2 "0.200 "0.221 -0.042 0.507 0.219 '0.923 

'1P 

'1;000 

'IS 

1.000 

.i 
I , 

~l 



1 
1 

TABLE VII-D-ll i 
CH-5 I BOTTOO 

MAY 29, 1973 'l'HROUGH JANUARY 3, 1974 

. 
'ARM.fK:'1tR no. 01' DAMP HAX 1171f NKAlt VARIANC1r 8"'11. TIE V • 

rt:OI • 13.0000 5.0/1/1/1 1".15"0 7.111+29 2.16"11 
rstl .. 10.00no 1.IIIIn" 2A.1S250 !\lll.S!'illl 23.20111\ 
I'D • 1.27/10 1).01)01) 1') ... A311 1).1551 1).393A a., a 151.0000 5.0001) 31.l)n1)0 21111'!.(1)nl) 52.801S p", 8 0.11:50 1I.0nnl') 1).1)35" 1).003'1 0.n!i2'; 
CIt 9 0.111'11) n.OIlI)I) 1l.021+" ".n035 I).OS8A 
ZII a O.Unl) 11.1)131) 1).1)595 1).0012 1).1'13"5 
Alrlt 8 62.0000 44.01)nn 53.f\2~1) 4'7.1;'1114 6.91163 .. ,n • 0.101)0 n.OIlOO 1).0125 1).01113 0.0354 
n-, • 0.1200 0.0700 I).oeua 0.0005 0.0213 

1 C~.WLAf'IO" HAfRIZ I'Or.r.OV$s 

'COD 188 11C1( Cr. I'H£ CN IN A£I! 8R311 fp 

rco" 1.0no 
166 0.292 1.000 
f'ltR 0.309 -0.154'1 1.1)01) -..J 
Cr. ·0.115 -0.095 0.25A l.nnl) 
PHI. -0.81)1 1).075 ·0.5511 -0.14fl 1.01)0 
C. -0.838 -0.3511 ·0.344 -0.1711 1).11117 1.n"" 
111 0.1 .... -0.414 1).571; ".1101+ -0.317 -0.'43 1.01)0 
AU ·o.sst ·0.210 -0.073 n.S44 n.n21 0.3"'1 n.257 1.0nn 
."311 0.329 -0.4Al D.lln'7 ·0.1'11 ·0.2'>.11 -0.111" • 11.357 -1).3I1A 1.nno 
f'P '0.091 0.116 -0.502 -0.431) -0.008 -0.278 -0.5116 -n.1I1\1t -0.211/) 1.01)0 

I 
PAllAJlftRR 110. 01 8AIJP HAX HIli 1I8AlI VADIAlfCE S'l'D. nEVa --, 
~lJS a 39'S.OOnl) IIO.M/)/) 1'1".3'7511 1"11'7.lIln7 11'10.511'1:1 

, 
Cr. • 181.0000 5./)1)"0 31.onoo 2'71111.0000 52.II01S 1 
SO .. Il 3'5.0000 12.001)0 21).2'500 59.21113 7.11299 
ROD • · ... OOtll) 1./}01)I) 1.7500 1.~511 1.1650 
ItDU • 0.770n I). 331'1n 11.5513 n.02Q" 0.1713 
'rCOD • 13.00110 S.l)nnll 11).1!'ion '7.1142'1 2.71\1I1S 
!' 5 73.1)000 Itll.21)1)1) 63.7111'10 1211.3qOn 11.330<) 
PH • 1.90nn F;.qI)OI) 7.57~1) 1I.1'5~1I 0.:11)1'1 
'riB 8 Ign.I)Ono 31./)/11)11 8".2snl) 2511".6112'1 sn,"74? 
fB II "15.0000 121'1.00011 221.:l2!'iO ln15~.1;9&1j 100.11104 

CD668£A!'IOn UA'rRIX F~LLn~S: 

!'DB Cr. 8O .. rBOD N0311 !'C(1(1 r PI( tVS 'IS 

':fDS 1.000 
Cr, . 0,."7 1.000 
so .. 0.72 .. n.1I12 1.01)1'1 
f'lDD 0.078 0.3116 1).31:1 1.01)1) 
'0311 "0."95 -1).375 ·t').09" 0.3118 1.0nl) 
rCOD ·0.229 -0.115 '1) .15'1 '''.333 '1.577 1.1)111) 
!' 'n.3"8 1).436 1'1.134 n.1l2" -n.27!; ·O.SR~ 1.onn 
PR "0.513 -0.50:1 -1).7311 -0.391 -1).31'1 -1'I.33F. 1).272 1.01\1) 
rV6 0.812 1).287 0.15'7 ·0.3114 ·0.511; -0.01;11 1).250 0.0211 1.000 
fll 0.971 0.820 0.7"8 0.002 -'0.417 ·0.16'1 0.354 -0.4011 1).15'76 1.000 



\ 
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·TABLE VII-D-12 
CH-6 

SURFACE 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

PARAtl1f18R tiD. 0' SAt!P laX HIlI "'1!Alr VAP1A.'ICP. 

rCOD • 2'2.oono ".01)1)0 11).1'5n ....... to'7 
~88 • I'o.oono :t.onl)(l 25.1175(1 11';/j.125n 
r1Clf a ·1.1500 n.OllllO II.SIl5n n.nQA3 
cr- a 1S·I).nlll)0 ~.OOO/l 31.6'-511 3/110.R3'13 
PHI. ·a ··0.1)500 ·n.o"oll 11.011111 0.n"1)3 
Cll a ·0.05110 I).oo"n 0.0113 n.on04 
111 a ·0.0920 .0.(111)0 1).0379 n./I"lo 
A£X a 1"2.0000 3C1.MI)" 5"2.6250 7!l.1250 
""31T •• ·0.20nl) 1).i)I)I)1) 1).0175 /).(11)55 
'lP • ·0.11M) ·".02110 0.0!!00 ·n.n009 

COllllK£A'ZIOIl IlA:RIX FO£LOt'S I 

'I COD 18S '11C~ Cr. PHI. CR Z1f 

'lCOD 1.000 
'ISS -0."25 1.000 
'l'%" ·/).1l14 -It. 591 ·l.onll 
Cr. -0.300 ·0.510 -0.12" 1.1)0" 
PIlI. , "0.4'73 ·0.C141' -0.557 0.!!Q3 ·1.0nl) 
CR ·0.386 -0.2~3 -n.1211 -0.203 -0.3Ao; 1.000 
111 ·0.'710 ·0.1·02 n.233 ·o.!!no -O.OSl I).t+f;0 1.000 
A£X -0.32 .. -0.0211 -0.11'15 0.511; "0.156 0.05n 1).141 

.• 11311 0.450 -0.3a6 0.511 -0.21l3 -0.31+0 0.n61 -0.121 
f'p "'0.1·32 -n.o"o ·O.07R -0.2/jS ·o.Olt.t'l -0.355 . -n.02' 

PARAlIE1BR .0. D1' SAUl' /lAX HIli HF.AH VARIA liCE 

rDS • "1:0.0000 11·5.0000 181.2500 Cln7fi.7115'7 
C£ a 16G.OOI)O _.oono 31.6251) 3011'1.11393 
80 .. It "'1.0000 t·I'I.001l1) 21)."000 1111.'71 .. 3 
'lBOD a · ... oono 1.00on 1.snno 1.11t29 
'0311 e ·1'1.8 ... 00 ·O .... l'Inl) 1'1.51125 11.03'2 
reotl a 2"2.1l000 4.00no 11).1~5n 44./j1tl' 
~ 5 '7'3."01'10 4A.'-"I'I" li3.741'10 12Q.66AO 
PH • ·'7.901'10 1i.91lno 7."375 ·tI.ln5S 
rV8 e 'II.OOno 12."000 51.1251"1 9'''.411)'7 
'IS • "1r0.001)0 120.0000 209.1250 1351;3.8393 

CDRRl:£A'l'IOU l!A'fil.TX 'OLLOr.'5 I 

fDB Cr. 50-. ,,,on .0311 l'COn 

rD8 ·1.000 
C£ ·0.9'73 ·1.000 
80 .. ·0.899 '0.893 l.OOn 
rBOD ·0.063 ·0.140 o.o .. n 1.00t) 
.OU -0.3·14 "'0.379 -0.1911 n·. "qq t.ono 
fCOD ·-0 ... ·12 -0.300 "'0.1"5 1).1112 ·n.Ii":1 1.0nn 
r '0.327 ·0 ... 07 ·1).17. n.47" -0.243 -0.25~ 1.1)110 
PH -0.113 ~II.181 -0.331 -0.101 ~I).377 -0.570 1).'10" 
rvs ·0.1112 ·0.532 ·0."51\ -0.n11 0.031~ 0.025 -1).501 
fS 0.9'70 ·0.942 ·0.845 0.026 "0.279 -0."';1 1).326 

S'l'D. mrv.· 
S.fifl"l 

3/j.1193 
Q.3135 

54.A'711 
n.Ol"'-
0.nl'17 
0.0313 
II.R'!52 
O.It'7/j4 
0.0293 

Ar.1C '11311 '1P 

1.01)0 
-0.753 .1.nnn 

0.351 -0.1156 1.000 

81'D. DEV. 

9!i.2'722 
5".8711 
111.II1lS" 

1.1)6911 
1).17C1S 
5.6e41 

11.31172 
II.:'I2It'l 

31.·11135 
11·S.463C1 

PR TVS 1S 

1.0lln 
-1'I.64!! 1.000 
-o.n') 0.5"7 1.000 



TABLE VII - D-13 
CH-6 

B01'TOM 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

PARAHB~trR '0. OF SAlIP HAX IIr" H'EA/f VARIA."CIf 

~r."" • 130.nOnO 'I.nnlln ,1?'.511nn 11;1A.5'71" fSS II 1/1.nonl) 10.0111111 "2.I)nOO fl52."'1f1 flrll II 1."'I/ln ' "./11;1\" II. ,~7r)" n.?~"~ Cr. 8 275.nnOl) 5.nl)nn "".A1sn 1t~'I7.~53'; PI" a o.'''"n n.OM'I1I 1'1.0451 0.111'171 CR 8 0.1'1/)1) o.nllno O./I'~3 n.IM23 an • 11.11751) 1'1." ...... 0 O.1511n n. niHIl A£K • 11.nooo _'./1111111 52.111511 53.553& '11" 8 n.l00" ".onno 1).1)25" 0.01)21 fP ,. 0.310n ". t)!P') I) I). 13tH) 1)."107 

cmr""LAt:IOll "'A'%'RIX 'OLLOIISI 

,"cn" '1St; 'fKlf C£ ""r. CR zp 1'COfJ 1.,,/ln 
rS8 0.269 1.1)00 
flU' 0.16' ·".31;5 1.noll 
CI. 0.9119 n.31)S 0.""3 1.1)0" PilI. "'".251 ·0.295 -0.331; -".1117 1.01)0 cn -".'33 0.24<; n.:?1I1; -n •. '~5 -n.nl" 1.n"" 

'" "'0.229 -".11411 -".11'1 -".H" n.1l41! n.1211 1. till 0 AI.K . 1).313 -n.3f15 -n.32S II.31!, n."ln -0.5'5 11.1"2 _RU "'/1 .1111. -n.OA5 II.Alll -tJ.:?7, -0.3'11 ".1", .. -1).1"'1 %,p .0.211 -1).2AII -I).l~n 11.12'1 -0.2"0; -0.2'11 -n.3/1A 

PU~tnltR HO. OP SAHP HAX ffI/f NRAII VA PTA RCH 
~DS • 170.00no !J~.00t)0 2"6.:!~OO 3'111'1.11'12'1 Cr. • 2'75.000n .~. ~Ol)/) '+/;.I"5n "!!97.553t'1 SO,. • 50.0000 12.(111)0 22.fJ75/) lS~.II''I3 rlOD • 6.00no n. (1)"0 1.7~0l) ~."'42q 110 SIr • ·0.7S00 fI."I"n I).SA7!'; 1)./)204 reOD • 131'1.0000 'I.M!)O 3~.5"no 111111.571'1 f S 73.4/\/)0 411.2,,/)'1 I;~. 31\/)0 131.0A80 PI1 8 '1.9000 fl. 91)1)1) 7."'51l 0.11'13 fV8 I 13"4. /)0"0 2:t.001)0 7:t .... 25" 1 .. ~·'.8393 fa 8 135.0000 115.01)00 '41.5000 3991111.2857 
COReKtA~rOR MA~Rrx 'OLLOVSI 

rDS CL so,. !'lIon /f03" '!'crJP r 
rDS 1.000 
Cr. '0.981 1.000 SO .. '0.879 0.921 '1.000 
2'1I0D '0.17& 1).223 0.095 1.1)0'1 IOU "0.521 ~n.500 -0.2S! 0.165 1.nl)1) real) '0.950 ·0.9a'l 0.911; n.307 -n ... ",o; 1.01)1) l' '0.409 1).517 1l."S5 1).1\17 "0.3:11 1).61l1; 1.01)0 '11 "~.412 -0.391 -0.391; I).M'I 0.071) -0.3<)11 1).55'! rl8 0.101 '0.616 '0. ~72 "'1).225 -O.SI;O 0.545 ".o~a 'IS '0.993 O. 'lI78 '0. 8n~ 1'1.131 -0.555 0.'143 0.371 

S'/'". lI1~V • 

"0.2:115 
25.5:]'19 

I). 511 nil 
92.7230 
II.r)II"~ 

".""An 
".:?'I3'1 
1.3111n 
1'1.1) .. 113 
1).1032 

AU 1111':111 'tP 

1.ot'ln 
-/1.7"11 1.1)nt') 

n.31n -1).2"'1 1.0no 

S'1'I'. mrv. 
1'10.0517 

'12.1231) 
12,,,1):12 

1.'10811 
1).1'1''! 

"".2315 
11.449 .. 

fI ... 23 .. 
37.11529 

1Q9.91C17 

PR "8 ~s 

1.nl)1) 
-0.2~Q 1.01)0 
-0.425 0.73'! 1.000 

jI' 
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TABLE VII-D-14 
CH-2 

BOTTOM 
MAY 29, 1973 THROUGH JANUARY 3, '1974 

- . . .. . - ...... .- .. ~ , - - .... _- . -~-- --_.- - .. -~ -_._-_ ...... - ., 

'AIWfU1:R ITO. OF SAMP IIAX ifIll IIBAII VA-RUNCK 

rCOD • 15'5.0000 1.0000 32.51)00 2514.8511 
'ISS • 560.0000 fJ.OOIlO 12Q.3750 3 .... 91.9A21 
'lXI1 • ~.6"00 0.15110 0.7R50 1.3647 
C£ • 73.0000 7.00nn tA.S7S0 4Q4.q1l21 
Pill. • 'O.05no '1'1.01)1)0 0.0140 0.0003 
CIl • '0.08.0 1).01100 0.02SI1 1).01)12 
,IT • 0.1800 O.OOlltl 0.OA54 0.00411 
AU • 10.0000 43.0000 S3.5000 311.8571 
.1136 • '0.,2000 0.01)00 1).0250 o.oosn 
rp • '1.4300 '0.01100 1).2963 0.213A 

CtJIIREr.AUDIl IIA~RIZ 70££0118: 

'lCOD rss fXlf CL PHI. CR Ilf 
~COD '1.000 
f'SS '0.913 '1.000 
rICH '0.985 0.928 '1.000 
cr. ·0.204 -0.255 ·0.13S 1.00" 
PilL ·0.3 .. , -1).292 "0.387 , 0.1)11 '1.0tltl 
CR '0.595 0.497 'O.6t1 .. -0.388 '0.119 1.001) .It '0.130 '0. S23 0.611 0.39,4 -0.547 0.012 1.000 
ALIC 0.011 '0.011 0.057 0.41S ·0.354 1).043 tI.470 
'13' 0.981 0.937 0.981 -I). 1 'II! "0.311 0.614 0.563 

'P 0.917 '0.911 0.978 -0.231 -0.313 O.IIU 0.5,87 

PAIIAlln1:R 110. OF SAUl' IIAX 11I6 IIBAII ' 'A'RIAIICE 

rDS • 31'0.01)00 Uo.OOoO 1'15.001)0 ... ,114. 2/l 51 
cr. • 13.001)0 7.01)111) U.8750 494.9A21 
60 .. • 2'1.00(1) 12~01)1)I) 19.01)1)0 2'.142,9 
nOD ,8 hOOoO 0.01)1)0 2.1250 8.1250 
ItOU 8 '1.581)0 0.211)1) 1).61113 1).111116 
~COD • 155,.0000 II. Ol),tlO 3'-.5"00 2514.11571 
r 5 11.&01)0 47.3I)nt) 63.04(1) 133.6030 
I'll • 7.8000 6.91)1)0 7.4StlCl 1).111~ 
I"IS • 1"'0.0000 ' 35.0111)0 11'1).1500 1213.6429 
~S • 870.0001) 1&0.001)0 32 ... 37S0 $223l.S96/i. 

CORRKLAf'lOR ttA'rRIZ 'O££OIlS r 

'IDS C£ SO .. f1tOD lf03lf 'leOl) I' 
rDS '1.00,0 
Ct. 'O.3S0 1.000 
SO .. 0.231 '0.151) 1.tlOI) 
raOD '0.615 -0.074 '0.041) 1.(01) 
.0311 0.581 "1).2&5 "0.03:) 1).~3lt 'l.0tll) 
rCOD 0.1122 "0.204 0.061 '1).9111' 0.941 1.01)0 
r 0.740 '0.369 0.167 '1).1123 1I.3~1 0.277 1 '.tI I) I) 
I'll ·0.081 -0.531) -0.88R "0.1)911 "0.113 -0.159 Di1CJ3 
~VS '0.19" 0.066 "0.1511 0.2'18 1).314 0.215 1).813 
'IS '0.113 -0.100 0.16" 0.'12,'1 0.919 0.979 11.3111 

, 

C rJ. \ 

-' . _. -.---.-..-.---
Sf'D. [lEV. 

5(\;148 .. 
185.72t12 

1.11182 
22.24112 

0.(\1741 
0.0351) 
0.OS79 
'S.2335 
0.0701 
0.41124 

ALX ."36 ~p 

1.00tl 
0.032 1.0tlO 
0.017 0.991 '1.000 

S'tD. "rI. 
59.0238 
22.211"2 
5.oi43 
2.85011 
0."11)6 

5" .hllll 
11.5587 

0.33311 
34.113711 

228.51125 

I'll r,s fS 

1.0(1) 
CI.3t1fi 1.0110 

-0.2511 0.3117 1.000 



TABLE VII -D-15 

eli-I 
SURFACE AND BOTTOM 

~ 29, 1973 THROUGH JANUARY 3, 1974 

PAItAI~fD 110. 01' .<;AUP "AX HIli )(1: All VARIANr.I 

,eDD 18 2'3.1)0110 ~.onno 12.5111)1) 
f86 1il 1115.MOO· 

3.,00110 

f/Cll 
I,OIHIO 3'1.3115 11"1.fl2'11 

Cr. 
11 O,qSl'ln O.Ot!I)1I 1) ..... "1 0.116111 

'"1'. 
18 59.1)000 !; .(1)1)11 1".8115 3C1!1.8'lr;1' 

CR 
16 0.!l5I1n II .(111)0 !l.0151 lI.al)lI14 

'" 
1& 0.06no n.nol)n 0.0150 I). 0m'):3 

A£Z 
11 0.45&0 !l.01)60 fI.0799 o.nuo 

IIR311 
11 lSl.nOI'lI) _11.01)1)0 52.5825 55.5"1!111 
U. 

rp 
CI .. 2.1l00 0.(04)1) 0.0188 1'1.(1)30 

1.5 1t.T.rtJ1J O·.IJ201t /).09153 1).0031 

CORRtrLAf'IOll IIAfRIX FOr,LOlIS, 

reOD fSS n" cr. PRL III 

rCOD '1.000 
ns '0.515 1.000 
rZi1 '0.303 ·0.215 1.000 
C£ -0.015 -0.121) .1). 08:1 1.001) 
'11£ 0.313 0._62 "0.01111 0.319 "1.000 
Cit '0.3., 0.669 0.4+5'1 -0.166 ~0.12:'! 

'11 ·0.013 -0 .112 
1.000 

il.20l; ~f).1)411 -0.009 -0.021 
AU -0.105 -n._lto -a .. Sti~ 

1.0no 

•• 3R -0.305 -0.041) -I). Slit _'11 .1411 -0.807 -:0.115 

,p O.Ul 0.192 0.2C1S 0.265 -0.115 O.S.' ·n.10' '0,014 -0.212 11.2"2 /).323 0.017 

PARAH'rflll RD. 0' SAlf1J !lAX 111" !'mAlf VARIAnCE 

~DS it 27!l.OOI)0 70;.0111)11 15~.:l.250 31M.51!~3 

C£ U 19.00nn 1I."onl) 16,0125 3'l5.1l'l!l1!l 

SO .. 1& 30.1)001) 12.0l)l)n 1'1.9315 IIn.nS25 

nOD 11 lI.oono 1).111'1"0 1.5625 1.0"25 

"OU 16 '0. e3an (1.211)1) ".53119 0.nll02 

rCOD 1& 23.00(1) ~.nn/)O 12.51'101) :14.0l)on 

f 10 72.50(111 llfi.14nl)O 62.910n 1:211.3:1';1; 

PH 10 7.AOOI) 6.91)00 1.~1!75 0.nQ45 

ff6 11 17n.0000 16.01)1)0 51.f)875 8""1.11292 

U 11 320.0000 In·!I.onno 1'l~.11175 4lA7.:!292 

COl!ltl£A!'rOi] UAfRIX FOLLOYS: 

fDB eli so. 1'''011 H03" 'leon 

rDB '1.000 
Ct. '0 •• 115 '1.000 
so. 0.151. '0.692 "':1.00" 
flOD -n.288 0.113 0.321 1.nl)1) 

,,,'" -0.311 -11.2111 1).114 --n.(I3!! 1.01)(1 

feClD· '0.152 -1).015 :0.01;11 0.212 1).217 1.000 

f "'0.132 0.35'1 0.1311 0.3116 ·0.3'12 -0."'" 1.01)0 

PH .. o.so~ -11.530 -n.1l1t 0.1'32 -0.143n -0.01;3 n.II16 

". '0.11" 0.202 '0. '250 -".22n -0.30R 0.2511 -0.11 1 

rs ·0.11,. 0.1163 0.1161 -0.n62 -0.1~2 O.StlS -".258 

Sf'D. TIItV. 

5.11310 
"11.21,,'1 
0.2~11 

11.149'1'1 
O.lIle'! 
0.01115 
0.10147 
1.1151\3 
0.05114+ 
0.0555 

ALII: If"alf 'fp 

1."00 
-a.45!'. 1.nnn 
-0.2311 -0.351 1.000 

5"11. DlW. 

55.7631 
11.4899 

6.32QS 
1.03nll 
0.2nn" 
5.8:'1n 

11.24nn 
0.3n711 

29.15111 
64.101111 

PR f.,S 'IS 

1.000 
-0.056 1.0nO 
-0. 35 I! . 0.679 1.000 
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TABLE VII-D-16, 
CH-2 

SURFACE AND BOTTOM 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

·PARA"~rlrR NO. OP SAII1' MAX Nt. #(tAif 'AnIAlfe~ 

~COD 18 lSS.00tlO 3.0tlnO 21.8150 1:117.05nn 
'r1J6 l' 5.60.0noo 3.0n/)0 17.onOO 1'12~1.600n 
'rKH 18 ·3.441)/) 11.151)1) 1).6511A n.6929 
C£ 1.1. '13.00no ... ooon 11;.9375 32:1.39511 
PHI. 18 0.05nll 1I.00on 0.0133 0.0003 
CR 115 0.011110 n.n"oll n.01S" n.o"n7 
Zif l' 0.18nn ".nono ".0"!!3 n.on36 
A£K 11 15'11.0001) .. n.OI)I)t) 52.11115 .. 2.1625 
.H,. 11 'O.20no I).01)0t) n.0251) n.0033 
~P 16 1 ... 3ftO '0.0300 1).1919 .0.11U 

CORRBU.f'IOII MATRIX 1'0L£Of!S'J 

rCOD 'rSS f'KIf CI. PHI. CTi IIf 

f'CtJD '1.000 
'rSS '0.953 '1.000 
'rK." '0.9112 '0.870 '1. oon 
Cr. "0.081 -0.165 -0.0511 1.(1)t) 
Plft. "0. 211ft -1).114 "0.321 ·n. n23 'l.0lln 
Cit '0.1113 ·Q.571) 0.S1I3 "0.261) '0.1119 1.00n 

'" '0.590 '0.51+5 ·O.IIU 'O.3I1A -0.379 0.1 .. 1 1.000 
AU '0.130 '0.01+4 '0.1'153 n."80 -n.372 0.0!;1 ft.2116 
111111 '0.75' '0.755 'O.AOII -0.1116 -'0.021 D.S!;7 1).1111 
'rP 0.983 '0.966 0.9211 -0.151 "0.180 0.1130 0.513 

PARAllnBR RO. 0' SAHP NAX ItIII IlEAIf VARIANCB 

'rDB 1& 31'0.0000 95.0l)nl) 176.5625 34U.3'J58 
Ct. 1& '13.00nO 4.001)0 16.93,15 32:1.3958 
&0 .. 1. 27.nOI)II 111.0Mn U.1l25" 31.05nn 
:DOD 1& 9-."ono I).onl)o 1.8125 1t.5625 
lIOS11 11 '1.5800 n.270n 0.5!!1+" 1).11'11+5 
reOD 18 US.OOOl) 3.0111)11 21.8150 131".0511" 
: 10 '12.1)1)/111 .1.31101) 63.211no 11'7.7116 
PB 18 ·7.1I0nl) 6.91)1)1) ?"'J38 ·1I.0QIl6 
tV& 18 HO.I)OOO 2·O;.0I)no 71.5111)0 Q31+.1333 
:S 15 8'10.001'10 11·o.oono 253.1500 3116711.3333 

CORR~£Arlon lIA'rRIX F01.1.0flSs 

'rDB CI. SO. 'fltO" 110311 'reOD 

~S '1.000 
C£ '0.1+53 '1.000 
601+ ·o ..... g 0.721+ 1.(01) 
!'BOll '0.1137 ~0.03S ~0.031+ '1.111)0 
.0SIt 0.1109 ~O.231+ '0.022 1).811'; '1.0110 
reOD '0.580 "O.ORl 0.09A '0.891; /).83A .1.0no 
r '0.355 '0.331 '0.079 0.1+87 '0.157 0.21)0 1.000 
PH -0.176 "0.1+00 "0.729 "'0.0112 -0.292 -D.l!;7 11.291 
rvs 0.752 '0.2011 0.111+ n.11+7 '0.21)1 0.251+ ".510 
rs '0.725 0.020 0.21. 0.772 '0.786 0.9119 0.151 

S'J'D. Dr-V. 

3'11.21)12 
1311.11"20 

/)~1I324 
17.91132 

0.011;11' 
n.n270 
0.060 .. 
6 ... 933 
'0.0577 
O.33"S 

A£K. ."3H 1'1' 

1.1'101) 
-0.1)t!1I 1. ftno 
0.ln6 0.767 1.000 

S'J'D. DlrV. 

511.111+21 
1'1.9832 

5.5723 
2.136n 
0.31173 

311.2912 
111.111+'15 

O.31n8 
30.5636 

175.1523 

PH "S 'IS 

1.000 
0.212 1.0110 

-0.251 0 •• 33 1.000 

........ 



TABLE VII -'0-17 
, CH-3 

SURFACE AND BOTTOM 

MAY 29, 1973 THROUGH JANUARY 3, 1974 

'AllAtl1f't'61f 110. 07 lUMP IIAI HI" NtAIr VARlAtrCr 

'~COD 11 &2.001ln 'If. 01)1)1) 17.875n 2~q.1833 

~86 18 2'fO.OOOO g.OOl)!) 63.2500 5231.0000 
rn 11 2 •• 70n '1).231)0 I).7n88 1).2911_ 
Cr. 16 15'o.oono '5.01)01) Z4.8125 1551.7625 

"", 18 0.1770 1).001)0 l).n325 n.0028 
ClI 11 '0.0330 '1).01)00 n.onll9 0.0!)01 
1.11 11 '0.2000 o.ol)no '''.0'75'' n.004n 
AI.X 11 8'1.0000 ,,:t.OOI)O ~1.8'750 45.7157 

I"" 11 0.1000 o.oono '0.0313 0.0023 
rp 11 '0.1000 '1).0500 0.1600 0.0250 

CORRW"~IOR NA'tRIr FOL£OYS, 

ffDD 'ISS 'J'XII C£ PilL CR U 

reoD '1.000 
rss '0.810 '1.000 
nil '0.7.2 0.398 1.000 
C1: 0.359 'O.1J.70 -0.01n 1.000 
J'III. "'0.133 '0.036 "'0.251 "'O.07:l '1.001) 
CII "'o.Ogq '0.115 0.009 -'0.211) -0.029 1.000 
S" '0.513 '0."12 0.551; 1).222 "'0.326 1).11'1 1.000 
At.X "'0.167 "'0.255 "'0.311) '0.383 '1).1511 -0.7 .. 3 -".2!)7 
'IIU '0.3-12 '0 ... 00 0.5011 "'0.276 '0.01 , 0.315 0.061) ,,, 'O.'lt7' '0.88" 0.657 0.353 0.016 -0.0153 0.537 

PUIlIft'BII 110. 0' 6AJ.tP NAX NIII II'tIAIr VARIAtlCt. 

fD8 U 1125.00no fO.Ol)I)O 1'111.8750 12139.5833 
C£ 1. UO.nl)no s.onon 2 ... 8125 1551.7625 
60 .. 111 3'2.00no 1'1.01)"11 l'1.MII)O 1I~."01)0 
'tBOD U' '5.0011" ll.nOl)O 1.51175 1.A292 
*0111 11 1.5000' 'n.291)" ".sqoe O.IlA .... 
~CDD 15 1'2.0000 ... 00"0 17.8750 2~9.11333' r 10 71.601'10 "11.21)1)0 63.HOO 10".15311 
P8 III 7.90no 11.91)1)1) 7.51100 1).f)920 

' n6 11 39'0.0000 111.01)"1) 97.0000 801'11.8667 
~8 11 15"5.00no 13"0.(1)1)0 261.5625 171165.1292 . 
ao."£trIOU NAfRIZ 'O£LO~SI 

fD6 C£ SO .. '11101'1 R03N ' 'leOl) 

rtJ6 'S.OOO 
C£ '0.811 '1.000 
SO .. 'O.H2 '0.159 '1.001) 
f'1I()D "0.2,13 '0.2-02 ~0.22" '1.000 
'Oil "0.3-77 -0.2,70 "0.222 n.!UI) 'i.O"1) 
rCOD "0.005 0.359 -n.oo:! ·".71f7 0.6~6 1.01'10 r '0."19 '1).318 "0.00'1 'n.59O; -0.047 0.31)R 1.01'10 

"" "'0.138 "0.319 -".62n '0.1)10; :0.262 '·0.257 0.5111) 
fV8 '0.7"2 "'0.003 n.10!; -'0.3211 0.255 -0.228 0.3115 
rs '0.137 '0,7,70 n.569 ·O.11A "0,125 0."311 1).1175 

S'!'D. n~v. 

15.,656 
72.3257 

0.511 .... 
39.~92" 
0.0526 
0.0112 
1).1)631 
6.761" 
0.01179 
0.1580 

AU BBSI 

1.ono 
-0.110'1 1.onn 
-0.135 0.319 1.000 

S'J'D. DEV. 

110.17911 
39.39216 
6.8118 
1.3525 
0.2905 

15.lIfl55 
In.23 .. 9 
0.3033 

89.787Q 
130.'1'+11 

PH tvs 'IS 

1.1)1111 
0.126 1.000 

·0.22' 0.50S 1.000 



cr. 2; 
PU 23 
CIt 23 

, III ' 2S 
( 'AU - 23 

IIR3N 2a 
rl' 23 

TABLE VII-D-18 . 
CH-4 

SURFACE, MID-DEPTH, AND BOTTOM 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

13'0.(01)0 I).oono 2".7391 1"'811.3113'" 
'0.2830 'f). 0/)01) 0.0 .... 6 n.n065 
'0./)850 '1).01)1)0 1).0139 1).001)5 
'0.6950 '1).0000 1).065n n.0191 

S2.0000 ' "3.0I)no 53.3q13 "2.9763 
'0.2000 'n.ool)O '0.0217 0.0027 
'0.8100 I).03no 0.1351 n.02"0 

CORBBl.AUOll IIA~RIZ POr.r.OllSa 

{ rCOD rss fKN aT. PH' CR '" rCOD '1.0-00 
( ras '0.573 '1.000 

•• lI rlUf '0.383' ~0.151 '1.001) 
- H~~ er. '0.2,52 ~1).038 "'''.059 1.(1)0 

( PRr. "'0.39" "0.1111 "'0.222 "0./)'}3 'l.0l)n 
CIt "0.191 "0.081 -0.10 .. "O.:HI .. ".5~P- 1.1)01) 
III '0.196 '1).18S "0.10'1 "0.022 -0.176 0.1 .. 1i 1.001) 

C. AU '0.020 "'0.0 .. 0 -0."35 0.320 '0.221 0.152 o.oas 

:SB."'511 
O;08n8 
'0.0212 
0.1 .. 02 
'6.5556 
0.0518 
'0.1550 

.. LIC IIRaN 

1.00" . nu "'0.161t "'0.010 "'0.,095 "'0.1 .. 7 '0.0"0 0.032 -0.01)1t -0 ..... 1 'l.0no rl' "'0.0Jt6 "'0.Olt3 "'0.185 -0.1)97 -0.0 .. , 
C 

"0.020 0.11' 0.055 0.012 

,ARAHUSlf BO. OP SIJIP f.lAX IIrll HP.AII VARIATfCE S'1'O. DEl'. 

", 23 "3"0.0000 6'n.oono lQ'l."783 9627.1100 98.1181 
Cr. 23 lS0.0000 II .00 00 2".1391 1"811.38311 38."758 
liD .. 23 3'8.0000 11.onno 21).5211 65.0191 8.0612 
flOD 21 '5.0000 n.onno 1.5087 '1.5217 'l.233S 
1I0Sll, 22 '0.11,,1)1) '1'1.211'10 n.538" '/).0377 n.l ei,n 
reOD 23 78.0001) '3.0"no 13.30"3 31.5850 5.8201 
f tit 73.00M "'7.3"nn 6'4.0571 117.9026 1'0.8593 
PH 21 '7.90110 '8.91)110 1.Ii!l57 '1'1.1132 0.331\4 

"II ~ S'TO.O()OO "2.0noo ~9.0nOI) 13532.8182 116.3306 
rll U 8n.0000 10'0.0""0 243.9565 111092.3162 13".5077 

CDRlttrr,ArrOil IIA'lRrZ FOr.r,O::S: 

rDII Cr, so .. rJOD R031f rCOD PH "II 
nil '1.0-00 

• . " Cr, '0. ?SIf '1.0011 
r r. so_ 'O.S'12 '0.723 1.00n 

faOD "0.0"1 '0.1093 -0.n2_ 1.""" 'OSII -0.389 "0.250 '1).293 '0.1'15 1.0no 
reOD ·0.333 '0.252 'O.15n "I).laB '11.0"1 1.(1)1) 
r '0.3-51 '0.3,89 "'0.01" '0.812 "'0.447 0.1A6 1.000 
PH "'0.241 "'0.3,76 ,-0.659 "0.158 ' ,""0.4QS -0.326 /).lfItO 1.001) 
rvs '0.5-99 '0.0,92 '0.10" "0.109 "0.1119 0.U5 1).2"1 0.1,,7 '1. (1)0 
fll 'O.8S0 '0.5·38 '0. If II 8 "0.071 "'0.278 0.51t5 0.318 "0.114 0.826 

.'-:. 
.ft I pr.or DArA1 

II 
rZPI Z 'DR 1I0nE SrA'1'ISrlCAL RP.1RIF.VAL 
• 

11' 

1.000 

'IS 

'1.000 



TABLE VII-D-19 
CH-S 

SURFACE AND BOTTOM 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

PAJWtntrR 110. OF SAlJP MAX MIll H'P:A" VARIA"CN 

rC(JD lIS 2'G.()()OO ·s.oono 12.1:150 2·9.~SOO 
rtltl 16 70.0000 ·O.OO/)O 23.~375 1135.7292 rIC" ,. 11 '1.2700 ·o.ooon r).~94~ 0.1185 er- lIS 161.0000 5.0MO 28.0625 1931.5292 PHI, 16 ·0.20t)t) 0.0000 0.01122 /).O05~ CR 16 '0.1690 ·o.oono ·n.0183 '0.0021 :n U '0.3050 '0.0000 ".0656 0.0052 AU 1& 1r2.0{)OO 43.01'100 5'2.6250 113.3167 
l"/U 111 ·0.10no '0.01)01) 1).0125 1).01112 n 16 '0.'400 '0.0"00 0.0969 0.0019 

CORRtrr.AfrOB HAraIX FOLtovS: 

rCOD fSS 'llCR CL P8£ ca ZIt 

rCOD '1.000 
'rSlI '0.0211 '1.0.00 
'rXl7 '0.234 ~O.G26 '1.0·01) 
er. '0.2-8& "'0.0·35 '0.115 1.000 
PilL '0.003 '0.293 -0.512 "0.1111 ·1.01l0 
CR "0 ... 37 "0.198 -0.291) "'0.167 '0.363 1.000 :17 "0.1"5 "'0.2116 0.203 '0.117 "0.312 0.318 1.01l0 Ar.1C "'0.090 "0.,11' ~o. 1115 0.503 O.01l2 0.310 1).':17 .1l31f '0.351 "0. ~,'9 0.8311 "'0.1915 "0.225 -0.157 O.11l5 fP "'0.158 0.003 "0.06'1 "0.171 "0.11l2 "0.070 I).U2 

S!'D. PEV. 

5.~'68 
10.87111 
0.3"~2 

~3.9~92 

0.0732 
0.0"56 
0.07211 
6.5815 
0.0311' 
0.0"36 

Ar.IC "RU 

1.00n 
-0.363 '1.000 

0.177 -0.106 

PAlIAlt.r.R NO. 0' SAMP MAX !.fIll IlEAR VARIAlICE STD. DEY. 
fN 16 61'0.0000 70.0000 2(18.7500 111915.0000 137.53111 eli 18 tn.oooo '5.0/)1')0 28.0625 1':131.52<J2 ,,'3.9492 SO .. 16 3'5.00no 12.0(100 2·n.0000 45.0661 6.1132 fBOD 18 · ... O~OO 1.0000 1.7500 1.26&7 '1.1255 110311 16 '0.7·700 '0.11)1)0 ".5191 0.0335 0.1831) ~COD 1&, 2'G.OOOO '5.01) 01) 12.1250 Zq.~500 5.1126A ~ 10 73.0000 117.31)1)0 6·3.11no U·B. 905~ 10.91)44 pg 18 '1.9000 '6.91)1)" '7.5938 0.121)6 0.3"73 fVlI 16 S4·0.O{)OO Pi.O"/)() 10".0625 15422.~625 12~.1"72 ~8 111 63'0. O~OO 1,'0.001)0 232.8125 18529.99S8 136 .• 1246 
e(JBIfEr.A'!ron;IA~RIr FOLLOWS I 

~DS CL so,. nOD Roan reOD PH 'IVS 
~DS '1.1).00 
C, '0."97 '1.000 
80 .. ·0 ... ·13 '0.932 '1. 000 
rBDD ~O.066 '0.368 0.3111 1.000 
'OSl "0.3.08 -'0.243 '0.151) '0.383 '1.000 reOD ~0.048 '0.2·86 '0.375 '0.621) '0.296 '1.000 r '0."" '0.1104 '0.1 ... 11 0.627 ·0.237 0.402 l.noo PH "0.0.96 "0.3·54 -0.61n "0.29" -'0.514 -0.127 0.~n2 1.01)(1 fV8 '0. SJ+7 '0.0"3 -0.028 "0.219 "0.317 "0.229 0.340 0.2?11 1.01)0 'III 'O.H8 '0.1195 0.432 "'0.121 "'0.311) ·0.0113 0.~3? -0.031i ·0.8liO 

!lP 

1.000 

fS 

'1.000 



··'TAB:r;.E VII-D-'~O: .', '. 
.. ":.~ CH-6 -' 

~ . .'. .... 
'r 

. -; 
" 

SURFACE ~D BOTl'OM 
·i 

. MAY: 29,' 1973 TO JANUARY· 3, ·1974 

. . ,' 
'. ' -.---. ,_ . 

• "Allltr~R '0. or lAIn' liAr lUll nAIl VARrAtrcB $!I'D. mfV. 

BOil SI s,o.oo"o ... 0""" 21.312~ 41"41.51125 30.1541n r •• II to.oono 3.0nl)n 33.93'15 41A."4I511 30.2"1" ftJ1 SI 1."""0 ".II~nn ".537!> n.ll11l" "."1)51) a ' , 
II 27S.00no _.onnn 3'1.2!1M !Ill'''. 2"1;' 7 ... n221 

HI SI '0.21l1li0 n.nlllln 1).02'79 n.nn311 1I.01U7 ,. II o~l .. nn n.GIII)II ".tU83 n.n1l13 0.II31;:! 
U II ·0.'7!!0 o.Onn" 0.0'15'1 lI.n .... 2 0.21n3 
Al.1C II .2.0000 S9.onllll 52.7SIIn 81.'1333 7.111911 •• a. SI 0.2000 ·o.onnn n.0313 0.On3' 0.OIft2 
D S. 'O.37no '0.02"0 O.IOSO 0.0010 0.ft777 

CO ••• £ArZD. IIArRZr 'O££O~S, 

'COD rss ru . Cr. .P.r. c. D AU U3. fP 

reoD 1.000 
fII. 0.1'7 1.000 
ftIl 'O.:UO -0.395 1.00n 
t:£ 0.789 0.378 ·0.n35 . 1./)on 
nr.· ·0.12 .. '0.01" -0.3nl "'0.n73 '1.0"" 
t:lf ·0.09S 0.112 0.111" "'0.215 n."2" 1.noo 
III ·0.0'. "'0.11" "'O.l)ln -0 •. 1185 1).9'7 n.1115 1.000 'R '0.150 "'''.1''' -".2"" 1I ... it 11.22" :-n.2"" ".215 1.0nn na. ·0.072 -0.301 ·".57ll -0.2S5 "'0.251 0.333 -".1111 -11.'28 1.0"0 D '1.211 "'0.011 "'0.055 '0.10" ·0.150 ·0.2"~ -n.172 0.25" ·0.2"8 1.01)0 

, 
.AIW~U '0. 0' ,AMP IIAZ .r. .AII VART""C~ $7'1). D~V. 

",. 11 1'0.0000 lS.onll" lft!.75110 2125".3333 h5.a,,2It 
t:£ II 27S.0000 1t.0"1I1I 39.2sno '''''9.2617 '''.0221 . , II 50.00no l·O.I)I)M 21."375 121.10112~ 11.0210 . 
noD II '5.0000 n.onoo 1.U5n 2.25no 1.5noo 
,.oa" 11' ·O.IUtnO It ... nnn 11.5750 n.02'" 0.15'13 
reDD II sso.oono 1O.00(ln 21.3125 IIn".5825 3".15l1n • SO 7S.'0nO .. '.21100 13.5500 115.9311 10.'672 .. 11· 7.'0no •• tllno ' •• 313 O.l:no 0.3'1'" 
fa SI lS".OO(ll) 12.011(10 12.3'750 1251."500 35.""05 .. SI 1SI.0000 115.011(10 227.8125 25393.2292 159.3525 

-..£ArZO. IIAnrrr 'D1.1.Ofl$. 

86 C1. SIJI6 ",0" . 1103" ~C(ttt PII 'n' ~, 

rD6 'S.OOO 
~, '1.'" -1.000 ... ·0 ..... ·0.903 ·1.00n 
"D ".158 '0.'209 "0.0'" '1.(100 
"a" ·0."11 "0 ... 111 ·0.2n5 0.285 1.0110 
reoD "0.711 0.189 O.llIn 0.321 ·n.ll1' 1.00" 
r ·O.SS' '0 •• 55 '0.321) II.53A -0.2'77 0.3!>1 1.0no 
P. ~O.S23 "0.323 ·0.370 -o.o,~ ·O.t .. " ·0.3"" ".' .. 3 ·1.0nn 
rn 0.112 '0.581 '0.""9 "'0.1111 ·0.3.'1 o."lIn ·0.1'18 -o ... nll 1.0n" 
fII ·O."S· '0,"9 0.11 .. ' 0.115 "0.393 ".750 0.335 ·0.3S. 0.177 1.000 -_.- -. 

.. 

--



PARAlIr.'rr.R HO. 01' SAltP 

f'COD 10"3 " .. 103 
";:H 103 
C£ . 103 
PN£ 103 
CIf 103. 
:II 103 
AU 103 
IIR311 103 
rp 103 

TABLE VII-D-21 
ALL STATIONS, ALL DEPTHS 

FULL YEAR 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

~'AX ~rrit '~AII VAPIAfTCr. 

15"5.00110 3.00tlO 111.281& I~ 3"".998& 
5&0.000·0 0.01100 .. 5.51'-8 ..,~ 5 50!! .111111 

·3.6400 ·o.onon n.51131 ,3 n.,3n7 
27!i.OOOO 0.00(1" 25. n?77 17!!~.9155 

·0.2830 ·0.00(10 0.0303 - n.n0311 
0.11190 ·(1.00(111 11.014'" lI.noOIl 
·0.875n c.nnoll 0.0, .. 5- n.01411 

6"2.0000 39.00(10 52.77G7- "!I.9'!!!7 
·0.21100 ·n.onoo 0.0233".l- 11.0026 
·1.li300 0.0200 1).1313 ./ n.02111 

CDRR1!£A7IOR UATRIX FOLLOffS: 

reOD 'rSS flUf C£ 'If£ Clf J1I 

rC(1'b 1.0011 
res 0.&63 ·1.000 
fa '0.'''1 ·0.lt611 1.0011 
Cr. ·0.371 ·0. Olte ·0.003 1.000 
PSL .. ·0.112 -n.037 -0.219 -0.n65 ·1.000 
en ·0.101 ·0.1~" ·0.121 -0.1'!1I 0.253 t.ono 
ZI1 ·0.106 0.115 /).121) ·n.nOl ·O.11e 0.151 1.000 
AU ·0.041 -0.105 -0.215 ·0.317 ·0.127 -0.091 n.o'!9 
1111311 ·0.250 0.265 0.1171 -0.1713 -·0. OP 3 0.1A3 '-0."2" 
':i' ·0.6-87 0.707 o.sao -o.no~ -0.04'! 11.1117 0.119 

~ 
,. 

PARAltE'rER RO. OF SAItP HAl ifIll laAN VARIA-Nei: 

filS 103 &70.111)00 3"11.0000 19R.8641 ,.;:> l1n!i!..3343 
Cr. 103 27S.0000 (\.oono 2·5.0717 171l~.~1155 
so,. 103_ SO.non/) HI.on~o l~.en~~ "lO Sf;.7I>SS 
TDDD 103 9.0()n/) ·n .0000 1.61;99 :. 1.!t1l8R 
n0311 102 ·1. 5 ~oo 0.19"(1 n.Br.o ,7 ".1''''17 
rCOD 103 lS"!:.OO(l1l 3. on 00 111.ntr. ,~ 39".'1A~& 

f' 61f 73.4000 Iffl.II(1()1') 1;3.11766 - 1(17.11(,63 
PH 103 ·7 ~ 9000 .1\. !)nn(') 7.So0n- 0.1'155 
'"8 103 570.00(10 2.00nl1 113.lIn7R- 71S?. 'Hi911 
'1'$ 103 870.0000 10·n •. OonO 235.08711- 181176.0805 

COI!1fE£A!'IO,' ltA:lfHIX FOLLO:lS I 

rlls C£ SO .. rDOn !10M 'lCOD f 

rDS ·1.000 
Ct. 0.731 ·1.0011 
.011 ·0.626 ·0.789 1.000 
rDOD ·0.02 .. "0.1-611 -0.0111 1.000 
1103/1 ~0.2·29 -0.230 0.022 0,461 "l.ono 
fCOl) "0.3~S ·0.371 ·0.262 ·0.585 "0.11215 1.000 

" "0.3·19 ·0.357 ·0.083 0.520 -O.lI1A 1).171 1. OliO 
PH "0.2C& -0.329 -0.593 -0.061 -·0.311" -0.203 n.458 
rvs ·0.6·53 ·0 .108 0.105 -·0.127 -0 .19 0 o.OSt ·0.204 
r. '0.8112 ·0.592 o. S11 ·0.236 '0.041; . 0.1;28 0.2711 

STD. lin. 

19.81113 
,....19511 
1I~""03 

112.23611 
o.nse .. 
0.02110 
0.11911 
6.1822 G-
0.0509 
0.1677 

A£X 'R3n fP 

1.00n 
-0,"51 1.0no 
".o:n 0.271\ 1.000 

.. ~ 

STD. DEV. 1 

105.1729 
42.236" 

7.S3S!;,Gr 
1.3960 
rI.,:!:!n:""" 

lQ.P.7lt3 
1"(1. 3 ~ 5 ,!.-. 

0.32 .. 1'1 f 

9"4.1'11(')7 
13"5.9267 

PF fVS fS 

1.0011 
0.10 .. 1.00~ 

-0.193 ·0.621 1.000 



i 

c.. 

(, 

(. 

TABLE VII-D-22 
ALL STATIONS, ALL DEPTHS 

MAY 29, 1973 THROUGH JANUARY 3, 1974 
BOl'TOM SAMPLES WITH HIGH TSS DELETED 

PARA#f~2'~R NO. 0' SAI.fP NAX IIIII KF:All 

~COD '9 13'0.0000 ".OIHIO 1'3.9790 
~88 .t 21"0.0000 0.0000 35.2727 
~1C1I ., '1.7,31)0 '11.0000 0.5139 
C£ '9 275.001)0 '0.00(11) 2".2~2S 
PRt " '0.20830 0.0000 0.0313 
CR 19 '0.1-690 '/).01)1)0 1).01 .. 5 

'" 19 ·0~e·7!'iO /).0001) 1).0723 
AU 19 1'2.0000 '!I.OOI)O 5'2.6971) 

, IIR3. 9l}' '0.2000 "I).OO"CI 0.0212 
~P I, '0.8'100 '0.0200 /).1105 

CDilR8£A~IOR l-tATRIX FOLLtWS; 

~COD TSS ~1C11 CL PHI. CR 

reOD '1.000 
~~S 'O.2'()2 "1.000 
riCiI '0.231 ~0.142 1.000 
cr. '0.577 '0.023 "o.n5~ 1.0nt, 
PlI£ ~1).O,9" '0.'64 "0.21;1 "'0.1)111 "1.11'1" 
Cll ·".057 '0.0,':13 ~o.nl' "O.!f!7 1'J.2~'l 1.0/1'1 
zn '0.023 ·O.lIcH '0.031) "'0.009 '0.126 0.1"3 
AU '0.037 "0.3~7 "'0.30" 0.370 '/).135 -0.094 
.83lf -1).027 0.0·53 O.31l -0.166 -0.070 0.119 
~P '0.1"5 '0.266 -0.091; -0.04'1 0.01)7 -0.015 

PAIlAlf1'::'P.R 110. OF SAlt? IIAX 1!r1l HEAR 

~DS It 61'0.00"0 30.01)00 184.6263 
CL " 27!i.OOoo n.onnn 21t.2~25 
.D'+ t9 So.OOno tll.OIlIlO 1"'1.7778 
rBOD t9 ·G.O.oon '/1.0000 1'.54'55 
'0311 t8 ·o.ll+no 11.191)1) ".537'1 
'1eOD " 130.IY.IIIO 3.00111) 13.9'7'11) 
f to' T3.I+~OO 411."000 6'2.'1783 
PH " ·7.9000 '5.9000 7.51)30 
~VS " 5..-0.0000 '2.0000 7'11.37'37 
~S " 73'5.0000 10"0.01)00 220.575A 

CDlPR£A'UOl1 ttA'!RrX POLMUSI 

rDS e£ SO .. fBOD 1I03N fCOD 

"S '1.000 
CL '0.737 '1.0.(10 
SO .. '0.623 '0.7118 ":1.00" 
~i10lJ "0.058 '0.2'1" 0.001 '1.01)0 

'03" "0.3·17 ~0.23S '0.1-15 O.UI) 1.001) 
reDo '11.378 '0.577 '/).1+21) '0.274 '0.034 1.000 
f '0.299 "0.3-61; 'O.n90 o.SSe "0.3"1 0.099 
PH "0.1·95 ~O. 3·11 "'0.5~:? "0.042 "'0.4,.3 -0.255 
firs '0.7,11 '0.139 '1).1,16 "0.231) -0.267 -0.01)9 
rs '0.9030 'O.721t '0. 1-2 !I -0.096 -0.279 0 ..... 2 

. 
VARrAnCE S'J'D. IIEV ~ 

j 1711.,,078 1'3.2019 
lSSIl.363~ :J\I.lt5011 "I 

0.1035 ."0.321R 
11189.8233 "1.1"75 

'1).0035 I).OSQ3 
0.(1)08 0.0277 
'''.01 .. 1; "0.1207 

It'fI.9''81 6.851'1 
1).01)23 O.OIi"/) 
0.00112 '0. 09 O!'i 

'" ALit 611311 TP 

1.000 
".,1!l7 1.000 

-0.077 -0.4:'0 1.000 
0.016 O.O .. :! -0.0511 1.000 

VARTA:1CP. S7'O. DEV. 

11)S26.5P.3" 11)2.5'191 
111119.8233 Itl.l1)7S 

SII.71168 7.5357 
1.3321 1.1S"~ 
'''.11312 1).1761; 

171; .tl07P 13.2r1q 
111.08S5 10.53'!7 

,II.1n76 0.32e1 
11'1"".60311 7".5521 

11111'9.12113 105.77117 

PII :VS fS 

1.01)0 
11.1165 1.000 
0.1!!2 0.043 1.01)0 
"0.216 -0.211 0.6611 1.000 



TABLE VII""D-23 

ALL STATIONS 
ALL DEPTHS 

MAY 29, 1973 

P~/Wtn'811 NO. OF SMW IJAZ HIIf lfF:An VARIA,"CE STP. m:v. 
reOD 12 2'3.0./)00 ·15.oono n.2S0n 2':!.51582 ~.7snl; 
f8S 12 8G.0-000 3.0000 311.11;67 9nl.~2~2 3n.0231 
fIC" 12 ·0.8sno 0.5000 0.5150 n.0139 0.ll71 
Ct. 12 '7 .oon 0 ·1J.onl)o 5.61iG1 1.5152 1.:?~O!l 
'Nt. 12 '0.0000 0.0"1)0 ·I).onoo 0.0000 0.0000 
CR 12 ·0.1~00 ·n.oooo 0.0'51 0.0016 0.0403 ,n 12 '0. ~1!60 1).01~0 I).04SQ 1).0006 0.0253 
AU 12 "'G.OOOO 3'9.0000 "'3.3333 3.3333 1.0251 
""311 12 '0.2000 '0.0000 0.0~17 1).0063 0.0793 
'I' 12- ·tI.l~OQ 0.0200 1).0800 0.0016 '0.0402 

CORR6£Afron IfArRIZ FOLr.OIlS: 

'lCOD f'SS fICII cr. PFrr. CR '" AU IIH311 '1P 

feOD '1.000 
f!lS '0.0-80 '1.000 
UR ·O.1~0 ·o.au '1.01)1) 
cr. '0.5·29 '0. 6"'~ ·O.lSA 1.1)00 
PHt. ·1.0~0 1.001) 1.non '1.1)01) 1.000 
Cit '0.480 ·O .... ,~ 0.464 1). ~31 1.00n 1.000 ,n '0.8·35 '0. a71 '0.693 0.726 1.0"" 1).6"5 1.000 
ALJC ·0.Q.10 '0.103 -0.21!'i '1).4511 1.00" -0.176 1).220 t.OO!) 
IIR311 "0.2·71 ~0.391 ~0.2613 -0.124 '1.000 0.2119 -0.314 -0.6,,7 1.01)0 rp '0.844 '0.7')5 0.701 0.3&1 1.01l0 n.11;4 0.729 0.297 -0.627 1.000 

PASAUnflt NO. OF SAI·;P IIAX [!rN IlEAl1 V ARI A.;;C;: STD. DE:V. 

1DS 12 13'0.0<100 10'5.01)00 11'fl.1i&1;7 gl;.!HI91 '9.11473 ct. 12 ·1.0<lnO ~.oono 5.6667 1.5152 1.2309 SO .. 12 13.00no 1'(1.ooon 1'1.61:61 0.7n19 O,a876 'IDOl) 12 .~. 0000 '1. non!) 1.14167 n.unl; 0.9003 
•• DSII 12 '0.5000 1).30')0 0.431>8 'n,n031 0.0557 
~COD 12 73.00no '1\.0(1)0 14.25(1) :12.56'!2 4.15n6 
1 12 5'5.0<11)1) 5~.01)0n 5".5~13 0.21152 0.514" PII 12 '7.8000 '1I.90no 1.5911 'n .OR27 0.2875 "'I 12 10"1).0<100 '2'5.0000 55.0000 slYn .0000 7".~9"9 111 12 22'0.0000 12'0.00"0 15'5. "167 12~'1.5319 35,3205 

COltR~r.A~ron f.fATRIX POtLOYS, 

'IDS CL SO .. 'fROD n03" fenD '1' PR 'l'VS 'l'S 

'T08 '1.000 
C£ ·0.U8 '1.000 
10 .. '0.30111 '0. a.o~ 1.(01) 
ftOD '0.3-'76 ·O.5~7 '0.5·31 '1.000 
"0311 '0.5053 '0.416 '1),2#5 '0.429 ·l.non 
rCDD -0.525 '0.5·29 'O.3·RIl '0. 5~7 '0.855 '1.01)0 r "0. sea "'0.392 "'1).133 "'0.376 -0.272 -0.214 1.000 PII "0.349 "'0.291 ·'l.OSCI '0.015 "'0.0·')0 -0.31)5 l).n97 1.01)1) 
'lV' "0.041 '0.1091 '0.1·811 -0.n!'.2. -o.lnl) -0.01;6 n.lll0 -O.~ql 1.0!)n 'lfl '0.632 ·0.60R3 '0. 6,1~ n.523 '0.714 0.907 -0.314 -0.232 -0.016 1.000 



TABLE VII-t)-24 

ALL STATIONS 
ALL DEP'l'HS 

JUNE 19, 1973 

'ARAIf~r~R tro. OP SAUP IIA% liEN ImAN VARIAnCE srD.DEr. 
~COD 13 U5.0~I)O 1'n .01)1)0 n.1538 1553.6"10 39.1t163 ZSS 13 no.oooo '''.01)1)0 61.1G92 2"'5",.n256 15'''.3''31 'liCn 13 '3.64"0 . '/)'.551)0 '1."1311 '1).7080 '0. lilt 1IJ ct. 13 '8.0.000 '5.01)1)0 '6.38"6 '0.5997 0.767'1 PHL 13 '1).0·170 '1).01)1)0 '0.0032 '0.0000 '0.0053 CIf 13 ·o.o-8no '0.001)0 '0.01"8 '0.0005 '0 • .0223 zn 13 '0.110560 '0.0·21)0 '0.117" '1).013" ·n.U~9 AU 13 S ... o.ooo "-5.0nno 47.1538 · ... 91 .... '2.2303 .HU 13 '0.2.000 '0.0000 '0.0692 ·o.no .. o '0.0630 
~P 13 '1."300 '0.081)0 '0.2385 '1).1 .. 11 '0.38"2 

CDRIf~£Arl0a HATRIX POLLOYS: 

'lCOD ~SS ~U C£ PIt. CR 'If AU 1f131f rp 
fCOD '1.000 
'ISS '0. io95 '1.000 
'tIC' . ·C.9-17 '0.892 '1.001) 

0:. CL '0.6-81 '0.6087 '0.5-53 ·1.0CO 
1'1£, '0. Q.55 '0.0.62 '0.167 '0.223 '1.000 
CR '0.787 '0.8·01 '0.709 '0."68 -0.1·60 1.000 .11 ·C.1091 '0.2"0 '0.1).53 '0.031 '0.188 0.07'1 1.000 A£IC '0. io18 '0.9·33 '0.8·15 ·I).7IU '0.0"6 '0.795 '0.211 1.00n .H311 '0 •• 93 ·0.61t9 '0.6-92 ·0 .... 37 -0.1).52 '0'''57 -1).061t 0.511 '1.01)0 '1P ." ·0.9-9S '0.9·98 '0.905 '0.691 '0.105 0.775 0.2"6 0.927 0.n8 1.000 

-
PAlIAI.fRflfR NO. OPSAIIP ItAX Nllf RAil VARIAnCE S'1'D. DEY. 

'lD6 13 31'0.0(1)0 95.001)0 12'6.0noo 315'5.5000 S6.1738 
C£ 13 '8.0.000 '5.001)0 ·6.3A .. S 0.5!!97 '0.767'1 
60 .. 13 19.nOOI) 11.01)1)!) 15.2308 '3. G923 '1.9215 
'lIOD 13 ·9.0ono '2.(11)1)0 · ... 38 .. 6 3.0997 '1.75711 
1103" 12 '1.5800 ·0.7 .. no /).9025 1)~01!q6 '0.299_ 
'1COD 13 1Ss.nooo 10.001)0 3'1.1538 1553.6"10 39."163 
f 13 72.3000 G·'I."I)I)I) 70.7"1';2 1).75 .... 0.8685 
PIf 13 "7.6400 '1.101)0 ·7 ... 3na '0.01"0 0.1182 
'tV6 13 11'0.0000 ·:!.001)0 32.9231 656.'1103 2'5.6303 
'IS 13 870.0000 10'0.001)0 188.0769 .... 36 ... 7 .. 36 21'0.629_ 

CDRRIUrIOil IfArRIX E'OLLOllS: 

'IDS CL so_ rSOD 110311 rCOD 'I PH '1VS fS 

DS '1.000 
C£ '0.605 '1.000 
60 .. 0.6·31 '0.1-61 '1.001) 
'1IDD '0.7·98 ·0 .... 37 '0."0 'l.noo 
.0311 ·0.6t7 '0.7·29 ""0.031) '0.67" '1.000 
'1eOD '0.933 '0.6111 '0.371 -0. a"2 '1)~89" '1. noo 
f '0.189 '0.096 '0.373. ""0.056 ""0.132 0.0"2 1.000 
PR -0.0-89 -0.325 -0.217 ""'0.1 .. 2 '0.063 -0.051 0.123 1.0nl) 
'tVS '0.9038 '0.5·27 0."35 '0.759 '0.792 0.919 -0.001 -0.06A 1.000 
fS '0.9"" '0.6.75 '0._39 '0.812 '0.852 0.9'12 0.100 -0.0311 0.935 1.000 

., - _ .. --



TABLE VII-D-25 

ALL STATIONS 
ALL DEPTHS 

JULy 30, 1973 

'AnA'f7t"IJ~' ND. f)' IAJofZ' RAI un t-mAN VAR1AlIetr S'l'D. 1I1~V. 

reoD 13 rll.oooo :1.0111)0 9.3"'" 2'11. !U191 5.11391 
rtJ. 11 ill'!I,04110 ". o fill I) 111.2308 18fJII.8590 IIS.5U" 

f'" it 'II,53I1Q 1).0111)0 1).2'7116 11.0'5" 0.15'" 

t:' n 1'9.00110 0.0(1)1) ".SIl2~ 1'7.06 .. 1 11.131111 

PI" U 0.1111511 '1).01)111) 1).01011 11.011112 11.0151 
~II n '0.0870 'I). (1)110 '1).017R 11.(1)06 0.02111 
In 13 '0.1150 'n .(11111) /).1,)5'- 'I).o~gll 0.1'1111 
AU U S7.00nn 5'2. no 1'1 ° 511.e1l12 1.un 1.3 .... 5 

If'" U' '11,10110 11.0111)0 '1).1'"'' 11.001111 0.112" 

" 11 '0.221)0 '11.11"1)1) I). :L323 I).on19 0.011'11 

eo""wUrltJlI IIAfRIZ 'fJI.£01I'r 

~OD r88 t~lI t:r. PRr. ell '" AU IIRS' tp 

'COl) 'i.OOO 
fll' '0.931 1.(01) 
fIll "0.101 "0.227 '1.0"11 
cr. ·0.101 "11.191 1).051) '1. I)/)/) ",1. 'o.sn 0.1122 "0.691\ '1).1199 1.0M) 
en '0.1.-11 '0.0,75 '0.1111\ -0.1)5<1 "0.1'1:! 1.0nl) 

'" '0.211 '0.281 0.11:1 "'0.1185 "0.2~1) n.511l! 1.0110 
AU "0.111 "n.319 n.63' "'0.32 .. -0.552 0.U1 /) ... 79 1.000 
16S, 'O.2U 'O.US '0.11111 11.022 "'0.2'" -0.221 -q.l58 0.031+ 1.000 
fl' '0.153 '0.180 "o.nl) "'0. 11+ IS 'a ... n:1 0.113 1).2111 -0.211'7 'o.'U 1.00'0 

'UAlfrrlJll lIO. 0' IAUP ItAI J'1.1I ItEA" VAIUAIICE S'!'TI. D~V. 

rDI :II 20'0.00no 18'11.0"1111 11l'1.53115 11'-.11359 13.1315 
Cr. is 19.(01)0 1).01)I)n 8.''123 1'7.061&1 ... 13n9 

'0 .. 13 1'7.00no ~'1.(1)I)1) 15.231)11 2.1I!;91) 1.8!!"9 
fnOD 13 '1.0000 '11.(1)1)0 0.9231 1).07!PI 11.27711 

'021' is '1) ... 1100 '/).l<1no 11.31116 II.lt07" 11.0862 
fCO" sa 2'0.110111\ 3.00'111 9.3A .. a 2'1.5'197 5.&63911 
r 0 '0.0000 '1.01)'10 ".oll'ln I).n'llll) n.onon 

'R n ''7 • .000 '7.7nl)n 7.7IJ23 0.012"1 O.t!SlIl 

'VI sa iu.oono lI'it.olll)n aC.S1I1I2 25'11.31171 16.2575 
'IS 11 32'1,"0Ilnl) 1.TI).OI)I)I) 2211.31171 un.HOA 41.1)333 

CtJItIlWlAfZO" :,IArRZX tOUO,'S, 

fD8 er. SOli '1ItOD 1I0U !'COD PR 'tVS 'IS 

98 '2,.000 
Cr. '0.271 '1.000 
80" '0.002. '0.285 '1.1)01) 
fDOD "0.0" '0.123 "0.13'7 '1.001) 
"011 ~0.3U 'O.:U5 '0.2011 '0.156 '1.000 
fCOD "0.342, "'0.109 -0.79/) "'0.n3" "o.one, 1.0110 
f 1.0no 

'11 O.U" '0.5,52 '0.112 'o ... ,:t 'n.2111 ·0.230 1.00n 
fVl "0.2111 '0.097 0.1211 '12 .113" -0.239 n.1AII 0.13!'i 1.nno 
ffJ 0.041 -0.1-13 "0.821) "'0.181.1 "0.11S11 /).8110 -0.303 -0.n58 1.001) 

'"'11'" 



TABLE VII-D-26 

ALL STATIONS 
ALL DEPTHS. 

AUGUST 22, 1973 

PAJtAl1tr'rT~R RD. OF' SAUl' MAX HIli IfF.Alf VARTANCE SrD. DEV. 

'rCOD 13 n.o~oo · ... 0000 1'0.231)8 til. tcJ23 ".0240 
'rss 13 V.OOOO "'.0000 14.5~IIS frl).G02G '1.'18118 
rXlI 13 '0.66"0 ·0.14nn 1).37Ei2 '1).0256 0.1601\ 
CL 13 1'6.1)000 '5.(11)1)(1 10.15311 ·S.31)77 '2.3(13" 

- PilL 13 '0.2830 ·o.ol)on 1).1252 0.0101 O~lnnll 
CR 13 'o.t,uo 'I) .0l)1)/) '0.0323 0.(1)27 0.0522 
In 13 '0.8750 'o.oonn /).0852 '0.0565 0.2316 
AU 13 &'2.0.0nO 5·9.0on/) 5·q.5385 '2.1(12& '1.4501) 
Nil3n 13 'o.ol)no ·n.oon/) 0.0"1)1) /).0000 '0.(1000 
'rP 13 '0.1·700 '0.071)0 '0.1146 'n.0011 0.0328 

C01t1tILA'II0n IfA'!RIX 'OLLOs/S: 

rCOD 'ISS 'lICit ct. PRL CR I1f AU .'R3N tp 

rCOD '1.000 
'ISS '0.299 '1.000 
'riC" "0.021 "'0.198 '1.01)(1 
Ct "0.040 '0.0·79 '0.153 ·1.nOO 
PR£ "'0.142 "'11.270 ·'0.260 '0.042 '1.000 
CIt "'0.220 ·0.115 ·0.491 ·0.078 ·O.2Q3 1.000 
In "'0.087 ·0.011 "'0.102 '/1.350 0.031 1.000 
ALit '0.13" "0.168 ·0.145 "'0.301 0.399 0.079 n.294 1.0no 

- .R311 '1.040 '1.000 1.000 1.000 '1.000 1.000 1.000 1.0(1) 1.000 
'rP '0.1&8 '0. &-52 '0.026. '0.297 "'0.256 ·O.OfHI ·0.111)4 ·0.2&" 1.000 1.0no 

PARjlmrER RO. OF' SAl-tP l.fAX HIli Hr.AII VA1tIAnCE S'rD. DEV. 

"'S 13 23'0.0~00 l"O.OO/)1) 1 '75.7692 1195.1Q23 211.3SBS 
C£ 13 lG.OOOO 5.0000 11).1538 5.3077 2.3038 

··SO .. 13 l'G.OOOO 13.00(1) 14.&923 0.731)9 0.851U 
nOD 13 '2.00no '1.00(1) 1.0769 1).0769 '0.2774 
8(J30 13 'n.5600 ·1).~500 0.5177 1)·.nI)15 0.031111 
'leOD 13 1'7.00no ·~.0000 10.2308 1'1;.1'123 '.02 .. n r 0 '0.0000 '1).111)01) ·1).1)I)01l 1l.0"00 o.l)oon 
PR 13 "'.9000 1.60no 7.8311 5 0.01)26 1).0506 
r/S 13 1"'0.0(100 16.00"0 1I1.615~ 990.5A97 31.1j:131; 
'IS 13 25'5.001l0 15n.oooo 191.1538 IIU.971f4 2q.7317 

CORRB£A~IOR UA7RIX FOLLOYS: 

rDS CL S04 ~BOD 1I03N ~COD pR rlS ~s 

rDS '1.000 
C£ "0.050 '1.000 
'so,. ·0 .... 7,. "0.011; "1.0011 
·nOD ·0.351 ·0.020 ·0.24!l 1.001) 
R0311 '0."71 ·0.070 '0.153 0.328 ·1.00n 
rCOD '0.1·19 -·O.OlfO ·0.293 '0.281 '0.1119 1~01)0 
'I 1.000 
PH .. o~ 1.119 "0.~45 '0.10" "'0.2211 "'0.121 ·0.314 1.00n 
"S '0.11_ "'0.186 :"'0.051 '1).032 '0.50' 0.441f ·0.325 1 .. 000 
rs '0.11_ "'0.015 '0.4011 "'0.163 "1).585 0.259 ·0.170 0.777 1.000 

.-

...... --. 



TABLE VII"'D-27. 

ALL STATIONS 
ALL DEPTHS 

OCTOBER 3, 1973 

--~--- . 
PARAlllrJ'F:R tro. OP 8AHP IIU IIIlI faA" VARrAflC'fI: S'1'I'. DEV. 

"COD 13 16.0400 "1.0(1)0 13.0000 76.11'157 8.7271+ ". 13 37S.0.o00 '1.00t)0 37.6q23 15411.5641 87.44411 , nil 13 0.4000 '0.1500 1).31l38 1).0069 ,0.0829 
CJ$ 13 3'7.0000 13.001')0 tIl.3P.46 41.2564 6.971+3 
PR" 13 '0.0150 O.OI)t)1l O.OIl12 1).0000 0.0042 
CIt 13 '0. 0000 'O.OOIlO '0.0000 '0.0000 0.0000 
." 13 '0.0980 'I).OOIlO 1'1.0180 c).01l07 0.027!) 
M& 13 so. O<lfiO 4'9.001l0 51.3077 '9.0641 3.0107 .. ,. 13 '0. 0000 '1).001)0 0.0000 0.0000 0.0000 
U 13 '0.:'-'00 '0.0600 0.10"6 '0.0065 0.0806 

CDBR.LAJ'IOR IIA~RIX FOLLOIlSI 

J'COD orss I'D CL PSt. CB I1f AUC ItH3' J'P 

J'CtJD 1.000 
J'S. '0.532 '1.0.00 
J'~II '0.2,11 '0.3-70 '1.000 
C£ '0. &-11 ~0.048 '0.048 '1. 000 

""" -0.099 '0.349 -0.192 '1.000 
CIt '1.000 '1. 000 1.IlOO 1.00n 1.01l0 1.000 
III -0.270 ~0.lS4 -0.532 -0.086 -0.21l1 1.0no 1.000 
AU '0.0.73 '0.05" 0.2 .. 11 -0.143 '0.169 1.01)1) 0.060 1.0on 
••• 11 '1.000 '1.000 1.000 'l.001l '1.000 1.000 1.000 1.00n 1.000 
U '0.7·76 ~0.oS4 '0.010 0.819 -0.1611 1.000' -0.148 -0.01 7 1.000 1.000 

: ~ ...... . ' , 

PARAIl1!fBR BO. 01 SAUP MAX IIIlI MBA" VARIA liCE STD. DEV. 
I'D. 13 U·O.I).()OO Utl.OOM 25'5.3846 190A!'5.2,51111 1311.14911 Cr. 13 n.oooo 13.01)nO 1&.31146 47.25611 6.!!743 801f 13 :la.MOO 16.01)nO 20.0769 11.0769 '2.~42O rllDD 13 '2.0000 1.0l)1l0 1.23011 'O.1C!23 0.438~ IItJ3lr 13 '0.5-6/10 '0.37 Oil O.I+~15 1).11032 'O.OS7G rCtJD 13 36.00no 'T.O"I)" 13.GOOO 71;.1667 8.7274 r 13 73."000 70.70no 71.600/) 1).1+217 1),6494 P1I 13 '7.90nO 7.51)1)0 7.6538 'O.tl127 '1).112 7 
J'V8 13 570.0000 1'2.0/)M 19f!.6923 35361;.7308 188~0604 1'8 13 IIS'S.O.QOO 1Stl.01)"0 2'15.7692 32266.02511 1711.6275 

CDlt.'tWLAJ'IOI1 UA~RIZ FOLLOllS: 

J'DS ct so .. J'1I0D "03N 'rCOI' I' PH ~VS J'S 
fDS '1.000 
cr. ' ~0.1-87 '1.000 
SO~ ~0.3,7e '0.1·111 'l.00n 
nOD ~0.l,53 ~G.1ge '0.0·51 1.(01) 
1I031f '0.0·27 '0.413 '0.5 R6 '0. 11 I! 'l.0l)n 
'!'COD ~0.1f3 '0.6.71 0.6112 'a .152 '0. SilO 1.000 r '0.039 '0.401 0.095 ~0.20S "'0.119 -0.075 1.0GO PR '0.446 ~.154 -0.118 "'0.441 '0. 29~ 0.21+6 0.011 1.01)1) 
'1'S '0.8-93 "'0.2,25 -0.321 0.119 'O.2I+A 0.103 -0. Oli 7 0.434 1.000 rs '0.8-82 "0.1,73 ~0.304 '0.119 '0.2,51 '0.125 -0.028 0.457 0.995 '1.000 



'. 

TABLE VII-D-28 

ALL STATIONS 
ALL DEPTHS 

OCTOBER 24,-1973 

PMAlInEn RD. OF 8ANP ;"1.1 It III IrKAII VARIA."CF. 81'D. I1KV. 

fCOD 13 1,.0. CHI 0 0 5.00no 25.'''62 1109.S"10 3'3.3113 fas 13 2"-0.0.000 1.00110 .7 ... S1S 3"0'1.1026 6"1.7011 
fXlt 13 '0 ...... 00 ·n.3 .. on ·0.6n17 ·n.0239 0.15"7 
Cr. 1'3' 2.,5.0000 ""7.01)1)0 12/).076'1 372·1.91n3 6·1.n075 
PRr, 13 'o.o .. nn O.OOSo 1).0219 0.0001 0.0103 
CR 13 '0.0000 ·1'I.OOl'ln 1).0000 '0.0000 0.0000 
III 13 '0.1.1100 '0.0500 ·0.083S '0.0009 0.0301 
AU it ~2.()4)00 5'1.ollno 59.231'111 2.6923 1.6 .. 08 
.113Jr 11 'o.oono '11.001)0 0.0000 11.0000 0.0000 
2'P ~,. ·Cf.lfo!1mJ ·tI.OSI)O If.l108 '0.0126 '0.1123 

CQlRK£AfIOa UAfRII POr,r,OUS: 

fCDD '.lSS '.lU C£ PR£ CR .. ALit 'R3" tP 

rCOD ·1~(J.00 

fSS '0.3·26 '1.000 
'rU '0.2093 '0.150 '1.001) 
C£ 'O.7·S" '0.3·50 '0.151> 1.noo 
PHr, "0.396 -0.339 ~0.01/) "0.328 ·l.nno 
CR '1.000 '1.000 '1.001) 1.l)nll '1.01'11) 1.0()0 

'0 "0.068 '0.4-09 '0..2·11\ -0.121 -0.3111 1.000 '1.0110 
A£Jr "'0.1'&5 ·0.a.77 ·0.1)~5 . '0.226 '0.070 1.0nn 0.163 '1.001'1 
IIl'U '1.0-00 '1.000 '1.000 1.0(1) '1.000 1.ono '1.(1)0 1.noo ·l.Ol'ln 
'tP '0.3081 0.':IG2 ·0.2"?, '0.::173 "'0.3'13 1.0nn I). 52!> -0.03'7 '1.1100 '1.01'10 

PARAlm~KR 110. OF SAIIP HAl Hn ilEAl VARIAnCE S'.lD. DEV. 

fDS 13 STo.o.ono 21'11.0/)110 3'111.7692 1"97"~3S90 122.3698 
cr, 13 2.,5.0.000 47.0·000 121).0769 3721.911'13 61.0015 
80,. U $~. 0.000 2"1.0000 33.31'177 "2.8974 6.5496 
rBOD 1'3 ·3.00no ·1.0nI'l0 '2.311"., 0."231 '0.6504 
.0311 13 '0.,.100 ·11.31no 1).3900 ·rl.1'I1)02 0.013!! 
rCOD 13 13'0.0.000 '5.00110 2'5.8462 111'1Q.1;410 3'3.3113 
f 13 73."000 71.60(11) '72.1'121 1).4324 1).6S7fi 
pn 13 '7. SOOO '7.0001) '7.21;92 1).0590 0.2429 
fV8 13 1,., .. 0.000 5'6.001l11 93.9231 1164.9103 25.7eS9 
fS 13 7f!l.O.oOO 22'5.001)0 39'8.53115 24610.2f;92 15'6.8766 

CORRELAfIOn NATRII FOL£OUS: 

fD8 CL so,. fBOD 1103" fCOD PH tvs 'IS 

fDS '1.000 
ClI '0.9-80 '1.000 
80 .. ·0.9 .... 3 '0.941 ·1.001! 
'rBOD '0.4051 '0.499 ·0.30? '1 .• 001! 
.03tr '0.5-59 '0.542 '0.595 '0.242 '1.000 

.' fCOD '0.792 '0.7·5" '0.704 ·0."11i1 ·c).47S 1.000 
r '0.846 '0.613 '0.6·1" 0.572 ·"."Olt 0.513 1.000 
PH "'0.510 .. 0 ..... " "0.381; -0.39 .. -0.117 -0.3116 -1'1.529 1.000 

"8 '0.7·71' '0.706 ·0.S41 '0.429 '11.639 1).53/) . 0.629 -0.fi95 ·1.0nl'l 
f8 '0.1031 ·0.9.oS '0~82() '0."64 ·0 .... 77 0.750 0."58 -0.S4~ 0.750 1.000 

....... --"._". 



TABLE VII-D-29 

ALL STATIONS 
ALL DEPTHS 

NOVEMBER 27, 1973 

PAR AlfZf'lflt NO. 0' SAUl' IIAZ J.f1f1 II1fAII YARIAlICr: S'l'D. DEV. 

rCDD 13 3'~.0000 '9.0000 1'5.2,308 31J. 5 :256 6.2069 
ru 13 ' 21'0.0000 '7.00/)0 3'5.0769 285'-.0769 53 ... 0 .. A 

, rXlI u' ·O.'.IIHIO '1).3"111) '/).5/)77 0.03011 . '1).175" 
cr. 11 2'2.0000 1"7.0000 1"8.5385 '1.7692 '1.3301 
PJr. 13 ·o.OStlO 0.0000 O.OtlS2 '1).0002 0.0136 
CR 13 '0.0-560 1).0000 0.0111 1).0003 '0. 0171 
111 13 '0. 1-5 a 0 '0.0560 '0.0965 0.0006 0.02.,9 
UK 13 51t.0000 5"5.0000 56.9231 1.0769 1.0377 .,U 13 ·0.10no '".oono 0.015" 1).001" '0.0376 
rp 13 '0.8'100 '0.0200 '0.1392 '0.0"69 0.216'+ 

CD1Ut.Uf'IOll lfA~RIZ rOLLOr!s: 

reOD 'l'SS ru CL PHI. CR U ALK 11.11.311 1'1' 

rCOD '1.0.00 
fl. ·0.9'+S 1.000 
ru ·0.101 -0.004 1.0.00 
Cz. "0.2-89 ~o.leB '0.2611 1.tlCO 
'liZ. '0.1091 '0.0·59 -0.201 -0.291 1.000 
CI "0.095 ·0.2'()6 -0.16'+ (l.te'+ ·0.223 1.0no 
111 '0.7·33 '0.767 '0.16 7 ·0.129 'O.2~6 -0.25/!! 1.000 
.iU ·0 .... 17 '0.3075 ·0.363 '0.093 0.361 0.052 '0.263 1.00tl 
.RaN "0.1.2_ ·0.13" 0.361) ·0.180 ·0.168 0.02'+ -0.036 -0.609 1.01)0 
n '0.0-'+0 'O.O.gl ·0.321) ·0.161 ·0.123 ·0.2R9 ·n.136 0.174 ·0.22,+ '1.000 

PAllA.lII~ER itO. or SAUl' IIAZ 1-11" taAII YARTAIfCE 57'D. DEV. 

rD8 13 275.0.<100 175.001)1) 19"9.615'+ 21)~7.7564 '+5.2521 
cr. 13 72.0.<100 1'1.0000 111.5385 1.76!12 1.3301 
.D_ 13 3'0.1).()00 75.001)0 77.31!"6 '1.75114 1.3253 
1.'8011 13 '1.0,000 '0.01)01) 0· ... 615 '0.21192 0.5111!! 
'D3N 13 '0.8200 '11.501)0 1).7308 0.01159 0.0166 
fCOD .13 3"11.0.000 9.011110 1'5 .23~8 311.5256 6.2069 
'I 13 ... a.2.(1)0 ,,'6.1101)0 .. 7.5769 11.11569 '''.11161) 
PH 13 '(;.9.0.,0 ·1i.91)')0 '6.'.)000 'o.onoo 0.000') ,..,. 13 14'1.0-(1)1) l·S.OO"1) "72.6923 176'1.730a 112.04 .... 
fS 13 33"5.0,ono 165.0000 2:J~. 615 .. 29115.2564 5 ... 6315 

CORRr£A'.!'IOi1 ltA'l'RIZ FOLLOIIS I 

nJS Cz. so .. !'BOD N031' '1COD PH r1S 'IS 

'IDS ·l.COO 
ct. "'0.3.22 1.0.Q0 .0_ 

"0.5<52 "0.553 '1.001) 
lSOD "0.347 ·0 .... 55 ~0.401 1.000 
.011 '0."-9 .. '0.1.02 '0.5·55 "0.3-66 '1.000 
'lCOD "0.3·32 ~0.289 ~o. 2,2" '0.301 .0.7.3 11 1.0~0 

1.' "0.0.08 '0.3·21 "0.296 '0.033 '0.0·53 -0.1 .. 2 '1.000 
'PR '1.000 
fVl '0.8·52 "0.3"1 '0.5·3'- "0.1119 '1).2,39 -0.0'+5 1).109 '1.1)1'10 
f. '0.""1 ~0."50 ·0.009 ·'0.037 "0."0·/ 0.6"" ·0.119 '0.528 1.000 



TABLE VII-D-30 

ALL STATIONS 
ALL DEPTHS 

JANUARY 3, 1974 

PARAJ.J&TZR i/O. OF SAJ.lp IIAZ III. IIHAn VARIAHcrr 8T1>. lJr.'I. 

rCOD is 2'2. ~OGG '3.0.0110. 1'1.0.111)0 3'5.8333 ·5.9au 
f8B 13 ltO.OOOO 5'5.01)1)0 g·II.001)/I 1231.51)011 3'5.1181. 
rIC47 13 0.95110 ·I).oono 0.35!)2 ·0.n195 O.2Clq 
CL 13 1'3.0.01)0 1'1).00/10 1'1.2308 1.02511 '1.11121 
pnL 13 ·0.20no ·f).onOG f).0131 1).0028 0.0.525 
Cit 13 '0.0350 ·I).oono /l.0111 1).0001 0.11113 
In 13 '0.. Q.110 '/l.G2!;1I 0..01122 1).0003 0.0161 
AU 13 ... 5.00110 "'1'1.0.1)00 .. 3.1538 '2.31)71 1.5191 
IIB3R 13 '0..20.00 ·I).Gono 0.0538 0.00 ..... 0.0.661) 
r1' u '11'.2.00 '0..0.51)0. 0.1262 0.0.0. ..... '0.0.66'" 

t:ORR~£ArI011 HAfitIX FOLLOYS: 

rCOD rss rIC. CL PHI. CR JIf AU IIR~1I 1'1' 

rCOD '1.000 
rSIl ·G.6~9 "l.0'()0 
UTI '0..1·16 0 .... ,9 1.0.0.0 
cr. '0..2·15 "0.3-63 "'0..3-99 "1.00.0 
PBL "0..2039 ~0.192 "'0..33 ... 'O.Glt8 '1.000 
C1l "0.0033 "0.337 '0.80'1 "0.329 "0.179 1.0110. 
In '0..641 "0..8·86 '0.519 "'0.30.5 "0.218 0.328 1.00.0 
AU '0.055 "'0.29& -0.48R "0.354 '0.370. -0..271 -0.250 1.0.0.0. 
IIR3R "0..316 "0.108 "0..3·11 '0.0411 "'O.l .. a '0."01 -0.036 -0.006 "1.0.110 
fP "0..549 '0.649 0.356 "G.llt1 "'0.032 0.291 0..652 -0.115 "0 ... 12 '1.000 

PARAlnrrER RO. 0' SAJ.fP HAX MIll NKAR VARIA liCE S'1'D. DlrV. 

fDB sa 115.0000 3"G.oonn 99.6154 211"8.5e91 1f6.0281 
Cr. 13 l3.0000 1!l.001)l) 11.2301l 1.0256 1.0121 
'0,. 13 33.001)0 1 .... 0111)1) 2'0.2308 22.0256 .... 6!)31 
nOD IS "2. 00 I)/) ·1.0(lOn 1 .... 615 0.2692 0.5189 
110311 13 ·0.841/l '11.541)" 1).7262 n.OIl!)l 0.0!!55 
fCOD 13 2'2.0000 3.01l1)G 11.00.1)" 35.11:'133 5.9P.t;1 
r 0. "0..0.01)0 "/l .01)"" 'I) .0001) o.oono "0.0000 

'11 13 "1.1000 "1.3000 1.5308 0.02110 0..1548 
ns 13 9'5.00111) "f!.oono "'3.3""6 678. OSq7 75.0617 
rl . 13 305.0.000 13·0.01l00 189.6154 30T6.9231 55."700 

CORll~LAfIOiT 'tAJ'RIZ POLLO~Sr 

IDS Ci- SOlf rROD ND3N reDD I PH tVS IS 

rDS '1.000 
C£ ~0.2"6 '1.000 
10 .. '0.249 .. 0.2 .... 0 '1.001) 
!'BOD "0.&·55 '0.0-98 "'O.lS11 "1.000 
11038 '0.1090 "0.3·78 '0.353 "'0.331 1.000 
reOD "0.396 '0.2·75 '0.160 '0."02 "0.1-85 1.000 
r 'l.0no ", "0.2·32 '0.3-23 '0.402 '0.327 "0.2lt5 0.360 '1.000 
nil "0' .1·13 "'0.221 '0.153 ~0.521 'O.1!1 -0.343 -0.13 ... 1.000, .,8 '0.1·15 "0.11-51 "0.2811 "0.38 .. 0 ... ·5 .. '0.053 -0.3"'3 0.6n1 '1.000 



.. , 

TABLE VII-D-31 
ALL STATIONS 

SURFACE 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

PUAUIl!1'IJR 110. 01' SAHP liAr ilIff Nr.Aff VARIANCB 

If:OD ... 2'6.00no 3.0""0 10.8125 3~.1301 
f88 1t8 90.nooo n.onn" :tn .&1175 5211.11'1119 
f~lI ItS ·1.3100 n."nnn n.lIqlll n.O!!2,! 
Cr. ItS 16·G.oOOO It. 01)01) 21.9750 11)7~.26116 

"" 1t8 ·O.28ln n.llono n.027q n.on35 
t:R U ·0.0870 ·".oOlln 0.01n7 n.nOIlI+ 'II 1t8 ·0.3050 ·o.oonn ·0.0515 1).01)30 
Ar,IC 1t8 62.00no 39.nono 52.3~1I2 ~q.1I>qll 'B3' 1t8. ·0.2000 ·".nooo n.0271 n.on29 
'D ... ·(l.tl·U\ G. 1)"0200 0.0969 1).0122 

C~RRK£A!1'IO" NA!1'RIZ FOLLO~Sr 

PCOD 'rSS 'XII Cr, PHL cn %It 

fCOD 1.aoo 
1'88 -0.328 i.oOn 
'Kit 0.51«1 ~0.187 1.onn 
Ct. 0.131 ·0.1118 ~n.01B 1.oon 
PII. -o.nlls 0.2111 ~O.3sr; -n.1)3" l.nnl! 
CIl -0.103 (l.0711- -0.107. -0.1"2 n.33n 1.0nn 
111 0.1119 -0.067 0.2115 n.I)S7 ~O.2211 0.11 111 1.Ono 
AU -0. co a- -n.359 ~0.30? ".1112 ~.O'ln -0.0'2 0.062 
'IIU 0.071 0.133 0.415 -n.:a" -0.1)71) 11.1'15 -n.l)ll'! 
'11' 0.nn2 -0.n97 -0.1011 -0.1)75 -0.010 -0.01\3 0.079 

'ARAJIK~8R 110. OF SAUl' IIAX /.Irff H?A" VAR.TA:1CE 
fD8 /to&. 51.1'1.0"00 7n.oono 171!.812S 111112.51111 Ct. ...,.. t&.r..oono 4 •. 11/"'0 21.8"~"" 111".1., r.1'J'I BOil 411 IIl.IlOOO 111.'1/1,\1'1 U.?:~q2 IIR.6t11i'l rDOrJ ... lI.oono n.ol)l,,' 1.,,'792 1.1059 '0311 It' ·tI.8I1no n.1qnO '1.5162 0.0306 'fCOD liS 26.00no 3.onoo 11).81.25 31.7301 f 30 73.11000 46."Onl) 1\3.4~01) 110.2841 'R 118 ·'7.90nO 6.900n 1.5313 0.011116 fVB It" 54n.oooo ·2.0000 73.77n8 611/)5.7549 f6 118 630.0000 100.00nn 21)0.2003 9311.115111 
COilR6£AU0i1 /lA'J'RIX FOr,LOUS: 

~ f'DS Ct SOli 1'1I0D R030 !1'eO[l 
ns ·1.000 
C£ '0.595 1.000 
'011 ·0.519 0.799 ·1. 000 
nOD -1).185 0.111" -0.094 1.oor) 
IOU -0.288 -0.215 ·0.07? 0.24, ·1.01)0 f'COD ·0.018 0.1:'11 ·0.11!! 0.5111 ·0.277 1.0no f '0.280 ·0.3:18 ".04~ 0.615 -0.3nl 0.171'; 1.001) PIl 0.02(1 -0.135 ·O.lIq,) ".nllfl -fl.fl3S -0.2f11! /).600 fVS 0.110 ·0.066 O.Olln -0.221') ~0.234 -O.OQO 0.116 fa ·0.97' 0.623 ·0.53!! -0.113 -0.241) ·O.OQS /).261 

STP. DIlV. 

5.80111 .,.~ '" _ ........ ::i' 

22.Q1l87 
0.2!!7q 

3'.7I1n7 
O.OSIlII 
0.0199 
o.nSIlII 
7.0121 
0.0531> 
n.ll06 

ALK 1111311 TP 

1.Onn 
-O.5Q,! 1.01)1) 

n.131; -0.1117 1.000 

S7'[). Dr-v. 

95.112511 
32.7(./17 

6.'l11P 
1.0SH 
n.11118 
5.8078 

In.5017 
1).2976 

80.0360 
96.11969 

PO rvs 'J'S 

1.0nn 
0.1?' 1.000 
I).on~ 0.77 .. 1.000 

- .-- _._- . 

, 
1 



,- r":::U5L::" 'f.~-l)--:~'7. 
i -_ .. ---.. ............. 
i ALL STATIONS 

DEPTHS 20 TO 45 FT. 

I ,MAY 29, 1973 TO JANUARY 3, 1974 

1 .. CATEGORY 6· 
\ 

---,- ...... --~ -... --
~'I.::Ai::'''J'r::i1 Du. Clj' ~Ai';P i:AX ilIN ,:81..1 VAJe'!A;:CE ~Jli. Jli:V. 

lev/) 39 155.0000 5.0)00 2".7'.1 .. 9 'J27.0t21 3'J ..... 77 
T:;~' 39 5~O.OOOO 1.0000 H.38 .. 6 ge~8.7(,n 9').3"17 
XI:ll 39 3., .. 00 0.0000 J.&5~3 O.'4(''JC 0.(.253 
(;L 3i 275.0000 5.0000 3{J.~3"S 2nC.C23S 'S ... ('5&0 
r~l!L 39 O.2 .. i 0 O.oooe. 0.0350 0.0')~1 0.0(,38 
C4_ 39 0.1&90 0.0000 u.01':l7 0.001" 0.037f. 
;;/1 39 0.0750 0.0000 0.0&37 0.01% 0.139' 
ilL'; 39 (;2.0000 .. 3.0000 53.33n .. 0.75 .... &.3~39 

,maN 39 0.3000 0.0000 0,0333 0.00 .. 9 0.0701 
:.,'i' 39 1 ... 300 0.0"00 0.17-6" O.(jSSG 0.2359 

C(,)j,P.l:LATIOil If A TI!IX POLLOI/Sl 

TeOD TS:; TXII CL peL cn ZfI ALI: /lU3U TP 

TCOD 1.090 
';IS;; '0',7 .... 1.000 
:'l:ii 0.6BO 0.&"& 1.000 
CL 0 ..... 0 0.033 -0.019 1.000 
PJlL -0.178 -0.122 -0.215 -0.11" 1.000 
CR 0.090 0.152 0.163 -0.210 0.187 1.000 

"II 0.102 0.12" 0.1 .. 5 0.025 0 ... 30 0.0611 1.000 
ALi: 0.0119 -0.105 -0.173 0.37" 0.133 -0.122 0.168 1.000 

/:0311 0.520 0.627 0.803 -0.200 -0.~2C. 0.2110 0.079 -0.390 1.000 
,;p 0.780 0.922 0.7&1 -0.011 -0.1111 0.155 0.1111 -0.027 :1.717 1.000 

PA,iAIJE'rER NO. OP SANP YAX MIN .:IEAli VARIA/ICE S'ID. DEV. 

TDS 39 670.0000 30,.0000 201,6667 111539.9123 120.5816 
CL 39 275.0000 5.0000 30.5385 2986.6235 5 ... 6500 
SO .. 39 50.0000 11.0000 20.5385 65.5709 8.0976 
rOOD 39 9.0000 0.'0000 1.&1162 3.2915 1.81'12 
1/0311 39 1.5800 0,2700 0.5990 0.07"1 0.2723 
~COD 39 155.0000 5.0000 22.79119 927.0621 30.1f"" 
T 2'1 73.11000 '17.3000 63.6583 106.5695 10.'1197 
PH 39 7.9000 6.9000 7 ... 872 0.1259 0.35118 
TVS 39 390.0000 8.0000 90.2051 "312.5358 65.6699 
'IS 39 870.0000 115.0000 266.615'1 2G036.3 .. 82 163.8180 

COJ;Il[;LATIOlJ i-iAf'RIX FOLLOIIS: 

TDS CL SOli TBOD N03N TCOD PH '1VS 'IS 

'IDS 1.000 
cL 0.815 1.000 
SO .. 0.712 0.839 1.000 
TEOD 0.1"5 0.165 0.036 1.000 

'N0311 ;0.218 -0.265 -0.1211 0.625 1.000 
'ICOD 0.1165 0 ..... 0 0.369 0.660 0.50B 1.000. 
r 0.381 0.389 0.130 0.513 -0.0011 0.269 1.000 
PH -0.3 .. 9 -0 ... 18 -0.6'11 -0.109 -0.161 -0.251 0.1113 1.000 
'IVS 0.627 0.163 0.150 -0.156 -0.239 0.00" 0.21 .. 0.012 1.000 
TS 0.799 0.620 0.5'15 0."57 0.195 0.793 0.325 -0.356 0.'128 1.000 

.. _-' ------



'!'IP.I!'''!'''r" 

'!"~(m 

ff'.'I1i 
"'r.r. 
r.r. 
rmr. 
f!lP 
1.71 
u.r. 
If1f3" 
~p 

t:OltR1'I'.A'!um 

~c(ln 

fSS 
1IC" e£ 
"Pol. 
r.B 
$R 
AU! 

If"'" !P 

1'.l.r.ft.:, .. ~f' ... 

~M 
r.r, 
~('U. 
~;on!l 

r(l'l!, 
""!(lTl 

'" 
PH 
~VS ,..', 
r.ORIt1{£A~I(I" 

,."S 
r.1. 
:fiJII 
"'TlOTl 
"(lM' 
,!,f!(lTl 
'I' 
-11 
'!'VB 
~IJ 

TABLE VII-D-33 
·ALL STATIONS 

DEPTHS 45 TO 80 FEET 
MAY 29, 1973 THROUGH JANUARY 3, 1974 

,.(1. OP SAl"" !r/' "'T" 1~P.AlI 

,~ "'fII.nnf'tl\ 0.""''''' ~".I''''in 

!'" "!"?ft.f\"I"n "."n"t'\ "0;.")""0; 

~:R !." ~."\,,, ". (\f"'In ".~ .... " 
:';11 ~~n."''''''' ".'H\n" :l1.:O"~" 

1.' ". '."'" n","""1'1'" fl.,,;.:;a 
til II."'''"'' ".nn"" .... ",!&&.F 

1" "."""" A. n~ Cf'\ 1\ .1.~" 4) 

~II ,,~. "!I'I,!,,!'" .. n.nn"" 'I2.FA7!; 
t/\ n.~."'''n "."Oll/) t).nn"~ 

:tIl 1).7.2nn o.n,"n 11.1251) 

:tA':"RIT. FOf,f,OIlS: 

'!'r.OTl ~r..q !'x" r.r, PHI. rR 

'-.non ,.,.F.", 1.no/\ 
n.""'1 -"'. ~.~li 1.Mln 
".'~'1 -I).""" ".""" 1.""0 

-"'.3111 -I).1.?~ -n.nll" ".01! 1.nnl) 

"'."~' I), ,. ~." n."",- -n,:!" n,II2'1 1.nl)n 
-n.1?" -n,,,r.~ -n.!!~ -",1,"7 -I). ?:1I; n,1/1., 
-", ~nF' -".:t~" -n.~~" n,'''2 n,?,'" 1),21111 
-n."",. -"."""'!" -". "",. -n."I~7 -,., do '. ~o -n. '.'H 
I).()~:t 1\.'-1'1'1 -1).1!R -n.<'I'l3 n.1.IIO n.!lflll 

r(l. OF t~I;".f'D !~J' I·~r." ,ur:A,~ 

!fir II!'~."""" .,~.n"nn ~." .. "1' It 
!r. ,. "". ('t "tt!" n.nl'l"" ,~.~.,~n ,,; '0."''''''' 1,."'111/') 't'J.~"C:" ,.- I" ."""n f\.,,"t\1\ 1. ,I'.~.' 1\ 

'.'1 ". '111,"" ".:,~n" ".<FP1. 
1. lit "ft.",,,..,., 0."' ... .,., 1 ..... 0.,-:" 
~n "'~."'~rtt') .. r,,,,,n,, li1.1::!1)1) 
:til ".Anno '" ,'11'11\11 ".1;3"11) 
111 ""n.n"nll ~. 'I .n nf)Il 95."!'illn 
11: 1!1I~."nn" 1n5."nn" 'fi4."'''!'; 

HA7'RIT. P(lL[.(ItlS: 

,!,[lf~ Cl. ."I() .. ""Of) I'()~ " 'l'COll 

1.IInl1 
1).1~P. t.n!'" 
n.r.~" 1'1.~qr; 1.""n 

-".'.~Q n.1~u -". ~fl'. 1. n"n 
-n.,,!f) -n,?f ,. n,:!'I" -n.":!5 1 • .,"0 

n ... ," n,:!!!'; 1')." '.!'i n.,n7 -n.!", 1 .• non n.,,,,,, r, ~ lL,",f) n,/I?" t') • 110 "'I n -".4~f) :0,,.,.,,, 
-n.~:1n -r),~2" -n.f'l" -".n O? -II, ~11 ",n67 

11.",,'1 ".!n:\ n.nqq -<'1.<'1'10 -no '.4:\ n, SRl! 
0.""5 n.~~s f).:t'l~ -n.~. ~" -n,:!FlC 0.r.64 

vIRIAf1CF. ·S'!'ll. llF.V. 

:>/\., ,.,;., ~.'.1n .. 
""'1 o .'i'l'" Q.~. A 1111., 

".nOll e ".?!lI\" 
~n"I;."'1l1n ~:I.B'.'l 

". !'II\~. q ".n .. ~p 
n.""1)4 ".11211, 
"'."·'U,lt ·n. H' !'\II 

!'OII.II"!!':R 7.3~5n 

'1.1)1)1)1; n.o,-o;I) 
n.f)02 7 II.n522 

Zit JU If",,, "'P 

!.nOI) 
O,on" !.nnn 

-n,047. f).I')~" l."nn 
lI.t'l:! -".221) -n.4AII 1.<'I!!" 

, 
I-
I 

;'''-ffT.l.lff!r STIl, Dr.". ; 

~ 
""!;CI,"'1511 ·"~.t2"0 
!.n'7~.r.~"''' '2.~!"!'\ 

",.01."" 1I.!I~'11 
~ .. ~ ~ q, ~ ... tnf'"P "./I .... ~ n.'''D~ 

"r. ".1."~ ~.'-~"4 
'-1!2.nl!';~ !l.nl;flf) 

'1.11:1:> n,'3.1l1i 
171n4.7l1:n !~"."fl'il 
2Cl711"."2'1?' 11111.n4f)? 

,. PR 7'v.<: '!'S 

t.nnn 
1'1.211\ 1.0nn 
n"Ri n.1Q:l t.'10n 
0.?5/; 'I.!)1" O. A ~4 1.0"" 



( . 
TABLE VI.!-D...;34 

I 

ALL STATIONS 
SURPACB 

laY 29, 1973 

. < :. .. ,; 

." '. 

PI.IIA."'~"1f "n. n, IIAlfP MAX 11111 11r.AII 'AItII.IICll II'll. 118'. 

fctm " tll.It''''1I fI.llltllll. 11.1I1I1I1t It. 1111011 2. Clllflft 

"'UI " 'iii"",. :1."""11 ,".'1nllll "11."11111'1 4.1I~!\1I 

~lUI • "11" It.ftOlln lI.fI'''.' 1I.lIn ... ".IIAII1 

cr. .. OOft ..... .,"" '!.""IIO 1.flOIIII 1.28 .... 

1'1'1. • G.IIIIIIII 11.11111111 11.110,,11 ft.IIOIIII 11.11111111 

r.R " II."'~" ".11""" !!.'1nll' 11.1111"·. ".'U1.~ 

Ii" • ·tI.tlS"" 11."1211 " .. ",'1" lI.nnl'l2 It. 1'1 1"" 

Il&K 1\ II II .• lin II II lIlI.II,,1I11 _,.A':I;1 _.cUU,,, 2.221U\ 

~fIf!\" " ".2111111 II.III'1Il11 n.'USII" ".1111'1" 11.111':1 

S'JI • It. lit.,,, "."'"'' ".n~"" 11.0001 I).f)2!:! 

<:'3 

r.oRR~I~"I(t~ UA,.ltlX '~£~(t~8. 

,r.(tP :"11 !"'-" r,& t>r.£ Cg Zt' AU 1'":1,, ~" ., 

~(lP 1.lIiI" 
NIl ".1!'111 1.1In" 
!"Itli 0.0"" -11.''''1 1.111111 
r.r. II ... ··' 

-.,.e",,· , .. """ 
Pf'r. 1."ft .. .1.""" , .. """ , .• II!''' ,.ft"n 

r.1I -"."fll -".r:,1l -II.UII -"."'" ,.. ...... " •• IIIlII 

RI' II.~"II ".'""., -".lIli. ".r'l" 1."/1., -".!l"~ '.""Il 

1.1." ft.,-'-, ".""" .... -"."~" "."''''' :'t.~"" -".~"" 'I •• "" 
1.,,11" 

!t."!!." -II.1·~' -11." .. e -II.", ,.""11 "."2" -".~, .. -ft. II'" 1.111111 

~ 1I.IlII," "."~II ".&." ·ft."~ ,.""'" -"."''''' 1I.1t,,- ".'1!'1'- -".""~ 1.II"~ 

. , 

"ARAII~,.1t1t ,,(t. n; Sl.lfP 111.7. IIIP NitA' 'AltlA.r.tt 8':D. Dll'. 

!"II/t " 1211.IIIIIUI 1nS."1I1l1I 11l1.MI'I" "". lSl'1I11 ;;.89!!1l 
CT. A ".ftll"l1 11."11110 '1.nlltlll 1.1'0011 1."fl4!1 
.flfJ" A "./lftllft l".II~"oi '1. '.IUI" ".!lIIII" O. ~1I1" 
~lt(t" II 2.lIft/l1\ 1."nlll'l , • v."" lI.llili" 1).""112 
IIfJM' 1\ .1I.1&:tllft n.,,,/lft "1.311.,,, 1'1.1)0" 0.011119 
~r.fIlI A 1&"~1'Ifl1l '.n/llln 11..l'IlIlIn ,.lInllll 2."I&IIS 
r " lIS ~ tiM /I !I". 'Itl 111'1 ~ ... IIIIII" n.'''5'' O.!lll1" 
-If " ".flnftll ".,111111 ".111'" 11'.01\5" '1."5113 
'1"8 " "5."1'111/1 ,tI."II1I111 !l1I./)I)I)n 11"1'1. "/I/)/) ,,,.lIlItlO 
~D " l .. n.I'IIIIl/l 1,'1.11/)/1/1 1241 .1«1"" " •• 151'1" 1I.1i120 

CfJltlt"U'1'1(1r ",A.rllIT.·. F()r.r.!lP$1 

""P C£ S" .. ~BOD 1M. rcop p" TV8 r!t 

filII 1. 11 1111 
rot ".'2C'1 1.111111 
lit,.. II."., .. ".11"" 1.111111 
!'It<'11 -II.,."" '1 • .,"5 '1.1&11 1./111/1 

I'D'" ".~.,." -1'1.11\ .. -1\.111'1" 1I.,n'l ' .• 111111 
~n ·0.1&11/1 1'1.1111111 11."'1 ~.II/l1I 

f , -".Sr., 11.1.11 ".:1111 -".,,,. 1 • .,/11) 
Pit ·/1.1 .... · -I'I.US I'I.'~" "/l.",., -,..':t.R -" ... :!~ , -1).""1 1.1'10" 
1'V8 -".IIIU ';.~"II'I II.~/I!I 11."12 -11.,,:t "".n, .. n.,.,,, -"I.IH/) 1.nll" 
'1'8 II.'U "."4 "I.lI"" '1.1:111 " ••• .. ,... .... -. . .. 



TABLE VII-D-35 
ALL STATIONS 

SUIWACE 
j 

JUNE 19,' 1973 
, 

.~.--

"4PMr.'J"" l'fI. (I' !:All" ~'A1. 1fT" ~~~AIt rUIAltr., Itrn. Dr.,. 

f'mm II "."'''''11 lit. II';"" 1~."""" tIl.4tnon ..... 81141 

7-?~ II 111./11"'" "."""1'1 ".1""" 11:'.""" II.IIui 
v::.,~ .~' ~ ' .• ~t"ll 11."'1"11 11. 110"" I\.""n~ ".'~'II -.. ,.~ 
CZ " "'. !t""" ~."I""" ".""'" I\.'IIII~ ":!!tll" 
PFt til . ".111/1" ".""11" "."":?' II. "lin II II. ''''111 
t!!f " ''./It'''' ''./It' II" "."" .. " 1I.lIn",. lI.nn'HI 
U' " lI.tll"" "."'1111 I'I."':'II~ ".""1r. ".'11·. 
ill. Jt II 11".11""" "'I. It,,,,,, 1I11.1I!)1I" ".It""" ".1: ,:!~ 
"",\If r. ft.;'. "'''f\. fIIIt.",..t\I\ ". "'If.'" "."~~" "."'1.'-11 
~ II ".U.II'" 1I."e"" ". "'!I'" 11.11111)2 II.oue 

r'RTtnA'J'ltJ" "'A1'RIT. 'O£1.(lIIS·, 

:CtJII r88 1'XII C£ 1'''£ Cit ,. AU Itnil 11' 

:"'r.(m 1."11" -, ...... , .11"'" 
",X,. "."~4I f\.~IIt., 1.lIl1n 
r.r. II."." ".1."11 11.'1.'1 1.11"" 
"1'1. -1I.2M, -f\.~'!." -"."'" ".'111t1 t.""11 
f'!P -".'1'~ "'."". -" .... :-tlt ".11"" "./111, ~.""" 
7." 11.,./1, "'.~"" ".,,,'- -II.'~II -".'.' -".""" ".""" Jr.~ -".It,!I - .... "b. ... -". ".~CI f\. fit 1." ".~"!I ".It'" -".""" 1."1'111 
""!'If" It.""" -'11. '''" II."'!'! ".""" "."~" -".'10" -".II~" t.""'" 
!"'Yi' n •• ., .. "."" II .'"'' 

-"."11 -".'Of! • 1t.1I2~ -".It!!" t.ftft/l 

': 

,..RAIf'1'r.R 11(1. tJ, RAH,. HAX HII II.AII VAltlAIIr.' !t~D. l't'! •• 

,."tr II· 1211.""11" "!I.ItO"" 11'111.'"'' 1~'.!'U!~ 12."'." 
rot. .. ".,.""ft 11./1/11111 '.:t", II.'~II" ft. "U\II 
IffHt II S"."""" !!'I.IIIIII" 1. ... 1I~" 1.'1111" t.",,,, 
!'tt(lrt II 

". till "'" 2.11""11 ,.'11"" II.III1"~ II.~!"!I 

"1''''' .l' "."""11 "."111111 ".~""" ".n"1!! /1.11:. ... " 
~C(lr- II ".I'1""n. l11.nllllll '~.~II11" til. 'UIIIII ..... ""1 
~ II .".,11/1" '''.1111111'1 ~l.t:\''1 ".41.11" lI.qll'~ 

'PII It "."""ft ".""1'111 "."~IIII It. 11"'" I).""'" ,:,,,r. II lIt\.II"lIft , .1"'''" '4."'" 1"".1I'~' 1l1.21112 
~8 " 1~".II""" 111". n 1111 II HS.R~lI' 101 ... 111"" 12.41"11 

m"""',A'!'r(l1' "J"~Tl 1'(17. r,n:'!' I 

~II.~ r.r. .~fI" "'''fill fI(I'" ~r.OIl " 1'1' !'Wit "S 
'!fOR 1.,,"ft 
C£ -ft.".,- 1.11111'1 $". n.,,"" II.n,," , .• 'Inll 
~n" 11.:'''" ' : II. lIVi -"."~'. 1.""n 
1'fI," ".2~" ".1,~' -II .... ', 11.''111 t;1I1I1I 
~r.(I'" 11.""'1& 11."11" n.1."" n."'. n.I~"" 1.1111" 
• -II.lI"" -ft.,."" ".:0-"1& -",11'" -".II!!II -/1.="" , .• 11111'1 
,." -1I .. ~lI!I II. n'", -n •• "" -"'.~!I" -1'1,11"" ",!II" ~,"I)I! 

~"II II.""" -11.1&111 11. 11", 11.'1'141 11.61"" 11,11"" -11."'f! -"."11" 1.nft'" 
-II n.IUIII -".II,,:! .11.2" "."'" 11.61"" ''.!In!'! -".";'11 -11."2'- ".412" t.I'ltn 



·; 

"A".A~ "(I~ (II' ~J''''' 
~C(m " ""f:fr 8 
!l'Xl' 8 
m; " ~, " f!'P. 8 

"" " J£r. " "":'11 " ,." II 

r.ttP.1fPT.J':"Tflr" ~/~!'_r:r 1'(1 "r.(I~5 ; 

'!'f'(ttt ,.,"15 

-:or.Of' ~.nnl'l 

:'~~ 1'1.71&4 1.nll" 
~ n.1~1'1 -'I~"" 
C£ It .... 11 - ~.,.~" 
"'."1. 1'1.4"" ".~.'!" 
t:1l n.!I""- -".""5 
"" ".1&'1'1 -.,.n1" 
AT." -" • .,,,1'; -".Rn1 
mr3" 1.l'Iftl) 1.1'1111) 
~ "."'4 11.""0; 

PAP.AHP:nR - 110. 01' SAHP 

~DS II 
. t:t. II 
1104 fJ 
~(", II 
"1'':)'' ~ 
~r.(", 1\ 
~ 1'1 
."" 1\ 
"$ II 
~8 " 
COllRr.LA~rO" J'A'!'P.IX '(lLLCJflS I 

1'1'S e£ 

'l'TlS 1.nnl) 
1:£ 0.1I~8 1."on 
SO" -1).'11'\" -n.2~'l 

~1I0" 1.0nll ~.non 

"OU -n.n:\3 -n.1,11 
~c(m I).24'T 1).1&41\ 
!' 
p" 
!'VS 1).1'11 0.!!R4 
"!'S 1'1."" 1)."11 

TABLE VII-D-36 
ALL STATIONS 

SURFACE 
JULy 30, 1973 

trA" MIl' ~ZJ1f 

'~oonn 3.1'101'10 _.SIII\? 
3S.l'Il\n/,. 1.IIIH'l0 1-.113~' 

.".1&1'11'11'1 n.nnnn I'l.?'l!l" 
1/1.·nn"n lI.no"n ".'3~3 

n.n2nn n.III,,,n n. ntHi" 
(I.IlIt.,.1'1 n.'!nn" n.Il1'11! 
n~:tn!!1'1 n.onon o.o",_/) 

!III. """'1 !'5~.I)n"" !l1I.A:t:>~ 

o.nlll)o n.nn"I) n."nnn 
"~~~n" n.!llInn _ ft.nqll:t 

.. .,.~ ct nr. C1l 

1.""" 
".A"II 1.nnct 

-1'1.771\ -".!Ii"" :t.n"" 
n ... .," n.I\~9 -1'1.2"2 1.'1"1'1 
11.,0;' n.",-A -"."2 n.RA" 
".~'I& ".'''' -".'\'\11 "."4" 
1./lnn 1./1,,1'1 1.noll 1."11" 

-".II!l1o n.t'" ".'111'1 II.~II" 

HAX "TII .nAil 

1I1tS."000 Hin. "ono 18!1.1)00n 
10.0noll lI.nono ".31:U 
11.!t'lOl'l 111-./lI)On 111.1111 

1.'HI01) - 1.l)nl)/I 1.01l"" 
".""1'111 ".1Ql)n 1I.~"!l0 
'T.I)"'In :\.lInoo ",.611"" 
0.1)01'11'1 I).nnno - ".nO"1) 
7.'\IIlnl'l _". "IlII"l ".111)"" 

125.'Il)nn 1110.1)1):'10 S".A3:U 
220.1'11)01'1 1"".11"1'1" 2"".1131:1 

SO" ""(lD 110311 rco!) 

1.nnl'l 
1.nn" -l.noo 
n.!30 1.n1l0 1.nl)0 
1).:!1'1 1.01)0 -1'1.194 1.nnn 

-n.1'!"i -1.1101'1 -0."117 :-".1'71) 
!I.ln" 1.""0 -;'.II:!II n.",s!; 

-0.!!24 1.
11

"" 
"."1'13 lI.fi"!; 

"I.RIA7fCr. ,"I'1'TI. !'lEV. 

'.41\"" 1.11111" 
111'1.111·11" 1".49110 

n."'7? /1.1611" 
1."6 ... ., 1.~6f1l1 
,,.n,,01.- ".nollll 
".nou_ n.Il3'" 
O.",_II? n.12711 
1.'11'-" 1.11\"1) 
n.onnn n.I'lDOO 
ft.nno? ".1'111&1 

?II J.T.1C 1I1f11!' ,!,p 

1."1'1" 
II. '1&" 1.""" 

"1.""1'1 1.00" 1.01'111 
".'1'10 -".4I1k 1.111111 1.""~ 

VAIlIAlfCE· 8'1'D. lIEY. 

17n.Qoon 13.12:'8"' 
1.1111"., 1.3663 
1'1.6611" 1).1111\11 
0.121)120 0."1)00 
".OORQ n.0942 
'.10116" 1.111111 
o.onon n-.nnno 
0.n04n 0."632 

Il1lP..1/j1l" 21.4048 
2"4.11111" 1'T.151~ 

PH rl8 1.'S 

1.01)11 
' .• 1)"11 
1)-.22~ 1.1201) 

-".0'12 o.o"q , .• non 



"ARA(.fT:~r.n ~(J. (11' h.~'T' 

~~(t" /I 
'J'SS II 
fOB II 
Ct. II 
PHr. /! 
eN II 
In 6 
AU II 

"B'" 1\ 
:'1' r. 

.CORR~tA~rOII lfA~RIT. POt.!.(W!: , 

"C()11 'l'SS 

~con 1.onll 
'I'SS -0.1" 1 1.1)110 
~lCrr -0.111!> -0.:)1;. ... 
Cl. -:-n,0"2 -0.<]55 
PRr, 0.21>3 -1).1)73 
eR -o.nlr. -fl.'-" 
III '1. 1 !III -n.:'Inq 
Al.IC O.IIO:! ('1.'53 
RR'Jif 1.00n 1.01111 
1'1' -1).714 -n.lIiS 

l'Ap,A'm~r.R "0. 01' !1J.!.(p 

'!fltf " C£ II 
$0,+ II 
'1'1f(m I> 
1'0:117 11 
'!c(m 1\ 
~ " PH 1\ 

!!'V!! I; 

"!1 II 

~OltPnA'!]:rll' ui.:-r.n pnr.r.mls: 

,-n.'l ci:, 

:'TJS t.llnn 
cr, -~ .p.~u, '1 .. "'!I'\:"t 
$(III 11.11,\11 -.. ."57 
~!I(tTl , .• "II" 1.""" 
11()3r. n."1l1 -~.~~:l 
~con l).o'), -n.('I62 
fO 
PH -n.53A n.:!";'! 
'"If 0.1\1" -11."171 
"'$ Q.993 -n.7S" 

TABLE VII-D-37 
ALL STATIONS 

SURFACE 
AUGUST 22, 1973 

ltAK t'T'" !tr~" 

17."""" "."11"" :!n.~hr.., 

22.nnnn ".nonn 10.116/1" 
I1.f;3('1n ('1.'-411" 1'I.:Hil'7 

11.nll!l1l ~.noon q.S""1) 
1).'-8:\11 0.111111 ".!II~'-
0.08sn o.nn"o n.014'-
".II'lin 1'I.00nfl O.Olfi" 

61.0(1110 58.nOoo 59.A333 
o.anno O.llnno ".lInoo 
0.13nl) 0.0800 0.ln13 

1'ICII C£ PHL eR 

1.onn 
lI.s::!q 1.1100 

-fl.~'" -1).1'73 1.nl)0 
-1).Flo; n. f08 1).'7'17 1.onn 
0.,,0 n.I''-7 -O.~fi'l /l.131 

-0.:'1115 -0.:!1I6 0."15 fl."3" 
1.nOIl 1.000 1.1100 1.000 

-n.:!l' n.2'5 1).:\20 n.f\,".~ 

f.fAX~ HEll I/~Alt 

,"II.lInllll 1"".lIlIno 111'.:\'11'1 
11. I'llin" S.lIl1no q.~otln 

l1>.lIl)I)n 13.lInnn 111.1>61;7 
1.!!nnn 1.nnnn 1.nonn 
II. or;r.nn " ..... '\1') "."'1'1'1 

1 7 .IIII"n II ."MIII 1".1('1\7 
n.n",," n."n,," n.')'1"" 
'7.""nt. 7.11""n 7.~:I'I'I 

1"'5.n""" , .... 1'\1'110 "1. .n"",1) 
,-,".'11)01) 15n.'I""" 30.0.1'11)1)0 

$(1" ~lI(1T1 1'03" ~COl1 

t.~'lt) 

!.1'I~n i.IlIII) 
n.II'-1 1.nno 1.1)00 

-n.17 '1 1."00 n.1SI\. . 1.rtOl) 

O.'~II 1.nno -".!!51 -!).4A7 
-1).1,,7 1.nnn n.lIS! 1).3111 

I).finl 1.11110 0.'118 11.0'1(1 

Vn~!llrr.,. s".". (IT.v. 

~5.:'I1;f;" !5.1)3115 
3~.n611'7 5.1sn4 

1'1.(\312 1I,17M 
5.1001) :!.2583 
0.01?1t. 0.1111 
n.n012 0.0347 
'1.:1002 0.0124 
1.7611" 1.32'12 
I).onoo n.nono 
0.0004 0.0197 

ZH AU l1B3/1 fP 

1.nOI) 
n.274 1.0011 
1.00n 1.0nl) 1.00n 
'1.n:'l1l -11.'-81 1.1)1)0 1.1)00 

VARIAltCF. Sf'fI. DEV. 

''lIl.~'II'' '11.:\'144 
0;.10l)n '-.2583 
1.11'1117 1.n~28 
n.nnnn ".,!)lInn 
'\.1\1\1..1; n.1I398 

'~.:H\/i" 5."3115 
n.M'lln ~.lIn"o 

"."n,." 1)."516 
1,<;,."1\0" '11.71;'11\ 

1'4". M)On 28.'U1213 

,. PR ,-V$ '1'$ 

1.00n 
1.00n 

J" -n.801 1.noo 
-n.535 n.662 1.000 



!rCO" 
fSS 
!rICO 
C£ 
1>Nr. 
CN 
SO 
A£/c _ 
01l3R 

• 'tP 

no. 01' SAIIP 

& 
II 
6 .. 
6-

" 6 
6 
fI 

• 

MAX 

13.0nOI) 
17.00nO-

0.4000 
28.l)lllftt 

l).n150 
o.nonn 
0.03::10 

PiO.OOOI) 
1).1)0nn 
0-. 1)"1I tr 

'.MBLE VIl-O .... 38. 
ALL STATIONS 

SURFACE 
OCTOBER 3, 1973 

11'" 
lI.nnnn 
l.nnno 
n.,-",HI 

t'l.l'tnlln 
il.oOIlO 
n.nonn 
1).1)0no 

"'1.l)ono 
n.ool)l) 
0.0600 

ilEAl' 

10.00nn 
7.33:1:1 
n.:1I)I\:1 

1I!'.5nnn 
0.00'5 
n.ll/lol') 
n.OOQO 

5Pi.56f\" 
O.I)Otll) 
n.07Pi7 

VARIANCE 

3.2nOn 
31.41111" 

n.nn54 
2q.~001l 

0.1)000 
n.Ol)l)o 
0.0002 

1'1.01;5" 
0.001)0 
0.0001 

CClRN1fr.A~I(l" f.tA7RIT. F'OLLarlt:; 

fCOD 'rSS 

"(.'(J() l.nnl) 
!,S.t; -I).nr.n 1.noo 
rICIf 1).!l11 -n.n32 

• cr. n.""'1 n.24'1 
PHI. 0.1122 n.l"'" 
eN 1.nnl) 1.0no 
111 -n.l'1" 
Ar.lC 11.4"1 -~.ItBt'J 
IIR311 1.000 t.I)1)1I 
':'-'[t -1l.',"5 -. • ,. "'l1&. 

.I' !tA.·fr.~~R t1O. (lP f:A,"P 

~f1~ r. 
r.t II 
-,qO" ~ 

"'If"" ~ 

-(I"" 1\ 
':!COtJ I; 

7 6 
PH II 
~V!: 6 
'1'8 fl 

rDS CL 

'!'P8 1.nno 
cr. 0.12. 1.ono 
804 -".4:!6- n.3"1 
",OP -".3:'11) -n.2:!5 
110311 n.ollPi n.1:!fi 
rC(llI ":1).2'13 n.n41 
r -n.?04 o.~:!.! 

PH 1).11l1li 0.1"11 
'I'V8 1)."1"11& l).n:!C! 
rs 1.noo n.13'1 

'ICIt 

t.oon 
0.11111 
n.Piln 
1./'11)1) 

-n.n:l' 
I't .• ~!t~-

1.1)1)" 
-:).n::~ 

I'AT. 

'-11\.1\"1)" 
21t.1\1\1\1\ 
f';' .Il"!!!"! 

~."'~"''' 
"."lInn 

1:).'10nn 
13."1)/)11 

'.lIn",,
sllo.nOnl) 
1;30.001)0 

,'lor. 

1.nn" 
tI.S"2 
0.375 
n.n'l'l 
"."44 

-o ... "q 
-n .!f."7!,\ 

-n. k,,'1 

Cr. PilI. 

i.nnn 
-n.41)11 

1.nnn 
/'I.r-IIII 

-0.1nl 
1.111)0 
n.'7~" 

l.noo 
1.1)"" 

-".!'I1l2 
n.,t:? 
1.1101) 

-".'1"'1 

nT-... 

1r,,....f"'~n 

1".'1'l/)" 
1 ... .,.,"" 

1 ..... ~"" 
"'.:'171)1) 
~."I)II" 

11. r llno 
1.5/)nl) 

12.(ll)nn 
l"".Oono 

eN 

1.I)nn 
1.111')1) 
1.l)l)n 

!.I)nn 
1.'lnn 

:!r".1~-r;7 

1".5n"" 
!"'.5I)nn 
~.lI1R" 
:1."111:\ 

::.n.oonn 
72.n~:\~ 

".6:\:\:'1 
l"!i.:,;nF." 
!!"".33:'13 

110311 'reOD 

1.n!)I, 
n."26 1.I)on 

-n. ~"" . -n.,-II:'I t.Ol)n 
-n.n23 n.'?!i4 I).1fin 
-n.r.:42 -1).2"7 n.·'-1" 
-1').!Ht9 n.I)F:1l -t'J.~"1 

tIt 

1.non 
n. !211 

1.1)1)1) 
!l.S11 

:1!:'1r.ll. ! 51\., 
~'1.~""n 
'I. ~_"nn 
".1f111" 
lI.n013 
:1.'01" 
O.lllln'7 
I). (I1n" 

:'1"""'1."1\<;'7 
33""6.5661 

1.0017 
-n.13n 
-1).:'.9" 

-0.3:10 !I.IIS3 -".2411 -O.Ul 

STD. nEVe 

1.711119 
5.1;095 
n.n736 
5.4314 
0.0061 
0.001)1) 
0.01?9 
4.:16115 
0.0000 
0.0103 

AU "R311-

1.nnl) 
l.nOI) 

-".11P. 

171.09":l 
'1.431" 
~.,~O, 

1).4082 
l'I.n31\/i 

-!.78!!9 
0.697!; 
n.l0:\3 

11)".5"'1,, 
lA2.8A"3 

PR 

1.0nl) 
n.841\ 

0.8117 

rV8 

1."nn 
n.'1"4 

!rP 

1.00t) 

1.00t 



.. I 
1 

.. ' 

1 
TABLES VII-D-39 '.i 

ALL STATIONS '1 
SUBFACE !, --

i 
OCTOBER 24, 1973 

J 
~ 

'-

1 .. 
pARAf.lF-nR !lO. (II' SA.~IP ('fAX HIli ifF-Ali YARIANCE !l'J'D. lIEV. I 

reDD II 211.110110 !I.OOOO 14.11111 7 88.56117 9.4110 :,-
ns II '".11"1111 1.1I0nn 25.16'" 557..51\67 23.50117 
7'0 II II.R4nn O.:'IlIlIn 11.5'\17 lI.nl&22 i).20S5 
r.T. !l l~r.."OIlO 47.,~nn "".3:'1:'13 ?1I1'-.!>fi"" 4~.8628 j 
,.lfT. II If.n4,,11 lI.nn511 "I.n?!'11 n.1I1I1l2 11.01:\0 J 

Clf 1\ n.nnnn I).Dllon n.nnnn "."oon o.oono 
j-

IP 1\ lI.n80n n.1I5no 11.01\33 11.0001 !'I.1I121 
i 

AUC f\ 112.nllnll '1".nnlln 'III.D:,!:!:,! ~.q6"7 i.7224 
r.rr~l! II n.lllllln lI.nlllln n.Oooll II.nll/)/) n."nllo 
'!!P III ".nllOIl lI.n51111 0.Oli31 0.1)11111 1).0121 

, 
• 

r.(I",.n.A~rrm !'P"P.IT. P()LT.O;It: ; 
'1-
.J 

reCl[) 'ISS ~X.II CL PJ:L CR "II AU liP'" TP I 

:0(:01' !..I"I"''' '-
. '!'$.r: -".s:!! 1.11111) 

::Xr. 11.7.1)1, -".11:? 1.nl'll) 
er, -11.'51) 1).5:'1,,- -1).11''7 1."'''1) 
P~r. -".~,!5 ".~~' n.1eo'! -"."'!' !. '11)1) 

CR 1.00n 1.000 1.11110 1./11'10 1.lInn 1.1)01'1 
In It. f.:!'; -O.i-;7n 11.542 -n.4n4 -0.127 1.non 1."011 
ALX -".751 1).915 -0.:!5:! ".'7n7 ".:U2 1.1'11)" -n.135 1.00n 
"'R3N 1.0nn 1.000 1.lInn 1.nlll) l.lInn 1.nn" 1."on 1.l'Inn l.nnn 
~p 1).679 -n.n59 n.",.4· -1I.~12 -11.'1"7 1.,,/)n n.591 -n.352 1.01)1'1 1.000 I-

I ... .. _ .... 
"ARAI"I:~t.R NO. (lP SANP ItAX "Til HrA6 VARTANCR ."fD. DBV • 

1-2!DS II -1n.O"1I1) 2111.nOI)" 29S .6"117 6231;.fil;"7 78.9126 1', II 161:. ""nt) 47.I)Onn 97.3131 2"12. F.6"" ~~.1I6211 

SD" S "'1.""nll :l7.llnnl) 31.11131 21\.51;67 5.1543 
-J 

~1I0J) I; :1.1)01)11 1.Ilonn 2.1)1)1)1) 1)."01)" 1)."325 

"0"''' I; 11."1"1) 0.17nn n.3'lnl) n.OOI)1 1).lIlft? 
reop II 2G.~onll 5.1101')0 14.Hr.1 rll.5661 9.4110 
~ 1\ 72.!lOl)/) 71."I)lIn 11.11167 1l.1:'!1" 0.1110 
pR 1\ 7.1I0l)n 7.~nno '7.Sllnn .,.01/10 0.12115 
~VS· Ii 9".1)001'1 56 • .,';1)/) 7'5.11;111 25".565'" 16.0117 
ttl I; 1180.nOOl) 225.lll)lIn 321.fi6fi" C!616.1\6111 92.9337 

r.OJrREr.ATIOfl ;!ATRIX FOLLo;l~: 

~IIS CL so- fROD R03l1 !'COD !' PH 'tVS ~s 

TDS 1.(101) 
Cit ".!lII1 1.'Inl) 
110" ".!JlIl'I 1).'!7,) 1.nnll 
%'11011 0.4"11 n.451 0.1n'7 1.I)nO 
"()~" I)."1l1I n.234 n.,-'" ".:1'7", 1.nOl) 
'1eDD -n,"41') -n.,sn -""1":\ n.7M' "."q!\ 1.0ll0 
'!' O.2S~ o.:'!r.o n."114 n.""7 n.129 0.6"" 1."no 

"" -0."40 -n.4S1 -n.!lI':1 n.!'inn ".77:1 n.31l4 ~.Olll) 

'/.'VS n."Fl4 n.":!:! I).~"! 1).11l7 0.<133 /).15!) -n.1)54 -11.3:\1> 1.0nn 
'n1 ".Il"l\ I).qll'! 1).<)17 n.141) 0.:151 -11.3:'1'1 1I.1:1!'i -n.SI;' .. 1).4!!:? 1.0n., 



PARA.·fr.~lur· . 

rCOlJ 
'!'SS 
~r.1t 
f!1. 
PHr. 
Cil 
an 
ALl( 
"1I3R 
!l'P 

f:ORRlr£ATIOl1 

:'COll 
rss 
rlClI 
Cr, 
par. 
f!B 
zn 
Ar.X 
"R:4" 
T1' 

PAItAN1':'J'r.R 

rll8 
Cr. 
[l01j 
1'1011 
"0311 
rcoll 
r 
I'll 
~tI 
1'8 

CORP. r. LA'! 101' 

rDS 
Cr. 
SOli 
!'1I01l 
zmsr 
1!COTI 
'! 
~F 
'J!Vtl 
!rtf 

TABLE VII-D-40 
ALL STATIONS 

SURFACE 
NOVEMBER 27, 1973 

!'O. OF' SI.I!P !fAT. !!z r u al! 

1\ S7./lI)II" CI.nono 1:!.::I:1:t:1 
1\ 1".lInllll ".'I'I1l1I 14.1111\'7 
II ".flll"." 1l.,"I1l1l n.!!Snll 
fII ,?.n,."" 1"."":'!~t) 1'l.11~1l1\ 

e' 1I.lI'nSI) I).nono O.~!3 
1\ 11.11 1160 o.oono /).0 '7!11 
II O.112n 0.0"10 n.Il'l2'7 
1\ 58.nono Sf' .• nono !!6.6'1117 

" o.lonll lI.onllo 1).016'7 
ft- o.ttlon 0.02no 0.2033 

/lATRIX 1'0 r.r.();.'$1 

'J'COll 'JISS '!'1C1' Cr, Pltr. CB 

1.0110 
11.4"1 1.000 

-n.OIl1 0.'107 1.!)nll 
-n.12[; -0.156 0.:'11; 1.000 
-0.120 -0.537 -n.179 0.r.21 1.1100 

1).747 1).1>711 -II .,«11 ".nllo -".277 1.001) 
".1<tCl 0.1132 1).·~S5 -11.1123 -11.161 11.1'7'1 
1).522 -".292 -n."'73 11."11 -0.1138 1I.411!] 

-".061 n.71&9 n.4'73 -n.2'74 -n.302 1).141\ 
-11.182 -n. 1I 11; -0.1>54 -n.119 -0.1111 ·0.1161 

trO. 01' .'tAmJ #tAX 11111 IIWA. 

" 245.0111111 15S.lInn" 190.00"1) 
1\ 22.nnal) l'7.nono 1".0"1111 
1\ ,r..I'J~nl) ,s.noon '7.33:t:l 
1\ 1.non" n.llo"n 1).3:133 
1\ 1'1.''7''1'1 n.~':I"" /).":\II~ 

1\ 17.:'Inlln '1.l)l)lIn 1:!.33:U 
II 1I1I.20ftn 115." 1I1l0 4'7./11)01) 

1\ II.Clnnn I! .'1l'Jnll 'I.tlflllll 
II ttll.!!l)lIn 15.111)011 62.SIII)I) 
1\ 2S5.I)1I00 11;~.llnnO '-04.1667 

:!A':'P.IX 1'(1£1.0;'$ : 

7'TI[: Cr. 504 'J'lfOD !'03N reop 

s.nnn 
-n ~5'1'3 1."01l 

n.,-nn -1'1 • .,~q 1. nn l). 

-n.lIl\q ". A r.l> -n.5:\1 1.llno 
-'1.sn') ".!'ir.1 -.' .!;~q n.4S% 1.nl'lt) 
-I). :al -".t?R ".F."~ n.'.'14 -"."111 ' .• nnn 

1I.2F;n 1'1.11' "I.nr." n.1S~ !'I.:'!71 II.SPoIl 

-t!.5!1. ".I\~I) -0.1113 -11.551 0.661 
'1\.11.1' 
I).'IAII -n.s'll> 1).1'111 ~".llA4 -I'J.:US n.II:'1!; 

"ARII.I!(1P' 8'1']'). l1F.V. 

".11111\'7 ?.65A:1 
41.:11;1';7 1i.1I:!!7 

11.1111711 'I~:1~"11 
:i. ~ 0111) 1.1889 

'1.0000 0.0022 
I).I)OOS 0.0223 
lI.noo? 0.1)1411 
1).f>f:6'7 0.81f>5 
o.n017 n.Q40R' 
0.094«1 0.3n80 

Zif Ar.X IIR311 TP 

1.00n 
-1I.~1I5 1.00n 

n.ll1l1 -11.4I1n 1.ann 
-0.R41) 0.100 -0.276 1.000 

VARTAIfClr S'J'D. DEY. 

109n.onon 33.0151 
3.:!nno 1.7899 
1.4111>'7 1.:1111 
0.ZI;':7 ~. 5 lIS" 
11.1\(1)11 1l.112111\ 
'7.0667 2.1;5113 
II. "I41l0 1).7348 
I'J.O'lnll lI.nOIll) 

1114".70110 3A.0:l55 
1~1I11.16F.7 :0111.1011 

~ PR 'rY5. !'S 

, .• 000 
, .• !lilt) 

11.1151 1.000 
1'.:'165 0.6"'7 1.l)on 



-ARA.'f"'1RR 6(1. 1t11 G~I4'P 

,.C()D a 
"88 a 
fiX" II 
f!L 6 
'PH" 8 
I'R a 
lit .. 
6t.lC Il 
DR3W 8 
~p e 

COIIR~tArI(l1f UA'rRIT. F(lLLmIS~ 

reOD '1S8 

:'con 1.(11)1) 
2'88 "'n.232 1.ano 
1'U -n.2AII 1).1)79 
Cc 0.11411 -0.2"5 
PlI' 1).1\12 -~.7t't4 
CII -n.337 -n.l"" 
'If -n.31)'1 1).'''0 
A£X I).S::3 -a.1."" 
1'R311 -n.II'I3 -1).lQ'l 
f'P -n.:!'1 11 -0.21'1'1 

PARAUF.'!F.R . ffO. (I'S/;/oI1' 

TABLE VII-D-41 
ALL STATIONS 

'SURFACE 
JANUARY 3, 1974 

IfAJt HIIf MIUfI 

16.1)001) 3.001)0 15.11l1li7 
90. n.l)I)l). $!;.nono 71.lIIi1l7 

0.1>51)0 1).1I6no 1).35~1) 

12.01)1)1) 11).1)000 11.'lonn 
I).,-"nn o.nooo 0.01\:\3 
0.0350 .. (i.nol)o 0.11171 
O.Oltl)" 0.0260 0.n322 

"S.I)l)nn 110.1)01)0 "3.11\1\7 
n.lnnn 0.001)0 0.n6117 
0.100n 0.0100 ft.1)850 

f'XIl Cr. PBt CR 

1.nl)l) 
0.1:.3" 1.noo 

-o.SSIt 0.1119 1.(')1)0 
O.r'UI 0.1118 -1).1117 1.non 
1) • .,,-11 n.157 -1).'1nl) 1).31)1 

-0.0"" 0.130 0."P8 0.233 
1).7113 -11."''1 I).7"!! 

-n.~lr. -0,"26 1).12" . -11.4'1" 

HAX HIli mrAIf 

~D8 II 1511.n1l1l0 7.n."Ono 1n".On,,1I 

CT. ~ 1,-.On"lI. 111.!lnl'll'l 11. anon 
S()~ " '''.(I'l'''' ttl.""""" 1°.1r.~., 

~.rf(m I; '."""'l 1."nl'lll ~.'II)"" 
~MI.7 1\ n.7'i'l"! ~. C:1\ttt'\ I"!.r r: ~f'\ 

~C(lfl 1\ 1",. "''''1'')'' 1."1'"" A.Fi;Ij" .. " 11. ,.. ... ~~ .... """ .. ,,') II.I)I'I/)" 

1''' " 7.Rnl)/) "."~no 7.'111;" 

1'Y.'I .. 95.00110 lii.OO.,O 1t~.F(;r.7 

rs r; :! .. ".oono 130.11000 111. 11 6II? 

f!OR.'£ArI(l1T i-tA,;,aI7. 1'(1££0::$: 

11l.'lt CL SO" fifO]) [1(13/1 TCOll 

"DS 1.lInn 
Ct. -n.~93 1.000 
604 -n.51r. 1.nl)" 
TIfOD -n.8nll I).1l 11i -n.n52 1.nnO 
n031t 0.111 -n.:05 -!).~n" -n."51 1.noO 
",con -n.451) o. i.Ll6 'l.'l75 0.ro03 -n.730 1.nl)n 

2' 
"R -".l1rol /l.tO· ".ufot 0.:172 -O.6~2 n.851 

nil : 11.553 -n.312 -n.n:?:! -0.11 .. 8 1).6 q7 -n."31 

'III n.~se -n.S5~ -n • .,tll -n.0;52 "."11 -n,"39 

. 

l'A RTASf!r. $1'D. DF.V. 

%3."61i7 4.S .... 2 
186.1;667 13.;;626 

1,).0587 O.~"22 
n.ROOO 0.89 .... 
0.005'1 0.0153 
0.00n2 0.n123 
0.0001) 0.0057 
2.~8157 1.722" 
0.0021 ·0.0516 
0.0001 0.0105 

111 AtX 1f1l3tr 'lP - . 

1.1)1)1) 
-0.1"" 1.01)/1 

n.31i2 -n.37!'1 1.lInl) 
-11.5111 -n.1211 1.000 

VARIA lief. S'!D. DEV. 

11!!II.nOOIl 3lI.9116 
".11/)01) I).P'l~" 

!~.!~t'~ 1.""1!1 
I). :v,,,n 1'J.~471 

".'l'!ttl1 ".""11 
~~.4nr."7 ~.I!'I"::! 

1).011011 ·".1)000 
O.":?l" 0.1412 

71)1.11661 :!6.lt928 
""68.S66'1 "2.0317 

'! I'R TVS 1'S 

1.000 
1.001) 
"0.0811 1.01)0 

-n.58'1 0.41" 1.000 



TABLE VII-D-42 
- . 

ALL .-STATIONS 

tlEPTHS 20 TO 45 FT. 
~ 

MAY 29, 1973 
CATEGoRY 9 

11lJ(",;~-TCJ{ 110. OF &AI1P I:AX IJIII ;':EIi;1 YIo:::AIICE S'}'lJ. /lCV. 

::Cv/J .. 19.11000 12.0000 1~.7~00 10.nG7 3.30"0 
~-;;:; .. &7.0000 n.oooo q,o,.7!lOO !jal+.2~iJO 2~."~$~ 

rhP .. o.eooo O.S$OO 0.7000 O.Oj.!"O u .1~:.e:!' 
c/, .. 7 •. 0000 ~.OOOO (;.2500 O.~::,u7 0.'.I~7 .. 

.c..- i'IIL .. 0.0000 l.O:JUO 0.0000 " .Q:>OO 0.00,,0 
CJI ij 0.1"00 0.0000 0.0"L3 o.co:sc:t O.OC,27 
i;/I ij 0.01f1i0 0.0270 u.OuOJ u.vOOIs O.O~ol 

IoLX " "11.0000 "3.0000 ..... 2500 ~.2~OO 1.5000 
:1II311 .. 0.1000 0.0000 0.0:1$0 IJ.Qo2~ 0.05<10 
:;"1' .. 0.1'100 a.oeoo O.lt)uO (/;0001> 0.02113 

CVi(l/i;t.ATIvU ,ilSl1IX FOLLClJ.lS: 

:rco/, T&& 'lXN CL PHr. CH Zll ALh 1111 311 '1P 

--- :leaD 1.000 
,".~ C! . .,., 0.ge7 1. 000 
':iUI O.SHIII 1. 000 1.000 
CL 0 ..... 0 0.S70 0.S69 1.000 

I PilL 1.000 1.000 1.000 1.000 1.000 
L- Cli 0.L2" 0.707 0.701l 0.~21 1. 000 1.00v 

~" 0.9DO 0.9911 0.99(, O.StG 1. 000 0.7G1 1. 000 
~" 

!.LX ·0.992 
. 

o. flg7 ·0.998 ·0.522 1.000 ·J.71" -0.~:J7 1.000 
/1/f311 0."5" 0.5 .. 2 0.5ij .. 0.522 1.000 O.97t 0.tl0 ·0.55(; 1.000 
zp 0 ... 26 0.283 0.289 ·O.ligz 1.000 

. 
;l.3~~ C.:'~3 ·0.31" .:). ~71 1.000 

L-
-_. _ .. __ .. - -, ---- .. - --.- .- .... ---- - ,---

.;>AIiA .. ;::rEi{ /JII. OF SAUP l.:AX _ ::IR ;;eAlI ;r"'(::AIICE IiTlJ. lJEV. 

::D;; 4 130.0000 110.0000 122.500:1 91.(.((,7 9.57113 
Ck 4 7.00011 5-.0000 ... 2500 0.9H7 0.957" 
jO_ 4 12.0000 12.0000 12.001l0 o.CJOU 0.00,)0 
TiJ()~ 4 2.0000 1.0000 1.2500 0.25\10 0.5000 
.lu30 .. 0.5000 O.IISOIl 0 ... 700 0.0006 0.02 .. 5 
~'C()D II 19.0000 12.0000 lS.7S01l 10.911;7 3.3~,,0 

',,-- 'I II 55.0000 5".0000 5".SIl00 ~.3333 0.577 .. 
I'll 4 7.eoon t.900D 7.5500 0.1'300 0.43S9 
':VS .. 100.0000 110.0000 70.0000 10lU.&(;67 31.6652 
ZS II 200.0000 130.0000 170.0"0(1 1000.01l00 31. (;228 

CaBkCtA~IOP UAZRIX FOLLOYS: 
L-

'lDS CL SOli '1BOD R0311 TCOD P11 ~vs 'IS 

;'0$ 1.000 

L- CL 0.636 1.000 
$u_ 1.000 1.000 1.000 
ZiJOD ·0.174 0.522 1.000 1.000 
1103" 4 iI,"26 0.1"2 1.000 0.272 1.000 
ZCOD 0.1175 o.""a 1.000 ·0.353 0.453 1.000 
T ·0.302 ·0.905 1.000 ·0.577 0.236 :0.067 1.000 

L- PH ·0.591 ·0.519 1.000 0.382 0.466 0.S"4 0.530 1.000 
'1\'$ ·0.273 ·o.:ua 1.000 ·0.523 ·0.960 ·0.253 ·0.091 -0.57(; 1.000 
:rs O.IIU 0.550 1.000 ·0.211 0.516 i).9&9 ·0.153 ·0.51)8 ·0.3117 1.000 

L 

L 



TABLE VII-D-43 

ALL STATIONS 
'DEPTHS 20 TO 45 FT. 

JUNE 19, 1973 
CATEGORY 9 

-------.:...~ .. _---- ~- ... - .. ----~ 

pAitA/IeTER (I(). "l' CAUP ;IAX IfIll :;SA" VAi/tAIICt· :; .... /.J. /JEV. 

TCOl) 5 15~.OOOO 13.00?0 5~.OOUO 3569.0000 59,7~11 

:r:;:; 5 !i~O.OOOO l,O~I)O 151.0000 511020.0000 2~o.iI~OO 

TJW 5 3.(,"00 1.~700 ~.l~Ov 0.uIl3" 0.9399 
CL 5 ~.OOOO 5.001)0 (, ... 000 1. 3000 1.1'+32 
.. ilL 5 0.0110 0,(;0')0 O.O<)qU 0.0001 0.007, 
Cli S O.OCOO 0.0000 ~.02&G 0.0011 0.0330 
ZlI 5 0.2000 0.03'JO O.lHO 0.00!>1 1I.07H 
I. LX 5 5 ... 0000 46,0000 ~G."UO~ 10.3uOO 3.209~ 

:m311 5 0.3000 O.lIJOO O.lUOO II.OOLO v.O&' .. 
IP 5 1."300 o.oa~o 0 ... \, .. 0 0.33'32 O.5:'!2Lt 

COJl/a:LATIOIi UATilIX PvLLC,IIS: 

TCOl) TSS TKJI CL PHL eli ZN ALi: IIH311 TP 

TCOD 1.000 ': 
T:JS 0.999 1.000 
1';:/1 0.9&:< 0.977 1.000 
CL 0.8&5 0.f>99 o. ba9 1.000 
PJIL ·-O.Ou9 -0.07& 0.069 0.217 1.000 
C~l 0.192 0·.788 0.7&7 -0.577 0.41 .. 1.000 
;;:1 0.13.1 0.728 0.1 .. 1 o.75~ 0.3t6 O.luS 1.000 
AU 0.973 0.981 0.933 0.902 ·0.173 O.63~ 0.£13 1. 000 
.:H3G 0.9&3 0.983 0.981 0 •• 3:: 0.097 0.(.1;0 0.027 O~!ii,fl 1.0110 
TP 0.998 0.S96 0.9S" 0.912 -O.01~ v.757 0.763 0.070 0.99. 1.000 

PARA::I:'1'Er. 00. of SA:JP J.1AX iiIli ,:rAil VABlAUCr ~TD. .DEV. 

TDS S 310.0000 10~.00OO 1&".0000 ac,7. ~OOO 117.S(;~3 

CL 5 B.OOOO ~.OOJo (; ... 0011 1. 3>100 1.1"02 
&04f. 5 19.0000 11.0000 15.tJoO 6.3000 2.8810 
:00;) 5 9.0000 ... 0000 5.€JOO 3.7000 1.9235 
ilO3JJ 5 1.5800 0.7COO 1.0720 0.1033 O ... ~&2 
XCvii 5 155.0000 13.0000 5~.OOOO 3SC9.0000 59.hll 
T s 71. .. 000 69."000 70. "00.0 0.6~SO 0.8093 
i?ll S 1.5000 7 ... aoo 7."(,00 0.0030 0.0548 
TVS 5 111i.OOOO 23.00CO .. 7.8000 1218.7000 35.75&9 
:;:; 5 870.0000 115.0000 J05.00o() lClSlOO.DOOO 32".1913 

COjWELATI011 IJATilIX FOLLOIlS: 

TDS CL so .. ';'BOD N03/1 TCeii PO TVS TS 

:lJ)$ 1.000 ... 0.79" 1.000 
Stitt 0.&82 0.137 1.000 
':JO:J 0.90" 0.616 0.f>1" 1.000 
:10311 0.636 0.899 -0.125 0.617 1.000 

4 
TCOl) 0.927 0.88S 0.382 0.901 0.861 1.000 
:: 0.739 0 ... 33 0.858 O."Ge 0.OS8 1l."S2 1. 000 
PH -0.63& -0'''80 -u.602 -0.332 -0.209 -O'''SCI -O.S .. S 1.000 
':V$ 0.969 0.879 0.523 0.8"0 0.763 0.961 0.6S8 -O.&Cl2 1.000 
~" ~ ... 0.96" 0.883 0 ... 7 .. 0.90 .. 0.81'1 0.993 0.55& -O.53!> 0.983 1.000 

~ 
1 

~ ~ . I 
.. 0;...:..-

·1 



~ 

t. 
I 

I 
r 

1 
I 
I 

1 
~ 

.i'I."AiJCI.'CJI Ilv. UF SAUl' f.:AX 

:rCIJfI 5 13.0000 
:r"~ .,., $ 81.0000 
TY.N ~ 0.5300 
C£ 5 19.0000 
PilL 5 0.0"50 
CN 5 0.02~(I 

1.11 $ o .ono 
ALi:. 5 5£.0000 
PiJ3/i 5 0.10110 
:fl' 5 0.1800 

COR,:CLA'1'IOn UATRIX 'OU,O"SI 

TCOD TSS 

TCOD 1.000 
'1'S:; 0 ....... 1.000 
rJ:,1J 0.260 0.121 
CL -0.575 -0."86 
i'HL 0.359 0.277 
eN -0.365 -0.675 
'1.11 -0.' 39 -0.593 
ALI:' 0.389 -0.600 
SH311 0."92 0.6 .. 0 
IP 0.559 0.i6" 

EAUIJEfER 110. OP SAUP 

TDS 5 
CL 5 
SO .. 5 
TDOD 5 
N03H 5 
TCOD 5 
:r a 
PEl 5 
:rvs 5 
:rs 5 

C()Bil~LA:IO' ,lATRIX FIJLLOU$: 

:rvs 
C£ 
SOl+ 
ZjJ/);' 
.03P 
:lCIJD 
r 
liN 
:lVS 
fS 

TDS C£ 

1.000 
0.576 
0.313 

·0.211 .. 
·0.697 
·0.952 

0.330 
·0.9 .... 

0.106 

1.000 
0 ..... 0 
0.302 
0.135 

-0.57$ 

0.852 
·0,~"2 
·0.105 

!tKN 

" 

1.000 
0.117 -0.7011 

-0.120 
0.098 
0.389 
0.836 
0.h2 

UAX 

200.0000 
19.0000 
1G .0000 

1.0000 
0."800 

13.0000 
0.0000 
7.9000 

105.0000 
255.0000 

:;0 .. 

1.000 
-0· ... 08 

0.198 
·0.553 

·0.G06 
0.211+ 

TABLE VII-D-44 

ALL STATIONS 
'PEPTHS 20 TO 45 FT. 

, JULy 30, 19~3 
CATEGORY 9 

NIII ,:EI.II 

9.0000 11 ... 000 
29.000" 5".0000 
O.~OO(r 0.321.0 
7.QDO(' 1(1 ... 000 
0.0000 0.0120 
0.000\.1 o.Gon 
0.0000 0.01&2 

5 ... 0000 5:>.0000 
0.0000 0.02011 
0.1200 0.1 .... 0 

CL PBL CR 

1.000 
·0.177 1.000 
·0.183 -0,"77 1.000 

0.'l6$ -0.3 .. 3 O.o .. s 
-0.271 0.1126 

·0.157 -0.3 .. 3 -0.S16 
-0.396 0.103 ·0.1 .... 

IIIN NEAR 

160.0000 178.0000 
7.0000 10 ... 000 

15 .0000 15.6000 
0.0000 0.8000 
0.2700 0.3 .. ao 
9.0000 11.11000 
0.0000 O.OOOU 
7.7000 1.8000 

75.0000 92.0000 
211.0000 232.200il 

TaOD 110311 TCOD 

1.000 
0.52 .. 1.000 
0."31 0.602 1.000 

0.791 0.25$ -0.19$ 
0.32S 0.50" 0.963 

·0.711 ·0.308 ·0.295 

VA,:l'AflCJo: 

3.3000 
5!J5.500U 

D.O'IIL 
~~.~~ou 

0.000 .. 
o.oaOl 
~.OQ12 
0.500U 
0.0020 
').0006 

ZN 

1.000 

-0.250 
-0.535 

VAliIAIiCE 

257.$(100 
2".8000 

O.JOOO 
0.2000 
0.0069 
3.3000 
0.0000 
0.0050 

1"5.0000 
3~1.7000 

1.000 

;;~~;,; . iJI:;;; • 

1.01&~ 
2~.Sl>lIU 
0.13v$ 
... 3110" 
0.0191> 
0.0100 
Q.03 .. 0 
0.7071 
U.o .... 7 
0.02H 

ALI: 1JB3i1 :lP 

1.000 
1.000 

-0."23 0.802 1.000 

STD. DEY. 

1(;.0 .. 63 
... 9800 
0.5 .. 77 
0 ..... 72 
0.0832 
1.8166 
0.0000 
0.0707 

12.0"16 
17.9360 

P11 'lVS :IS 

1.0110 
-0.29" 1.000 
-0 ... 93 

. 
0.135 1.000 

, ,. 

to/ .. 



TABLE VII-D-45 
, .' 

ALL STATIONS 
. DEPTHS 20 TO 45 FT. 

~ 
AUGUST 22, 1973 

- --- ... ~ , CATEGORY 9 
":~J(A";L'Tt::Jt /Iv. VI' ~·A~··lP .:AX ''''! • .'1'.'/"/1 vlu.lh:~Ct:; 

, , . ...... , ~ 
,4"" oJ ~ .'. J,;;.'. 

l'CvD 5 1~.0\J00 5.0000 ~.COUO 12.tOOO 3.5777 
_i 

,." .. ,., 5 n.OOO() G.OO(JC 1 L, ~l){.i1J 7 ... 3000 a.Gl~1 ! . .,,, 
:'J~l1 5 0.(,(,00 0.17DO O.3."U ~.031B o .17~" 

-I CL 5 1~ .'JOOI) 10.0000 11.2000 7.201)0 ~.~b33 

J'IlL 5 0.2""0 O.O,?O o.l('(..~ 0.0072 u.u051 
C" 5 0.1(,90 0.0000 0.0:'7 ~ 0.0051 0.0712 
Z/I 5 O. ~750 O.O()~O O.1~52 O.1~ .. 5 O.3~02 I 
Ak4 5 &l.~OOU 58.0000 5:'.OO~0 1.5001) 1.~.'7 I :Ii! 311 5 0.0000 0.0000 0.0000 0.0000 O.Oouo 
'1'1' 5 0.1500 0.0700 0.1100 u.0015 0.0 3b 1 i 
CORRELATIOII MATRIX FOLLOYS: 

TCOD TSIl TKII CL PHI, C,I ZII ALl: lIIl3tl '1'P 

TCOD 1.000 
T:;~ 0.736 1.000 
Ti:iJ 0.316 -0.1&8 1.000 
CL 0.01;3 0.623 -0.13'£1 1.000 
PilL -0.669 -0.596 0.196 0.055 1.000 
C,? -0.338 -0.2"0 -0.1;98 0 ... 50 -0.397 1.000 
ZJl -0. 0 ~S -0.1 .... -O.Ho -0.2 .. [, 0.507 -0.162 1.000 
ALK -0.3 .. 2 -0.118 -0 ... 35 0.583 -0.0 .. (. 0.920 1.000 
Zlll3H 1. 000 1.000 1.000 1. 000 1.000 1.000 1.000 1.000 1.000 
TP 0.73 .. 0.861 0.129 0.587 -0.685 -0.283 -0.583 -0.590 1.000 1.000 

i'AiIA"!ETEIl 110., OF SANP NAX ::I;; tiEAil VAl/lA/ICE STD. ::CV. 

':DS 5 230.0000 170.0000 191. 0000 (,05.0000 2 ... 5967 
CL 5 lC..OOOO 10.0000 11. ZOOO 7.2000 2.&833 
SO .. 5 16.0000 1 ... 0000 15.0000 0.5000 0.7071 
TOOD 5 1.0000 1.0000 1.0000 0.0000 0.0000 
li0311 5 0.5600 0.5100 0.5320 0.0007 0.0259 
TCOD 5 15.0000 5.0000 9.6000 12.8000 3.f>7'77 
'I 0 0.0000 0.0000 0.0000 0.0000 0.0000 
PH 5 7.9000 7.8000 7.8600 0.01)30 0.05"8 
TVS 5 l/fO.OOOO 65.0000 97.0000 7 .. 5.0000 27.29 .. 7 
'IS 5 255.0000 180.0000 208.0000' 995.0000 at.h36 

CORRELATIon UATRIX POLLOllS: 

TD$ CL so .. TBOD 1103N 'ICOD pn TV:; 'IS 

'IDS 1.000 
CL 0.205 1.000 
SU .. -0.072 1.000 
T80D 1.000 1.000 1.000 1.000 
BI.I311 O.U" 0.605 1.000 1.000 
'leaD 0.929 0.063 -0.395 1. 000 0.119 1.000 
T • 1.000 
PH -0.33 .. 0 ... 08 -0.6 .. 5 1.000 0.600 -0.102 1.000 
TVS 0.955 0.061 -0.32" 1.000 0.081 0.996 -0.111 .. 1.000 
'IS 0.99" 0.301 -0.056 1.000 0.205 0.910 -0.275 0.9as 1.000 

...... , . " . 



'j -

TABLE VII-D-46 

ALL STATIONS 
DEPTHS 20 TO 45 FT. 
~EPTEMBER 27, 1973 

CATEGORY 9 

._--- --- .--....-.. -- .- • .- -------._----. -. # 

PAJ,Ai:CTI1i1 /Iv. OF SAUl> ~:AX NIli !:F.AN VAJI 1/..'/ CE 

TCO/} 5 3".0000 
TSS 5 210.0000 
TJ:!J 5 0.&000 
CL 5 19.0000 
illJL 5 0.0030 
ell 5 0.02"0 
Zll 5 o .Hao 
I.L,; 5 5S.0000 

13.0000 111.0000 81.0000 
22.0000 &3. 'IOOu ~ 72~ .€OOO 
0."000 0."1l0\) 0.0020 

18.0000 "' ... 000 0.3000 
0.0000 O.OOHi o.ooo~ 
0.0000 o.oo~o 0.0001 
Q.05r.O 0.09(;0 0.0015 

56.0000 57. .. 000 O.COIlO 
;U1311 s 0.0000 
TP 5 0.2700 

:1.0000 0.0000 O.COOI) 
0.0"00 0.1020 0.0090 

COllr.ELATICIll 1·IATRIX FOLLOIlI1: 

TCOD TSfJ TXII CL PHL Cit ZN 

TeOD 1.000 
TSS 0.996 1.000 
TJ:U 0.311 0.282 1.000 
CL -0.507 -0,"33 -0.612 1.000 
PIlL 0,"06 0."11 -0."08 -0.167 1.000 
Cn .-0.373 -0,"20 -0.395 -0.323 1.0ClO 
.. 11 0.8"0 0.882 0.23 .. -0.08'+ 0.395 -0.732 1.000 
I.Lr. 0.3"2 0.379 -0.·375 0.102 0.919 -0.593 0.5"9 
i1H3/1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
;p 0.980 0.991 0.189 -0.357 0.501 -0,"67 0.911 

l>A,IAUETER 110. OF SANP IJAX UIN i·;EAN VA"~IAlICE 

~DS 5 2"5.0000 125.0000 105.0000 2687.5000 
CL 5 19.0000 18.0000 1&.11000 0.3000 
SOli 5 29.0000 25.0000 27.~000 2.3000 
TOOD 5 1.0000 O. 0000 O.~OOO 0.3000 
n030 5 0.7800 O.SOOO· O.100u 0.0133 
TeCD 5 3".0000 13.0000 l~.OOOU 61.0000 
T 5 11&.2000 117.3000 .. 7.S"00 0.21130 
PH 5 6.9000 6.9000 6.9000 0.0000 
TV.:; 5 1111.0000 35.0000 8C.IIOOO 179& .6000 
TS 5 335.0000 210.0000 2Gb.000u 2007.5000 

COilRi:LATIOU ,"lATRIX FOLLOWS; 

TD$ CL SOli rOOD H03N TeO]) 

'IDS 1.000 
CL 0.572 1.000 
SO .. 0.890 0.2"1 1.000 
Toor; ~o.oea ~0.H7 -O.Z41 1.000 
N03l1 0.169 0.317 0.917 -0.595 1.000 
reOli • ·0.8S .. -0.507 -0.9311 0."06 ·0.956 1.000 
r 0.352 0.667 0.361 -0.667 0.G311 ·0.659 1.000 
PH 
rvs 0.915 -~:~~; 0.812 o.Os14 0.597 ·0.6" -0.031i 
rs -0 ..... 7 -0.132 0.510 -0.870 0.803 -0.703 

_._-_._---
$T:1. DEV. 

9.0000 
82.0'93 
0.0 .... 7 
O.~1f77 

0.\)01& 
0.0113 
0.03,,2 
o.o~ .... 
0.0000 
0.09 .. 1 

ALl: nU311 r,. 

1.000 
1. 000 1.000 
0."90 1.000 1.000 

STD. IJEV. 

51.8"11 
0.5 .. 71 
1. 5166 
0.S .. 77 
o.au 
9.0000 
0."930 
0.0000 

112.3887 
..... S051 

PH TVS :IS 

1.000 
1.000 

-0.201 1.000 





TABLE VII-D-48 

I' ALL STATIONS ...... 
I' 

i DEPTHS 20 TO 45 FT. 
1- OCTOBER 24, 1973 
l CATEGORY 9 

-
i' /,,' A .. Ii: Tl:: J{ /10. UF SAlll' ;;AX I~Jl il .: .. '/,/1 VAJ;IAilCJ:: ;;1",. ;;i:;V. 

TCOlJ S 130.0000 10.0000 ~2.0000 21.21.2000 S1.1~77 
TC~C" 
~ .. 5 2'+0.0000 21.0000 7'1.0000 Ilb2~.2000 ~3.~!.~B 

TI:II 5 0.7800 O.!>t..uCl 0.£.(,(;0 0.00')9 0.0~')2 

CL !> 275.0000 13.00(,0 ISS.C.OOU 5!.1'.l.8uOO , ... 'Jt.S3 
PilL 5 0.0250 0.0100 .l.OHO 0.0000 O.OQSS 
Cil 5 0.0000 0.0000 ~.OOOO 0.0000 O.OQuO 
Zil 5 0.1"00 o.oteo O.10bO 0.0012 0.03"2 
ALi: 5 62.0000 51.0000 ~9.'+000 3.3000 1.8H6 
,IH3t1 5 0.0000 0 • .,000 iI.OIIOO 0.0000 0.0000 
Tio> 5 0 ... 700 0.0(;00 0.1&'10 0.0302 0.1739 

'CO;,ilI:LA't'IO:1 '·;ATiIIX FOLLOIIS: 

TCOD TS3 TXII CL PUL cn ;:/1 ALI: tlH3ll TP 

TCOD 1.000 
:.s:; 0.2311 1.000 
::J:n. 0.'+02 0.116 1.00(t" 
CL 0.899 0.12" 0.701 1.000 
PilL -0.280 -0.62 .. -0 ... e3 -0.206 1.000 
CJI 1.000 1.000 1.000 1.000 1.000 1.000 -Zli 0.650 0.377 -0.309 -0.169 -0.'15'1 1.000 1.000 
ALi: -0.192 -0.181 0.638 0.012 -0.553 1.000 0.298 1.000 
,W311 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
:II' 0.229 0.U7 0.129 0.109 -0.61$ 1.000 0.'118 -0.125 1.000 1.000 

i'AIiA;..[gTgR NO. OF SAl:P ./AX l!IlI lIgAN VAHIArICE STD. DEli. 

TDS 5 670.0000 270.0000 '120.0000 22631.!>000 1511."576 
CL 5 275.0000 73.0000 155.6000 5619.8000 7'1.9£.53 
SO .. S 50.0000 27.0000 3G."000 77.3\)OU 0.7920 
TBOD 5 3.0000 2.0000 2.8000 0.2000 0 ..... 72 
JI(J3N 5 0 ... 100 0.3600 0.3920 0.0002 0.0130 
TCOD S UO.OOOO 10.0000 .. 2.8000 2621.2000 51.1977 
T 5 73."000 71.(,000 72,"200 0.11620 O.SUI> 
PH 5 7.2000 7.0000 7.1000 0.0050 0.0107 
TIIS 5 13".0000 9 ... 0000 113.6000 216.8000 1'1.12"1 
TS 5 735.0000 290.0000 '+95.0000 36212.5000 190.2958 

C01~Ri:LA':t IOU i-iATilIX rOLLOIIS: 

TDS CL SO .. TOOD N03/1 reop PH :vs 1'$ 

TDS 1.000 
CL 0.991 1.000 
50,+ 0.98& 0.992 1.000 
TIloD 0.557 0.616 0.53'+ 1.000 
N0311 0.886 0.929 0.929 O.U., 1.0:10 
:tcor; 0.9"9 0.1199 0.903 0.336 0.75'+ 1.000 
'1' 4 0.719 0.717 0.809 0.5t3 0.773 0.511 1.000 
PH -0.7 S2 -0.736 -0.76" -0.813 -0.801 -0.391 -1.000 
'!VS 0.920 0.961 '0.9 .. 8 0.7 .... 0.917 0.1"9 0.686 0.57(, 1.000 

0.873 0.1) .. 9 0.792 0.602 0.125 0.873 0.350 -O.('GII O.73S 1.000 X$ 

"'I"': , 



"I 

PI.1?I1;:L'TER 110. OF SA/fP ;IAX 

TCO/) 5 n.oooo 
,/:JS 5 lS0.0000 
TJ:II 5 O.S&OO 
CL 5 13.0000 
"ilL 5 0.100U 
ClI 5 0.02S0 
1./1 5 0.0770 
ALK 5 "'1.0000 
• "/Il3l1 5 0.2000 
TP 5 0.2600 

COlmELATIOi/ j.JATi!IX FOLLOWS: 

TCOD TS$ TK,/ 

'1'COD 1.000 
7.'GS 0.855 1. 000 
Ti~1J 0.578 0.771 1.000 '" 
CL -0.511 -0.810 -0.7&0 
PllL 0.5G5 0.517 0.20'1 
CH 0."05 0.103 0.893 
Zll 0.917 0.S"8 0.7 .. 5 
ALi: -0.1171 -0.B05 0.1190 
;jU3N 0.153 0.7"0 
TP 0.301 0.573 0.913 

PARAUETER /10. OF SAliP YAX 

TDS 5 170.0000 
CL 5 13.0000 
SO .. ~ 23.0000 
TEOD 5 2.0000 
l103R 5 0.81100 
TCOD 5 23.0000 
T 0 0.0000 
PH 5 7.8000 
TVS 5 80.0000 
TS 5 270.0000 

CORf!l:LA'lIOI1 i",ATRIl FOLLOIIS: 

TDS 
CL 
SO .. 
TilOD 
[,031i 
TeOD 
T 
PI1 
TVS 
TS 

PLOT DATA? 

i 
I 
I 

TDS 

1.000 
0.439 

-0."99 
-0.558 
~0.523 

4 -0.566 

-0.331 
0.930 
0.615 

CL SOli 

1.000 
1.000 

-0.6 .. 5 0.663 
-0,"70 0.231; 
-0.511 

0.3"1 " 0.8119 
0.283 -0.527 -0.285 -0.G8S 

TA1~LE VII-D-49 

ALL STATIONS 
DEPTHS 20 TO 45 FT. 

JANUARY 3, 1973 
, CATEGORY 9 

:!1/J :i£'/ii, VA.:/AIICF: 

11.0000 1~.0000 23.r.oOO 
70.0000 9".0000 ~270.0000 

0.0000 0.22&0 0.051+2 
11.0000 12.0000 0.5000 

0.0500 (l.O700 O.OOO~ 

0.0000 O.Ol~O 0.00~1 

0.0290 0.0'15& 0.0003 
'I3.00uu ~3.GOOO 0.3000 

0.0000 0.0~00 0.0080 
O.OGOO 0.1640 0.0016 

CL PUL CR Zl/ 

1.000 
O.6~5 1.000 -0.&06 -0.13e "1.000 -0.715 0.69'" 0."&2 1.000 
0.GII5 -0.H7 0.t90 0.3&9 -0.395 -0.102 0.591 0.309 
0.810 0.272 0.7117 0.601 

;·;IN NEAll VARIA/ICE 

30.0000 97.0000 27"5.0000 
11.0000 12.0000 0.5000 
18.0000 20.2000 3.2000 
1.0000 1.11000 0.3000 
0.7000 0.7G20 0.0028 

11.0000 15.0000 23.5000" 
0.0000 0.0000 0.0000 
7.3000 7.5 .. 00 0.0430 
6.0000 3C.6000 75 ... 301)0 

130.0000 185.0000 3125.0000 

TROD ll03N TCOD 

1.000 
0.139 1.000 
0.565 -0.225 1.000 

1.000 
O.IIS" -0.261 0.1'19 

-0.352 -0.72 .. ·0.231 
-0.082 -0.'+97 0.19& 

........ 
, , , 

, . 

"------
:;To. lJJ::V. 

4.~477 

~7.t""5 
U.23l7 
0.7011 
0.0:.1 .. 
0.0099 
0.0183 
0.5'117 
0.009 .. 
0.0813 

ALI: 110311 'l'P 

1. 000 
0.102 1.000 
0.3211 0.858 1.000 

STD. DEV. 

52.3927 
0.7071 
1.7689 
0.5477 
0.0526 
11.8,,77 
0.0000 
0.207 .. 

27.116115 
55.9017 

PO TV$ rs 

1.000 
-0.273 1.000 
-0.5('1 :1.80 .. 1.000 



.',-

PAllAI!'K'flm 110. np SAlrP 

fCDD 2 
rss 2 
ru 2 
Cr. 2 
PNT. 2 
'CR 2 
JR 2 
AU 2 
.B3' 2 
rr 2 

TABLE :VII-D-50 
ALL .sTATIONS 

DEP'!'H.s 45 TO 80 FEET 
MAY 29, 1973 

MAX l'r" #'1:AlI 

23.non/l lQ.nnon 21.0/IMI 
'~.1I0"" 8".1111110 1115.01100 

II. A so." 0.8/11111 1I.825n 
".oonl) 11."11"1) 1.I.511nll 
11.111100 11./1111)11 11.01'1/10 
1I.lIlInll· 11./1111111 lI.n~lIo 
n.na'lll n.l)l11i1l II.II!;75 

.,.oono 'I1.nllllll 'I1.0Ilnn 
·n.nnnn II. 1111 lin n.llnllll 
·0.1""0 ".121111 1I.13nll 

CDRRI:T.AfrOp rr"fRIX P(lLT.OfJ$t 

rcop 'ISS rx. CL PilL . CR 

!'CDP 1.0011 
'lSS 1.000 1.111111 
!'KII -1.000 -1.111111 1.0nn 
CL 1.l)nn 1.lInn -l.nnll 1.IInll 
PRT. 1.000 1.0nn 1.nllll 1.111111 1.nnn 
CR 1.000 1.lInll -1.nnll 1.nll" 1.onll 1.011" 
IN 1.00n 1.II0n -l.nnll 1.noll 1.111111 1.111111 
A£lt 1.noo 1.11110 1.nlln 1.111111 1.11011 1.nllll 
III"" 1.noo 1.11011 1./100 1.nllll 1.0lln 1.lInll 
!,p ·l.noO 1.l)nn -1.""0 1.lIno 'l."nl) 1.lIl1n 

PAlfAltlf'lBR RO.OP SAUl' MAX !rIll "ltAII 

'I)S 2 tlll.OnllO I11s.nllno 11'7.SIIII11 
Cr. 2 1.00no II.nOIlIl Ii.SIIOII 
SO" 2 13.111)/10 l~.OllI)II t2.511110 
fll(m 2 _.nonn 1.01)1111 2.SlIlIn 
'D311 2 ·n.solll) 11."111111 n •• 7~11 
'tCDTI 2 2:'1."1)111) tQ."II1111 :!1.nllnll 
t 2 sr..llnlln S'l. 1111 1111 5".5111111 
PR 2 ·7.60/111 ".1;111111 7.61)110 
"$ 2 "S.onno 35.1111"11 .,,".1)/11111 
rs 2 22(1.l)lInn 1911.0111111 211'5.nnoll 

C()P.R7':LA~IOjl UA'lRrl FOLT.OUt:, 

PD$ C5 110'1 "RO" lin 3" penn 

'!lIS 1.0011 
cr. 1.0nll 1.0no 
SO .. t.l)on 1.IIl1n 1.111111 
rao1l 1.11111'1 1.000 1.1'1111 1.11111) 
110311 1.IInll 1.lIno 1.(1)11 1.111'111 1.1'11111 
'tCOl) 1. lin II 1. 11 1111 1.lInll 1.lInll 1.nnll 1.111111 
'l ' -l.nnll -1. Mil -1.111111 -1."11" -l.nlll) -l.n'l" 
PR 1.nllll 1.11/1'1 1.11'1'/1 1.111111 1. 11 "11 1./1 11 11 
'1"1S 1.nnll 1.nOIl 1.nlll) 1.111'111 '1.111111 1.0nll 

'8 1.00n 1.nnG 1.01111 1.11111) 1.01111 1.11110 

VAP.TArrC1': S'J'T'. MV. 

9.11111111 2.11211. 
2.011110 1."1"2 
11.01113 0.1I3~'1 

11.511110 11.71171 
11.111111" lI.nll/l1l 
1I.III1U 11.11'12'1 
11.111)1111 lI.nn21 
lI.nnnn II. 011 lin 
II.IIIInll lI.nnlln 
n.01l02 /1.111'11 

III ALE IIH'!l1f 'IP 

1.nlln 
l.noo 1.1)011 
1.0110 1.01111 1.111111 
1.nilll 1.1100 1.no" 1.0110. 

VAR.r:Aflr.r S"'". 11K'!. 

31'-.511011 1'7.1i77'7 
n.511(1), n.'7071 
1I.!!1I110 n.7n"t 
... 511I1n 2.12U 
11.01113 0.1I3!'i" 
A.OIIIIII 2.A2"" 
11.5111111 11.71171 
n.lIl1l111 11.11111111 

sn.1I110" 7.0711 
IHill.onllll 21.2t:t:? 

PH rvs 'rS 

1.n ll
" 

1.I'I"ri 1.1111 /1 
-1.0110 1.11/111 1.lIl1n 
-l.l)nn 1.01111 1.nll/l 1.001) 





( 

-

PARAHR1ER RD. ot SAlfP 

rcotl :I 

TABLE VII-D-52 
ALL STATIONS 

DEPTHS. 45 TO 80 FEET 
JULy 30, 1973 

HAX HI" ~!lrA" 

20./)000 1".onnn 111. 5n I)() 
fl8 :I us.nnM· 11/).MI)/) 127.51'11)1) 
rn :I 0.35nn n.onl)o 1).17<;n 
C£ 2 11.000n I).01l1l" 5.51\1l1) 
POI. :I 0.0350 n.Ol)l)n l'I.n175 
CR :I 0.03"0 1l.1I3:!1) l'I.n331'1 
111 :I 0.11950 ·n.051)/I n.3725 
AU :I S'1.lIn/lO 52.01l/)" 5".51l1l0 

""" :I n.ool)l) o.onl)o o.nonn 
rP :I ·0.22M n.191)0 n.2/150 

·CORRK£ArIOO MATRIX FO££O~SI 

rCOl) 'ISS 'IX" ct Pllt. CR 

f'COl) 1.000 
'188 1.0no 'l.onn 
f'ZII -1.000 -1.000 1.nnn 
CJi 1.000 1.000 -1.000 1.O(11) 
P,,£ 1.000 1. nnll -l.lIon 1.nnn 1.nnll 
eR -1.000 -1.00/1 1.01ln -1. no 1'1 -l.nlll) 1.1It10 
III -1.000 -1.01'11'1 1.00n -l.nl)1) -l.nl'l/l 1./I'I/) 
AliZ "'1.000 -1.0(11) 1.0"" -l.nnl) -1.01l0 1./11111 

""" 1.000 ·1.00n 1.onn 1.MIl 1.0llll 1.01l1) 
f'P 1.0nn 1.0"0 -l.onn 1.l'Inl'l 1.0'1" -1./11'1'1 

PARAI'Tt'lRR "0. OF SAf.lP HAX 1m' f.f1tAI1 

2'l'tt 2 l!1'li."l)no 175./)nl)(I lt1".1I1l01) 
C£ :I 11.o0no n."oon 'I.!!"no 
SO,. 2 1:t.I)Onll 11.0111\/1 12.0t),,0 
r,oll :2 '1./)/)1)0 1.on,,'" 1.0nno 
'(J3N :I (I.310n I1.211l0 11.26111) 
~COD 2 211. II 0 Ill) 1'7. on 1)11 tll.s'!n!! 
r 0 '0.00110 ".OlHIt) "./lIl"n 
1''' 2 ·7.!000 '7. ?nllll 1.7!H)O 
!'V8 2 1S.0ono 7~.nnnn I!". nnno 
'M 2 320.00nll 295.0111)1) 3/)7.50"0 

CtlRP.ItLA'lIOR IfATRFX FOtT.OYSs 

rDS eli so,. fllO" 1f03B feOD 

'IllS 1."no 
cr. -1.000 1.0no 
80_ -1.000 1.000 1.0nn 
'l'IIOf) 1.00n 1.000 1 •. onll 1.1')0" 
110311 -1.000 1.000 1.00n 1."00 1.0no 
f'eOD -1.000 ·1.000 ·1.00n 1.00n l.onn 1.0"0 
f 
PR -1.000 1.000 1.00n 1./)11" 'l.00n 1.onn 
'IV. -1.000 ·1.000 1.0M 1./)00 1.onl') 1.0"n 
fll -1.000 1.000 ·1.000 1.noo 1.0nO 1.non 

~ 

VAR!AflC! S,.tI. tiE V • 

... snnll 2.121' 
1S12.S0no 2 ... 7 .. 11" 

II.OFi13 0.2 .. 15 
~Il.s""n ".77~? 

l).onn6 11.02'" 
,,~/lnon I).nllt .. 
n.2nso 0."5111 

12.S0/)0 3.531j!'j 
I).onnn O.ontio 
l).nnnS" 0.!)212 

Ilf ALX 1f1l31f !,p 

1.01)n 
1.111'1/1 1.0/111 
1.1lI'I0 1.0011 1.00n 

-1.1I1l11 -l.lInl) 1.lInn 1.0/)0 

VARIA1TCR 8'1';). DEV. 

s".lInllll· 7.n711 
IIn.Sllon 1.77$1:l 

:l.nl1o" 1."1~~ 
/).111')1')0 I').onl)lI 
n.nllsn .n.O'707 
1I.5nlln 2.1211 
n.llono "."non 
o.nn~o n.n'7n7 

511.(lOnn 7.n'711 
312.511no 17 .il777 

I'P f'VS 2'S 

1.I')On 
1.00n 
1.000 1.on/) 
1.0nn 1.000 1.000 



r 
TABLE VII-D'-53 

ALL STATIONS r DEPTHS 45 TO 80 FEET 
AUGUST 22, 1973 4 , 

~ 

PARAItF.'rr.R ItO. OF SAf.1P UAX UIIf '"'AN VAP.TANCF: S7'D. "F:Y. 

~CO" 2 1· ... 0000 In.nlln!) 12.0onO II.noon 2~1I2J!4 
-1 rss 2 2"'7.0000 16.011110 21. 5 linn so. SII II II 7.77!!2 

'IICH 2 '0.5200 ".33011 1) ... '511 n.01Al 11 .. 1344 
C£ 2 In. ('/I)no '1.onno '1.51)nn o.SOnl') 0 •. 71)71 
PITt. 2 ·n.1711) n.nnon n.OItS! n.014~ n.l,nQ 
CR 2 0.04110 11.0001) 1).11'''0 II. no 12 0.n33'1 ,-

1 

%11 :2 ·0.n2.~0 n.!)o'lO "'.0155 0.nnl)2 0.1)13" 
A£1C 2 n.oonn 5P.I)nOn I'In.onn" R.oon" 2.P2R" 
"p3/t 'Z o.nnno n.nn"o o.onnn n.nnl)n o.onnn 
'IP a 'O~17nn n.15M o.l!\On n.on02 0.0141 

CDRRELA7IOil lfA'llrIZ FOLLm:s~ 

rCOl' 'rSS ~1U CT, PH£ eR 111 AU ItRM fP 

'reOD 1.000 
'ISS 1.000 1.Oon 
,/ir/l -l.noo -l.n!)!) 1.nnn 
CI. 1.000 1.01)0 -l.nno 1.no" 
PHI, -1.000 -1.non 1.nnn -1.1)1'11) 1.01)1) 
ClI -l.ono -l.l)n" 1."nl) -1.""1) 1.0 nn 1.n"" ~ 

Z11 1.000 1..no" -t.onn 1.non -t.o,,/\ -1.000 1.ono 
At./C -1.000 -l.noCJ 1.nl)n -l.nl)lI 1.onn 1.1)11" -1.000 1.lI nn 
"",11 1.0no 1.nOn l.noo 1.nno 1.0'l0 1.0110 1.noo 1.lInn 1.ono 
fP 1.non 1.noo -1.onn 1.lInn -1. I)~ I) -l.nl)o '1.1)110 -1.0on 1.000 1.000 

j-

--, 
PARAI'r.rtR HO. OF SAUl' #tAX HI" HKA" VA R.7:AtfCE S':'tJ. (IF-V. 

'rDS 2 i7s.oono l~!\.ol'loo 1so.001'l1) ~51'l.l'll)nO 21.2112 l-
eI. 2 10.oono q.l)nol) 9.'iI'lOO n.!'Ioon 1).7071 
80 .. 2 1· ... 0000 14.nnnl) 111.0no" o.oonl) o.ollnn 
nOD 2 2.. n1'l0" 1,,,l\lIn 1.51\1'111 I), Ii no 1'1 1).7071 
603/1 2 0.56"t)" n.ssnn 11.5550 n.nnnl n.n"'1 
'1COD 2 1:4.n""n In.onnll l:?Of"lnn R •. IInnn 2.112"4 
l' a o.oonll o. nnoo /)."nnll n.OnnO 1l.0OOI'I 
PH 2 ·7.80no ?ROI)O 7.lInOI) I).onlll) o.nnon 
!'VB 2 8''i.oooo /I·o;.onoll 7~.0""1) 2"".0I)nn t".1 .. 21 
1S 2 190.001)0 17l1.0nOn lR2.Snno 112.5000 111.1101111 

CORR~LA'l'IOI7 IfA'IilIX POLLor!S: 

roB Ct. so .. 'fllOD 1I03/f 'l'crJ(l '! PII fVS 'IS 

'fDS 1.000 
CL -1.000 1. noo 
SO~ 1.000 1.1)1)1) 1.00n 
1'1I0D -1.(01) 1.nno 1.noo 1.nno 
'0311 -1.000 i.oon '1.000 1.noo 1. on n 
rCOD -1.1100 1.000 1.noo t.non 1.nn ', 1.onn 
f 1.000 
PH 1.000 1.000 1.nOo 1./)00 1. ntH) 1.0/)" 1.000 
r/8 -1.000 1.000 1. Mn 1.nlll) 1.0"t) 1.l)ftl) 1.noo 1.0no 
~IJ '1.(01) -1.0no '1.000 -1.000 -l.ono -1.000 1.1)01) -1.000 1.000 

-.-.-... - .--



7A11AIr1:'J'RR tiD. OF SAltP IIAX 

'tCDD 2 :fe.ctono 
'1$8 2 .S7$.I)Onl) 
'tZR 2 o. ~o/)o 
C£ 2 t·,. .lto·ItO' 
pn£ 2 ·O.O.olln 
CR 2 ·0.1)0110 
ZI1 2 0.n4MI 
A£K 2 fI.oonn 
nUl 2. ·0.0'000 
'tP 2 1l.041l0 

TABLE VII-D-54 
ALL STATIONS 

DEPTHS 45 TO 80 FEET 
OCTOBER 3, 1973 

,rrll . H~AII 

~."I)OO 111.$1)00 
1!I.o"Oo 111).n1l1)0 

'1.15011 1).2750 
t!l'.OllflO 11i.onl)l) 

0.01)011 I).on"" 
n.no"n fI.OflOO 
o.o."~n 1'1.11225 

S8.(1)nn 5A.OOOI) 
n.OI)I)I) O.Qnoo 
·11.0800' 0.0900 

VARrAf'CF. 

lAO.SOOO 
411(51).0"00 

n.0~U3 

2./)o"n 
fl. !)" I) II 
n.n"fln 
11.01'11)6 
n.oooo 
0.11000 
1i.01lllO 

CORRELA'J'IOn HA7'R.rr FOLL05l5;· 

rCOD ~SS rIClI CL PHL Cit .11 

'I COD 1.000 
'ISS '1.00'0 ·1.001) 
fZR 1.000' 1.000 1.0011 
Cr. 1.00'0' 1.000 1.0011 1.110'1) 
PHt. ·1.00n 1.noo ·1.flOO 1.001) 1.000 
CH ·1.000' 1.(!00 t.n(!1) 1.1701) l.olln 1.001'1 
ZI1 -1.000' -1.000 -1.0(1) -1.nnl) ·1.0'00 1.00n 1.000 
AU '1.000 L.OClO ·1.000 1.1)01'1 1.000 1.(1)1) 1.1100 
.R311 1.000' 1.000 1.000 ·1.nOI) 1.001) 1.001) 1.01)0 
fP '1.00'0 1.000 ·1.000 1.nO" 1.0nn 1.nnn 1.1)"" 

PAlIA#lR'J'RR RO. 0' SAItP MAX "rrr .RAW VARrAIICl! , 
'DS 2 3"0'.0000' 155.(01)0 252.5000 15312.51'101) 
CL 2 11.0000 u.on"11 lS.Olllln 2.IInnll 
80 .. 2 7n.nollo 141.000n 111.snno 0.5000 
"'011 2 "2.l).()no 2.01)00 2.Qllt'ln n.onl)o 
110311 2 ·0.5301) ·/).3I1nl) 0."55n n.n113 
'tCf)II 2 78.nnlln q."nno 1".5"nn 11111.S!!!)n 
'I 2 "l ... QIIO 711.1nnn 11.n5/)n n.2451) 
PII 2 '7.701)0 ".S!)Oll 1.6non o.o,nn 
'tV8 2 s.,n.llono ":I.onnn 3211.0nnn uq!),,-.otHIo 
'IS 2 16"5.0000 tAn.ooon 422.51)nO 11'71112.5I1nQ 

CORRiLA'J'T.On IfA7'ilIX POLLOffS: 

'DS Ct. SO .. 1110n It0311 'lCOn !' 

'nJS ·1.01)0 
Ct. ·1.000 1.QnO 
Sf),. ·1.000 1.000 '1.11(1) 
fltf)D 1.000 ·1.000 1.IInn 1.IIon 
110311 ·1.1100 ·1.000 1.1100 1.nllO 1.0110 
'tCf)" ·l.QOO ·l.IIno 1.nllll ' 1.1)~1) 1."nn 1.nnn 
'I ·1.000 ·1.000 1.0nll 1.IInll 1.0'ln 1.nn!) 1.0110 
PIF 1.nOO 1.1)00 1.0t'ln 1.nnll 1.0"n 1.0no 1.0no 
!'VS 1.000 1.0nn 1.I)On 1.1)00 1.nnn 1.0011 1.1)1111 
f8 1.GGO 'l.ono ·1."01) 1.IInll 'l.IInn 1.01111 1.onn 

S'!'Tl. lIF:v. 

1:\.~35n 

'-1q.2n11 
1).1'71111 
1.1114'-
1).1111111) 
11.111101'1 
0.0247 
II.onoll 
0.(1)00 
I).II0I)n 

AU 11"311 rp 

1.0nn 
t.nnn 1.000· 
1.0on 1.onn 1.000 

S'1'O. ",::v. 

1:U.11t31 
1.11142 
·0.1071 
I).oonn 
/).1"~t 

11.113"'" 
Q.llqS!) 
/).141" 

:1"5.nsAl 
3 .. 2.94IA 

PH !'VS !'S 

1.oon 
1.00n 1./)no 
1.no" 1.onG 1.0no 



PUAHrr~R RO. 01' SA"'P, 

fCOD , 
.68 2 
flt6 , 
Cr. 2 
P6L , 
Clf' 2 
J6 2 
AtJt , 
Ilnalf 2 
fp 2 

co/urrUfIO" lfl.'lRI't POLLOIl8: 

feOD 
'US 
PIC" 
C£ 
P6t. 
CR ,IT 
AIIX 
.11311 
fp 

feOD 

1.000 
1.000 
'1.000 
'1.000 

"1.00(1 
"1.000 
-1.000 
-1.4100 
'1.000 
'1.40. 

PUA"~'J'F.TI 110. 

'I(lS 
Cr. 
lOtt 
'nCD 
"DIN 
'COD 
f 
I'll 
f'VS 
111 

fSS 

t.ono 
'l.00n 
'1.000 
~1.000 

1.001) 
-1.I)no 
-l.onn 
1.000 
'1.000 

01' SA/./'P 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

IIAX 

22.00"0 
&''7.oorio 
'0.61110 

TABLE'VII-D--55 
'ALL STATICJ~S 

DEPTHS' 45 TO 80 F'EET 
OC'rOBER 24, 1973 

MIll NP:AR 

1'11.0""" 1/1.5(1)" 
25.01)00 "'i.01l01l 

".62111) 11.64511 

'. 

VARlA!TCP. S'!'lI. DKV. 

2_.!'in"" _.1),.41 
1I112.tll'lnn 2q.K'I1I5 

I).on13 0.n3S'" 
1811.nnno 1I'I.nnnn 9'1. !inoo lMIIl. !innn -:t.1335 

'O.031l0 ".0250 1).0275 I).onoo 11.0035 
'o.Oono n.I)I)I)" I). MOO 1).001)0 I).nnbn 
'0.1,0110 n.1)11)n n.oesn 0.0005 1).02'1:? 

1I1.0nno 5Q.I)I)I)0 6".0(1)0 a.nooo 1."1'" 
'O.OOIlO o.oonn I).onoll 0.11110(1 o.ooon 
'It. 15110 '0.0900 1).12"0 O.OtllA 0.042" 

rXH CT. PHL CR 'N AU "Tl3" 

1.000 
1.000 1.1)00 

-l.ono -t.nl)!) 1.0/)n 
t.o(ln 1.nnl) '1. non 1.001) 

~l.no" -1.01'11) 1.01'11) 1.ono 1.nl)0 
-1.01'10 -l.nnl) 1.01l1l 1.000 1.0nl) 1.onn 

1.0(10 1.1)00 1.0(11) 1.1)1)1) 1.1)00 l.nnl) 1.1')110 
t.ool') 1.1')0t) -1.0"1'1 1.1')1)1') -1.01'10 -l.nnn 1.nno 

~IA1t "I" II'IfAIr VAIIIA"CF. nfl. (lEV. 

"3'0. nO(l1) 25(1.01'(10 340.1'111011 16,lIn.no(l() 127.279' 
130.001'0 n. Oil n.,- 9q.5"0~ 1111111.5n1'lQ _3.1335 

3'8.oono 2!1.0n(lQ :!3.5nlln .. n.!ltI(l1'I 6.311"1'1 
'3.00nn 2.l'Inno 2.5nl)n n.5nllll n.1071 
'(f •• ono tI.3f1n!) 1'.3«11)0 n.nn02 1'."1 .. 1 

:12 .01'100 l!\.nl)n(l 1".5(11\0 ,2".!\IHIO 4."4'1'" 
73.00no 7'.SO(l1'l 12.1'in(l n.1'5n n.3531\ 
"7.lIono '7.nontl 7.0~no n.tI!llIn o.onnn 

130.1'101'0 7'.n(lnn 1111.0(l(ln 11\112.1'/),,1\ 41.0122 
SOO.OOM 2111.Qnl)n 31111.0nnl) 2sn Q A.lln,,0 15P.391q 

C~RRE£A'J'lon UATRzr pOLLnus: 

rDB Cli SD~ "Ron [l0311 '}'C(Jf1 PI1 

f''[IS 'l.00n 
Cr. 1.001'1 1.000 

'0" 1.0nl) '1. !Inn 'lolllll) 

f1l01' -1.000 -l.nnll -l.l)nn 1.tI"Q 
lfo'sn '1.0(10 1.000 1.0(1(1 -1.MII '1.0110 
'ICOD '1.000 1.(1)0 '1.ono ~1.nI\O' 1.onQ 1.0no , 1.000 1.001) 1.nnn -l.n!)1) 1.001') 1.0r,a 1.0no 
PR 1.000 1.0no 1.non 1.nnl) 1.MO 1.0no 1.000 1.0no ,PS '1.000 l.ono 1.(01) -1.noo 1.000 1.000 1.0nO 1.0nn 
'18 '1.00<1 1.001) 'l.00n -l.tlOI) 1.0nl') 1.0no 1.01'10 1.0nl') 

fp 

1.000 

rTlS 

1.tlnl) 
1.ono 

1 

r 

, 
• 1-
~-
il • j 

-~ -, 
~}-

:i 

- '--~i 

I 
I 1-

rs 

1.000 



PARAttfr'l'IrR RO. 01' SAlrP 

tCOl' 2 
fSS 2 
fXlI 2 
Cr. 2 
1'11£ 2 
CR 2 
1.n 2 
AU 2 
"83/f :2 
fp 2. 

, 

TABLE VII-D-56 
ALL STATIONS 

DEPTHS 45 TO 80 FEET 
NOVEMBER 27, 1973 

UAX Mllt ,.".AN 

19.001)0 15.01)1)(1 17.~nOo 

1f0.00!)0 1· ... 01)1)1) Z7.01ltlO 
·O.SOI)II ·1I."r)nn 0."5nn 

18.001)11 1·" .0(1)0 11.5nnll 
·O.OSIIO 0.0(111) 11.0250 
·0.00110 ·o.onn/) n.olloo 
·0.1·170 n."9:!" 0.10 .. 5 

Stl. 00"0 5S.0no" SIi.5nno 
·O.tOOO ".I)no" n.050o 
·0.05110 ·0.03110 0.0400 

VARrA.IICr: 

1I.000n 
338.;tlnOO 

n.nn511 
1I.!';"nl) 
n.on13 
".lIonn 
l).no03 
".SIlnn 
n.noso 
·0.nOO2 

CDRR8£Arron HA~R'X 1'01.1.0".': : 

fCOD 'rSS 'IX" cr. PHr. ell Sir 

fCOD J..OOII 
'ISS 1.1100 t.ooo 
flC" -1.0'()0 -t.ooo 1.000 
CL "s.OOO -s.OOO 1.0011 1.11111'1 
pHr. ·1.000 ·1.000 -1.000 -1.!)00 1.0111) 
CR ·1.000 1.0n/) ·t. non 1."nll 1.ono t.onn 
111 ·l.ooe t.ono -l.nnll -l.nllo 1.nllll 1.0110 t.oon 
AU :1.000 1.000 -1.0nn -t.nnn ·t.ono 1.0nn 1.0nl) 
'8311 -1.000 -l.lIon ·1.000 1.n/1I1 -l.nno 1.000 -1.000 

" °1.1t00 1.000 -1.01711 . -l.lInll 1."n" 1.onn. 1.0110 

PARAItF.'BR tiD. 01' SAI"P MAX HIlt "Alf '1AP-FAltCH 

fDS 2 2'T5.0I)nn 1SS.(01)n 215.onoo 12l1n.nooo 
Cr. 2 U.oooo 11. 01)1)0 17.snoll 11.5000 '0,. :2 fO.OOIlO 211.00nn 29.0nl)lI ".1)000 
rDOD :2 ·1.00no ·0. nnnll lI.snOIl 1I.5nl)n 
110311 2 ·o.uno 1).15/)0 /).1FI511 0.0025 
~COll :2 111.00nn lS.OIlII/) 17.011"1'1 A.OIIIIO 
'I :2 .. ·7.30no IUi ... /)l)n .. 1i.8S!)/) o ... nso 
PH 2 ·G.90no 1I.9n1]0 6.!lnIl0 11.01)110 
fVS 2 12'0.1)000 lA.oOl]n sq.on!)o 52,,:'!.nnnn 
~S 2 315.0000 11n.01l1)/) 2lf2.snoo lnS12.snoo 

CORRr.r.A'rIO" UA~Rr% POLLDVS: 

~DS CL so. '1'SOn W03/f ~CO" ~ 

fDS 1.000 
Cr. -1.00n 1.000 
SOIf ·1.000 -s.ono ·1.0(11) 
rDOD -1.000 1.0011 -l.I]n/) t.llnl) 
"tisn 1.000 -1.001) ·1. aon . -S./)O/) ·l.o"n 
'lCOD ·1.0110 -1.nOIl ·1. linn -1.111)11 ·1.0"') 1.01l') 
r "'1.0/)0 ·1.0')n -1.1I0n .. ·l.nt'" "'l.nl)n -1.11/)11 1.0no 
.B ·1.000 ·1. 000 ·1.00/) 1.nll/) t.o/)o 1.n/)0 1.0110 

"8 ·1.000 -l.noo ·1.11110 -1.0(1) ·1.·nno 1.lIno -1.0no 
fS 1.000 -1.000 1.00n -1.1)011 1.1)00 1.0no -1.0nn 

S'I'n. nF:v. 

2.82"" 
lP.3IHIII 

1).011)7 
1I.7n71 
1I.03S" 
o.onnn 
0.0177· 
2.121:1 , 
o.n701 
".0141 

ltB3If '11' 

1.00!) 
-l.nlll) 1.0111) 

1.nnl) -l.nnn t.OOO 

S!I'D. DB.'1. 

8 ... 95211 
0.1n71 
1 ... 1 .. " 
0.1071 
O.I)"!lS 

2.R"" .. 
0.636" 
o.onoll 

72.124" 
10a.53n!! 

PH ~VS 1S 

1.01ln 
·1.1I0n 1.000 
1.00n 1.0no 1.000 

......... - ._-



PARAlfF.7F.R NO. OF SAUl' 

'lCOD 2 
'ISS :2 
rZR 2 
CL :t 
P1IL :2 
CR :2 
III 2 
ALI 2 

·~IIR3N :2 'I' :2 

C()RR~r;ATIOn :U':.'R.T: X FnU,OVSt 

reOD 1SS 

'fCOO 1.000 
'tSS 1.01)0 '1.000 
'tx" 1.000 '1.000 

TABLE VII-D-S7 
ALL STATIONS 

IEPTHS 45 TO 80 FE:ET 
JANUARY 3, 1974 

NAX NIH NlfAN 

18.0000 11.0000 116.5000 
130.0000 - 120.0000 125.0000_ 

0.951)0 1).l6snl) 0.7000 
1(\.".0110 1n.oooo 11).1)000 
-0.051)0 '1).0501) /).0500 
'0.0350 n.0110 1),02160 
0.0660 'I) .0"20 0.01;1611 

11"11".0000 1m. 01) I)!) 16'2.001)1) 
'o.onoo o.ol)no o.oono 
'0.1900 0.14rH) 0.1600 

'lX' Ct PHI. 

1.000 

en 

C£ '1.000 1.000- 1.00n 1.0no 
PHI. 1.1)01) '1.01)0 
CR '1.000 "t.001) l.OOI) 1.1)01') 1.000 
III '1.000 1.000 1.0(1) 1.noll 1.000 
AU "1.000 "1.000 "1.1)00 '1.(01) -1.0no 
"N'Jl1 1.000 1.000 1.001) 1.1)1')1) 1.01)0 1.0''0 
1.'1' 1.000 1.000 1.000 '1.1l01) 1.000 

PARAlfrrER !Il'. OF SAlfP HAl "IN Hr.AIf 

'IPS 2 19!1.OOIlO 7S./)l)tIn 13/).011"" 
CI. 2 10.00'10 1'1.0'1('11) 1'l.noon 
SO .. 2 :U.OOI)O :U.OI)/l" 7'7.0110" 
~8()D 2 '2.0000 -1.01')110 1.S1)1')0 
Tl0311 2 O."~I)!) '1).11. 11)1') ".8151'1 
'1COD :2 l'!I.OOI)I) 11.0nlll) 116.5"1')11 
'I n -I).nono 1).01101) 1).001)0 
PH 2 .'7.60(1) '7.511111'1 7.S'inO 
,.V8 2 70.001)1') 3'7.01l0n 53.51)"1) 
rs 2 305.0-01)0 2n5.o1l00 25'S .01)01) 

CORRELATION ilATRTX POLLOi/Sf 

'IDS CL SOI+ r1l0D N0311 rCOD 

fDS 1.000 
CL '1.000 1.001) 
S04 1.000 1.000 1.DOIl 
POD -1.000' 1.000 "t.OOI) 1.0(1) 
N03N 1.000 1.000 1.(1)n -1.01')1) 1.000 
reOD -1.000 1.000 -1.001) 1.1)01) -1.000 1.0no 
r 
PB 1.0110 1.000 1.1)110 -1.000 1.000 -1.0no 
rvs '1.00/) 1.(1)0 1. (Ion -1.(01) '1. on" -t./)tIO ,.8 1.000 '1.000 1.0nn -l.nOIl 1.Olln -1.000 

VAR.7:ANCP. S~l'I. DRY. 

2".5000 16,91697 
so.nooo 7.0711 

1).1250 1).3SJI; 
lI.nnno 1).0000 
1).0000 1).0001) 
0.00n2 l).rH5'l 
o.oono 0.002!! 
8.nooo '2.112!1'1 
0.(1)1)0 O.Ol)nn 
11.011011 n.028:\ 

Zlf Ar.x 

1.01)0 
-1.000 1.00n 

1.000 1.0no 
1.001) -1.00tl 

VAPrAfTCr. S,,". m:v. 

6"~n.I)I)/)1) 7'1.7111 7 
o.ol)nn 11.01'1110 

72.nono 1I.IjP5~ 

n.StIon 0.71171 
'1. (IIln1 11.1)1) 7 1 

216.!lnnl) 16.,qIjQ7 
n.oooo I).ooon 
0.n050 1).0707 

SIII6.Sl)l)n 23.33165 
Sl)oo.lInl)O 70.1107 

PH 

1.01)(1 
1.non 
1.onn 
1.non 

.H:iR TP 

1.01)0 
1.1)00 1.000 

'1VS TS 

1. ant) 
l."tIO 1.000 

_ ... , - ,- .... 

j 

"1 
1 
\ 
i 

1 
1 

, 
i 

1 
J 

! 

1 

I 
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APPENDIX VII-E 

STATISTICAL SUMMARIES AND CORRELATIONS 
1973 MONTHLY WATER QUALITY DATA 

MILE POINTS 37, 42, 80.8 AND 96 



ALPHABETICAL LISTI!:G OF PARANETERS WITH ·ABBREVIATION 

PARA!·1ETERS 

Alkalinity 

Biochemical Oxygen Demand (Total) 

Biochemical Oxygen Demarid . (Filtered) 

, carbon Dioxide 

Chemical oxygen Demand (Total) 

Chemical OXygen Demand (Filtered) 

Chloride 

Chlorophyll-A 

Coliforms: 
Total Coliform 

Fecal Coliform 

Color 

CYanide 

Dissolved OXygen (Lab Measurement) 

Dissolved Oxygen (Field Measurement) 

Fluoride 

Nitrogen: 
Ammonia Ni'trogen 

Organic Nitrogen (Total) 

·Organic Nitrogen (Dissolved/Filtered) 

Total Kjeldahl Ni troqen 

Hitr~te Nitrog~ 

Nitr~te Nitrogen (Total)' 

Nitrite Nitrogen (Filtered) 

Oil & Grease 

pH (Lab Measurement) 

ABBREVIATION 

ALK 

TSOD 

FOOD 

CO2 

'!'COD 

FCOD 

Cl 
f 

Chla 

Teol 

FCol • 
" ·Coi 

CN 

DO 

FDO 

F 

NH3N 

ORGN" 

ORND 

TICN 

N03N 

N02N 

N02F 

ex; 

pH 

UUIT OF 
MEASUP..E..'1E:·lT 

m9/1 CaC03 

11\9/1 

mq/l 

mq/l 

mg/l 

m9/1 

m9/1 

.. gIl 

• ~o1onies/1OOml 

* Colonies/1OOml 

C::U 

m9/1 

mg/l 

mq/l 

mq/l 

m9/1 N 

mg/l N, 

m9/l N 

119/1 N 

m9/1 N 

Dl9/1 N 

m9/1 N 

,. m9/1 

.'-' 



PARAMETERS 

(Field Measurement) 

Phenols 

Phosphorus: 
Ortho-Phosphate 

Total Phosphorus 

Salinity (Field) 

Settleable Residue 

Solids: 
Total Solids 

Total Dissolved Solids 

Total Volatile Solids 

Total Suspended Solids 

Volatile Suspended Solids 

Specific Conductance: 

(Lab Measurements) 

(Field Measurements) 

Sulfate 

Surfactant 

Temperature 

Total Hardness 

Total Inorganic Carbon (Total) 

Total Inorganic Carbon (Filtered) 

Total Organic Carbon (Total) 

Total Organic Carbon (Filtered) 

Turbidity 

ABBREVIATION 

FpH 

PhI 

OP 

TP 

FSAL 

SetR 

TS 

TDS 

TVS 

TSS 

VSS 

SpC 

Feon 

Sur 

T 

TH 

TTIC 

FTIC 

TTOC 

FTOC 

Tur 

UNIT OF 
MEASUREMENT 

mg/l 

mg/l P 

mg/l P 

ppt 

ml/l/hr 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

~mhos/cm at 250 C 

~mhos/cm at 250 C 

mg/l 

11m/I LAS 

mg/l CaC03 

mg/l 

mg/l 

mg/l 

mg/l 

FTU 



UNIT OF 

PAIW·1ETERS ABBREVIATION MEASU RE.\lENT 

Metals 

Aluminum Al mq/l· 

Antimony Sb 1119/1 

Arsenic As mq/l 

Barium Ba mq/l 

Beryllium Be mq/l 

Cadmium Cd Dl9/1 

Calcium ca incJ/l 

. Chromium Cr mq/l 
'I 

Cobalt Co mg/l 

COpper CU mg/l 

Iron Fe mg/l 
.J 

Lead 
p)).. mq/l 

Magnesium Mg mg/l 

Kall9anese MD mg/l 

Mercury Hg mq/l 

Molybdenum Mo mg/l 

Nickel Ni . mg/l 

potassium K mg/l 

Selenium ·Se mg/l 

Silicon si mg/l 

silver Aq mg/l 

SOdium Na mgtl, 

Th&lliWD Tl 1119/1 

'tin Sn mg/l 

Titanium Ti' .,mg/l 



PARAMETERS 

Metals Cont'd. 

Vanadium 

Zinc 

\, 

UNIT OF 
ABBREVIATION MEASUREMENT 

V 

Zn 

·i 

1119'/1 

mq/l 



\ , 

MP 96 
STATIONS CH-7, -8, -9 

ALL DEPTHS 
MAY 16 THROUGH DEC. 3, 1973 

-_ .•. _- PARAMETER_ NU. .OF 511t'P r-A x .. M I"l MEAN 

PH ?'2 7. <;t:I"C 6.<;(,(;" 7.5188 
COL, ,._. _' .. '. 4. 35.00("0 1 S •. l':'. (:( ~:". cor.r 
SPC 4 17<;.0(1'1: 173. (COO 176.(,1:( 0 
T 19 75.5r.jO 43.700(· 57.6526 
TUR .. 4 1 <;. '.1«·C f.''r'()'' 9. 75~,) 
ALK 32 et:. ('.(,('(j 5{"1. ,~(;)( ~4. 7 5t () 
FDO 19 10. CCO-::· 6.1(,il~. '7. <) 2 i 1 
TBOQ 32 4.{\CtC 1."000 2.{'93i1 
TCOo 32 , 4.4.PC!·{, 4. (lA'" 13.3125 
TS 32 31C.0{,( ,., 125.(,('<:0 186.3438 

_· __ lDS._._ .. _ __, ____ ,32 27C. oce 0 ... _.,lC5 .• (C'!)O 165. 62~C 
TVS 32 1bC.fl,,:,r 37. cnOlj 64.3125 
TSS 32 87.C(C·O 4. COliC 20.3438 

... . -........ - ---. -.-......... _._ ... ... _._ .. '--. 
CORRELATION MATRIX FOlLOI1S: 

.-. , . . _.".". - . 

PH· COL SPC T TUR ALI( 

... PH 1.0()(l _ ... - - -,. .... -
COL 1.CCO 
S>'C -(;.577 1.000 
T .1).5S9 1. cr,') . .. -C.577 1.r:C.~ 

I TUIl n.<;:89 -(.60;4 0.989 1.(100 
All( (.214 0.522 -C.3C2 -(.318 v.516 1.0eo 

.. __ . __ HiO, .. -(l.7(16 .-0.550 t. '162 -{1.874 -.C .61:>a 0.3"9 
HlrlD r:.293 t'f.333 -(.577 IJ.274 (- .4r·1 (. ~r 36 
rcoo -t.169 ['.850 -1:.<;21 -(..177 C .92" 0.033 

_ ._._ ... , T S ___ ... __ ~ ... , 0 •. 1"'97 (1 .• 998 -:'.615 . , .. :".<::.2'15 C.991 ... C·.696 
TOS 0.C06 -(>.258 C.894 -0.524 -0.393 0.682 
,'V:; C.219 0.117 -C.874 -C-.230 0.'65 0.064 

_ .. ::~_T,SS ",_. -. . ~. 21l0 ___ O.97b - ,_-~ .. 7.41. 0.512 CI.998 .- 0.132 

'. TO s, ___ , , ... ..rvs_ .. ISS 

ros ' I.CCO 
. ,. __ IVS ____ ,_ ._, (l.,4\)A. __ ,. 

TSS -~.G39 
1.0GO 
0.171 

1.('C~""'-"'-· ' .. --.. ---' ,-, , ... -- , .. _' .. -- ... -

_PARAM.ETER I'A.lI. 

NH3N 32 C.2COC 
_ .. ·ORG~ 32 .1.1~C,O 

TI(N 32 1.2<;0('1 
"103N 32 C.6<;(G 

·_._._OP __ , ... __ . ,_._--'-._. __ .. , .... 8 __ . __ .. C .• CWO .. 
TP 32 c. 1 (;110 
PHl 32 . (\.(\45C 

21.0rCC 
25.CtC"C 

C1 37 50'4----· - ... - ·32·' 

CR 32 c..OSSC 
__ ZN_,_, .. ___ ... __ , ...... ,_,. _12 .. _. ,O •. 2_50(! 

CORRELATION MAT~[X FOLLOwS: 

NH'~N 

OIlGN 
rKN 
N03N 
OP 
TP 
PHL 
Cl 
SO" ... 
CR 
iN 

NH3N 

1.flCO 
0.31>1 
c. S84 
(1.119 

-(·.14 b 
(.379 

_ft. 257 
-~. id 4 

f'!.1" 1 
r.fl99 
f'.(b5 

ZN 

l.N'" 

ORGN 

1. C'OO 
0.964 

-0.11(' 
0.230 
C.265 
1'\. ~ 71 

-~ ...... B8 
-II .111 
-0.('172 
('\. nq 

TKN 
. _.&._._.,-. 

1. (iO!'l 
-·C.I,50 

C • .\ 73 
C.3(;3 
t.lt4 

-(.t(:7 
-(.(;78 
-c. (-43 
c. 11; 

... --.".-.~.- -_._ .. __ .. _.-., - --.---
MIN ... MEN'! 

C.(;(lOO O.05C() 
0.100(\ C •. 5~O.3 
(.1600 (..5641 
r-. (.60i, 0.5('25 
O. ClOO 0.04(0 .. 
C..~20C 0.0734 
C. QC'(ir 0.0"72 
7. COC(" 13.1622 

il.(f:oO 2(.,. C' 313: 
t.O()(jO C.C'\:31 

.. 0.01.0q 0.0463. 

NO?N OP lP 
- - .-~ -•.•.. ,_ .•.. ." .-- -" .. ---

1.«'0 
C.I·~7 1.nr'{' 
C.l~6 t.Ql,7 1 • 'H,i( 

-r..C;;'t r.~(-l? 1"'1 •• ?7'1 
- (. J j" • j t. i •. ~'). l, 7 ;. 

-C.1 57 -C.! f"'f: -0.3C(J 
C.1 r:7 1 ~ ~.' ., , ,-,,"~,63 

(.l·e 3 (I. ~ "i' 

~ 

~ 
t • t. , 
~ 

VARIANCE ".5 TO. DEV. 

(\.1~61 0.3257 
100.L::O:lll 1e.(;M,." 

'2.C{'O!) 3.4641 
.11b.64:l4 10.enOI) 

::'.:1.9167 6.23R3 
12.9t32 3.5921 

1.5713 1.2559' 
0.6619 1'.9284 

49.,,411 7.0456 
2172.l::2()O 46.6114 
1944.7~81 44.C 994 
485.254U 22.0285 
271.5S77 16.4799 

FDO TBOO Teoo T$ 

1.COO _. - - - -" --
-0).52" l ~(-f'~ 

0.0(\6 (':.222 1.!,!)(l 
. ... 0.281 -('.2""'. . (1.(>94 1. t'.-~ (t 

0.520 -0 .~(;5 ('.C27 l~. C;3 ? 
0.477 C .li43 -().251 c. ':'''', 

.. :-0.49? 0.241 O.1.7(J 1').:12 " 

VARIANCE S,(D. ol'l. 

0.0('52 0.(,718 
0.0617 .~. 2484 
0.('817 G. 2 85<; 
O.~·14 'f 1).1212 
O.t:():,)5 o .~. 220 
C.C~11 D.t· 33fl 
O.N,Tll ':).01<'0 

: 20.5265 4.!>3')1l 
1<:'.(;958 3.1'174 
0.0;)(11 ('.0 to 5 
(l.C;023 O.Oi,77 

PHL ('L S04 CR 

I.e r ('-
-0.1,-:' I 1 • -:~. (:'.1 

-C.561 to. ~ 1/, 1."0(-
-0.184 C.l~5 ; ... OS·'. lit \.r" t 
n.lie; -C.l a'> ~~:;bC; -o.c,,·<; 

-",. .-.~~. 



J 

.\ 
~. 'c." ':0""." ... .~~s~~l 

& 

MP 80.8 
STATIONS ASDA 1 & 2 

ALL DEPTHS 
JUNE 11 THROUGH NOVEMBER 13, 1973 

'?A R ~.'~ETE K NO. OF SA~;P "A X MIN MEAN vARIANCE 

Be 28 C.C.1% c.r"oc !).('~ 46 o.n·oc 
. CO 2B r.I"Hr. C.V'''O :). r,175 O.O(Ob 

rA 24 45. ~CC': 22.200('1 27.1792 52.6965 

Cll 28 'I). f) f~ (. c.. (C,~( ':'.0064 C.00"'3 

CV 24 \).1(')': C. r{'~", (..03')2 ('.(C,,)8 

Ff 28 3.3 eve t.17')( O.75S9 0.684C. 

PB !4 (" .': F'~{ C .(1. Gr, ('.elrE. ~.(.r·t\b 

MG 8 .~. 4 ~('t:" 2.,::7\1(' 2.9588 1. ~B 72 

HG 8 C.I)"'·- r: c. rt;nc (I. ("JOO (;. Or: (;C 

1111 ?3 t.e ec':' r.'.u;nc-. 1'1.')104 0.((,1'4 

K 34 2.4 !",(. 1. C(,"(' 1.77;:6 0.(921 

S! ~r. 14 • .jCN (' .f" '(on 2.6b67 16.5747 

"I A 34 11. sr,,:'(: 4.5'}Jt 6.4644 4.571>4 

v 26 c. (,COr e .... <00 C'. coro ('. '.l.l'O~ 

IN ?C. C.1Z7C ('.((;00 Cl.r'192 f).ce12 
Al 3b 1.3C'7(' (.((oC' ('.2 756 0.('857 

CC?~ELATIOIII ~ATRIx FOLlCkS: 

BE CD CA CR CLI FE PB 

BE 1 .C C (' 
f.O -".10;7 1.00(; 
ell -').111 -0.258 1.~M 

cn -".211 . -".182 -(.170 l.t:~(., 

CV !.CZq -('.319 r:.515 -G. 1(:4 1.0el) 
~E ('.169 -').266 (.42(; C.('82 0.365 1.('01) 
P8 -".(;58 -1:'.213 (.328 -C.121 .' C.161 C.3ge 1.COO .. ~ C.152 

I.fG 1."1)(\' 

'U -(J.037 -C. r 42 -~. 136 -r. C 27 0.236 -(\.258 0.213 
!( 0.137 -C.197 l.526 -(.':60 ['.4913 0.478 -0.460 

SI ':: .449 -('.288 r.53C -/).(:46 0.233 C.578 ('.266 

NA r.r 25 0.U1 -1;.r73 (;.(46 -!).~82 -r> .l6!) 0.4·')3 

V 1.('1"; l.tthl 1.': CC 1.fI." 1 • :".!. 1.(\00 1.r:;nO 

IN -"'.233 -C.C2':\ -(,.(.32 O.e?3 -( .n7 -L .1)7<; 0.4':'4 

Al C'.133 -t:o .175 r:. 474 -0.C97 (\ .131 0.416 -O.t: 74 

K 5! ~:A V· I'll AL 

K 1.(:(1':' 
Sf -(;.230 1.((.;; 
NI\ -{ .157 -0.211 1.CO~ 

. __ .... _._ .... - - ~ ___ • .- •• __ - • o • 

K S[ N~ " ZN Al 
V l.{ ";'I~ 1.f.C.' 1. ~Ij( 1.0'::( 
Z"I _r. 36 5 C.4!14 ":C.2':3 l.C~C 1.,)N 
AL C.~77 C·.398 _r.. r74 l.OeC 0.':76 1.001) 

STD. DEY. 

'l.C~45 
O.C24b 
7.2592 
O.~168 
0.0284 
~.S27() 

".r, 242 
1.1778 
L:.C (, \.If { 
0.(\ 2(""1 \ 
1'.3(34 
4.r 712 J 

7.1392 
O.r OlC 
(' .r 348 
'1.2928 

MG HG NI 

1.('01) , 
1.0C1 1.COl' 

-IJ.': 2'J 1.0:)<' 1.n. u 
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Abstract 

Four groups of Hudson River organisms (phytoplankton, rotifers, 

fish larvae and adult fish) were analyzed. Phytoplankton were sub

divided into green, blue-green, diatom, large, medium and small sized 

communities, while fish were subdivided into pelagic and inshore

benthic communities. All of the analyzed data were collected in 1973 

at RosetonlDanskammer Point. Using Levins' niche equations, several 

measures of community structure ~d stability were calculated. The 

data for each community was stratified in as many ways as possible 

including station, date, depth and time of day stratifications. Of 

special interest was the effect of the Danskammer power-generating 

station on the four communities. The effects of the power plant in 

regard to heated effluents or mechanical damage enter the ecological 

network through natural pre-existing pathways, namely, temperature 

fluctuation and predation respectively. These effects were mainly 

illustrated through the station stratifications while the seasonal 

stratifications aid perspective in comparing the effects of heated 

effluents with natural temperature variation. 

The study includes a lengthy discussion of the literature both 

past and present, of niche analysis as well as a detailed description 

of the mathematical methodology. Several new community indices 

were created for this study and the resultant data were subjected to 

a variety of statistical analyses. Since niche analYSis is described 

in detail, this report serves as a technical manual, however, the 

reader is warned of the many problems involved in generating an 

appropriate data set for niche analysis. The study concludes with a 

general summary of results and comparisons of all thirteen com

munities. Sources of error and needed developments, both biological 

and theoretical, are also outlined. 
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Forward 

This report represents the culmination of a twenty month (4/75 -

12/76) research effort by Dalhousie University, Halifax, Nova Scotia 

(Grant 11200-400-010). The project was funded by LaWler, Matusky 

and Skelly, Environmental Science and Engineering Consultants (LMS) , 

Tappan, New York in conjunction with their studies of the effects of 

power generating stations on the Hudson River ecosystem. The basic 

objectives of the Dalhousie research effort were: 

1. to assess the past and present data collection efforts of 

LMS. 

2. to determine which data are applicable for the niche 

analysis described in the following report. 

3. to apply this analysis to a subset of LMS data and thus 

evaluate the feasibility and appropriateness of this 

community approach for these data. 

4. to develop the ecological theory both in a general way, for 

example, statistical evaluation of the niche measures, as 

well as in specific cases, for example, when the Hudson River 

data exhibited unique properties that required special treat

ment. 

5. to develop the necessary computer programs and expertise 

to handle the new theoretical developments as well as the 

large LMS data sets. 

6. to continue expanding the data base on several aquatic en

vironments including Gull Lake, Michigan and Bedford Basin, 

Nova Scotia in order to facilitate the testing of ecological 

theory in different types of aquatic environments. 



The present report represents the realization of objective number 

3 and to varying degrees the fulfillment of the other objectives. 

In the first year of the research program, we concentrated on obtaining 

an overview of the Hudson River ecosystem and familiarized ourselves 

with the general problems of thermal pollution and related governmental 

regulations and guidelines. During this period we also assessed 

the current status of available data for several power-generating 

stations on the lower part of the river, expanded the ecological 

theory including the development of several new niche and stability 

measures as well as the associated computer methodology, This initial 

effort at least partially fulfilled objectives 11, 2, 4 and 5. During 

the last eight months of the project we have undertaken an extensive 

application of niche analysis on a local (one study site) level at 

the Roseton-Danskammer power generating stations (MP66-67) of Central 

Hudson Gas and Electric Company (CHG&E). This study is discussed 

in the following report and it is undoubtedly the most exhaustive 

application of the analyses to a set of ecological data that has been 

attempted to this date. The data reported herein were exclusively 

collected by LHS. 

We would also like to stress that whereas much of the application 

and development of the community analysis to global situations is 

presently possible we were unable to pursue this portion of the research 

project because funding was not available. By global we would normally 

mean the analysis of several study sites along the river simultaneously 

or the analysis of several years of data at the same site or set 

of sites. After analyzing the enclosed data it became apparent that 

there are some aspects of global dynamics that are elucidated by the 

present evaluation of several stations at one study site. Thus, we 

reserve the right to modify our definition of global until a later time 

when more Hudson River sites as well as stations have been studied. 

It also was not possible to develop the statistical tests to the degree 

we had anticipated because of the large amount of data that was analyzed 
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and because of some unexpected theoretical difficulties. Likewise we 

could not implement the closely-related loop analysis which eventually 

must be used with niche analysis for complete ecosystem evaluation. 

In addition to the enclosed report, the study has generated a set 

of 85-90 enclosures that related to the research objectives in a 

variety of ways. The subjects of the enclosures vary as do the purposes 

of the study to include: discussions of computer methodology, sample 

printouts, computer programs, data analysis, reference materials, 

recommendations on data collection and analysis, information requests, 

work plans, progress reports, theoretical developments, budget and 

grant administration topics. The enclosures are on file at Dalhousie 

University and LHS. In addition there have been numerous two-way 

written and verbal communications between LHS and Dalhousie University 

personnel during the last 20 months. These forms of communication 

have been especially fruitful for all concerned and an important 

component in a project in which the data collection and data analysis 

are conducted by disjunct groups. 

It is always difficult to work with someone else's data and although the 

results we obtained would have been substantially improved if we had 

also designed the sampling schedule, we feel the merits of the analysis 

are demonstrated in the report which was based on available 1973 

Central Hudson data for Roseton-Danskammer Point. Even this problem 

has not been without its benefits since treating specific character

istics of the Central Hudson data set have enabled us to develop the 

associated theory in several directions. In addition, it has been 

educational for us to work with data collected outside our group and for 

the data reported herein, we have been forced to deal with both too 

little and too much data for particular functional groups of organisms. 

In summary, while these data are not "the best possible" neither 

is the present state of the theoretical analysis. Several badly-needed 

theoretical developments are discussed in the later section of the 



report. We prefer to think of the completion of this project as 

a first-step feasibility or pilot project. As such, it has many 

shortcomings. On the other hand, the enclosed report probably repre

sents one of the most comprehensive applications of community analysis 

of any kind to a thermal perturbation situation that has been attempted. 

It is our hope in submitting this report that our results and conclusions 

will be regarded (at the very most) as tentative and that the merit 

of the report is not so much in its results but in the approach itself. 

Perhaps more important is what it could become with more research 

and development of the ecological theory, with improved coordination 

of data collection and data analysis and with enhanced understanding 

of the biology of natural communities. (1) 

(1)The computer programs and print-outs used to generate this report 

are on file at LHS and Dalhousie University. 

v 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Acknowledgments 

Many individuals have contributed to the overall research project. 

Dr. John P. Lawler, partner of Lawler, Matusky & Skelly (LMS), has 

been instrumental in bringing about the success of the project from 

initiating the beginning research contract to overseeing the develop

ment of the various stages of research through the completion of 

the enclosed report. Throughout the study period, he has continually 

served as wise counsel, source of inspiration and overall director 

of the research. It is basically because of his foresight in realizing 

1) the applicability of the community analysis to thermal pollution 

studies as well as 2) the importance of supporting basic research 

to integrate ecological theory with applied problems, that has made 

this research project possible. 

Early in the study Dr. Robert Keegan served as project manager and 

he was later succeeded by Dr. Joseph O'Connor. During the later 

portion of the study Hr. Robert NorriS was the project manager and 

he has provided an effective liaison between LMS and Dalhousie Univer

sity especially in regard to computer activities. Dr. Thomas Englert 

has also contributed significantly in regard to the development of 

computer methodology. Dr. Terry Cosper has been of invaluable assis

tance in supplying needed biological and environmental data as well as 

discussing the biology of the system. Ms. Susan O'Connor has also 

assisted in data retrieval and collection activities as well as 

introducing us to the general nature of thermal pollution stUdies. 

Dr. George Schumacher, Professor of Biology, SUNY at Binghamton, was 

on sabbatical leave during 1974-75 at LMS. During this period he 

contributed to our understanding of the Hudson River algal taxonomy 

and ecology. Besides the individuals named above, several others 

greatly enhanced the study including: Hugh Mulligan, Julian Hillegas 

and Hank Baslow. 



No research project runs on science alone and this project was no 

exception. Mrs. Avis McCammon worked at Dalhousie as the administrative 

coordinator. For this role, she was responsible for report preparation, 

correspondence, budget and payroll work and a variety of other office 

and administrative duties. Her overall efficiency and enthusiasm 

undoubtedly contributed substantially to the smooth operation of 

the project both in terms of inter- and intra-department relations 

at Dalhousie as well as LMS-Dalhousie coordination. Likewise, Mrs. 

Barbara McKenna, senior executive secretary to Dr. John P. Lawler, 

served a similar role at LMS. She was instrumental in developing 

successful communication pathways between LMS and Dalhousie 

University. She was also responsible for preparing the present report 

in final form which was no small task. In the early stages of the 

project, Mrs. Sally Huns, secretary to Dr. Robert Keegan, also contri

buted much valuable secretarial assistance. 

Last, but surely not least, have been our own dedicated group of 

graduate students and technicians who have borne much of the 

actual work load of the project. This group includes: 

Anna Atherton Susan Hall Roger Ovink 

Bill Atherton William Hart Lacy Pennington 

Alastair Barber Samuel Jackman Paul Phinney 

Pamela Brant Gordon Laing Suzanne Phinney 

Terry Collins Kenneth Lee Yolunde Rhude 

Roanne Conover Janet McCleave Joseph Salter 

Alan Downe David MacDonald John Skiver 

Goldie Gibson Luna O'Brien Tova Tabacoff 

Diane Gifford Janet O'Dor Anna Taylor 

Lynn Travers 

As a group of people they have been outstanding and they serve as 

an inspiration to anyone contemplating group research. To all of 

.---- _ ...... _----------._-----



I 
I 
I 
I 
I 
I 
I 
I 
il 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

these individuals we are extremely grateful, each person has contri

buted to the success of the project and the role of each individual 

has been important. Special thanks are due Lynn Travers, Gordon 

Laing, and Anna Taylor who facilitated the preparation of this final 

report. 

The data analyzed in this report was collected exclusively by LMS. 

Appendix Tables B-3, C-3, C-D and E-3 were developed by LMS and some 

other information in the background tables and figures was summarized 

by the 1973 LHS report to CHG&E, entitled 1973 Aquatic Studies of 

the Hudson River at Roseton-Danskammer Point 



APPLICATION OF NICHE ANALYSIS TO FOUR BIOTIC COMMUNITIES AT THE 
ROSETON/DANSKAMMER POINT GENERATING STATIONS, HUDSON RIVER, IN 
~. Dennis T. Logan and Sidney L. Weiss. 

REVIEWERS' COMMENTS 

This manuscript represents one of the few efforts in investiga

ting the effects of power plant operation on a community of or

ganisms. Most studies to date have addressed effects on the popu

lation level, and many are data reports without analysis of ef-

fects. This treatise, a result of much hard and demanding work, 

presents a thorough treatment of the subject and represents a re

latively new area of investigation. 

This document is chiefly the work of Dr. Lane and Mr. Wright and 

was reviewed at LMS primarily by Mr. Sidney Weiss and Dr. Dennis 

Logan. Review comments will be limited to the general methods and 

specific techniques applied. The present comments principally per

tain to those methods which we (DTL, SLW) think should not be used 

in future investigations exactly as presented here. 

The principal objective of the report was to demonstrate the use of 

presently developed niche measures (as of 1916) in impact evaluation 

and to develop new measures. 

Other objectives were: 1) the presentation of background and his

torical information on the origins and purposes of niche analysis; 

2) the recommendation of modifications in LMS sampling techniques 

and data analysis necessary to permit the use of niche analysis, 

-------"-----------------------------,-------------------------
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and 3) the presentation of a detailed example demonstrating the 

use and interpretation of niche analysis to be employed in learning 

the techniques. In addition, several possible measures of stability 

were tested, and an argument was made to justify the use of some of 
these. 

Because all of these objects were addressed in this single report 

it is necessarily lengthy. In order to facHi tate its use, the 

report has been divided into several volumes. These are: 

Volume I Introduction 
Description of Study Site 
Mathematical Modeling and Data Analysis 

Volume II Resul ts 

Volume III Discussion 
Bibliography 

Volume IV Appendices 

Volume I contains a complete description of methods and is also 

a self-contained unit. Volume II, however, relies heavily on 
Volume IV. 

REVIEW OF BIOLOGICAL MATERIAL 

Supl1ns Design. Dr. Lane mentions in several places the short

comings of the sampling design used with regard to niche analysis. 

However, it should be noted that the sampling design was not 

directed at niche analysis. In some 1973 programs there were 

many more samples through time than through space, so that seasonal 



patterns were more easily (and more appropriately) detectable than 

spatial patterns. As a result, time is the resource which is being 

partitioned in many analyses. In many other analyses, both time and 

space are partitioned. The former use makes sense, especially for 

groups with fast turnover, but the latter may provide confusing 

results. In perusing these analyses, the reader should be careful 

to understand what is meant by "environment" or "habitat" in any 

particular analysis, so that he may properly judge the correctness 

of the given interpretation. 

Structure. The concept of community structure is used throughout 

this report. It is important to realize that this term is used in 

the sense of heterogeneity of species among resource states and not 

in the sense of interactions among species. For example, when 

resource states (habitats, environments) are mostly samples at 

different times, a large amount of temporal heterogeneity or sea

sonal succession may be interpreted as having more structure than 

a less heterogeneous or less seasonal community. 

Stability. Stability in this report is linked conceptually to the 

variability of niche measures. Strata which exhibi t less vari-

bility are in terpreted as having more stability. The link between 

this interpretation and the more usual one (stability being the 

ability of a system to rebound from a perturbation) is somewhat 

intuitive. Those groups or strata with low variability are assumed 

not to be changed as greatly by everyday perturbations. 

"Within" ~ "Among" Diyersity. Dr. Lane calculates total diversity 

and diversity within each stratum in many of her analyses, pointing 

out that total diversity has two components: the first, the average 

-----.--.--- ... ,-...... '.'.~ ..... -------- ----------.-_._-_ ....... _-
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diversity within classifications and the second a measure of hetero

geneity between environments, which can be likened to the "among" 

classification in analysis of variance. To do this, the average 

diversity within each environment must be weighted by the proportion 

of total species found in that stratum (e.g., see Reza, 1961; Chap

ter 3). Since this was not done, the "among" diversity component 

is correct only in those situations where all strata have equal 

weighting. Host, but not all, references to "among" diversity com

ponents have been deleted from this report, and the remaining refer

ences should be used with this discussion in mind. This effect pro

bably results in the observation that "among diversity is frequently 

found to have no pattern" (p.IV-156). 

Partitioning diversity. Dr. Lane calculates species diversity for 

the whole environment, where the number of individuals in each 

species is calculated by summing over all strata. This is termed 

total diversity (H). Diversity is then calculated for each envi

ronment under the stratification of time, depths, or time and depth 

and then averaged to calculate Ht , Hd , and Ht,d respectively. There 

are no subdivisions of the samples for H, generally two to three 

for Hd , and many for Ht , since LMS generally sampled more times than 

depths. 

Diversity is the product of two components, the evenness of dis-

tribution and the number of species. Subdivision of the cate-

gories would be expected to result in fewer than the total number 

of species in each category. Then the relationship H > Hd > Ht > 
Ht ,d' would be expected to be found based only on the number of 

samples analyzed. This is what was found (e.g., p.IV-148). It may 

be advisable in future studies to use evenness instead of diversity 

for comparing strata, thus eliminating the confounding effect of 

chance captures of species occurring in low densities. 



If stability is measured as the magnitude of I A I we would come to 

the following conclusions: 

1) Stability is greatest when species 1 and 2 share no environ

ments (h) in common. Then IAI achieves its maximum value of +1. 

2) If the temporal or spatial distribution of species 1 and 2 

are identical through environments (h), the system is unstable 

since I AI =0. This result would be obvious since A would be 

singular. 

3) In general, the more heterogeneously 1 and 2 are dispersed 

with regard to one another, the greater would be the value of 

IAI and therefore the greater the stability. 

4) If the numbers of species 2 in environments h are multiples 

of the numbers of species 1, A will be singular and tAl will be 

zero, causing the system to be judged unstable. 

It may be shown that conclusions of this type may be drawn for a 

matrix A of any order, yet it is not obvious why these properties 

should relate to stability. Using I A I and Levins' formula for 

result in a measure of heterogeneity of distribution rather than a 

measure of stability. The problem lies with Levins' (1968) state

ments about this measure rather than with Lane's application of 

them. 

STATISTICAL COMMENTS 

Instead of the analyses described on page 111-30 (third paragraph), 

a unified, mul tiway factorial analysis of variance should be used 

._---------_ .. ---_ ........... _ ..... . 
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in future investigations, especially if unequal sample sizes are pre
sent. 

The ~ ~ ANOVA techniques described on pages 111-30 to 111-31 may 

result in biased comparisons and are not recommended for use. Con

clusions based on ANOVA results as calculated on pages 111-30 and 

111-31 should be regarded with caution. 

Dennis T. Logan 
Sidney L. Weiss 



~. Lane's ReDly ~ Comments 

Dr. Lane has replied to the review comments and the substance of her 

reply is reproduced here. In interpreting community structure, she 

emphasizes that the underlying assumption is that a "group of species 

are interacting and alleviate overlap with habitat selection." The 

use of variability and heterogeneity in interpreting structure and 

stability is included in the matrix calculations and the reader 

should look there for the usage. 

Regarding our comments on diversity, Dr. Lane noted: 

"The measures, diversity and evenness, are related but 

different measures. Diversity reflects both on the 

evenness and number of species sampled and the effect 

of the number of species mayor may not be desirable 

to have depending on what your [sic] studying and how 

meaningful the numbers are. On the big tables, I 

think we probably have both printed. If the same 

species occur in all environments then subdividing the 

categories would not necessarily reduce the I of 

species. Thus, the relationship to be expected is 

H L Hd L Ht L Htd and there should be no problem 

comparing them especially if correct among and within 

components are compared." 

She indicated the desirability of using both species richness and 

equitability in interpreting diversity. 

Replying to our comments on missing samples, she observed: 

"The Shannon index used as niche breadth was labeled 

H' and not discussed in the text. Clearly, any 

measure of niche breadth will be related to the number 
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of environments sampled and thus be sensitive to 

missing samples. This is corrected for in measures - - ~ such as BIE and BIB but uneven distributions of 

missing samples will still introduce bias. Acutally, 

the stability measures are the most directly affected 

by missing samples." 

The only point upon which we and Dr. Lane do not agree is on the use 

of eigenvalues to evaluate stability. Dr. Lane's comments on our 

review of this aspect were: 

"The statements made about stability are not true. 

ADx measure of stability based on eigenvalue analysis 

of An[ matrix of coefficients relating to a multi

variate system is gOing to reflect the degree of 

linear dependence or independence (i.e. homogeneity 

or heterogeneity) among the variables. That a more 

heterogeneous system will be able to absorb more 

perturbations than a homogeneous system is an intrinsic 

and underlying concept of classical stability analysis. 

Levins clearly states this in regard to the community 

matrix approach. The 'problem' they talk about must 

be with accepting the determinant of the coefficient 

matrix as a stability measure and that came before 

Levins. What constitues stability in a two-variable 

system is obvious not going to be generally applicable 

in a more complex situation and it hardly seems re

levent to point out that the determinant of a two

variable community matrix reduces to an inverse measure 

of their correlation which is all they've said here." 



The mechanisms of stability in ecological communities are largely 

unresolved and so the validity of this approach cannot finally be 

judged here. 

D. Logan 



I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE OF CONTENTS 

YOLUME I 

ABSTRACT 
FORWARD 
ACKNOWLEDGEMENTS 

TABLE OF CONTENTS 

LIST OF FIGURES 

LIST OF TABLES 

I. INTRODUCTION 

A. Natural Communities and Their Analysis 

1. Ecological Patterns 
2. Niche Analysis - Theoretical Development 
3. Niche Analysis - Biological Development 
4. Ecological Stability 

B. Purpose of Present Study 

C. Significance of the Study 

II. 

A. 

B. 

C. 

D. 

E. 

1. Roseton and Danskammer Point Generating 
Stations 

2. The Hudson River Environment 
3. General Applicability of the Analysis to 

Other Aquatic Environments 

THE STUDY SITE: THE HUDSON RIVER 

Morphometry and Tidal Factors 

Physical and Chemical Parameters 

Study Area 

Power Plants 

Reference and Experimental Stations 

III. MATHEMATICAL METHODOLOGY AND DATA ANALYSES 

A. Basic Community Structure and Stability Measures 

1. N-Dimensional Hypervolume Concept of the Niche 
2. Niche Analysis 

-i-

Page 

i 

v 

vi 

I-I 

I-I 
1-2 
1-6 
1-8 

1-9 

1-11 

1-11 
1-12 

1-13 

II-I 

II-2 

II-4 

II-7 

II-8 

III-l 

III-1 
1II-2 



TABLE OF CONTENTS 
(Continued) 

B. Statistical Analysis 

1. Heans and Coefficients of Variation 
2. t-tests 
3. Analysis of Variance (ANOVA) 
4. Data Handling and Analysis 

VOLUME II 

IV. RESULTS 

A. Introduction - Organization of Subsequent 
Discussion for Each Community 

B. Phytoplankton Community 

1. The Sampling Program and Selection of 
Stations (B-1 and B-2) 

2. The Species and Their Trophic Charac
terization (B-3 to B-4) 

3. Stratification of Data for Niche 
Analysis (B-5 to B-7) 

4. Results by Density and Functional Group 
5. Results by Biovolume (Size Category) 

C. Rotifer Community 

1. The Sampling Program and Selection of 
the Stations (Tables C-l and C-2) 

2. The Species and Their Trophic Charac
terization (Tables C-3 and C-4) 

3. Stratifications of the Data for Niche 
Analysis (Tables C-5 and C-7) 

4. Results by Density 

D. Fish Larvae Community 

1. Sampling Program (Tables D-l and D-2) 
2. The Species and Their Trophic Charac

terization (Tables D-3 and D-4) 
3. Stratifications of the Data for Niche 

Analysis (Tables D-5 and D-7) 
4. Results by Density 

-11-

1II-22 

III-25 
III-29 
III-30 
III-31 

IV-l 

IV-6 

IV-6 

IV-9 

IV-II 
IV-13 
IV-66 

IV-90 

IV-90 

IV-91 

IV-9l 
IV-92 

IV-Ill 

IV-Ill 

IV-1l4 

IV-114 
IV-115 



I 
I 
I 
I 
I 

II 
I 

II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE OF CONTENTS 
(Continued) 

E. Adult Fish Community 

1. Sampling Program and Selection of 
Stations (Tables E-l and E-2) 

2. The Species and Their Trophic Charac
terization (Tables E-3 and E-4) 

3. Stratifications of the Data for Niche 
Analysis (Tables E-5 and E-7) 

4. Results by Density 

VOLUME III 

V. DISCUSSION 

A. General Summary of Results 

1. Introduction 
2. Some General Remarks 
3. The Plant Community 
4. The Animal Communities 
5. A Comparison of All Communities 

B. Evaluation of the Effects of the Roseton and 
Danskammer Power Stations on the Four Functional 
Groups of Organisms 

1. Introduction 
2. Community Structure and Thermal Perturbation 

C. Some Paradoxes and Speculations 

1. Ecological Versus Mathematical Artifacts 
2. What is Ecological Success? 
3. To Be or Not to Be Stable 
4. Perturbations and the Ecological Network 

D. Sources of Error and Bases for Guarded Conclusions 

1. Sampling 
2. Data Analysis 

E. Recommendations for Applying the Analysis to 
Aquatic Data Sets 

-iii-

IV-137 

IV-137 

IV-141 

IV-143 
IV-145 

V-I 

V-I 
V-4 
V-7 
V-II 
V-13 

V-16 

V-16 
V-18 

V-30 

V-30 
V-31 
V-32 
V-37 

V-38 

V-39 
V-49 

V-58 



TABLE OF CONTENTS 
(Continued) 

F. Research and Development Needed for Niche Analysis V-60 

1. Computer Technology 
2. Methodology Associated with Ecological 

Theory and System Biology 

VI. BIBLIOGRAPHY 

VOLUME IV 

VII. APPENDIX A 

A. Format of the Tables of Niche Measures 
B. Table Format for Means and Coefficients of 

Variation 
C. Table Formats for T-Tests 
D. Table Formats Displaying Analysis of Variance 

VIII. APPENDIX B 

Data analysis and community tables for the 
Hudson River phytoplankton community (Tables 
B-1 - B-36) 

IV. APPENDIX C 

Data analysis and community structure tables for the 
Hudson River rotifer community (Tables C-1 - C-20) 

X. APPENDIX D 

Data analysis and community structure tables for 
the Hudson River fish larvae community (Tables 
D-1 - D-23) 

XI. APPENDIX E 

Data analysis and community structure tables for the 
Hudson River adult fish community (Tables E-1 - E-32) 

XII . APPENDIX F 

Miscellaneous Undiscussed Data (Tables F-1 - F-11) 

-iv-

V-61 

V-64 

VI-l 

VI-5 
VI-7 
VI-B 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Figure No. 

1 

2 

3 

4 

5 

6 

1 

8 

9 

10 

11 

LIST OF FIGURES 

Title Following Page 

Schematic representation of the 
ongoing development of community 
structure and niche theory 1-3 

Hap of Hudson River at Roseton
Danskammer power generating stations 
illustrating the location of the 
thermal plume and water quality 
sampling stations 11-4 

Hap of Hudson River in south central 
area (Newburgh Bay) illustrating the 
location of the sampling stations and 
bottom types in a cross-sectional dia-
gram 11-4 

Diagram of Shelford's (1911) tolerance 
curve 

Diagram of a hypothetical community of 
phytoplankton competitors in a two
dimensional ecological space 

Diagram of a hypothetical community of 
phytoplankton competitors in a two
dimensional ecological space 

Hap of Hudson River at Roseton-Danskammer 
Point illustrating plankton sampling 
stations in 1913 

Hap of Hudson River at Roseton-Danskammer 
Point illustrating fish larvae sampling 
stations in 1913 

Hap of Hudson River at Roseton-Danskammer 
Point illustrating adult fish sampling 
stations (trawl only) in 1913 

Hypothetical (and over-simplified) loop 
diagram of effect of Danskammer power 
plant on Hudson River ecosystem 

Diagram illustrating sources of error 
involved in sampling at extremes of 
species ranges 

-v-

111-1 

111-1 

111-13 

1V-11 

IV-Ill 

IV-131 

V-11 

V-45 



Table No. 

1 

2 

3 

4 

5 

6 

1 

B 

9 

10 

11 

12 

LIST OF TABLES 

Title 

Summary of major characteristics of 
the Hudson River at the study site 
Part A: Physical parameters 
Part B: Chemical parameters 

Summary of water quality characteristics 
of the sampling stations 

Equations, terminology and symbols used 
in Niche analysis 
Part A: Equations 
Part B: Terminology and Symbols 

Stability criteria and their variation 
with increased stability 

Organization of the results section 
and the data tables 

Summary comparison of important niche 
measures for the phytoplankton community 
by density, functional group and station 

Summary comparison of important niche 
measures for the phytoplankton community 
by density, functional group and date 

Summary comparison of statistical 
results for the phytoplankton community 
by density and functional group 

Summary comparison of important niche 
measures for the phytoplankton commun
ity by biovolume and date 

Summary table for phytoplankton by 
biovolume 

Summary comparison of important niche 
measures for the rotifer community 

Summary comparison of statistical 
results for the rotifer community 

-vi-

Following Page 

11-1 

11-6 

111-3 

111-17 

IV-l 

IV-41 

IV-4B 

IV-51 

IV-BO 

IV-B3 

IV-101 

IV-lOB 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table No. 

13 

14 

15 

16 

17 

IS 

19 

20 

21 

LIST OF TABLES 
(Continued) 

Title Following Page 

Summary comparison of important niche 
measures for the fish larvae community 
by station and date IV-132 

Summary comparison of statistical re-
sults for the fish larvae community IV-134 

Summary comparison of important niche 
measures for the adult fish community IV-190 

Summary comparison of statistical re-
sults for the adult fish community IV-199 

Summary comparison of the phytoplankton 
functional groups V-S 

Summary comparison of all functional 
groups of organisms V-13 

Summary comparison of community struc
ture and stability values by stations 
using median values V-20 

Qualitative summary of community 
structure by station for all functional 
groups V-24 

Qualitative summary of community sta
bility by station for all functional 
groups V-2S 

-vll-



I 
I 
I 
I 
I 
I 
I 
I 
I SECTION I 

I 
INTRODUCTION 

I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I. INTRODUCTION 

A. NATURAL COMMUNITIES AND THEIR ANALYSIS 

1. Ecological Patterns 

Many branches of science have developed in a similar way: large

scale description, identification of pattern, elucidation of under

lying (and casual) mechanisms, formulation of laws and predictive 

statements. Ecology has not reached this latter stage and, at 

present, it is at a lower stage of development. Ecological systems 

are formidably complex, with many variables and parameters dynamic

ally interacting with each other. MacArthur (1972) has stated, "much 

of ecology is a search for patterns." On the community level, 

Levins (19751) has termed this a search for the macroscopic (We 

later define the macroscopic as a set of consistent properties). 

Host ecosystem descriptions are pitifully incomplete and unrealistic. 

Many variables are impossible to measure simulteneously, let alone 

describe with appropriate mathematical constructs. Often variables 

are difficult to identify. As Slobodkin (1968) aptly noted, the 

sister science of ecology, namely evolution, has as its theoretical 

backbone the law of natural selection. This imposes an overall 

theoretical framework on the understanding of evolution. Ecology 

does not have this framework. With all the ecological impetus of 

the last two decades, largely related to the pressing problems of 

ecosystem perturbation, the development of such a predictive theory 

is imperative and may eventually be possible. Prediction is ob

viously the ecologist's goal because we not only want to describe 

and understand a given ecosystem but also be able to foretell what 

will happen as humans encroach more and more upon it. 
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There have been several papers concerning pattern in ecology: 

notable are Hutchinson's (1953) classic paper "The Concept of 

Pattern in Ecology," and MacArthur's (1972) book, which is full of 

discussions of ecological patterns, as is Whittaker's (1962) discus

sion. Lane et al. (1975) have used niche analysis as well as the 

delineation of consistent properties to identify pattern within 

zooplankton communities. Certain ecosystem properties remain 

constant in relation to many kinds of fluctuations in the environ

ment and the species, and this study emphasizes the fact that 

natural communities do have recognizable integrity which can be 

quantified with field data. While perhaps the communities are not 

as highly structured as Clements (1916) described them (superor

ganism concept), they certainly are more structured than Gleason's 

(1926) individualistic concept would lead us to believe. 

Heatwole and Levins (1972), in analyzing the data of Simberloff and 

Wilson (1970), have also developed the concept of consistent proper

ties. The former authors demonstrated that after defaunation and 

recolonization of a given island, the trophic structure was quickly 

re-established even though the species list after refaunation 

included different organisms from those that originally inhabited 

the island. Thus, there is both a growing emphasis on the discovery 

of pattern and its theoretical basis in ecological systems, as well 

as an enhanced data base which links the theory to real world 

situations. 

2. Niche Analysis - Theoretical Development 

One way to delineate ecological patterns at the community level is 

the use of niche analysis. A set of species (zooplankton) occupying 

a single trophic level is considered a community. The major empha

sis is on competitive coexistence and overlap of these species and 
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in the evaluation of their Lotka-Volterra competition coefficients 

(alphas) or some approximation thereof. Thus, in niche analysis, 

the aim is to place values on these interactions and to produce a 

community matrix. We have been developing several formulae which 

measure biotic interactions of natural populations; use of each 

formula produces a new matrix of species interactions. Comparison 

of (community) matrices generated by different formulae not only 

facilitates identification of key competitive interactions, but also 

helps distinguish the validity and usefulness of the different 

formulae and their associated variables. For example, filtering 

rates and variance in temperature fluctuations may be critical to 

understanding competitive coexistence for two zooplankton species, 

while algal/detrital turnover rates may be more important in deli

neating the competition between two phytoplankton species. With 

Levins, we are also developing predation alphas to expand the 

community matrix approach to two or three trophic levels. 

After niche analysis is applied to a set of field data, various 

patterns in the niche measures are often identifiable. Particular 

niche measures exhibit regularity in their values over particular 

data stratification and can be termed consistent properties of 

natural communities. Lane (1978) has defined consistent properties 

as measures that: (1) vary less than the original variables, (2) are 

characteristics of a type of community, (3) vary among different 

types of communities so that their consistency is not a mathematical 

artifact, and (4) have some intuitive meaning for the investigator. 

At present, several people are working on niche analysis (Figure 

1) in terms of its application to the biology of real systems, 

although proportionally more effort is presently being expended on 

mathematical and theoretical developments. Three works represent 
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FIGURE 1 

SCHEMATIC REPRESENTATION OF SOME ONGOINg DEVELOPMENT 
OF COMMUNITY STRUCTURE AND NICHE THEORX 

, 
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Strobeck (1973) 
May (1973b, 1975) 
Pianka (1974) 
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Feldman (1975) 
Wilson (1975) 

RESOURCE AL1'HAS 
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Hurlbert (1971) 
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rather substantial contributions to niche analysis: MacArthur's 

Geographical Ecology (1972), Levins' (1968) - Eyolution in Changing 

Enyironments, and Cody's (1974) book on bird communities. Some of 

these studies have been summarized by Vandermeer (1972a). 

Vandermeer (1970, 1972b) has also written papers on the covariance 

of the alpha matrix and the determination of the number of species 

in a community. Culver (1970) advanced some measures of interfer

ence competition. Pielou (1972) has attempted to develop alterna

tive measures for ecological overlap and niche breadth. Strobeck 

(1973) has discussed N-species competition, Colwell and Futuy-ma 

(1971) have presented weighted measures of niche breadth, and May 

(1973a, 1973b, 1975) has written papers concerning how to calculate 

competition matrix elements as well as some of the stability aspects 

of the alpha matrix. MacArthur (1968) summarized some of the theore

tical considerations for measuring niches in nature, and Pianka 

(1974) has summarized current niche theory, especially in regard to 

his work on lizard communities. 

Continuing with the development of alpha, there is no reason to 

believe that the approximation alpha originally created by Levins 

(1968) (the probability of co-occurrence alpha) is necessarily 

the best one to use. Lane working with Levins (1975&, 1973b), 

Schoener in 1974, and Smith et al. (1975) have developed other 

measures of alpha based on resource availability and turnover. 

Habitats are weighted not simply by the density of organisms occur

ring there but also by some measure of the resource dynamics. Since 

much of the theory has been developed around resource competition, 

this adds more reality to the general theoretical models. Rough

garden (1974) has also made considerable progress in the development 
of resource competition theory. 
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Two measures, niche dimensionality and diversity, have been treated 

only superficially by Levins. Diversity is one of the most popular 

measures of community structure and it has been a subject of 

several hundred papers. Hutchinson's (1959) classic paper entitled 

"Homage to Santa Rosalia, or Why are there so many species of 

animals" summarized much of that contemporary thinking on species 

diversity in the animal kingdom. He emphasized that diversity 

arrives through dynamic interactions of many types of factors 

that both increase and decrease species diversity. MacArthur in 

1965 wrote another classic paper on the patterns of species diver

sity and Pielou, in 1966, discussed much of the mathematics of 

diversity measurement, especially the diversity measures coming from 

information theory. Pielou (1975) has recently written an up-to

date account of the present thinking on the nature of species 

diversity, the mechanisms underlying diversity patterns, and how to 

measure them. Also, much of the work on diversity has not been 

without critics. Peet (1975) and Hurlbert (1971), as well as some 

of the sources listed in Enclosure #47, dealt with the problems of 

applying species diversity indices to certain types of ecological 

data. 

Dimensionality is essentially a measure of how many factors are used 

by a set of competing species to divide up their environment. To 

obtain a measure of dimensionality, a multivariate statistical 

analysis is necessary. Some of the recent papers on this subject 

are listed in Enclosure #44 and some pertinent applications to the 

analYSis of aquatic populations include Green (1971), Allen (1971), 

Allen and Koonce (1973), and Miracle (1974). The concept of using 

multivariate approaches is not really a new one in the sense that 

plant ecologists for several decades have used these techniques to 

study succession gradients in time or in space for several decades. 

The theoretical linking of niche dimensionality to the niche equa

tions, however, is recent, and the relationships are still in their 
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embryonic form. Other papers in this area would include Anderson 

(1971), Bartlett (1965), Crawford and Wishort (1967), and Hay 

(1975). Essentially, when multivariate analysis can be applied 

routinely to aquatic data, it will be possible to obtain measures of 

the number of ways species divide up their available habitat accord

ing to the factors needed for survival. Then it will be easier to 

develop, for example, some of the specialized alphas such as re

source alphas, and diurnal time displacement alphas which account 

for critical coexistence factors as well as spatial and temporal 

heterogeneity. 

3. Niche Analysis - Biological Development 

The actual application of niche analysis to natural communities has 

understandably lagged behind the theoretical development. More new 

formulations (which we could not begin to include in one report) are 

available than the actual documentation of the validity and useful

ness of these measures with natural communities. There is, however, 

a growing literature on different types of natural communities that 

have been analyzed with some sort of niche theory. Hopefully in the 

future this application will increase and improve as did the appli

cation of diversity measures. 

a. Terrestrial Communities 

Levins (1968) applied niche equations to Drosophila populations. 

Culver (1970) has worked on simple cave communities, especially 

with amphipods and applied niche equations by treating caves as 

islands. MacArthur studied bird communities (MacArthur and 

MacArthur 1961), and since that date has published a variety of 

papers, which are summarized in his most recent book (MacArthur 

1972). Tropical ants have been studied by Levins and his 

collaborators (Levins et al. 1963; Pressick 1973; Culver 1974; 
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Lane 1975b [using some of Pressick's data]). Pianka (1973) and 

Schoener (1971, 1974) have worked with lizards, especially in 

terms of resource competition theory. These papers all in

clude values of alpha and other niche measures for terrestrial 

organisms. 

b. Aquatic Communities 

Among applications of niche theory to aquatic communities, Kohn 

(1971) has evaluated marine invertebrate community structure, 

plankton communities have been analyzed by Lane (1975, 1978), 

Lane et al. (1975), Lane and Schumacher (1975), and Lane and 

Wright (1976, 1977). While many of our results are not in 

published form, some have indicated that despite certain basic 

differences between marine and freshwater plankton communities, 

consistent properties of community structure were identified. 

For zooplankton, many of these properties are based on vertical 

migration patterns, while consistent niche values for phyto

plankton were based on functional group differences. For ants, 

zooplankton, and phytoplankton, consistent properties have been 

demonstrated over a wide variety of dynamic and heterogeneous 

conditions. We believe that these results provide at least 

partial evidence for much of the pattern and regularity in 

natural communities, despite the superficial chaos natural 

communities sometime exhibit. 

In some of the work (for example, Lane 1975b), many similarities 

are apparent in natural communities regardless of whether 

they are aquatic or terrestrial, a finding which is somewhat 

encouraging. In additon, stability measures developed on the 

properties of the zooplankton community matrix exhibited sea

sonal instability which was associated with blue-green algal 

blooms and the hypolimnetic oxygen deficit (Lane et al. 1975). 
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Lane and Wright (unpubl.) have given an abbreviated account of 

the results of their present study on the Hudson River ecosystem. 

These papers essentially illustrate that niche analysis is 

useful to delineate community structure and stability for 

aquatic communities undergoing perturbation, such as for example, 

eutrophication or thermal pollution. 

Sietert and Siefert (1976) evaluated niche analysis with Bil1-

conia communities. These are plants that hold minature aquatic 

communities composed ot diverse taxa whose existence is often 

transitory and subject to dynamic (and often dramatic) extinc

tion-migration phenomena. Siefert and Sietert (1976) concluded 

that niche analysis did not apply to these communities because 

many ot the species interactions were mutualistic and non

equilibrium interactions. 

4. Ecological Stability 

The development of ecological stability theory has been associated 

with both the work in community structure and ecosystem analysis. 

Stability is a critical ecological concept, especially to anyone 

contemplating the evaluation of perturbations to ecosystems, because 

stability is the measure ot the system's ability to resist the 

perturbation or to return to normal or equilibrium after the pertur

bation has occurred. Host ot the papers that have appeared so 

tar have dealt with the mathematics of stability theory which was 

largely produced in a different subject area, physics. Loop analy

sis (Levins 1973, 1975a, 1975b; Lane and Levins 1977), like niche 

analysis, includes a mechanism for measuring stability of natural 

ecosystems. To date, there has been limited application of sta

bility theory to natural communities. Host other references are 

only theoretical discussions of stability theory and give little or 

no biological application, let alone interpretation, to real world 

situations. 
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Some of the formal mathematics are included in Searle's (1966) book 

on matrix algebra, Gantmacher's (l960) "The Theory of Matrices", 

Rosen's (1970) work on the mathematics of dynamical systems, Shannon 

(1948), and Shannon and Weaver's (1949) development of information 

theory, which is related to diversity measures. 

May's (1973a) book is probably the best summary statement of the 

current status of ecological stability theory. Lewontin (1969) 

described some of the early definitions of stability theory, Holling 

(1973) has added to Lewontin's definitions of stability, May (1973a) 

also discussed qualitative stability, and MacArthur (1955) discussed 

some of the early measures of stability with natural systems. 

In addition, there has been a series of papers on ecological sta

bility, including a limited number of considerations of global 

stability, including Gilpin's (1975b) recent paper on limit cycles, 

Sutherland's (1974) discussion of multiple stable pOints, and papers 

by and LaddIe and Siljaks' (1975), Gardner and Ashby (1970), Somor

jai and Goswami (1972), May (1972), Roberts (1974), Siljak (1974), 

Daniels and MacKay (1974), Gilpin (19758), and Saunders and Bazin 

(1975), McMurtrie (1975) and Siljak (1975). 

B. PURPOSE OF PRESENT STUDY 

The purpose of the present study is to apply Levins (1968) niche 

equations to four functional groups of organisms inhabiting the 

Hudson River in the vicinity of the Central Hudson Gas & Electric 

Corporation's (CHG&E) Roseton and Danskammer Point Generating Sta

tions in 1973. These groups included: 1) phytoplankton, which were 

subdivided into blue-green and green algae and diatoms, 2) rotifers, 

3) fish larvae, and 4) adult fish, which were subdivided into 

pelagic and benthic-inshore fish. Thus, thirteen subcommunities 
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were analyzed in all. (Unfortunately the taxonomy was not adequate 

for the remaining microzooplankton, benthos and macrozooplankton 

groups and these animals had to be excluded from present considera

tion. It would be possible to analyze them in the future if the 

samples were recounted.) 

Application of niche analysis to the CHG&E data set involved a 

number of theoretical and biological activities. First, we attemp

ted to delineate the basic patterns of community structure and 

stability tor each of the functional groups. Second, it was neces

sary to familiarize ourselves with the biology ot individual species 

and their respective communities in order to better interpret the 

observed patterns. Also in several instances, it was not obvious 

how to group the species into a given community. Third, in order to 

evaluate possible influences of the thermal plume on the communities, 

it was necessary to distinguish the characteristics of the sampling 

stations and the extent of the thermal plume. Whenever possible we 

stratified the data to facilitate comparisons of supposedly therm

ally influenced samples from those not supposedly influenced by 

thermal effluents. Fourth, in order to determine the effects of 

natural variability on community structure and stability, as distin

guishable from other types of variability such as that due to 

thermal perturbations, it was necessary to stratifY the available 

data in as many ways as possible: by functional group, or subgroup, 

by station, by date, by depth and by time of day. (Phytoplankton 

were further stratified by size as well as density.) 

This intensive data stratification may appear superfluous to the 

reader. However, the central problem to be solved in this study 

was an experimental one since: 1) the Hudson River ecosystem had 

never been formally treated by this type of analysiS, 2) ecologists 

have only very vague notions on how environmental heterogeneity 
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affects community structure and stability, and 3) the way to differ

entiate between effects of natural environmental variation and those 

resulting from thermal perturbation was not obvious. Thus, we 

attempted to solve the problem by conducting an exhaustive data 

stratification to the extent the data would allow. For this reason, 

the following comprehensive format used for data analysis does not 

represent what would be termed a routine data work-up for assessing 

thermal impact on an aquatic ecosystem. However, we hope that 

after the limits of the system and the degree of natural variation 

are determined, further researchers will be able to be more selec

tive in data stratification than we have been. 

Finally, in order to evaluate the effects of thermal effluents on 

the thirteen subcommunities, it was necessary to create new niche 

measures, stability criteria, and to find statistical tests appro

priate for the results we generated. Also some peculiarities in 

these particular data necessitated the deSign of special theoretical 

constructs. Thus, this portion of the study involved considerable 

biological, mathematical and theoretical effort. 

C. SIGNIFICANCE OF THE STUDY 

1. Roseton and Danskammer Point Generating Stations 

The study has generated some interesting results of a general 

ecological nature as well as some specifically related to thermal 

pollution at the Roseton and Danskammer Point power plants. These 

specific results are especially noteworthy since only one station 

was on line in 1973 and it was relatively smaller than many in 

presently existing locations or in various planning stages. This 

study also set the baseline for the application of the community 

analysis at this site because data collected before 1973 are probably 
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not adequate for the analysis. This study presented the first 

example of niche analysis of a point-source perturbation in a 

complex heterogeneous system also undergoing various diffuse source 

perturbations. 

2. The Hudson River Environment 

This study also marks the first time a large river environment, 

and specifically the Hudson River ecosystem, has been studied with 

this type of analysis. The results obtained in this study, and more 

importantly, the overall approach are directly applicable to several 

sites in the river simultaneously as well as to temporal variation 

over years at one site. In fact, expanding the present local 

analyses to a global situation is a necessary next step toward a 

more complete understanding of the Hudson River ecosystem. 

The generation of global community structure and stability values is 

especially important for the Hudson River ecosystem because the 

river is receiving many other types of perturbation which must be 

distinguished from the influence of a thermal effluent, and because 

of the inherent complexity of an essentially flow-through ecosystem 

with tidal dynamics superimposed on it. Much of the effort needed 

to expand the local analysis to a global one involves intensive 

coordination of data collection activities and some new theoretical 

advances, particularly community structure and stability measures. 

In terms of theoretical requirements, special mathematical constructs 

would have to be developed in regard to 1) niche statistics and 

sampling theory, including new measures incorporating among-site 

stratifications to be superimposed on existing types of data strati

fication, 2) multivariate statistical procedures such as ordination 
and factor analysis, and 3) global stability analysis. 
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3. General Applicability of tbe Analysis to Other 
Aquatic Enyironments 

To date, we have successfully applied the analysis extensively 

to a lake (Gull Lake, Michigan) and to a marine basin (Bedford 

Basin). On a smaller scale, niche analysis has been completed on 

Lake Michigan, Cranberry Lake, Lake George, and the Delaware River 

(Lane 1975; Lane and Schumacher [unpubl.]) These six environments 

represent a variety of aquatic ecosystems (a marl eutrophic lake, a 

marine basin, a large oligotrophic lake, a dystrophic lake, a medium 

sized mestrophic lake, and river.) Whenever an ecological analysis 

purports to measure community structure and stability to any degree, 

the theory must be tested on as wide a variety of habitats as pos

sible, and this analysis is no exception. It has been our experience 

to date that there are no apparent problems with the choice of 

habitat per se but only in regard to whether the data collection has 

been adequate or not. Thus, the analysis and general ecological 

approach discussed in this report should be applicable to most if 

not all habitats which are large enough to support natural communi

ties of organisms. This report is, in one sense, a "how-to-do-it 

manual" for this type of ecosystem analysiS, and as such, has ap

plicability to many types of environment and perturbations. Thus, 

its significance is greater than the immediate results reported. 

There is always a danger with how-to-do-it manuals, however, if 

they attempt to illustrate the general with examples from the 

specific, as does this present report (the specific being the Hudson 

River ecosystem). Thus, while we are hopeful that this report will 

facilitate the analysis of other ecosystems, the reader should be 

cautioned against following our methodology so closely as to exclude 

special considerations needed for particular ecosystems and their 

respective perturbations. 

1-13 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

In conclusion, niche analysis is firmly based in ecological theory 

and is probably the most promising and comprehensive descriptive 

analysis of natural community structure and stability presently 

applicable to real world data sets. The theoretical basis of the 

analysis is still not complete nor can the theory be considered to 

be rigorously tested. Undoubtedly, its usefulness must be more 

completely documented in the next few years. It will also be 

necessary to incorporate many of the more recent developments in the 

field of ecosystem analysis into niche analYSis so that the con

tinually evolving theoretical framework will be the best that is 

permitted by the contemporary level of ecological understanding. At 

its present stage of development, however, enough worthwhile results 

have been generated to document the significance and increasing 

importance of this method for ecosystem analysiS. 
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II. THE STUDY SITE; THE HUDSON RIVER 

A. MORPHOMETRY AND TIDAL FACTORS 

The Hudson River flows from its source, Henderson Lake in the 

Adirondack MountainS, 315 river miles south into the New York Bight. 

Battery Point in New York City is defined as mile point O. Table 1. 

gives the typical values of general physical (Part A) and chemical 

(Part B) characteristics of the Hudson River as they vary at dif

ferent sites along the river as well as seasonally. 

The river's drainage area is about 12,700 square miles and there is 

one major tributary, the Mohawk River, which enters the Hudson River 

just above Troy, at mile point 154, the site of a Federal dam. 

The lower river is a fairly deep, straight channel, although there 

are numerous shallow bays and shoals. The width of the river ranges 

from one mile at the Battery out to three miles at Haverstraw Bay 

(mile point 40) and 0.5 miles beyond Newburgh Bay (mile point 60). 

The mean depth, averaged across the entire width of the river near 

the outlet, is about 35 ft, increasing to 90 ft at West Point (mile 

point 50) and decreasing to about 15 ft at Troy. Because of erratic 

local variations in width and depth, the cross-sectional area 

changes abruptly along the length of the river, ranging from 60,000 

square tt to 250,000 square ft. the total drop in water level from 

Troy to the sea is about 2 ft. The bottom is sandy loam or silt and 

is not very rocky. Relative proportions of sand, silt and clay vary 

locally and the content of organic material in the substratum 

decreases regularly upstream in this locality. 

·These data and the information for this brief description of the 
river dynamics come from the report to CHG&E entitled, "Hudson 
River Aquatic Ecology Studies at Roseton and Danskammer POint," 
Volume IV and VII, Appendix B (LMS 1974). 
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TABLE 1 

SUMMARY OF t1AJOR CHARACTERISTICS 
OF THE HUDSON RIVER AT THE STUDY SITE1 

Part A. Physical Parameters of the Hudson River 

Freshwater Flow (long term monthly average; from Figure VII-7) 

January 
April 
July 
October 

19,000 efs 
113,000 efs 

8,000 cfs 
10,000 efs 

Tidal Flow (for summer seasonal maximum ebb/flood peak; from Figure VII-3) 

Average trom mile pOint 
ule pOint 
aile point 

0- 40 
40-110 

110-150 

230,000 cfs 
100,000 cfs 
50,000 cfs 

typical Location for Salt Front (based on flow data; from Figure VII-22) 
in 1973. 

January Hile point 30-40 
April Hile point 20-25 
July Hile point 35-50 
October Mile point 60-80 

T_perature (from Figure VII-25) in 1973. 

January 
April 
July 
October 

32 F 
40-60 F 
75-85 F 
55-70 F 

lew York State Department of Environmental Conservation Water Quality 
Classifications: 

MUe Point 

lew Jersey State Line 0-22 

Bear Mountain Bridge 22-46.7 

Chelsea 116.7-66 

South of Albany 66-125 

Troy Dam 125-153·7 

Classification 

Special Class I 
( .......... ) 
Class SB 
( .......... ) 
Class B 
(recreational but 
drinking, etc.) 

Class A 
(any purpose including 
drinking, cooking and 
washing) 

Class C 
( .......... ) 

1 Representative ranges estimated froo tables and graphs in Chapter 
YII, LMS 1973 report to CHG&E. 
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TABLE 1 

I ~UHH4BX QF HA~QB ~HARACIERISIICS 
QF THE HUDSQN RIVEB AT THE SIUDY SIT~l 

Part B. ~~'gll flrl~t~r~ 2( th~ HYd~2n B'v~t I, Saltwater Freshwater Proposed EPA 
Parameter Typical of Typical Above Criteria For 

(1J8/1 where Mile Points Hile Point Freshwater To For I' applicable) 0-"0 AlO Protect Wildli~ Class A & B 

pH 7.1-7.9 6.9-7.8 5-9 6.5-8.5 

I salinity 100-20,000 0-100 

alkalinity ~-70 30-130 

I bardness 50-200 

turbidity 5-75 

I DO 5-15 5-15 

COD __ 1100 2-50 

I BOD 0-10 0-10 

IS '-I 1-2 0-1 ,i. 5 3 

I 10 -. .02-2 .02-1.5 ,il0 3 

I 
SO_ 

50-600 5-50 950 

Total 
Pbospbates 0-1 0-.2 ,i. 1 .i. 1 

I Pbeaols 0-.8 0-.1 ,i.OOl ,i.005 

'IDS 1,000-100,000 10-1,000 ,SSOO ,SSOO 

I TYS 100-1500 1-150 

TSS 0-300 0-100 

I Cl ~-10,000 0-"0 

F .3-.6 0-.2 

I Zn 0-1 0-.25 ,SS ,i. 3 

Cr 0-.2 0-.06 ,i. 05 

I Cu 0-1 0-.0" .il .i. 2 

FR 0-.03 0-.2 ,i. 3 

I Its 200-10,000 0-200 

I 
Ita 200-10,000 0-200 

I 'Representative ranges esttmated from tables and graphs in Chapter 
YII, LHS 1973 report to CHG&E. All data and criteria are relevant 
to 1913 and are not updated and do not refer to subsequent years. 
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Because there are measurable tidal effects in the river as far 

as the Federal Dam at Troy (mile point 153.7), the lower part of the 

river is properly termed an estuary and it receives varying influxes 

of fresh and saltwater. The freshwater flow is estimated (based on 

long-term observations at Green Island, just north of Troy, between 

1918 and 1970) to have a yearly average of 18,200 cubic ft per 

second [cfs] with a spring runoff maximum of 43,000 cfs in April 

and a summer minimum of 6,000 cfs in August. Flow increases from 

Green Island to the lower Hudson because of inflow from the tribu

taries by a factor of up to 1.5, in the spring. 

Because of the erratic channel geometry, the tidal influence from 

the ocean is damped and reflected (completely at Troy) and its 

amplitude and velocity vary with channel dimension. There are 

many factors, from local perturbations to seasonal variation in 

weather conditions, that influence tidal dynamics. The average 

tidal amplitude between low and high tides ranges from approximately 

4.5 ft at both the Battery and Troy down to 2.5 ft at West Point. 

These ranges vary by ±.5 ft for spring and neap tides. Mean sec

tional velocity is about 1 ft per second (fps) with peaks to 2 fps 

at the Battery and at Hudson (mile point 117). This is averaged 

over ebb and flood strengths, although the ebb flow is usually 

stronger by virtue of being in the same direction as the freshwater 

flow. The mean tidal flow drops sharply in August from about 

425,000 cfs at the Battery to about 125,000 cfs at West Point (mile 

point 50) and then gradually decreases to zero at Troy. This again, 

is dependent on both freshwater flow and seasonal tidal strength. 

B. PHYSICAL AND CHEMICAL PARAMETERS 

The salt front or extent of salt intrusion may be defined as the 

location where the water salinity exceeds 100 ppm over freshwater 
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salinity. Although there are many other influencing factors, the 

salt concentrations in the Hudson River are affected pr~rily by 

freshwater flow. At the Battery, salt content varies throughout the 

year from 17 to 25 0/00 (parts per thousand) and at West Point 

(mile point 50) from negligible to 1.2 0/00. Under steady-state 

conditions, the salt front is located as far downstream as the 

George Washington Bridge (mile point 12) during spring runoff and as 

far north as Hyde Park (mile point 80) in late summer. In general, 

the salt front moves at the rate of 2 miles per week, although 

actual chloride concentrations vary considerably, both vertically 

and horizontally, with other factors, particularly tidal phases and 

proximity to the salt front. 

Chemical parameters which appear to be pr~rily correlated with the 

salt front, and, in general, tidal versus freshwater flow effects, 

are concentrations of chlorides, sulphates, most metals, total 

dissolved solids, total volatile solids, and water hardness. Thus, 

the effects of ocean salt on water quality usually drop off sharply 

upstream to mile point 40, with almost no effect observed beyond 

mile point 60. Marine effects also exhibit a seasonal peak in late 

October. 

Parameters associated with municipal sewage and other chemical 

sources also show variations along the river. These parameters 

include nitrogen, phosphate, and fluoride concentrations; chemical 

oxygen demand, and amount of suspended solids. They all vary with 

depth and velocity and magnitude of river flow. This information is 

summarized in Table lB. 

Temperature does not vary significantly with respect to location in 

the river. Although there are diurnal and vertical variations, the 

ambient teaperature increases from 0 C (32 F) or just above it 

between December and early February to a summer value of 21-26 C 
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(10-19 F) throughout July and August. Temperature affects the 

river's dissolved oxygen concentration, which varies seasonally and 

inversely with temperature, from about 15 mg/l in the winter to 

about 5 mg/l in the summer. Alkalinity, pH, and dissolved metals 

are also slightly influenced by temperature fluctuation. 

The New York State Department of Environmental Conservation (NYSDEC) 

has defined water quality standards for various sections of the 

Hudson River based on a system of classifications, which are given 

on the bottom of Table 1A (Adopted from NYSDEC, Title 6, Part 

660). 

C. STUDY AREA 

This study involves an area of the river near CHG&E is Danskammer 

Point Generating Station and the new Roseton power plant, from the 

Newburgh-Beacon Bridge (mile point 62.3) extending north of New 

Hamburg to mile point 69 (Figure 2). The Roseton plant is situated 

on the west bank at mile point 66 (in class A waters). To the south 

in Newburgh Bay, the river is about 2,000 yards wide, while at 

Danskammer Point, in the plant area, the river width is only about 

1,000 yards. The point forms Danskammer Cove to the north and on 

the east bank at mile point 61.6 there is a small tributary, Wap

pingers Creek. 

A fairly straight and deep (about 50 ft) channel runs down the 

length of the river, usually west of center where the bottom is 

sandy loam. A shelf on either side, at a depth of 30-35 ft, 

expands into a shallow, silt-bottomed bay, in several areas pri

marily the east bank south of mile point 66 (Newburgh Bay), north 

and south of the New Hamburg Point, and at Danskammer Cove on the 

west bank. The substrate composition in sandy bottom areas is 

around 50% sand, 30% silt, 5% clay, and 15% organic material, while 

the silt-bottom porportions are about 30% sand, 60% silt, 5% clay, 

and 5% organic material (see Figure 3). 
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Figure 2. Map of' Hudson Hi ver at Hoseton-Danskammer power 
generating stations illustrating the location of' the thermal 

plume and water quality sampling stations. 

eCH6 

eCH4 

CH' NORTH CONTROL 
CH 2 DANSKAMMER INTAKE 
CH 3 ROSETON INTAKE 
CH 4 ROSETON DEEP EAST 
CH 5 ROSETON SHALLOWS EAST 
CH 6 SOUTH CONTROL 
i\\\\'I THERMAL PLUME - ,oF AT 
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Tidal effects on this stretch of the river produce maximum ebb or 

flood flows on the order of 230,000 cfs, while the mean yearly stage 

variation is about 2.8 ft from low to high water. This area is 

transitional between freshwater and estuarine, in that the salt 

front seasonally reaches upstream. It is estimated (LHS 1973: 

p. VII-21) that a freshwater flow of 6,000-7,000 cfs will place the 

salt front in the Roseton-Danskammer Point area. Long term measure

ment shows that the freshwater flow in the lower Hudson reaches a 

low of 4,000-6,000 cfs from mid-July to mid-October. Accordingly, 

during this time, the water of the Roseton-Danskammer Point area 

becomes brackish, showing dramatic increases in chloride, concentra
tions of sulphates and dissolved solids. 

A sampling program for various chemical and physical parameters 

relating to water quality was carried out in the Roseton-Danskammer 

study area from the end of Hay 1973 through the end of the year (The 

last sampling date was actually in January 1974). A map of the 

sampling stations is given in Figure 2 and the results are presented 

in Table 2. Six locations, denoted as stations CH-1 to CH-6, were 

sampled at surface and bottom. CH-1, in the north control area, was 

sampled in the deepest part of the channel off the railroad trestle, 

CH-2 off the Danskammer plant intake in front of the bar racks, CH-3 

off the Roseton plant intake also in front of the bar racks, CH-4, 

on the east side of the river, across from the Roseton intake at the 

deepest point in the channel (a mid-depth sample was taken here in 

addition to the regular surface and bottom samples), CH-5, also on 

the east side, across from the Roseton intake in shallow water, and 

CH-6, the south control, north of the Newburgh-Beacon bridge in the 
deepest point in the channel. 

Sampling was conducted once a month starting in May and always 

during the day. Although no collections were missed, the total of 

104 samples collected were probably too few to adequately evaluate 
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TABU 2 

BUMMAaY or WAftl QUALITY CIIAlACTlIIBTICB or UMPLIlIG IUtlOlfB 

Diatanee 
hOll Diatanee 

D8n.k_er hOll 10-11 Taul 
Depth 1nUke Shore Alkdiaity litra'eD Toul Di .. ol .... 
'eet (yud.) (yard.) 6'l'1 6T 4T BaUnity c.co~ ('!i-I) PIIoaphorua Bolid. 

Station !! ..!L j;100 ,:25 crl 8.phd (-, l <.:£l !!! (!Ill) ( !I/1 ~ III l!l/ll J.!J.L!l 
CR-l Morth 

Control 68.2 5S 2500 400 0- 8 8, 54-71 12-21 7.6-7.7 6 43-46 .38-.96 .03-.08 100-125 
Bu 7.B 6-11 55-61 .27-.47 .08-.09 140-160 , 46-52 8-22 6.9-7.6 16-50 56-60 .37-.73 .02-.08 155-210 
W 7.4 11 44 .70 .07 75 

B Sp 54-71 12-21 7.5-7.6 6-7 43-47 .50-.79 .11-.14 110-130 
Su 7.8 10-11 52-58 .31-.56 .17-.22 145-175 , 47-72 9-22 6.9-7.6 15-69 58-61 .38-.82 .05-.09 165-275 
W 7.5 10 40 .83 .18 75 

CR-2 b .. ak_r 
Intake 66.7 25 100 150 I- I Sp 54-71 12-21 7.4-7.8 4-6 43-46 .43-.76 .06-.11 95-110 

lu 7.8 8-10 53-58 .34-.48 .12 170-185 
r 41-72 9-22 6.9-7.6 16-47 54-57 .41-.77 .03-.08 150-210 
W 7.5 11 40 .75 .10 135 

B Sp 54-71 12-21 7.4-7.8 7-8 45-54 .48-1.58 .08-1.,43 120-310 
Bu 7.7-7.8 7-10 54-58 .27-.52 .15 185-230 
F 47-72 9-22 6.9-7.6 16-73 56-60 .38-.50 .08-.27 125-270 
W 7.3 12 43 .73 13 170 

CH-J io.~ton 
Intake 66.2 25 100 150 1- 8 Bp 55-70 13-21 7.4 7 46 .41-.79 .06-.11 110-115 

Bu 7.7-7.8 5-9 54-61 .29-.56 .09 195-200 
F 48-72 9-22 6.9-7.6 14-93 56-59 .37-.73 .05-.07 190-285 
W 7.5 12 43 .54 .08 80 

B Bp 55-69 13-20 7.5-7.7 6-7 43-48 .50-1.50 .14-.60 110-130 
Su 7.8-7.9 9-16 55-59 .37-.56 .15-.18 165-200 , 48-72 9-22 6.9-7.6 13-150 57-59 .39-.77 .06-.47 240-425 
W 7.5 11 43 .77 .26 30 

Ili.e in teaper.ture beeau.e of h.ated effluent. frOll pover plant. 

S • Surface Sp • Sprinl (73/V/29 - 73/VI/19) 

B • BottOll Su • Summer (73/VI1/30 - 73/V1II/22 

K - Kiddie F - Fall (73/X/3 - 73/XI/27) 

w • Winter (74/1/3) 

;. 
I -.... 



- - -

~ !! 
CH-4 lo •• to. 

B .. t De.p 66.5 

C8-5 Ro .. eon 
Ia.t Sh,l1_, 

CH-6 South 

66.5 

-

Depth 
r .. t 
...!L 

SO 

25 

- - -

Dhta.ce 
hOlt Dittanc. 

Denlk_er rrOle 
Intak. ilion 
(,udd (,udl) 
dOO d5 

750 450 

1300 150 
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TABU 2 (coati ..... ) 

IUIIIAIY or WAftl QUALIn CIIAIACTIlUTICI or IAllPLIIC IUTIOIII 

67
1 

(.:!) 

O· 

o· 

110-11 Toul 
AlkaU.it, .itrl. ... Total Di .. olv« 

aT 6T Solid. IIU.it, caco~ (1:'-11) tholphonl 
!!!t!.!! (.:!) (:£) E! (ltall ) ' .. II} .ls!!l , .. 11 ( /1) 

1 

" 

• 

• 

Ip 55-72 ll-22 7.5-7.1 4-7 43-47 .41 .OS-.09 98-110 
lu 7.9 9-10 56-61 •. 27-.45 .OS-.ll 150-195 
r 47-72 9-22 6.9-7.6 15-114 57-5s .40-.69 .05-.S1 245-350 
II 7.5 10 44 .69 .09 90 

8p 71 21 7.5 6 47 .76 .10 125 
lu 7.S-7.9 7-10 56-58 .29-.51 .10-.12 175-180 
r 47-72 9-23 6.9-7.7 14-119 56-60 .3S-.74 .04-.09 245-350 
II 7.4 12 44 .S4 .25 60 

8p 55-70 ll-21 7.1-7.6 6-7 43-48 .45-.79 .10-.12 105 
8u 7.7-7.8 0-9 57-62 .21-.55 .15-.19 175-185 
r 47-73 9-23 6.9-7.7 17-130 55-59 .40-.75 .03-.15 154-430 
II 7.6 10 44 .84 .14 185 

.p 
au 
r 
II 

55-72 

47-73 

13-22 

9-23 

7.4-7.8 
7.S 

6.9-7.S 
7.S 

5-6 
10 

22-114 
12 

43-46 
43-46 
49-58 

45 

.30-.74 

.19-.52 

.39-.76 
.55 

.04-.09 

.09-.11 

.07-.24 
.OS 

105-125 
lto-200 
170-610 

70 

• Sp 55-71 13-21 7.4-7.S 5-6 46-47 .45-.76 .OS-.10 110-120 
lu 7.S-7.9 10-19 55-59 .33-.51 .0S-.12 170-200 
r 48-73 9-23 6.9-7.9 16-161 5S-62 .40-.71 .07-.11 235-395 
II 7.8 12 44 .77 .12 10 

Control 62.7 45 6500 700 O· 1 Sp 55-71 13-21 7.2-7.4 4-6 39-45 .41-.84 .02-.10 115-120 

• 

8u 7.S-7.9 s-u 55-59 .47-.4S .10-.11 150-185 
r 4S-73 9-23 6.9-7.6 20-166 58-62 .40-.75 .06-.09 150-410 
II 7.4 10 43 .13 .09 150 

I, 
Su 
r 
II 

54-70 

48-73 

11-21 

9-23 

6.9-7.5 
7.8-7.9 
6.9-7.7 

7.7 

5-7 
10 

18-275 
13 

43-46 
55-61 
57-59 

44 

.45-.76 

.48-.56 

.41-.7S 
.70 

.08-.11 

.07-.15 

.07-.37 
.05 

105-130 
160-180 
130-670 

95 



the water quality of the study site, especially with respect to 

seasonal variation. The samples do not indicate natural variations 

or important diurnal variations, and unfortunately, the dates of 

water quality samples do not correspond with any of the biological 

sampling programs. Therefore, while major trends may be evident 

from these data, they do not justify any statistical analysis or 

even quasi-statistical treatment in relation to the biological 

results. Quoting the analysis (LMS 1973) of these data: "Substan

tial differences in mean values exist for several parameters but 

these differences are not statistically significant •••• " 

In Table 2, each station is listed with information on its location, 

mile point, depth, etc. The ~T column lists the average increase 

above normal ambient temperature in the river for stations within 

the thermal plumes, and indicates those stations outside the range 

of thermal effects. Other parameters shown are: temperature (F, 

with conversion to C); pH, a measure of hydrogen ion concentration, 

and thus an indicator of acidity; chloride concentration (Cl), an 

indicator of salinity; alkalinity, a measure of hydroxyl ion concen

tration expressed as mg/l of caco
3

; nitrate and phosphates, two 

important phytoplankton nutrients; and total dissolved solids, 

which is a measure of the residue after evaporation of filtered 

samples. The samples were also analysed for chemical and biological 

oxygen demand, suspended and volatile solidS, ammonia and total 

Kjeldahl nitrogen, sulphate, chromium, zinc, and phenols. (For 

these results LHS 1974: Chapter VII-D). 

Unfortunately, the temperature data were incomplete and dissolved 

oxygen concentrations were not included, although these are perhaps 

the most important data of all. Temperature exhibits an obvious 

seasonal behavior and the near-plant and south stations seem to have 

had a higher minimum fall temperature than the north control, 
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although there is no depth difference whatsoever among stations. 

The sUIIlIIer maximum ambient temperature was a slightly high 81 F. 

Because of a wet winter and spring, followed by a dry summer, 

the year 1973 had a relatively high freshwater flow, with a yearly 

average of 17,670 cfs as opposed to the long-term average of 

13,070 cfs. According to daily chloride measurements the salt front 

was in the study area or upstream from mid-September to mid-December. 

The chloride concentrations on the 24/X/73 date place the salt front 

inside the study area, in fact, right at the Roseton plant. The 

salt concentration increases with depth. The normally steady pH 

value also dropped on this date because of the buffering action of 

the salt water. At all other times the pH was about 7.7 and the 

chlorides 5-20 mg/l. 

Changes in alkalinity were small, and values of this parameter were 

generally low except for a slight rise in summer. The nitrates and 

phosphates exhibited similar behavior, concentrations of both being 

quite low and more variable, although they apparently decreased in 
the summer and increased with depth. This may represent the effects 

of temperature on their solubility, or varying pollution levels. 

The total dissolved solids were also fairly low and constant except 

during the October salt front conditions when concentrations doubled. 

Thus, these data suggest that the river's chemical dynamics are 

controlled primarily by tidal effects and secondarily by temperature. 

The plant appears to have had no measurable effects, although it 

is possible that more effects would have been observable had the 

sampling design been different. 

D. POWER PLANTS 

The Danskammer Point Generating Station, a 511 HW fossil fuel 

plant located on Danskammer Points produces about 4 billion BTU/day 
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and drawn cooling water from the Hudson River at the rate of 308,000 

gallons/minute (gpm). The average rise in temperature of the water 

in the cooling system is 14.5 F, and heated water is discharged at 

the surface. The Roseton plant, one half mile south of the Danskam

mer Point plant, was not scheduled to go into operation until after 

1973, and the project was in fact a preoperational study of the 

plant's ecological effects under full operation. It was expected 

that at full capacity the plant would dissipate 120 billion BTU/day 

and use 656,000 gpm of cooling water, heating it 15.4 F. The heated 

effluent is released through a submerged diffuser. 

Although other studies were conducted in 1973 on the effects of 

entrainment and impingement of fauna in the intake system, the 

analysis discussed in this report concentrates on the effects of the 

thermal plume. The plume is the river area affected thermally by 

the influx of heated water from the plant, the quantity of hear 

being measured as ~T, or the rise over ambient river temperature. 

Because the Roseton plant was not operational during the study, the 

thermal plume was solely that of the Danskammer plant. With the 

perimeter of the plume defined as a ~T of 1 F, it extended along the 

surface 250 yards out into the river and about a mile along the 

river bank from Danskammer Cove to below the Roseton discharge 

(Figure 2). On the other side the outflow of Wappinger Creek 

constitutes a natural plume which can extend down past the plant 

area. The shape of the plume is, however, greatly affected by 

seasonal and tidal flow, as well as by seasonal and diurnal varia

tions in ambient temperature, and these estimates are based on the 

average of data collected from July through October of 1969. 

E. REFERENCE AND EXPERIMENTAL STATIONS 

One of the purposes of this study is to compare the ecological 

communities of portions of the river which may be affected by 
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thermal effluents trom the Danskammer Point Generating Station with 

those of unaffected portions, and thereby to evaluate the ecological 

impact of the Roseton plant. For this purpose, the sampling loca

tions of each collection program were divided into a reference 

or "control" group and an experimental group, the controls being 

stations representative of "normal" river conditions and the experi

mental stations being those under the influence of the plant, that 

is, in or close to the thermal plume area. 

Clearly, the stations to the north and south of the plant area will 

be the least affected by the plant and should be termed control 

stations. Similarly, stations on the west bank in the plant area 

in or near the plume were considered experimental stations. However, 

there were some ambiguities and difficulties in delineating control 

and experimental stations. For example, a fish trawl had ended in 

the plume and proceeded away from the area of plant influence. The 

niche results indicate that the choice of this staion as experimen

tal was well founded but this choice was not initially obvious from 

the sampling design. In fact, stations near that area might be more 

affected by the plant than the 1969 average plume data indicates. 

This problem could be resolved in the fUture by measuring tempera

ture concurrently with biological sample collections. 

A more complicated problem was posed by those stations outside the 

above definition; that is, neither representative of normal river 

conditions nor affected in any way by the generating plants. Such a 

station was located off the eastern bank across from the plant in an 

area apparently influenced by the inflow from Wappinger's Creek to 

the east (Figure 2). The LMS personnel consulted agreed with us 

that this station was not representative of the plant-affected 

community and should not be defined as an experimental station; 

however, including it as a control station seems, in retrospect, to 
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have been a poor decision because it clearly is not representative 

of the "normal" river conditions as indicated by the other control 

stations. Statistically, the control group should be homogeneous, 

at least with respect to the effect being tested (that is, natural 

thermal variatian versus the thermal effects of the power plant). 

By including the odd station as a control we are increasing the 

range of 'normal' variations and thus decreasing the significance of 

any differences between control and experimental stations. there

fore, instead of examining the question of whether the experimental 

stations were significantly different from control stations (that 

is, by virtue of plant effects) relative to the variation in "nor

mal" (control) river communities, we in fact considered whether the 

plant effects were more significant relative to any other measured 

effect on the river environment. From this point of view, it 

probably would have been better to group this section with the 

experimental stations, consider it independently, or not to consider 

it at all. 
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III. MATHEMATICAL METHODOLOGY AND DATA ANALYSES 

A. BASIC COMMUNITY STRUCTURE AND STABILITY MEASURES 

1. N-Dimensional Hyperyoluge Concept of the Niche 

When Shelford (1911) introduced the Law of Tolerance, he represented 

the tolerance curve of a population as shown in Figure 4. Hutchin

son (1957, 1965) extended this law of tolerance to the n-dimensional 

hypervolume concept which can be used to include all the speCies in 

a community of competitors and their tolerance ranges in regard to 

the smallest number of factors (axes or dimensions) that serve to 

separate the species' niches. 

Figure 5 is a diagram representing the Hutchinsonian concept of a 

niche of a hypothetical phytoplankton community in a two-dimensional 

ecological space. In this community, two factors serve to separate 

the species: light intensity and concentration of phosphorus, and 

there are six species in the community: A-F. Levins (1968) at

tempted to formulate measures (niche analysis) to quantifY the 

niche patterns of such a group of coexisting species. 

Niche analysis centers on a biological community as a complex, 

dynamical system composed of competing species, each with its own 

function or niche in the community. The niche of each species is 

the abstraction of the complex phenotypic interaction between the 

species and its environment. In theory, as well as in nature, 

there can be no separation of the two. In evaluating niches, there 

is also an associated criterion of fitness, even though it is 

impractical to measure this parameter in the field. The population 

of a given phenotype in a stable system will be limited by its 

competitors in regard to various environmental factors and levels of 
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I''IGURE 4, Diagram of Shclford's (1911) tolerance curve. 
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resources. This limited ecological space was termed the actual or 

realized niche, by Hutchinson (1967), in contrast to the potential 

or fundamental niche which is the ecological space the population 

could occupy with no competitors present. Thus, the realized niche 

will be determined by the species' success in competition with the 

other species in the community. 

Levins (1968) developed several sufficient parameters for evaluating 

community structure, i.e., a set of niche measures for a group of 

competitors. He defined a sufficient parameter as a measure that 

integrates many pieces of information from lower levels of biologi

cal organization. Community stability, for example, is a sufficient 

parameter which involves in part, the relative abundances, ampli

tudes of fluctuations, rates of these fluctuations, responses rates, 

and magnitudes of external forces acting upon the total community. 

A list of the number of individuals in each population, or even a 

successive list through time, is not by itself a complete measure of 

community stability. First, we will discuss the basic set of niche 

measures or sufficient parameters that Levins (1968) developed; and 

then compare them to Figure 5. 

2. Niche Analysis 

a. Niche Measures 

This analysis includes four main parameters used to characterize 

the niche patterns of a community of competitors: species 

diversity, niche breadth, niche overlap and niche dimension. 

Species diversity measures the number of species in the commun

ity, also taking into account their relative abundances or 

frequencies. Niche breadth is the length of a niche axis covered 

by the fitness curve, or in a complete ecological space, the 

hypervolume representing the conditions where the species has a 
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fitness (density) >0. It can be applied on a per species or a 

community basis. Niche overlap measures the region of hyper

volume in which the niches of two species overlap. Niche 

dimension is the theoretical number of niche axes; that is, the 

number of factors separating the species in the community. 

Table 3 contains a comprehensive listing of the equations, 

terminology and symbols used in this study. The niche measures 

are also discussed in Appendix A-3. 

(i) Species Diversity 

Species diversity (H) is a measure of the number of species 

and their distribution in the environment. Thus, the 

measure takes into account both the actual number of species 

and the 'evenness' or 'equitability' (Lloyd and Ghe1ardi, 

1964) of their densities. Table 3 lists the various diver

sity formulations in this study while the following discus

sion describes the theoretical development of the diversity 

concept. Diversity measures are by no means unique to niche 

analysis and it has been common ecological practice to use 

two formulae from information theory (Pielou, 1966). Since 

these measures were developed by communication engineers, 

the ecological interpretations of diversity measures have 

often been clouded with metaphor. Thus, it is best to avoid 

drawing parallels too closely between areas of ecology and 

communication theory. 

Essentially, H measures the uncertainty with respect to 

species of the next random encounter of an individual of the 

community. Note that this is not the probability that the 

next encounter will be of any given species but rather it is 

a relative measure of the uncertainty of making any such 

prediction. Diversity can be interpreted as the number of 
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Part A. 

(1) P1h 

(2) Ph 

(3) qih 

(4) Qi 

(5) 

(6) 

TABLE 3: Equations, Terminology and Symbols 
Used in ~iche Analysis 

EQUATIONS 

= 

= 

= 

= 

E 

dih I h:1 dih 

N N E 
1: d

1h I 1: 1: dOh 
1=1 i=l h=l 1-

N 
dih I 1: dih 1=1 

E N E 
1: d

1h I 1: 1: d1h h=l i=l h=l 

'depths 
1: ditd d=l 

N 'depths 
1: 1: d1td 1=1 d=l 

'times 
1: ditd t=l 

N 'times 
I 1: ditd i=l t=l 

continue •.••••• 
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Part A. 

(7) ~ 

(8) H 

EQUATIONS (Continued) 

N 
- - t Q 1082 Qi i=1 i 

N 

(9) Ht = - i~1 Qit 1082 Qit 

E 
(11) H' a - t P 1082 Ph 

h=1 h 

E 
(12) ~ - t ~ I E 

h-1 

'times 

Table 3 
(continued) 

(13) Ht = t H I Htimes 
t t=1 

'depths 
(14) Hd = t Hd I 'depths 

d=1 

continue ••..••• 



Part A. EQUATIONS (continued) 

1 
(I5) Bi = 

E 2 
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(IS) B' = 
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j;li 
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D 
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Table 3 
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Niche Measures: 

B I E 
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Bi I B 

~ IE 

B. I E. 
1 1 

are also generated directly ~ram 
these equations. 

Niche Measures: 

-a 

are also generated from these 
equations 
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Part A. EQUATIONS (continued) 

(24) 
Jl ~lh Pjh ) 

a ij 0:: ______ _ 

Table 3-
(continued) 

(25) s - _1 ~(x-x'f ' ~ where X = a or 1\ % n a 
x 

(26) Kx = ! E~X~:j "here X -a or A 

-(27) a 

(28) -a • i ] where 

M I ai aji - I a I a j I N-l 
~---- _ ~ [. j,Al j j'&1 jiS;'i i 
. cov. ai. a • i ~ 

and 

-
COy ai.a.i = 

where 

and 

i-I N(N-2) 

-a = i-

-a. i = 

-a. 
.1 

N 
( I 
i=1 

N-l 

-a. 
1" 

I. aji / N-l • 
j'&.l 

N 
I Q.i) I N 

i=l 

continue ...... . 
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Table 3 
(continued) 

Part A. EQUATIONS (continued) 

(29) IAI = det of matrix A or {aij} 

N 
det {aij~ = 1: (_l)Hk I I a ik mik ' 

i=l 

where I m
ik 

I is the d.eterminent of" the minor of" aik• 

(30) A = N eigenvalues of matrix A: Solutions of" 

det (A - ~i !) = 0 where I = the identity matrix 

(31)* 

(32)* a.M' A = N 

(33)* 

(1/ A) -

N 

* assuming all A. are positive. If any are zero, then N becomes 
1 

the number of non-zero eigenvalues and the sums are only taken 

over them. 
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Table 3 

(continued) 

Part B. TERMINOLOGY AND SYMBOLS 

i 

i-I, ••• , N 

h 

hal, ••• , E 

t 

d 

- species designation (used as a subscript) 

- species designation, community has N species 

- environment designation, time and location where one 
sample is collected (used as a subscript) 

- habitat designation, community inhabits E environ
ments; at least one individual of the community is 
found in each environment h 

- total number of environments species i was found in 
(i.e. where Dih was non zero) 

- data matrix element representing the density of 
the ith species in the h environment 

- time (diurnal or seasonal) designation, used as a 
subscript 

- location (depth or station) designation, used as 
a subscript 

- data matrix element representing the density of the 
ith species in the t time (day-time) and depth 
(depth-station) 

- percentage of species i occurring in habitat h of 
total of species i occurring in all E habitats 

percentage of all species occurring in habitat h 
of total of all species occurring in all E habitats 

continue •••••• 



Part B. 

H 

H' 

Table 3 
(continued) 

TERMINOLOGY AND SYMBOLS (continued) 

percentage of all species i occurring in habitat h 
of all species occurring in habitat h 

- percentage of species i occurring in all habitats 
of all species occurring in all habitats 

percentage of species i occurring in all depths at 
time t of all species occurring in all times at 
time t 

- percentage of species i occurring in all times at 
depth d of all species occurring in all times at 
depth d 

- within environment diversity for each sample 

- total community diversity 

- within temporal community diversity calculated for 
each time and/or date over all species 

- within spatial community diversity calculated for 
each station and/or depth over all times 

- community habitat diversity 

- mean within environment diversity 

- mean within temporal diversity 

- mean within spatial diversity 

continue .•••••• 
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Table 3 
(continued) 

Part B. TERMINOLOOY AND SYMBOLS (continued) 

H-H 
d - among community diversity with respect to time 

H-H 
t 

H-~ 

B 
:alE 
B' 

i 

- among community diversity with respect to space 

- total among community diversity 

- niche breadth of species i 

- mean niche breadth over all species 

- community niche breadth 

- relative community niche breadth 
- species breadth, spread of species in environments 

-sampled, relative species breadth is this measure 
divided by N 

mean relative niche breadth of all species, a 
measure of how much ecological space the average 
species uses as compared to the community use of 
the environment 

- mean species niche breadth over maximum value, mean 
species use of environment over maximum possible 
use of environment 

- mean values of ratios of species niche breadth over 
number of environments species i is found in (measure 
of how equally distributed the average species i is 
over the environments i~ is found in) 

( 

- mean values of ratios of species niche breadth over 
number of environments species i is round in times number 
or environments (measure or what value B. would 
attain if Ei=E for all species ~ 

continue •••••• 



Part B. 

D 

-K 

Table 3 
(continued) 

TERMINOLOGY AND SYMBOLS (continued) 

- average density of species i per habitat h 

- average density of community (total of all species) 
per habitat h 

- average carrying capacity of species i per 
habitat h, carrying capacity is the theoretical 
density a species would attain if there are 
no·competitors 

- average community carrying capacity per habitat 

- percent carrying capacity of species i of community 
density 

- mean percent carrying capacity 

- measure of interspecific overlap of the effect of 
species j on species i based on the probability of 
co-occurrence of the two species 

- competitive success ratio for species i, it measures 
how well species i has reached its carrying capacity 
in regard to competitors represented in the matrix 

~measures how well the species could theoretically ,. 
fill (Ki) the proportion of ecological space (Bi!B) it 
possesses, since K. depends on the amount of food 
in each environment, the general suitability of each 
environment for species i and the safety from pre
dators in each environment; this ratio measures the 
relationship of species i to factors and species in 
the ecosystem which are not represented in the matrix 
of competitors 

continue •••••• 
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Part B. 

S a 

K a 

(J 
x 

Table 3 
(continued) 

TERMINOLOGY AND SYMBOLS (continued) 

• skewness is a standard statistical measure of 
the distribution of a set of variables in regard 
to their deviation from the mean on the right and 
left-hand sides of the curve and thus, it is 
proportional to the ratio of areas on each side of 
the curve. In this study, it is used for both 
alpha value and eigenvalue distributions 

- Kurtosis is a standard statistical measure of the 
distribution of a set of variables in regard to 
their clustering about the mean. In this study it 
is used for both alpha value and eigenvalue distri
butions 

- the standard deviation (or square root of the 
variance) of the alpha values or eigenvalues, is also 
a standard statistical measure and it is used in 
calculating skewness(S) and Kurtosis (K) 

- the covariance of the alpha matrix in relation to 
pairs of symmetric terms 

- the determinant of the alpha matrix, A 

- the eigenvalues or roots of the characteristic 
equation of the alpha matrix, A 

- the variance of the eigenvalues of the alpha matrix 

- the harmonic mean of the eigenvalues of the alpha 
matrix 

- the arithmetric mean of the reciprocals of the eigen
values of the alpha matrix 



species with which the individual's next encounter is likely 

to be. This can be termed the 'effective' number of species 

in the community, thus, correcting for those species which 

are relatively infrequent. 

Diversity is measured as follows: 

H = - fA q(t) • 10g2q(t)dt (III-1 ) 

where 

q{t) = x (t) I fAx(t) dt (III-2) 

H is calculated in units (termed bits) of the function x(t) 

over the set A. In this case where there are N random 

samples from an infinite population, then there is a se

quence of continuous random variables x" x
2

' •.. x
n 

and the following form of the equation is used: 

n 
(III-3) H = E Qi 10g2 Qi i=1 

where 

n 
X = E xi and Q

i = xi I X 
i=1 

thus 

n 
H = (X 10g2 X - E xi 10g2 xi) IX (III-4) 

i=1 

III-4 
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In computing diversity indices, ecologists have used loga

rithms to the bases e and 10 and the units are called nits 

and decits respectively. These units are different from the 

bit values by a factor of 10ge2 or 10g102 respectively. 

In this study, all diversity values were calculated with 

Shannon's formula USing base 2 logs. 

In the case that an Xi is zero, we take the whole term 

Xi log2 Xi to be zero because: 

lim: x· 10g2 x = 0 
x + 0 

(III-5) 

Thus, as x becomes smaller so does x • 10g2 x. This also 

means that H is extremely robust to sampling errors and 

spurious observations since their proportions will be 

relatively low. H varies from 0 in the case that only one 

species is found in an environment, to 10g2N, in the case 

that N species were found in equal numbers. 

Diversity, like variance, can be partitioned into components 

and an analysis of components of diversity can be used to 

examine diversity at several levels in stratified data 

(Levins, 1968; Pielou, 1971; Colwell and Futuyma, 1971). We 

have included an analysis of diversity components following 

the usage of Levins as follows: 

H(total) = H(among) + H(within) (III-6) 

This tells us that, of the total species diversity measured 

across a set of environments (Htotal)' how much is due to 

the number of proportions of species in the environments 

III-5 



sampled (Hwithin) and how much is due to the differences 

in species content among the environments (H ). The 
among 

total diversity (Ht ) was calculated acording to equation 

8, Table 3, from the species proportions over all stations 

and/or dates etc., while the within diversity (~) 

was calculated according to equation 12, Table 3 as the mean 

of the diversities for each environment (equation 7, Table 

3). The among environment diversity (H-H
h

) was cal-

culated as the difference of total and within diversity 

values. This quantity, which is similar to an interaction 

term in ANOVA and is called "mutual information" in informa

tion theory (Abramson, 1963). It should be noted that the 

computation of the mean Hh should have been weighted 

by the total density in each environment. Our erroneous use 

of unweighted means tended to drive within diversity values 

upwards and occasionally this leads to a negative among 

diversity value which is invalid ecologically and should be 

interpreted as zero. 

Where appropriate, that is, where there were both temporal 

(time or date) factors and spatial (station or depth) 

factors in the same stratification, total diversity was also 

partitioned into mean within date and/or time diversity 

(H
t

, equations 9 and 13, Table 3) and its corresponding 

among diversity (H-Ht ) and into mean within station and/or 

depth diversity (Hd)(equations 10 and 14, Table 3) and 

among station/depth diversity (H-H
d
). Remember that 

sample data was coded as a time factor and therefore both 

dates and times will be referred to in equations and on 

results tables by the subscript t, while sample stations 

were coded as depths for the computer program and thus, are 

represented along with depths by the subscript d (see Part 3 

of this section on computer codes and runs). 
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Habitat diversity (H') is the uncertainty with respect to 

environment of a species or community and is a measure of 
" niche breadth (Pielou, 1971). As an alternate to B, we 

have included a community H' (without a component stratifi
cation) as follows: 

E 
H' = r Ph 10g2 Ph 

h=l (III-7) 

This measure has a range of 0 to log2 E"and was found to 
be almost identical in its patterns to B. 

(ii) Niche Breadth 

The second niche measure is niche breadth, B
i

, which 

measures how much of a generalist, or inversely, a special

ist, a given species i is in the community, over all en

vironments (h) where the maximum h = E, 

(III-B) 

In this equation, the percentage of species i occurring in 

each environment h is squared and summed over all the 

enVironments, E. Thus, niche breadth measures the spread of a 

population over a set of environments and can be treated as 
an effective number of environments. In mathematical termin

ology, environments could be considered as elements in a 

set. If all elements of the set are zero but one, then the 

breadth will be one, and if all non-zero elements are equal, 

then the breadth will be the number of non-zero elements. 

III-7 



Values in between are obtained depending on the distribution 

of the set. If a species is found in all environments in 

equal numbers, then Bi obtains a maximum value that is 

equal to the value of E. Such a species is termed broad

niched. This index is sensitive to both the distribution of 

species i and the number of environments it inhabits. 

The community niche breadth, B, can be calculated by 

first summing all of the species' abundances in each en

vironment h and then using these new percentages in the 

formula given above. Since Bi is sensitive to h, the 

number of environments sampled, it is better to compare 
" species niche breadths by using the ratio Bi/B, called 

the mean relative species niche breadth, as this ratio 

provides a measure of the relative ecological specialization 

of the species in relation to their community. Likewise, 

communities can be compared by using the ratio B/E, the 

relative community niche breadth, where E is the total 

number of environments h and therefore the maximum value of 

S. Usually B is 50-10J of E. Some other niche breadth 

ratios used in this study are summarized in Table 3. 

" B is fairly stable throughout the study, however, Bi 

gives an average for the effective frequency of the species 

and therefore is extremely sensitive to the selection of 

species used to calculate it. A low Bi value relative 

to E does not indicate that the community is sparsely 

populated or patchy, or that the niche breadths are gener-
" ally low, as would a low B or max Bi value. A low Bi 

value simply means that the majority of species considered 

were infrequent in the sampling effort. Considering only 

abundant species or a different taxonomic system could 

drastically increase B
i

, which is sensitive to sampling 

and taxonomic problems. 
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Equation 18, Table 3, was also used to calculate B', species 

breadth, which gives the effective number of species in the 

community. To compute B', Qi becomes the proportion of 

all species abundances in a given habitat of the total 

community, over all habitats. The final summation is done 

over species and B' has a maximum value of N. This measure 

correlated highly (positively) with Ht • Essentially B' is 

a diversity measure and H' is a niche breadth measure. Both 

H' and B' measures evaluate the number of items and their 

evenness simultaneously. 

(iii) Niche Overlap 

The third measure is niche or ecological overlap, that is, 

how ecologically similar are particular speCies pairs? 

Ecological overlap has been traditionally approached as a 

measure of competition between two species. Levins (1968) 

presented the following equation to measure interspecific 

overlap: 

(111-9) 

where a ij is the effect of species j on species i. This 

is approximately equal to the regression coefficient of Pi 

on Pj' or 

(III-10) 

The absence of the lIE terms in equation 111-9 makes a ij 
equivalent to a regression of Pi on Pj where the line is 
forced through the origin. 
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For each species pair, i and j, there are two interaction 

coefficients aij and aji . This formula (Equation 111-9) 

called the probability of co-occurrence alpha, can most 

validly be applied to species that are habitat selectors, 

that is, species that coexist by occupying different spa

tial-temporal positions. Thus, large values for aij and 

aji indicate that species i and j occupy many of the same 

habitats to a similar degree. For species that are resource 

allocators, that is, species that coexist by eating differ

ent foods, this is not a good measure of interspecific 

competition because the species may occur together yet not 

compete. By calculating a mean value for a, it is possible 

to evaluate the average amount of overlap in a particular 

cOllll1unity. 

The total set of alphas of the species pairs can be arranged 

in to form a community matrix A, where: 

.A = 

This matrix is used to generate all of the associated 

stability criteria that are discussed in the following 

section. Included in this study are also some statistical 

measures of the alpha matrix including the variance (S2)j 
a 

the skewness of alpha (S ) (equation 25, Table 3), and the 
a 

kurtosis of alpha (K ) (equation 26, Table 3) and the 
a 

covariance of alpha. The covariance term measures the 

correlation between the niche breadths of competitors, that 

is, the symmetric elements of the matrix. This measure of 

matrix assymetry is calculated as the covariance between 

aji and its transpose, aji . We use Vandermeer's (1972b) 

formula for computational purposes: 

Ill-IO 
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(III-12) 

A community can hold more species if its covariance is low, 

that is, the niche breadths are equal (Levins, 1968). In 
this study, we do not calculate the maximum number of 

species although some formulae are available for this 

purpose. The skewness and kurtosis measures are described 

in detail in Appendix A-3. 

(iv) Niche Dimensionality and Other Measurements 

Niche dimensionality is the effective number of factors that 

serve to separate the species. It was not calculated in 

this study since the theoretical formulation for it is still 

not complete. We indicated several of the scientists who are 

presently attempting to measure niche dimensionality in Part 

I and the need for this measure is discussed in Part V. 

An additional measure of interest is carrying capacity 

(Ii) of the environment for each species i. This is the 

theoretical density a population would reach if no competi

tors were present. Obviously, this is a difficult and 

usually impossible parameter to measure in a natural commun

ity where competitors are always present. Actual density 

(Di ) of a species, however, can usually be determined. In 

the Lotka-Voterra formulation, Ii was found by experi

mentation and alpha was the unknown that was calculated. In 

niche analysis, it is possible to calculate Ki if the 

alpba values are known, as follows: 

(III-13) 
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Thus, the carrying capacity of the environment for species i 

is equal to the density of species i plus the sum of the 

densities of the competitors of species i times their 

interaction coefficients on species i in a community of N 

species. Thus, the K's can be calculated by multiplying the 

alpha matrix by the vector of densities. 

JKi/(Bi/B) ratio expresses the relative usage by spe-

cies i of the ecological space available to the community. 

The ratio, therefore, quantifies the theoretical number of 

organisms of species i per unit of ecological space if no 

competitors are present. This ratio reflects the effects of 

three factors: predation, food resources, and physical 

environment. Predation affects K through the following 

relationship: 

(III-14) 

where Si is the predation rate on species i and r i is 

the growth rate of species i. Thus, if a predator is 

preying on species i at a high rate, and if species i has a 
• low growth rate, then the new carrying capacity of (Ki ) 

will decrease. Likewise, low temperature and unfavorable 

food resources will decrease the value of JKi/(Bi/~). This 

ratio is calculated using K as a percentage, JK, which is 

the mean percentage of Ki over D, expressed as a simple 

ratio: 

(111-15) 

The Di/Ki ratio measures the effects of species included 

in the community, thus, it is termed the competitive success 

ratio. The JKi/(Bi/B) ratio measures the effects of 

II1-12 

--------------------------' 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

species outside the community, that is, noncompetitive 

factors. By evaluating the two ratios simultaneously, it is 

possible to assess whether competition, predation, food 

resources, or physical factors are involved in the response 

of a particular species or set of species. Thus, these 

ratios can provide a predictive tool. 

(v) Levins' Measures as Related to the 
Hyperolume Concept 

Using Figure 6, the major niche measures can be explained 

based on the pattern of species use of the ecological space 

in a given environment. In a real world Situation, there 

would be many more axes than two. For example, phytoplank

ton niches are usually separated by temperature, light, a 

variety of macro- and micro-nutrients, vitamins and toxins, 

herbivores, as well as a variety of other factors. In this 

example, however, our hyperspace has only two dimensions and 

can be described by a plane. The term "hypervolume" is used 

to refer to a specific region in hyperspace. For two 

dimensions, this is an area. 

There are six competing species in this community and 

several do not overlap directly. This means that the 

probability of co-occurrence alpha values for these species 

pairs are low. The two species that are overlapping the 

most are species E and F. Besides facilitating the evalua

tion of the probability of co-occurrence or the simultaneous 

use of the environment by competing speCies, this type of 

representation also makes it easy to picture what the niche 

breadths are like. For example, species B has a large niche 
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breadth in relation to phosphorus concentration, and a small 

niche breadth in regard to light intensity. In contrast to 

species B, species C has a large niche breadth in regard to 

light intensity and a small one in regard to phosphorus. 

Species A has a small niche breadth for both of the environ

mental factors, while species E and D are similar in regard 

to their use of both of these environmental factors. 

The hypervolume or hyperspace concept as a graphical repre

sentation is helpful for looking at niche breadths and 

overlaps, however, it does not adequately treat other 

problems. For example, density and carrying capacity are 

not represented on this diagram except at the gross level 

where fitness is approximated by density. Diversity is 

represented only superficially in terms of the number of 

species, since relative abundances are not given on the 

diagram. Likewise, community stability is not treated in 

any way. As mentioned previously, niche dimensionality is 

directly relatable to the number of axes of the hypervolume. 

There are also the associated problems of the real world 

situation in which axes are discontinuous, nonlinear, 

dependent, as well as the pragmatic consideration that it is 

fairly impossible to measure fitness in the field. Like 

niche and competition, the term fitness defies exact defini

tion. Thus, it is not feasible to measure hypervolumes in 

nature by quantifying the complete set of fitness functions 

for each species in a complex community over a range of 

habitats. It is possible, however, to approximate the gross 

patterns of community structure and to generate relative 

measures that facilitate comparisons of species, communities 

and habitats. This is essentially the approach of niche 
analysis. 
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b. Stability Measures 

(i) Traditional Stability Theory 

Niche analysis also includes an application of stability 

analysis to biological communities. In conventional sta

bility analysis, (which is often applied in engineering to 

mechanical systems) the assumption is made that the motion 

of each part of a system is directly related in a linear 

fashion, at least as a gross approximation, to the motion of 

the other parts; or, that each part of a system is not 

related at all to the other parts and is therefore inde

pendent. By assigning values to the constants involved, 

using the theory of calculus and in particular, ordinary 

differential equations, we can delineate the component 

factors of motion in the whole system (besides standard 

textbooks see Gantmacher, 1960). These factors are separ

ate and independent of each other, that is, perpendicular in 

an n-dimensional space, but linearly related, in various 

proportions, and thus, accounting in whole, for all of the 

individual parts or variables of the system. In particular, 

we can, by making further assumptions, predict the motion of 

the system through its various states and determine whether 

its motion will stay the same, decrease or increase, and 

whether its direction will stay the same or change, as in 

oscillatory phenomena. Essentially then, the system has 

been modelled as a set of differential equations. 

Often the constants in the equations are unknown, and solved 

for using a posteriori knowledge of the system's behavior, 

either as observed or as experimentally determined. Our 

approach is to estimate the equation coefficients statistic

ally from measurements of the system in its current state, 
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assuming equilibrium, and then, determine the consequent 

properties. Thus, we use the inter-species interaction 

coefficients given by the alpha matrix as the constants 

(partials) in our differential equations. This approach, 

although it is practical, leads to a severely limited model 

and produces several mathematical vagaries to be considered 

in interpreting the results. These points are discussed in 

the following sections (III A2 B2). 

The eigenvalues, denoted ~i' and corresponding eigenvectors 

of the alpha matrix, represent the independent trends or 

factors which are the components, or principal axes, of the 

total variation of the system. The eigenvalues are also 

termed the latent roots of the characteristic equation for 

the matrix. Each trend is moving toward an equilibrium, 

attained by the proportions of species densities, which in 

biological terms, are represented by an eigenvector. The 

corresponding eigenvalue is inversely proportional to the 

time taken for the return equilibrium from an initial 

perturbation from equilibrium. There, a small eigenvalue 

indicates a slow, gradual change (i.e., a perturbation will 

have a long-lasting effect), while the largest eigenvalue 

denotes the most rapid return, that is, the most stable 

factor. The larger the eigenvalue the shorter time needed 

for the system to return to its trajectory path, since we 

are calculating maximum time of return as the reciprocal of 

the smallest eigenvalue. Lane et al. (1975) calculated the 

half time of the system as a whole to return as a value 

somewhere between the reciprocal of the smallest eigenvalue 

and the harmonic mean of the eigenvalues. 

Using a factor analytic approach, we can say, equivalently, 

that an eigenvector gives a linear function of the species 
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proportions, thus a factor accounts for (A./n) of the 
l. 

total variance of the system, and the largest eigenvalue 

represents the most significant factor. The matrix deter

minant is the product of the eigenvalues and measures 

overall stability. The exact number of factors in a matrix 

is its rank, while the number of significantly large fac

tors, that is, those not due to various types of random 

sampling errors, is referred to as the dimensionality of the 

system. Note, however, that there are not yet clear cri

teria for determining dimensionality. 

Whenever the actual determinant is zero (i.e., linear 

dependencies present); a corrected determinant is calcu

lated by taking the product of the non-zero eigenvalues. 

The measures for the eigenvalues we computed in this study 

include: the minimum and maximum, variance, harmonic mean, 

and skewness and kurtosis about the harmonic mean (which is 

always 1). They are listed in Table 3. The skewness and 

kurtosis help characterize the distribution of the eigen

values which are in turn sensitive to the stability dynamics 

(Appendix A-3). Also, for the reciprocals of the eigen

values, the range, variance, and arithmetic mean, or one 

over the harmonic mean of A, are given (Table 3). Table 4 

illustrates how these measures are related to stability. 

Since eigenvalues are critical in measuring the system's 

response to perturbation, we have included many types of 

measures of them in the stability formulations. For our 

particular set of formulations, the eigenvalues have all 

real parts and are always positive. It should be pointed 

out that because of the nature of the calculation it is 

impossible to obtain imaginary roots; this is in contrast to 

a matrix of first partials where imaginary parts would be 

common. 
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TABLE 4 

STABILITX CRITERIA AND THEIR VARIATION WITH INCREASED STABILITY 

CRITERION 

determinant 

eigenvalues 

variance 

minimum 

range 

harmonic mean 

skewness 

kurtosis 

reCiprocal eigenvalues 

variance 

maximum 

range 

arithmetic mean 

-Not applicable 

SYMBOL 

IAI 

Sl 
1 

l
m1n 

1 - 1 .in max 

Bl 

Sl 

'1 
1/ 

1 

Sl . 
1/). 

1/1 
max 

1/1 _ 1/1 
min max 

1/1 

CHANGE IN CRITERION 
AS SYSTEM BECOMES 

'PRE STABLE 

larger 

• 
smaller 

larger 

smaller 

larger 

larger 

larger 

• 
smaller 

smaller 

smaller 

smaller 



Note that there is an analog of these stability formulations 

given by loop analysis (Levins, 1973; Lane and Levins, 1977) 

which includes qualitative information of whether a given 

species affects each of the other species or variables in 

the community, positively or negatively. Using combinatorial 

methods it is possible to determine the overall effects of 

parameter change in the system, as well as its instability 

as feedback measures, and complexity as connectivity computa

tions. Also, there is a statistical interpretation of the 

alpha matrix in which it is treated as a covariance matrix. 

Eigenvalues and eigenvectors are computed as variance rather 

than stability measures. This particular method is called 

factor analysis and it is associated with the evaluation of 

niche dimensionality. 

(ii) Some Special Considerations 

- The Alpha Matrix Versus a Matrix of First Partials 

The approach toward the quantification of stability in this 

study departs in several ways from the more traditional 

theory of physicists. They begin with the Jacobian matrix 

of first partials. Excellent discussions of formal stabil

ity theory can be found in May (1973a) and Gantmacher 

(1960). In niche analysis, the functional forms of the 

competition equations are never known and the alphas are 

estimated from samples. Thus, the particular way that aij 
is calculated in this analysis leads to peculiarities in 

some of the mathematical results. The community matrix 

based on species overlap measured as the probability of 

co-occurrence, is not the same as the matrix of first 

partials which gives conditions for stability of a system of 

differential equations. To obtain the latter matrix, each 
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row i of the alpha matrix is multiplied by r i (Di/'i), 
where r

i is the intrinsic rate of increase of species ij 

Di is its abundance and 'i is the carrying capacity for 
the i species. We have found, however, that the ratios of 

the real parts of the eigenvalues of the matrix of first 

partials to those of the community matrix are distributed 

about one with a variance, 

2 i Di 
S = n var1ance r 

i '1 (111-16) 

We have also found that D1/'1 varies relatively little 

so that unless the ri's are extremely uneven, the eigen

values of the two matrices are similar (Levins, p.c.). 

- Conditions and Restrictions on Stability Measurement 

The logistic model, assumes that any species interaction for 

competitors j and i has an essentially negative effect and 

therefore it approximates the partial differential, (3d
j
l 

adi ) (-1), evaluated at equilibrium. It is also similar 

to the correlation matrix between the p's which is approxi

mated by Hay's (1973&) alpha matrix which is positive and 

semi-definite. (A is similar to B if A=QbA- 1 for some 

matrix 0, ana if so, then they have the same eigenvalues. 

Positive semi-definite means that the eigenvalues of the 

matrix and its determinant are all non-negative). Vander

meer (1970, 1972b) has formulated some of the general theory 

of the community matrix for a community of different types 

of species interactions. 
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In the community matrix, only positive alpha values as well 

as positive eigenvalues are generated, since a minus one is 

factored from each alpha value. Because only competing 

species pairs are considered; the determinant can only be 

positive. It is a necessary but not sufficient condition 

that the determinant of the matrix be positive for stabil

ity. .ben Vandermeer (1970, 1972b) described his general 

results for the alpha matrices he was not aware that it was 

impossible to generate alpha and eigenvalues of the opposite 

sign using the probability of concurrence alpha. Conse

quently, while his theoretical developments are completely 

compatible with mixed predator-prey and competitor based 

ecosystems, his results are not as applicable to similar 

communities of competing species. This was later pointed out 

by Hay (1975). 

In addition, no complex roots can be generated and thus no 

oscillatory values can be determined in these particular 

sets of formulations. This is not to say that oscillations 

do not exist in natural systems but that given this type of 

calculation, complex values cannot be generated. Thus, 

because of many of the mathematical peculiarities of the 

particular model being used, we cannot completely analyze 

the stability of a system such as one would do with a system 

of first partials. Nevertheless, many relative statements 

can be made which may be as useful and informative as those 

a more formal treatment would yield. Consequently, stabil

ity in our analysis must be evaluated by 1) the relative 

size of the determinant, (a larger determinant indicating a 

higher relative degree of stability than a lower value) and 

2) the patterns of the eigenvalues, not by different types 

of roots, that is, real, complex, imaginary, positive and 

negative. 
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- Linear Dependencies 

Usually, if n independent variables are used, n independent 

factors or trends are represented. When one variable is 

proportional to another or some linear combination of the 

other, however, it is said to be dependent. Thus, there 

will be fewer than n separate factors and the dependencies 

or redundancies that appear in the matrix will be repre

sented by zero eigenvalues and eigenvectors so that the 

resultant determinant is zero. This problem severely limits 

our stability evaluation. 

The alpha measures and the resultant stability measures 

generated from the alpha matrix are sensitive to instability 

in the data as well as the system itself. It can be shown 

that the number of non-zero eigenvalues, or rank, of a 

covariance matrix is limited not only by the number of 

variables (species) which is the order of the matrix, but by 

the number of cases (environments) for which the covariances 

were compared. Information is simply not available to 

describe more than N or more than E independent factors. 

Therefore, the cardinal rule of mUltivariate statistics is 

that the number of cases must be greater than, or equal to, 

the number of variables. otherwise, the solution becomes a 

mathematical artifact, that is, dimensionality becomes a 

function of the number of samples rather than the number of 

observed variables. Also, the computations assume that E is 

relatively large so that liE vanishes. If this is not so, it 

cannot be corrected mathematically. In order to fUlly 

characterize the system of n variables, there must be a 

certain number of observations, and to characterize these 

observations properly, there must be a certain number of 

samples. The mathematics can model only the system as 
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observed and thus, its accuracy depends on the quality of 

the sampling program. 

Also, because our matrix is calculated where rows and 

columns essentially have the same denominator and pairs of 

s.ymmetric terms have the same numerator, the rows and 

columns are not independent. See Appendix A-3 (Enclosure 

57)' for a discussion of the problem of linear dependencies. 

Some of our other alpha derivations yield independent alphas 

in the matrix and thus do not present the same computational 

difficulties that this particular type of alpha matrix 

exhibits. 

B. STATISTICAL ANALYSIS 

Statistical methods are used for hypothesis testing and for data 

reduction. 

A statistical procedure starts with a mathematical representation 

for the system in question, a model, and formulates the question as 

an assumption, which mayor may not be true, concerning the values 

of some parameter of the model. The hypothesis that the assumption 

is true is termed the null hypothese Ho and that it is not true, 

the alternative hypothesis H,. There may be several alternatives. 

Observations of model variables from the data set and a function of 

the data, a statistic, is generated which estimates the parameter in 

question. Using assumptions about the nature of the population on 

which the model was based and the assumption that the data sample 

was randomly selected from the populations, an expected frequency 

lEnclosure 57. The problem of linear dependencies in the niche 
calculations. 
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distribution is derived for the statistic, given that the null 

hypothesis i8 true. The test statistic i8 compared with this 

distribution to determine the probability, called the significance 

level (alpha), that value of the statistic could have been found 

given that the null hypothesis is true (i.e., the probability of 

randomly drawing the given data or even more deviant data, from the 

population for which the null hypothesis holds). The researcher can 

then decide to accept or reject the null hypothesis depending on 

whether the calculated significance level is greater or less than 

predetermined cut-off value. Thus, should he reject the null 

hypothesis, alpha is the probability that he will reject a true 

hypothesis (a type I error) while if he accepts H , he risks ac-
o 

cepting a false premise (type II error) with probability a which 

depends on the definition of the alternate hypothesis (see Sokal and 

Rohlf, Section 7.8). 

In this report the results of a significance test are reported as 

the significance alpha (at for at-test, aF for an ANOVA). 

It is common usage to reject the null hypothesis if the significance 

alpha is less that or equal to 0.05 and thus, conclude that the 

sample was significantly different from the hypothetical population. 

If alpha is greater than 0.05, then the test is considered insuffi

cient evidence to reject H and therefore the null hypothesis is o 
accepted (regardless of the probability F, given that it is false). 

Thus, a statistical test provides us with a probability measure of 

how consistent our assumptions were with the data as sampled and 

enables us to detect patterns and identify trends of the data in an 

objective manner. It cannot be taken as proof or disproof of 

anything about the original population nor can identify the causal 

mechanisms in the system which produced those trends. The worth of 
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the statistical test generally depends on the accuracy and lack of 

bias in the data and on the number of samples which are used to 

represent the population. Also many tests require that assumptions 

be made concerning the underlying probability distribution of the 

population sampled. When the number of a sample is small, these 

assumptions may not even hold approximately and particularly if the 

sampling was biased in any way, the statistical results can be 

incorrect and quite misleading. 

In our study, it must be pointed out that the number of cases on 

which our tests were based was small and the sampling distri

butions of most of the niche measures are unknown. As well, most 

biological population data have a (inherently) high variability and 

are notoriously prone to bias. Therefore, it is unlikely that the 

probabilities computed are exact. However, it is felt that the 

tests still provide a valuable measure of the relative strength of 

certain trends and patterns in our results. 

The statistical tables described herein appear in the appendices. 

They are presented in greater detail in regard to the intermediate 

calculations involved, and are provided for the convenience of the 

reader for further reference. Host of the important information in 

these tables has been summarized in tables which appear in the text 

for each functional group. 

To analyze the community structure and stability patterns we have 

used a variety of statistical techniques including: 

1. Coefficients of variation. This statistic evaluates the 

relative degree of variation in a set of numbers. This 

simple measure of variation was used extensively in a 

variety of ways throughout the study. Cut off criteria were 
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e.ployed to assess the relative degree of variation but no 

significance levels can be attached to these results. 

2. t-tests. These were used to compare the means of sets of 

values for the niche values calculated from by stations 

stratifications. Significance levels were used in conjunc

tion with these tests. 

3. ANOVA or the analysis of variance. This is another standard 

statistical test that was used in evaluating the sources of 

variation in two way data stratifications. Significance 

levels were used with these tests. 

The following subsections will include a discussion of the statisti

cal analyses listed above, including the purpose of the test, the 

equations used, significance criteria, and format and explanation of 
the results tables. 

1. Means and Coefficients of Variation 

In order to compare the consistency of niche values over a set of 

categories like stations or dates, the means and coefficients of 

variation for selected values have been calculated over all runs for 

a given stratification, as well as over sub-groups of runs which we 

wished to compare. Lane and Wright (1976, 1977) and Lane et ale 

(1975) discuss the need for identifying consistent patterns in 

community structure. The coefficient of variation is defined as the 

standard deviation of a set of numbers divided by the absolute value 

of their arithmetic mean. Given Xl' x2' ••••• xn ' are n numbers, 

their simple or raw mean is: 
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and their raw coefficient of variation is: 

(III-18) 

where s is the standard deviation of x. c is a dimension-
x x 

less quantity indicating the degree of variation in a set of 

numbers (Sokal and Rohlf, 1969). 

Niche values such as diversity, H; the community niche breadth, 
~ 

B; or the alpha matrix determinant, /A/, are 'pure' numbers and 

only the simple or raw mean and coefficient of variation as des

cribed above were calculated. Niche values such as Bi and 

Di and measures derived from them, however, are means over 

species within the given category and, thus, these means have an 

associated coefficient of variation over species. For these mea

sures, mean coefficient of variation, and its coefficient of varia

tion are calculated. Given x" x2 ' ••• xn are n means, for example, 

Bi for n stations or n dates, each over n1, n2 ••• nn elements, (in 
this case, the number of species for each of the n stations or n 

dates), and also given that c" c2 ' ••. cn are coefficients of vari

ation for each Xi' the mean value of coefficients of variation is: 

c = 
(III-19) 

where 

(111-20) 
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and Sx is the standard deviation of each x
1
' again with a 

Gaussi~ correction. The coefficient of variation of the mean of 

the coefficients of variation is: 

c = c 
1 n 2 -

--'- r (c - c) Ic 
i 

n-1 i=1 
(1II-21 ) 

Also given for these measures is the pooled mean and coefficient 

of variation. This is the mean of means, that is, the mean over 

species and categories without regard to grouping, and it is cal

culated by weighting the simple mean by the number of species 

in each category. Similarly, the pooled coefficient of varia

tion is calculated over all the values within all of the cate

gories as though there were no categories. For the same numbers 

as in equations 111-14, 111-20 and 111-21 the weighted or pooled 
lIlean is: 

n 
X = r n

i 
x

i
/8 

i=1 (111-22) 

where, 

n 
8 = r °i i=1 

(111-23) 

and the pooled coefficient of variation is, 

c = (1II-24) 

1II-27 



where 

(III-25) 

Therefore, in summary, the raw coefficient of variation measures 

the variation because of the category factor, for example, differ

ences in stations, while the mean coefficient of variation indicates 

the average variation within a category among species. The pooled 

coefficient of variation indicates the total variation because of 

both the within and among category factors. 

There is no one best criterion that can be applied to evaluate 

the values of the coefficients of variation. For practical pur

poses, in the present report, we have usually chosen a 0.5 cut-off 

point as separating essentially non-varying from varying parameters 

with values greater than 1.0 indicating highly variable results. 

Occasionally for sets of values that do not vary much, we have 

selected a cut-off point of 0.3. In the 1973 LMS report on Roseton

Danskammer, the criterion of the coefficient of variation being 

greater than one was also used to determine highly variable para

meters. While this is a purely-arbitrary cut-off and cannot be 

associated with any statistical levels of confidence, it illustrates 

how the coefficient of variation can be used to compare variation 

among different parameters which would otherwise have different 

scales of measurement. 
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2. t-tests 

a. Explanation of the t-tests 

The t-test is commonly used to test the null hypothesis, among 

otbers, that two population means are equal versus tbe alterna

tive (for tbe two-tailed test), tbat they are unequal (Sokal and 

Rohlf, 1969). The significance alpha is tbe probability that a 

difference as large or larger tban that oberved would occur, 

given tbat tbere was no difference in the means. Thus, a low 

at is an indication of a difference between tbe two, based on 
their sample variances. The version used here was an approxi

mate test for two means trom small samples whose variances are 

unequal (Satterthwaite, 1946). It assumes only that the samples 

were drawn randomly and tbat parent populations were distributed 

close enough to normality, or tbat tbe sample sizes were large 

enough so that the distribution of tbe saaple means is normal 

(Sokal and Roblf, 1969). Also used was a version to test a mean 

against a single observation (tbe observation is treated as 

baving a sample variance equal to that of the mean and a sample 

size of one) giving the probability that the observation was 

drawn trom a population with the given mean (Sokal and Rohlf, 
1969). 

We have used these two t-tests to compare, for each niche 

measure, the mean of the control station values with that of the 

experimental group and also with each individual experimental 

station value. The control stations, then, can be taken to 

represent ambient river conditions wbose variation is accepted 

as witbin natural limits. The tests point out where the exper

imental stations as a group or individually, deviate trom the 
control station values. 
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3. AnalYsis of Variance (ANOYA) 

The principle of the t-test can be generalized to testing several 

groups of values for equality of their means. For instance, if we 

have several values for each of a given set of dates, we can use the 

variance of the values from each date as an estimate of the natural 

variability of sample values, and with this, test the differences 

between date means to see if they are all approximately equal, that 

is, from the same population. 

The null hypothesis is, then, that the means of the populations from 

which our groups were sampled are equal, versus the alternative that 

at least one is not. The test statistic, F, is the ratio of the 

variation among the sample means, to the weighted average of the 

sample variances within the groups. This is compared with the F 

distribution for the appropriate degrees of freedom in a one-tailed 

test. The resulting alpha has the same interpretation as in the 

t-test. 

We have applied the ANOVA test to two way stratifications, such as a 

set of values for each of several depths on each of several dates. 

The variance over depth can be used as an error variance to test 

the means over date or vice versa. Thus, we have taken one factor 

(say depth) as replication in a one-way ANOVA over the other factor 

(say date) and then reversed the procedure doing a one-way ANOVA 

over the first factor using the second as replicates. Since these 

are not really replicates (not having been taken under the same 

conditions) this test must be conservative as both interaction and 

the other factor are included in the error variance. 

Because there are only a small number of cells, each with no repli

cations (so that the error variance cannot be calculated directly) 

and since the two factors involved are likely to interact, it was 
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felt that the two-way ANOVA procedures would not give useful re

sults. However, in the event that the replicate factor in a one-way 

ANOVA shows significant variation, the resulting F will be non

centrally distributed and the probability calculation will be 

incorrect. Therefore, the second ANOVA should be used to check the 

validity of the first and vice versa. The column alpha should be 

taken literally only if the row alpha is not significant and so on. 

If both alphas are significant then neither procedure would be valid 

since it is unlikely that there are any consistent patterns to be 

found. 

4. Data Handling and Analysis 

In this study, the four communities: phytoplankton, rotifers, fish 

larvae and adult fish were sampled within the period of May to 

December, 1973. The sampling programs were generally different for 

the various communities, however, they were most similar in terms of 

sampling stations and dates for the two plankton communities. 

Because these data were not originally collected for niche analYSis, 

much preliminary work was needed to prepare the data. Several data 

points were not usable for a variety of reasons and in many in

stances we wished more data were available for particular stratifi

cations. For a complete discussion of the data collection program 

refer to LHS Report to CHG&E (1974). We include a brief discussion 

of the sampling plan for each subcommunity in the introductions to 

their respective results sections (A, B,=phytoplankton, C=rotifers, 

D= fish larvae and E = adult fish). In section, IV A. we give a 

more detailed discussion of how this information is to be presented 

in this report. 

The foregoing represents an overview of how the raw data was taken, 

organized, selected and prepared for the computer. This was accom

plished by preparation of seven tables for each of the four func

tional groups (B-1-7, C-1-7, D-1-7 and E-1-7). The appropriate 

table number is given where it applies in the discussion below. 
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a. SamPling Program Description 

In order to prepare the data for analysis, it is necessary to 

have a complete and detailed description of the design of the 

sampling program. The description of the sampling program 

includes an enumeration of all the parameters which define all 

of the available data. These parameters include: 1) a list of 

the sampling locations used (given as Table 1 in each appendix 

results section) along with the associated geographical-physi

cal-chemical information; 2) a list of all the dates on which 

sampling was carried out, (on Table 2), 3) a list of all the 

species that occur in the data with information on size, trophic 

class as well as any other relevant ecological information 

(Table 3) and 4) any other factors which can be used to classify 

these data. The next requirement is a description of the 

resul~s of the sampling program, that is, a listing of every 

sample that was taken indicating where and when each was col

lected. Any other identifying information (day or night, 

sampling device used, etc.) and any pertinent comments on the 

success of the sampling (sample empty or decayed, etc.) are 

recorded. Note this is not a complete listing of the data with 

the results of each sample, but merely an indication of which 

samples were taken, how many good samples there are, and how 

many missing cases there are. This is also given on the second 

table in each appendix section. 

Preliminary analysis of the data should include a table showing 

the number of samples in which each species was found, that is, 

the frequency of occurrence, preferably subdivided according to 

each of the classifying criteria used (Table 4 of each appen

dix). This will show which species were dominant and which were 

capricious as well as giving a vague idea of the content of the 

data. It may be useful, in fact, to perform statistical tests 
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2 
such as ANOVA or X on the raw densities to point out inter-

esting trends which may be followed up in niche analysis. This 

was done at Dalhousie for rotifers and phytoplankton, using a 

computer statistical package (although the results are not 

directly presented) and by LHS for all functional groups. This 

analysis constituted the bulk of the result generation effort in 

the report on the 1973 Roseton-Danskammer data. 

b. Stratification of the Data 

The sampling program has been deSigned, ostensibly, so that the 

locations sampled are representative of the effects of several 

factors of interest in regard to the biological communities. 

Samples can be taken and classified according to these factors 

or criteria in order to demonstrate their relationship to the 

community patterns existing in the data. These factors are 

termed the parameters of the sampling design and become the 

criteria of the analysis. For instance, in order to investigate 

seasonal patterns, samples are taken at various times throughout 

the year and date becomes the criterion. In order to test the 

effect of the thermal plume produced by the Danskammer power 

plant, there were several sampling stations both in and out of 

the plume. For each criterion, the data have two or more 

classifications or treatments which were samples, and these are 

termed categories, for example, each sampling date for the date 

criterion, or each sampling location for the station criterion. 

In order to analyze the differences in community structure 

associated with a given criterion the data are stratified by 

that criterion. For each category, the niche values are cal

culated individually for the data falling under that classifica

tion with all values from the other criteria. These niche 

values are compared with each other and with the niche values 
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using all of the data together, as well as for any desired 

groupings of categories. For stratification by stations, the 

analysis would be run on the data for each category (that is 

each station) to describe the community structure separately at 

each station over all sampling dates, etc. Additional runs are 

made using data from groups of categories for the overall 

community structure patterns, for example, over all of the 

control stations out of the plume area and overall of the 

experimental stations in the plume. Each of these evaluations 

of niche values on a different data subset is termed a run. All 

of the runs make a stratification by criterion, and there is a 

run for each separate category in the data as well as for 

grouping of categories. The 'all categories' group is run in 

all cases and sometimes with other groupings for comparison. 

For station stratifications, local and global communities are 

differentiated based only on the available data used in this 

study. For the purposes of this study local community strati

fications involve only one station while global communities are 

based on data stratifications involving two or more stations. 

See May (1975) for the theoretical basis of this distinction. 

The available data set did not permit us to define these terms 

more rigorously. 

With the information from part C-1 on sampling program, it is 

possible to consider the structure of the data as a whole and 

decide on a set of criteria of interest to be used in strati

fying the data, for example, station, date, time, depth and 

species. It is necessary to insure that there is enough data 

for each category or cell of the stratification to adequately 

characterize it. Also, to avoid problems involving sampling 

theory which is not yet completely formulated for niche analysis, 

one should try to make the number of environments or cases in 
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each category approximately the same and as unbiased as pos

sible. This also applies to the number of species. Therefore, 

it is necessary to select a subset of the available data points 

enumerated in Table 2 of the Appendices which is as regular as 
possible, according to the stratifying (including species) 

criteria. Because the 1973 Roseton-Danskammer sampling program 

was not designed with this analysis in mind, many of the data 

are irregular and the selection of a usable data set discards a 

large proportion of the data that was orginally available. 

(i) Selection of the Environments SaaPled1 

The classification structure of our working set of data is 

called the statistical "frame" and is presented in Table 5 

of each appendix section, and summarized in Table 7 (appen

dix). Table 5 indicates the criteria that we have decided 

are of interest for stratification, and the number of 

saaples in each category; as well as whether the sample is 

present and usable or miSSing and unusable for each cell of 

the design. 

(ii) Selection of the Species and Species Ranking1 

The species are selected or ranked for two reasons. Not only 

is it necessary to omit rare species to obtain a relatively 

regular data set, but the number of species must be de

creased to a number which can be adequately described and 

differentiated by the set of working data. This involves 

selecting the dominant species of a community through 

ranking of species by ecological importance. Niche analysis 

cannot be effective with data included on species which 

See also sources or error, section V C. 
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occurred too infrequently or too erratically for the sam

pling performed to give an accurate idea of their distribu

tion. It is important to insure that, first, what is labeled 

as a different species, taxonomically or by any other 

criterion, is really ecologically different from the other 

community members, and second, that there is enough data to 

characterize these differences. Mathematically there must 

be at least as many environments sampled as species consid

ered. Environments are termed cases and species are termed 

variables in statistical terminology (see Appendix A-3, 

enclosure '512). Thus, not all species that are sampled 

for a given community are used in the analysis and the 

ranking criteria that are used will vary with the community 

and environment under consideration, as well as the overall 

sampling design. 

The level of taxonomic expertise applied to the samples is 

of great importance in determining how finely they are to be 

subdivided. The phytoplankton species in this study were 

enumerated to a relatively high degree of taxonomic exper

tise and thus 115 species were identified. Some of these 

species were very closely related, and others were seen only 

once. Therefore, this data set was plagued by both complex 

linear dependencies or near dependencies and by spurious 

data to the extent that for the runs using all species 

(unranked) any meaningful patterns were obscured by the 

noise. 

Therefore, for some data sets, in order to obtain a good 

environment to species ratio, the dominant species in each 

competing group must be selected. A dominant species, 

2Enclosure 57. The problem of linear dependencies in the niche 
calculations. 
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however, is not easily defined. By dominant species we mean 

most prevalant, or common species, and unfortunately there 

is .ore than one possible criteria for being the most 

prevalant. The two criteria we used are: 

1) comparing the frequency of occurrence, or the number 

of environaents in which a given species occurred at 

least once, or by 

2) comparing total densities or relative abundances, 

that is, the total density of a species over all species 

expressed as a percentage. 

This duality in criteria is necessary because the appearance 

in samples of a zero value or a non-occurrence can be 

ecologically equivalent to a low density value. Since zero 

densities, which are in a sense, missing data, are detri

mental to the analysis, and since they are rare, in the 

sense that sparse or low density species can be quite 

important to the structure of the community, frequency is 

probably the more important determinant in ordering the 

species by importance. Frequency can be influenced by many 

aspects of a species' biology, such as habitat preference, 

seasonality, etc., which generally affect relative abundance 

patterns less, although both factors should be considered 

simultaneously along with any biological peculiarities that 

are known to exist. Frequencies can also be easily calcu

lated with various groupings of environments, such as number 

of dates or stations, to study particular patterns in the 

data. 

Since frequency of occurrence is the best single indicator 

of species dominance; it is computed for each species in 
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each community; for all the available data and not just the 

working subset. In this report, we have subdivided the 

frequency results into as many substratifications (that is 

station, date) as possible in order to improve our decision 

making ability on species selection. The selected species 

are given, in order of frequency, along with percent rela

tive abundance or density of each species in the working 

data (Appendices Table 6). 

c. Computer Codes and RunS 

The last step in the data processing is to formulate a coding 

scheme for the data to put them in a form suitable for computer 

analysis, and to determine the various computer runs required 

for the desired stratifications. This is outlined in Table 7 of 

every appendix section. The first page (of Table 7) lists the 

computer codes used for all the included categories. The 

computer program for niche analysis requires that the density of 

each species in each environment be placed on a separate input 

record along with the information identifying the species and 

environment. This information is in the form of code numbers, 

each representing a particular species, station, or date. The 

species code is generally a letter indicating functional group 

with two digits for species. This corresponds exactly to the 

actual species name which is also given to the program. The 

environment codes are frame numbers; that is, since a sampling 

profile can take several hours to collect, any sampling time in 

a several hour range will be considered to be in one time frame. 

Depth may have been sampled in approximate intervals such as 0, 

10, 20 ft, and so on, for which sequential numbers must be 

assigned respectively, as 1, 2, 3. In most cases, the time 

frames and depth frames were very broad: day/night, surface/ 

bot tom. The actual values corresponding to the codes were 

usually put on the end of the card for visual identification. 
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At most, four environaental criteria were used; station, date, 

time trame and depth trame. Code numbers are listed for those 

stations, data, etc., that were used in the analysis. The 

current niche program only recognizes two stratifying para

_ters, time and depth, so, when necessary, the digit for time 

of day is followed by the digit for data. This is read as one 

tt.e code. The digit for depth followed by the digit for 

station is read as a location code referred to in the outputs as 

depth. This also affects the interpretation of the diversity 

values Ht and Hd• The list of codes is given in this report 

and it constitutes a final summary of the structure of the data 

set, that is, all the stratifying criteria on each category of a 

given criterion. On the bottom half of page 1 of each appendix 

Table 7 there is a list of the data card columns used for each 

piece of information, for use with the raw data listing in the 

outputs. 

The remaining pages of each Table 7 list the stratification run 

and cross-reference these to the niche tables. For each strati

fication, for instance by station, a line is given for each 

category which corresponds to a separate subset of the data as a 

run of the niche program, and a column on a niche table. In 

some case, where a functional group is stratified over a trophic 

group, all are placed on the same line for that set of environ

ments. Thus, for a stratification by station, there would be a 

listing for each station, and each group of stations that we 

wish to compare, including one for all stations run together. 

Note that all stations cover the same data as all dates, all 

depths, etc; so that these columns on the niche values tables 

are identical. Each line gives the category or group of cate

gories to which it applies, and the number of environments that 

were selected, that is, the number of cases in the data subset 

over which the analysis was run, along with the location in the 
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niche tables of the results of this run. For example, a loca

tion given in the following format: Table B8-2. corresponds to 

phytoplankton stratified by stations, run over all stations and 

all taxonomic groups. The niche values for the subset of data 

can be found in Appendix B, Table 8, column 2; the latter 

designation refers to the small column numbers printed across 

the top of the page. In the case of a two page table, a sub

script is used, so C112-10 refers to Appendix C, Table 11, 

page 2, column 10. 

After the niche stratification information is a listing of the 

means and coefficients of variation that were run. In general, 

there is a set of coefficients calculated over each group of 

categories that niche values were computed for, including over 

all categories. For instance, phytoplankton by station were 

summed over control station, 1 to 5; over experimental stations, 

6 and 1; and then over all station together, 1 to 7. For each 

set of runs analyzed, the number of runs or categories over 

which the mean was summed is given as well as the table and 

column where it is to be found. 

The last stratification in each functional group is two-way, 

over two criteria at once, such as over time and depth for all 

dates and stations. This allows an ANOVA to be performed which 

indicates interaction effects from both time and depth. A table 

is presented giving the number of categories falling under both 

classifications, with its niche table location. Also for each 

combination of categories or cell, for example, each time-depth, 

as well as for groupings of one, or the other, or both criteria, 

that is, each depth for all times, each time for all depths, all 

times and depths are listed. Note these groups are usually 

presented as simple categories on other tables but are repeated 

here for comparison. Beside each of these in the table there is 
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generally an entry indicating means and coefficients of varia

tion calculated over the categories included by the group. 

Thus, a row of the table might read: niche values for depth 1 

(over all times), niche values for depth 1 and time 1, niche 

values for depth 1 and time 2, and, niche values for depth 1 and 

time n, and on the end, means and coefficients of variation over 

the n times for depth 1. There are also coefficients of varia

tion calculated over all cells, for both factors. 
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IV. RESULTS 

A. INTRODUCTIQN - Organization of Subsequent Discussion for Each 
Community 

The discussions of the results for all four functional groups or 

natural communities are organized by the same format to facilitate 

the reader'S understanding of a rather large number of tables and 

results (Table 5). The general pattern of discussion of the results 

contains three sections for each community. The first section 

consists of an introduction which includes three subsections: 

1. the sampling program and selection of stations, 

2. the species and their trophic characterization, 

3. stratification of the data for niche analysiS by station, 

season (date), time of day, depth, and species. 

In the second section, the data is discussed in the order it was 

stratified, that is, by station, season (date), time of day, depth 

and species group. The number and type of data stratifications that 

were conducted is a function of the community type, as well as the 

amount and design of the available data set. Thus, some of the 

functional groups were represented by more data points and conse

Quently it was possible to stratify their data sets in more ways 

than for some of the other groups. As we have repeatedly emphasized 

in this report, these data were not orginally collected for this 

analysis and this, has resulted in many inconsistencies and diffi

culties in the report. 

Appendix Table 1 through 7 of each section for each functional group 

are of the same form throughout and are explained in detail in an 
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Table 5: Organization of the results and the appendix 
data tables. 

I. Appendix VII Subdivisions 

B. Phytoplankton Community 
C. Rotifer Community 
D. Fish Larvae Community 
E. Adult Fish Community 

II. Organization of Appendix Tables 

(Introductory Section for VII B, C, D or E) 

Topic discussed Table I 

Total Data Available 

1 • the sampling program and 11 
selection of stations 12 

2. the species, their trophic- 13 
characterization and frequency 

Data Used in Analysis 

3. stratification of the data 
for niche analysis 

14 

15 
16 
17 

Table Title 

Station characteristics 
Sampling schedule 

List of species and 
trophic preferences 

Species frequency table 

Data frame 
Summary of species frequencies 
Summary of computer rlIDs, 

coding and data stratifications 

(Middle Section for VII B, C, D or E) 

4-5. results by data stratification 18-X 
(description of community 
pattern, partial critique of 
sampling design and resultant 
data stratification, species 
dominants) 

(Final Section for VII B, C, D or E) 

4-5. sllllJllary of resul ts and 
comparison of niche values 

X-X+2 

Table of niche values alter
nating with their associated 
table of coefficients of varia
tion followed by species domin
ants tables by functional groups 

Summary results-tables of 
statistical tests (summary of 
coefficients of variation, t-tests, 
and ANOVA. 
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introduction to those tables, and where they first occur (for 

phytoplankton, in Section IV B.). The rest of the tables are 

particular in form to the group and sampling program they refer to 

and are explained as they occur in each section. 

The niche tables are difficult to summarize in a few words because 

of the sheer number of values each table possesses. Thus, we have 

chosen to briefly discuss each table with its associated coeffi

cients of the variation when they occur. The purposes of this 

portion of the results section are: 

1. to describe the patterns of community structure and stabil

ity that can be demonstrated for the particular data strati

fication 

2. to test the regularity of the values 

3. to point out interesting and/or aberrant values, and 

4. to make some general observations about the particular data 

stratifications that were used. For example, often a given 

control or experimental station was not wisely chosen in the 

original sampling plan. 

The middle section contains a description of the individual trends 

for species in regard to some of the more important niche values. 

The final or third portion of the results section for each community 

consists of a discussion of some statistical tests of the observed 

community patterns, especially in regard to the comparison of niche 

values from various data stratifications. This section has been 

difficult to generate and does not represent the best possible 

results that we feel we could accomplish if we had more time to 

develop the sampling theory of niche analysis and the related 

significance tests. 
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For each functional group, the discussion of the results follows the 

ordering of the tables which is also similar for all communities. 

Any difference in the ordering which do appear are a result of 

either unique ecological attributes of a given functional group or 

because of peculiarities in the sampling design of the data collec

tion program. 

The data tables for each functional group are contained in a set of 

appendices: 

Appendix B includes phytoplankton results, 

Appendix C includes rotifer results, 

Appendix D includes fish larvae results, and 

Appendix E includes adult fish results. 

At the beginning of appendices B, C, D, and E, Tables 1-7 contain 

the information that is discussed in the introductory section. As 

shown in Table 9, and discussed in Section III C, the first two 

appendix tables illustrate the stations and overall sampling sche

dule. Thus, this section describes the initial data set. For a 

variety of reasons, such as irregularity of sampling or lost samples, 

certain data could not be used from a given data set. In the next 

subsection, the species and their frequencies are described in terms 

of station and date. This information was compiled not only to 

determine which species should be considered as community members, 

but also to determine which data should be used and how they were to 

be stratified. 

In the last section of the first portion of results, the data frame 

or table of data used is described. Based on this reduced data set, 
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the final list of species was chosen and their frequencies and 

relative abundances were determined (Tables B-6, C-6, D-6, and E-6). 

The computer codes and array of data stratifications actually 

employed are summarized in Tables B-7, C-7, D-7, and E-7. 

Thus, the reader should remember that for each functional group, 

sections 1 and 2 discuss the total data and species available and 

section 3 illustrates the actual data and species used in generating 

the community structure and stability values. The step 2 to 3 is not 

an easy one and there are few precedents or guidelines for many of 

our choices. We were continually plagued by too much or too little 

data since the samples were not collected and analyzed for this type 

of community analysis. Obviously, we want to select the portions of 

ecological space and time that are meaningful for each species 

group. What these are and how they can be rigorously defined is a 

problem that does not have an obvious solution; it has troubled 

ecologists for several decades. Arriving at step 3 actually took 

more effort, than did the generation of the niche tables. We 

consider our data stratifications to represent an experimental 

procedure and not to represent firm rules or even a pattern for 

applying niche analysis to aquatic ecosystems. The best guideline 

we can offer at the present time is a pragmatic one. If a given 

data stratification tells us anything new or interesting about a 

natural community that enhances our understanding of the system 

under study, then its' creation has been worthwhile. 

The data tables which follow the introductory Tables 1-7 are 

straightforward. The niche tables include the values of community 

structure and stability and their format was discussed in Section 

III. Each niche table is followed by a table of coefficients of 

variation for selected niche measures which facilitate the indent i

fication of regularity and hence, pattern in community structure. 
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The data stratifications are grouped (for convenience) in the 

following order: by station, season, time of day, and depth. In a 

few cases, there was enough data to run a two-way stratification, 

for example, by depth and time of day. following the community 

niche tables are tables of the niche values of dominant species 

using a reduced number of niche measures. These tables are followed 

by a set of statistical tables that were designed to measure, 

compare and test the patterns. The statistical tables were gener

ated in the following order: 1) ANOYA, 2) t-tests, and 3) summary 

of means and coefficients of variation. 

This general outline of results is repeated for each of the four 

major functional groups that have been analyzed in this study. The 

four groups have been further subdivided into these sUbcommunities: 

Group designation 

B. Phytoplankton - 1. all common species 

2. common blue-green species 

3. common green species 

4. common diatom species 

5. all common species by size 

6. all common large species 

7. all common medium species 

8. all common small species 

c. Rotifers 9. all species 

D. Fish larvae - 10. all species 

E. Adult fish - 11. all species 

- 12. pelagic species 

- 13. benthic-inshore species 
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The presentation of the results and the data tables follow the 

ordering of the subcommunities. Tables 1-7 are generated only for 

the major groups B, C, D, and E with the exception that additional 

information on data preparation is given for the phytoplankton by 
biovolume (Table B-27). 

B. PHYTOPLANKTON COMMUNITY 

1. The SamPling Program and Selection of Stations (B-1 and B-2) 

The phytoplankton and zooplankton sampling programs for Roseton/ 

Danskammer area for 1973 were carried out concurrently between May 

and December. Plankton dynamics were discussed in Chapter III 

of the 1973 CHG&E Report and the data are listed in Appendices 

III-A and B of that report for phytoplankton and microzooplankton 

respectively. 

The phytoplankton (algae) were sampled from the surface at a depth 

of 12 to 18 inches. The collections were performed using a 900 

milliliter Van Dom bottle. Two samples were taken, preserved with 

2-4% formalin and (unfortunately) mixed together. In addition, a 

net sample was taken by passing 18.9 liters (5 gallons) of surface 

water through and 18~ Wisconsin-type plankton net. A filtrate 

sample of 900 milliliters of water from the net was collected for 

nannoplankton (QLH 1973). Our analysis did not use either of these 

last two sets of samples, only the first described whole-water 
samples. 

The algae were counted in a Palmer cell at 200 x magnification, 

using three aliquots of the concentrated field sample. Each count 

was duplicated (QLH 1973). Counts were done by both cell and 

'clump' (colOnies, filaments, or any other aggregates) and converted 
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to cells/liter and organisms/liter. Only the counts in cells/liter 

and estimates of the number of cells/organism for each species were 

used in this study. All phytoplankton were identified to species 

using detailed taxonomy. In the enumeration results, the species 

were grouped under the taxonomic headings: blue-greens, greens, 

diatoms, euglenoids, and others. 

Sampling was carried out once a month from May to December for a 

total of eight dates. Whole water samples were not taken the first 

time, however, so there are only seven dates in the available data 

set. Seven stations were used as shown on Figure 1 and in appendix 

Table B-1. The latter table shows the station name, abbreviation, 

computer code number, and location information of the station, 

including river mile point, and T. These final values give an 

indication of whether a station was in the average thermal plume 

area (based on QLM, 1969), and if so, to what extent it was in

fluenced. Chemical-physical data are given as ranges within each 

season, and are taken from the surface samples of the nearest 

water-quality station. The exception is the column for temperature, 

which was taken simultaneously with the plankton samples and is 

given in degrees centrigrade. 

The stations sampled were RNCE, Roseton North Control East; RNCW, 

Roseton North Control West; RSCE, Roseton South Control East; RSCW, 

Roseton South Control West; RDE, Roseton/Danskammer East; RI, 

Roseton Intake; and DI, Danskammer Intake. The first two were about 

one mile north of the plant area off New Hamburg while the two south 

controls were aproximately three miles south of the power plants 

and just north of the Newburg-Beacon bridge. These four stations 

were chosen as controls because they were judged to be relatively 

unaffected by the power plants and typically representative of the 

river. They are all in fairly shallow water although the south 
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Figure 7. Map o~ Hudson River at Rosetori and Danskammer 
Point Generating Stations illustrating the 
location o~ plankton sampling stations in 1973 
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controls are considerably further out from shore than the north 

controls. The water quality data were taken for both east and west 

stations from the two-mid-channel stations, CH-l and CH-6, for north 

and south respectively. The next station, RDE, was taken between 

the two plants and across from them on the east side of the river. 

Because it was not in the thermal plume it was included as a control 

station (making a total of five control stations). The results 

show, however, that this was a mistake, because this station was not 

typical of the other 'normal' river stations. HI and DI samples 

were taken some distance off the respective plant intakes and are 

the only two stations located within the plume. They were classed 

as experimental stations in the analysis. Sampling at DI was only 

begun in September so that there are only four sample dates for it. 

The temperature was even across stations, remaining between 22 C and 

27 C throughout the summer (June to September), then declining to 

5 C in December. Several of the other physical-chemical changes 

were related to the salinity fluctuations. This parameter peaked in 

late October. It is likely, however, that an October 18 the south 

controls were the only stations with over 0.1000
/00 salinity. 

Table B-2 lists the samples which were taken during this program. 

Of the 49 possible samples for seven stations and seven dates, there 

were seven missing, all but one were from the experimental stations. 

The remaining 42 samples constituted an extremely sparse data set. 

While this data may be enough to illustrate major seasonal trends 

and station patterns, these 42 cases cannot characterize the 

distribution of the large number of species involved, and uniquely 

determine the interactions among them. Also, in order to perform 

meaningful statistical analysis, that is, to assign a significance 

probability to the observed differences and detect dependence or 
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interaction among factors, it is necessary to quantity natural 

variation in population densities. Therefore, replicate samples 

were required but not taken. 

The 42 samples were collected from the surface during the day, and 

therefore, represented only portions of the plankton community and 

its environment. This again indicates that the sampling program was 

inadequate and the samples biased for niche analysis. Two of the 

most important factors to phytoplankton (light and temperature) 

undergo large fluctuations in nature. Therefore, in order to obtain 

an accurate representation of the plankton community, it is neces

sary to sample several dates across both time and space. The 

stations were adequately chosen, although the experimental stations 

might have been more effective if they had been closer to shore and 

the plume. The control stations should not have included station 

RDE. 

Other data that would prove useful if collected include parameters 

as temperature, light, dissolved oxygen, and salinity, and perhaps 

for phytoplankton: nitrogen, silica and phosphorus, taken in situ 

with the plankton sample or at least at the same station. 

2. The Species and Their Trophic Characterization (B-3 to B-4) 

The speCies list (see Table B-3) contains 153 taxa (usually species), 

consisting of 23 bluegreens, 51 greens, 36 diatoms, 1 euglenoid and 

4 others as well as 38 taxa listed but not found in the 1973 whole

water samples. This detailed taxonomy was detrimental to this 

analysis, as the data were too sparse for so many species. The 

phytoplankton were first analyzed by density in units of cells/liter 

and stratified across taxonomic group. The three groups: blue

greens, greens, and diatoms were used as trophic classes, on this 

case, because of their different sets of ecological adaptations. 
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The analysis was also performed using biovolume values for the 

phytoplankton with data stratifications across size class. The 

total plasma volume per liter for each species in a sample, was used 

as a measure of algae abundance, by taking the cell counts and 

multiplying them by the volume/cell for each species, as listed on 

Table B-3. These figures were obtained by LHS from actual measure

ment as well as from the literature. The size classes were grouped 

according to the total volume per organism. Organism here refers 

to a cell for unicellular algae, or a colony for colonial or fila

mentous algae. Values were obtained from the volume/cell and 

estimated mean number of cells per organism, for each species. They 

were grouped as follows: under 2,000 m3 were termed small; bet

ween 2,000-10,000 m3 were termed medium; and greater than 10,000 m3 

were termed large. With these ranges, approximately 30 species were 

grouped into each category. An important mistake was made, however, 

in assigning too Iowa number of cells for Oscillatoria sp. which 

generally occurs in very long chains. Thus, this species was 

grouped with small taxa, but should have been included with the 

large ones. 

The carbon content of each species is listed in Table B-3 and was 

calculated using Strathman's (1967) equations: 

C = (0.866) V(0.758) tor diatoms, and (IV-I) 

C = (0.347) v<0.378) tor nondiatoms, (IV-2) 

where V is biovolume and C is the corresponding carbon content 

estimate. Table B-4 gives the frequency of occurence tor all 

species by station. 
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3. Stratification of Data for Niche Analysis (8-5 to B-7) 

The final data frame for the phytoplankton is given in Table B-5. 

When available, cases were used and there were seven dates for each 

station and seven stations for each date. The first date, however, 

had only three stations and the last stations only four dates. It 

would have been desirable to discard these irregular samples but 

that would have resulted in only one experimental station to be 

considered, therefore, this was not done. 

There were over 100 species originally identified; too large a 

number for this analysis considering the limitations of the data 

set. Therefore, about six dominant species from each taxonomic 

group were selected to improve the data characterization for each 

SUb-community. The species were chosen as follows; the 115 algal 

species were ranked by frequency to a cutoff value of less than 75% 

occurrence in all environments. The remaining species were then 

chosen according to relative abundance criteria. This method will 

therefore select 1) the most frequent species, almost always those 

that are found in more than 3/4 of the samples, and 2) the most 

abundant species, usually those possessing at least 5% of the total 

algal community denSity. In addition, there were minimum criteria 

for the species before it was included in the analysiS. These were 

1) occurrence in at least 10J of the environments, and 2) a relative 

abundance of 0.5S of the total community density or greater. 

The values generated are listed on Table B-6 with the relative 

abundance (percent density) and frequency of occurrence. Also 

listed are the number of dates and the number of stations at which 

each speCies occurred. 

With phytoplankton, one species then replaces another in the commun

ity structure and therefore changes the ranking of the dominant 
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species. For this reason, and because of the different number of 

cases, the ranking procedure was repeated for each station. The 

results are listed at the end of Table B-6, check marks on the right 

indicating those species that were used for the run for that station. 

All of the species in the far left column were used for all, control, 

and experimental stations, as well as in the two-way stratifications. 

The second page of Table B-6 is a matrix of percentages of algal 

groups in each and all environments. In other words, for a given 

station and date, the percentages or total densities for bluegreens, 

greens, and diatoms, are given in each matrix. The percentages are 

also given for each date, each station, and for all of the data. 

Note particularly how the proportion of bluegreens decreases in RDE 

while greens and diatoms both increase. 

Table B-21 repeats Table B-6 for the phytoplankton by biovolume 

runs, giving the six species used in each size group. The percent

age matrix was of limited usefulness and the large group constituted 

the dominants. 

The stratifications used for phytoplankton densities by taxonomic 

group are listed on Table B-1. First, a by-stations stratification 

with all, versus control, versus experimental comparisons, as well 

as versus individual station, is given. Second, a two-way strat

ification between groups of dates, summer versus fall, and groups of 

stations (all, versus control, versus experimental) is presented. 

This will generate a run for each combination of groups. For 

biovolumes, this two-way stratification was repeated by date and 

station, with the addition of all-dates. There was no by-stations 

stratification done for biovolumes nor a by-dates stratification for 

either densities or biovolume values. 
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4. Results by Pensity and Functional Group 

a. Stratifigation by Station Tables (a-8 to a-15) 

In the first portion of phytoplankton results, the data strati

fications by functional groups (all groups, bluegreen, diatom, 

and green species) are given by station (all, control, and 

experimental stations as well as the seven individual stations). 

Thus, there are 10 columns to be considered for each of the four 

species groups (Table B-8). For each station only the most 

common species were used, depending on the number of environ

ments in the available data set for that station. For all 

stations this constitutes a total number of 22. The total 
number of environments is 42. The Danskalllller intake station was 

represented by the least number of samples beoause fewer samples 

were collected or counted at this particular station. 

Thus, we are analyzing only a subset of the community for whioh 

there was adequate data. For phytoplankton, the size of the 
subset was determined more by the number of samples taken than 

the number of speoies present. This oauaed limitations in the 

stability analysis since the distribution of eaoh speoies in 

eaoh environment had to be adequately oharaoterized. Presenoe 
or absenoe is not an adequate indioator of oommunity struoture, 

nor is total density over all environments. Thus, the number of 

speoies could not exoeed the number of samples available and 
still yield reliable results. This oriterion was exoeeded 

when all speoies groups were oonsidered together and, while 
correotions and adjustments were made, oomparisons could not be 

made for the stability measures for separate groups. In seneral, 
tbe implioations are that diff.renoes due to the (bonified) rare 

speoies in the pure measures (A as opposed to B/E) are n'lli

lible but for partioular phytoplankton stratifioations there may 
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be biased estimations of some of the other measures. For 

instance, the diversity measures are lower than what they should 

be and, yet, the phytoplankton assemblage is undoubtably the 

most diverse group of all. Time and financial considerations 

prevented us from quantifying the roles of species numbers and 

their evenness. Thus, while certain comparisons can be made 

within the phytoplankton group, there should be some care taken 

in relating them to other groups. 

It was difficult to analyze the differences which did occur in 

the phytoplankton community since missing samples particularly 

affected station DI (43% missing). Because the samples missed 

were all from the first half of the year and mostly from an 

experimental station, considerable bias was introduced which 

could have affected the measures in indirect ways. For instance, 

since the first half of the year was not sampled at DI, species 

which might have bloomed or peaked in this time appeared 

to be much rarer at this station than they really were. There

fore, within station diversity often decreased while the among 

station diversity always decreased because there were fewer 

stations. Since the few dominant species were not affected as 

much as the others, the dominants kept the means over species 
- --

niche values higher, such as BIB and Di/K
i

, and in fact, in-

creased these values at the experimental stations while BIE and 

%K i decreased. 

Table B-6 shows that the dominant group was the bluegreens (75% 

of all data), which dominated at all stations from August to 

November except for a decrease to 59% over all dates at station 

ROE. At this station, there was an increase in greens to 30% 

(its maximum value) in August and September. Diatoms dominated 

evenly across stations (at 60%) for the first two and the last 

dates of the year. 
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Oscillatoria sp., a filamentous blue-green, was the most abun

dant species, and it tended to dominate the community structure 

results for several of the various types of data stratification 

considered (Table B-8). In fact, most of the species listed as 

dominants in the all-groups category were blue-green algae, 

including Lyngbya sp., another filamentous blue-green; Micro

cystis sp. and MerisQmopedia sp., platelike colonial bluegreens. 

(Melosira sp. was a dominant diatom.) Oscillatoria was super

abundant and constituted 64% of the total phytoplankton com

munity. Blue-greens are usually most prevalent in environments 

with high temperatures and light intensities. Their added 

ability to fix nitrogen also aids them in competitive relations 

with other species. The presence of so many bluegreens domi

nating the river phytoplankton community tends to indicate that 

1) the river is nutrient rich; 2) many of these samples were 

taken during high temperature and light conditions; and 3) that 

the river is a somewhat polluted environment. This would 

not necessarily be specifically related to thermal pollution, 

but the general conditon of the river as indicated by the 

presence of these species. It should also be noted that surface 

habitat (so excessively sampled in this study) would tend to 

overestimate bluegreens. 

Host diversity was attributable to within-environment patterns 

of the community, thus the value for mean time-depth diversity 

(Hh) was about the same as the total species diversity value. 

Corresponding to the decreased dominance of bluegreens at RDE, 

both HT and mean Hh values increased. The experimental sta
tions showed slightly less diversity than the control stations, 

but this was probably not important since fewer species at 

the experimental stations were considered. 
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The BIE value was slightly higher at the experimental stations, 

both when the stations were grouped together and when they 

were considered separately. It was interesting that most 

of the increase came from the Danskammer intake station and not 

from the Roseton intake station. This is noteworthy because the 

Danskammer intake was closer to the heated effluent than was the 

other station. The Roseton-Danskammer east station had a higher 

relative community niche breadth (B/E) than did the other 

control stations. This station (RDE) consistently exhibited some 

peculiar community structure values throughout all of the 

data analysis. It is probably a poor choice as a control 

station, since it might be influenced by another form of pertur

bation such as an unknown effluent or simply freshwater entering 

the river from the Wappingers' Creek inflow. 

The Roseton southwest control station (RSCW) also showed some 

small differences which tended to make it similar to the experi

mental stations. This station being on the same side of the 

river as the power plants and downstream, would be the control 

station most likely to be affected by plant effluent. On the 

other hand, RSCW has a missing sample as do the experimental 

stations and many differences may be attributable to this fact . 

. r, 

These increases in the relative community niche breadth (B/E) 

indicate that the phytoplankton were more uniform in more 

environments. Values of the niche breadths for the community 

and mean species (B and B) values remained remarkably constant 
- A 

regardless of the value of E. The value of BIB also remained 

consistent (except for a drop at RSCW probably because of the 

fewer number of stations) indicating that the changes in niche 

breadth by station were for all species considered and did not 

apply to a few of them, dominant or otherwise. 
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The total density, D, dropped by one half at station RDE, the 

reason for this decrease was not apparent. Slight increases in 

the competitive success ratio, D/K at RDE and DI, indicate that 

D followed K at the other stations but rose relative to it at 

ROE and DI, or vice versa, K dropped relative to D. N also 

dropped at these two stations, probably because of the bias 

introduced by the missing samples. At RDE, the drop in K 

relative to D is proportional to the drop in N and therefore, 

probably a result of it. This was not the case, however, 

at Danskammer Intake and the values of both the percent carrying 

capaCity, JK and the JKi/(Bi/B) ratios increased here but 

remained consistent over the other stations. Note that there is 

a slight increase for these measures in the experimental sta

tions as compared to control and all stations but there is no 

evidence of it at RI, since only DI increases. If not a result 

of sampling problems, this could indicate that 1) the environ

mental conditions were more suitable for phytoplankton growth, 

2) nutrients were more plentiful and/or 3) predation was less 

severe. 

The Roseton southwest control station (RSCW) also exhibited a 

slightly higher value of JKi/(Bi/B) because there were fewer 

environments sampled causing a lowered niche breadth value 

and/or because this station may also be affected by heated 

effluents depending on the tide and currents. The fact that the 

relative increase observed in carrying capaCity at Danskammer 

Intake is not related to the number of samples or species or the 

niche breadth, as it was at RDE, indicates that this is not a 

sampling effect. That this phenomenon occurred only at DI 

and not at the otherwise similar stations RDE and RI strongly 

suggests that the impingement and entrainment of aquatic 

animals is leading to decreased predation pressure at this 
station. 
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Species niche breadth over N, (B'/N) values were consistent 

except at Roseton/Danskammer east (RDE) reflecting the increase 

in diversity at this station. The mean value of alpha was 

also consistent over all station stratifications and even the 

covariance of alpha was constant, which indicates similar 

stability properties for the matrices. 

It is possible to hypothesize that power plants could affect a 

phytoplankton community in several ways. Heat is usually 

beneficial for blue-green algae and would enhance that parti

cular component of the community. It was interesting that the 

species composition was not different at the experimental 

stations in comparison to the other stations, thus, if heat 

was perturbing the community it was not radically altering the 

community taxonomically. It is possible, however, that the 

physiology of individuals of the same species differed amount 

the stations. The plant could also result in decreased preda

tion, caused by the damaging of predators in the entrainment and 

impingement processes. These latter forms of perturbation 

cannot be adequately separated from thermal additions without 

the aid of loop analysis (Lane and Wright 1977). It is likely 

that the result of these perturbations may be two or three link 

effects away from the phytoplankton community itself and that 

their effects may operate through a variety of feedback path

ways. In terms of increased food supply, heated effluents 

could increase the rates of decomposition and recycling of 

nutrients; this would increase nutrient availability in the 

area. Although there are many different ways that heated 

effluents could operate through the pathways of an ecosystem, 

the relative importance of these general pathways of effect are 

presently only conjecture. These data indicate that at least 
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certain components of the phytoplankton community are more 

prevalent in the experimental areas. 

In terms of stability measures, the value for corrected deter

minant were generally higher for the control stations. The 

determinant had to be corrected for most of the matrices, since 

the number of species in all groups is much greater than the 

number of samples available for anyone station. Consequently, 

less confidence can be placed in these determinants as stability 

indicators. Also, comparisons between runs with different 

numbers of species and/or environments (such as all, control, 

and experimental stations) are dubious. 

The matrices for stations: RI, RNCW, and RNCE had the highest 

alpha covariance values. The variances of the eigenvalues 
2 (SA) were similar for all, and control stations, which indi-

cates that these were coherent groupings of stations. The 

Roseton/Danskammer east (RDE) station and to a lesser extent 

Danskammer Intake (DI) exhibited several measures of slightly 

enhanced stability including: reduced variance, higher harmonic 

mean of the eigenvalues, and lower kurtosis of the eigenvalues. 

The range, variance, and arithmetic mean of the reciprocal of 

the eigenvalues and the matrix determinant corroborate this 

result. These results could have been an effect of the missing 

samples, however, enhanced stability was found at the Roseton/ 

Danskammer east (RDE) station and the Danskammer Intake (DI) 

station while Roseton Intake (RI) showed the least stability. 

The two stations, RDE and DI, have repeatedly showed the great

est differences from the other stations in terms of niche 

values, which indicates that their respective communities are 

different from those of the other stations. Thus, there appears 
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to be an effect, and it may be enhancing stability not detrac

ting from it. With certain communities, however, the success of 

one subset of species occurs at the expense of another. Enhanced 

stability of anyone biological class or a particular trophic 

level should not be the goal for the ecologist making management 

decisions, particularly if he sacrifices the desired community 

for a less desirable one. 

The coefficients of variation for the niche measures discussed 

above are given in Table B-9. Generally, these values were low 

and demonstrated uniformity over the various data stratifica

tions including control, versus experimental, versus all sta

tions for H, H
2
, B/E, BiIS, E, BilE, JKi' JKi(B/S), Di/Ki, ~, 

cov a, Amax' SA' and l/Amin . 

The especially large coefficients of variation were related to 

the corrected determinant for all stratifications. For experi

mental stations, large coefficients of variation were related to 

the minimum eigenvalue Amin , H.M.A, l/Amax), S2l/A' and arith

metic mean of the reciprocal eigenvalues, whereas for the all 

stations stratification only the corrected determinant, the 

variance (S~) and the harmonic mean of the eigenvalues was 

over one. In general, the stability measures being more sen

sitive to sampling, etc. can be expected to exhibit higher 

coefficients of variation. 

In Table B-IO and B-ll the community structure and stability 

values for the bluegreen phytoplankton community by station are 

presented. In Table B-ll the coefficients of variation are 

given for Table B-IO. The coefficients of variation were low 

for most of the different stratifications for the blue-green 
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community. Blue-greens are usually regarded as being rather 

capricious, opportunistic organisms which bloom suddenly and 

often disappear quickly. In these data, the bluegreens appear 

to be an integral component of the community and possess a 

highly organized structure. Host of the variation measures were 

extremely low, including values for diversity (H), niche breadth, 

the various ratios of niche breadth, Di/Ki, and %K
i

/(B
i
/8), and 

values of mean alpha, Bt, BtIN, and Ht. The higher coefficients 

of variation were related to some of the stability measures, 

including values for covariance of alpha and the determinant of 

alpha. These latter coefficients of variation were high for 

each of the three major data stratifications. Also, the values 

of the minimum eigenvalue, for experimental stations, and the 

harmonic mean of the eigenvalue, for both experimental stations 

and all stations, were high, as was the maximum reciprocal 

eigenvalue for all three data stratifications. In general, the 

consistent nature of the bluegreen community is substantiated by 

a superficial examination of these coefficients of variation. 

At the Roseton/Danskammer East station (RDE), the bluegreen 

algae fell to 55% of the total phytoplankton community from 70% 

to 80% at the other stations with minor differences in the 

species composition within the bluegreens. Oscillatoria sp. 

dominated evenly at all stations and constituted 80-90% of the 

total blue-green community. Both the diversity (H) and Hh 

declined for the Roseton southwest control (RSWC) station, the 

Roseton Intake (RI) station, and the Danskammer Intake (DI) 

station. The values for the mean time-depth and mean time 

diversity were lower for experimental stations than for all or 

control stations, however, the remaining values were relatively 

constant. Again this indicates that most of the diversity was 
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within environments while among-station diversity was low and 

among-date diversity very low, particularly at the control 

stations. Compared to the other phytoplankton groups, the 

bluegreens showed low diversity because of the over-dominance of 

the one species of Oscillatoria. 

In the comparison of the community niche measures (total diver

sity, niche breadth and the carrying capacity ratios), for all 

versus control versus experimental stations, there was notably 

more consistency than there was either in the corresponding 

comparisons for all species groups or in the stratification by 

individual stations. This illustrates that there was little 

difference on a global level between control and experimental 

station groups with regard to blue-green dynamics. 

The mean value of alpha was slightly higher in the experimental 

stations, which indicates that species tend to overlap to a 

greater degree within the control stations. We have found this 

to be true in other aquatic communities when competitive pres

sures are not as severe. This could also result from increased 

nutrient concentrations or when alterations in physiology are 

operative allowing enhanced competitive success and subsequently, 

more overlap. Densities were not different although they were 

higher in the experimental stations, and this agrees with the 

latter hypothesis. It is not possible, however, to relate 

density per se to some of the niche characteristics without 

further theoretical development. 

In general, the by-stations comparison of bluegreens showed 

approximately the same patterns as for all species groups. The 

former result is probably related to all phytoplankton patterns 

and therefore is more evident when all the data are considered 

IV-22 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

together. Sampling error effects would not be evident in the 

other groups and thus, they would have a diluted influence on 

the all group values. The Roseton south control west stations 

(RSCW) exhibited lower relative species niche breadth values 

(Bi/B), as well as higher JKi/(Bi/B) values as did all

groups, possibly because of missing samples or some relatively 

long range plant effects. 

For the Roseton-Danskammer east (ROE) station, the relative 
- ~ 

species niche breadth (Bi/B), and mean species niche breadth 

over E (Bi/E) were both larger while the relative community 

niche breadth (B/E) remained even. This indicates a large 

increase in the niche breadths of one or two species but not a 

community-wide effect. There was also a slight rise in relative 

species breadth (B'/N) showing a rise in diversity which was not 

apparent from H' measure because the number of environments 

decreased. The total density was reduced by 50J with a corres

ponding decrease in carrying capacity. All of this suggests 

that the decline in bluegreens at the ROE stations influenced 

most of the species but did not change the order of dominance. 

The dominant species,however, were influenced more than the 

others so the resultant community was more balanced and diverse 

and the non-dominant species had relatively larger niche breadths. 

Reference to Table B-24a (niche values for dominant species) 

shows that Lyngbya sp. and the unidentified one-celled bluegreen 

species were unaffected while the Oscillatoria sp., Chroococcus 

sp. and HerisomoDedia sp. populations were decreased by over one 

half. Also, Herisomopedia sp. was exceeded by a bloom of Heriso

mopedia glauca here. The lower densities of several dominant 

bluegreens in comparison to the greens at this station may be 

related to nutrient conditions. If this is, in fact, a heat

related effect, it is unlikely that the influx from Wappinger's 
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Creek would be colder water. On the contrary, infra-red scans 

of this inflow show it to be warmer than the main body of the 

river. 

It is possible that heat from the power plant is supporting the 

bluegreen community on the west side of the river, and at the 

control stations, either because the water movements carry 

sufficient heat over much longer distances than was thought or 

because of the largely unknown dispersal rates and associated 

mechanisms of phytoplankton. Thus, the algal communities at 

west control areas may have been affected more by the plants 

than on the other side of the river. 

In regard to bluegreens by station, the Roseton Intake station 

had a low percent carrying capacity (%Ki ) and correspondingly a 

low mean niche overlap (a) as did the north-west control 

station (RNCW). Danskammer intake station had differences which 

were observed in the all-groups table. The diversity (H) was 

low but the relative species breadth (B'/N) value was high 

indicating an effect of too many missing samples. Both the 
~ -

relative community niche breadth (B/E) and B/E values rose while 

the relative species niche breadth (SIB) remained constant. 

This was indicative of a consistent species-wide increase in 

niche breadth. Carrying capacity increased relative to D as 

shown by %Ki , which follows from the high niche overlap (a) and 

there was a net increase in Ki/(Bi/B). D/K values were slightly 

higher at RDE, RI and DI, but this seems to have been because of 

the fewer number of samples. This reiterates the previous 

indications that bluegreens are actually well-adjusted at 

the experimental station, DI, due to some conditions which allow 

increased values of competitive overlap, niche breadth, and 

carrying capacity. This trend was not found in the greens and 
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diatoms. The low coefficients of variation at DI are most 

likely because of the fewer number of samples. 

The stability measures did not produce large station differences 

or coherent trends. The matrix determinant, the harmonic mean 

of the eigenvalues (H.M.A) and the variance of the eigenvalues 
2 

(SA)' as well as their related parameters showed stations 

RSCW, RNCE and DI to be the least stable and RDE and RI the most 

stable. Values for SA and KA were lower for RDE, RI, and 

finally for DI (which could be the result of missing samples). 

RNCE had a notably high covariance of a with RI second highest 

of all the stations. 

The determinants for the all stations and the control stations 

exhibited the greatest consistency, as did S~, H.M.A, and 

the range, variance and arithmetic mean of the reciprocal 

eigenvalues. This involves the ecological significance of 

global versua local stability, in the sense that the individual 

stations did not appear as stable as some of the larger data 

groupings. This indicates a stable global system which can 

result from local instability. 

The community structure and stability values for the green algal 

phytoplankton community by station is given in Tables B-12 and 

B-13. In general, the coefficients of variation were extremely 

low for the green algae and perhaps constitute important consis

tent properties. Several of the measures were consistent over 

the major data stratifications, that is control versus experi

mental versus all stations. The highest variability values 

were related to stability criteria, and include the covariance 

of alpha, the determinant, the minimum and harmonic mean of the 

eigenvalues, as well as the minimum reciprocal eigenvalue. 
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These parameters may be the least stable properties of phyto

plankton communities which is contradictory, since these para

meters are the measures used to evaluate stability. The stabil

ity measures are more sensitive to sampling errors (no. cases, 

linear dependencies, etc.) that are discussed elsewhere in the 

report and these measures also tend to have larger relative 

ranges of natural variation in comparison to the community 

structure values. Both of these factors would tend to increase 

their coefficients of variation. 

Some of the differences in coefficients of variation for the 

experimental stations are sensitive to the fact that only two 

experimental stations are considered as opposed to five control 

stations. Thus, when the two values are alike, the coefficients 

of variations are apt to have lower values and when they 

are different the coefficients of variation are high. Since 

only two values were considered in the calculation of this 

statistic, both the high and low results are biased. Also 

values for the two stations involved were computed from data 

containing many missing samples making them less numerically 

stable and more biased. 

The breakdown of the various stations for the green community 

showed that there were several differences in the ordering of 

dominant species for that community. Scenedesmus guadricauda, 

was usually the most abundant green algae, and it constituted 

about 22% of the community. The values for mean-depth diversity 

(~d)' the mean-time diversity (Ht ), mean time-depth di.versity 

(Hh), and total diversity (HT) , were consistent for all 

the various data stratifications. There was also an appreci

able among-date diversity for this group and a smaller among

station diversity. Stations that deviated the most were the 
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Roseton south control west (RSCW) station, the Roseton/Danskammer 

east (RDE) station, and the Danskammer intake (DI) station where 

diversity values decreased for both within-H and among-H mea

sures. This was probably a function of the reduced number of 

samples and species, particularly in regard to relative species 

breadth (B'/N). There may still, however, have been a small 

decrease in within-environment diversity at RSCW and a larger 

one at DI as there were blooms of Dictyosphaceium and Actina

strum at these stations, respectively. The diversity values 

also showed a decreasing trend going down the table from total 

diversity (HT) to mean time-depth diversity (H
h

) for each of 

the three major data stratifications. 

Some of the other community structure values also exhibited 
A - A _ __ 

consistencies, including: BIE, Bi/B, BilE, D, K, SKi' SKi(Bi/B), 

Di/Ki , Bi, BiIN , and Q. Many of these measures were also 

uniform on a percentage basis including; BIE, Bi/B, BilE, D, 

K, SK, and SKi{Bi/B), and can be considered important components 

in maintaining the integrity of the community structure. 

The Roseton/Danskammer east (RDE) station did not differ from 

the other control stations as much as in the two rankings 

just discussed (all species and bluegreens). In fact, community 

niche breadth (B/E) and density showed substantial increases 

with low coefficients of variation. This might be because of 

specific environmental conditions here but it could also be 

because of reduced competitive pressure from bluegreens. Usu

ally SI/{Bi/B) values are generally higher for greens and diatoms 

than bluegreens. The Danskammer intake (DI) station still 

tended to be the most different station, not only in terms 

of diversity (H) which has already been mentioned, but also in 

terms of the relative community niche breadth (B/E), the rela

tive species niche breadth (Bi/B), mean species niche breadth 
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(BilE), Di/Ki and the coefficient of variation for D/K. All 

of these values were higher at DI than those at other stations. 

The Roseton south control west (RSCW) station also exhibited 

differences, in that values for %Ki' %Ki(Bi/~) were low while 

the competitive success ratio Di/Ki was slightly higher, al

though with a high variation over species. The mean a and 

diversity values were also lower for this station. It is 

unknown why this particular station would be different; however, 

this result was obtained from other stratifications and it is 

possible that this station was subject to some power plant 

influence. 

For stability measures, values for the covariance of alpha were 

similar for all of the data stratifications. All stations, 

RSCW, RDE, and DI stations showed stability in terms of the 

determinants, range, variance and kurtosis of the eigenvalues. 

For all and control stations highest stability was indicated by 

the harmonic mean of the eigenvalues and the range, variance 

and arithmetic mean of the reciprocal eigenvalues. 

The Roseton Intake station (RI) showed the least stability with 

regard to the harmonic mean and range of A as it has for all 

stratifications so far considered. The other moments of the 

distribution of eigenvalues, however, show it to be of average 

stability and a conclusive statement cannot be made. 

The community structure and stability values by station for the 

final major species group, the diatoms, are given in Tables B-14 

and B-15. The coefficients of variation for this group were 

(except for stability measures) the lowest, for the phytoplank

ton groups by density. In general, all types of stratifications 
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for phytoplankton resulted in the identification of many consis

tent properties. The highest measures of variation were related 

to the eigenvalue distribution, and secondly to values asso

ciated with the matrix properties including: covariance of 

alpha, and corrected determinant. 

Table B-14 gives several "by station" stratifications that were 

described by the coefficients of variation values. The most 

abundant species were Cyclotella sp. and Melosira sp., each 

relatively numerous at 48 and 35% respectively for all stations. 

Nayicula sp. and Asterionella formosa were the two second most 

abundant species and Nitzschia sp. was common at the Rosetonl 

Danskammer east (ROE) and Oanskammer intake station (01). Also 

at 01, Melosira sp. increased to 48% becomming the dOminant 

species. Regarding species composition, these were the two 

most different stations (01 and ROE), and the species differ

ences may represent plant effects. 

The diversity values were similar for all the major data strati

fications by station. The components of diversity analysis 

indicated that there was some among-date diversity, though not 

as much as for the greens and little or no among station diver

sity, leaving most of the diversity attributed to differences 

within stations. For the separate stations, Roseton/Oanskammer 

east (ROE) and Oanskammer intake (01) had lower values for total 

diversity (H). Roseton/Oanskammer east (ROE) also had a lower 

value for mean time-depth diversity (H
h

). This result occurs 

when few species tend to dominate the community. At the Oan

skammer intake (01), the among-environment H dropped to zero. 
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There were several consistent patterns in the other niche 

values. For example, relative community niche breadth (alE), 

relative species niche breadth (Bi/B), and BilE, were con

sistent for all the stratifications except that ~/E values were 

lower for the experimental stations. RI had the lowest B/E and 
- A 

B/E values. For DI only the B/E value decreased slightly 

with a rise in the relative species niche breadth. This sug

gests that only one or two dominant species decreased and 

reference to Table B-24c shows that this was the case with 

Melosira sp. At the Danskammer intake station, this species 

doubled its density and halved its niche breadth and mean row 

while the other species stayed the same or showed small in

creases in both measures. This indicates that there were large 

increases of Melosira sp. in only a few environments. 

Other measures were consistent except at RSCW where there were 

slightly high mean a and %Ki/(B./B) values, and DI where D went __ l. 

up slightly and D/K increased substantially. At this station 

%Ki and ~ were consistent and %Ki/Bi/B decreased substantially 

indicating success for a few species in a few environments. 

Values for B' were relatively consistent, but were low at RSCW, 

RDE and DI. The B'/N value was low for the DI station and the 

value for H' was low in the experimental stations as well as at 

the Danskammer intake station. Thus, as with the greens and the 

bluegreens, the diatoms showed station-specific differences that 

were mostly related with Danskammer intake and Roseton-Danskammer 

eas t sta tions . 

An analysis of the stability measures demonstrated that the 

greatest indication of stability was related to the all, and 
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control station groupings for the covariance of alpha, the 

corrected determinant, the harmonic mean of the eigenvalues, 

and the range, variance, and arithmetic mean of the reciprocal 

eigenvalues. Thus, there are indications that global, not local 

stability considerations prevail. The minimum eigenvalue and 

harmonic mean indicated slightly lower stability at RSCW, RDE, 

and RI and much lower at DI while variance, skewness and kurto

sis of eigenvalues exhibited marked differences only at DI. 

This could be related to locally unstable algal blooms. 

The minimum eigenvalue which is probably one of the best indica

tors of stability was highest for all and control stations 

stratifications. This also indicates that there may be some 

global aspects of phytoplankton community structure represented 

in these data that would not normally be under consideration. 

This is not particularly surprising since the present state of 

knowledge about this subject is miniscule . 

From the results to date, we cannot say that the Roseton/Danskam

mer east station is actually any more different than are the 

more clearly-delineated experimental stations RI and DI. Con

sequently, there may be as much perturbation in other parts 

of the river from other effects as the thermal plants appear to 

contribute (for example, RDE versus DI and RI). However, it 

does appear that the heated effluent or other power plant 

effects do affect phytoplankton community of the Hudson River at 

Roseton/Danskammer point. 

b. Stratification by Date 

The next basic set of niche stratifications was conducted by 

date, for experimental, control and all stations for all groups 

of phytoplankton (Tables B-16 and B-11). 
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The date stratifications for densities and biovolumes are 

two-way stratifications over date groups (summer and fall) and 

over station groups (control and experimental). As such, the 

tables of measured coefficients of variation are in two parts, a 

and b. The first page gives coefficients taken over station for 

each date group and a third column over the four categories for 

each date group and both stations. The second page contains 

coefficients across season for all-stations, control-stations, 

and experimental-stations. Since we are mainly interested in 

the change across dates only, the simple means and coefficients 

of variation on the second page are discussed in the text. 

Coefficients of variation for the date stratifications, for all 

groups, are given in Table B-17b. Most of the niche measures 

were consistent except for those related to stability criteria. 

Variable values including those for the corrected determinant, 

the minimum eigenvalue, the harmonic mean of the eigenvalue 

and the maximum, variance and arithmetic mean of the reciprocal 

eigenvalues. The values for these measures exhibited a higher 

degree of variability (over .3) whereas almost all the other 

measures had coefficients of variation under .3. Usually 

density and carrying capacity show the next highest variation, 

and this occurred in these stratifications as in most of the 

other types of data stratification. 

The breakdowns for the date patterns are given in Table B-16. 

Dates are divided into June to September (summer) versus October 

to December (fall). There were no particular shifts in species 

dominants with season. This was a somewhat unexpected result 

since most phytoplankton species are extremely seasonal and 

usually exhibit seasonal trends in their population dynamics. 
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Much of the basic structure of the phytoplankton community can 

be attributed to Qscillatoria sp. which is the primary dominant 

species, seasonally, as well as by station. In seasonal consi

derations, Oscillatoria sp. accounted for 61 to 77S of the 

total community. Cyclotella sp. was usually the second dom

inant although Lyngbya sp. tended to replace Cyclotella sp. 

in the species hierarchy during the colder months. Melosira sp. 

also became more important in the fall when MerisomoDedia sp. 

and Hicrocyst1s sp., two bluegreen species, became relatively 
less important. 

As expected, diversity values were generally higher in the 

summertime. Also to be expected, the control stations showed 

higher diversity than the experimental stations because more 

samples were used in the calculation of these values. It is 

interesting that the control station values were even higher 

than the all station values, indicating the diversity dropped 

when experimental stations were included. In the fall, October 

to December, diversity values were similar, except slightly 

higher for experimental stations. It is also interesting 

that the results for mean time-depth diversity (Hh) were re

lated to this observation, in that this measure often had a 

higher value than that for total diversity (H). There was an 

appreciable among-station diversity particularly for experimen

tal stations trom June-September. 

The niche breadth values for experimental stations were consis

tent from October to December as well as trom June to September. 

The relative community niche breadth (S/E) values decreased for 

all and control stations in the summer months. The value of 

BilE declined, while the relative species niche breadth (Bi/B) 
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rose slightly for experimental stations in the summer. Thus, a 

few individual species did slightly better than their respective 

community. 

In general, the fall measures were more consistent than were the 

summer measures. In the warm months, there is more activity in 

an aquatic community. This is especially true in regard to 

predation dynamics and turnover rates of food resources, thus, 

increased summer variation is not a completely unexpected 

result. 

The value for density was highest at the experimental stations 

within the summer grouping, but generally, density and carrying 

capacity values were lower in the summer than in the fall. 

Turnover rates were probably higher. Average percent carrying 

capacity, %Ki(Bi/B), and Di/Ki exhibited greatest differences 

were at the experimental stations in the summer months. These 

values were similar to those for all stations. These values 

indicate a lower competitive success ratio (Di/Ki ) but higher 

values for percent carrying capacity (%Ki ) and %Ki(Bi/B) than 

for the control stations. Other measures were consistent for 

other date stratifications. Values for B', B'/N, and habitat 

diversity (H') indicated that the phytoplankton community 

exhibited decreased balance at the experimental stations in the 

summer, and also that niche values for these stations were not 

as consistent over dates in comparison to the other data strati

fications. The mean values of alpha were also consistent over 

all the stratifications except for the experimental station 

values in the summer. The niche values were most different for 

this stratification than for any of the other temporal stratifi

cations. This is an expected result insofar as a summer com

munity already stressed by high temperature, might become more 

unbalanced by a further addition of heat. 
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For both June-September and October-December stratifications the 

corrected determinant, eigenvalue range and harmonic mean as 

well as the ItA values show the experimental stations as being 

more stable than the controls. Interestingly, the all-stations 

values show little indication of stability. In addition, the 

variance contradicts this while the skewness and kurtosis values 

are consistent. The covariance of alpha was consistent for 

June-September and it decreased in the fall more for control and 

all stations than experimental stations. It remained positive 

in all cases. This indicates greater stability for the October

December period although not as much was found in the by-station 

stratifications. In general, the rest or the October to Decem

ber values exhibited more consistency and stability than the 

June-September stratification. 

Coefficients of variation for the bluegreen algae (Table B-19b) 

exhibited the same patterns as did the all species group. The 

values were relatively low for all measures except those of 

percent carrying capacity and density, and for some of the 

stability criteria, including the corrected determinant and the 

variance of the reciprocal eigenvalues. 

As with the results of all-groups, most of the October-December 

values showed more consistency than those for June-September. 

For the measures of species niche breadth (B), D, and K, the 

coefficients of variation over species were quite high. In 

addition, from June-September to October-December there were 

usually more differences in the control stations (which largely 

influenced the all-stations) than in the experimental stations. 

This indicates the possibility that the constant influx of heat 

from the plant is buffering the normal seasonal changes, thus, 

allowing more outwardly stable communities. 
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The experimental stations, however, showed the highest values of 

the coefficients of variations associated with the stability 

criteria, including the corrected determinant, the minimum 

eigenvalue, the harmonic mean of the eigenvalue, and the maxi

mum, variance, and arithmetic mean of the reciprocal eigenvalues. 

The overall variation was higher for bluegreens than it was for 

all groups, which may indicate that there is some global aspect 

of phytoplankton communities that make taxonomic groupings and 

local station representations somewhat artificial (expectedly). 

Regarding bluegreen species by date (Tables B-18 and B-19) , 

there is little seasonal change in the dominant species levels, 

however, the control-stations and all-stations for June-Septem

ber showed more Herisomopedia sp. than other environments. The 

overall density of blue-greens, however, increased at experimen

tal stations. The diversity (H) measures were lower for experi

mental stations in the summer but changed only for mean time and 

mean time-depth in the fall. The general low value of all the 

diversity measures is directly related to the fact that Qscilla

toria sp. dominated the phytoplankton community often to the 

extent of 85%. In general, the diversity (Ht ) related to the 

within temporal factor was the highest, although many of the 

differences were not large. 

Qf the niche breadth measures, the relative species niche 
- A 

breadth (B./B) was consistent, the relative community niche 
Al _ 

breadth (B/E) and the B/E values differed in being low for all 

" and control stations in the summer. The %Ki(Bi/B) and the 

Di/Ki values were quite consistent for all stratifications, 

however,the %Ki(Bi/~) value decreased and the Di/Ki value 
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increased in the summer particularly for all and control sta

tions. The species niche breadth (B') and Bi'/N values were 

consistent for all stratifications, while habitat diversity (H') 

declined at experimental stations in both the summer and the 

fall. This indicated that the habitats were less-well repre

sented by the various data stratifications. The value for mean 

alpha was higher for the bluegreen speCies both in summer and 

fall at the experimental stations. This indicates that competi

tion was probably lower in these environments and the species 

were able to overlap more strongly than they were in other 

situations. There were also more differences in the community 

structure values for experimental stations, in the summer, than 

for the other types of stratifications. This indicates that the 

experi.ental stations were different from the control stations. 

The stability measures showed that the all and control stations 

were more stable in terms of kurtosis of lambdas, and that 

all stations were stable in terms of the range and variance of 

the eigenvalues. For other stratifications, however, the 

experimental stations appeared to be more stable in terms 

of the values for covariance and corrected determinant of the 

alpha matrix, and the variance of the reCiprocal eigenvalues. 

All stations in the October-December ranking were more stable in 

regard to the harmonic mean of the eigenvalues and the range, 

variance, and arithmetic mean of the reciprocal eigenvalues. 

The experimental stations were different for the summer in 

regard to the variance of the eigenvalues, the kurtosis of the 

eigenvalues and the reCiprocal eigenvalue range. In general, as 

with the other groupings, the skewness and kurtosis of the 

eigenvalues were quite similar in summer and winter except for 

those differences already noted in the experimental stations. 
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Tbe corrected determinant indicated enhanced stability at the 

experimental stations in summer and less in the winter. With 

only four environments for experimental stations in summer, 

however, the corrected determinant may not be reliable. Tbe 

other measures, alpha covariance, harmonic mean of the eigen

value, eigenvalue range and variance (as well as the values for 

l/A) show the summer values to be fairly consistent with only a 

slight increase for the experimental stations. In the fall, 

however, the sharp decrease in stability was indicated for the 

experimental stations. This is not what was expected from the 

other indications and illustrates that it is difficult to 

conclusively account for results based on so few cases, particu

larly for the stability measures. Beyond thiS, our present 

understanding of the biological dynamics involved cannot be 

expected to explain even valid numbers. Conversely, the skew

ness and kurtosis, while substantiating the slight increase 

in stability at the experimental stations in summer, remained 

consistent in the fall. 

For the community of green phytoplankton, the same pattern 

emerges for the coefficients of variation (Table B-2l-b). These 

values were all extremely low. Using.5 as the cut off point, 

there were few coefficients of variation over this value except 

those related to the density and carrying capacity at the 

experimental stations, and the covariance of alpha, the deter

minant, and the variance of the reciprocal eigenvalues at all, 

experimental and control stations. The niche values were 

homogeneous for all data stratifications for greens and in 

general, this group exhibited less variation regardless of the 

stratification type than the bluegreens. 

The niche measures and some of the major trends for green algae 

stratified by date are presented in Table B-20. In regard to 
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dominanoe, Soenedesmus guadrioula (or one of four others domi

nants) oonstituted 24 to 28% of the oommunity. Diotyosphaerium 

sp. tended to replaoe Soenedesmus auadricula in the fall strati

fioation. Dictyosphaerium sp. and Tetastrum sp. were also 

more oommon in the fall, while Pediastrum duplex or one of three 

others: Aotinastrum hantesohii, Ankistrodesmus sp. and Mougeotia 

sp. were oommon in the summer stratifioation. These trends are 

more representative of seasonal dynamios of algal populations 

than was apparent with the oorresponding bluegreen oommunity. 

For diversity (H), a typioal pattern of deoreasing values, from 

total (HT) to mean depth (H
d

) to mean time (H
t

) to mean time 

depth (H
h

) diversity, was apparent in the data; exoept at 

experimental stations where the mean time-depth diversity 

was larger than the mean time diversity. In general, diversity 

(H) was oonsistent. As in the by-stations table there were 

large values of among-time diversity and smaller values for 

among-station diversity. This among-station diversity vanished 

at the experimental stations in summer, however, this and other 

small ohanges following this pattern may be due to the faot that 

only four environments were used in this run. 

The relative oommunity niohe breadth (B/E) inoreased at the 

experimental stations in the summer. This was associated with 

an inoreased value of the relative speoies niohe breadth (8 IS) 
i 

at the experimental stations in the summer, as well as the 

BilE value whioh deoreased in both the all stations and oon

trol stations during the summer period. The percent carrying 

capaoity and mean alpha were higher at the experimental stations 

in the summer, which indicated that green algae were relatively 

more suocessful at this time of year. The K values were consis

tent while D was lower in summer espeoially at the experimental 
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stations. If not a missing sample effect, all of this may 

indicate that there was considerable overlap in the greens' 

competition patterns indicated by the niche breadths and alpha 

values. The other measures of percent carrying capacity [%Ki' 

JKi(Bi/B) and Di/Ki] exhibited values that were relatively more 

consistent in the fall to winter period than in the summer 

months. For some of these measures, such as Di/K
i

, there 

was increased variability over species in the winter as opposed 

to the summer months. Values for B, B'/N, were relatively 

consistent over the two major date stratifications, while in the 

experimental stations habitat diversity (H') decreased. 

For stability measures, in summer, the all stations values 

showed the most stability in relation to the values of KA, the 

covariance of the alpha, and the range, the variance and har

monic mean of the eigenvalues. In the fall, for the all sta

tions values, stability measures were high for the minimum 

eigenvalue, the variance and harmonic mean of the eigenvalues, 

and the range, variance and arithmetic mean of the reciprocal 

eigenvalues. In comparison to other data sets, the skewness and 

kurtosis of the eigenvalues were relatively consistent over all 

stratifications, except when they declined for experimental 

stations in the summer. Thus, the trend of increased global 

stability with local instability emerges, for the all stations 

group and, to a lesser degree, the control stations showing 

enhanced stability. This is in contrast to some of the separate 

stability measures we obtained for individual station stratifi

cations which seemed to indicate that experimental stations 

exhibited more stability. Also repeated was the trend that with 

these few environments, the determinant, even corrected, is of 

limited value in assessing stability and in some cases, it is un

reliable. Eigenvalue measures such as harmonic mean, variance, 
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skewness and kurtosis seem to be more numerically stable, 

although in some cases, their function is not completely under

stood. The reciprocal eigenvalues patterns were mostly similar 

to the eigenvalue measures. 

The coefficients of variation for the diatoms are given in Table 

B-23b while the niche values by date are given in Table B-22. 

The same trends were apparent here as for greens when a cut-off 

point of .5 was used. The density and carrying capacity exhi

bited the greatest variation for all and experimental stations, 

whereas the covariance of alpha, the harmonic mean of the 

eigenvalue, the minimum eigenvalue, and the maximum, variance, 

and arithmetic mean of the reciprocal eigenvalue showed more 

variability for the experimental stations. Thus, there was more 

variability in the experimental stations but for most stratifi

cations and most niche measures, variability was generally low. 

In Table B-22, niche measures assoicated with these coefficients 

of variation are given. The diatoms, like the bluegreens, 

tended to maintain their dominant pattern throughout the sea

sonal cycle. The dominants included Cyclotella sp., Melosira 

sp., and Nayicula sp. which together constitue over 80% of the 

diatom community. In general, the percentage of diatoms in the 

total community was relatively low for experimental stations, 

with a value of only 5.6%. At other times of the year and for 

other data stratifications, diatoms were about 10% to 14% of the 

total community abundant. Diversity values were generally low 

and most of the total diversity (H) could be accounted for by 

the mean time-depth diversity (Hh). There was a small amount 

of among-date diversity while the among-station H was negligable 

except for control-stations and all-stations in the summer. 

This pattern is similar to the previous one in Table B-20. 
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Besides diversity, the consistent patterns in other niche values 

included the relative community niche breadth (S/E) , and the 

mean species niche breadth over E, (BilE). The exception was 

the experimental stations in the summer when these values both 

increased. The values for density, however, were lower in the 

experimental stations in the summer. The relative species niche 

breadth (Bi/B), the percent carrying capacity (JKi ), JKi(Bi/B), 

Di/Ki' and a values were consistent for all data stratifica

tions. As with the greens, the B', and B'/N values were identi

cal for both data stratifications, and the value for habitat 

diversity (H') declined somewhat for experimental stations. 

This result was related to the low number of environments. 

Values for coefficients of variation over species were approxi

mately equal and low. 

The stability measures exhibited a slight decrease in stability 

with less variability except for the corrected determinant which 

was a misleading result. These trends have been observed 

before. The covariance of alpha was small and negative except 

for experimental stations where it was small and positive. 

Eigenvalue ranges and variances showed slightly more stability 

in the summer unlike the bluegreen results. The most stable 

combination was all-stations in the summer and the least-experi

mental stations in the fall. The values of skewness and kurto

sis of the eigenvalues were consistent. Some of the preceeding 

results are summarized in section B 4.d., but first we consider 

some of the niche patterns for individual species. 

c. Niche Measures for the Dominant Species (Table B-24) 

For each of the four major functional groups three or four 

dominant species have been chosen and their niche patterns 
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described in terms of station stratification and for biovolume, 

phytoplankton - date stratification. 

In Table B-24a the results are presented for the four common 

species of bluegreens: Cbroococcus sp., Lyngbya sp., Oscilla

toria sp., and a one-celled unidentified form. For the over 

station stratification, a range of niche values which was 

greater than the arbitrary cut-off point of .15 was found for 

most niche measures. In this table, as well as the correspon

ding tables for other groups and stratifications, we have 

calculated two measures that were not given in the community 

niche tables. These include the row mean and column mean of the 

alpha values. These two measures give an indication of 1) the 

mean effect of other species on the species in question (row 

mean), and 2) the effect of that species on the other members 

of its community (column mean). 

Di/Ki was one of the most consistent measures. Several values 

for the coefficients of variation were greater than .3 (for 

species dominants tables, we have used two cut-offs, .3 and 

then .5). The bluegreens exhibited a moderate degree of varia

tion, meaning that though many niche values were over .3, few 

were over .5. The most variable species in this bluegreen group 

is Lyngbya which had low Di/Ki and the high Ki/(B/B) values. 

The effect of other species on it and its effect on other 

species were about equal. Cbroococcus sp. had a relatively low 

Di/Ki value and reasonably low mean alpha indicating high 

competitive pressure. The unidentified bluegreen behaved 
A 

quite similarly to Cbroococcus sp. and both had higher B/B 

values than the other species. 

Oscillatoria sp., a dominant and abundant species, had a sta

ble density and exceptionally low coefficients of variation. 
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Undoubtedly, this species is responsible for much of the struc

ture of the bluegreen community. The value for Di/Ki was 

high, indicating that it was competitively successful. This 

species is a long filamentous bluegreen which would not be as 

susceptible to predation as, perhaps, the one celled and other 

smaller forms. Another filamentous form, Lyngbya, was the 

second dominant species (by density) and had values correspon

ding to those for Oscillatoria sp. These two alga also exhi

bited high JK/(B/B) ratios. 

There were few coherent trends across the stations. At DI, 

there were increases in density, JK
i

, JKi/(B/B), and both alpha 

means. At RDE, as previously mentioned, the values of D and K 

for Oscillatoria dramatically decreased while almost every other 

number in the column remained constant or increased slightly. 

In general, the most favorable stations seemed to be the south 

controls and DI while the least were RI and RDE. 

In considering the comparison of the species with its community, 

that is, the relative species niche breadth (Bi/B) and the 

relative community breadth (B/E), in almost every case the 

species exhibited higher values of Bi/B than B/E. This would 

be the expected result since the individual species niche 

breadth (B
i

) would be smaller than B. Thus, part of this 

result is based in the mathematics and not the biology. In 

general, these species occupied about 50 to 70% of the available 

niche space. 

The dominant green species niche values are given in Table 

B-24b. The blanks in the table arise because the species was 

not considered as a dominant for that run, not because it did 

not appear at all. These green species showed considerable 
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stability as did the diatoms (discussed on the following page). 

The most variable greens in terms of the .15 range of the niche 

values were Chlorella sp. and Scenedesmus auadricula. Chlorella 

sp. had high coefficients of variation for D, K, Di/Ki' and the 

row alpha mean. Ankistrodesmus sp. and Tetrastrum sp. were less 

variable. The Di/Ki values were higher for Tetastrum sp. 

and Scenedesmus ~. and less variable than for the others. In 

general, the niche breadth measures exhibited the same pattern 

they do for the diatoms. From results of other phytoplankton 

communities, this is expected. Again, one species Chlorella sp. 

differs greatly at the station across from the plant area, ROE. 

In this case, density and Di/Ki doubled while both niche breadth 

(B/E and Bi1l3) and both row and column alpha means dropped. The 

JKi(Bi/B) ratio remained constant. Unlike the bluegreens, 

the other greens showed similar patterns to Chlorella sp. but 

not nearly as extreme. There were also general increases in 

density and niche breadth at DI, RI and RSCW. Comparing the 

effect of the species on the community with the effect of the 

community on the species, for the first three species, the 

community generally exhibited a greater effect on species, then 

they had on the community. For Tetrastrum sp. these two effects 

were approximately equal. Thus, in summary, the greens are 

useful indicators of conditions in the river. In the future, 

this would probably be one of the better communities to use to 

evaluate changes in river conditions. 

The diatom subgroup was also a good indicator of community 

structure; the data for this group is given in Table B-24c. 

Using the .15 cut-off value, Cyclotella sp. was less variable 

than the other species and its coefficients of variation were 

low. There were few instances of species having coefficients of 

variation values greater than .3, only four in all of the data, 
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and no instances of coefficients greater than .5. The species 

effect on the community, and the community effect on the species, 

were about equal except for Navicula sp. which experienced a 

slightly greater effect on the community than Navicula had on 

the other species. Generally, the diatoms had low Di/Ki ratios, 

which indicated that they were not as successful in competition, 

especially in interactions with bluegreens. As in the other two 

groups of phytoplankton (bluegreens and greens), there were two 

species with much higher Di/Ki ratios than the other two dia

toms listed and these dominants had the higher densities. For 

the diatom community Cyclotella sp. and Melosira sp. dominated. 

The mean alpha values generally decreased in density for all 

groups. The niche breadths (S/E and BIB) and the %Ki/(Bi/B) 

ratios were about the same. 

In regard to station effects, Navicula sp. exhibited a typical 

values at RDE. Density and Di/Ki was reduced to 50% without any 

other large change although niche breadth was high. In contrast, 

Bi values for other species were generally low. Equally remark

able behavior was shown by Melosira sp. at DI. Density, Di/Ki 

and Ki/(Bi/B) were high, while mean row alpha and niche breadth 

values decreased. This was indicative of a bloom which was 

restricted to a few environments, and thus, locally unstable. 

The densities of Navicula sp. and Melosira sp. also rose at DI 

along with values for B/E and BIB. 

These tables exemplify how the same analysiS can be applied to 

give a detailed species description of a local situtation as 

well as to analyse global trends and pattern in the dominants of 

a community. 
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d. S'mParY of Phytoplankton Community Results by Density and 
by FunctiQDal Group. (S-2S) 

(i) Overview of consistent properties 

Table 6 summarizes the regularities of the niche measures, 

for stratifications by stations, density and functional 

group. What was striking in this table was the consistent 

nature of the phytoplankton community when all, control and 

environmental stations were considered. If a difference of 

.15 in the range of a niche measure is taken as a criterion, 

then the rows (which represent the comparison of all versus 

control versus experimental stations) had only two niche 

values that differed by more than .15. These were the 

values for S'i{Bi/B) for all species, and the mean value 

of alpha for the blue-greens. Each of these values are only 

.01 above the .15 cut-off point. Consequently, the phyto

plankton were consistent over station stratifications. 

Within groups (in regard to the stratifications over all, 

bluegreens, greens, and diatoms) there were differences 

that probably reflect significant aspects of community 
A 

structure. For relative community niche breadth (B/E) the 

diatom community was the best at filling the available 

ecological space, as they were in regard to the relative 
_ A 

species niche breadth (Bi/B). Also, all species together 

were extremely efficient in regard to this latter niche 
A 

measure. Considering 'i/(Bi/B) , Di/'i' and a, the greens 
and diatoms had higher values than did all species of 

bluegreens. In other aquatic systems, we have found greens 

and diatoms to act quite similarly, and bluegreens to be 

the most unique of the functional groups. This result 
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Table 6: Summary comparison of important niche measures for the 
phytoplankton community by density, functional group 
and station. 

rUQb~ Mea~w::~ fuoQt1Qnil GrQl.l12 ill Qontl:Ql EXI2~1:1m~ntSll 
Stat1Qns StatiQns StSltiQns 

A 

B/E All species .50 .47 .62 
Bluegreens .43 .40 .54 
Greens .61 .60 .66 
Diatoms .73 .78 .65 

8/13 All species .82 .89 .75 
Bluegreens .68 .71 .70 
Greens .66 .66 .73 
Diatoms .78 .78 .85 

"-

JK/(B/B) All species .72 .68 .84 
Bluegreens .81 .80 .91 
Greens .98 .98 .98 
Diatoms 1.00 1.01 .95 

D/Ki All species .071 .070 .067 
Bluegreens .19 .18 .18 
Greens .21 .21 .19 
Diatoms .20 .20 .21 

All species .49 .49 .56 
(i Bluegreens .44 .44 .60 

Greens .56 .56 .63 
Diatoms .75 .77 .74 

H All species 2.03 2.06 1.92 
Bluegreens .94 .96 .85 
Greens 3.04 3.04 2.98 
Diatoms 1. 78 1.76 1.81 
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is sUbstantiated from the literature on the biology of these 

groups. 

Diversity (H) values were highest for the all species group 

as well as the green community, that is, the species of 

these groups were more equally distributed in the environ

mental space. The diversity measures showed the greatest 

range of all the niche measures since they varied by a 

factor of .3. Thus, it appeared that the functional group 

differences were greater than the station differences. 

In Table 7, results from stratification of alga (by density) 

by date and functional group were summarized. There were 

more variable values here than in the by-station stratifica

tion. Variability was especially prevalent in the summer 

period, June to September. These data therefore illustrate 

that the phytoplankton community was changing more in time 

than in space, especially in the summer months. ThiS, of 

course, corroborates many other lines of evidence concerning 

the structure of aquatic communities. 

The value for relative community niche breadth (B/E) was 

lower for all speCies group, and also for bluegreen and 

greens. It was low at control and all stations in the 

summer months, while the diatom values were especially high 

for the experimental stations. The relative species niche 
.... 

breadth (Bi/B) value was high for the all species group in 

the experimental stations and also for the bluegreens in 

the control stations. Otherwise these two niche breadth 

measures were consistent over the major station categories 

for the various phytoplankton communities. Relative com

munity niche breadth values (B/E), indicated that the greens 
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Table 7: s.-ry ca.pariaon ot 1.IIportaot nlcbe .easures tor the 
pbJ'toplaoktoa c~1ty by dens1ty. t\mct1cmal group 
and date. 

.I1m1:~R!i • gg~.-DsIslo 
II .. IIIIND1 !1IDQ~i ... 1 GrouR .Ill bRll:imlllllill Csm!iall .Ill bnadllllDYl All. 

Stat1C1l1 S!iIUODI Syt1ora. StaU.oM StltioM SJ;a,tioD' 

.. 
BlI All...,le. .45 .61 .41 .65 .68 .64 

81 ......... .34 .58 .28 .59 .57 .61 
GrHU .'7 .68 .'6 .75 .75 .75 
D1atc.a .73 .96 .1' .8' .80 .88 

It'i All spec1es .78 .91 .M .79 .80 .83 
Bluecreeoa .7' .78 .85 .611 .76 .65 
0 ....... .68 .82 .68 .68 .711 .10 
D1atc.e .70 .71 .12 .80 .84 .82 

"l/Bl /i' All spec1es .69 .85 .66 .78 .83 .77 
Bl........-ns .68 .76 .62 .88 .92 .89 
0 ....... .93 1.00 .95 .98 .98 .97 
J)1atc.a 1.03 1.04 1.02 1.00 .911 1.02 

01111 All apeoles .081 .011 .090 .• 061 .067 .065 
Blue&J'MDS .21 • 24 .2 • .18 .17 .18 
G ...... .11 .15 .11 .20 .19 .19 
D1atcu .22 .19 .21 .20 .21 .19 

All .pecles .44 .68 .n .53 .58 .55 
Q Bluesreeoa .35 .51 .36 ."8 .68 .47 

Greeaa .55 .77 .51 .60 .66 .62 
J)1atcu .11 .73 .13 .77 .75 .82 

8 111 specles 2.27 1.59 2."1 1.91 2.01 1.85 
81uecreena .92 .79 .97 .93 .86 .93 
are .. 2.M 2.71 2.81 2.98 2.95 2.96 
J)1atc.a 1.83 1.71 1.83 1.75 1.80 1.71 
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and diatoms were the most effective groups. Values for 

JKi/(Bi/B) for the all stations and control stations for 

all species, were relatively low, while values for blue

greens at experimental stations were quite high. This 

indicates that bluegreens were efficient in utilizing their 

available niche space. The green and diatom groups were 

even more efficient, however, as they possessed values from 

.2 and .4 above that for all species and bluegreens. 

In Table 7 the JKi/(Bi/B) ratio for bluegreens varied 

from .62 to .92. This ratio for diatoms, however, was not 

variable. For Di/li values the bluegreens and greens 

were within the level of variation, .15 cut-off (and so for 

both tables those two categories are consistent). The dia

toms were consistent for Jli/{Bi/!). For blue-

greens, this measure is variable, with the experimental 

stations always being higher. The ratio Di/Ki was 

highest for the bluegreens and diatoms at most times of the 

year and its values significantly increased in the fall and 

winter months for both the bluegreens and greens. 

The mean value of alpha was consistent except in the summer 

for all speCies, bluegreens and greens which increased at 

the experimental stations, and for bluegreens the summer 

values were lower than the fall values. This would indicate 

that either competition was more severe or that the blue

greens did less well in the colder months; the latter 

observation agrees with what is known about bluegreen 

biology. The greens and diatoms exhibited the greatest 

overlap at all times of the year. 
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The diversity values were lowest for the blue-green group, 

and highest for the green species. At experimental stations, 

diversity decreased for all species, bluegreens and greens. 

This perhaps indicates an effect of the thermal plants on 

the experimental stations, which was more pronounced in 

the summer than the fall. 

When Table 6 and Table 7 are compared, there are many other 

consistent properties that are recognizable for particular 

groups. Thus, many niche measures, are consistent over both 

stations and date groupings with the following exceptions: 
A 

the values for relative community niche breadth (B/E) were 

low at control stations for all and bluegreen speCies, and 

at the experimental stations for diatoms. Relative com

munity niche breadth exhibited a uniform value, except for 

bluegreens at control stations which had a high value. As 

already mentioned, the mean value of overlap for bluegreens 

was high in the fall. This tends to make that particular 

row of both the Tables 6 and 7 variable, although the 

measure was consistent within a grouping. 

The diversity measures were lower for the greens during the 

summer, but still relatively consistent. Consequently, 

there were definite niche values for each functional group 

of phytoplankton and that over time and station there were 

many consistent indices of the phytoplankton community at 

this site in the Hudson River. Although the community has 

an integrity, it appeared that this integrity was more 

nebulous during the summer then in the fall. In general, 

temporal variations were more significant then those contri

buted by the stations, however, there were several changes 
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in community structure and stability measures at the experi

mental stations. At the present time some of these changes 

may be beneficial; for example, enhanced stability. We were 

restricted with the data set from continuing the analysis to 

the point that these apparent ecological contradictions 

would be resolved. It is likely, however, that although 

enhanced stability arises, it is undesirable because it 

represents increases in unwanted species over more desirable 

ones. 

(ii) Summary of statistical results 

This section summarizes all of the foregoing and utilizes 

the statistical results from tables grouped under the common 

number: B-25. For each functional group of organisms 

analyzed in this study the statistical results are given in 

detail in the appendix tables. Only the important points 

from these results are presented in the in-text table on 

summary statistics and it is only this latter table that is 

discussed. 

Except for the stability measures, most of the coefficients 

of variation for phytoplankton were fairly low over both 

stations and dates (Table 8). The t-test comparisons 

between control and experimental stations usually found no 

significant differences. When the coefficient of variation 

was relatively high for the experimental stations, reference 

to the detailed t-test table often showed that one or the 

other (but not both) of the experimental stations was 

significantly different from the control stations. A 

significant difference does not necessarily imply a large 

difference; however, a very low or very high value for the 
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significance alpha seemed to depend on there being a low 

coefficient of variation over the control stations particu

larly for the low degrees of freedom used in these statis

tics. The F-test (ANOVA) showed few Significant variations 

and when it did, the total variance was so low that although 

the relative difference between the station and date coeffi

cients of variation was large, it could not be considered 

important. In the following discussion, trends are some

times explained in terms of separate stratifications from 
the original niche tables. 

The following is a summary of the differences and patterns 

in the results as expressed by the statistics in Table 8 

and appendix Table B-25. Note that the numbers referred to 

by alphas such as a = .1 are significance alphas and not 

niche alphas. They give the probability that an observed 

difference is significant. Thus, there is a 90% chance that 

the observed difference that is non-random. Heans are given 

with their coefficients of variation following in parenthesis. 

- All-groups 

The comparisons of individual stations and their stations 

show the results for the all-group classification were 

dominated by bluegreens, especially Oscillatoria sp. at 

64%. The number two dominants were Lyngbya sp. and a 

diatom, Cyclotella sp., at 6% and 5%, respectively. In the 

summer, the overall phytoplankton density was 4 x 106 

cells/liter at the control stations and 1 x 106 cells/liter 

at the experimental stations while in the fall it was 13 x 

106 cells/liter. Diversity values appeared to decrease, 

however, considering the BI/N ratio, the fall control 
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stations, fall experimental stations and summer experimental 

stations exhibited consistent values, while the summer 

control stations increased in diversity. This increase was 

high but less than that for the green group alone. 

The pattern of greater consistency in the fall than in the 

summer and over experimental stations versus control sta

tions, resulted in the summer control-stations and usually 

all-stations catagories being different from the rest. 

This result was repeated for the rest of the community 

structure values. For the summer_control stations, niche 
A 

breadth decreased (B/E and BIE both went from .6 to .4) as 

did JK~rom .8 to .5) and JKi/(Bi/S) (from .9 to .1) 

while Di/Ki increased (.01 to .09). The deviations from 
- A 

the pattern were a slight increase in BIB at the summer 

experimental stations which is probably because of the low 

E, and niche overlap, which was .5 evenly in the fall, .4 

for the summer control stations and .1 at the summer experi

mental stations. This illustrated an overall seasonal 

change (a
f 

= .1). 

These results were similar to the patterns shown by the 

stability measures, with experimental stations being more 

stable than control groups for both seasons (af = .1 for 

H.M. A and varA) but considerably less so in the fall with no 

overall change over date (af = .1 for H.M. A and af = .9 

for varA). 

There was a significant decrease in value for total diver

sity (H) from 1.9 (.2) at the control stations to 1.6 (.2) 

at the experimental stations. The relative community niche 

breadth (B/E) value, increased (at = .1) from .5 (.2) at 
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- " the controls to .7 at DI. The value B IB is consistent at 
i 

.1 (.1) 

(.06) at 
Accordingly, the a increased (at = .1) from .6 

the control to .7 at the experimental stations. 

D1/11 increased from .08 (.2) to .1 (at = .1) while 

Jli/(Bi/B) increased from .7 (at = .1) to .8 (.1). These 

somewhat contradictory results probably resulted from the 

inadequate data set. 

The stability measures were more variable than the other 

niche values. Minimum eigenvalue (A i ), skewness (SA)' 
m n 

and kurtosis (IA) all declined slightly at both RI and DI 

which indicated a trend toward instability. Stability 

measures also indicated greater variation by date although 

there were not large differences between control and experi

mental stations. RI, in fact, showed a little more stabi

lity and had the smallest minimum A. At DI, the variance, 

skewness, and kurtosis all dropped together (at = 0.3, 
.04, .05, respectively) which was unexpected since variance 

and kurtosis values are usually negatively correlated. 

- Blue-greens algae 

The blue-greens represented the dominant phytoplankton group 

because of Osci11atQria sp. which bloomed in August to 

November; it constituted 64J of the overall phytoplankton 

density. Excluding Osci11atoria, the b1uegreens and diatoms 

were about equal in dominance each constituting about 10% of 

the population. While diatoms were fairly stable over 

date and station, however, the b1uegreens were extremely 

seasonal and showed a relatively high degree of station 
difference • 
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Normally 75% of phytoplankton were bluegreens at an aver

age density of 7.4 x 106 cells/liter and a coefficient 

of variation of 27%. The species composition was Oscilla

toria sp. at 85% and Lyngbya sp. at 7%, which were the two 

dominants at most stations and are both filamentous forms. 

They were followed by other colonial forms at about 3%, 

Herismopedia sp. and Hicrocystis sp. which bloomed at 

Roseton Intake. There was also an unidentified unicellular 

bluegreen which did not account for much density, but was 

the most frequently occurring species. 

Because of the dominance of Oscillatoria, the diversity was 

low compared to other groups with little or no among-environ

ment diversity. The other community measures throughout 

the stratifications were also low with high variation over 

both environments and species. The stability measures, 

while showing fairly high variation were the highest of the 

phytoplankton. Individual species usually exhibited high 

variation in their niche measures and only on the community 

level do the consistent properties appear. In this case, 

one species forms so much of the community that the other 

species cannot balance its fluctuation and by comparison are 

doing poorly. The mechanisms underlying the high stability 

values requires more research. 

Seasonally, the experimental stations showed little differ

ence between summer and fall and the only trends applying to 

all stations were an increase in density (a
f 

= .08) and 

%Ki/(Bi/B) (from .7 to .9, af = .1) while Di/Ki decreased 
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(from .24 to .18, af = .006) and diversity was consistent 

(af = .9). The stability measures were confusing as there 

was a somewhat inconsistent and small rise in the harmonic 

mean of the eigenvalue. There was an equally inconsistant 

drop in variance and kurtosis. The control station showed a 

great deal of variation going from low values to the summer 

up to values similar to the experimental stations in the 

fall. Also, this meant that there were considerably more 

consistent patterns in the fall while differences between 

stations, occured in the summer. The diversity value was 

.8(.2) at the control stations but dropped to .6(.2) at the 

experimental stations (at = .1). At all stations, the 

mean within-group diversity was about equal to the total 

diversity (H) and the among-station diversity was O. 

- Greens 

The greens exhibited mostly the same seasonal and station 

patterns as the bluegreens. However, in terms of density 

they were the lowest and for diversity (within and among) 

the highest of the algal groups. Except at RDE the greens 

represented 4% to 6% of the phytoplankton abundance. Scene

desmus quadricauda was the dominant species in terms of 

abundance (21%) and frequency but there was little pattern 

in species composition. 

Diversity was high at 2.8 in the summer and increased 

(af = .02) to 3 in the fall with no station difference 

(af = .8) and the among environment diversity was about 1. 

Density increased over season and Di/li also was consis

tent over stations (af = .7) but dropped (af = .1) from 
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summer to fall while JKi/(Bi/B) was generally consistent 

(both: a
f 

= .1). These values are unlike those for the 

bluegreens but the other measures showed approximately the 

same pattern; this is, summer experimental-stations, fall 

control-stations and fall experimental-stations were more 

similar to each other than to the summer control-stations. 

Except as mentioned, they were all intermediate in absolute 

value between bluegreens and diatoms. Stability patterns 

were quite similar to the bluegreens as well. This reflects 

that while environmental patterns were similar to those 

of the bluegreens, the green community was closer to the 

diatoms in terms of density and diversity. By station, the 

niche values of green algae were fairly consistent. 

The mean diversity value H = 2.5(.1) decreased to 1.7 at DI 

(at = .03). 
accordingly. 

Both the within and among-diversity decreased 

Also the F-test demonstrated significantly 

greater variation in date over station. 

Values for relative community niche breadth (B/E) were 

consistent at .6(.1) while the BIB value increased from 

.8(.1) to 1.1 at DI (at = .02) indicating an increased 

relative niche breadth (B/E). For one or a few species, but 

not all species, the mean value of alpha rose slightly 

but significantly (at = .02) from .7(.1) at the controls 

to .8(.02) at both experimental stations. Values for 

JK1/(Bi/~) and Di/Ki rem~d consistent (at = .8) and 

JKi/(Bi/B) = .9(.1) and D1/K1 = .2(.2) over all stations. 
The ANOVA values showed significance differences among 

x 
stations for JK

i
/(B

1
/B) and among dates for Di/Ki ; however, 

all the coefficients of variation were so low, these are 

probably not important. 
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The stability measures were also remarkably consistent and 

station 01 increased slightly in stability. Variance, 

skewness and kurtosis of the eigenvalues decreased at 01 

again indicating sampling bias. 

The value for relative community niche breadth (8/E) rose 

from .4(.1) at the controls to .6 at 01 (at = .02) and BIB 
was consistent at 1.0(.2) for all stations, indicating a 

species-wide increase in niche breadth. Mean value of alpha 

also rose from .6(1) to .9 at 01 (at = .04) and while 

%'i/ (B i /8) values remained consistent at .8 (.1), Di/Ki rose 

from .2(.1) at the controls to .25(.03) at the experimental 

stations (at = .01). The f-test, however, showed density, 

carrying capacity, and ratios involving them to be more 

variable over date. 

There were no significant differences in stability criteria 

between control, and experimental stations, although values 

for minimum, skewness and kutosis of the eigenvalues all 

decreased slightly at both Rl and 01, which indicated a 

trend toward instability. These measures als'o exhibited 

greater variation by date. 

- Diatoms 

Diatoms were also consistent over stations. This group was 

the most consistent of the phytoplankton groups being 

relatively stable seasonally and spatially. At 10% of total 

phytoplankton the density was about the same as the blue

greens without Oscillatoria sp. or the green algae at their 

late summer maximum. The total diatom density was about 

106 cellslliter with a coefficient of variation of only 
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14S over stations. The dominant species composition was 

also constant with Cyclotella sp. at 4BS, Melosira sp. at 

35S and Nayicula sp. at BS. 

In terms of relative community niche breadth, .B(.l); mean 

nich overlap, .B(.05); and %Ki/(Bi/B), 1.0(.01); the diatom 

community values were the highest of the phytoplankton 

groups. Diversity was high and density was stable, all of 

which indicates this group is the best organized of the 

three considered. Stability was on the average the lowest 

with no apparent reason. 

Total diversity was constant at 1.B as was among environment 

diversity at .2 (both over station and date, af = .9). 
The only seasonal differences were relatively small but 

station exhibited consistent increases in density (af = .01) 

and a similar slight drop in stability (a
f 

= .2). Diver

sity, both measures of niche breadth, niche overlap, 

%Ki/(Bi/B), and Di/Ki all had coefficients of variation 

over date under .01. 

The value for mean diversity (H) was 1.1(.1). The most 

significant difference (at = .3) on the t-test table was 

that the diversity (H) dropped to 1.6 at DI as the among 

groups diversity became negligible. It was about .2 at 

the other stations. The relative community niche breadth 

value (B/E) = .B(.l) at the control stations but it de

creased to .66(.1) at b~t~ experimental stations (at = .1). 

However, the value for BIB increased. The other tables 

showed that the value of BIB increased at DI while alE 

decreased at RI (at = .01). Therefore, the decrease was 

for all species at RI but only for some at DI. 
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The value for n = .8(.OS) decreased slightly at both ex

perimental stations (nt = .01), and Di/Ki value increased 

from .2 to .3 at DI (nt = .02). This can be attributed to 

a decline of the density values while carrying capacity 

values remained constant. As usual, the value for Di/Ki 

was consistent. 

- Group comparisons 

The Hudson River phytoplankton community was dominated by 

one species of bluegreen, Oscillatoria sp. a form which 

constituted 64%, and bluegreens were 7S% of the all-phyto

plankton community. Oscillatoria sp. is a freshwater 

genus forming large filamentous colonies, prevalent in 

conditions of high heat, light and nutrients, perhaps 

dominating a polluted river. It dominated blue-greens at 

8S%. The remaining community was dominated by other blue

greens, Lyngbya sp. (64%), another filamentous form, and 

diatoms: Cyclotella sp. (48%) and Melosira sp. (3S%). 

These two groups were each about 10% of the total phyto

plankton population, leaving 6-1/2% for greens and others; 

there was a further 8-1/2% of phytoplankton counted but not 

included as common species. 

Hany niche measures, mostly those relating to the community 

as a whole, are lowest for blue-greens and highest for 

diatoms, leaving the greens intermediate, except for being 

lowest in density and highest in diversity. The diversity 

is, of course, sensitive to the number of species used and 

thus may not be reliable in terms of its absolute value for 
phytoplankton. 
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The relative community niche breadth was .5 for bluegreens, 

.6 for greens and .7 for diatoms, while relative species 

niche breadth was quite variable and its pattern depended on 

the stratification. Its coefficients of variation over 

species, however, decreased regularly going from bluegreens 

to diatoms. Niche overlap went from about .5, depending 

on the stratification for bluegreens, to about .6 for greens 

and .8 for diatoms, while JK followed the same pattern. 
i 

In each case, the all-groups values were quite close to 

those for the bluegreens. 

JK./(B./B) was .8 for bluegreens and 1.0 for both greens 
1 1 

and diatoms, while Di/Ki was consistent at .2 although 

it dropped to .1 for all-groups. The coefficients of 

variation of species for Di/Ki was highest for bluegreens 

and lowest for greens. This indicates that the diatoms, and 

to a lesser degree, bluegreens, were distributed across 

the available environmental space, competing more effec

tively with each other. These conditions throughout most of 

the sampling period favored bluegreens, Oscillatoria sp. in 

particular, and perhaps a few species of diatoms over the 

others. 

Surprisingly, the stability measures reversed this trend and 

both the harmonic mean and the variance of the eigenvalues 

show (although not with much consistency) that the diatoms 

were notably less stable than greens or bluegreens. With 

this type of data, however, it is also possible that some 

kind of consistency in the biomass contributed to the 

stability of the bluegreens since biomass is directly 

related to the largest eigenvalue. 
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There was much seasonal change in both total abundance and 

species composition which is best presented by Figure 111-6 

in Volume II in the 1973 LMS Report to CHG&E which gives 

weekly whole water phytoplankton abundance for the Roseton

Danskammer area in 1973. This shows that diatoms were 

relatively constant over months at about 106 cells/liter 

and for the first two and last months sampled, that is, in 

June, July, and December, diatoms dominated the phytoplank

ton at about 60%. Diatoms are noted for doing relatively 

well in low heat and light conditions as well as in marine 

environments. The greens and bluegreens went through a 

period of rapid growth in June-July which, particularly for 

bluegreens, produced high population levels from August 

through November and subsequently declines in December. The 

greens increased almost to the level of the diatoms while 

bluegreens increased from low levels in June to 107 cells/ 

liter except for a few weeks in September and October when 

their bloom populations were sharply diminished by the 

intrusion of the salt front into the area. 

As for regularity across stations, the four north and south 

control stations were consistent. The average total density 

was 9 x 106 cells/liter with a coefficient of variation of 

only 12%. The most different station was usually the 

south-west control which showed some similarities to the 

Danskammer Intake station. 

The total phytoplankton density at the experimental stations 

(Roseton Intake, at 8 x 106 cells/liter) decreased slightly 

compared to the controls, while at Danskammer Intake there 

was a slight increase in overall abundance to 11 x 106 
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cells/liter. While some species decreased, several domi

nants increased significantly in abundance. There were 

indications of blooms of Oscillatoria sp., Melosira sp. and 

Nayicula sp. which all rose 30% or more at DI. There was 

the sampling bias, however, which affected this station. 

Only four out of the usual seven samples were taken for this 

station and this would have increased the impact on the mean 

values of any bloom densities which were measured. 

The unique station was, across the river from the power 

plant, which was included as a control station and in some 

respects probably should not have been. This station also 

has missing samples, although not as many (2 out of 7) and 

not with as much bias as DI did. The differences show, 

however, were greater and in the opposite direction from . 
those for experimental stations. Bluegreens were not as 

abundant at this station and overall phytoplankton density 

was only 5 x 106 cells/liter of which bluegreens were only 

55%. The species composition within the bluegreen group did 

not change. In contrast, the green population increased at 

this station from 5 x 106 cells/liter at the control stations 

to 7.5 x 106 cells/liter at RDE. The diatoms density 

remained relatively constant over all stations at 106 cells/ 

liter with a coefficient of variation of only 14%. As 

a whole, they were also less variable over date than the 

other groups and the diatoms represented an extremely stable 

population. The greens and bluegreens, on the other hand, 

were more sensitive to the conditions imposed both season

ally and by station. 

The stability measures were by no means coherent, particu

larly considering those for all-groups, but they tended to 
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show the experimental stations as slightly less stable than 

the controls and, in fact, seemed to show the reverse of 

what the community structure values had been. Another 

important pattern was that the all-stations values usually 

showed more stability than either of the subgroups, indica

ting global stability prevailed even though local environ

ments were often unstable. 

In comparing community structure values for each station 

individually, there were differences between control sta

tions (RNCE, RNCW, RSCE, RSCW, AND RDE) and experimental 

stations (RI and D1) in addition to differences among the 

control stations. The two experimental stations, however, 

were usually not similar, D1 showing differences greater 

than and sometimes in the opposite direction from RI. The 

most different station was often the RDE control station 

which was across the river from the plant. 

Diversity, as with some other measures, showed a sensitivity 

to the number of species used and the number of samples 

taken, as well as to local blooms of algae which altered 

species relative abundances patterns (particularly for those 

stations with fewer samples). The major differences in 

diversity were an increase in the within-environments 

diversity at RDE for bluegreens, while they increased in 

among-environment diversity at the experimental stations. 

Diatoms and greens both decreased in among-diversity at DI 

(note that among diversity was calculated incorrectly). 

Relative community niche breadth went up at DI for greens 

and bluegreens but for diatoms it decreased slightly at RI. 

Relative species niche breadth increased slightly at DI for 
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diatoms and greens. The stability measures demonstrated 

instability for bluegreens and diatoms at DI and for greens 

at RI. The bluegreens also showed instability at RSCW. 

The bloom proportions of Oscillatoria sp. alone are evidence 

that the whole river is in an undesirable state. This does 

not necessarily imply a plant effect, however. Although the 

Danskammer Intake station exhibited the highest concentra

tions of bluegreens, Oscillatoria sp., in particular; the 

niche values show that all the groups are dOing better here 

with extra heat, except the diatom community which appear to 

be robust to the conditions at this station. The Roseton 

plant was not operating and although the Roseton Intake 

station showed similarities to DI, it seemed unaffected and 

similar to the control stations. The southwest control 

station, RSCW, which was downstream from the plant, showed 

more similarities with DI than did the other controls, 

(notably a stronger bluegreen community). This result could 

also be related to problems with missing samples although it 

does not seem to be. 

Bluegreens were least abundant at RDE, the station across 

the river from the plant, and were to some extent replaced 

by greens. There were no real changes in community struc

ture except that relative community niche breadth (B/E) 

increased for greens while relative species niche breadth 

(B./B) increased for bluegreens. Both groups showed a 
~ 

notable increase in stability at this station. Generally, 

the community of this station appears to be the best adapted 

of all. There are several possible reasons for this and 

it is a critical Question for the discussion. 
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5. Results by Bioyolume {Size Category> 

a. Stratification by Date (Tables B-26 to B-34> 

Table B-26 contains the frequency and the percent abundance 

values tor the various size categories of algae that were 

included in the biovolume analyses. The size ranges used were: 

small, under two thousand cubic microns; medium, two thousand to 

10 thousand cubic microns; and large, over 10 thousand cubic 

microns. 

In determining biovolume estimates of colonial species, it is 

difficult to determine the number of oells each colony has in 

nature and the natural variation of colony size. This is 

especially true for filamentous algae. Sometimes the filament 

should be counted as 20 cells per organism and other times 10 

or 50 cells per organism. The exact number is usually an 

arbitrary one. However, we have tried to make these units as 

ecologically meaningful as possible. The biggest error in 

the present biovolume categories that were chosen is the classi

fication of Oscillatoria sp. which is a filamentous bluegreen 

alga. Grouping it with the small species was a serious error, 

for in nature, it often occurs in large colonies. A second error 

may be the inclusion of Amphiprora sp. with the large species. 

Amphiprora sp. is a marine diatom which is large and unicellular. 

It was found only in eight environments and on two dates, but in 

such large densities that, with its large cell volume, it 

dominated the biovolume figure at 42% overall. Since its two 

occurrences were in the fall, it was originally thought that the 

salt tront intrusion was responsible for the bloom. However, 
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upon checking the reportl which contained the raw phytoplankton 

densities from which our original data set was key-punched, it 

was found 1) that there was only one occurrence of AmDhiprora 

sp. in October, the month of the salt front intrusion, the 

remaining occurrences were in December - an unusual month for a 

salt water species; 2) that the densities were large and, for 

every station equal to those for Asterionella formosa two lines 

below; 3) that there was no evidence of the bloom and, in fact, 

no occurrences at all of Amphiprora sp. in the net or filtrate 

sample data for the dates in question; and 4) that there was no 

mention of this supposedly large bloom in the text of the 

report. The conclusion drawn from all of this, is that these 

figures for Amphiprora sp. were typographical errors which 

were passed on to our results and were discovered too late to 

reanalyze the data. This mistake effects not only the table for 

the large size phytoplankton which is already influenced by the 

Oscillatoria sp.'s misclassification, but also the all-sizes of 

phytoplankton table which listed Amphiprora sp. as the overall 

dominant. 

Table B-26 also contains percentage composition of the community 

by small, medium and large, over all the stations (labelled 

depth) and dates (labelled time) that were used. Most of the 

community biovolume was attributable to the large species. This 

was an expected result. The medium and small species groups had 

similar total biovolumes. Any other differences can be related 

to the misplacing of Oscillatoria. Also, in December, the 

last month, the percentage of large species biovolume went 

from about 50% to 83% while the other groups declined sharply. 

lAPpendix III-A in Volume V of the 1973 LHS Report to CHG&E. 
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This was obviously a result of the Amphiprora sp. error. Aside 

from these errors the table values would have been extremely 

constant indicating that biovolumes may be a more reasonable 

measure of phytoplankton community structure than numbers of 

individuals. 

Table B-28b gives the coefficients of variation for the small 

phytoplankton. Using the cut-off mark of .5 the following 

measures showed high variation: 1) for control stations over 

date: density, carrying capacity, covariance of alpha, correc

ted determinant, and variance of l/A; 2) for experimental 

stations: covariance of alpha, corrected determinant, minimum 

eigenvalue, harmonic mean of the eigenvalues and maximum, 

variance and arithmetic mean of 11 A. Measures such as total 

diversity, relative niche breadth, D, K, %K/(B
i
/8), had lower 

coefficients of variation for the experimental than control 

stations. Table 28a had lower values for fall than summer for 

these .aasures plus %K, Di/Ki, ~ , max>. and variance>. • 

In general, the coefficients of variation associated with 

stability measures, however, were lower than they had been in 

the phytoplankton data previously considered. The coefficients 

of variation by date groups are given in Table B-28b. It must 

be kept in mind, however, that these coefficients were only 

calculated on two cases. 

Table B-27 1s the breakdown by date for the small phytoplankton. 

The dominant species composition was remarkably consistent. 

Oscillatoria sp., a bluegreen, remained the first at 78% of the 

b10volume followed by diatoms: Nayicula sp. at 11% and Cyclo

tella sp. at 7%. The diversity measures were slightly larger, 

and mean time Ht was greater than mean-depth or total diversity, 
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~. When all dates were stratified into June-September and 

October-December, these differences were attributable to the 

summer conditions, as the June-September stratification showed a 

marked among-date diversity at the control stations only. The 

tall diversity values were lower and similar. 

The relative community niche breadth (B/E) and the mean species 

niche breadth over E (B/E) showed the same pattern as did the 

diversity values and these former values were consistent. 

Coefficients of variation over species were low. Niche breadths 

were higher at the experimental-stations for all-dates and 

June-September and all of October-December. This indicated that 

the small phytoplankton community was better at using the 

available ecological space in the experimental stations in the 

summer and at all stations in the fall period. In terms of 

relative species niche breadth (Bi/S), these values were high 

and consistent throughout all the data stratifications. The 

values for JKi' JKi/(Bi/B) and Di/Ki were similar for all 

dates for all, control and experimental stations. For the 

summertime, the experimental stations again showed an increase 
- -

in both the JK ; and a values while the control station 
i 

values decreased. The summer control stations also had a 

comparatively low JKi/(Bi/i) value, and a somewhat higher 

value for D./K. than at the experimental stations, although 
1. 1. 

these values were consistent for the October to December strati-

fication. Because of the success of Oscillatoria sp., Di/Ki had 

a high coefficient of variation over species as did the blue

greens by density. 

In the stratification for small phytoplankton, the fall values 

were consistent and the summer ones were not. It was the summer 
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control stations that were the most different. The all station 

group values for the summer are mostly influenced by the control 

stations and the all-dates by the fall. This pattern is similar 

to the table for bluegreens stratified by date. This similarity 

is undoubtedly based on the misclassification of Oscillatoria 

SPa If this species had not been included with the small ones, 

the group would have exhibited greater regularity with almost 

no variation over station. Also, the small group results 

would have become more similar to diatoms, since the next two 

dominant small species are diatoms. 

The values of B'/N, were also consistent, for all-dates and for 

fall but not at the experimental stations, for June to September. 

H' was greatest for all-stations regardless of the date group

ing and it decreased substantially for experimental stations. 

Since H' is a measure of niche breadth, this result merely 

represents the disparity in the number of environments for each 

category. 

The values of kurtosis and the harmonic mean of the eigenvalues 

suggested a decrease in stability at the experimental stations 

during the fall months. The other values were all consistent 

except for S~, SA' and KA values at the experimental stations 

in the summer when there was a reduced number of eigenvalues 

caused by missing cases. The corrected determinant and covari

ance of alpha followed the same patterns but to varying degrees. 

For the medium-sized speCies, the coefficients of variation over 

date are given in Table B-30b. Considerably less variation was 

exhibited than for the small speCies. For the control stations 

the only coefficient over .5 was for the variance of l/A. For 

experimental stations, the usual values were over the cut-off: 
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D, K, corrected determinant, minimum eigenvalue, harmonic mean 

of eigenvalues and maximum, variance and arithmetic mean of I/A. 

Table B-30a demonstrated low variation across stations for 

October-December while Table B-30b showed less variation at 

the control stations, although this was not a consistent result. 

Table B-29 shows the breakdown of the niche measures by bio

volume for the medium group by date. As with the small species, 

the medium sized species composition remained relatively consis

tent throughout this data stratification. Nitzschia sp. and 

Scenedesmus guadricula were the primary dominants followed by 

Cymbella sp., Actinastrum sp., Nitzschia sp. and Cocconeis sp. 

On the whole, the medium group demonstrated a high degree 

of consistency, as did most of the biovolume groups. With 

regard to community structure, the fall values were consistent 

while there were more station differences in the summer. Un

like the smaller algae, there was no consistent similarity 

within either station group for the fall. 

The medium sized algae had a diversity pattern similar to the 

greens. There was considerable (though less than with the 

greens) among-environments diversity of which most was attribut

able to date and the rest to station. The only difference 

across stations was a general decline in among-environment 

diversity at the summer-experimental stations. This decline 

corresponded with a rise in Nitzschia sp. to 43% of the bio

volume, but a decrease in total D, which had a large coefficient 

of variation. In addition, there was a large increase in 
A --

Bi/B, a small increase in %K and a, and a small decrease in 

%Ki /(B i /8) and Di/Ki accompanied by a high coefficient of varia

tion. This indicates the success of one species at the expense 
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of the others and the general community and it agrees with the 

previous results. As a whole, however, this may be the unavoid

able result of the bias in the sampling design which particu

larly affected this set of stations. All other date stratifica

tions were consistent except the values of B'/N which reflected 

the decrease in diversity and H' which was sensitive to the 

number of environments sampled. 

The stability measures demonstrated greater global stability. 

The determinant (not counting the one corrected), as well as the 

eigenvalue range, variance and harmonic mean, all indicated high 

stability, but slightly less at the experimental-stations than 

at the controls and slightly less at the controls than at the 

all-stations. The skewness and kurtosis values showed changes 

only at the summer control stations, while the alpha covariance 

was fairly high and consistent. 

The coefficients of variation for the large species appear on 

Table B-32b. In this stratification there was more variation 

over date in species composition between the two dominant 

species: AmphiDrora sp., which was an erroneous occurrence in 

December, and the real dominant species, Melosira sp. As before, 

control stations showed considerably less variation than experi

mental stations and possessed the same patterns with regard to 

the different measures. For control stations, the measures with 

a coefficient of variation over the arbitrary cut-off of .5 are 

density, carrying capacity, corrected determinant and variance 

of l/A. For experimental stations, variable measures were D, 

I, the covariance of alpha, the corrected determinant, the 

minimum eigenvalue, the harmonic mean of the eigenvalues, 

and the maximum, variance and arithmetic mean of 11 A. There 

were several other coefficients of variation just under .5. 
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Table B-32b showed substantial variation over date, Table B-32a 

illustrated low variation over station for each date group. 

When the large size group was considered in the niche table 

breakdown, Table B-31, there were some shifts in species domi

nants including AmDhiprora sp., which appeared only in October 

to December and was not present at all in the June to September 

period. In the summer months Melosira sp. dominated at 37% of 

the total community followed by Pediastrum duplex, Conscinodis

~ sp. and Pediastrum tetrastrum. At the experimental station, 

Pediastrum duplex was replaced in the community by Mougeotia sp. 

In the fall, Amphiprora sp. dominated the large group at 68% and 

raised the total biovolume D value. Amphiprora dominated all 

dates at 58%. Unfortunately its high density and percentage of 

the biovolume have been attributed to a typographical error 

in the original data sheets. If it had not been for this, 

D would have shown only a slight increase from summer to fall 

and the species composition would have remained unchanged from 

fall with the exception that Pediastrum duplex would have de

creased from second position to third, well below Coscinodiscus 

sp. The all-size groups table shows that if Oscillatoria sp. 

had been included with the large algae as it should have been, 

it would have been about equal with Coscinodiscus sp., except 

at the summer experimental stations where it dominated and would 

have made the summer station differences more marked than they 

were. 

The diversity values were lower in the fall than in the summer, 

particularly for among-environments as might be expected. There 

was the usual trend of decreasing from total diversity to mean 

depth diversity to mean time diversity for the various stratifi

cations. There was a significant among-environment H but 
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it was not accounted for by time or space. The diversity values, 

however, would have been heavily affected by !mphiprora sp. 

As usual, there were many consistent values. The relative 

community niche breadth value (B/E) was low at .35, considering 

all dates and yet it was higher in separate date rankings, 

particularly for the experimental stations from June to Septem

ber when the relative community niche breadth (B/E) reached .82. 

The relative species niche breadth (Bi/B) was high for all 

dates. Its value was consistent for June to September, then 

higher in October to December, with one low value for control 

stations. Values of JKi were consistent at all times of the 

year, although low at control stations for October to December. 

The JKi/(Bi/S) value was only about .52 for all dates, 1.02 

from June to December, and .51 from October to December. This 

indicated that environmental conditions were probably better 

in the summer; in fact, twice as good as they were in the 

winter. Di/li values were consistent for all times of the 

year. Values for B', B'/N, and H' were also regular, except for 

experimental stations where these values were low for all date 

combinations. The coefficients of variation over species were 

also generally high for Di/Ki and Jli/(Bi/S) in the fall. 

The results describe two completely different communities in the 

summer and fall. This can be attributed, however, to the 

apparent domination of the community by Amphiprora sp. which was 

probably not what happened. The indications are that if the 

Amphiprora sp. and Oscillatoria sp. errors were corrected, the 

large species would follow exactly the same pattern as the 

other three groups of algae. For example, community structure 

was consistent over dates although population success is indi

cated there in the fall while the summer values show marked 
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differences between experimental and control stations. This is 

apparently due to blooms or generally high relative success of 

one species, in this case Oscillatoria sp. 

The more stable conditions were found in experimental stations 

for June to September for values of the corrected determinant, 

and the skewness and kurtosis of the eigenvalues; however, this 

is also the run with the fewest environments. The other values, 

eigenvalue range, harmonic mean, and variance were largely 

consistent showing more stability at all-dates: all-stations, 

and the least stability at the experimental stations in fall. 

The coefficients of variation for all species of all sizes 

considered are given in Table B-34b. In general, the same 

measures were consistent for both control and experimental 

stations. They included values for Di' Ki , Bi', corrected 

determinant, and variance of the reciprocal eigenvalues. 

Several of these high coefficients of variation were equal in 

both station groupings, although generally the experimental 

stations showed higher values; for example, the coefficient of 

variation for the determinant was greater than.5. This result 

is consistent with the supposed perturbation in this part of the 

river. As usual, Table B-34a had low coefficients of variation 

for October-December. 

The breakdown of differences for all biovolume species classifi

cations (eighteen species were considered) is given in Table 

B-33. Partly because the biovolumes are larger in the fall than 

summer, the dominant species for all-dates are the same as those 

for October-December. The overall dominant species is the 

erroneous Amphiorora sp., a diatom at 58J, following it are 

Melosira sp., Cosclnodiscus sp. and Osclllatorla sp., two 
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diatoms and a bluegreen, respectively. There was considerable 

change in the species composition during summer. Amphiprora sp. 

was either not found or not a dominant. However, Pediastrum 

duplex was a dominant, although at a lesser percentage than the 

dominant Melosira sp. at 26%. Also, at the experimental sta

tions, Mougeotia sp. replaced Pediastrum duplex and there was an 

overall decrease in biovolume except for Qscillatoria sp. which 

increased to 29J. 

Diversity measures were regular for all components of diversity 

across station. The general decreasing trend from total diver

sity to mean time-depth diversity was also apparent. Diversity 

tended to increase in the summertime and decrease slightly in 

the winter. Host of the total diversity and its variation could 

be accounted for within environment diversity values. However, 

there was a smaller among station diversity and a larger among

time diversity. In terms of individual niche values, the 

relative community niche breadth value (B/E) was constant within 

a particular data stratification, being higher in the summer 

than in the winter and unaccountably low for all dates. The 

value for relative species niche breadth (Bi/B) was highest 

at all dates, lowest in the summer period, and quite high in the 

winter. This indicated that these species did well in a global 

sense, and that they did well in the winter. The community in 

general, however, did better in the summer. 

The mean species niche breadth per environment (BilE) was 

relatively consistent for all stratification, varying less than 

the .15 cut-off. Values for Di/Ki' D
i

, and Ki were consistent 

for all groupings. The %Ki' JKi/(Bi/A), and Di/Ki values were 

all regular within a grouping; %Ki/(Bi/B) was the highest for 

the sumaer ranking. The mean species niche breadth value was 
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low, whereas JK was identical for all date stratifications. 

B'/N and H' were constant within a grouping, although the 

Bi'/N value was twice as high in the summer as in the winter. 

In the experimental stations, H' decreased for all dates and for 

the summer values. The mean value of alpha was constant and its 

coefficients of variation were approximately the same for all 

stratifications both within and among dates. 

The covariance of alpha was positive and relatively high in all 

cases while the corrected determinant was low in all cases 

except the experimental stations of summer and fall. The best 

indicators of stability: eigenvalue range, harmonic mean and 

variance showed all-dates to have greater stability at all

stations than either control or experimental stations. For 

June-September, the experimental-stations had a high harmonic 

mean; however, the accompanying high variance implied a problem 

with the low number of cases. The kurtosis as usual was consi

derably more consistent than any of the other stability measures, 

showing mostly the same changes but to a lesser extent. In this 

case, the kurtosis implies that the pattern from all-dates may 

be repeated. For the fall dates, all measures showed more 

stability at the experimental stations and considerably less for 

all-stations, thus, reversing the previous pattern. However, 

the remarks concerning the misleading results due to the inclu

sion of Amphiprora sp. in the analysis are explained in the 

preceding discussion of the large size group. 

In comparing the phytoplankton results by biovolume with those 

for density, it appeared that the biovolume or size group 

exhibited more consistency. This may not be entirely true, 

however, because they were stratified differently, thus, making 

direct comparisons difficult. For example, the coefficients of 

variation, across two values (the control-group and experimental 
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group) should not be too strictly compared with the coefficients 

over all seven stations. 

Something which is striking about the tables is the similarity 

between tables with the same dominant species. For instance, 

the small algae appear to behave as the bluegreens do, and 

Oscillatoria sp. is the dominant species in each table; unfor

tunately, mistakenly in the case of the small algae. Similarly, 

the medium size class, which contains the dominant green 

ScenedesmYS auadricauda, behaves somewhat like the green groups 

and the large algae in the summer, when the diatom Melosira is 

dominant, and is not unlike the diatoms, although Melosira is 

only one of two dominant species in that stratification. This 

suggests that measures of community structure and dynamics are 

determined to a large extent by (dominant) key species and what

ever groupings of species are measured, they will tend to behave 

as the dominant speCies does. 

b. Niche Measures for the Dominant Spegies (Table B-35) 

Only a few interesting comparisons can be made for the dominant 

species. There are two reasons for this. One is that these 

data, because of time and/or financial restraints, were never 

stratified by station. Therefore, biovolume results could not 

be directly compared to the results for dominant species by 

density and functional group. Also, since only two date strati

fications were used, this biases the coefficients of variation 

and many interesting patterns for dates cannot be delineated. 

In the small group, all four dominants (Osgillatoria sp., 

Cyglotella sp., Nayigula sp., and Chlorella sp.) had several 

measures, such as JKi/(Bi/B), which had coefficients of variation 
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over .5. Note that, as with the functional groups, the niche 

breadth patterns with species, with community, and with all 
- A 

environments were approximately the same. The values of BIB did 

not change much from summer to fall and their values were quite 

high. ° went up in the fall for all but Chlorella sp. and 

JKi/(Bi/B) rose in all cases as did B/E. Di/Ki decreased for 

Navicula sp. and for Chlorella sp. This measure, however, would 

be affected by the inclusion of Oscillatoria sp. whose niche 

values are clearly out of place here. The indications are that 

Navicula sp. was a dominant species and that in the fall, 

conditions stabilized for the small algae, but not as much for 

Oscillatoria sp. Except for Cyclotella sp., both mean alphas 

tended to rise in the fall. For Cvclotella sp. the community 

effect was higher than the species effect, while for Navicula 

sp. and Chlorella sp., they were about even, and for Oscilla

toria sp., the community effect was understandably low. In 

fact, except for Oscillatoria sp., all of the measures of those 

species were about equal and showed the same pattern. 

The medium species were the most consistent and showed the same 

patterns as the small algae but with more regularity. In the 

fall, ° and JKi/(Bi/B) increased slightly, as did the niche 

breadth measures, while JKi' Di/Ki' and the a remained 

constant for all species. In this case, two species Nitzschia 

sp. and Scenedesmus guadricula appeared to share dominance. The 

community effect was greater than the species effect in all 

cases and, except for 0, there were no differences across 

species. As previously mentioned, the medium algae (as did the 

large) showed a high degree of stability. 

For niche measures, the large group showed by far the most 

variability across species and date. The dominant species 

IV-79 

-------------_ .•. _ .. __ ........ _.-.. . 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Melosira sp. and COSC1nodisCUS sp. exhibited the same patterns 

as discussed before with general increases in D and JKi/(Bi/B) 

and, particularly, Coscinodiscus sp. increased its niche breadth 

and average effect on the community in the fall. Because of the 

almost bloom-like success of the bluegreen, Oscillatoria sp., 

and the error with the diatom Amphiorora sp., the Di/Ki ratio, 

which was high in the summer, decreased to average levels in the 

fall. Of other species listed, Pediastrum duplex varied little 

across date except for a decline in the fall in regard to 

community effects. 

c. Supa" of Phytoplankton Community Results by Bioyolume 

(Size Category) (Table B-36) 

(i) Overview of the consistent properties 

In general, the community structure and stability measures 

characterized by biovolume showed several consistent pat

terns. This leads us to believe that the size groupings of 

algae may be important, if not more important than func

tional stratifications by taxonomic groups. Bluegreens, 

for example, tend to be quite consistent and they exhibit 

niche characteristics that are definitely different from 

those of diatoms and greens. These latter two groups, 

however, are relatively more similar. It may be that 

analyzing across taxonomic groups and considering size 

differences in terms of nutrient uptake rates, suscepta

bility to predation, and various other physiological and 

ecological processes, may be a more interesting way to 

illustrate phytoplankton dynamics and community structure. 

Table 9 centers on a summary comparison of six of the more 

important niche values for the small, medium, large, and all 
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Table 9: Summary comparison of important niche measures for the 
phytoplankton community by biovolume and date 

lU.Qb~ M~sa~yr~ .S1R .Ail. CQntrQl ~XQ~l:im~ntS!.l 
CsategQry StS!.tiQns Stations StatiQns 

B/E Small .52 .49 .63 
Medium .79 .83 .74 
Large .35 .35 .37 
All species .45 .45 .47 

_ A 

B1/B Small 1. 13 1. 18 1.09 
Medium .59 .58 .66 
Large 1.02 1.10 .92 
All species 1.06 1.07 1.08 

;. 

JK1/Bi/B Small .68 .66 .76 
Medium 1.02 1.01 1.03 
Large .52 .53 .50 
All species .57 .58 .58 

-Di/Ki Small .20 .20 .20 
Medium .30 .30 .29 
Large .33 .33 .31 
All species .12 .12 .12 

Small .64 .63 .70 
a Medium .50 .50 .58 

Large .41 .43 .42 
All species .52 .53 .55 

H Small 1.12 1.14 1.07 
Medium 2.48 2.49 2.40 
Large 1.87 1.94 1.67 
All species 2.66 2.74 2.45 
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species community characteristics. As for the previous 

phytoplankton taxonomic stratifications, we used a .15 

cut-off as a guideline for summarizing trends. Stratifica-
A 

tion the data by size categories identified B/E values as a 

consistent property. There are no differences witkin a size 

category for all, versus control, versus experimental 

stations. The values in the columns, however, for all 

stations are not regular. The medium-sized species were 

more than twice as effective in utilizing the environmental 

space than were the large species. Thus, the medium species 

were disproportionally high in their relative community 

niche breadth and the large algae were disproportionally 

low. This is also true at the control and the experimental 

stations. The small species increase in terms of relative 

importance at the experimental stations, but remain lower 

over all and control stations. The large species remain of 

little importance. The values of relative species niche 

breadth (Bi/B) are all consistent within a size category. 

The columns, however, for all, control and experimental 

stations do not contain regular values. 

The values for JKi/(Bi/B) are consistent measures within 

size categories, but there are some differences for a given 

station category. The medium species were also dispropor

tionately large in utilizing the available niche space. The 

small species utilized their niche space to a lesser extent, 

having their maximum utilization at the experimental sta

tions. Large species have smaller values. Values of 

Di/Ki were almost the same across within-size categories. 
For this particular factor, medium and large species acted 

as a coherent unit. The small species (and the all-species) 

tended to be low in their measures of competitive success. 

IV-8l 



This may be because of the fact that small species are more 

effective competitors with each other and tend to overlap 

less. The mechanism underlying this type of competitive 

pattern is not known as is the explanation for the all 

species grouping. This is also indicated by the fact that 

in the breakdown among size groups there is more competitive 

success within a size group. In terms of mean value of 

alpha, these values were consistent over all of the various 

stratifications. The small species exhibit the most diver

gent patterns of ecological overlap, since they are overlap

ping greatly with each other at all, control and experimen

tal station groupings. Thus, this indicates they may be 

competing less and, therefore, able to overlap more in this 

particular environment. The exact mechanism underlying this 

pattern is not known. However, on a biovolume type of 

classification, smaller mass would be supported to a greater 

degree by a given environment, and perhaps that is why 

higher overlap is possible. 

In regard to diversity values, these were largely consistent 

within a size category. Values for large, small, and all 

species, however, decreased at the experimental stations. 

Within a particular classification the all species and the 

medium species have the highest values of HT for the various 

groupings. This indicates that these are the more "ecologi

cally-even" types of phytoplankton size components in the 

river. In general, the small species are different in terms 

of Di/Ki and Hr. The large and medium species differed 

more in terms of relative community niche breadth and 

relative species niche breadth, ~Ki/(Bi/B) and diversity. 

All species were the most different in terms of diversity 

and the experimental stations exhibited some differences in 

particular for small species. 
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(ii) Summary of statistical results 

For the small species group, the ANOVA tests found little 

difference in variance among date or among station (Table 10, 

8-36). Within a date group or station group, however, 

differences were demonstrated by the coefficients of varia

tion. For the community structure values, there was almost 

no variation across stations in the fall and little across 

date for the experimental station group. Usually values for 

fall control stations, fall experimental stations, and 

summer experimental stations were equal, while summer 

control stations showed the only differences. 

The community denSity increased in the fall, and was lower 

for the control stations in the summer. The blue-green, 

Oscillatoria sp., was the dominant species in the small 

group and strongly influenced this and other patterns. As 

explained, however, this was a misclassification that did 

not take into account Oscillatoria's tendency to form large 

filamentous colonies. The dominant species table indicated 

that the real dominant in this size category was Navicula 

sp., a diatom, which also tended to be more successful in 

the fall. For all stations, the species composition was 

Oscillatoria sp. 78S, and Navicula sp. lIS, but for control 

stations in the summer it was Oscillatoria sp. 64S, and 

Navicula sp. 20S. Associated with this result, the value of 

diversity was low when compared to other groups at about 

1.0. In the summer control stations, the diversity increased 

to 1.6. 
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The value of relative species niche breadth, BIB, was high 

and consistent at 1.1, while the rest of the measures 

indicated that the community was more successful in exploit

ing the available ecological space in the fall than in the 

sum.er. The relative community niche breadth, B/E, was 

about .65 everywhere except the summer control stations 

where it declined to .4, while the mean niche overlap, a, 

was high at .7 in the fall and very high at .9 for the 

sum.er experimental stations, but was only .6 for the summer 

control stations. The stability measures showed fairly low 

stability overall, with little variation in time or date. 

There were indications that the fall experimental stations 

exhibited the low stability and the more reliable measures 

suggested relatively high stability at the summer controls. 

Values of Di/Ki and Ki/(Bi/B) consistently had high 

coefficients of variation over species, and in addition, the 

dominant species table demonstrated several differences in 

the seasonal pattern of bluegreens versus the other small 

dominants listed. Considering the similarity of patterns 

for small species to those for the bluegreens, if Oacilla

toria had not been includ~ the small algae may have shown a 

general increase in success from summer to fall with little 

or no station differences. 

- The "medium" classification 

The medium algae were dominated by two species, Nitzschia 

sp. at 27S, and Sceoedeamus auadricauda at 24S. The latter 

species was first in the summer while the former dominated 

in the fall. It increased, however, to 43S at the control 

stations in the summer with a corresponding decrease in 
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diversity. For most of the measures, the medium group was 

the most consistent and successful of the biovolume groups. 

Like the small group, the community structure values were 

completely consistent in the fall, but showed differences 

between the station groups in the summer. In this strati

fication, however, the summer experimental stations were 

not as similar to the fall groups and the summer control 

stations could not be placed in an aberrant category. 

Relative to the other groups, the diversity of the medium 

group was greatest, 2.4 (.1), and there was a significant 

among-environment component. Also highest were the values 

of community niche breadth averaging .8 (.1) and %Ki(Bi/B) 

at 1.0 (.1) while the coefficients of variation over species 

for Di/Ki were the lowest. The other measures indicated 

success and stability but not quite as much as the large 

group. 

As for differences, the total density and relative community 

niche breadth, B/E, increased (af =.04) from summer to 

fall, but for each season was consistent over station while 

the species niche breadth and mean niche overlap were 

greater at the experimental than control stations in the 

summer. In contrast, Di/Ki and %K i /(B1/B) both decreased 

for summer experimental stations but showed no overall date 
~ ----

change (af =1 for Bi/B and af =.9 for Di/Ki ). Like the 

small algae, the medium-sized community is generally health

ier in the fall but there are also indications that at the 

summer experimental stations one species, Nitzschia sp., is 

more successful at the expense of the other species. 
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The stability measures rollowed the same pattern, there were 

differences (af =.1) for stations but no change over date 

(ar =.9). Also, the minimum eigenvalue (Amin> and harmonic 

mean (H.M.A) described the experimental stations as having 

coaparatively lower stability. This result did not agree as 

usual with the variance and kurtosis of the eigenvalue 

which both went down for the summer control stations indi

cating coaparatively higher stability. 

- The "large" classification 

The large spe~ies community changed radically over date but 

remained consistent over station. For all community struc

ture values, the AHOVA tests produced values of af over 

station of .6 to 1, while over dates af ranged from .0001 

to .2. The density was generally lower in the summer but 

there were also many indications of greater success. Oscil

latoria sp. should have been included within the large 

group. 

For the summer community, Melosira sp. was dominant at 37~ 

and diversity was high, both within and among date compo

nents. Community niche breadth rose slightly at the experi

mental stations while mean species niche breadth remained 

constant. 0 (biovolume) decreased at the experimental 

stations but all the other measures including stability were 

constant over stations. Host values were similar to those 

of the other groups except ~li/(Bi/A), and Di/li which 

were fairly high and had low coefficients of variation 

across species. 
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In the fall, the community structure did not appear to 

change except for the probably erroneous values of AmDhi

Drora sp. at all stations in December. Since this is a 

large speCies, it dominated over the tall at 68% and over 

all dates at 57%. The summer diversity was lower than in 

the fall with no among-date component. Aside from a decline 

in species niche breadth at the experimental stations, the 

community structure values were consistent. Compared with 

fall, the summer community niche breadth fell slightly and 

the mean species niche breadth rose. D was higher while 

%li/(Bi/B) decreased from 1.0 to .5, and Di/li changed 

little. 

The large species group demonstrated the largest stability 

of the three size groups. While the minimum eigenvalue and 

harmonic mean indicated low stability at the fall experimen

tal stations, the variance and kurtosis of the eigenvalues 

demonstrated a general but slight decrease in stability in 

the fall. 

- All sizes 

The results in Table 10 for all groups are dominated by the 

large size group, and since it includes Oscillatoria sp., 

will provide better results for some measures than the table 

for the large group. As usual the October-December period 

was consistent for all community structure values while 

June-September showed a few station differences. As with 

the large table, the fall and summer had significant differ

ences although not as marked as with the large size cate

gory. Oscillatoria sp. was the fourth dominant and it was 

tied with Coscinodiscus sp., except for the experimental 
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stations in the summer where it replaced Melosira sp. as the 

dominant species without mOdifYing diversity. Comparing the 

all-groups to the large species table, within environments 

diversity increased and community niche breadth increased, 

while Jli/CBi/B) and particularly Di/li decreased. 

For the summer, the species niche breadth, the niche overlap 

and the percent carrying capacity increased at the experi

mental stations while everything else remained the same 

(a f =.6 to 1). This result corresponded with a large 

increase in the relative density of Oscillatoria sp. In the 

fall, Aaphiprora sp. was dominant but at a reduced 58J of 

the community. The station groups were consistent and 

compared with the summer, diversity decreased Ca f =.0001), 

co .. unity niche breadth decreased slightly (a
f 

=.07) and 

species niche breadth increased ca f =.2). Jli/(Bi/!) 

decreased Ca f =.061). 

The stability measures for summer and fall, considering the 

numbers of species and cases, cannot be considered as 

reliable as those for separate groups, particularly since 

the harmonic mean of the eigenvalues showed the most stabi

lity for experimental stations ca f =.03) and less for 

all-stations. All-dates however demonstrated higher stabi

lity for all-stations and equal stability between control

stations and experimental stations. 

- Group comparison 

Comparing the groups, without regard to minor date and 

station differences, we see that the most variable group, 

the one showing the overall weakest community structure and 
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the most instability is the small group. Its higher varia

tion, however, can be explained by the fact that it was 

largely dominated by one species, Oscillatoria sp., which 

was a misplaced large species. This also accounts for the 

small group being more like the large group than was the 

medium group. The small group had the highest mean relative 

species niche breadth, the highest mean niche overlap, and 

the highest percent carrying capacity. The medium group 

and summer large group were similar and successful at 

utilizing the ecological space. The medium algae showed 

higher diversity, higher niche breadth, higher JKi/(Bi/B), 

and higher stability than the summer large group which 

were in turn higher than the fall large group for those mea

sures. The other measures, niche overlap and competitive 

success (Di/Ki ) remained constant over date for the 

large group. 

As for the date and station variance, some of the minor 

variation in relative niche breadth and stability can be 

attributed to the discrepancies in sample number. The clear 

trends appear to be that the fall values are consistent. 

The summer values for the small and medium size groups 

exhibited the only station differences. The experimental 

stations were better than the control stations and as good 

as or better than the fall, and more similar to the fall 

values than the control stations. The population levels are 

lower at the experimental stations than the control stations, 

but most of the dominants in each class are more successful. 

In fact, Oscillatoria sp. in the small group and Nitzschia 

sp. in the medium group bloomed on at least one date. These 

differences could be explained by one or more hypotheses and 

are discussed in the DISCUSSION, Section A. 
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c. ROT lOR CotllUlITI 

1. The Saapling Program and Selection ot the Stations (Tables C-l 
and C-2) 

Rotifers are part of the micro-zooplankton oommunity and were 

sampled on the same dates, and at the same stations as the phyto

plankton. Theretore, the remarks made in the previous section apply 

here. 

To collect the micro-zooplankton, a 76~ Wisconsin-type plankton net 

(11.4cm) was pulled vertically up through the water column from a 

given depth. The net was towed consecutively trom 10 teet, 20 feet 

and 30 feet to the surface tor the purpose ot sampling the corres

ponding depth strata. The animals collected were preserved in 5-10% 

formalin tor enumeration which was aocomplished with 3 aliquots in a 

Sedgwick-Ratter counting chamber. The length ot the tow and the 

area of the net opening was used to calculate the volume sampled. 

The counts were expressed as number of organisms per cubic meter. 

In contrast to the phytoplankton, the zooplankton taxonomy was 

not as detailed. The cladocerana and rotifers were identified 

to genus while the copepods were only identitied to class and order. 

This meant that only the rotiters had appropriate taxa to Justity 

niche analysis. The cladocerana and copepoda were completely 

disregarded • 

Table C-l is similar to Table B-1 except for the addition (to the 

table) of water quality data trom the bottom samples. Table C-2 

lists the saaples taken, as with Table B-2. There was an additional 

zooplankton collection in May, so there is a maximum of 8 dates 

sampled. With the exception that varying depths were sampled, the 

remainder of the inadequacies ot the phytoplankton program apply 
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here. It would appear, however, that due to clogging of the nets, 

only the first portion of the tow effectively sampled the rotifer 

community. This could have several effects, such as underestimation 

of peak abundances due to varying degrees of clogging. Usually, 

the mean density decreased as the net was pulled from the deeper 

depths. 

2. The Species and Their Trophic Characterization (Tables C-3 and 
kll 

There were 16 rotifer genera or taxa sampled, including one uniden

tified encapsulated form which was found on one date; these species 

are listed in Table C-3, with size and information on trophic 

classification. There are two main feeding strategies among roti

fers. Some feed by filtering (or sedimentation) small food parti

cles, while others are seizers and actively take in food particles. 

Regardless of feeding behavior, both types feed on the same size 

class of organic material and, therefore, all rotifers were analyzed 

together as a single group of competitors. This stratification may 

be erroneous in that it is possible that all species were not 

competitors, however, the available data and literature were inade

quate to delineate trophic status in more detail. The unidentified 

encapsulated form was probably a resting stage for one (or more) 

species. It would not have been an active part of the rotifer 

community and was, therefore, not considered as a resource competi

tor. Table C-4 is the frequency of occurrence table and total 

occurrences are given by date, station, and depth. There is also a 

column for the number of dates on which each speCies was found. 

3. Stratifications of the Data for Niche Analysis (Tables C-S and 
~ 

Table C-5 is the data frame which illustrates that all available 

data were used for a total of 143 samples over 8 dates, 7 stations, 
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and 3 depths. Of the species present, only those found in more than 

10J of the samples were used (with the exception of the encapsulated 

fora). The 8 species that were used in the analysis are listed in 

Table C-6 along with their relative abundances and frequencies. 

The stratifications used and the associated data-COding information 

are given in Table C-7. Ordinary stratifications were run by 

station, by date, and by depth. The by-station stratifications 

included a comparison of all, 4 control, and 2 experimental stations, 

while the by-date runs included May-August, July-October, September

December coaparisons (note the overlap). Finally, runs across date 

for each depth were made, constituting a two-way stratification. 

Stations 3 and 5, which were poorly sampled, were excluded frOID 

these two-way cases. The dates were run in pairs, that is May-June, 

July-August, September-October, and November-December, over the 

3 separate depths and all depths together. 

4. Besults by Density 

a. Stratification by Station (Tables C-8 and C-9) 

In the Tables C-8 and C-9, the community structure and stability 

values for all, control, and experimental statiOns, as well as 

the seven separate stations are given. These stations are the 

same as those discussed for the phytoplankton community. 

Stations 6 and 7 are treated as experimental ones, while the 
first five are control stations. 

There are many missing samples especially for the stations BD!, 

Bl, and Dl, as was the case with the phytoplankton data set. 
Out of a total of 143 samples over date, station, and depth, 110 
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of them were taken at the control stations, and only 33 of them 

for the experimental stations. Nevertheless, the bias related 

to date is not as pronounced as for phytoplankton because there 

was a set of samples taken in May with only one station missing. 

The worst month was June when only 4 out of 7 stations were 

sampled and the worst station was DI where only 4 out of 8 

months were sampled. 

There were few problems with the species list and those species 

which were deleted were not common enough to be adequately 

sampled or, in the case of the encapsulated form, were clearly 

not competing. The rotifers were counted by genera and 8 were 

used here. An adequate sample to species ratio was maintained 

throughout the stratifications so that none of the determin

ants needed correction. 

Table C-9 includes the coefficients of variation for the com

munity stratification by station. For this stratification, most 

of the niche measures for control stations were consistent and 

there are few coefficients of Variation that are over .5, all of 

which relate to matrix properties [determinant; the minimum 

eigenvalue, and the maximum, variance, and arithmetic mean of 

the reciprocal eigenvalues.] Likewise, for the all stations 

group, there was little variation in the community structure 

measures. Only the determinant, min A and max 1/ A, 521/ A, 

and l/A showed significant variation over the .5 level. In the 

experimental stations, however, several factors exhibited 

variation. In all, varying factors included the determinant, 
2 -min)., H.M.A, and max l/A, 5 l/A' and l/A. Generally there 

was more variation in the niche measures at the experimental 

stations then at the control stations. 
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In Table C-8, niche measures are given. The only notably 

different experimental station was Danskamaer Intake, DI, while 

Roseton Intake, RI, seemed completely unaffected. The station 

across the river from the plants, RDE, showed similarities to DI 

but was not as different as it had been for the phytoplankton. 

The other station that exhibited differences for phytoplankton 

was the south-west control, RSCW. It was equally different 

for rotifers, but consistently in the opposite direction from 

DI. Density was significantly less at RSCW compared to the 

other stations, and significantly increased at DI. Keratella sp. 

and an unidentified bdelloid were the two most abundant species 

at all stations, as well as the separate stations throughout the 

study. There was some indication that there were species 

differences among the stations in that the Roseton Intake 

(Station 16) and Danskammer Intake (Station 17) exhibited a 

change from Ploesoma sp. to Hotholca sp., and Bracbionus sp. 

This is also true when separate stations were averaged. In 

terms of diversity, there was a trend of decreasing diversity 

from total, to mean depth, to mean time, to mean time-depth 

diversity. These trends were common in our results as already 

discussed for phytoplankton. In general, the mean-time depth 

diversity accounted for about 60J of the total diversity. 

Diversity was not particularly high in any situation, however, 

and it was generally consistent, declining slightly for among

date diversity values at the experimental stations. There was a 

slightly decreased value for within H at RSCW but also a consi

derable increase in both among-date and among-depth diversity. 

The relative community niche breadth value was consistent when 

all, control and experimental stations were compared. Values of 

mean species niche breadth, and the mean species niche breadth 

over E were also consistent. Species tended to utilize their 
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community niche breadth slightly more at DI as indicated by 

Bi/S. The community utilized approximately 68% of the available 

ecological space while individual species utilized approximately 

40% of the available community niche breadth, and about 28% 

of the available environments. These measures were less consis

tent when these stations were considered separately. The south 

controls, RSCE and RSCW, and Roseton Intake, RI, had lower 

values of relative community niche breadth than did the other 

stations. The relative species niche breadth, however, was 

consistent except that the value for the Danskammer Intake 

station was high. The values for BilE and B/E were consistent 

for all separate stations as well as station groups. 

The carrying capacity (%Ki ) was consistent except at Danskammer 

intake station where species possessed a higher carrying capacity. 

The %Ki /(Bi /5) and Di/Ki ratios were consistent for control 

stations but with small decreases at RI for %Ki(Bi/B) and at 

DI for Di/Ki . As mentioned previously, the coefficients of 
variation for experimental stations were high, but the values 

themselves were consistent. Values for species breadth, (Bl i ), 

and relative species breadth (BI/N) were constant in the compari

son of the stations. The value of BI declined substantially at 

the RSCE station, the RDE station, and Danskammer Intake station. 

The mean value of alpha, a, was constant and could be con

sidered consistent for all stations, versus control, versus 

experimental stations comparisons, as well as for each of the 

separate stations, except the DI station, where it increased. 

This latter station had the most thermal influence (more than 

the RDE station). The Danskammer Intake Station also showed the 

most variation for rotifers than any of the other stations 

sampled. 
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The stability measures of the experimental stations exhibited 

reduced stability, particularly at DI and RDE. For all stations, 

the .aasures indicating increased stability included minA, S2l/A, 
2 --and H.M.A, and range l/A, S l/A, and l/A. For control sta-

tions, values for the determinant, the min A, the S2l/A, and 

H.M.A, as well as range l/A, S2l/A, and l/A showed in-

creased stability. In the experimental stations only values for 

the covariance of alpha exhibited an increased stability. 

Comparing the separate stations, the RSCW station exhibited the 

MOst stability including values for the minimum value, harmonic 

mean, range, skewness and kurtosis of the eigenvalues; and 

variance and arithmetic mean of the reciprocal eigenvalues. For 

the latter station, covariance of alpha was stable, as was the 

skewness and kurtosis of the eigenvalues. Consequently, when 

considered by station, the rotifer community appeared to have a 

high degree of integrity. The exception being for the Danskam

mer Intake station which exhibited some changes, although not 

large ones in comparison with the other community stratifica

tions. The shirt in species in this station indicated that 

perhaps there was some other type of influence acting on this 

location of the river. 

b. Stratifications by Date (Tables C-lO and C-lll 

At first glance, the rotifer by-date table seems relatively 

irregular. As the coefficients of variation table, C-ll shows 

there were few consistent properties except for relative com

munity niche breadth, B/E, and SKi/(Bi/B) which were regular 

throughout the rotifer community. There were definite seasonal 

patterns, however, and some interesting relationships were 
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elucidated among the measures consistently over the months. In 

this particular stratification, the September to December 

groupings showed the least variation. Only the value for 

covariance of alpha (cov a) and the carrying capacity (Ki ) 

showed variation over .5. For the May to August date stratifi

cation, covariance of alpha, the determinant, the minimum 

lambda, the H.H.A; and the maximum, variance and arithmetic mean 

of the reciprocal lambda values were greater than .5. For July 

and August, values for the covariance of alpha, the determinant, 

the minA, S2l/A , and H.H.A, and the maximum, variance and 

arithmetic of the reciprocal lamdas showed high variation over 

the .5 level. In general, this high variation in the stability 

measures was consistent with the findings in other functional 

groups. Because of the high variation with two of the date 

stratifications, the all month groupings also showed variation 

in JKi' cov a, IAI, min A, H.M. A and the maximum and variance 

of the reciprocal lambda values. 

Table C-lO illustrates the breakdown by months from Hay to 

December with the three monthly groupings, Hay to August; July 

to October; and September to December. There were substantial 

changes in species dominants with seasons. Keratella and the 

unidentifed bdelloid, the two dominant species, accounted for 

over 50J of the community abundance. Keratella was fairly low 

and decreased from May until September and then increased to 60% 

from October to December. Trichocera was not abundant in the 

latter part of the year, while Notholca was. Ploesoma and 

PolYartbra were not abundant in the last part of summer. Den

sity followed a seasonal pattern being higher in the colder 

months, Hay, June and December than in the late summer, August 

to October. There were two other decreases in July and Novem

ber, which were unexpected but associated with relatively 
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higher percentages of the dominant species, Ploesoma at 53J, and 

Keratella at 68J. 

These density patterns were reflected by the within-environment 

diversity measures. There were significant diversity components 

aaong stations and depths which, comparing their values, were 

understandably attributable mostly to stations. Total diversity 

declined only for July and November. While comparison of the 

four month groups showed a steady decrease in all components 

of diversity, the among diversity for the separate stations 

followed an increasing trend from May to September and it de

creased from October to December. 

The other major pattern was mean relative speCies niche breadth 

(Bi/B), which was highly co~elated with niche overlap (~), 
percent carrying capacity (JK

i
), competitive success (Di/Ki ) and 

also with the stability measures: minimum eigenvalue, and 

harmonic mean of the eigenvalues. The correlations were stron

ger if the inadequately-sampled month of June is not considered. 

As the group comparisons illustrate, the ratio Bi/B is usually 

consistent although it decreased slightly in mid-summer. There 

are decreases at the two previously mentioned months, July and 

November, with another in September, which might be attributable 

to the salt front intrusion. 

As with the station stratifications, the mean time-depth diver

sity measures appeared to account for approximately 60J of the 

total diversity. In general, the diversity measures declined as 

the year progressed, although this may not be a significant 

change. There is the familiar decreaSing trend from total 

diversity to mean time-depth diversity. The values for the 

relative community niche breadth were consistent for all the 
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seasonal groupings, except for December when it increased. The 

first three dominants are consistent: Keratella sp. (31J), 

and unidentified bdelloid (20J), and Trichocera sp. (llJ). 

These decreases may be associated with some changes in the 

species dominance. For example, when the niche breadth de

creased in July, Keratella was declining as the dominant in the 

community. When niche breadth increased again in October, 

Keratella sp. was also increasing at that time. This seemingly 

irregular pattern is, however, repeated in numerous other 

measures and could be an (mathematically-related) artifact, 

although it seems to be a real effect_._ As BilE decreased, so 

did BilE, percent carrying capacity (JK
i
), and mean value of 

alpha, while the min~, and H.H.~ increased._ Di/Ki also in

creased as relative species niche breadth (B IS) decreased but 
i 

the relationship was not as strong and there was also an in-

crease in the June values. These correlations were also found, 

though not as noticably, in the other rotifer stratifications. 

The JKi/(Bi/B) values were, as usual, consistent except for 

a slight decrease at RI. The value of B'IN, which relates 

diversity to the number of species, showed a decrease in the 

group comparison as the year progressed. The separate month 

values exhibited a large increase in June, perhaps a sampling 

effect, and a decrease in November when Keratella sp. was 

highest in species composition. On the other hand, the niche 

breadth measure, H', increased through the season groupings. 

The July to October period possessed the most consistency in 

terms of the stability measures: covariance of alpha, the 

corrected determinant, the minimum, the variance, the harmonic 

mean, skewness and kurtosis of the lamdas and the range, vari

ance, and arithmetic mean of the reciprocal lambda values. 
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September to December rankings and all month rankings showed 

enhanced stability in terms of the skewness and kurtosis of the 

eigenvalues, and the range, variance, and arithmetic mean 

of the reciprocal eigenvalues. The all months values were also 

stable in regard to the minimum, variance, and arithmetic mean 

of the reciprocal of the eigenvalues. Much of the stability in 

the July to October ranking can, therefore, be related to the 

July period when the value for covariance of alpha, the deter

minant, the minimum, range, variance, and harmonic mean of the 

lambdas indicated enhanced stability of the community. The 

skewness and kurtosis of lamda were particularly low in July, 

whereas the skewness and kurtosis measures for Hay, October and 

December appeared to indicate stability. It is interesting that 

enhanced stability appeared to come about at the time of year 

(July) when the most changes were taking place including the 

most deviations from the consistent patterns of community 
structure. 

c. Stratification by Depth (Tables C-12 and C-13> 

The rotifer community was sampled at three different depths: 0 

to 10 feet, 0 to 20 feet, and 0 to 30 feet in Table C-13. The 

coefficient of variation for depth indicates that there was 

little variation in the niche measures, except for the determi

nant, and the maximum reciprocal lamda (max l/~) values. 

In Table C-12, the niche measures for all depths, versus the 

three separate depths are given. The depth stratification 

brought out the most consistent properties in the rotifer 

analysis in spite of the lower densities at the two deeper 

depths. This implies that the rotifer community was locally 

uniform particularly with respect to depth, and the sampling 
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method. This result also implies that fluctuations in total 

population level do not directly affect community structure as a 

whole or most of the measures of it we have used. What differ

ences there were, were at the 0-10 foot level and were mostly 

too small to be considered important. 

Values for diversity were similar for all of the components of 

diversity. Again the same trend of decreasing diversity from 

total diversity to mean time-depth diversity was apparent. 

About the only unusual community structure values were Hand B' 

at 0-10 feet which indicated a significant rise in among-environ

ment diversity. This is supported by the depth x date stratifi

cation where diversity shows the same pattern for all months. 

WithAregard to niche breadth measures, values for BiIB, BilE 

and BIE were all consistent with no exceptions. Values for 

density were greatest in the 0 to 10 foot stratification, 

followed by the 0 to 20 foot depth community. The carrying 

capacities followed the same trend of increasing from surface to 

bottom. This is of course was a common result with the rotifer 

distribution patterns. There was slightly less competitive 

overlap and slightly more competitive success at 0 to 10 foot 

than below. Values of percent carrying capacity (%Ki ) and 

JKi/(Bi/S) were consistent. Consequently, all of the com

munity structure measures were extremely similar, with little 

variation or deviation from the mean values. 

Stability measures for the all depths situation were consistent 

including variance, harmonic mean, skewness and kurtosis of the 

eigenvalues and the range, variance, and arithmetic mean of the 

reciprocal lamda values. The depth indicating the greatest 

stability was the 0 to 10 foot range with slightly lower values 

for all-depths combined. 
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d. two-way Stratification by Pate and Pepth (Tables C-14 t9 
C-17) 

Tables C-14 and Table C-15, show a two-way stratification by 

date and depth for the rotifer community. The coefficients of 

variation for these tables are given in Tables C-16 and C-17. 

In the first coefficients of variation table (C-16), depths over 

all dates were stratified by 0 to 10, 0 to 20, 0 to 30 feet, and 

all depths. All of the community structure values had coeffi

cients of variation less than .5. Thus, the rotifer community 

exhibited a high degree of structure or integrity, especially 

in regard to its niche values. Several of the values of the 

stability measures had coefficients of variation over .5. These 

included /A/, min). and H.H.)', and max 1/)" S2l/). andm. The 

mean alpha and the stability measures showed a decrease in 

variation from 0-10 foot to the 0-30 foot intervals. 

In Table C-17, the coefficients of variation are given over 

depths for each date group. The column on the second page 

labeled 'All months/All depths' is for the coefficients of 

variation over depths for the all-months group while the column 

labeled 'All depths/All months' is taken over all categories for 

each depth and two month period. The same trends were apparent 

here as were apparent in Table C-16, but some of the stability 

measures have more variation, and the diversity measures less. 

The months of September and October showed the least variation 

for community structure values. For example, the Hay and June 

stratifications had values for the coefficients of variation for 

density and stability that were low and only the determinant 

and variance (S2l/).) of the reciprocal eigenvalues had large 

variation. Most of the values, however, were just over the 

minimua cut-off point (.5). Depth variation was shown in 
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the July and August stratifications and included the values of 

the determinant, the minimum and the harmonic mean of the 

eigenvalues, and the maximum, variance and arithmetic mean of 

the reciprocal lambdas. The November and December stratifica

tions also exhibited low variation. Only the covariance (cov a) 

and determinant of the alpha matrix exhibited variation over .5. 

Values for all depth-all month stratifications were lower with 

only the corrected determinant and the maximum of recriprocal 

eigenvalues showing higher than .5 variation. 

Tables C-l4 and C-15 give the breakdown of this two-way strati

fication by date and depth. Tables C-14 and C-l5 are essen

tially the same table listed in two parts. Table C-l4 has 0 to 

10 foot and 0 to 20 foot depths and C-15 has 0 to 30 foot depths 

as well as all depths which we have already considered. Conse

quently, we will consider both of these tables together. In 

Table C-14, the community was stratified for two month inter

vals for each depth, 0 to 10, 0 to 20, and 0 to 30 feet. 

As demonstrated by the other tables there was little variation 

in species composition across depth but there was a definite 

seasonal pattern. In addition, it was indicated that in regard 

to depth variation it was mostly in the July and August period. 

The first two dominants, Keratella sp. and the unidentified 

bdelloid, were most abundant in the first and last parts of the 

year. The bdelloid was highest in May and June when it was 

dominant (30%), while for the rest of the time Keratella sp. 

was higher at 40 to 60%. In July and August, there was a 

decline in density except at the surface and the two dominants 

were Ploesoma sp. and Trichocera sp. There were large numbers 

of Ploesoma sp. at the surface then, and it dominated at 31%. 

At the other two depths, Trichocera dominated at 32%. This big 

shift in species dominants may account for some of the changes 
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described earlier in the stability measures at this particular 

tt.e of year. The diversity values were all similar for the 

various depth stratifications. There was a slight reduction over 

depth in the early part of the year. In general, the within

diversity values decreased through the year while the among

diversity components were highest in July and August. In all 

cases, the November and December values were lower than at other 

times of the year. Usually, the mean time- depth (Hh) diver

sity accounted for 60J of the total diversity. Values of the 

components of diversity, usually decreased in a regular pattern 

trom total (H) to mean depth (H
d

) diversity. 

The community niche breadth patterns were consistent with 

the other data stratifications. With the exception of the 
I' 

relative community niche breadth, (B/E), the niche breadth 

values were regular over the whole stratification. There was 

a slight increase in the early part of the year. This may 

be a saapling effect. Values of relative species nich breadth 

(Bi/B) and BilE were consistent. Exceptions included: the all 

months, and July and August, 0 to 10 teet; the November, 0 to 20 

feet; and the all months, 0 to 30 feet values, were not included 

in the consistent patterns. Values ot BilE were regular for 

all depths tor 0 to 30 foot except for the all months values. 

These were not consistent for 0 to 10 and 0 to 20 feet depth 

ranges. Although the relative species niche breadth had a 

higher range of fluctuation than expected, niche breadth pat

terns were consistent, particularly in this stratification. 

The other measures showed similar patterns. The niche overlap 
(a) was constant except at 0-10 feet in July and August where 

it decreased slightly. The percent carrying capacity (JKi ) was 

IV-104 



most stable at the 0-30 foot level and, in fact had a large 

increase at 0-20 feet for November and December where relative 

species niche breadth also increased. JKi/(Bi/B) decreased 

here as well and also at 0-30 feet for the same months but 

otherwise it was more stable. The Di/Ki values exhibited a 

larger correlation with the among-environment diversity in this 

table, declining over depth slightly, increasing in July and 

August and decreasing in November and December. Also, the 

coefficient of variation over species for this measure rose 

substantially in the last two months as Keratella sp. became 

dominant. 

The stability measures showed patterns similar to Di/Ki for all 

depth categories, the values for all-months exhibited the 

greatest stability in all measures (covariance of alpha, deter

minant of alpha, minimum, harmonic mean and, variance of the 

eigenvalues and the reciprocal eigenvalue measures). The 

all-depths measures also showed consistently higher stability 

than those for separate depths, again demonstrating global 

stability effects. 

There was a slight decrease in stability from the 0-10 foot 

level as compared to the lower depths while, in all cases, the 

summer months were much higher than the first or last date 

group. For 0-10 feet and for the all-depths group the July

August period was the highest in stability as shown by the 

covariance of alpha, the minimum, the variance, the harmonic 

mean of the eigenvalues and the reciprocal eigenvalue measures. 

For 0-20 feet and 0-30 feet the covariance of alpha, the minimum 

eigenvalue and the harmonic mean of the eigenvalues indicated 

the greatest stability. The variances of eigenvalues were 
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lowest for July and August, bowever, and in general, tbe eigen

value variance (S~) for these montbs was about equal to tbat 

for all-montbs. The smallest skewness (SA) and kurtosis (KA) 

measures occurred in Hay and June in all cases except 0-20 

feet where stability was tbe greatest in July and August. 

e. Niche Measures tor tbe Dominant Speci.s (Table C-lS) 

The dominant rotifer species are given in Table C-lS. This 

stratification is over stations. Generally, tbere were no 

particular trends witb stations. The rotifers were extremely 

variable, more tban tbe phytoplankton, as bas been already 

discussed witb tbe rotifer community results. Host of tbe nicbe 

values for tbe four species studied bad ranges greater tban .15. 

In all of these stratifications, we us. eitber .15 or 15 units, 

depending upon wbicb is appropriate for the particular nicbe 

measure. Unfortunately, tbe second dominant species, tbe 

unidentified bdelloid, was omitted from tb. table. 

Keratella sp. was tbe most abundant and least variable of all 

species. Its Di/Ki ratio varied by only 10J. In terms of 

its effect on tbe community versus tbe effect of the community 

on it, Keratella sp. asserted tbe greater effect on tbe commun

ity, as did Polyartbra sp. For Tricbocera sp., tbese effects 

were approximately equal altbougb Ploesoma sp. bad a lower 

effect on tbe community tban did tbe community on tbe species. 

There were several values tbat possessed coefficients of varia

tion with cut off points greater than .50, especially in regard 

to Ploesoma sp. Tricbocera sp. and Ploesoma sp. generally 

exhibited similar patterns for niche breadtb measurements. The 

Di/Ki ratios appeared to follow those of D, and the JKi/(Bi/A) 

values for all species were approximately the same. This may 
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indicate that predation was a major factor in delineating 

community structure since these species were relatively the same 

size and exhibited similar patterns. 

f. Slwmary of the Rotirer Community Results (Table C-19) 

(i) Overview of the consistent properties 

Rotifer results are summarized in in-text Table 11. Selec

ted niche measures for all stations, versus control, versus 

experimental, versus the depth stratifications for all dates 

for 0 to 10 feet, 0 to 20 feet, and 0 to 30 feet are given. 

The relative community niche breadth (B/E) was consistent 

over these various stratifications, as is the relative 
.... I) A 

species niche breadth (Bi/B), JKi/(Bi/B), 0i/Ki' and the 

mean value of alpha (a). The total diversity value (HT) 

showed slightly more variation because of its larger magni

tude, but it can still be considered consistent. 

Generally, the rotifer community was highly structured, and 

although the general patterns were discernable at single 

stations, more structure was apparent as larger chunks of 

the environment were considered. There was some variation 

associated with the community, especially in July and 

August. Interestingly enough, however, these months also 

exhibited increased stability patterns. In terms of the 

station stratification, there was some deviation from normal 

values at the Oanskammer intake station, however, this 

deviation was not large. 

(ii) Summary of statistical results 

The rotifers showed less variation by station than phyto

plankton and, if not regular over dates, showed definite 
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Table 11: 

IU,gbl lIIilSltI 

A 

BIB 

~/B 

A 

Sli/Bt'B 

D/11 

a 

H 

Suaary compar1son of important niche measures 
rot1fer oom.un1ty by station and date 

Jl.l. Contl:gl lIal:l.ptll 
St.aUgps StaU()Q8 StaUgpI 

.68 .69 .67 

.38 .38 .44 

1.01 1.00 .95 

.30 .30 .26 

.31 .31 .35 

2.58 2.56 2.47 

tor the 

.Dt~tbl 
.Q:.lil ~ .Q:.3.D. 

.74 .68 .66 

.35 .46 .41 

1.01 .97 1.01 

.33 .25 .28 

.28 .37 .34 

2.64 2.45 2.57 



seasonal patterns (Table 12). There were several interes

ting results in the rotifer tables. This group featured a 

high community niche breadth (a) and %li/(Bi/B) values and, 

well, both within and among diversity components were fairly 

as high. The coefficients of variation over species were 

low. 

The local community, that is at a given date and station, 

was extremely consistent. For most measures, although there 

were differences in density and small changes in diversity, 

there were only two stations which showed many differences. 

There were some interesting relationships among the measures 

given in the by-dates tables. Total diversity followed 

the percent composition of the dominant species as well as 

being dependent on the number of species used. The within 

components (mean H) seemed to vary with density. The 

relative species niche breadth was highly correlated with 

mean niche overlap, percent carrying capaCity, and some 

of the stability measures, [minimum eigenvalue (min ) and 

harmonic mean of the eigenvalues (H.M.A)]. In fact, the 

niche breadth (B) and carrying capacity (Ii) values 
- " were almost equal: as B IB went down, stability went up. 
i" " Relative community niche breadth, (B/E), and %li/(Bi/B) 

were consistent. 

Considering specific patterns, there was only one by dates. 

The 0 - 10 feet samples showed a higher diversity and 

density (af = .07) than 0-20 feet or 0-30 feet depths with 

a lower relative species niche breadth (af = .02) and 

niche overlap (af = .04). 

The ANOVA tests demonstrate that there was more variation 

with respect to date that over depths. In general, the 
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rotifers did better in the first and last months than during 

the mid-summer; however, between these periods there were 

additional decreases in abundances. The measure which 

followed this pattern of being highest in May, June and 

December, low in August, September and October and lowest in 

July and November was density (af = .04) which increased 

when the others declined. In addition, there were several 

measures which similarly changed in September: relative 

species niche breadth (af = .4); niche overlap, af = .3); 
percent carrying capacity (af = .6); and the stability 

measures (af = .2 or less); these measures often varied 

over depth. 

It is not clear what factors are responsible for these 

trends in the rotifer community. There appears to be no 

direct relation with phytoplankton; however, rotifers have 

other food sources besides the algae. There are competition 

and predation pressures from other organisms such as micro

zooplankton, macrozooplankton, and immature fish. However, 

because information on microzooplankton and macrozooplankton 

is incomplete, no assessment can be made of their effects. 

There were relatively few station differences, specifically 

for only two stations: the experimental station DI and the 

control station RSCW. In regard to the t-test results there 

were no significant differences between control stations and 

experimental stations as groups. The control station (RDE) 

that exhibited so many unusual results for phytoplankton 

exhibited several similarities to DI, whereas RSCW usually 

deviated in the opposite direction. For the control sta

tions, the coefficients of variation for the niche values 

were all under .2 except for the stability measures which 

were somewhat higher. 
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The t-tests for separate stations showed that most measures 

differed significantly at DI. The changes included a 

decrease in total H from 2.5(.06) to 2.2 (at =.1) which 

was associated with a decrease in among-date diversity 

perhaps because there were fewer dates sampled here. Mean 

relative species niche breadth (Bi/B) rose slightly from 

.4(.1) to .54(a t_=.02). Density and carrying capacity 

both increased; a increased from .3(.1) to .5 (at =.02), 

JK was .4(.1) for the controls but at DI .6 (at =.02), while 

Di/Ki dropped from .3(.1) to .2 (at =.07). The sta-

bility measures showed reduced stability: the harmonic mean 

of the eigenvalues (H.M.A) decreased from about .4(.4) at 

the control station to .07 (at =.1) at the Danskammer Intake 

and the variance from 1.2(.2) to 2.2 (at =.01). 

ROE was the most similar station to DI having a low among

date diversity although there were many missing dates as 

well, a high density, (Di/Ki =.2, a =.4) and low sta

bility (H.M.A = .2). In contrast, RSCWexhibited the 

greatest differences with DI, with the highest among date 

and depth diversities, considerably higher stability and 

slightly lower densities. The other community measures 

were not different enough from the rest of the control 

stations to generate high coefficients of variation. The 

only measures which remained constant 

SKi/(Bi/S), which were consistent and 

other groups over all stratifications. 

at DI were B/E and 

high compared to 
A 

B/E was .7(.1) over 

stations and varied less over date and depth. This measure 

was slightly lower at the south control stations and at RI, 

rose to .9 in December. %Ki /(Bi /8) was 1.0(.04) by 

stations and was constant except for a drop to .9 at RI. 
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O. FISH LARVAE COMMUNITY 

1. Sampling PrQgram (Tables 0-1 and 0-2) 

Fish larvae, sQmetimes called ichthYQplanktQn, are tmmature fish 

which are present Qnly during certain parts Qf the year. At these 

times,their size, abundance and behaviQr, hQwever, ensures them an 

impQrtant rQle in the planktQn cQmmunity. Because they usually are 

prevalent in the summer, sampling was carried Qut every 10-14 days 

frQm March 13 tQ August 30, 1913. The data appears in Appendix V-A, 

B, and are discussed in Chapter V Qf the 1913 LMS RepQrt Qf CHG&E. 

The sampling prQgram in 1913 consisted of two parts carried out 

concurrently. The first part included trawls from the river. Five 

minute horizontal tows were made against the tide (or next expected 

tide) using a 500~ Hensen-type plankton net, six meters long, with 

a one meter diameter mouth fitted with a TSK flow meter. A half

meter net with 511~ mesh was used on an experimental basis to 

compare sampling efficiencies. Samples were preserved in 10% 

formaldehyde and returned to the laboratory for identification and 

sizing. The total number of larvae (all species) was counted and 

then counts were made by species. Using the flow data, these counts 

were reported as number of organisms/lOOO cubic meters. 

There were four transects across the river parallel to the shore and 

in the area between the two pQwer plants (see Figure 8). These 

transects were ROE, RDECH, ROWCH, and ROW, or respectively, Roseton

Oanskammer East, Roseton Oanskammer East Channel, Roseton Oanskammer 

West Channel, and Roseton Oanskammer West; and they are listed 

in Table 0-1 with associated information. However, no chemical data 

was available for ROWCH or for the 20 feet depth at station ROECH. 

CH-l (East Shallows) was used for the ROE trawl and CH-3 (Roseton 

IV-lll 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Figure 8. 
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Intake) for RDW. Samples were collected from surface to bottom 

(which was 0-30 feet for RDE and RDW and 0-50 feet for RDECH and 

RDWCH) at 10 foot intervals over a 24-hour period (usually about 

4 collections were made) so that a complete time-depth-location 

profile of a given date was obtained. 

The surface data were accumulated from the 0 and 10 foot trawls 

while the bottom sample was taken from between 20 and 30 feet. CH-4 

(East Deep) was used for the RDECH trawl. For the east mid-channel 

trawl, 0 and 10 feet were considered as the surface set, and 30, 40 

and 50 feet were considered for the bottom set. The two trawls on 

the west qualified as experimental stations while the two on the 

east were used as controls. It has, however, been shown that this 

whole area is in some ways atypical of the rest of the river, 

therefore, it would have been better to have trawls conducted in the 

four regular control areas. 

A second set of samples were collected on the same dates inside the 

plant to directly determine viability of larvae entrained in this 

area. Samples were taken at the intakes and discharges of both 

plants over the 24-hour period. Both one and one-half meter nets 

were used by lowering them on a specially built frame into the 

intake and discharge areas. At Danskammer Intake, a set of 3 

half-meter nets placed at the surface (0 feet), mid-depth (5 feet), 

and bottom (10 feet) and a set of 2 one-meter nets at the surface 

and bottom were used. Danskammer Discharge was sampled with a one 

meter net lowered in front of one of the discharge pipes. Roseton 

Intake was sampled, (with the pumps running) using half meter 

nets at the surface (0'), mid-depth (10 feet), and bottom (25 feet) 

and Roseton Discharge with a half meter net over the pipe. Samples 

were taken alternately for viability studies and density determina

tions by varying the duration of the sample. The counting was 
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done as described above. Using flow meters the counts were ex

pressed as density of organisms per 1000 m3. Because these sam

ples were collected under such different conditions it was felt 

that they could not be compared directly with the others without 

further studies and therefore, these final samples were not used. 

This is the best of the sampling programs discussed in this report. 

Unfortunately, only about half the samples were processed to the 

point of identifying species so that usually only 2 of the depth 

profiles were usable for each date and station. The usable samples 

were evenly distributed among those which were collected in the day, 

those in the night and those which covered both time periods. The 

later samples were designated 'sunset.' In addition, since fish 

larvae are so seasonal, many samples around the beginning and end of 

the program contained few or no larvae. Table D-2 gives a complete 

list and schedule for all the samples taken (in both programs) 

including those which were empty or not identified. For the four 

river stations, the experimental samples taken with a half meter net 

are shown marked with asterisks in the column for the appropriate 

depth in feet. For the plant intake stations which were regularly 

sampled with both types of net, the columns marked Sand B denote 

surface and bottom samples, respectively, taken with a one-meter net 

while the columns marked S*, M* and B* are for the surface, middle 

and bottom using a half-meter net. (The actual depths are given for 

each station in the previous paragraph). Finally, since the dis

charge samples were taken from a pipe outlet, no depth indication is 

given and the same kind of net was always used for each station 

(one-meter for the Danskammer Discharge and half-meter for Roseton 

Discharge). The samples used in the analysis are listed as under

lined check marks. 
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2. The Species and Their Trophic Characterization (Tables D-3 and 
ll=ll 

Nine different taxa were identified, plus a category labeled 'other' 

for uncommon, unknown and damaged-beyond-recognition individuals. 

Table D-3 lists the species which were analyzed giving size and 

feeding information for each. It was impossible to distinguish any 

of the herring larvae (alewife, blueback herring, etc.) to species 

and therefore they were lumped into Alosa spp.j the exception was 

the American shad, which was distinguishable. This had unfortunate 

consequences since the different herring species were all numerous 

and bred at different times of the year. This lumping, therefore, 

masked the effect of several ecologically distinct and important 

species, by including them all in one overly large group throughout 

the year. The Alosa spp. included 19% of all individuals and was 

the dominant genus in every stratification. The frequency Table D-4 

broken down by date and station demonstrated this, and it also 

pOints out the seasonal nature of the larval populations. No 

stratifications across species were performed. 

3. Stratification of the Data for Niche Analysis (Tables D-5 and 
Q::1l 

The data from 1 dates, May 10 to August 12, and generally two of 

three possible time frames (day, sunset, and night) were coded for 

analysis. At each date and time, all stations had samples for 0, 

10, 20 and 30 feet while RDECH and RDWCH also had 40 foot samples 

collected. SUch regularity in 'the final data, however, was achieved 

only once in the 14 date-times. Two date-times had to be deleted 

because they were too irregular, this left 186 cases (out of 119 

taken). The final data-frame is on Table D-5 with the number of 

cases in each category. 
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There were six species that were present in over 25 samples (5% of 

the total although using 10% would have been better); these were the 

species used. They are listed on Table 0-6 with their relative 

abundances and frequencies. 

The one way stratifications run were; by-station, by-dates, and 

by-time. The by-stations runs include all, ROE plus ROECH, ROW plus 

ROWCH, and ROECH plus ROWCH, as well as each station run separately. 

Coefficients of variation were computed for each of these sub-cate

gories. In addition, runs were made for each date-time for a two 

way stratification by date and by time. See Table 0-1 for coding 

information and a list of the runs made. 

4. Results by Density 

In many ways the results of the fish larvae community are more 

ambiguous and more difficult to understand than the results from the 

plankton communities. This may partially result from the fact that 

the fish larvae group are composed of immature individuals. In this 

group, not all of the species are feeding simultaneously, therefore, 

much competitive overlap will be obscured because of the seasonal 

patterns and variations in the biology of the particular species. 

From knowledge of the biology then, we would not expect this group 

to be as consistent or as integrated, in the sense of the other 

communities of adult organisms that have been included in this 

report. Also, many of these species may not have been actively 

feeding during the time of this study and thus do not represent an 

integral part of the larval community. This problem is complicated 

by the fact that many of the species that are present in the 

Hudson River do not mature in the Hudson River. Thus, for some 

species, the Hudson River is only a stopping-over place and many of 
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the more important life-history events occur in the open ocean. 

Also, the data for fish larvae were collected over a brief time 

span. 

Six species of larvae were selected for niche analysis. They were: 

1) tessellated darter from May 22 to July 12; 2) cyprinids (gold 

fish, etc.) from May 22 to July 31; 3) white perch from May 22 to 

August 14; 4) striped bass from May 10 to August 14; 5) Atlantic 

shad from May 10 to July 12 and 6) Alosa spp. which refers to all 

herring larvae except shad. The time periods given and the fre

quency distributions for the species illustrate their highly sea

sonal nature. 

Compounding this problem is the definition of Alosa spp. 79% of the 

individuals were classified as belonging to the genus Alosa. This 

group, given its occurrence throughout the study period, and its 

fluctuating frequency curve indicate that it is really several 

species which were behaving differently yet lumped together. Thus, 

not only was there a lack of identifiable consistent properties 

because the whole community, as measured, depended on the fluctua

tions of a single 'species', as with Oscillatoria sp. in phytoplank

ton, but this single fish larvae taxon included behavior and distri

bution patterns of several species. 

The stations used were different from those for phytoplankton and 

rotifers. Instead of the control stations and a few stations in the 

plant area, there were four transects going across the river from 

the plant. T~o were on the west side of the river near the plant 

and two were on the east which we have used as control stations even 

though other results show this to be an atypical area. Also, 

samples were taken in two-week intervals instead of monthly ones. 

This sampling program included complete time-depth profiles at each 
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station and date, totalling about 800 samples, however, many trawls 

near the end of the summer caught few, if any, larvae and only half 

the samples were identified to species, thus yielding under 200 

usable samples or cases. The identification was done for more or 

less complete profiles by depth and station for a given time of day 

and date while the times of day on a given date were selected 

arbitrarily. 

In regard to both the coefficients of variation and among-environ

ment diversity, the depth stratification is the least variable 

followed by the station stratification. This result was also found 

with rotifers. For both diurnal and seasonal (monthly) time refer

ences, there are highly significant degrees of variation. Thus, the 

fact that the times and dates were irregular, biases the results and 

makes this data set the least suitable for niche analysis. This is 

also true from a purely biological standpoint. For some dates, many 

or all of the samples were taken some time during the day, while for 

others, only a profile in the night was counted. 

a. Stratification by Station (Tables D-8 and D-9) 

The fish larvae were stratified much the same way as the other 

groups. Table D-8 contains the breakdown stratification of the 

niche measures by station grouping, in which, 1) pairs of 

stations were analyzed and then 2) the four separate stations 

were considered individually. Table D-9 contains the coeffi

cients of variation for these niche measures. 

When station stratifications were considered, the coefficients 

of variation in Table D-9 illustrated that there was little 

variation when .5 was taken as the cutoff value. With the 

eastern stations, RDE and RDECH, the mean value of alpha, the 
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covariance of alpha, the determinant, the minimum and harmonic 

mean of the eigenvalues, and the maximum and variance of the 

reciprocal eigenvalues all showed substantial variation. In the 

western stations, only the variance of the reciprocal eigen

values exhibited substantial variation. Understandably, the 

same measures that were variable in the east often varied for 

all stations considered together. Thus, in general, there was a 

trend of decreasing variation in community structure and stabil

ity measures from the east to the west side of the river. This 

is not what would be expected if thermal pollution was high on 

the west side of the river. Also, as with rotifers and phyto

plankton, most variation in the community appeared to be asso

ciated with the stability not community structure measures. 

In Table D-8 the values of the various community structure and 

stability measures are given. Many of these results were 

related to the biology of Alosa spp., which includes the ale

wife, and other herring species. This was the most abundant 

group in the community often constituting 70 to 80% of the total 

community abundance at all stations and the group was particu

larly abundant at the eastern stations (92% at RDE). The 

sub-dominant species included the striped bass (Morone saxatilis) 

which was particularly numerous on the west side and constituted 

11% of the total population while white perch (Morone americana) 

and Atlantic shad (Alosa saDidissima) were more evenly distri-

buted at 6% and 3% respectively. Because of the dominance of 

the Alosa spp., all the diversity measure values were low, the 

mean time-depth diversity (HT) accounted for only 50% of the 

total diversity and the within diversity component was fairly 

constant with slight increases for the inshore stations. The 

among-depth component (the total diversity minus the mean within 

spatial environments diversity, which for separate stations 
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would have applied only to depth) was non-zero only at the 

channel stations indicating that any heterogeneity in depth was 

related to the lower depths at the channel station. The time 

diversity and total diversity values were highest for the west 

channel station and at RDE. These results suggest that the 

eastern stations were more different than the stations sup

posedly undergoing the perturbation by the power plants. 

Dates and times were irregularly sampled, however, they have 

affected the separate date and time tables as well as the 

diversity index across time and date. Although not fully 

developed, the among-environment diversity measures appear to be 

useful indicators of bias in the sampling. 

In terms of the niche breadth measures, the values for the 

relative community niche breadth (B/E) were consistent for all 

station stratifications, as were the values of relative species 

niche breadt~ measures (Bi/B and BilE). The exception was for 

the measure B/E at the Roseton-Danskammer east station. This 

result is not surprising considering our results with other 

functional groups at that station. 

The other community measures: %K i , %Ki/(Bi/B~, and Di/Ki , a, 

fluctuated widely and without pattern. The a had a coef

ficient of variation of .4, which was higher at RDE and RDWCH. 

There were small changes when east and west stations were 

considered together. For example, density was higher on the 

average for the eastern stations than the western ones; while 

carrying capacity (K.) remained the same, ~ and %K
i
/(B./8) 

1 ____ 1 

decreased slightly and Di/Ki was slightly greater at the 

channel stations. These are indications that the Alosa ~. 

used more of the environment at the eastern stations while the 

other species overlapped less on the western areas of the river 

off the plant. 
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In considering stability, the values of the determinant, min, 

H.M. A, and S~ indicated higher stability at all-stations and 

ROE and ROECH than other station groups but SA and KA are 

lower for ROE and ROECH. Considering separate stations, the 

eastern stations, in general, and ROECH, in particular, have 

the greatest stability indicated by the determinant and the 

minimum, harmonic mean, variance and the kurtosis of the eigen

values as well as all of the reciprocal eigenvalue measures. 

b. Stratification by Oate (Tables 0-10 and 0-11) 

The next two tables (0-10 and 0-11) give the stratification by 

date for the fish larvae community. The seasonal variation is 

large from Hay to July. This reflects the transitory nature of 

the fish larvae community. The coefficients of variation for 

dates are given in Table 0-11. The coefficients of variation 

are high for diversity over date and for 0, K, covariance of 

alpha (cova), the determinant of the alpha matrix, the variance 

of the eigenvalues, and the maximum, variance, and arithmetic 

mean of the reciprocal eigenvalues. This was the usual trend: 

the most variation was found in the stability measures, followed 

by 0i/Ki and then by other niche measures. 

There were few indications that the fish larvae community 

was highly structured or exhibited any patterns by date. This 

table should probably be ignored in favor of the separate stra

tification for dates by time of day given on Tables 0-16, D-11, 

and D-18. When the data were broken down by date on Table 
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D-IO, Alosa spp. was usually the dominant species. On one date, 

June 7, the striped bass was more abundant than Alosa spp. but 

for this date all the samples were taken in the night. The 

diversity measures are low and inconsistent. There was varia

tion in abundance; e.g., Alosa spp. varied by a factor of 2 in 

its relative percentage of the community. The mean depth 

diversity (~d) was not always greater than the mean time 

diversity (H t ) for the fish larvae community. 

The apparent lack of structure in the fish larvae community is 

undoubtedly related to the biology of the species which are 

seasonal and do not form an integrated unit of competing species. 

The values for relative community niche breadth (B/E), and the 

relative species niche breadth (Bi/B) were not consistent. 

In general, the fish larvae community was not utilizing much of 

the available ecological space. The value of S/E was consistent 

for the June to July groupings. The values for JK were not ______ ~~ i 
regular. The value for JKi/(Bi/B) was regular except 

for the lower values in Hay. The B'/N values were consistent 

except for the last two values in July, which were higher than 

at the beginning of the year. The mean values of alpha (a) 

were also not regular. Of the various stability measures the 

coefficients of variation; the mean alpha and the determinant of 

alpha; the minimum, range, variance, and harmonic mean of the 

eigenvalues; as well as the range, variance, and arithmetic mean 

of the reciprocal eigenvalues showed some indications of sta

bility in the fish larvae community. 

The fish larvae community exhibited some structure when enough 

space-time points were considered. An example was for all dates 

and all stations which exhibited enhanced stability values. For 
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The fish larvae community exhibited some structure when enough 

space-time points were considered. An example was for all dates 

and all stations which had enhanced stability values. For 

separate dates, there was little indication of stability. Only 

the skewness and kurtosis of the eigenvalues, and the covariance 

(cov~) and determinant, IAI, of the matrix for July, and 

the skewness and kurtosis of the eigenvalues for May 10 showed 

any increased stability over the values for the all dates and 

all stations. 

c. Stratification by Depth (Tables D-12 and D-13) 

In the next stratification (Tables D-12 and D-13) the fish 

larvae community is stratified by depth. Samples were taken at 

ten foot intervals from 0 to 40' at the various stations where 

these depths were possible. Values for various community 

measures by depth are given in Table D-12. The largest coeffi

cients of variation by depth are associated with the covariance 

of alpha and the maximum and variance of the reciprocal lambda 

values. Generally, there was little variation by depth. As 

with rotifers, the depth stratifications showed more regularity 

than any other stratifications, the by-station stratification 

was the next most consistent one. This demonstrates that even 

with the fish larvae community there was far more variation by 

time of day and date than there was spatial heterogeneity. 

~ spp. was the most dominant species at all depths but it 

was most abundant at the surface. It was usually followed by 

striped bass which exhibited no depth preferences and white 

perch preferred depths of 20' and below. Density declined 

slightly but evenly by depth except for the 30' level which 

showed many differences, among them a relative increase in 

denSity particularly for species other than Alosa spp. This can 
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be partly attributed to the fact that depth was more biased for 

night samples, hence the relative decline in Alosa spp. at this 

depth may actually represent a diurnal behavioral pattern. 

Diversity values were low because of the super-abundance of 

Alosa spp. The depth diversity value (H
d

) accounted for much 

of the total diversity measure. Diversity increased from the 

surface to the lower depths because Alosa spp. generally pre

ferred the surface; however, there was a peak related to the 

among-station diversity at 30' where Alosa spp. were sparse. 

The among-diversity was actually lowest at the surface, contrary 

to expectation and experience with the rotifers. Within diver

sity was very low and the among time-date component high, but 

neither showed a great deal of pattern nor consistency. 

The values of relative community niche breadth (B/E), relative 

species niche breadth (B./B), S./E, BIE, niche overlap (a), 
~ ~ 

percent carrying capacity (%Ki ), %Ki/(Bi/B), competitive success 

(Di/K
i

) and relative species breadth (B'/N) were consistent, 

although with relatively large ranges. The only exceptions were 

h1g~ Di/Ki and B'IN values at 30' and an interesting decline 

in a at 20' with corresponding high coefficients of variation 
~ 

over species. For all-depths, the values of BiIB, BilE, %Ki and 

a decreased. 

For the stability values, the greatest stability was found at 

the all-depths grouping. This is a familiar pattern. Stable 

values included those for the determinant of A; the minimum, 

range, variance, and harmonic mean of the eigenvalues; and 

the range, variance and arithmetic mean of the reciprocal 

eigenvalues. The 20 foot depth contour showed reduced stability 

with the minimum and harmonic mean of the eigenvalues as well as 
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the reciprocal eigenvalue measures which were constant over the 

other depths. The covariance of alpha and the kurtosis of the 

eigenvalues also indicated instability at the 40' level. The 

determinant indicated 30' level had greater stability associated 

with its other differences. 

d. Stratification by Time of Oay (Tables 0-14 and 0-15) 

The fish larvae were stratified by time of day and the coeffi

cients of variation for this are given in Table 0-15. In 

general, there was more variation although there were not many 

coefficients of variation over .5. The higher degree of varia

tion again showed some of the diurnal patterns in fish larvae 

biology, especially since many of the species are migratory. 

The measures that varied over the .5 cut-off value included 

total species diversity (H), mean depth diversity (H
d

), density, 

carrying capacity, minimum and maximum eigenvalue and variance 

of the reciprocal eigenvalues. Referring to Table 0-14, there 

were few if any regularities but more patterns than the by-date 

tables. This stratification is biased as well, though not as 

much as the preceding one. The day category is missing for the 

last two dates while there were no sunset samples for both dates 

in June, which was a high population month, particularly for 

striped bass. There was only a slight rise in density from day 

to night and while Alosa spp., white perch, and cyprinids were 

more abundant in the day (84%, 12%, and 2% respectively), 

striped bass and Atlantic shad were more prevalent in the night. 

~ spp. density was constant and dominant. The sunset 

samples were quite sparse and of what was caught, 96% was 

~ spp. 
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All of the diversity values varied with time. They were lowest 

at sunset and almost four times higher at night. In general, 

many of the biological interactions occur at night when the 

among-date diversity component was non-zero. For sunset, the 

whole among-environment H was zero. In general, of course, 

diversity was low because of the super abundance of Alosa spp. 

Few measures were consistent. They included BilE, JK, B'/N, 

and mean value of alpha, using the .15 range criterion value. 

Many other niche measures JKi/(B IS), 0 IKi , relative species 
_ ~ i i 

niche breadth (Bi/B), relative community niche breadth (B/E) 

were variable. These results further indicated strong diurnal 

patterns 1n the fish larvae community. Between day and night, 

within and among-date diversity increased as did relative 

species niche breadth (B
1

/B) and percent carrying capacity 

(%K
i

) while the other measures did not change much. The sunset 

values were more different, including low community niche 

breadth (B) while for the species, mostly Alosa spp, the value 

of B/E did not change. Values of JKi/(Bi/B) and Di/Ki were also 

much lower for this category. 

The most stable data stratification was related to the lowest 

community density, occurring at sunset. The values of the 

covariance of alpha; the determinant; the minimum, range, 

variance, and harmonic mean, skewness and kurtosis of the 

eigenvalues; and range, variance, and arithmetic mean of the 

reciprocal eigenvalues all indicated stability. 

e. Two-Way Stratification Oyer Date and Time of Day (Tables 
0-16 to 0-20) 

The last set of niche value tables contain a two-way stratifica

tion of the fish larvae community by date and time of day. 
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Tables D-19 and D-20 contain the coefficients of variation for 

the date stratifications, by day (Table D-16) , by sunset (Table 

D-17), and by night (Table D-18). 

The coefficients of variation over dates for each time. of day 

indicated a great deal of variation (Table D-19)j this is 

consistent with the previous discussion. There appeared to be 

no obvious trends in comparing day, sunset, and night. Thus, 

there was a pattern of variation. Values that varied included: 

total diversity (H); mean-depth diversity (H
h

); carrying capa

city (K); determinant of Aj minimum lambda; and maximum, vari

ance, and arithmetic mean of the reciprocal eigenvalues for 

daytime. The same values varied for sunset, with the addition 

of density, covariance of alpha, the skewness of the lambdas, 

and also deleting the arithmetic mean of the reciprocal lambda 

values. For night time, the total diversity (H), mean time

depth diversity (Hh) and the coefficients of variation were 

lower, though they were not at the .5 level. The rest of the 

stability measures for night exhibited more variation as did the 

harmonic mean of the eigenvalues. Thus, there was a great deal 

of variation when the data were stratified in this manner. 

Stratification by all times of day for each date (Table D-20) 

also showed a substantial amount of variation in particular for: 

May 10 - total diversity (H); mean time depth diversity (H
h

); 

density (D); carrying capacity (K); covariance of alpha 

(cova)j minimum lambda (minA)j variance (S~)j and 

skewness of the lambdas (SA); and maximum (max l/A) 

variance (S2 1/A ) of the reciprocal lambdas. 

May 22 - total diversity, mean time-depth diversity, carrying 

capacity, covariance of alpha, determinant, minimum 
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lambda value, and variance of the reciprocal lambda 

values. 

June 1 - this date was only sampled for one time of day. 

June 19 - minimum and the harmonic mean of the lambdas, and the 

variance of the reciprocal lambda values. 

July 2 - there were no coefficients of variation over .5 and 

this date had the least variation while June 19 had 

the next lowest variation. 

July 11 - density, carrying capacity, covariance of the alpha, 

determinant of the matrix, minimum, and harmonic mean 

of the lambdas, and minimum, variance and arithmetic 

mean of the reciprocal lambda values. 

July 31 - covariance of alpha, skewness of the lambdas, and the 

variance of the reciprocal lambdas. 

All times and dates - total diversity, mean time depth diversity, 

density, carrying capacity, covariance of 

alpha, determinant, and minimum, variance 

and arithmetic mean of the reciprocal 

lambda values. 

In general, however, the coefficients of variation were large, 

being lowest for the niche breadth measurements in this two-way 

stratification. Over time of day there were few similarities 

in pattern, however, the values did not change much overall 

as shown by the means in Table D-19. The most consistent 

measure was Di/Ki while the diversity and stability values 
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were the most variable. The night-time stratification had 

higher diversity but a lower stability. In fact, referring to 

the first column on the Table D-22, all the community structure 

measures had coefficients of variation over the means for day, 

sunset, and night over date of .1 or under, except for diversity 

measure, density, carrying capacity, and mean value of alpha. 

This means that for these measures, the means for time of day 

over date were consistent while the niche values for time of 

day using all dates were different and fluctuated widely in 

comparison. 

The day-time stratification showed the most pattern and regu

larity by date. Alosa spp. was abundant (99% on May 10). 

Density and diversity for all components were higher for the two 

middle dates in May and June than for the first and last ones in 

May and July. The rest of the measures were consistent for 

larvae except for seemingly random decreases in their values. 

BIB, BilE, BIE, and percent carrying capacity (%K.) were all 
i ~ 

lower for all-dates and for the 22 of May than the other days 

while Di/Ki decreased on June 19 and %Ki/(Bi/B) on July 12. 

The stability measures were highest on May 10 and July 25 the 

two outside dates, while June 19 was the lowest and all-dates 

values were only average. This was indicated by the determinant 

of alpha, minimum eigenvalue, the harmonic mean, and the skew

ness of the eigenvalues, and the reciprocal eigenvalue measures. 

There was some inconsistency in that all-dates had the lowest 

variance of the eigenvalues and the highest kurtosis. 

The values at sunset showed less pattern. There were no samples 

for the middle month of June and there was more consistency 

within months than between. Density seemed highest towards the 
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middle of the year while diversity was generally higher. The 
~ ~ 

most consistent community measures were Bi/B, and B/E which had 

the coefficients of variation under .1. Community niche breadth 

(B) was generally higher for the July dates than for Hay, 

Di/Ki was lower for the middle dates and all measures dropped 

for the all-dates category, but these were the only clear 

patterns. The Hay 10th community was stable for many matrix 

measures including the harmonic mean (H.M.A) of the eigenvalues, 

followed by July 31 values while all measures but skewness (SA) 

and kurtosis (KA) indicated the lowest stability for July 17. 

Although the densities were higher and samples more numerous, 

the night stratification demonstrated as little pattern and 

consistency as the sunset values. There was no discernible 

pattern to diversity and there was more heterogeneity in species 

compOSition with striped bass being the dominant species on June 

17 and white perch on July 17. This would explain the higher 

diversity for night-time on Table 0-14. Density seemed to 
~ 

decrease through the year while Bi/B and B/E were the most A 

regular values. There was, however, a~harp increase in Bi/B 

as well as_percent carrying capacity (JK
i

) and mean value 

of alpha (0) on July 17 which has shown several other differ

ences. The stability measures were consistent in indicating 

the greatest stability on July 31, while the lowest stability 

was on July 17 or June 19 depending on the measure. 

The mean niche values for each date showed more consistency and 

pattern although the improvement was not as much as for the 

time-of-day values (Table 0-20). Mean environment and total 

diversity both increased through the year although they de

creased on July 12. The niche breadth measures (alE, Bi/S , 
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BilE, and Bi/Ei ) were consistent. Relative community niche 

breadth (B/E) showed a peak on June 17, but this date was the 

most biased since it had only night samples. The value of 
h 

BilB was spuriously high on July 17, this date has several other 

differences while B./E. values were constant. Niche overlap 
1 1 

was stable until it substantially increased in the last two 

months. These latter months were also biased in not having 

day-time samples. Di/Ki values, regularly declined in the 

middle dates and were highest on the extreme dates. Percent 

carrying capacity (%K
i
), and %Ki/(Bi/B) values followed 

the pattern but with much less regularity. The stability 

measures: determinant, minimum eigenvalue, variance, and har

monic mean of the eigenvalues all regularly decreased in mid

summer as did Di/K
i

. The lowest stability values, however, 

were calculated for July 17. The stability patterns were simi

lar for the various times of day when they were taken. All 

stratifications showed Hay 10 and July 13 to have high stability 

and July 17 to be low. Also, the all-dates grouping exhibited 

only average stability. 

All other functional groups consistently demonstrated the 

greatest stability in the global case and had lower values for 

the more localized runs. This was not always the case with fish 

larvae, however, since the global values were often quite 

different and more variable than the individual dates or sta

tions, etc. This could be a strong indication that because of 

their biology the fish larvae did not constitute an integrated 

community at least in terms of the available data. The lack of 

consistent properties is to be expected with a group of immature 

migrating species which are extremely seasonal and transitory no 

matter how many samples are taken. One data problem which 

may have contributed to this, however, is the taxonomy concern

ing the Alosa spp. group which may have been necessary for 
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visual identification but did not appear to be ecologically 

realistic. Also there were undoubtedly several species of 

macrozooplankton that would be active competitors of some of the 

fish larvae species; unfortunately, not even species-specific 

density data is available for this group. Thus, in leaving out 

an integrated component of a community, we cannot expect the 

leftover pieces to exhibit a high degree of integrity. 

f. Niche Measures of the Dominant Species (Table D-21) 

The results associated with the dominant species of fish larvae 

are given in Table D-21. For almost every factor listed, the 

coefficients of variation in terms of the niche value range 

exceeded the .15 criterion. The coefficients of variation 

indicated that the striped bass and, to a lesser degree, the 

white perch were extremely variable species, while Alosa spp. 

exhibited the least variation. This is understandable since 

Alosa spp. was a general grouping with several species lumped in 

it. Thus, species variation could be high while the group's 

variation would be less. Also, Alosa spp. exhibited higher 

Di/Ki and JKi/(Bi/B) ratios, which indicated its general success 

in the ecosystem. These results are indicative of Alosa spp.'s 

high density. The striped bass had a larger Di/K value in 
~ i 

the western part of the river. Its B/E value was about the same 

as the other two species, but its relative species niche breadth 

(Bi/B) value was not as high as the value for Alosa spp. In 

general, striped bass did less well in the channel stations. 

The community exhibited a much greater effect on Alosa spp. than 

did Alosa spp. on the other members of the community. For 
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striped bass and white perch the effects were somewhat equal. 

At the RDECH station, for some reason, community and species 

effects for all species listed dropped substantially. This 

was the station which showed an extremely high degree of stabi

lity in regard to its eigenvalue distribution parameters. 

In several ways, the white perch and striped bass are similar in 

niche characteristics, although the striped bass may not be 

doing quite as well and may also be slightly more variable than 

the white perch. This perhaps also indicates an instability in 

the system. 

g. Summary of Fish Larvae Community Results (Table D-22) 

(i) Overview of the consistent properties 

Some of the trends in the fish larvae results were summar

ized in intext Table 13. For all dates and all stations the 

niche measures are the same. There are columns for the east 

and west stations, and then by time of day: day, sunset, and 

night. In one instance, the values in the rows were regular 

over all of the various stratifications. The east and west 

stations were consistent in values of relative community 

niche breadth (E/E), relative species niche breadth (lB./B), 
1 

Di/Ki' and the mean value of alpha. A comparison of all 

dates to the various times of day, indicated that these 

stratifications are variable, and only the mean value 

of alpha exhibits any consistent trend whatsoever. All 

dates and the station stratifications are relatively con

sistent using the .15 cut-off with the exception of total 

diversity (H) and %Ki/(Bi/B). 
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Table 13: 

Niche MeAsure 

A 

B/E 

B/B 

JI IB IS 
i i 

Di/li 

a 

H 

Summary comparison of important niche measures for the 
fish larvae community by station and date 

All StAU~m~ Iu.t ~ 
All Da.tes StAtions StAtions W. Sunset Night 

.38 .41 .34 .50 .22 .44 

.26 .29 .34 .28 .46 .39 

.92 .16 .94 1. 10 .56 .85 

.43 .31 .36 .35 .20 .39 

.16 .13 .25 .28 .19 .22 

1.08 .19 1.30 .81 .29 1.26 



(ii) Summary of statistical results 

The fish larvae showed greater fluctuation and less pattern 

than any group so far encountered, particularly with respect 

to date and time. There were four obvious answers for this: 

(a) Fish larvae are a relatively artificial classification 

of immature animals which are, by their biology, extremely 

transitory. Their populations are both seasonal and migra

tory, even on a diurnal basis, and the group represents some 

very diverse behavioral and feeding patterns which are 

largely unknown. Thus, that the fish larvae community was 

not as consistent, coherent, or structured as the others is 

not surprising. 

(b) The taxonomy was such that several behaviorally and 

ecologically different species of herring were lumped to

gether as one very erratic one - Alosa spp. Also, because 

~ spp. included several dominant species of fish in the 

area, this radically altered the discernible structure of 

the community. Alosa spp. was dominant at 19% overall and 

its fluctuations could not be balanced and while as a 

single species taxon, it was relatively stable, the whole 

community was highly variable because of it. 

(c) Several major competitors which were sampled in the 

"macrozooplankton" collections were not included in the fish 

larvae matrix. The more general problem of delineating a 

community and not a sampling group is given in Section V.C. 

(d) While there were fairly regular profiles of station and 

depth counted, the times of day for each date were randomly 
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chosen. Some profiles were split between late afternoon and 

every evening and categorized ambiguously as 'sunset'. 

Thus, the dates had widely differing numbers of samples and 

while they were fairly evenly represented by station and 

depth, there were dates with only night samples and some 

with only day samples. Unfortunately, the major variation 

was over date and time, not station and depth so that 

this created serious problems with bias in the by-dates 

stratification and somewhat less so for the by-time of day 

table. 

Thus, the results show relative regularity over depth while 

there is somewhat more variation over stations, particularly on 

the east side of the river. The by-date and by-time tables are 

almost unusably incoherent, showing almost no consistent pat

terns. The two-way stratification over time and date also 

generated few patterns because it represented too many missing 

date-times. It was noticed, however, that the values over 

individual date-time categories bore little relationship to the 

values for each date collectively and each time of day on the 

previous tables. When the means for date and time over the 

two-way table were examined with their coefficients of varia

tion, which appear on the ANOVA Table D-22, consistent proper

ties appear, particularly for time of days, along with the usual 

lack of patterns. Some of these data are summarized in Table 

14. The fact that the runs over combined data do not produce 

results consistent with the stratified runs and do not demon

strate the usual pattern of greater global stability than local 

stability is an indication that the fish larvae community did 

not have a great deal of integrity. 

Due to the lumping together of dominants in the genus Alosa 

the diversity was in general extremely low, and coefficients of 
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variation over species high. Thus, the within diversity is not 

accurate and probably neither is the among-time or date compo

nents. The most consistent community parameter was niche 

breadth, particularly BilEi , which was quite low compared to 

the values for other groups. Niche overlap was low and vari

able, further pointing to the lack of coherence with the larval 

group. Stability was reported as fairly high and consistent. 

Diversity increased and density decreased with increasing depth, 

while the other measures including stability were regular. 

Alosa spp. was most prevalent at the surface, white perch was 

abundant in lower depths with peaks in diversity, and striped 

bass was evenly distributed over depths. 

All the coefficients of variation were on the order of .2. The 

coefficients of variation were greater every time of day and the 

table showed little consistency or pattern. The coefficients of 

variation of the means for times of day over date were mostly 

under .1 and there were several clear patterns. Alosa spp. 

was higher in the day, followed by white perch which was re

placed by striped bass in the night. Diversity increased from 

day to night (af = .2). The other measures, including density, 

were regular, rising only slightly in the night (most af = .8). 

The mean value of alpha (a) had the greatest rise from .35 to 

.41. Stability appeared slightly lower in the night, particu

larly if one takes the mean time of day values. These results 

indicate that community structure (as measured) is locally 

consistent over depth, over station with some exceptions, and 

over time with small variations. 

The same thing was true of the by-dates table although not 

nearly to the same extent. There were still few measures which 
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remained consistent. The coefficients of variation were lower 

and there were more identifiable patterns. Diversity increased 

from .1 on Hay 10 to a high of 1.2 on July 17 (af = .002). 

Measures of niche breadth were the most consistent, all having 

coefficients of variation of about .2. Relative community niche 

breadth (B/E) a~d BilE were both .6 except relative ~om~unity 
niche breadth (B/E) was higher (.76) on June 17 and BilB rose 

to .82 on July 17. BilEi ~s the most consistent measure 

(af = .8). Niche overlap (a) was fairly constant with increases 

in the last two months (af = .2) while Di/Ki decreased in 

mid-summer (af = .06). The other measures fluctuated without 

pattern having af under .1. Stability values decreased as did 

Di/Ki in June and was also low on July 17. 

By station, the differences were small, though often variable. 

In general, the eastern stations showed more variation, particu

larly with the peculiar RDE station, than the supposedly per

turbed western stations. This is similar to the phytoplankton 

results where the RDE station was more unlike the controls than 

the experimental stations were. Species dominance was fairly 

consistent with Alosa spp. being higher at the east stations 

(control stations) and striped bass in the west (experimental 

stations). Mean time depth H was constant at .46 (af = .1), 

however, among and total diversity values were higher at the 

channel stations and higher in the west (at = .2). The aver

age total diversity was 1.0(.4). Relative community niche 
A 

breadth (B/E) showed the opposite pattern (at = .2) but 

with very slight changes from .33 to .44. BilB was .4(.15), 

~ was .24(.4), %Ki = .3(.2), Di/Ki = .35(.2), and %Ki/(Bi/B) 

= .85(.1). They were all more or less consistent but with 

fluctuations of Bi/B to .3 at RDECH and of Di/Ki to .24 at 

RDE. There was an increase in density at both eastern stations 

(at = .2). Stability was notably higher at RDECH. 
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E. ADULT FISH COMMUNITY 

1. The Sampling Program and Selection of Stations (Tables E-l and 
~ 

The adult fish community around the Roseton/Danskammer point genera

ting stations was analyzed using data collected by LMS from the 

trawl program carried out in the area from May through December 

1973. These data appear in Appendix VI of the 1973 LMS report to 

CHG&E and are also discussed in Chapter VI of the same report. In 

addition to the trawl program, other fish collections using seines 

and trap nets were carried out in 1973. These samples were not 

considered because their differing selectivities and efficiencies 

rendered innumerable difficulties when comparing them to trawl 

samples. Since the trawls were employed at several stations, and 

were considered to be relatively unbiased, they were judged the most 

appropriate samples for niche analysis. 

Fish were collected using an otter trawl, 30 ft wide by 5 ft tall 

with 1 inch square body mesh and a 1.5 ft cod end with a 1/4 inch 

square mesh liner. Normally, the trawls were towed at a station 

for 5 or 10 minutes either on the surface or on the bottom of the 

river. Tows were never across the river, but were always lengthwise 

along the river, and against the direction of the tide (or next 

tide). All captured fish were preserved in the field with 10% 

formalin and then were returned to the laboratory for identifica

tion. Length, weight, sex, and age were determined. OccaSionally, 

a sample would yield no catch, for example, the net hung up early in 

the trawl or the sample would decay before analysis; all of these 

samples were omitted from the niche analysis. 

Thirteen stations were sampled in 1973 and these are described in 

Figure 9 and Table E-l, which lists the stations giving name, 
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Figure 9. Map of Hudson River at Roseton and Danskammer 
Point Generating Stations illustrating the 
location of trawl sampling stations in 1973 
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abbreviation and location. Hile points and distances are given from 

the south-end to the north-end of the trawl where there is a nearby 

water quality station. Depth and chemical-physical parameters are 

also listed. All the sampling stations were in shallow areas (less 

than 30 ft in depth) and were identified by landmarks on shore. 

They generally followed a fixed depth contour. 

Four stations were sampled as control stations: RNCE in the north

east by New Hamburg, RNCW in the northwest across the river starting 

north of Danskammer Cove, RSCE in the southeast starting at the 

Newburgh-Beacon bridge some distance offshore on a shallow shelf, 

and RSCW in the southwest close to the other shore. The north 

control stations were approximately one mile upstream from the 

plant, and the south controls were three miles downstream. Thus, 

these stations were taken to be the least affected by the plants and 

most representative of "normal" river conditions. Both the environ

mental and biological data appeared to substantiate this decision. 

Unfortunately, water quality parameters were not taken in conjunc

tion with the fish trawls, nor even at the same stations or depths. 

Values for surface waters of both RNCE and RNCW were taken from 

station CH-l in mid-river while CH-2 data were used for both south 

control stations. 

The next two trawls were taken in the plant area on either side of 

the river. The RDE trawl on the east started at Chelsea and con

tinued north to the cable. Because of bottom obstructions, only 

surface samples were taken and, perhaps because of the influence of 

Wappinger's Creek, catches here were extremely poor; water quality 

station CH-5 (Roseton-East) provided the water quality data used 

here. RDW, on the west was directly off the two plants between 

the discharge areas and well into the thermal plume. Associated 

water quality parameters were taken from CH-3 (Roseton-intake) which 
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was situated approximately midway along the trawl. This station is 

definitely experimental; however, the status of RDE is doubtful, 

since it was not apparently affected by the power plant, nor is it 

representative of the river. 

The rest of the trawls were in the plant area and were of 5 minutes 

duration. The stations previously discussed constituted 10 minute 

trawls. Trawls were taken in Danskammer Cove (DC) (north of the 

Danskammer plant intake), along the 10, 20, and 30 ft depth contours 

(DC-lO, DC-20, and DC-30). DC-20 and DC-30 were sampled surface and 

bottom but DC-lO, because of its shallowness, was only sampled 

on the surface. This set of trawls started in the plume area, but 

as the rest of the cove sampled was not judged to be thermally 

affected by the plants, the control versus experimental nature of 

these stations was dubious. Chemical data came from station CH-2 

(Danskammer-intake) which was at the plume end of the trawls. Sta

tions DD-20 and DD-30 were taken at the 20 and 30 ft contour's off 

the Danskammer point discharge and, correspondingly, RD-20 and 

RD-30 off the Roseton discharge. All of these were in the plume 

and constituted a more detailed version of the RDW trawl. 

The schedule and results of the trawl sampling program are given in 

Table E-2 with stations across the top and dates down the page. 

Each entry in a column represents a trawl sample and the table shows 

the time and location of every sample taken. There were usually 

four trawls per date at a station, including surface and bottom 

trawls. Time of day was determined either by day or night, and by 

ebb or flood tide. In Table E-2, the first three letters of an 

entry indicate the classification of the trawl: DIN of day or night, 

SIB for surface or bottom trawl, and ElF for ebb or flood tide 

(occasionally H for high slack and L for low slack is used). 

Following this designation are the time of day and the duration (in 
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minutes) of the trawls. The other letters indicate any unusable 

results: N for no catch, H for hung net and R for rotten sample. 

After Hay, samples were taken bi-weekly with the exception of some 

miscellaneous sampling carried out on a few dates for stomach 

analysis or fecundity studies. Two different programs were carried 

out on alternate two week periods. The first program sampled 

various river locations, expanding the 1971 and 1972 sampling 

programs. SpeCifically, the RNCE, RNCW, RSCE, RSCW, ROE, ROW, DC-lO 

and DC-20 stations were sampled on a diurnal basis so that there was 

a surface and a bottom trawl in the day and also in the night for 

each station, except RDE and DC-lO where no bottom trawls were 

taken. The second program involved stations located around the 

plants: DC-10, DC-20, DC-30, DD-20, DD-30, RD-20, and RD-30. These 

stations were sampled on a tidal basis so that there was a surface 

and bottom sample (only surface for DC-lO) during an ebb tide and 

then during the flood tide. All samples were taken during the day. 

As previously stated, the sampling program was not designed to be 

used for niche analysis, and was therefore inadequate in the follow

ing ways. In regard to placement of sampling stations, there is the 

problem that, in some cases, they did not correspond well to the 

water quality sampling stations. Some critical factors were not 

measured in conjunction with the trawls, such as temperature and 

salinity which have diurnal variations that are important for the 

interpretation of the results. Also, all of the stations were in 

shallow silt-bottom waters and none were taken in mid-channel where 

the bottom is more sandy and might support a different community of 

bottom-dwelling fish. It might be well to establish trawl stations 

corresponding to water quality stations, CH-I, CH-4 and CH-6, as 

well as fish larvae stations RDECH and RDWCH on either side of the 

channel in the plant area. This would give a better set of control 

stations. 
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As mentioned earlier, the Danskammer Cove stations are ambiguous 

with respect to thermal effects, and should be moved a little north 

out of the plume area, perhaps with the addition of a Danskammer 

Point station instead of DC-lO and DC-20. This would provide 

sampling of important spawning areas both affected and unaffected by 

the power plant. The RDE Roseton Danskammer station was not satis

factory. On the east side, because of bottom irregularities, and on 

the west, because of variable conditions, it is felt the RDE and RDW 

stations should be discarded in favor of 5 minute trawls which seem 

to produce as good a catch per effort and could be placed to make 

bottom trawls on the east side possible. The various contour 

sampling is not really necessary since it represents uneven repli

ca te sampling. 

It is unfortunate that sampling at all stations was not carried out 

at or around the same time, and under the same conditions. This 

caused difficulties in stratification and statistical analysis 

(because, for instance, of the bias toward day over night when both 

programs are considered together). It might have been better if, 

once a month, all the sampling were carried out in one week of 

fairly stable weather conditions using eight trawls per station: 

surface/bottom x day/night x ebb/flood. Also, if time permitted, 

runs on which the net hung, or perhaps where there was no catch, 

should be repeated, in order to reduce the number of missing samples. 

2. The Species and Their Trophic Characterization (Tables E-3 and 
Hl 

As of 1913, 39 species of fish were known to exist in the river at 

the study site. Of these, twenty-eight species were collected in 

the trawl samples. Table E-3 contains a list by common and scienti

fic names of the fish species found in the area. For example, Alosa 
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sp. are unidentified species of herring of the genus Alosa. The 

next two columns of Table E-3 contain various characteristics of the 

ecology of the fish species, including their habits and trophic 

preferences. Habitat was divided into "benthic-inshore" to include 

those fish which live and feed in or on the bottom mud or shallow 

areas, and "pelagic· to include those fish which live and feed in 

the water column. The feeding preferences were then listed as: 

other fish, insects (which include larvae and other non-insect 

anthropods such as crustaceans), plankton (which is microzooplankton 

and phytoplankton), macroscopic plants, and detritus or dead organic 

matter. These columns were then repeated for juvenile (young-of

the-year) fish which often have different feeding patterns then 

their adult counterparts. The next column describes the fish as 

resident and/or spawning, that is whether the fish stays year-round 

at the study site or is only seasonally present. 

The last column indicates the status of a fish species in our 

analysis, classifying it as pelagiC, benthic-inshore, not found, or 

too infrequent to use, that is, found in fewer than 10 samples. The 

benthic-inshore and pelagic designations indicate that the species 

was frequent and could be used in analysis. Species frequency 

criteria are discussed in more detail below. The American eel was 

not considered because of its ecological peculiarities. In all, 

there were 9 pelagiC, 1 benthic-inshore, and 11 infrequent and 

absent species, of which, 1 pelagic and 6 benthic fish were ulti

mately used in the analysiS. The ecology of these species and 

general results of the sampling program are discussed in the LMS 

1913 report to CHG&E. 

The frequency of occurrence or the number of samples in which each 
species was present is listed in Table E-4. The columns are 1) for 

all environments, 2) for all surraoe and then for all bottom trawls, 
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3) for all day and then for all night samples, 4) for combination; 

that is, S-D (surface trawls taken in the day), S-N (surface trawls 

taken in the night, 5) B-D (bottom trawls taken in the day), and 

B-N, (bottom trawls taken in the night, and then 6-12) by individual 

station. The final column on page 1 is for totals, that is, C (for 

control stations RNCE, RNCW, RSCE, and RSCW) and E for experimental 

stations (all those remaining stations). 

On the second page of Table E-4 the columns are for the 23 separate 

dates on which samples were collected, and finally in the last 

column of page 2 (Table E-4) is the total number of dates on which a 

species occurred in a sample (excluding the dates for "fecundity"and 

"stomach"). The first row (no. of samples) indicates the number of 

trawls taken for that category, for instance, there were 23 trawls 

which turned up at least one blueback herring out of 112 trawls 

taken at the surface during the day. The number under each of the 

headings indicates the total number of trawls relevant to the 

heading criteria. For example, there were 112 trawls taken at the 

surface during the day. Of these, 23 contained blueback herring, 

15 contained white perch, etc. 

3. Stratification of the Data for Niche Analysis (Tables E-5 and 
~ 

For several reasons listed below, only data from the original 

sampling program were used in the niche analysis. First, both 

experimental and control stations as well as both day and night 

trawls were included in the initial program whereas the second 

consisted only of control stations sampled in the day during ebb and 

flood tides. Analysis by LMS showed the tidal variation to be 

relatively insignificant as compared to the diurnal factor, there

fore, it was decided to stratify across time using day/night but not 
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tide. Second, if both sets of data were used, the results would 

have been biased toward day samples at the control stations, espe

cially DC-20. It would also have meant combining dates from the two 

programs and comparing stations which were not necessarily sampled 

under the same conditions. For the trawls of the first program, 

however, there were many "no catches" and "net hangs" in the summer 

and/or one date was almost all samples were missed. Also, in early 

spring when the sampling was initiated it was quite irregular. The 

first usable date, therefore, was in May; the next one was in 

August, followed by three more before the end of the year. The 

results are shown in Table E-5. Out of 325 trawls conducted, there 

were 214 good samples, of which only 89 fit into a regular pattern 

suitable for unbiased stratification. 

There were enough samples in the data frame of each category to 

support 6 to 7 species in each community matrix. To meet this 

criterion given the selected data, only the species listed in Table 

E-3 as other than infrequent (that is, present in more than 10 

samples, plus present on more than five dates) were used for 

analysis. This left the 7 pelagic and 6 benthic fish listed in 

Table E-6 to be analysed. Table E-7, page 1 gives a summary of the 

data which were coded for analysis: there were, 13 species, 6 

stations, 5 dates, 2 times, and 2 depths. The rest of the table 

lists the stratifications which were run, following the usual order, 

by station, by date, by depth and then by time. The by-stations 

table presents each station separately, and then groups them by 

control (RNCE-RSCW), experimental (RDW, DC-20) and all stations. In 

the date stratification, runs were made on an August to December 

grouping to see if it was different from the May-December grouping 

but as the results were similar, their comparison was not included 

in the report. Hay results, however, appeared to be similar to the 

results of the fall data and these runs are not included. The time 
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stratification was simply a comparison between day and night trawls, 

and the depth stratification compared surface and bottom trawls. 

There were enough data to conduct two-way stratifications by both 

time and depth over all stations and dates; that is, day-surface 

versus day-bottom versus night-surface versus night-bottom and, as 

well, day-alI-depths and night-alI-depths comparisons. 

Note that for the surface trawls, values of the benthic sub-com

munity were not calculated. Benthic fish were understandably rare 

on the surface and even if present, were unlikely to be competing 

with each other or the pelagic fish. Therefore, surface benthic 

fish were deleted from the data, and no niche values were calculated 

for these categories. The all groups-surface column is then equal 

to the pelagic-surface column. Means and coefficients of varia

tion for benthic fish were taken over the single element from the 

bottom trawls, while the pelagic mean was calculated from pelagic

surface added to pelagic-bottom. The all-groups mean was calcu

lated over pelagic-surface and pelagic-bottom and inshore benthic 

bottom. On Table E-7, pages 3 and 4 are for the depth and time

depth stratifications. 

4. Results by Density 

a. Stratification by Station for All, Pelagic, and Benthic 
Inshore Groups (Tables E-8 to E-13> 

Differences and similarities in community structure and stabi

lity values of the adult fish community are given in the all

group by station tables (E-8 - E-9). Fish, being a diverse 

group of animals with complex behavioral and life-history 

patterns, present some difficult problems in estimating their 

population in an accurate, unbiased, and efficient manner. 
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Because of the wide variations in size and location of the fish, 

the general conditions under which the samples are taken and 

even the animals' ability in avoiding capture, there is no one 

effective method for sampling all fish species in all environ

ments. In fact, there is a definite bias against daytime 

surface trawls where most fish studies have found that fish can 

often avoid the sampling device. These devices have differing 

and largely unknown effectiveness. Trawls are fairly effective 

sampling devices for many species and they are applicable to 

the habitats in question, however, these samplers are biased in 

species selectivity. 

The adult fish community has a comparatively large biomass per 

individual yet its populations are sparse in terms of sampling 

units, that is, the individual fish. Combined with the extremely 

heterogeneous spatial distribution and associated behavioral 

patterns (the tendency to school, migrate, etc.), it is diffi

cult for any sampling method to capture adequate numbers of a 

fish consistently and to describe their abundance and distribu

tion accurately. Fish catches are chancy, variable and often 

empty. In this study the most frequent species only occurred in 

57 out of 84 samples. The second most frequent species was in 

only 28 samples. This sparcity of data had its effect on the 

results (large ranges of variation, generally low stability 
- --

measures, and such effects as BilE being low while BilEi was 

high) • 

In addition, the fish catches in the surface trawls were not as 

abundant as the bottom trawls especially in the day time and, in 

fact, many were empty. Therefore, stratifications across depth 

were slightly biased toward the bottom community which was 
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markedly different from the pelagic community in the top of the 

water column. Reference to Table E-5 shows that overall there 

were 34 surface samples to 55 bottom ones and only 14 surface

day samples. The only specific stations which showed a signifi

cant bottom to surface bias, however, were RNCW (10 to 3 samples, 

respectively) and DC-20 (9 to 3). The only troublesome dates 

were August 21 (only one sample for surface-day out of 16 total) 

and December 12 (one surface sample to 12 bottom samples). The 

coefficient of variation Table (E-9) showed several important 

patterns. It is interesting to note that B IE values are con-
i " - A 

sistent while the other measures of niche breadth (B/E and BIB) 
i 

are variable. 

This trend in variation was repeated in the other fish stratifi

cations and it illustrates that the newly developed measure 

Bi/Ei is more robust to sampling and more consistent with 

sparse data than the other measure of mean species niche breadth 

(BilE). According to their coefficients of variation the mean 

time-depth H values for control stations were consistent but not 

for experimental stations. Also, D and K both decreased signi

ficantly at the experimental stations but the Di/Ki ratio 

remained constant. In general, the other niche values were 

similar among control, experimental and all stations; however, 

the coefficients of variation were generally higher for the 

experimental stations than the control station. 

Density fluctuated at a few stations (Table E-8). The major 

dominant was white perch at 39% of the total community. Not 

only was it an extremely abundant fish in the community but it 

was also important in that it was found in both the benthic and 

pelagic subcommunities. This particular species undergoes 

vertical migration as well as horizontal movements. It is 
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onshore at night and offshore in the deeper water during the 

day. As expected, many of its vertical and horizontal movements 

are correlated with its feeding peaks which occur at noon and 

midnight. Since it is a species that has the ability to follow 

its food and since the larger white perch can feed on other 

fishes in both communities, understanding the ecology of the 

white perch is important in regard to interpreting the results 

given below. Other dominants were Atlantic tomcod at 15% and 

brown bullhead at 16J. Aside from a slightly low density at 

ROW, the major difference in density and species composition is 

at RNCE where there was an extremely abundant brown bullhead 

population. The within-diversity was even and low, except at 

the experimental D1 station. The total diversity was not as 

constant but this seemed to be associated more with numbers of 

samples and sampling bias. 

Diversity followed the familiar pattern of decreasing from total 

H to mean depth H to mean time H to mean time-depth H. This 

indicates that there was a significant among-environments 

diversity component and that there was more diversity among the 

temporal factors than among the spatial ones. This is under

standable for a station stratifications and was nearly always 

the case for them. 

The within-environments diversity component, given by mean 

time-depth, is the average measure of the number and 'evenness' 

of species in a community over particular environments. The 

among-time component which is the total H minus the mean time H, 
measures the number and distribution of species over all the 

dates and time frames used. The among-depth component for 

particular stations is equal to the total H minus the mean depth 

H and it measures the 'flux' in species composition only across 
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depth since only one station is used. [Note that among diver

sity components are erroneous due to not weighting within 

components-DL]. Therefore, the among-time H is among more 

environments than the among-depth component and therefore, is 

greater. The among-environments H given by total H minus the 

within H is among times, dates, and depths and is the approxi

mate sum of all the among components. The results by station 

show that the among-depth diversity component is lower and more 

variable than the among-times and dates component. Even for the 

diversity measures for stat~on groups, there were more dates and 

times in the among time H than stations and dates in the among 

depth H. Only for the all-stations category where all environ

ments by spatial and temporal factors are included, are the two 

among environment components equal. The among depth H is higher 

than for any of the individual stations although for some reason 

not quite as high as for the control station group. The by-date 

stratifications support these results by having greater among 

station and depth diversities than among time. 

The measures: total H, relative community niche breadth (S/E), 
- " relative species niche breadth (Bi/B), percent carrying capa-

-- A 

city (%Ki ), and %Ki/(Bi/B) when comparing differences between 

the values seemed to indicate that station RNC is most similar 

to the Danskammer control station. DC-20 was one of the two 

most consistently aberrant stations. The south west control 

(RSCW), the southeast control (RSCE) and the experimental 

station (RDW) off the plant sites, were grouped leaving the 

northeast control station (RNCE) as having the greatest differ

ences, usually in a direction opposite DC-20. There appears to 

be a biological difference at the RNCE station but the RNCW and 

DC-20 stations were described as being the most biased. The 

bottom samples could account for some of their similarities but 

probably none of their differences from the other stations. 
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The value of the relative community niche breadth (B/E) was 

highest for the experimental stations, indicating that the 

experimental station communities were more efficient in utili

zing the ecological space than were the fish communities at the 

control stations. The north and south control stations were 

similar in terms of diversity components but less so in regard 
~ 

to the niche breadth ratios especially B/E. The value for 
A 

relative community niche breadth (B/E) was higher in the south 

control station; and Bi/S was lower, indicating that the south 

communities were better at utilizing their ecological space, 

whereas the individual species per community were better adapted 

in the north control stations. When north control, south con

trol, all control and all experimental stations were compared, 

several consistent measures were apparent including percent 

carrying capacity (JKi ), JKi/(Bi/B), Di/Ki, and the value 

of mean alpha. 

The breakdown by separate stations showed a range of minor 

variation, probably due to the unavoidable sparsity of the fish 

samples. As usual, what differences were found among the groups 

of stations (previously discussed) turned out to be attributable 

to one or two stations within the groups rather than a general 

change across groups. The most consistently atypical stations 

were the experimental station (DC-20) and the control station 

(RNCE). The DC-20 station was taken along a 20 ft depth contour 

in Danskammer Cove which is probably a spawning and feeding 

ground for several species. In contrast, station RNCE may 

be a spawning ground for brown bullhead. 

The measures of species niche breadth (BilE and Bi/Ei ) were 

relatively consistent so that as diversity decreased at RNCE, so 

did the community niche breadth. This caused the mean relative 
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community niche breadth to be high, indicating that most indivi

duals used a high proportion of the available community niche 

space. This result also supports the fact that most of these 

species were also dominants. This pattern was reversed at the 

experimental station (DC-20) where the community niche breadth ,. 
(B) was high so that the community as a whole was using more of 

the available ecological space; that is, it was more prevalent 

in more of the sampled environments. 

Density was highest at RNCE and DC-20, however, Di/Ki values 

were consistent as were mean niche overlap (a), percent carrying 

capacity (SKi) and SKi/(Bi/B) values except at RNCE. 

The station, RNCE, in particular, seemed to have many peculiar 

characteristics and was dissimilar to other control and experi

mental stations. Thus, species abundances were uneven at sta-
R 

tion RNCE. The value for SKi/(Bi/B) was low also, indicating 

that, in general, species did not do well here, and percent 

carrying capacity was higher indicating that a few species 

dominated the community. The species breadth (B') value was low 

as was the value for habitat diversity (H'). The mean values of 

alpha were consistent over all separate stations stratifications. 

The covariance of alpha, and the variance of the eigenvalues 

indicated enhanced stability; for separate stations, however, 

most of the other stability measures did not substantiate this 

result. The covariance of alpha was twice as high for the 

north control stations as the south control stations and when 

considering all control stations versus all experimental sta

tions the values were similar. Generally, there were no clear 

cut stability trends. 

The remainder of the control stations, as well as station RDW 

were similar. For all stations considered, the Di/Ki ratio, the 
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B'/N ratio, and the mean value of alpha were consistent. A 

comparison at the experimental stations showed that the diver

sity compOnent was greatest at Danskammer Cove (DC-20) even 

though there were fewer environments sampled. The use of the 

environment by the community at DC-20 was twice as great as at 

Roseton-Danskammer West (ROW) and this was associated with 

the _an species use of the community which was somewhat lower. 

The _an species use per environment (BilE) was slightly higher 

at DC-20 than at Roseton-Danskammer West (RDW). Values of 

percent carrying capacity (JKi ), JKi/(Bi/B), and Di/Ki were 

similar for both stations as were the values of species breadth 

(B') and habitat diversity (H'). Hean alpha and its coefficient 

of variation were almost identical as was the covariance of the 

alpha. The corrected determinant, IAI, however, varied by a 

factor of ten. Stability measures at Roseton-Danskammer West 

(ROW) indicated that it exhibited the largest stability in terms 

of the determinant, IAI; range, variance, and harmonic mean, 

skewness and kurtosis of the eigenvalues; and the range and 

arithmetic _an of the reciprocal eigenvalues. 

The stability of the fish community was generally low for all 

the individual stations as well as all station groups except for 

all-stations, repeating a consistent trend (concerning global 

versus local stability) found in the previous results. The 

_asures except for skewness (~) and kurtosis (K~) repre

sented the stability for a particular station or area and 

likewise for a whole year versus a given date. This illustrates 

that there can be global stability in spite of considerable 

local instability. Thus, although there can be dynamiC change 

or potential for serious perturbation in a limited set of 

environments, as one considers a larger portion of the eco

system, it becomes more robust and changes or perturbations are 
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more likely to be dampened or absorbed. This is particularly 

understandable for fish whose use of specific areas in a region 

is quite specific and whose behavior may be far-ranging over 

a set of habitats. Because of this, the stability measures are 

insensitive to the numbers of samples and species in the data, 

and therefore, it is not valid to compare the values for differ

ent types of stratifications. 

Another similarity between the fish and phytoplankton results by 

both density and biovolume, for at least all stations, the 

stability indications were greater for the sub-communities 

considered than for all groups. This is an apparent reversal of 

the trend of increasing stability with increasing amounts of 

data; however, it is probably a question of the definition of a 

community. It seems that as the community becomes larger, and 

the species less tightly related to one another the stability is 

relatively lower. Note that for phytoplankton the individual 

station values for all groups were higher than for each group 

because there were too many species considered for the number of 

samples and hence, even the corrected determinant was unreliable. 

As mentioned, the covariance of alpha; the determinant; the 

minimum, harmonic mean and, variance of the eigenvalues; and 

the values for 1/X all show the greatest stability for the 

all station group. All measures, except variance (SA)' skew

ness (SA)' and kurtosis (KA) demonstrated the second highest 

stability at the south control stations and the lowest at the 

north control stations. The south was more stable than the 

north and overall the control stations were more stable than the 

experimental stations. This latter result was not consistent, 

however, and was contradicted by the variance, skewness and 

kurtosis of the eigenvalues. Also, when means over separate 
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stations were considered (Table E-9) , the mean value for experi

mental stations exhibited the greater stability although with 

more variation. All measures indicated the experimental station 

(RDW) was the most stable station while all but skewness (S),) 

and kurtosis (KA) had RNCE and DC-20 as the least stable. Skew

ness and kurtosis were highest at RSCW. 

The apparent inconsistency among the various stability measures 

presented is as likely to be in our understanding of their 

interpretation as well as in any mathematical and/or sampling 

problem. As with the term community, stability is not well

defined and to say that a given measure increased or decreased 

is a gross simplification. We do not yet understand all the 

measures well enough to give a detailed interpretation in 

terms of the actual state of the system. In these results, we 

mostly rely on a few measures such as the harmonic mean and 

variance of the eigenvalues to show increases and decreases of 

stability defined as a tendency for a faster or slower response 

to a perturbatioo. 

It is obvious that neither the control stations grouping or the 

experimental stations grouping were homogeneous. Stations RSCE, 

RSCW and RDW showed many properties in common while DC-20 and 

RNCW (which was the closest station to DC-20) also had several 

properties in common. Generally, in searching for patterns 

in these data, we have led concluded that many of the stations 

were not well chosen to illustrate the most significant differ

ences and similarities in the fish community structure patterns. 

Table E-11 gives the coefficients of variation for the adult 

pelagic fish by station. When the fish species were divided 

into pelagic and benthic inshore community groupings, more 
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trends were apparent in the pelagic fish community than in the 

benthic-inshore fish community. This was somewhat unexpected 

since trawls were usually less effective in open water, and the 

occurrence of pelagic fish in the bottom waters may cause 

discrepancies in some of the pelagic values, since the surface 

samples did not encompass the whole community. 

Pelagic fish were one of the several groups in this study which 

illustrated the effects of being over-dominated by one species. 

The species composition was white perch 68J, blueback herring 

10J, alewife 7J, and bay anchovy 6J. Later tables will show 

that most of the white perch were found on the bottom while most 

of the blueback herring, as well as the other herring species 

listed as dominant, were found mostly in surface trawls particu

larly during the day. Their overall density was also higher on 

the bottom indicating a large concentration of white perch on 

the bottom. 

By-station density was lowest at the control station (RSCE) and 

the experimental station (RDW) while it was the highest at the 

other experimental station (DC-20), which mostly followed the 

fluctuations of white perch. RSCE showed decreases for all the 

dominant pelagic species listed on Table E-30a. The percent 

composition of white perch peaked at over 80J at control sta

tions. Stations RNCE and RSCE exhibited a corresponding de

crease in total diversity and consequently blueback herring and 

the alewife were displaced as second and third dominants at RNCE 

by the bay anchovy and the American shad and at DC-20 by the 

spotta1l shiner. There was a notable increase in the density of 

striped bass at the experimental station (RDW) although they 

were still only 6J of the community. 
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The separate groups, pelagic and inshore-benthic, exhibited more 

variation in the niche measures than did the all-groups. The 

only coetticients ot variation tor pelagic tish over all sta

tions under .1 was Bi/Ei (Table E-11). In contrast, using the 
.5 criterion the only varying measures were the stability 

values. The coetticients ot variation between control stations 

and experimental stations did not show much ditference. Di/Ki' 

JKi/(Bi/S), and the stability measures exhibited less variation 

tor experimental stations. 

Comparisons of station groups by means or by the values on niche 

Table E-10, mostly followed the patterns of the all-group table. 

Within-environment diversity rose at the experimental stations 

while the among date and time component rose at the north 

control stations leaving the south control stations with the 
A 

lowest total diversity. Relative community niche breadth (B/E) 

increased steadily trom north controls to south controls to 

exper1mentals; however, relative species niche breadth (Bi/B) 

was relatively constant. Niche overlap, percent carrying 

capacity (Jl
i
), and JKi/(Bi/B) all increased from south control 

stations to north controls with experimental station values 

intermediate. In particular, the means of percent carrying 

capacity (Jl
i

) and JKi/(Bi/S) for control stations versus ex
perimental stations were similar. This trend was reversed for 

most ot the stability measures with the north control stations 

showing considerable instability. The skewness (SA) and kur

tosis (IA) were highest tor the experimental groups indicating 

low stability. 

It is interesting that there are greater differences between 

north controls and south controls than between control and 
experimental stations. In fact, the values for separate 
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stations show more similarity in some respects between the two 

east control stations and between the west controls than within 

the north and south groupings. 

The diversity values showed several differences at the control 

stations while the experimental group was consistent. Total H 

and another diversity measure (B'/N) were lowest at RNCE and 

RSCE and highest at RNCW which is related to their first and 

second dominant species percent composition. This pattern was 

repeated by the among-date and time diversity which had a high 

peak at RNCW. The within-component was consistent except at 

DC-20 where it increased and the among H decreased producing no 

net change in total H. 

The most interesting result was from the among-depth diversity 

component which seemed to fluctuate without pattern. For 

stations RNCW, RSCW, and RDW, it was positive and high while 

for RNCE, RSCE and DC-20 it was close to zero or negative. 

At the first three stations, however, where there is a signifi

cant among-depth component there were high percentages of 

surface fish, blueback herring or bay anchovy, while at the 

other stations the highest fish found at the surface was only 

about 7% of the density. This indicates that the differences in 

diversity were because, at the stations RNCE, RSCE, and DC-20, 

there were few fish found on the surface so that rather than a 

change in species there were simply no fish except at the 

bottom. Thus, there was no among-depth diversity. This result 

seems to have nothing to do with sampling since this was predic

ted to have an effect on stations RNCW and DC-20. It could be 

that all the western stations have a large surface population 

except DC-20 because of sampling while the eastern stations have 

few surface fish. 
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Diversity values for the control stations were lower than 

experimental station values, although both measures followed the 

trend of decreasing values from H to Hh• The relative community 

niche breadth (S/E) was higher for the experimental stations 

while the species use of the environment (Bi/S) was practically 

the same for control versus experimental stations. The values 

of ~li' ~1/{Bi/B)' Dilli and H' were similar for both groups 
of stations, while B' was higher for the experimental stations. 

The station (RNCE) exhibited some peculiarities. The relative 
~ 

community niche breadth (B/E) was lOW, the associated relative 
- " species niche breadth (Bi/B) values were higher. The coeffi-

cient of variation for density was high, and the ~Ki/(Bi/B) 
ratio was low indicating that species generally did not do well. 

This is understandable since white perch dominated the station. 

The competitive success ratio (Di/li ) was high for this sta

tion because of the success of white perch. This result was 

not as apparent at the RSCE station, however, even though white 

perch was also abundant here. 

The experimental station DC-20 had an extremely high relative 

community niche breadth (S/E), relative species niche breadth 

(Bi/B), BilE, niche overlap (a), as well as the high density 

and mean environment diversity already mentioned. This indi

cates that most if not all species were more competitive and 

effective in using the environment'. The measures ~li' ~K/(B/a) 

and Dilli were consistent here and at the remaining stations. 

Stability seemed to be essentially correlated with total diver

sity. The greatest stability was shown at RNCE and RSCE by the 

covariance of alpha; the determinant of A; and minimum, harmonic 

mean, variance and skewness of the eigenvalues and the recipro

cal eigenvalues. The unstable stations were RNCW, ROW, and 
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DC-20 by all measures, however, there was disagreement as to 

which station was the least stable. The minimum eigenvalue 
(minA) and related criteria as well as the reciprocal values 

indicated RNeW was the least stable since its matrix had a zero 

eigenvalue caused by fewer environments than the number of 

species. Conversely, the variance of the eigenvalues, as well 

as skewness (SA) and kurtosis (K A) of the eigenvalues were 

highest at DC-20. 

The inshore-benthic fish community might be expected to show 

more community structure than the pelagic fish community since 

this group contained most of the true resident species and the 

bottom samples were more complete than the surface trawls. 

Also, there was no depth factor since these fish were rarely 

found on the surface and those that were, were not considered to 

be competing in the community. This was not the case, however, 

with the benthic community which was quite variable both in 

terms of species composition and community structure. In terms 

of stations, the environmental conditions varied with the river 

bottom type while in terms of dates, the salt front intrusion 

had a longer-lasting effect on the bottom since the salt water 

tends to form a heavier layer at the bottom. 

The benthic-inshore community contained most of the resident 

forms, however, the more numerous species were transient and 

thus contributed to the variability of the community. Benthic 

fish overlapped strongly with the pelagic fish such as white 

perch especially in the late fall. The dominant species of the 

community was also an anadromous fish, the Atlantic tomcod, 

which winters in the river and spawns in late fall through 

winter. Thus the trawls caught none of this species except in 

May and again in October to December reaching over 90% at these 
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times but only 31S overall. Another dominant marine fish was 

the hogcboker, a flounder. Although it appeared to be resident, 

the nighttime bottom trawl in November at the RSCE station 

collected a large number of them and they could have been 

brought in by the salt front. Although they averaged under lOS 

of the total catch they peaked at 60S. 

Even the freshwater species showed great fluctuations in density. 

The brown bullhead was perhaps third in dominance, usually well 

under lOS, but for the daytime trawl in October at RSCE an 

extraodinarily high number (80S) of the species were captured. 

In fall, they became the overall dominant at 38S. The behavior 

of the white catfish was similar, but not as pronounced as the 

brown bullhead. 

These two examples alone produced a great deal of variation, 

over date, over station, and even over time of day since one was 

in the day and one was in a night trawl. This may be an erro

neous result; for instance, if most of the peak numbers were 

young, the actual change in biomass would be small. They had 

a considerable effect on the results; however, with the present 

data set, it is impossible to say where occurrences like these 

were prevalent or whether they had a correspondingly significant 

effect biologically. 

The coefficient of variation in Table E-13 demonstrated the 

variable nature of the community. The only consistent measures 

were, as with the other fish groupings, Bi/Ei with a coeffi

cient of variation of .2 and Di/Ki with the same coefficients 

of variation. HI and BI also exhibited low variation. Measures 

which showed significant change of 50S from control to experi

mental stations were mean H, D, K, SKi/(Bi/B) and the sta

bility aeasures. 
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Table E-12 presents the station breakdown of the community niche 

values. Overall, the species composition of the benthic-inshore 

dominants was brown bullhead 38J, Atlantic tomcod 37%, followed 

by the hogchoker at 17J and the white catfish at 4J along with 

several species of freshwater inshore fish such as gold fish. 

The Atlantic tomcod and hogchoker showed little or no station 

preference except for the hogchoker peak at RSCE (16%). The 

tomcod dominated most stations at 60-70J. The brown bullhead 

was found almost exclusively at the eastern stations and Dan

skammer Cove particularly at RNCE where there was 74%. Density 

was about 14 fish per 10 minute trawl, but rose to 48 and 29 at 

the two peak stations RNCE and RSCE respectively. ROW, the 

station nearest the plants, had a low density of a trawl as well 

as a fewer number of species that were all marine. 

Diversity was constant and unaffected by the peak abundances. 

Total diversity was consistent except at two stations. There 

was a drop at RSCW in the among-environments component and a 

shift from within environment diversity (mean H ) to among at 
e 

both experimental stations as well as RNCE. Only at DC-20, 

however; was the increase in among diversity great enough to 

affect the total H. The diversity values for all-stations have 

a lower among-space H than the among-time H which is to be 

expected without the depth factor. 

The community niche breadth (S) was higher in the south control 

stations even though the number of environments was lower, but 

the values for Bi were relatively similar when comparing 

control and experimental stations. The value of the relative 
A 

community niche breadth (B/E) was higher in the south control 
stations, and extremely high in the experimental stations. The 

relative species niche breadth (Bi/B) had a higher value in 
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the north control stations over south control stations, and 

higher in the control stations when the control and experi

mental stations were compared. The mean species use of environ

ment (BilE) value remained consistent for all of the station 
groups except for the individual station stratifications. 

For the individual stations, RNCE and DC-20 showed the greatest 

changes in community structure just as pelagic fish had. How

ever, the other stations, notably RDW and RSCW, also showed 

differences. At RNCE, both relative community niche breadth 

(S/E) and BilE decreased, relative species niche breadth (Bi/a) 

remained constant. This result parallels the decrease in mean 

environment diversity. At DC-20 there was a significant decline 

in relative species nicheAbreadth ~Bi/B) while relative 

community niche breadth (B/E) and BilE diverged showing that 

species use at the environment was more specialized although 

more diverse than the among H suggests. At both RDW and RSCW) 
- A 

Bi/B increased somewhat indicating more complete species utili-

zation of the available community space. AT RSCW, however, 

the relative community niche breadth decreased while at RDW the 

mean relative species niche breadth increased. 

Density was largest in the north control stations and lowest in 

the experimental stations because of the peak values. The JKi 

value was relatively constant for all but the individual station 

stratification where RSCW and RDW showed slight increases. The 

JKi/{Bi/B) ratio was greater for RNCE as well as the experi

mental stations, over the other stations. This indicated the 

unevenness in efficiency of a particular species in the experi

mental stations as compared to the control stations and is a 

common result in perturbed enVironments. While the Di/Ki 

ratios were similar for north and south control stations and 
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control and experimental stations respectively, showing only a 

minor decrease at RSCW. The mean value of alpha was regular for 

most of the station comparisons. It increased only for RNCE and 

ROW. The coefficients of variation over the individual alpha 

values was quite high except at RDW. The rise at RNCE therefore 

was probably an effect of the brown bullhead peak which is a 

general effect that explains most of the other trends at RDW. 

There was indication of instability at the DC-20 station and the 

RNCE station in terms of the covariance of alpha (cov a), and 

determinant (IAI) as well as the other usual indications that 

stability was low at stations RNCW and RSCE in terms of the 
2 2 range A, SA' and H.H. A, SA' KA, and range 1/A, S l/A and arith-

metic mean of the reciprocal eigenvalues. 

b. Stratification by Date for All. Pelagic and Benthic Inshore 
Groups (Tables E-14 to E-19> 

In the stratification by dates, it was not possible to use the 

data for the months of June and July, 1973. It was unfortunate 

that there were many unusable samples for this time period. 

Lacking these data prevented us from identifying any trends that 

might have been apparent had we had a complete temporal sequence 

from Hay to December. In general, there were fewer consistent 

properties in community structure and stability when the fish 

data were stratified by date as compared to the stratification 

by station. This is in agreement with most of what is known 

about north temperate aquatic systems, in that seasonal fluc

tuation variations in density and life history parameters are 

usually substantial. The date stratification included all dates 

and individual dates, Hay, August, October, November and Decem

ber, being used. 
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In Table E-15 the coefficients of variation for all dates, over 

groups of fish, including pelagic and benthic inshore species, 

illustrated only a few noteworthy points. For diversity measures, 

the mean time-depth di versi ty ~h) was high. The wi thin sea
sonal component of diversity (H ) was higher than the within 

t..:.. 
station component of diversity (H

d
). In the discussion of the 

first Table E-B, this was explained as follows: the diversity 

within stations and depths is distributed across considerably 

more environments in this stratification than for the diversity 

within tt.e which in this case is only across time of day. 

The values or the relative community niche breadth (B/E) and 

relative species breadth (Bi/B) were similar; the latter being 

only slightly larger than the former, while the value of the 

species niche breadth over E (BilE), however, was less than 

half as much as with the previous stratifications. All of these 

measures had high coefficients of variation, of .3 or higher. 

As with the station stratifications, however, the Bi/Ei values 

were high and consistent, having a coefficient of variation of 

only .1. The measures of percent carrying capacity (JK
i

), 

SKi/(Bi/S), Di/Ki and habitat diversity (H') also had low varia
tion as before. The only measures having a coefficients of 

variation over .5 were carrying capacity, IA I, minA, H.M. A, 

SA, max llA, 5211 A, and mean of the reciprocal eigenvalue 

(l/A), however, there were no measures of less than .1. 

The white perch was usually the most numerically abundant fish, 

although there were several seasonal shifts in species dominants 

(Table E-14). This is especially true because both benthic and 

pelagic inshore species were considered. The Atlantic tomcod 

was abundant only in Hay when it was dominant at 5BJ causing a 
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significant rise in density, and again in December when it was 

29% of the fish caught after white perch at 50%. The peaks of 

benthic fish occurred in October when brown 'bullhead was barely 

dominant at 38% of the community density, and in November when 

the hogchoker was 24%, after white perch at 45%. The white 

perch reached its maximum dominance of 77% in August. Except 

for increases in May and October and a decrease in December, the 

overall density was constant. The value for species diversity 

was lowest for all groups in August, higher for October and 

November, and then decreased again in December. As expected, 

the all-dates grouping exhibited the highest diversity values. 

In regard to some of the other components of diversity, the 

values for the mean time-depth H (Hh), the mean depth H, and 

mean time H were lowest in August. The mean time-depth H (H
h

) 

was significantly high in October while the among time depth 

diversity was highest in November, decreasing again in December. 

Community structure values were either constant or they varied 

regularly except for the month of October which was the month of 

the brown bullhead peak when it exhibited some peculiar differ

ences. That these same differences did not appear in the 

pelagic fish table but did for benthic fish, implies that they 

are due to the peak. 

The relative community niche breadth (B/E) was relatively 

constant for all of the months except October. The value for 

relative community niche breadth was lowest at this time 

of the year (October) while the individual species niche breadth 

(Bi/B) value was the highest. For the other dates, these 

two niche ratios were consistent. Thus, although the relative 

community niche breadth decreased considerably the BilE ratio 

was constant although it did rise somewhat in May and December. 
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Curiously, the value BilEi dropped a little in October and 

was regular elsewhere, following the pattern of relative com

munity niche breadth. The value for JKi/(Bi/~) was also 10~ 

in October and slightly lower in November and December but Di/Ki 

was consistent. Niche overlap was highest in Hay and December 

and lowest in November. The value for relative speCies breadth 

(BilE) and B'/N support the diversity values, being low in 

August and high in December. 

The stability values also varied considerably. Usually the 

December values indicated enhanced stability over the other 

dates and all-dates particularly the values of min A, range A' 

and H.M. A, SA and KA of the eigenvalues and the range llA, 

sfl/A and arithmetric mean of the reciprocal eigenvalues (l/A). 

Except for SA and KA the same measures indicated August as 

the least stable month. The variance of the eigenvalues, on the 

other hand, showed a more familiar pattern, being lowest for 

all-dates and highest for October. The skewness and kurtosis of 

the eigenvalues were greatest in Hay. In general, overall 

indications of stability were slight and the adult fish com

munity by date tended to be more unstable than its counterpart 

stratification by station. Although there were consistent 

properties in this community, other factors were not regular. 

In particular, the mean value of alpha underwent a two-fold 

variation with season. 

In Table E-11 the coefficients of variation are given for the 

pelagic community stratified alone. In most cases, the coeffi

cients of variation were higher than tor all species. Several 

values were over .5 and the lowest was .15; however, in general 

they maintained their relative proportions. In this stratifica

tion, wbite perch constituted 68J of the community and blueback 
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herring was the second dominant species with only 10% of the 

total community density. Because of the predominance of white 

perch, most of the diversity values were low. 

In general, the value of the relative community niche breadth 

(B/E) was low and the relative species niche breadth (Bi/B) 

value was somewhat higher at .54 as compared to the value for 

all species. The mean Di/Ki value was relatively large. The 

stability measures were notably higher and displayed lower 

coefficients of variation than for the all-species values. 

In Table E-16, some more of the detailed patterning of temporal 

niche stratification by date is apparent. The density was 

regularly higher in the mid-summer months of August and October 

than in the early and late parts of the year, November and 

December. White perch dominated all months between 86% in 

August and 50% in October. In October there was a high propor

tion (18%) of the bay anchovy which became the second dominant. 

In December, there were only 3 different species in our data and 

the second dominant was the spottail shiner at 27%. Otherwise, 

the second most abundant species was the blueback herring at 10% 

overall. 

Thus, the month of October showed differences in its diversity 

patterns although not with the community structure values or the 

stability values. In October all diversity components showed 

increases, and the time of day diversity value which was normally 

zero, was significant here. The total diversity dropped to its 

lowest value in August and December. When all dates were 

considered, the components of diversity related to station 

(Hd), and season (Ht ) represented by month were equal. 
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For tbe nicbe breadtb relationsbips, tbe value of relative 
" comaunity nicbe breadtb (B/E) was lowest in May, and was regular 

for tbe rest ot tbe year. Also, tbe relative species nicbe - ... 
breadtb (Bi/B) value was bigbest at tbis time (.88), whereas 

tor tbe otber months of tbe year, it fluctuated between values 

ot .35 and .53. Thus, tbese measures were not consistent. For 
May, tbe aean species nicbe breadtb over environment (B IE), 

i 
bowever, was more conSistent than tbe relative speCies nicbe 

breadtb (Bi/B). The tormer measure varied from .25 in May and 

December to .15 in November wbile ~ain Bi/Ei followed tbe 
relative community nicbe breadtb (B/E). Also similar to the 

all species table, values for all nicbe breadtb measures were 

low tor all-dates. 

'nle density was greates,t in August when wbite perch bad tbe 

largest relative abundance. The Jli/(Bi/B) ratio was tbe lowest 

in May wben species were less successful in explOiting tbeir 

ecological space. This may be because conditions were not 

optimal tor fisb at tbis time ot tbe year. For example, food 

organiS1118 may be rare and so on. In contrast, tbe Di/li ratiO, 
or measure of competitive success in overlap, was tbe highest in 

May and Dec_ber and mean nicbe overlap, tbe lowest. This 

result was furtber substantiated by the fact that there were 

tewer speCies occupying the environment at tbese times of the 

year and those present tended to bave wider niches. The posi

tive correlation between ecological overlap and denSity has been 
shown in other aquatic communities. 

The values of species niche breadth (B' and B'/N) were lowest in 

August and were related to the dominance ot white perch. The 
value for the B'/N ratio was low tor November. The covariance 

ot alpba was relatively constant trom August to November and 
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lower in Hay and December. The determinant indica ted lower 

stability in the summer. In August and October, the values of 

the determinant (IAI) were similar. The determinant values 

increased with time, yielding a trend of increased stability as 

the season passed. The highest stability measures were found in 

both May and December. For Hay, this included the eigenvalue 

range, variance and harmonic mean, as well as range, variance, 

and arithmetric mean of the reciprocal of the eigenvalue. For 

the month of December, the eigenvalue range, variance, harmonic 

mean, skewness and kurtosis of the eigenvalues and variance and 

arithmetric mean of the reciprocal eigenvalues showed increased 

stability. 

In general, community structure and stability patterns for Hay 

and December were similar due to the fact that light and temper

ature as well as several other environmental factors were 

similar for these two times of the year. Consequently, several 

of the patterns can be delineated by comparing the extreme 

seasonal points of the data set as well as the month to month 

types of comparison. 

The benthic inshore community is represented by niche value 

Table E-18 and coefficient of variation Table E-19. This fish 

group demonstrated greater variation than the others. Density 

fluctuates with coefficients of variation of .7 with no seasonal 

pattern evident. With an average of about 20 fish per trawl, 

Hay and October were high abundance periods at 38 and 34 while 

August and December were extremely low at 6 each. The species 

composition also fluctuated in the same manner. Two species 

were tied for overall first dominant at about 37% and the 

diversity was usually high although heavily-weighted on the 

among component. Each individual date was over-dominated by a 
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different species with a corresponding drop in the among en-

vi roDllents H. In Hay and December the anadromous fish, Atlan

tic tomcod, dominated at about 90~ although the total density 

was greater in Hay. Also in December, only 3 of the included 

species appeared so that the total H was the lowest found. In 

August and October, of the spawning fish, brown bullhead consti

tuted 5~ of the cOllllunity although, again, the October density 

was greater than in August when only four species were captured. 

In Nov_ber, the hogchoker was dominant at 60~. 

All diversity measures were extremely variable. The within 

component was constant for the first three months but high in 

November and low in December. Only August and November had 

substantial among station-depth diversity while only August had 

a _rked among time of day component. Thus, November and August 

have the highest total H while December had the lowest. Host 

of the community structure values were consistent except for 

the month of October. Comparing mean values over the fish 

groups, the benthic community exhibited somewhat higher niche 

breadth values, and mean overlap, but lower average ~Ki/(Bi/a), 

and diversity values. Like the pelagic fish, they showed higher 

Di/li and stability values than the all-species grouping. 

Tbe relative cOllllunity niche breadth (B/E) was similar and at 

its highest value for Hay and August, decreased in October, and 

then increased through November to December. This pattern was 
- .-

repeated with other niche values. Bi/B varied inversely while 

BilE was similar to the relative community niche breadth (S/E) 

but did not fluctuate as widely. Bi/Ei followed relative com

munity niche breadth (S/E) more closely, having significantly 

higher coefficients of variation over species for October. 

Although we do not have the June and July values to SUbstantiate 

this result, the values seemed to suggest that the period from 
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May to August, the fish community uses about 67~ of the avail

able ecologica+ space with each species using an average 50~ of 

the community space. Then in October there was a perturbation, 

perhaps the salt front intrusion, which represented a major 

perturbation to the community. Niche breadth values dropped 

drastically, both for the community and species; however, the 

ratio of species niche breadth to the community niche breadth 

was higher. In fact one species, the brown bullhead, had a 

higher species niche breadth than the community niche breadth. 

Many of the coefficients of variation were high for the October 

community, which indicated a great deal of variability in the 

behavior patterns and population dynamics of the individual 

species at that time of the year. October is also considered a 

transition time from summer to winter season and it may be that 

several unique events were happening in the life history of 

these species at this particular time of the year. Also, all 

values dropped from all-dates because of the variability of the 

individual species niches. That is, no one species has a 

relatively large niche over all dates and the whole community 

fluctuated over date and thus changes appeared small when 

viewed globally. 

It was interesting that the value of ~Ki was regular (even 

including the October values) and that only in May was it 

especially high. ~Ki/(Bi/B) and ~i were somewhat consis

tent although with a high range. ~Ki/(Bi/B) was high in May 

and August and slightly low with a high speCies coefficient of 

variation in October while Di/Ki is low in May with small 

fluctuations in the last two months. The B'/N ratio was similar 

for August, November and December but again October was low as 

was May, and there were no other particular patterns with these 

data. 
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111e mean value of alpha was low for December indicating that the 

species were not overlapping to any extent. Mean alpha was also 

low in October with a high coefficient of variation over species, 

particularly in Hay. 111e high spring overlaps have been pre

viously observed in other aquatic communities (Lane, 1975). 

Often when food is becoming abundant, and when there are fewer 

speCies and lower population densities, it is possible for 

species to overlap to a higher degree than at other times of the 

year. 111e values of the determinants (I AI) were similar for 

the October and November overlap matrices and high for the 

December matrix. 111e high value illustrates the smaller overlap 

at this time of year. 

For several of the stability measures, the October and November 

matrices exhibited similar properties. 111is was interesting 

since October seemed to exhibit different niche measures. Many 

of the stability measures for these two months and August showed 

an enhanced stability, including the values of a, the coeffi

cients of variation for the mean value of alpha, the covariance 

of alpha, the eigenvalue range, and the reciprocal eigenvalue 

range. In general, however, the December values seemed to be 

more stable; including the values for determinant (IAI), the 

range, variance, and harmonic mean of the eigenvalues as well as 

the range, variance and arithmetric mean of the reciprocal 

eigenvalues. 111ese results demonstrated that Hay was the least 

stable month, according to the variance of the eigenvalues, and 

that stability generally increased through the year. 

c. Stratification by Depth for All. Pelagic and Benthic-Inshore 
Groups (Tables E-20 and E-21) 

This section of the results discusses results in Tables E-20 and 

E-21. 111ese tables contain the coefficients of variation for 
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the data on the adult fish community stratified by all depths 

for surface and bottom trawls, for all pelagic and benthic

inshore groups, for all-dates, stations and times. In Table 

E-20 and Table E-21, the fish community structure is delineated 

by depth. It can be seen from the coefficient of variation 

table that there is a fairly high degree of variation across 

depth considering that there are only two depths: surface and 

bottom. There was a high degree of variation over both depth 

and time of day for all, pelagic and inshore-benthic fish. 

Thus, the fish community structure did not appear to be locally 

consistent at a given date and station but displayed hetero

geneity and specialization. This result was unlike plankton 

results and was more similar to fish larvae results. With fish 

larvae, however, consistent properties were found when the means 

across two-way stratifications were compared. Referring to the 

appropriate tables for fish, it can be seen that the same is 

true for fish but only for means across time. That the two-way 

stratification has so much more consistency than either of the 

one-way tables is an indication not only of the variation 

in these factors but of the considerable interaction between 

them. Thus, it would appear that according to their means, 

the fish community structure is regular over time but not depth. 

In any event, time and depth effects will be discussed in 

greater detail in regard to Tables E-24 to E-29. 

The means and coefficients of variation in Table E-21 illustrate 

several of the basic trends in the variation patterns in the 

niche values for the stratifications by depths. Obviously, 

since inshore-benthic fish were only considered to be on the 

bottom, they do not appear in this coefficients of variation 

table over depth. Generally, the coefficients of variation for 

the diversity values are highest for the pelagic fish but low 
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overall. Although the diversity of the pelagic community from 

the bottom is low due to the over-abundance of white perch, the 

diversity of pelagic and inshore-benthic fish together is 

consistent over depth. The mean time-depth H' s have comparable 

coefficients of variations. The mean depth H appears to follow 

the total H while the mean time H follows the mean environment H 
which is a consistent result. Niche breadth values have fairly 

low coefficients of variations for both all groups and pelagic 

fish. The rest of the community structure values, however, 

were quite variable. The variation of stability measures was 

slightly low although more so for all-species than pelagic 

groups. 

Table E-20 gives some of the breakdown by depth and community 

groupings for the various results described above. The data 

stratification for all depths is from Tables E-8, E-10 and E-12 

(as all-stations) and is included here for comparison. The 

benthic bottom species breakdown for all groups shows white 

perch as constituting 45J of the fish community. This indicated 

that this species was almost half of all fish individuals 

captured in the bottom samples. The species composition for 

surface trawls was: blueback herring (30J), alewife (24J), 

and bay anohovy (22J); while for bot tom trawls: whi te perch is 

45J while the benthic feeders, brown bullhead and Atlantic 

tomcod, are 19J and llJ respectively. The density for bottom 

trawls is three times that of surface trawls and approximately 

equally divided between pelagic and benthic feeders. 

The surface trawls had a slightly higher total diversity value 

than the bottom trawls but a lower mean environment H. The 

lowest diversity in all components was exhibited by pelagic fish 

on the bottom whioh exoluded most of the white perch. The 
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greatest differences were seen in the among components while the 

w1th-H was relatively constant. The among station H was under

standably lower than the among date-time H except for bottom 

pelagic fish where the temporal diversity was zero. 

The relative use of the species niche breadth (BilE) indicated 

benthic species were a little better at using their smaller 

community niche space, while bottom pelagic species were worse. 

Relative community niche breadth values were consistent for 

pelagic fish but slightly lower for inshore-benthic fish. 

For other measures such as a, JK, JKi/(Bi/§) and Di/Ki the in

shore benthic community exhibited higher values. When the 

data was stratified by depth, however, the measures were not as 

consistent as they had been when all depths were considered 

simultaneously. Comparing surface-pelagic, bottom-pelagic, and 

inshore benthic values was difficult. The mean a was signifi

cantly greater for the surface pelagic fish; JKi/(Bi/B) was 

significantly lower for bottom pelagic, while Di/Ki was sig

nificantly greater for the inshore benthic community. This 

in some way indicated that the introduction of depth as a data 

stratification causes more artificiality in the patterns that 

were observed, especially since the pelagic fish like the white 

perch were utilizing several depths successfully and there 

was probably a great deal of interplay between the surface 

and bottom waters for particular species of fish and none for 

others. Thus, this separation of fish communities into benthic 

and pelagic types may not be completely justified. We do not 

know enough about the ecology of most of these fish in these 

various circumstances to solve these problems completely; 

however, the two-way stratification will elucidate more of the 

interrelationships. The values of species breadth (B') and 
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species breadth over N were low for the pelagic fish. The 

mean value of alpha was consistent for the bottom all-groups, 

bottom pelagic, and benthic-inshore stratifications. 

In regard to stability measures, the pelagic community on the 

bottom exhibited a greater stability in the depth stratification 

than in other data stratifications. This included the following 

measures: covariance of alpha; the corrected determinant; the 

range, variance, and arithmetric mean of the reciprocal eigen

value. The benthic inshore community exhibited a greater 

stability in regard to the coefficient of variation of a, the 

mean value of alpha, and covariance of alphas. Thus, even 

though it would seem from the way the data were originally 

stratified that the pelagic bottom fishes are a subset left over 

from the surface water community, this is not true. This group 

does have an integrity which cannot be ignored, mainly because 

of the predominance of white perch. By most measures, espe

cially the reciprocal eigenvalue values, the inshore benthic 

community was quite unstable; however, the variance, skewness, 

and kurtosis of the eigenvalues were low for this group. 

d. Stratification By Time For All, PelaSic and Benthic Inshore 
Groups (Tables E-22 and E-23) 

In the next Tables, E-22 and E-23, the data have been stratified 

by time of day. As with white perch, many of these fishes have 

a day-night distribution pattern or periodicity which will have 

a marked effect on community structure values in patterns that 

are observed based on time stratifications. For the adult fish 

of the Hudson River this is no exception. The sources of some of 

this variability could be seen better in the breakdown of the 
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day-night stratification in Table E-22. The percentage commun

ity abundance results illustrate that many of the fish were 

moving diurnally. For example, the white perch constitutes 76% 

of the pelagic community in the daytime, but only 53% of the 

pelagic community at night. The blueback herring is the second 

most abundant member of the day community, but in the night 

time, the alewife and bay anchovy constitute 17% and 14% of the 

community. In the daytime community for inshore-benthic species, 

the brown bullhead represented 55% of the community abundance, 

whereas in the night community, the Atlantic tomcod made up 50% 

and the brown bullhead only 14%. The hogchoker was the second 

most abundant benthic species at night with 26%, but represented 

only 10% of the community density in the daytime. When all 

groups were considered, the white perch was always the most 

numerically abundant fisb. In the daytime, however, tbe brown 

bullhead was tbe second most abundant species whereas at night 

it was not even in tbe top four species since it was replaced by 

the Atlantic tomcod whicb composed 23% of the community density, 

and the bogcboker whicb composed 12%. For all times and all 

groups, the brown bullhead was tbe second most abundant species 

and the Atlantic tomcod was third. 

The lowest coefficients of variation for tbe diversity measures 

were in the inshore-benthic community by day and night despite 

its changing species composition (Table E-23). The mean time

depth H was fairly regular for all species groups and thus the 

variation in tbe fisb community appears in the among mean-time 

or mean-deptb H for pelagic fisb. For some of tbe values of the 

niche breadtb measurements, the coefficients of variations were 

lowest for tbe pelagic community, in contrast to the diversity 

measures. The measures BilE and Bi/Ei were consistent for all 

species groups. The rest of the coefficients of variation were 

typical. 
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Comparing day and night values on Table E-20 produced rather 

confusing results. Again, the all-times values have been 

included for comparison. For all species, the within H and the 

among date H were similar but the among station-depth Hand 

therefore total H was greater in the night. The inshore-benthic 

diversity components were close but the pelagic fish values 

showed neither similarity nor pattern. 

Both relative community niche breadth (B/E) and relative species 
- A 

niche breadth (Bi/B) were consistent except for inshore-benthic 

fish for one day-time. Relative community niche breadth (S/E) 

decreased and relative species niche breadth (Bi/B) increased 

correspondingly. The benthic fish seemed to be more active at 

night which agreed with our knowledge of their biology. Many 

benthic-feeding fish are inshore during the day and only at 

night move out to deeper water where they can be caught by 

the bottom trawls. Also, in the Hudson River, it appears that 

they may be undergoing severe competitive pressure from the 

white perch which is more prevalent in bottom waters during 

the day. Values of BilE and Bi/Ei were generally consistent. 

The rest of the community structure values, as with the depth 

stratification, showed no descernible patterns. Comparatively, 

a had a high value for day-time pelagic fish while JKi and 

JKi/(Bi/B) were lowest for inshore benthic fish in the day-time 

and Di/Ki was greatest for inshore benthic fish in the night. 

Again, we must refer to the two-way stratification over time and 

depth to obtain coherent results. 

There is a clear trend towards greater stability in the night

time stratification demonstrated by all measures, including 

skewness (SA) and kurtosis (KA) of the eigenvalues, but not by 
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their variance. Also interesting is that the all-species 

stability is usually low or intermediate for fish reversing the 

trend found in the plankton stratifications. 

If it had not been for the ubiquity and dominance of white perch 

in both communities, it is probable that several more patterns 

of community structure would have emerged. The white perch, 

however, constituted an important feedback loop between surface 

and bottom waters in the fish community. This would tend to 

blur community structure and stability patterns. Some of these 

could be quantified if white perch were removed from the matrices. 

e. Two-Way Stratification By Time of Day and Depth For Surface 
and Bottom trawls (Tables E-24 to E-29) 

The last set of six Tables E-24 to E-29 constitute a grouping 

within themselves. Table E-24 involves a comparison of the 

adult fish community structure and stability values using a 

two-way stratification by time and depth, over all-depths and 

stations for all times, day, and night surface trawl data. E-25 

is a counterpart table which involves bottom data only for all 

pelagiC and benthic-inshore species and all groups of fish for 

all times, for day and for night. In Table E-24, no benthic 

fish were included because they were not abundant in surface 

trawls. Tables E-26, E-27, and E-28 include the coefficients of 

variation for Tables E-24 and E-25. Table E-26 includes the 

coefficients of variation over time for each depth and group, 

E-27 is taken over depth for day for each group, and stratifica

tion over depth for night for each group is given in E-28. 

Table E-29 includes means and coefficients of variations over 

depth and time. 
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As with the previous one-way stratifications by time and depth, 

the variation displayed by the all species-group was generally 

large over station and date. Thus, as a group becomes more 

localized to a given date and station, the community appears 

homogeneous in these environments as it was with the plankton 

co __ unities. This is to be expected of more complex organisms 

which are more specialized in their utilization of space. Thus, 

whereas a given station and perhaps depth can be considered a 

whole comaunity for phytoplankton, the fish community extends 

over all stations and both should be considered over time of 

day. On closer examination, it will be found that the fish 

co.-unity is consistent over time of day but significantly 

changes from surface to bottom. In this respect, the fish 

results were similar to those of fish larvae. 

As with most of the stratifications, the lowest coefficients - --
of variation were for Bi/Ei and Di/Ki • When comparing the 
various species groups on Table E-29, lower variances for 

inshore-benthic fish can be explained by the absence of the 

depth factor which proved to be the major source of variation. 

This is perhaps exemplified by the diversity components which 

are also low for all species. The niche breadth measures 
A A 

(B/E and Bi/B) exhibited high coefficients of variation for 

inshore benthic fish while pelagic fish were relatively regular. 

The trend is reversed again for a, JKi/(Bi/S) and s~, however, 

these measures are variable in the all species grouping. 

As with fish larvae, the adult fish stratified over time and 

depth showed many more interesting results than the correspond

ing one-way stratifications. First, the means over time and 

depth showed clearer patterns than did the niche values strati

fied over time or depth. The coefficients of variation taken 
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over the means for each time and depth are given for all and 

pelagic fish on Tables E-31a-3 and E-31b-3. Comparing these 

values to the coefficients of variation over the niche values 

for each time and depth, it can be seen that for time, several 

new consistent properties are generated and other measures show 

a comparable degree of variation. For all-fish the coefficients 

of variation for D, H, and Di/Ki went from .41 to .32, .14 

to .11 and .11 to .16 respectively; however, the coefficients of 
" variation of both relative community niche breadth (B/E) and 

A 

Bi/B decreased from about .4 to under .1 while the mean value 
- 2 of alpha, JKi , JKi/{Bi/a), H.M.A, and SA changes from .3 

for the niche values to .03 for the means, .13 to .OS, .16 to 

.01, 1.0 to .6, and .5 to .15 respectively. 

Thus, the adult fish community is essentially consistent over 

time. Further substantiation is given to this trend because 

when the pelagic fish community is considered alone, the results 

are even more definitive. For the niche measures, the coeffi

cients of variations of H, D, K, a, cova, B', and all of the 

stability measures except m&X A' minA, and KA were well over an 

arbitrary cut-off of .25 while for the mean niche values only 

Ht , D, K, and the reciprocal eigenvalue measures showed exces

sive variation. Almost all measures showed decreased variation 

over the means, the most notable being mean value of alpha, 

from .36 to .03. The coefficients of variation of relative 

community niche breadth went from 0 to .OS and Di/Ki from .04 

to .13. 

For the benthic fish, there were no means over depth since they 

were only considered at the bottom depth; however, in Table E-23 

the coefficients of variation over time of day for inshore 

benthic fish were under .25 except for relative community 

IV-1Sl 



I 
I 
I 
I 
I 

II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

nicbe breadth BIE, Bi/B, I, and the stability measures. Thus, 
using the niche values stratified over time, coefficients of 

variation were ambiguous, sometimes high and sometimes rela

tively low and the means trom the two-way stratification demon

strated of consistency in community structure over time of day. 

The same comparison for depth, however, was different. Several 

measures substantially increased their variation when means over 

time were compared to the nicbe values calculated using the data 

for botb times. In particular, those values which had shown the 

greatest decreases, (a and tbe stability measures) now had the 

greatest increases for botb all fish and pelagic fish. For all 

fisb, values of H bad low coefficients of variation of .02 over 

depth but tbe mean H's over each depth had coefficients of 

variation of .11. Also notable: Bi/S went trom .09 to .30, 

covariance of alpha trom .23 to .61, haraonic mean of the 

eigenvalues trom .36 to .90, and variance of the eigenvalues 
- A 

trom .09 to .42. For pelagic fish, the BilB coefficients of 

variation increased from .11 to .36, while the harmonic mean of 

the eigenvalues went trom .6 to 1.3 while most of the remaining 

values cbanged little. The only cases of significant decrease 

trom nicbe value variation to mean value variation were relative 

community niche breadth (B/E), whose coefficients of variation 

went trom .16 to 0 for all fish (from .11 to .16 for pelagic 

fish), BilEi went trom .01 to .02 for all fish and from .22 
to .02 for pelagic species. These values represented the 

measures which have been consistent over all the other stratifi

cations. Therefore, it appears that the fish community struc

ture is different between surface and bottom, more so in fact, 

than for pelagiC fish alone. 
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This latter result raises questions as to whether or not the 

previous division of the fish community into pelagic and benthic

inshore subgroups was artifical, which in fact, could have 

caused these results in the first place. Using consistency over 

time as a criterion, we compared the coefficients of variation 

of the day and night niche values for pelagic and benthic groups 

and for surface and bottom, and all species. On the whole, 

the latter had generally lower variation. For instance, the 

coefficient of variation for H was .3 and .OS for pelagic and 

benthic but .06 and .16 for surface and bottom. For relative 
,. 

community niche breadth, (B/E), a somewhat less conclusive 

.07 and .61 for surface and bottom. For a it was .36 and .1S 

versus .04 and .17 and finally for the variance of the eigen

values .5 and .9 were reduced to .1 and .3. There were no cases 

of drastic increases and the average of the coefficients of 

variations for surface and bottom groups was almost always less 

than for pelagic and benthic groups. These results imply that 

those fish which prefer the bottom waters and those that are 

found near the surface form coherent community groupings. 

habitat selection is more important than feeding behavior. 

Thus, 

This 

conclusion could also be due to our limited knowledge of the 

feeding habits of many of the Hudson River fish. In a surface 

bottom grouping, a problem arises because of fish species which 

are found in both surface and bottom trawls. Thus, we do not 

really know if the fish are competing in both areas and if so, 

in the same way. There is no precedent for placing the same 

species in two different competition matrices or for treating 

any obvious conflict that arises from this procedure. 

It is also conceivable that the bottom group could be divided 

into inshore-benthic fish and bottom-pelagic fish. This divi

sion, however, seems to offer little advantage as the average 
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variation remained about the same and only spread the data more 

thinly. Diversity, H, had a coefficient of variation over time 

of .16 for the bottom values, but .08 and .53 for benthic 

and bottom pelagic. Coefficients of variation for a went from 

.17 to .18 in both cases and the variance of the eigenvalues 

increased variation from .27 to .92 and .~l respectively. 

Regarding specific trend~ we refer first to Table E-26 over time 

of day. The pelagic surface fish showed by far the least 

variation. The only measures which had coefficients of varia

tion over the usual .5 were the determinant (/A/), the minimum 

and harmonic mean of the eigenvalues and and the reciprocal 

eigenvalue measures. It is interesting that the variance of the 

eigenvalues was consistent and high while the harmonic mean 

of the eigenvalues was not low but regular. For the bottom 

traWls, the inshore benthic fish had a constant density and 

diversity but the bottom pelagic fish showed the most consistent 

community structure and stability values except for the variance 

of eigenvalues. This community also gave the greatest indica

tions of stability. Tables E-27 and 8-28 possessed few new 

results. As expected, the coefficients of variation were 

generally much higher, but there were few differences from day 

to night. Host of the obvious trends have been discussed in 

relation to Table E-27. 

These results are reflected in the high diversity among times 

for surface fish and bottom-benthic fish, while it is low for 

bottom-pelagic fish, which was also noticed on Table E-20. The 

within diversity (mean time-depth H) decreased from surface

pelagic to inshore-benthic to bottom-pelagic, particularly in 

the day. The surface-pelagic fish and the inshore-benthic fish 

showed similarity in all their diversity components. The 
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among-date component was greater in all cases than the among 

station component. For the surface fish, the among-date H 

increased in the day while for benthic fish it increased in the 

night. The bottom pelagic fish among components were equal and 

much lower than for the other two groups. Both bottom groups, 

however, increased their among environment H in the night due 

to the migration and diffusion of 'surface' fish and 'bottom' 

fish while the surface among date H was highest in the day 

because of the seasonal influence. Total diversity followed the 

same pattern as the within component and was usually high. 

Total density remained fairly constant at 12 fish per trawl on 

the surface but for bottom trawls the density decreased from 49 

in the day to 21 in the night mostly due to the upward dispersal 

of white perch in the night while they are concentrated on the 

bottom in the day. 

With regard to species dominants, the overall species composi

tion is white perch 39~, brown bullhead l6~, Atlantic tomcod 

l5~, and hogchoker 1~, as mentioned before. When divided into 

surface/bottom and night/day, however, a great deal of hetero

geneity appears. The surface trawls which captured only pelagic 

fish in any numbers, were quite different overall from day to 

night. During the day time, the surface waters were dominated 

by blueback herring 56~ and American shad 22~, followed by the 

bay anchovy perch which also dominated the bottom trawls at 51% 

during the day. Another pelagic fish, the spottail shiner 

constituted 3l.5~ of the bottom-day catch. 

At night, the herring moved offshore and down while the white 

perch was found nearer the surface. Thus, the surface trawls 
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were cOllposed of alewife (4lJ) and bay anchovy (32J), which 

IIOstly CaM in with the salt front, and finally, white perch 11% 

and blueback herring (lOJ). In bottom trawls, white perch 

decreased to 33J while the spottail shiner was fairly even at 4J 

and blueback herring was 3J. Overall, pelagic fish dropped 

slightly in bottOll trawls from day to night from 55J to 41%. 

Some benthic species were subject to unusually high catches 

in certain trawls which caused considerable day-night differ

ences. Overall, brown bullhead and Atlantic tomcod were 19J and 

lSJ of bottom trawl catches followed by the hogchoker at 8%. 
For day-time trawls, it was brown bullhead 25J, Atlantic tomcod 

l2J, and bogchoker 5J while for the night-bottom trawls the 

order changed to Atlantic tomcod 29J, hogchoker l5J and brown 

bullhead SJ. 

There were consistent community structure values over time of 

day for the two groups of pelagic fish on the surface and on the 

bottom. All me~sures_excePt D~, relative community 
niche breadtb (B/E), BilE, and D/K were consistent. Because 

of the inconsistency of the inshore-benthic fish data, there 

were many notable differences. This is what one would expect 

from given tbe results on Table E-22. 

For the pelagic fisb, the surface community seemed highly 

structured even thougb it bad the smaller denSity and altered 

species composition from day to night. As mentioned, the 

diversity for the surface fish was higher in all components and 

it was also consistent. Although the relative community niche 
A 

breadth (B/E) was lower for the surface fish than the bottom 

pelagic species, the species niche breadth relative to E (BilE) 
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- " was higher making the relative species niche breadth (B IB) 
_ -.1.1-_-:-

and the niche overlap (a) much higher. Also, %Ki and %Ki(Bi/B) 

values were higher. When surface pelagic and bottom pelagic 

species are compared with day and night combined the surface - " -values for BilE, Bi/B, a, %K decrease from their separate day 

and night values. This indicates that while the fish are in the 

surface waters for both day and night, they are efficient in 

utilizing the environment and are overlapping heavily. There is 

little interaction between the day and night species. The 

bottom pelagiC fish appear to be less successful since they are 

over dominated by white perch and face more competition from the 

benthic feeders. 

The Di/Ki ratio was equal for surface pelagic and bottom pelagic 

species but it did show interesting differences between day and 

night. For both groups, there were corresponding increases from 

day to night. Also, for some reason, the Di/Ki value for sur

face pelagic fish was significantly greater when day and night 

were combined. Relative community niche breadth (S/E) tended to 

drop slightly in the night as did total density. 

The stability measures were as consistent as the rest but 

continued their puzzling trend of indicating that the more 

variable community structure was more stable. In any case, all 

stability measures except skewness and kurtosis of the eigen

values displayed the greatest stability for bottom pelagic fish, 

thus giving daytime species an advantage. 

The inshore-benthic community exhibited some very strange trends 

and was quite inconsistent. This is undoubtedly due to the 

peaks or brown bullhead and hogchoker which constitute much 

of the density in this group. In general, the inshore-benthic 
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niche values were in between those of the surface pelagic fish 

and the bottom pelagic fish except for the relative community 

nicbe breadtb (B/E) which was understandably lower and the 

Di/li values which were considerably greater than for other 
pelagic groupings. The only measures consistent over time 

were diversity components which have been discussed. Relative 

aa..unity nicbe breadth (B/E) increased dramatically in the 

night while BilE cbanged only slightly causing a drop in rela-- ~ 
~iV~ species niche breadth (~/B). ~rresponding to the higher 

Bi/B~tbe day were higber a, and JKi values. JKi/(Bi/B) 

and Di/Ki, however, are botb significantly higher in the night. 

This indicates, somewhat ambiguously, that the inshore benthic 

fish are considerably more active in the night, perhaps being 

restricted and outcompeted in the day by tbe higher concentra

tions of white perch. Interestingly, all the stability measures 

except SA and KA indicated tbe night community was more stable. 

The skewness and kurtosis of the eigenvalues were regular and 

were low for both day and night. Although less consistent than 

tbe pelagic fisb (because of the peaks), the inshore-benthic 

coaaunity displayed some interesting trends. 

f. Hiche Heaaurea of the Dominant Species (Table E-30) 

Table E-30a contains the results for the dominant pelagiC adult 

fish in tbe Hudson River. As with the larvae, the adults can 

also be cbaracterized by extreme variation. Practically every 

niche measure exceeded the criterion of the .5 cut-off value for 

tbe range of tbe nicbe values. The white perch was slightly 

less variable in this regard than the other species. The co

effiCients of variation exhibited low values over stations for 

white perch as compared to the blueback herring, and to a lesser 
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degree, the striped bass. White perch was the least variable 

species tollowed by the alewife or Alosa spp. Both white perch 

and alewife had high Di/Ki values and generally, all species 

had high Di/Ki values except for the striped bass. Values 

for striped bass were lower and indicated that this species is 

not an efficient competitor with the other species. Striped bass 

also has lower density values, which indicates it was an inferior 

competitor. In terms of the SKi/(Bi/S) ratio, the value for 

striped bass was higher than the value for alewives and gener

ally higher than the value for blueback herring, but not quite 

as high as the value for white perch which was probably the most 

efficient species in the pelagic adult-fish grouping. This 

indicated that other tactors such as temperature and oxygen 

influenced the distribution patterns of the species. The 

striped bass had the highest followed by blueback herring. 

White perch and blueback herring had a higher species effect 

than community effect while for alewife and striped bass the 

effects were equal. There was a high degree of variation over 

station for these values but they generally retained the same 

interrelationship. Few consistent station trends appeared. RDW 

had reduced densities and SKi/(Bi/B) values for all species except 

striped bass. 

Table E-30b gives a summary of the values of the common benthic 

inshore adult fish. This group, like its pelagic counterpart, 

was highly variable. The ranges most niche values were over the 

.15 criterion and most coefficients of variation were greater 

than .3. Several coefficients of variation, especially for the 

brown bullhead and the hogchoker, were over .5 and often over 

1.0. These results indicated a highly variable community, more 
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so than other functional groups, except fish larvae. Di/Kl 

values roughly followed D values and on the average %Ki/(Bi/S) 

values were approximately equal. The Bi/S values were greater 

than the values for Bi/Ei • The effect of the community on 

the species dominants and the dominants' effect on the community 

were similar for the brown bullhead and less so for the hogchoker. 

The alpha means (a) for Atlantic tomcod and hogchoker were about 

equal while those for brown bullhead were quite low. For all 

these species the average community effect was only slightly 

less than the average species effect; however, over stations 

the difference varied widely in both magnitude and direction. 

This indicated that the sampling was probably not adequate to 

completely characterize these species. In general, however, 

they have extremely variable dynamics within their ecological 

communities. Station trends were difficult to delineate; 

however, the peaks of hogchoker and brown bullhead were quite 

evident. Brown bullhead exhibited marked preferences for 

eastern stations and DC-20. 

g. Summery of the Adult Fish COmmunity Results (Table E-31) 

(i) Overview of the consistent properties 

Some of the major trends that have been discussed in the 

preceding section on results for the adult fish community 

are summarized below. The by-station and by-date results 
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Table 15: Summary comparison of important niche measures for the 
adul t fish community 

All Stations By Station 
fYnQU,Qnjll .2I: !:;ontrQl J:;xl2~rimental 

Niche Hejlsure GrQuD All Dates Stations Stjltions 

A 

BIE All species .23 .20 .57 
Pelagic .37 .33 .51 
Benthic .17 .18 .51 

A 

B/B All species .33 .39 .25 
Pelagic .28 .33 .36 
Benthic .49 .53 .36 

JKi/Bi/B All species .75 .73 .77 
Pelagic .79 .81 .71 
Benthic .79 .74 .95 

Di/Ki All species .37 .35 .30 
Pelagic .47 .45 .36 
Benthic .53 .48 .54 

All species .13 .17 .15 
ex Pelagic .19 .23 .25 

Benthic .14 .16 .18 

H All species 2.76 2.69 2.62 
Pelagic 1.67 1.57 1. 75 
Benthic 1.92 1.82 1.85 
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for all, pelagic, and benthic groups for six of the major 

niche ratios including total diversity (H), relative commun-
A 

ity niche breadth (B/E), relative species niche breadth 

(Bi/S), Jli/(Bi/B), Di/li and mean value of alpha are sum
marized in Table 15. Several consistent properties in the 

structure of the adult fish community are apparent. Varia
tion was usually associated with the experimental stations. 

A 

For example, with relative community niche breadth (B/E) the 

regularities between all and control stations were found 

within the various species stratifications: all, pelagic or 

benthic species. 

The experimental stations showed the greatest change and had 
~ 

higher relative community niche breadth (B/E) values. For 

all and control stations the values of relative community 

niche breadth for benthic inshore species were lowest, 

followed by the all species values. The similarities of 

these values were not independent, because benthic species 

were included in the all groups stratification. The total 

diversity measure (HT) was consistent across rows, with 

the pelagic community having the lowest diversity, espe

cially for the control stations. The all species value for 

diversity should be higher than the value for any sub-group, 

because diversity is directly proportional to the number of 

species included in the analysis. All stations and control 

stations were consistent across rows for the value of 

relative community niche breadth. The pattern of B IS was 
A - i 

the inverse of that for B/E indicating that B IE was almost 
i 

consistent. Benthic values were considerably higher for all 

and control stations. 

The Jli/(Bi/S) ratio was high for benthic species at the 

experimental stations which indicated that either environ

mental stresses andlor predation pressures were low, or food 
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was abundant; otherwise this measure was consistent. The 

competitive success ratio (D./K
i
), and the mean value of _ 1 

overlap (a) were consistent for all types of stratification 

for all, pelagic, and benthic species groups. In summary, 

since the fish community exhibited several consistent 

properties, it undoubtedly possessed a definitive community 

structure. The major variations in its integrity were 

associated with the niche breadth measures calculated from 

experimental station data. This indicated that the experi

mental stations were significantly different from the 

control stations. For example, usually the value of the 

relative community niche breadth (B/E) at the experimental 

station was twice that of the control stations. This does 

not necessarily indicate that the effect of the perturbation 

on the community was bad, since as the relative community 

niche breadth (B/E) greatly increased, the relative species 

niche breadth (B./B) subsequently decreased. This may be a 
1 

positive rather than a deleterious effect on the fish 

community. 

(i) Summary of statistical results 

- Density results 

Since only trawl data were used in the study the sampling 

was fairly unbiased environment-wise except as described 

below, but undoubtedly gave a biased view of species the 

community. The fish samples were unavoidably sparse in 

comparison with the other groups and therefore the clarity 

and consistency of the results are affected. Also, because 

the surface waters tend to be less populated than the 

bottom, the surface trawls were more sparse even for pelagic 
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fish than the bottom trawls and thus some bias was intro

duced. This bias, however, is inherent in the comunity 

structure and it suggests that even for pelagic fish there 

are separate bottom and surface communities. It is interes

ting that in all cases the most consistent measure was Bi/Ei 

(coefficient of variation around .2 which was designed to 

account for (sparsity in the data). 

The overall species composition was white perch (39%), brown 

bullhead (16%), Atlantic tomcod (15%), and hogchoker (7%). 

White perch was found in large numbers at all stations and 

months and it usually dominated the community. This indi

cates only that there was a large stable population of 

white perch in the river. Other dominants or potential

dominant species may not have been as effectively sampled. 

The 1973 LMS report to CHGE indicated that blueback herring, 

spottail shiner, and striped bass were more dominant than 

shown when other surface sampling methods such as seines 

were used. Their results, however, still show that the 

area was preferred by bottom-dwellers and that the dominant 

species was white perch. 

Benthic fish were mostly found in bottom trawls and not 

considered to be overlapping when found in surface trawls. 

In most communities, pelagic fish are rarely found in bottom 

trawls; however, in this area there were large numbers of 

white perch which prefer the bottom waters and they appeared 

to be overlapping heavily with some of the inshore-benthic 

fish. There are indications that the bottom/surface commun

ity stratification may have been a more consistent way to 

divide the overlapping fish. In terms of species composi

tion and diversity there seemed to be separate surface

pelagic, bottom-pelagic, and inshore-benthic communities. 
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The following is a description of the dominant species 

trends referring to our figures for surface and bottom 

trawls and to the 1913 LMS report to CHGE which included all 

trawl, seine and trap net data. Out of the over 2400 fish 

sampled only, 14.6% were caught in surface trawls as opposed 

to 85.4% from bottom trawls; however, the relative popula

tions of pelagic and inshore-benthic fish were about equal. 

51% of fish caught were pelagic while the remaining 43% were 

of species were classed as inshore-benthic. When only bottom 

samples were considered, the comparison was closer: 51% to 

49%. 

The overall average density of surface trawls was 12 fish 

per 10 minute effort and it did not change from day to night 

although the species composition was different. Most of the 

species found in bottom trawls did not vary much diurnally 

except for the most abundant species, the white perch. 

Thus, the overall bottom trawl density decreased from 49 in 

the day to 21 at night. The surface fish seemed to be found 

in greatest numbers at RNCW and DC-20 while the bottom fish 

preferred DC-20 and, except for striped bass, avoided RDW. 

The surface waters were dominated by various types of 

herring. All of these belong to the Alosa genus and are 

anadromous. (The alewife is considered separately below). 

The adults swim up the river in the spring only to spawn and 

the young move down river in the fall when they are mature 

enough to live in the coastal or beach waters. These 

species were more effectively sampled by seines and frame 

nets, particularly in mid-summer when only the small imma

ture forms are present. Throughout the summer, Alosa spp. 

larvae consistently dominate the fish larvae community. 
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The dominant species when all types of nets were considereg 

was the blueback herring,a pelagic feeder found mostly on 

the surface and particularly by seines. In trawls, they 

were found at an average density of about 5, mostly in day 

when they were 56J of surface trawls. At night, the fish 

moved further offshore and down to middle depths so that 

they constituted only 10% at the surface and 7% of bottom 

trawls. The adult herring were found in Hay and June. 

While the young appear from July to November, they form 

schools and migrate down river. The adults were 16J of the 

May catch but the young were not large enough to appear 

permanently in the trawls until November at 11%. Thus, they 

were only 5.6J of our trawl data although they were present 

in large numbers on the surface and inshore all summer. 

The American shad were similar to herring in behavior as 

they were found mostly in day-time surface trawls at a 

density of about 3-11J of all surface trawls. They appear 

to have spawned earlier since few if any adults were caught 

and they were not abundant till the latter parts of the 

year. They preferred station RNCW. 

The alewife constituted 24J of surface trawls, an average 

density of about 3. Although not as frequent as the blue

back herring, this fish is larger and, in trawls from July 

to October, was more common. The young tended to stay 

inshore in the day, sometimes appearing in bottom trawls 

(.5J), but they were found in the offshore surface in 

schools during the night when they constituted 41% of sur

face trawls. Alewife usually spawn further upstream than 

most herring and their maximum density was at DC-20 and RNCW. 

The only other dominant pelagic fish was the bay anchovy 
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which appeared only in October at a density of about 4 

(10%). Being a marine fish, it is likely that it came and 

went with the salt-front. It was caught in greatest numbers 

during the night and was maximum at station RNCW. 

Host of the resident and resident-spawning fish were found 

in bottom trawls. Of the pelagic fish found in the trawl 

data, the bottom dwelling white perch were conSistently 

dominant with an average density of 11.5 over the months 

sampled. This species is both a freshwater and coastal 

species. Although there was a resident population found 

year round constituting about 39% of the trawl catch, there 

was a summer peak from July to November when they were 

especially abundant at 77% in August of the total monthly 

fish catch. This was mostly due to the young-of-the-year 

which were found at near-shore stations feeding on herring 

larvae. They were found fairly evenly at all stations, 

highest at DC-20 with an average density of 16, and lowest 

at RDW where they were only 8. As mentioned, they live 

close to the bottom and make up 51% of the surface trawls in 

the day. In the night they move up and inshore, constitu

ting 33% of bottom trawls and 11% of surface trawls. 

The spot tail shiner was a freshwater pelagic-feeding species 

that appeared prominently in the seine collections all year 

round but tended to be less abundant in trawl samples except 

in the beginning and end of the sampling period. Its 

population level fluctuated l1tt~le and the average density 

in our data was 1.4 for all dates. This species prefers the 

bottom and shallow inshore areas such as station DC-20 where 

its average density was 4.5. It was 3.6% of bottom trawls 

for both day and night. 
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The final dominant pelagic feeder discussed is striped bass 

which is anadromous and like the spottail shiner was found 

mostly as young of the year by inshore-seine samples. This 

species does not appear to be resident in this part of the 

river but may be using it as a spawning ground. The young 

appear from July to November, declining sharply in December 

when they migrate downstream. The adults were found inshore 

in seines in May and June moving out to deeper waters in 

July and August. Consequently they peaked in our data in 

August at 1.8J corresponding to a density of .5 but were not 

found in several months. The fish was found in both surface 

and bottom trawls during the day but not at night. There 

was a preference for RDW, just off the plants, and after 

that for the south control stations. 

The benthic feeders and inshore fish included most of the 

resident species but not the most abundant (white perch, 

etc.). In fact, the dominant benthic species was the 

Atlantic tomcod, an anadromous species which spawns in the 

winter. The adults were found in the trawl data in May at a 

density of 33 or 58J, and again in October to December at a 

lower density of about 4-5, which was 96J of the small 

December benthic population. Overall, this species consti

tuted l5J of all trawl data and was even over stations 

although it was lowest at RDW. Like most benthic fish, 

there was usually no difference between day and night 

populations. 

The brown bullhead 1s a fresh water resident with a normal 

density of about 9 or l5J of bottom trawl catch. It showed 

a strong preference for eastern stations and DC-20 but other 

variation was overshadowed by the October trawl at RNCE in 
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which the net seems to have been hung up judging from the 

large number of bullheads. This density value caused the 

brown bullhead to be 38% of the October catch for all 

species, 16% overall. In fact, its total density was 

greater than that of the Atlantic tomcod. 

The third dominant was the hogchoker, a flounder which 

appeared to be resident with an average density about 1.5, 

less than 4% of most bottom trawls. There was a night-time 

bottom trawl in November, however, at RSCE which collected 

about 40 fish in a ten minute trawl so the overall percent

age was 7%. 

other common species in the bottom trawls were the Atlantic 

sturgeon, white catfish, and goldfish. Species that were 

primarily caught in frame nets and seines were young her

ring, white perch, striped bass as well as shiners, darters, 

sunfish and the American eel. All these species came into 

the inshore zone, and many were resident species. The 

community in this area was extremely diverse and contributed 

greatly to the total fish biomass especially in the spring. 

The by-dates tables showed a high degree of variation with 

little pattern. Because of the more or less anadromous 

nature of most of the dominants, and the size-selectivity of 

the trawls, a complex pattern emerged. From early spring 

until about June, the abundance by trawls was high because 

of the adults of the spawning species. Only in May was the 

sampling complete enough to use and the catch was Atlantic 

tomcod 58%, white perch 22%, and blueback herring 5%, with a 

total density of .39. After that, catches decreased with 
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mostly resident species appearing [white perch (77%) and 

brown bullhead 7~ in August] when the total density was 25 

until August to November when the young of the year were 

large enough to be captured in trawls. Simultaneously the 

salt front moves through the area importing more marine 

species. In November the adult fish community was composed 

of white perch (45~), hogchoker (24~), and blueback herring 

(10~), with a total density of 26. In December, the density 

fell to 15 as the young migrated down river leaving year

round residents and over-wintering fish: white perch 50~, 

Atlantic tomcod 29%, and spot tail shiner 19%. 

- Niche values for all groups 

The following is a comparison of the fish groups among 

themselves and with other functional groups (Table 16). 

The fish values mostly resembled the fish larvae community 

which was variable and loosely-associated assemblage. For 

all measures, the fish groupings usually exhibited the high 

coefficients of variation over environments. Only the time 

of day grouping was consistent, particularly for pelagiC 

fish. Bottom and surface samples represented quite differ

ent communities for pelagic fish while, of course, the 

benthic community was restricted to the bottom. Fish 

were more specialized in terms of their utilization of 

various station areas and had more complex seasonal patterns 

than the other groups. The most consistent measures were 

Bi/Ei and Di/Ki. 

The among-environments diversity components were high unlike 

fish larvae (total among-environment H averaged over 1.0) 
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while the within-component was only about .5 which was 

similar to the value for larvae. Diversity was high for 

surface pelagic f1sh at 2.4 and low for bottom pelagic 

species. Diversity of the whole fish community does not 

change over depth. It is only slightly higher for benthic 

species, 1.9, than pelagic species. All diversity measures 

were about 30% greater for all-groups than either of the 

subgroups. 

The niche breadth measures were also comparable to fish 

larvae, that is, low. For inshore-benthic fish, the rela

tive community niche breadth (B/E) was lower than for 

pelagic fish either bottom or surface (.2 versus .4 for 

either pelagic group or all pelagic fish), but the mean 

relative species niche breadth was higher (.5 versus .3 over 

all data). The Bi/Ei measure was usually high for fish 

as well as consistent, even though it decreased for fish 

larvae. This measure was lower when all data was compared 

with an individual station or date. Overall, BilEi was high 

for bottom pelagic fish, lower for surface pelagiC and 

lowest for benthic species, all pelagiC, and all-groups. 

Mean niche overlap (a) was low (.13) although it rose to .25 

for pelagiC fish on the surface, and with high coefficients 

of variation over species. Values of %Ki' %K
i
/(B i /8) and 

Di/Ki all decreased for pelagic fish on the bottom and were 

similar for surface pelagic and inshore-benthic except for 

Di/Ki which was higher for inshore-benthic species. 

%Ki was .3 and it decreased to .2 for bottom pelagiC species 

although for individual stations and dates, it rose to 

.5 for inshore-benthic species. %Ki/(Bi/~) showed inter

esting patterns over space and time, and it was about .75 
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for all groupings of species except bottom pelagic fish for 

which it was .5. 0i/Ki was .3, .4, and .5 respectively for 

bottom pelagic, surface pelagic and all pelagic groupings 

but it decreased to .4 for all species. These results 

indicate that the pelagic fish community sampled by the 

bottom trawls had high competitive pressure, which is 
- ~ 

further substantiated by the low BilB and H values. Thus, 

while density increased for this group it was attributed to 

the prevalence of white perch at the subsequent expense of 

the total community. Because of this, the benthic fish were 

forced to compete at a much higher level than other groups. 

Both percent carrying capacity (%K
i

) and 0i/Ki values 

dropped slightly for all-groups and were comparable to fish 

larvae. In contrast, %Ki(Bi/B) was lower for both fish 

larvae and rotifers and with a generally higher coefficient 

of variation over species. It is interesting, particularly 

from the point of view of the sampling, that as with larvae, 

the individual station and date values and their means were 

often higher and more consistent than the values over all 

the data. The one-way stratification over time and depth 

demonstrated few patterns; however, when the means over the 

two-way stratification for each time and depth were compared, 

time of day showed many consistent properties, particularly 

for pelagic and all groups, and although Bi/Ei and 0i/Ki 

values appeared constant for depth, there seemed to be more 

pattern. 

The stability measures indicated that as a whole the fish 

were sensitive and considering all of the data, the benthic

inshore community was considerably more unstable than the 
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pelagic fish which were stable in bottom samples. This 

result was not consistent locally, however, and the average 

measures between pelagic and benthic communities were not 

different. As with phytoplankton, the all-groups values 

demonstrated lower or occasionally intermediate stability as 

compared to the sub-groups. This is probably because all 

species together constitute a less-cohesive community. 

For all groups, when the one-way stratifications were 
A - A 

considered, depth showed low variation in H, BIE, Bi/B and 

the stability measures while time stratifications produced 

low values of H, BilE, and Di/Ki' The two-way stratification 

over both time and depth however, exhibited consistent 

properties by time of day and changes by depth. The ANOVA 

values tended to support this result. 

Over time of day the only consistent changes were: a night 

increase in among date-station diversity from 1.1 to 1.4 

(a f =.3 for total H), a small increase in D/Ki from .25 

to .3 (a f =.24) and a rise in stability which was not con

sidered significant (af =.5 for H.M.A). All other af's were 

over .7 and there were several values of 1.0. There was a 

daytime decrease in alE (BilE constant) and a slight rise 

in a (both on the bottom only and not significant overall). 

Over depth there were almost no consistent properties. 

Within-group diversity rose but among H was constant (af = 
.36 for total H). There was more diurnal variation in SIE 

and a, but the bottom surprisingly exhibited no differ-

ences in alE (af =1), while Bi/B decreased fr~ an 

average of .56 to .36 on the bottom (af =.2), a from .38 
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to .22 (af =.01), %K I{B IS) from .85 to .63 (af =.04) and 

Di/Ki only decreased slightly from .28 to .23 (a
f 

=.4). 

Stability generally increased on the bottom (a
f 

=.3) for 

H.H.A and .06 for var A. 

By dates, the only consistent properties were BilEi at 

.22(.12) and Di/Ki at .29(.14). Total diversity was 1.95 

(.26) ranging from 1.36 in August to 2.59 in October. The 

within component was more even at about .8 except for the 

two months just mentioned. The among components were 

highest in October and November when most of the young of 

the year were found. In terms of community structure 
A 

values, most of the differences were in October. BIE 
fell from .4l{.4) overall to .15 and B IS rose from .48(.5) _ i 
to .86 while B IE remained fairly constant at .17(.25), being i _ 
greatest in Hay and December and a was relatively constant 

at .20(.25). Even BilEi dropped from .7(.1) to .6 and 

%Ki/(Bi/B) fell from .70{.2)~.5l with a high species 

coefficients of variation. Di/K. was constant as mentioned 
1 _ A 

and did not change. Hay showed high a, .27 and JKi/(Bi/B) 

.83. Stability was lowest in August and October and highest, 

according to H.H. A, in December. 

There were few differences across station groups. Between 

control and experimental stations, however, the within 

diversity component rose from .8 to 1.1 while the among 

component decreased from 1.9 to 1.6. Thus, there was no 

overall change in H. Relative community niche breadth (B/E) 

rose from north-control station (.2) to south control 

stations (.4) and was highest for experimental stations (.6) 

while mean relative species niche breadth reversed the trend 

(.6, .3, and .25 respectively) indicating little change in 

IV-203 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

tbe B IE measure. Density, percent carrying capacity (JK
i
), 

1 

and JKi/(Bi/B) were all slightly higher at the north control 

stations compared to the south with the experimental station 

group intermediate. 

Consideration of separate stations illustrated that most of 

the differences were centered around tbe experimental 

stations RDW and DC-20 (which were not similar) and the 

nortbeast control station, RNCE. Total diversity had an 

overall coefficient of variation of .1; however, the within 
component rose from an average .9 to 1.4 at DC-20 (a

f 
: 

.001) while the among component decreased from an overall 

average of 1.4 to around 1.1 at both RNCE and DC-20. Host 

of the changes in community structure values took place at 

these two stations and because averages over both control 

stations and experimental stations were affected, the 

t-tests were not useful. Density rose at both RNCE and 
~ 

DC-20 but for relative community niche breadth (B/E), .4 

(.5) overall, decreased at RNCE to .2 and rose at DC-20 

to .8 (at :.1). JKi and JKi/(Bi/B) increased to .4 and 
decreased to .5 respectively at RNCE from their averages 

of .3(.2) and .7(.2) with a and Di/Ki constant at .3(.1) 

and .2(.1). Stability was highest for RDWand slightly 

lower at RNCE and DC-20. There was a high covariance of 

alpba at RNCE while RSCW had a high kurtosis of alpha. 

- Niche values for pelagic fish 

The pelagic fish exhibited the same trends but with more 

consistency than for all groups or for tbe inshore-benthic 

fisb. The bottom trawls and surface trawls had different 

species compositions and different community structure 

IV-204 



values but both usually tollowed the same diurnal pattern 

which was usually oonsistent. 

The tew ditterenoes aoross time ot day inoluded an inorease 

in the UlODa environment B trom day to night. By the 

tt.e-ot-day table, B inoreased trom .8 to 1.4. During the 
day the surtaoe and bottom oommunities vere separate; 

however, during the night the two populations overlap to a -greater degree. Also, Di/li inoreases in the night time 

tor both surtaoe and bottom tish trom .25 to .3(ar =.004). 

On the bottom, only within-B inoreased in the night vbile 
'" density and stability decreased and on the surtaoe BIE and 

Bi/li decreased. 

B.r depth, the oa.munity ohanged completely. Diversity, 

relative speoies niohe breadth, (Bi/B) niohe overlap, 

"i/(Bi/8) all deoreased while sta~ility inoreaaed~lY 
relative ~ity niohe breadth (B/E), Bi/Ei and Di/li 
remained relatively oonstant. Diversity deolined in all 

OOIIponents and the total B went trom a surtaoe 2.4 to .1 on 

t~e bottom (at =.06). Relative oommunity niohe breadth 
(BIB) was tairly oonstant at .4 exoept tor a small drop at 

the surtace tor night to only .3 ( at =.2). In contrast, 
BIE deoreased regularly tor the bottom community so B IB vent _ i 
trom about .56 to .3- (at =.02). a similarly deoreased 
trom .38 to .11 (at =.005), although it had varied over 

tlme ot day. Stability, however, was muoh greater tor the 

bottOil co_unity (at = .01). 

Sinoe they were dOilinated by a mainly resident speoies, the 
pelagio tish oommunity reaohed a aaximum density in August 
and a Il1nimum density with tewer speoies in May and Deo_bar. 
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Diversity showed little pattern. Total H was 1.29(.4) and 

was low in all components in August and December and maximum 

in October. The rest of the niche values exhibited the 

same pattern as density. Relative community niche breadth 

(S/E) decreased from .~3(.4) to .28 while BilE increased 

from .45~.3) to .88. BilE increased from .20(.2) ~25, 

Jli/(Bi/B) was .69(.3) decreasing to .51 in Hay. Di/li 

was .42(.2) and it increased to .71 in May and .56 in Decem

ber. a dropped from .23(.4) to .11 in May and .19 in 

December. Stability was high in May and December, and low 

in August and October. 

By stations there was little variation in the most dominant 

species, white perch, which was the second dominant at RSCW 

and RDW where blueback herring was first dominant and at 

RNCW, the bay anchovy. At the other stations, RNCE, RSCE 

and DC-20, the among depth diversity was zero indicating 

there was a low surface population. At RNCE and RSCE white 

perch was more dominant than at the other stations and it 

caused a decline in total diversity from 1.7 to 0.9. At 

DC-20 there was also a large concentration of spottail 

shiner which caused an increase in the within diversity from 

.5 to .9 as well as the overall density. The highest total 

diversity was 2.0 at RNCW where the among diversity compo

nents were all high. The highest concentration of striped 

bass was at RDW although it was only 6J. 

The community structure values were consistent, though with 

high non-significant fluctuations, except at RNCE and DC-20. 

At the control station, RNCE, relative community niche 
A _ A 

breadth (B/E) decreased from .4(.4) to .2, while Bi/S in-

creased from .4(.3) to .7. Thus, the decline in community 
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niche breadth (B/E) was not associated with a drop in 
- A 

species niche breadth (Bi/B) but rather with the decrease in 

community diversity. Niche overlap decreased from .23(.4) 

to .OB, Jli/(Bi/B) decreased from .7(.3) to .4 and Di/li 

increased from .4(.2) to .6, indicating, respectively, 

88symmetry in overlap patterns. 

The other aberrant station, DC-20 showed the opposite 
A 

effect. Relative community niche breadth (B/E) rose to .7 

(at =.1) while species niche breadth (Bi/B) was constant 

at (at =.B) and there was a general rise in species niche 

breadth. Niche overlap rose slightly to .35 while the other 

measures were constant (at 2. .9). These resul ts (with 

the overall higher density, carrying capacity (Ii) and 

diversity) illustrate a similar but generally efficient 

community. Similarly, RNCW had the highest total diversity 

of 2.0 because of high among-components, as well as the 

second highest density and niche overlap which was .3 
and the highest Jli/(Bi/B) value of 1.0. Both this station 

and DC-20, however, had many missing samples so that this 

similarity between them is suspect. Stability was highest 

for the two eastern control stations, RNCE and RSCE, where 

there were high concentrations of white perch. 

There was a clear decrease in stability between the experi

mental station and the control station groups, except for 

RNCW (at =.2 for the minimum, maximum, variance and the 

harmonic mean of the eigenvalues). 
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- Niche values for inshore-benthic fish 

Although containing most of the resident species, this group 

was extremely variable. It neither contained the most 

dominant resident nor was the real dominant species of this 

group (Atlantic tOlicod) a resident. These fish were perhaps 

more prone to station preferences based on bottom type and 

there were indications that they overlapped strongly with 

the white perch which varied diurnally. Most of the varia

tion, however, comes from two peak densities for a couple 

species in different environments which affected the results. 

There was no depth factor and the stratification by time of 

day showed a relatively high degree of variation. From day 

to night, total H went trom 1.7 to 1.9 although the within H 

was constant. Relative community niche breadth (B/E) went 

trOll .14 to .35, B IB from .83 to .39 so that B IE was con-
- i _ i 

stant. a and percent carrying capacity (~K ) were also 
---~x i --

constant but Ui/(Bi/B) rose trom .57 to .73 and Di/Ki trom 

.44 to .53 indicating more success in the night when the 

abundance of white perch was less. Stability was also 

greater in the night. 

By date, there was also a lot of variation, particularly as 

in the all-species group in the month of October which was 

the month of the salt tront intrusion and of the peak of 

brown bullhead. Density followed the pattern described for 

all-species. Total H was 1.0(.6) and fluctuated widely. 

The only difference in the within component was a decrease 

trom .6 to • 3 in December. November exhibited the maximum 

diversity. Relative community niche breadth (B/E) was 

IV-208 



.46(.5) being lowest, .13 in October and generally less in 

the later part of the year. B IE showed the same pattern, 
- A i 

but Bi/B increased from .69(.4) to 1.13 in October. a and 

JKi/{Bi/B) decreased throughout the year: ~ changed from 

.5 in Hay to .03 in December and JKi/(Bi/B) from 1.03 to 

.45. Both values notably decreased in October as well. 

Di/Ki was .48(.3) except for a de~se to .24 in Hay and 

an increase to .67 in December. Bi/Ei (as usual) was most 

consistent at .78(.12). Stability was lowest in May and 

highest in December. The patterns of inshore benthic and 

pelagic communities are nearly inverse to each other and 

combine to produce a decrease in October when all-species 

are considered. This is perhaps the main indication that 

the two groups are affecting each other. 

The benthic or bottom-feeding fish included extremely high 

density values for the dominant species which were asso

ciated with the natural variation by date and by location. 

Thus, this group exhibited coefficients of variation over 

station that were comparable to the pelagic fish values as 

well as large fluctuations in species composition and 

density. 

With regard to changes over groups of stations, there was a 

decrease in average density at the experimental stations 

compared to control stations from 28 to 12 which corres

ponded with a shift in diversity components from within to 

among (opposite to pelagic fish) while total H was rela

tively constant at 1.9. This value was slightly higher than 

for pelagic species. Also there was an increase in B/E from 

.2 to .5 and an increase in JKi/(Bi/B) from .79 to .95. 

The other measures were fairly constant over time while the 
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A 

stability measures and BIE showed more variation between 

north and south control groups. 

As before, lowest coefficients of variation were Bi/Ei , 

.15(.11) and .42 (.lS). The niche breadth pattern was the 

same for the inshore benthic community as for pelagic fish, 

as was the value for relative community niche breadth. 

The value for Bi/S was higher, however, at .5 overall. There 

was little if any similarity in pattern with diversity, 

niche overlap and the other measures although their average 

values were all comparable. Percent carrying capacity 

(J'i) was generally correlated with a. 

Measures such as BilE, Bi/Ei and a, were notably lower for all 

stations than any individual station or grouping. This was 

an effect noticed for all-species but not pelagic fish. 

This indicates that, unlike pelagic fish in the benthic 

communities, competition is more localized and fish do not 

overlap much with those in other areas. 

Considering the individual stations, we see that the only 

stations which are consistently similar are the controls, 

RNCWand RSCW. The wide fluctuation in density, 26(.6), 

appears to be mainly a result of the peaks of brown bullhead 

and hogchoker at RNCE and RSCE. However, the density and 

number of species caught was very low, only 9, at RDW. 

Total diversity was an even 1.3(.2) except at RSCW where a 

low among-component decreased to 1.0 and DC-20 where there 

was a high among component (1.1). The mean H, however, 

decreased from about .S to about .3 at both experimental 

stations (at =.09) and at RNCE while the among component 

correspondingly increased from .5 to .9 except at DC-20 

where it was 1.5. 
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RSCW was the least perturbed station. As well as possessing 
A 

a low among H, relative community niche breadth (B/E) was 

low .27 and Bi/B high, .95. a was slightly higher at .32 

and Di/Ki low at .31 but there was no change in %Ki/(Bi/B). 

The BNCW station was similar to the experimental station 

ROW. Both stations exhibited a shift to among diversity and 

higher values for a and %Ki/(Bi/B). While RNCW had a general 

decrease in relative community niche breadth decreased to 

.20 and Bi/S remained constant. ROW showed a high BilE value 

resul ting in an increased B IS to • 40. Finally, DC-20 had 
i 

a high among H and high relative community niche breadth 

(B/E) of .56. This caused a low value of Bi/S of .36 and a 

high %Ki/(Bi/S) value of 97. Thus, there was a signi

ficant rise in %Ki/(Bi/S) at the experimental stations 

alone (af =.003) while Di/Ki remained regular. Stations 

RSCW, RNCE and DC-20 demonstrated low stability while 

RSCE had the highest values. 
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V. DISCUSSION 

A. GEN~RAL SUMMARY OF RiSULTS 

1. Introduction 

The previous discussion of results has been a detailed examination 

of community structure and stability of four functional groups of 

organisms in a dynamic estuarine environment, which is undergoing a 

variety of perturbations. In documenting community structure and 

stability, we have used Levins' niche analysis, which provides a set 

of gross or macroscopic descriptors of community structure and 

stability. 

In applying this analysis to the Hudson River ecosystem, we have had 

varying degrees of success with three of the major validation 

criteria: first, regularity in which we attempt to show a pattern 

chiefly through demonstrating consistent properties in the niche 

values and their associated statistics for different types of 

data stratifications. (See also Lane and Wright 1977.) Validation 

of the second criterion, predictability is not yet complete; nor is 

the third, understanding. There are three major reasons why the 

second and third criteria are not completely validated. First, too 

many functional groups are misSing in the analysis. The groups that 

were included in this study are assorted ones. Missing groups 

include the rest of the microzooplankton, the macrozooplankton, and 

the benthos. These components are strongly interrelated to the 

groups analyzed in this study. Also, most of the sampling designs 

that were used were inadequate for this analysiS, and consequently 

many different types of artifacts and biases were present in the 

results. The original data collection programs were not designed 
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for niche analysis. These data represent better than average 

evaluation of community density patterns in comparison to many 

other thermal pollution studies. Consequently, it may be more 

desirable to use a slightly better than average data set, then to 

use an optimum one which would in a pragmatic sense be impossible to 

obtain on a routine basis. This particular study was experimental. 

For routine analysis, several stratifications could be deleted and 

the remaining portion automated to facilitate use of the analysis. 

Third, there was no loop diagram used as an overall starting point. 

We did not initially know enough to construct such a diagram for the 

Hudson River. In the future, continued use of niche analysis will 

be greatly hampered, especially in regard to the third validation 

criteria of understanding, and to a lesser degree predictability and 

regularity without loop analysis. Lane and Wright (1911) discuss 

one loop diagram for the Hudson River. 

There was regularity in several of the community stratifications, 

especially for the plankton communities. Besides being able to 

demonstrate community structure and stability for several communi

ties, we were also able to show many possible effects of the power 

plant on these communities and to advance several hypotheses to 

explain what might be happening in the system. Unfortunately, 

although we could advance many hypotheses we could not test them 

because of the inadequacies in the data set. Therefore, the most 

important contribution of this study is to present (by example) a 

methodology for evaluation of natural communities using field data. 

In many ways, the report represents a how-to-do-it manual, (given 

the warnings in Chapter I) and some ecological results have been 

generated. Undoubtedly the approach could be greatly enhanced with 

more research and development, however, it is a viable one in its 

present state. 
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We should also emphasize that the particular definitions and usages 

of community structure and stability measures have unique attributes 

in relation to how we have used them. Orians (1974) has discussed 

several definitions of stability. Undoubtedly, ecological stability 

measures and methods of evaluation need to be developed more inde

pendently of physics and associated mathematical stability than they 

have been in the past. As we will summarize later, some of our 

stability results go counter to ecological theory, and others agree 

with it. Neither the theory and its related mathematics, nor the 

ecological understanding is developed enough for many of these 

difficulties to be resolved at the present time. When we state a 

community is more or less stable when represented by a given data 

stratification compared to another one, we evaluate stability 

only in regard to niche analysis which only incompletely and imper

fectly models the natural world. Niche analysis, at present, 

although more complete than many other community analyses, has many 

inadequacies. As we learn more about community structure and 

stability, all of these measures may be discarded and/or substituted 

by new ones. Consequently, the analysis itself and in particular 

this application of it, are only working, transient models in an 

interesting and difficult period of evaluating, and understanding 

community structure and stability. 

In the previous results section, we summarized each of the subcom

munities for four functional groups, including thirteen sub-groups, 

of organisms and as much as possible, we conducted all possible data 

stratifications. In the following section, we will briefly sum

marize each community and then concentrate our comparison of the 

thirteen sub-groups using niche values and stability measures that 

were calculated over all possible stratifications. Thus, for each 

sub-group we are using all the available data to calculate one set 

of community structure and stability values. While this particular 
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type of comparison tends to blur much of the interesting ecological 

detail it does provide a more convenient handle for comparing 

differences in the communities. Besides comparing the thirteen 

groups individually, we will also concentrate on two biological 

divisions: 1) plants versus animals and 2) plankton versus fish. 

In the following section of the discussion (Part B), we will sum

marize many of the station differences especially since these 

results were the most useful in delineating the effect of power 

plants. We will also discuss the stability measures since the focus 

of the report is evaluation of thermal perturbation, and the 

ability of the system to resist the perturbation. To a lesser 

degree, we also attempt to compare perturbation effects to the 

natural variation of the system. 

Finally, in the third section of the discussion (Part C) we will 

present some paradoxes, explanations, and hypotheses. Clearly, 

based on what we have presented in this report, a great deal of 

additional progress is guaranteed with more research, development 

and improved sampling regimes. Parts D and E summarize sources of 

error and general recommendations for application of niche analysis. 

2. Some General Remarks 

Some general remarks are in order so that we do not forget some of 

the basic properties of the system which is being evaluated. 

Despite all of the sampling problems and the inadequacies of the 

theory, it should be remembered the river was probably heavily 

perturbed and polluted before the power plant was in operation. In 

general, the thirteen sub-communities all show some evidence of a 
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history of pollution, since most of the communities have one to 

three dominant species that tended to dominate the general community 

patterns. 

In regard to the potenti'al perturbations, knowledge of the power 

plant effects is rudimentary and in regard to other types of pertur

bation we know practically nothing. Obviously, several of these 

such as sewage inputs, industrial wastes, etc., have been long term 

perturbations and the species, in particular, the dominant plankton 

species, may have had an evolutionary time span in relation to their 

generation time to adapt to these stresses. Undoubtedly, many of 

the perturbations will affect the ecological network at different 

places and even in opposite directions (Lane and Levins 1977). 

Consequently, at different stations even when the same species are 

present, their functional relationships may produce marked differ

ences in the qualitative structure of the ecological networks. 

It is doubtful that the networks at individual stations are similar, 

since particular stations are quite unique. Therefore, although all 

species can be at all stations, the relative abundance patterns in 

space and time are quite different. We can also argue the network 

differences based on known complexities for the fish populations. 

Consequently, there are many qualitative and quantitative phenomena 

simultaneously producing the complicated community structure and 

stability patterns observed in nature. Also, in this particular 

part of the river, the salt front intrusion makes the area an 

ecotone. This natural perturbation creates an impoverishment of 

species in one sense and in another, the intrusion adds much com

plexity to the system. The niche values documented this result. 

In comparing the various groups of organisms, it has also become 

obvious that as the trophic status increases, from primary producers 
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to the second degree carnivores that it becomes more difficult to 

find consistent properties. In general, there is more variation 

in community structure measures for higher trophic levels. This is 

because of three reasons. First, species on higher trophic levels 

have more complicated biology. For example, their behavior patterns 

are more complex. Their life history dynamics also become compli

cated and many time lags are introduced into the system. For 

example, phytoplankton species can go extinct locally, or can adapt 

quickly due to their generation time. In contrast, fish species 

can subsist on a minimal diet for a long time when resources are 

low without showing related density effects, although they would 

eventually use up their food storage reserves, become thinner and 

die. Many of these latter effects would not be easily seen in terms 

of density-distribution data. Time lags greatly complicate the 

ecological dynamics and are not adequately treated by niche analysis. 

Second, there are many difficulties in sampling higher trophic 

levels. Sampling fish is never easy. While the sampling in many 

ways was good in this study, we would expect, for example, communi

ties of pelagic or large fish (that could only be captured with gill 

nets) would complicate the identification of consistent properties 

and other community structure patterns. Undoubtedly, the particular 

fish species that were used in this study, however, if collected 

with a better sampling design, could be more successfully treated 

with niche analysis than we have done. 

Third, it is difficult to determine what constitutes a set of 

overlapping species and an appropriate habitat definition for 

many groups of organisms on higher trophic levels. 

In summary, the analysis has been increasingly verified with each 

new result we have obtained in terms of 1) documenting other types 
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of perturbation such as the salt front, and 2) identifying many 

community structure patterns and in substantiating the known biology 

of individual species. 

3. The Plant Community 

The phytoplankton community as was discussed in the results section 

was consistent over most data stratifications. The diatoms and the 

greens had similar community structure patterns, while the blue

greens were the most different group especially in fall. Of the 

station comparisons, sets of all stations, and control stations were 

most similar and the set of experimental stations was the most 

different. Date stratification showed that in the summer there was 

more variability and that generally, stratification over date 

was more variable than stratification by station. The bluegreens 

possessed a set of community structure values that indicated that 

they were unbalanced. A species group can be abundant in an eco

system but be in a poor position in terms of functional relations 

in the ecological network. Levins (1975c) has shown how a species 

can do everything right in terms of Darwinian fitness and yet select 

itself to extinction. It was interesting that usually one experi

mental station (in terms of the community structure and stability 

values) differed but not all of them did. Much of the variation in 

the experimental stations came from the large abundance of the 

bluegreen species, Oscillatoria. In general, niche values of all 

stations exhibited greater consistency in the fall. The bluegreen 

effects were most pronounced in the summer stratification which 

agrees with the known biology of the bluegreen groups. The diatoms 

were to be relatively uniform although there were blooms of Melosira 

sp. and Nayicula sp. at the DI station. The greens were not abun

dant but exhibited many consistent properties in their community 

structure patterns. We will discuss this result in more detail 
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below. It is interesting, as well, that the RSCW station was more 

like DI than any of the others. With a large decrease in diversity 

at DI because of the bluegreen and diatom blooms, there emerged a 

pattern of global community structure with considerable instability 

at DI. At the unusual RDE station, the bluegreens were replaced by 

the greens. Many patterns were unique at this station; we did not 

have enough information to resolve the nature of its peculiarity. 

In terms of the bio-volume stratifications, the consistent proper

ties were quite interesting. The medium-sized community was gener

ally the most structured. Unfortunately Oscillatoria was classified 

as a small species and the small group was generally more like the 

large group in which Oscillatoria should have been classified. 

The small and medium groups had the most differences in the summer, 

and the medium group generally did better in the fall. The large 

group was regular over station, but changed over date. This was a 

problem because of the errors in the LMS data transfer in regard to 

the density of AmDhiprora sp. The small group generally exhibited 

the most instability and the weakest community structure because of 

the presence of Oscillatoria sp. Stratifications for the fall 

period exhibited more inconsistent properties than summer communi

ties because of the erratic behavior of Oscillatoria sp. in the 

summer. Many of these results are summarized in intext Table 17 

where the niche values have been calculated for all the data for 

each particular group: bluegreens, greens, diatoms, all phytoplank

ton species, all biovolume species, and small, medium and large 

groups. 

In terms of number of species, each subgroup had approximately the 

same number except for the two larger all-species groups. In terms 

of percentage of the first dominant species, the bluegreens and 

small phytoplankton were dominated by Oscillatoria sp. and the large 
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I Table 17 
Summary comparison of the phytoplankton 

I 
functional groups. 

Blue Green Diatom Phyto Biovol Small Medium Large 

I E 41 42 42 42 42 42 42 42 

N /I species 7 9 6 22 18 6 6 6 
Ilstdom.sp 85 21 48, 64 47 78 27 57 

Ii .94 3.04 1. 78 2.03 7.66 1.12 2.48 1. 87 

I litt .85 2.06 1. 58 2.12 7.27. 1. 22 1.85 1. 33 

H-~ .10 .93 .19 -.09 .45 -.10 .63 .54 

I ~ 

Ii/[ .43 .61 .73 .50 .45 5') . ~ .79 .35 

I B/B .1)8(.6) .66(.4) .78(.3) .82(.5) 1.06(.4) 1.13(.2) .59(.4) 1.02(.3) 

.Bi:£i .50(.2) .59(.2) .62(.2) .57(.2) .62(.2) .64(.1) .58(.2) .65(.2) 

a .44(.3) .56(.3) .75(.2) .49(.'3) .52(.5) .64(.2) .50(.6) .41(.6) 

I %K./D. 
1 1 

.52(.6) .61(.3) .76(.3) .54 (.4) ·P(.5) .7 ll(.1) .57(.4) .1+,5 ( • (,) 

Di/Ki .14(1.6) .21(.6) . 20( 1. 0) .07(2.0) .12(1. 7) .20(1.7) .30 (.3) .33(.9) 

I -;-

%Ki/(Bi;~)·81(.3) .98(.2) 1(.1) .72(.3) .57(.6) .68(.3) 1.02(.12) .52(.9) 
---
I cov. a -.001 .009 -.023 .006 .02 .001 .014 .05 

det. a .05 .001 .002 .75-11 .45-9 .009 .035 .05 

I 
min ,\, .18 .13 .07 .02 .02 .07 .16 .15 

I max. ,\, 3.5 5.4 4.6 11.0 9.9 4.2 3.5 3.1 

H;}l. A .46 .31 .19 .l3 .13 .24 .39 .40 

I ,., 
Sc.. A 1. 35 2.87 3.21 5.39 5.32 2.43 1.60 1. 29 

I 
SA 1. 74 2.31 1. 74 3.91 3.41 1. 72 1.48 1. 31 

KA 4.52 6.63 4.12 17.4 l3.52 4.07 3.56 3.19 

I I B' . 1. 38 7.58 2.76 2.02 3.81 1.58 5.21 2.67 1 

I 
H' 3.01 3.42 3.56 3.25 3.27 3.29 3.60 3.08 

I 
I 



group by AmDhiprora. Therefore, since these two dominant species 

and in particular, Amphiprora, only occurred in one or two samples 

at high densities, they tend to dominate and skew some of the 

results. In terms of diversity, it decreased at these points where 

there were blooms of Oscillatoria sp. and Amphiprora sp. Diversity 

was also much lower within environments for blue-green, diatoms, 

small and large species as expected because of these bloom phenomena. 

The greens, biovolume, small and large groups had large among-com

ponents and these indicated a more variable community structure 

pattern. The relative community niche breadth was highest with 

green, diatoms and medium species, which were probably the three 

best adapted communities. The large species exhibited small B/E 
" values. In terms of the relative species niche breadth, (B./B), the 

1 

biovolume, small, large, and to a lesser degree all phytoplankton 

had the largest values, although all values were relatively high. 

When the mean value of species niche breadth over environments is 

taken, however, we see that many of the effects average out so this 

measure was one of the two consistent measures in the total set 

of niche values for phytoplankton groups. In general, these values 

are high as well as being consistent. Consequently, there are 

significant differences in those groups dominated by bloom-type 

species versus those communities that have more uniformly-distri

buted species. Bloom-type species tend to contribute to the high 

values of relative species niche breadth (B./B) and low values of 
" 1 

relative community niche breadth (B/E) while the non-bloom communi-

ties tend to be more uniform in regard to these measures. 

The mean value of alpha (a) was high especially for the non-bloom 

communities. Larger species, e.g., bluegreens, tended to overlap 

less and likeWise, diatoms and greens overlapped more. In terms of 

Di/K
i

, the measure of competitive success, the phytoplankton bio-
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volume groups were low and there was generally more cooccurrences 

within a group than among groups. This is expected since in inter

specific competition phenomena, members within a group possess more 

similar ecological requirements than does the total set of species. 

In terms of the JKi/(Bi/B) ratio, the values were generally high 

while the smallest values were for biovolume, small, and large algal 

groups. 

The determinant (IAI) was high for the medium group indicating 

enhanced stability. It was much less stable for the phytoplankton 

biovolume groups, the blue-green and large groups were the next 

most stable communities. This indicates that there is not as 

much stability in a global sense for the larger groupings of phyto

plankton. Global used in this report means data stratifications 

involving more than 1 station. In terms of the minimum eigenvalue, 

the bluegreens, greens, medium, and large groups were the most 

stable. With the maximum eigenvalues again these followed the above 

result in terms of enhanced stability, and also the diatoms and small 

groups exhibited slightly more stability. In regard to the harmonic 

mean (H.M. A), the bluegreens, greens, medium and large groups were 

the most stable. A source of instability was observed in the greens 

in terms of the variance of the eigenvalues. The skewness (SA) 

and kurtosis (KA) measures for the bluegreens, diatoms, and large 

groups showed the most stability, the small group was more stable in 

regard to skewness, while the medium group was more stable in regard 

to kurtosis. 

The species breadth was greatest for the greens and medium group, 

predicted from the uniformity of the community discussed above. The 

habitat diversity (H') values were similar. This measure is also 

related to B/E and it represents the only type of consistent pro

perty for the total community, since B' was related to the diversity 
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which did fluctuate by a factor of 3. It is interesting that while 

the greens and the medium group were most stable, the bluegreen and 

the large species also exhibited a great deal of stability. This 

indicated then that our stability measures take account of more than 

one set of criteria (biomass, relative abundance, frequency) in 

delineating stability. This will be discussed more in part B, but 

the result is related to the relative degrees of biomass the species 

possess. 

4. The Animal COmmunities 

We will first discuss the separate animal groups before comparing 

the phytoplankton results with those for rotifers, fish larvae, and 

adult fish. The rotifer community exhibited a large number of 

consistent properties. It possessed a highly-structured group of 

species, and even though there was more variation in July and 

August, there was simultaneously more stability. Deviations at 

station DI were indicated, and in general, there was less variation 

by station than for phytoplankton. Although the RDE station was 

different from DI for phytoplankton, the two stations were more 

alike for rotifers. There were several measures that were different 

at DI and in general, there was a reduced stability at DI. The RSCW 

station often showed trends in the opposite directions, from the 

former two stations. 

The larvae, in contrast, were not consistent and several reasons 

were given for this result. First, they are immature and transitory 

nature, carry yolk sacs and may not be feeding, and in general, they 

possess diverse biologies. Second, their taxonomy was unsuitable 

because Alosa spp. (which accounted for 19% of the community) was 

constituted of several species. Third, there are several competi

tors which were not included in the larval matrix, but which would 
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be found in macrozooplankton, microzooplankton and benthic samples. 

Consequently, the larval species in the matrix probably represented 

only a partial community. Fourth, the dates were different for 

number of samples in regard to time of day. Thus, there was irregu

larity in the sampling design which generated rather problems 

especially in regard to the missing samples. There was less global 

integrity and more local structure for fish larvae. Stability was 

generally high and sometimes the community structure was consistent 

over depth and station. As with the phytoplankton community, 

station ROE was different from the 01 station and in general, there 

were several apparent species-specific habitat preferences. For 

example, Alosa spp. had higher densities in the eastern part of the 

river while striped bass were more dense in the western part of the 

river. 

There was not one adult fish species that used the total area. 

The white perch constituted 39% of the total fish community, however, 

only 15% were caught in the surface. Of the overall community 

density, 51% were pelagic and 43% inshore bethic. Even when pelagic 

fish were caught in the deeper waters the ratio stayed similar at 

51% to 49%. As with larvae and to a lesser degree rotifers, dis

tinct diurnal patterns were associated with the more complicated 

behavioral adaptations and strategies of the species. In general, 

these patterns represented large day-night-bottom differences for 

the fish community. There was a large coefficient of variation over 

stations which was related to these behavioral flexibilities that 

the species exhibited. The benthic group was the most unstable. 

There was less global stability for all groups. The most different 

station was the ROW station although it did exhibit higher stability. 

The RNCE station was similar to the ROW station, however, because 

both of these latter stations had many missing samples, their 

similarity may rest upon mathematical artifacts. The t-test were 
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generally not useful in trying to elucidate this problem. With 

pelagic fish, there were many local station variations. The white 

perch was abundant at DC-20 while the striped bass was numerous at 

RDW and the southern control stations. 

5. A Comparison of All COmmunities 

In the following intext Table 18 the niche values using all data are 

given for the phytoplankton by density and biovolume, rotifer, 

larvae, all fish and pelagic and benthic fish sub-groups. Conse

quently, the following discussion centers on looking at similarities 

and differences in this table. We are using two main lines of 

comparison. The first one is between the phytoplankton by density 

and by biovolume versus all of the animal groups. In other words 

the algae and animals represent two different trophic categories: 

autotrophs versus heterotrophs. Consequently, we would expect some 

similarities in niche values within each trophic category. Second, 

the plankton and fish groups also represent natural divisions in 

that the individual fish larvae and adults are characterized by more 

behavioral flexibility than the planktonic group. The rotifers, 

although they can be carnivorous, are usually consuming small 

organic particulate matter and thus represent a different life style 

than the fish. Therefore, it is reasonable to suspect that plankton 

versus fish may be another natural grouping. 

The rotifers and fish larvae were sampled much more extensively than 

the other groups, and to a lesser degree the all-fish and pelagic 

sub-group. The phytoplankton by density and biovolume were sampled 

the least. Thus, it is expected that the rotifers and fish larvae 

would have the best community characterization using the multi

variate principle of representing a given set of variables by a 

larger number of cases. Generally, the larger number of cases per 

variable, the better the characterization. 
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I Table 18 
Summary comparison of all functional 

I 
groups of organisms 

I Phto Biovol Rotifers Larvae Fish Pelagic Benthi..c 

I E 42 42 143 186 84 81 45 

N 22 18 8 6 13 7 6 

I % 64 47 37 79 39 68 38 

I Ii 2.03 2.66 2.58 1.08 2.76 1.67 1.92 

I i\ 2.12 2.22 1.51 .45 .88 .50 .55 

H-~ -.09 .45 1.07 .63 1.87 1.17 1. 37 

I "'-

B/E .50 .45 .68 .38 .23 .37 .17 
- A 

I B./B .82(.5) 1.06(.4) .38(.5) .26(1.2) .33(.8) .28(.7) .1+9 (.7) 1 

B./E. .57(.2) .62(.2) .50(.2) .28(.9) .35(.5) .39(.3) .30 (.6) 1 1 

I a .49(.3) .52(.5) .31 (. 7) .16(1.3) .13(2.2) .19(1.4) .14(2.1) 

I- %Ki .54(.4) .57(.5) .38(.5) .24(1.3) .19(1.1) . 23( 1. 0) . 30(.6) 

D./K. 
1. l. 

.07( 2) .12(1.7) .30 (.5) .43(.8) .37(.6) .47(.6) .53(.7) 

I %Ki/(B/B) .72(.3) .57(.6) 1.01(.1) .92(.3) .75(1.1) .79(.3) .79(.9) 

I COY. a .006 .02 .018 -.003 .030 .027 .072 

det. a . 75E-ll .4E-9 .090 .752 .004 .234 .034 

I 
min. A .02 .02 .28 .68 .03 .23 .03 

I max. A 11 9.9 3.18 1.65 2.62 2.22 1.97 

H.M. A .13 .13 .60 .92 .25 .64 .15 

I S2A 5.39 5.32 .92 .13 .61 .43 .55 

I 
SA 3.91 3.41 1.67 1.02 .81 .78 .02 

KA 17.4 13.52 4.46 2.82 2.67 2.70 1.71 

I I 
B. 2.02 3.81 4.72 1.55 4.60 2.06 3.21 1 

I 
HI 3.25 3.27 4.74 1 •• 54 3.64 3.76 2.76 



In terms of number of species, the natural division was between the 

plants and animals. Phytoplankton usually had two to three times 

more species than did the animals. In terms of percent dominance, 

the first dominant species of the phytoplankton by density was large 

and the biovolume, fish larvae and inshore-benthic groups had the 

smallest percentage for the 1st dominant. Some of the preceding 

results were reflected in diversity: the fish larvae and the 

pelagic fish had the lowest diversity values. Niche values of 

phytoplankton by biovolume, rotifers, and all fish were quite 

similar. The inshore-benthic group had a low diversity value which 

was unexpected given the 38% for the first dominant species. For 

within diversity, there was a natural division between the plants 

and animals and this measure possessed a low value for larvae as 

well as for pelagic and inshore benthic fish species. In terms of 

among-diversity, it was high for rotifers and fish and generally 

low for larvae and much lower for phytoplankton. The relative 
" community niche breadth (B/E) was mostly broken into plankton 

versus fish groups. On a community level these two modes of 

existence were more important than were trophic stratifications. 

Relative community niche breadth, (B/E), was highest for the 

rotifers and values for the larvae and pelagic fish were about 

equal. The phytoplankton by density and biovolume were similar and 

the all-fish and inshore benthic groups were also similar. There 

are several sub-divisions for this measure. The relative species 
" niche breadth (B./B) exhibited a division between the plants 

~ 

and the animals. The larvae and pelagic fish had the lowest values 

and the plankton (B.IB) was about 1.5 to 2 times greater than 
~ " 

the fish. The value of S/E for plankton was about 1.5 to 2 times 

greater than the fish. 

The mean value of alpha for the plankton was much higher which is 

probably an important function of the scale of time and space that 
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was used to characterize each community. The sampling programs were 

undoubtedly more adequate and appropriate for plankton than for the 

fish species. The mean value of alpha (a), however, divided 

the phytoplankton into a category, separate from the rotifers, and 

then the fish groups. For several measures, the values were consis

tent over larvae and adult fish. The phytoplankton values of 

SI. were much higher, the rotifers lower and the fish values were 
~ ----

lowest and variable. The Di/li ratio was low for the phyto-

plankton and higher for the animals, especially the benthic fishes. 

The Sli/(Bi/B) values for the rotifers and larvae were different 

and the values in general were high, although lower for phytoplank

ton, especially by biovolume. 

The determinant (IAI) values were larger for animal communities than 

for plants. The larvae and pelagic fish indicated enhanced stabil

ity, and the determinant was unexpectedly high for the larvae. The 

larvae also exhibited a larger minimum eigenvalue which indicates 

enhanced stability, with rotifers and pelagic fish being the next 

most stable groups. The maximum eigenvalue also indicated a plant 

versus animal division, in which the animals were more stable. 

For the harmonic mean, the rotifer, larvae, and pelagic groups 

showed the most stability while the all-fish and the inshore-benthic 

fish were the least stable. The values of variance (Sf), skewness 

and kurtosis of the eigenvalues were different for plant versus 

animal groupings. Generally, the animal communities exhibited 

higher stability than did the phytoplankton community. With species 

breadth there was no particular trend but essentially the best was 

the rotifer group, followed by fish, then biovolume, algae and 

benthic fish. In terms of habitat diversity (H'), the rotifers 

and larvae did better and the benthic fish were the least successful. 
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In summary, the rotifer community is probably highly structured. 

We have found from many other studies that zooplankton possess a 

high degree of community structure and integrity using this analysis, 

and in general, the results of this study subst.antiated previous 

results. The pelagic fishes also had good stability measures. The 

benthic fishes were probably the least-overall consistent community. 

In conclusion, the niche patterns of the different organism group

ings behave differently, but usually the marked differences are 

between the plants and the animals. Occasionally rotifers and fish 

larvae exhibited particular similarities in their community struc

ture patterns, or for some measures, fish were separate from the 

plankton groups. 

After detailed application of niche analysis, it is obvious that a 

number of measures are necessary to characterize the relative 

abundance patterns of groups of species in natural communities. The 

fact that we see a great deal of variation in these overall commun

ity values indicates that niche measures can assume a large range of 

values and probably more significance should be attached to consis

tent patterns than we have stressed previously. 

B. EVALUATION OF IHi ~E.rn OF THE ROSETON AND DANSKAMMER POWER 
STATIONS ON THE FOUR FUNCTIOEAL~PS OF ORGANISMS 

1. Introduction 

In this section, we are going to consider the effects of the thermal 

plants on these various distribution patterns of natural community. 

By using a loop diagram it will become more obvious why we obtained 

the results presented in V A. 
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Figure 10 gives a hypothetical loop diagram for the effect of 

the Danskammer power plant on the communities of various aquatic 

organisms. The loop diagram is understandably incomplete because 

we had no information on benthos, macrozooplankton, and the rest 

of the microzooplankton. As can be seen by the loop structure, 

this is particularly unfortunate since these groups form an integral 

part of the qualitative structure between the fish and the plankton 

groups. Power plants affect aquatic communities mainly in three 

ways. First, through heated effluents which influence all trophic 

levels. Increased temperature can be expected to greatly increase 

turnover rates of the phytoplankton, to provide a more favorable 

environment for bluegreen algae, to hasten microzooplankton repro

duction and development, to increase rates of detrital production 

and microbial activity. The second major effect is the entrainment 

or impingement of the zooplankton and fish, especially the immature 

forms of fish larvae. (Third, toxic materials can be released in 

wastewaters; this perturbation is not considered here). In this 

particular diagram, we have four different entrainment and impinge

ment effects and two heat effects entering the network. The rela

tion of temperature to diatoms and green algae is ambiguous. Cer

tainly some species would be helped and some species would be 

harmed, within each major sub-group. In a system such as this, 

there are eleven variables which undoubtedly should be expanded if 

we knew more about the missing groups. In its simplest form, the 

system is amazingly complex. Even given the present level of 

analysis we have completed on the separate stations around the power 

plant, it is not expected that the loop structures would be identi

cal for all stations. This fact has resulted in many of the differ

ences in the community niche values that we have observed while the 

species lists remain the same. 
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Figure 10: Hypothetical (and oversimplified) loop diagram of effect 
of Danskammer power plant on the Hudson River ecosystem 
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At the present time, the theory is incomplete, as was discussed in 

the previous section. We have not yet begun to incorporate and 

interpret niche values in terms of loop structures. This is one of 

the next steps that should be done. Given that we could do that, 

then the calculations made on the loop structure would probably 

explain not only the main pathways of the effect but the generation 

of consistent patterns. In this particular diagram, for example, to 

go from the power plant perturbation through heat to the various 

components to pelagic fish, would entail several thousand pathways. 

To go through entrainment to bluegreens, for example, would also 

entail several thousand pathways. Thus, to resolve the main 

pathways of the network is not a simple exercise, and often the 

results of a loop analysis are non-obvious. (Lane and Levins 1977). 

See Lane and Wright (1977) for results of loop analysis modeling for 

a power plant perturbation. 

2. Community Structure and Thermal Perturbation 

In the following discussion of this section, we will refer back to 

Figure 9 to illustrate particular points. Heat can cause subtle 

shifts in species of a community or the quantitative relationships 

of the various species. It can also speed up growth rates and other 

factors that would tend to accentuate certain pathways in the 

community, and other ones would become less important. Essentially 

an effective loop diagram rests on the assumption that the various 

links are in some kind of a temporal coordination with each other 

(Levins 1975c). Thus, the heat would act directly on the physiology 

of many species, so that their reactions to competition would either 

be improved or hampered and temporal relationships would be altered. 

Also expected, are certain seasonal effects in tolerance levels (as 

well as overall physiology) and behavior patterns that are more 

susceptible to heat than at other times of the year. In some 
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situations, heat will act as a buffering agent taking out much of 

the seasonal variability in temperature for the system. The thermal 

variation of the plant was much less than that of the natural 

temperature cycle in the north temperate zone. These particular 

organisms, however, have evolved for tens of thousands of years to 

adapt to this particular climatic cycle and not to a power plant 

type of heat variation. Unfortunately the sampling program was not 

optimal to discern thermal effects for the experimental or control 

stations. 

For a power plant, both types of perturbations (the mechanical 

action versus temperature), act essentially through what could 

be considered natural pathways. For example, temperature is a 

normal perturbation that these communities have adapted to with 

normal seasonal variation. All the organisms involved have many 

thermal adaptations. In addition, power plants can be considered to 

act as a superpredator predating on many of the smaller organisms as 

they enter the intake water. Thus, impingement and entrainment 

mimic the mode of action typical to a predation effect in a com

munity. Although these processes are quite different than the 

actual biological type of predation, they could be expected to 

affect the network in natural ways. This is quite different, for 

example, from the effect of a pesticide or toxic pollutant that 

enters the community and becomes concentrated in particular parts of 

the food web thus affecting various physiological processes in 

abnormal ways. 

In demonstrating that there could be effects of the power plant at 

Roseton-Danskammer point, the most relevant calculations are those 

related to the station stratifications. If there is an effect of the 

plant, we would expect sampling stations for the various communities 

that are closer to the power plant to be more affected than stations 
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that are farther away. Indeed while the sampling design was not 

optimal for elucidating differences between experimental and control 

stations, it did include control and experimental stations to 

attempt to delineate some of the differences that might be occurring 

due to the plant. The stations effects that we have been able 

to find are summarized in the intext Table No. 18 which represents 

all the combined effects of both types of perturbation (heat and 

mechanical). With niche analysis, it is possible to discern there 

is a difference in stations but without more research and develop

ment (loop analysis), we cannot say whether it is due to impingement 

and entrainment, or due to the thermal effects. 

In intext Table No. 19 we list the individual station niche values 

for some of the more critical measures including: density, diver

sity, relative community niche breadth, relative species niche 
~ 

breadth, mean value of alpha, %Ki/(Bi/B), competitive success 

ratio Di/Ki , the harmonic mean and variance of the eigenvalues. 

In the first two columns, the mean and standard deviation of the 

typical or median values are given with an appropriate range of 

variation, then each of the individual stations are listed. Whenever 

they deviate from the median values, deviations are indicated. 

Finally, the mean over stations is given. This particular system of 

notation is similar to that when we used a critical cut-off value of 

.15. In this case, however, the critical cut-off value has become a 

custom-made value for the various niche values so that in some 

regards it is better, although a less uniform criterion. The 

coefficient of variation is not very sensitive to extreme values, 

while the .15 criteria is perhaps too sensitive to extreme values. 
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#10& .. TABLE 19 (con'd) 

Summary comparison of community structure and stability 
values by stations using median values 
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For the first group, bluegreens, the most different station was the 

Danskammer Intake (DI) which would in effect be the station most 

affected by the power plant. Roseton Intake (RI) was also affected 

in every case in a similar way as DI, and the Roseton south control 

west station (RSCW) was also affected in a similar way with values 

like those of Danskammer Intake. Roseton-Danskammer East station 

(RDE) exhibited lower densities, while its diversity value was 
~ 

higher, as was B, and the community niche breadth (B) remained 

the same. The Di/Ki ratio also remained the same as with RI and 

DI. Consequently, for bluegreens the Danskammer Intake (DI) station 

was the most different. Both the Roseton Intake (RI) and Roseton 

south control west (RSCW) station exhibited many identical differ

ences to Danskammer Intake (DI). The RDE station possessed only one 

measure that was similar and two that were different than DI. 

The relative sP~cies niche breadth (Bi/B) and the relative community 

niche breadth (B/E) were constant at the experimental stations 

and they inversely varied at the control stations as did the har

monic mean (H.M.A). 

For the green algal community, all niche measures except the 

JK./(B./B) ratios, resulted in DI station being different from 
~ ~ 

the others. The RSCW station exhibited some typical variation of 

about the same level of magnitude and the same qualitative type as 

that for the bluegreens, that is, the same community measures were 

affected. Also, for the RDE station the green algae were affected 

more in a similar way than were the bluegreen algae. Bluegreens 

exhibited variation at the RDE station and this may indicate why 

particular aspects of community structure were more like the rest of 

the control stations than the experimental stations. 

In terms of diatoms, the DI station showed several differences. The 

RDE station showed a few differences although diversity was similar, 

and Di/Ki was somewhat similar although it was between the typical 
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and median value and that of 01. Diatoms at RSCW were not as effec

tive and were similar to other control station8. Thus, for phyto

plankton groups, 01 is by far the most different station, R1 is 

slightly different, RSCW is different for bluegreens and greens, and 

ROE is also a different station but in different ways than for the 

other stations. 

The phytoplankton as a group are given in the next page of the 

table, and the 01 station is consistently different. The R1 is only 

slightly different in regard to the D./K. ratio. The RSCW sta-
1 1 

tion is not very different, while the ROE station showed quite a 

few differences although they were not at all similar to the types 

of differences at the 01 station except with regard to niche breadth 

and D./K. and to a lesser degree the harmonic mean and variance 
1 1 

of the eigenvalues. Thus, the effects of the ROE stations were 

somewhat similar to those of the 01 station, but not identical. In 

regard to overall seasonal patterns, the most different stations 

were those for diversity which were inversely related at the control 

and experimental stations, the relative species niche breadth 
~ ~ 

(Bi/B), the community niche breadth (B/E) which also varied and 

especially the harmonic mean of the eigenvalues. Thus, there 

were some significant date differences with control and experimental 

stations. 

For the rotifer community, the most different station was 01. The 

Roseton control stations (RNCW and RSCW) were only different in 

terms of diversity which was slightly higher over all and the RSCE 

and RSCW stations had slightly lower community niche breadth (B/E). 

The Roseton south control west (RSCW) station again was quite 

effective in similar ways, except for the stability measures as was 

01. Most niche values over all stations over date, were not consis

tent over date, although the rotifer community generally had more 
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consistent properties than any of the others. Several individual 

niche measures varied over species. 

The fish larvae were more difficult to characterize because the four 

stations are different from the plankton stations. The fish larvae 

community was sampled with four transects rather than the seven 

individual stations. The western stations which we would expect to 

be the most affected by the thermal plant, in fact did not show much 

variation. Each station showed two or three major differences 

across the river and there was no particular pattern except that 

density was lower nearer the stations, which is what might be 

expected if the plant were cropping off a certain percentage of the 

larvae. The diversity was higher in the western channel station, 

whereas it was lower in the west, at RSCW which was a poor place for 

fish species to be. There also were few adult fish at this station. 

The niche breadth measures were different in the eastern station and 

the stability measures were different at the ROE channel station. 

The temporal patterns and the changes in niche values were more 

consistent than they had been for rotifers, despite the general 

levels of increased variation. 

On the third page of the table, the pelagic fishes are given. 

Different stations were also used. The first four stations are 

considered as controls and the last two as experimental stations 

(ROWand OC-20). In general, fish did not show many patterns in 

temporal stratifications, however, there were more differences among 

stations. The fish were abundant at specific stations but no single 

species was abundant at all stations. This is indicated on this 

table in that the community structure appears to be quite different 

from station to station. The differences in fish dynamics alone 

would necessitate the construction of different loop structures 

to model these stations. With more research and development, 
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these effects could be more clearly demonstrated, but it is fairly 

obvious that substantial station differences are present. The most 

differences appeared, however, to be related to the pelagic fish at 

the RDW and DC-20 stations in contrast to the community at the 

Roseton north control west (RNWC) station. This is a different 

result from some of the other animal groups. Also different was the 

Roseton north control east (RNCE) station as well as the Roseton 

north control west (RNCW), especially the northern control station 

on the east which agrees with some of the results we have had with 

other groups at the RDE station. 

In the next intext Table, 20, many of the foregoing results are 

summarized for each station. At the Roseton north control east 

(RNCE) station, bluegreens were unstable while phytoplankton, in 

general, exhibited a higher degree of stability. The pelagic fish 

in this area showed the effects of over-domination of the white 

perch and in general, there were poorer conditions for the other 

fish. These results were reflected in the niche patterns. There 

was a low among-diversity, community niche breadth as well as the 
x ----

%Ki/(Bi/B) ratio. The higher Di/Ki values were also found be-

cause of this over-domination of white perch and in general, there 

were high coefficients of variation over species. There was a great 

shift to among diverSity, higher density, lower overall niche 

breadth, and higher overlap and %Ki/(Bi/a) ratios, with a concur

rent decrease in stability. For all fish there was a higher den

sity, unevenly low niche breadth, and %Ki/(Bi/B) was low with 

a high coefficient of variation. Di/Ki was higher with a lower 

consistency. 

The Roseton north control west (RNCW) station had a slightly higher 

among-diversity for bluegreens and rotifers. There was a high 

among-diversity, high alpha and %Ki/(Bi/S) values, somewhat lower 
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stability for the pelagic fish. The benthic fish were successful 

as indicated by their high Di/Ki ratios. Fish exhibited high 

among diversity, community niche breadth and %Ki/(Bi/B) values. 

The Roseton south control east (RSCE) station differed only slightly 

in having lower community niche breadth for rotifers. For the 

pelagic fish, RSCE was a slightly perturbed area. There were lower 

overall density and diversity values, but generally higher niche breadths 

with high stability for the pelagic fish. For benthic fish, it was 

the peak area of the hogchoker which gave higher density and sta-

bility values to this group. The Roseton south control west sta-

tion (RSCW) was similar to DI for the bluegreens, although it 

exhibited a low among-diversity, and slightly higher mean species 

niche breadth and community niche breadth, mean value of alpha, 

and %Ki/(Bi/S) and, as for the bluegreens, stability was lower. 

For green algae, it possessed rather lower within diversity and K 

values with higher stability values. For phytoplankton, in general, 

RSCW was somewhat similar to DI with a slightly lower within diver-

sity and higher %Ki/(Bi/B) values. Rotifers exhibited a low density, 

a shift to among diversity, slightly lower community niche breadth, 

and higher stability. For the pelagic fish, %Ki and stability 

were slightly lower, and for the benthic fish (since there was a 

high percentage of tomcod) there was a lower among-diversity, 

lower relative community niche breadth (B/E), alpha and %K. were 
1 

higher, with a low Di/Ki and stability values. 

In regard to the (peculiar) RDE station, blue-greens had a low 

density, high within-diversity, and the relative species niche 

breadth (Bi/B) and Di/Ki ratios were high. For green algae 

there was a higher density, lower among-diversity, higher community 

niche breadth (B/E) and Di/Ki . F'or diatoms, there was a low 
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within-diversity and a higher niche breadth. In general, phyto

plankton exhibited a lower density with higher diversity, niche 

breadth, Di/Ki' and stability values. For rotifers, station RDE 

was similar to DC-20. There was a lower among-diversity and a 

higher mean niche breadth with more overlap while the community 

niche breadth remained the same. In addition, there were lower 

Di/Ki ratios, and stability values. For fish larvae, there were 

good conditions here as well as for rotifers and phytoplankton. 

There was a high community niche breadth and mean niche breadth with 

a lower Di/Ki ratio. The eastern channel station for the fish 

larvae had a high stability, but an uneven alpha and B values which 

are mathematically related. The western channel station had a low 

density, a high among-diversity and a high percent carrying capacity 

(%Ki ) over relative niche breadth ratio. 

At the Roseton-intake (RI) there was a slightly lower density, lower 

diversity, and higher D./K. values for bluegreens, and greens 
1 1 

exhibited lower stability. Phytoplankton possessed slightly higher 

Di/Ki ratios. For rotifers, the niche breadth was lower at RDW. 

For pelagic fish, RDW was somewhat similar to the northern and 

southern control east stations. There was a lower overall density 

with the exception of striped bass which did well in this part of 

the river. The community niche breadth was lower, and %Ki higher 

although there were fairly low stability indications for pelagic 

fish. Benthic fish possessed the lowest overall density and a shift 

to among-H diversity components. The community niche breadth was 

the same, but the species breadth (B') was higher. In general, 

there was little overlap and %Ki/(Bi/B) was higher which indicated 

higher utilization efficiencies for benthic fish. This we might 

expect if heat influenced (and improved) their food supply. All 

fish exhibited a relatively lower density and higher stability in 

this part of the river. 
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The DI station was the most thermally affected for the plankton and 

fish larvae groups and DC-20 for adult fish. These stations showed 

the most differences as would be expected if they were affected by 

the power plants. For bluegreens, there were good conditions (higher 

values of density, niche breadths, alpha, %Ki/(Bi/~), Di/Ki while 

stability and diversity were lower). This result was directly 

related to the superdominance of Oscillatoria sp. For greens, there 

was a lower diversity but a high relative species niche breadth 

(Bi/B), Di/Ki' and generally higher stability. Diatoms exhibited 

a high density, less among-diversity, higher relative species 

niche breadth (Bi/B) lower %Ki/(Bi/B), lower stability and higher 

Di/Ki ratios. For the all-phytoplankton, the density was higher 

but within-diversity values were lower. Values for niche breadth, 

alpha JKi/(Bi/B), Di/Ki' and stability were all higher. It is 

expected that from the heat effect in the loop structure the 

algae would be improved and also in regard to the fact that some of 

the predators, or predators of predators, were cropped off, the 

algae might be less subject to predation pressure. 

For the rotifers, there were generally good conditions at Danskammer 

intake (DI). There was higher density and low among-diversity, 

higher mean value of species niche breadth and Q, and lower Di/Ki 

and stability values. For fish larvae, the closest station was the 

RDW station which had a lower density and lower overlap value as we 

would expect if the plant were substantially cropping off fish 

larvae. Pelagic fish exhibited a high density, niche breadth, a 

niche overlap, but fairly low stability values. For benthic fish, 

the species were relatively uneven in their niche characteristics. 

There was a high among-diversity but a lower within-diversity. 

Species breadth was lower while Di/Ki and %Ki/(Bi/B) were higher. 

There was generally a high coefficient of variation over species and 

a lower stability. 
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In summary, the community structure comparisons of the various 

station illustrate that the DI station is different from the others. 

Hall (1975) has shown a large percentage of the river near the plant 

and much of the total river flow passes through power plants in a 

given time period. Consequently, we would expect that the Hudson 

River power plant at Danskammer point would significantly influence 

local communities of organisms. Even though DI was sometimes 

sampled differently, in all probability, many of these effects 

represent changes in community structure that are real and probably 

can be related to the power plant itself. The RDE station is also 

notably different. We will discuss this paradox in Section C. 

3. Community Stability and Thermal Perturbation 

In the final summary of stability values, a qualitative designation 

system is used to indicate increased or decreased stability for 

separate stations as well as combinations of all, control and 

experimental stations (Table 21). Parentheses indicate that the 

measure is slightly more stable or unstable depending on the sign, 

while circled values indicate the most unstable, or conversely, the 

most stable conditions. There are seven general trends: plus and 

minus with and without parentheses, plus and minus circled, as well 

as a blank which would indicate just average stability. The measures 

are based on harmonic mean of the eigenvalues, and the arithmetic 

mean and variance of the reciprocal eigenvalues. In the last 

column of the table the harmonic mean (H.M. A) and variance (S~ 
of the eigenvalues with their coefficients of variation are 

given in parentheses for each of the 13 subcommunities. 

The mean reciprocal eigenvalue is probably the most reasonable and 

consistent measure but it is difficult to use and identify consistent 

patterns because of its high range of variation. Since the harmonic 
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mean is inversely proportional to the mean reciprocal eigenvalue, 

H.H. A is a good and simple measure for comparisons across station. 

The variance of the lambdas and especially the kurtosis and skewness 

as shown by the phytoplankton results is sensitive to the number of 

species and the number of environments. Thus, these measures are 

not as good for comparisons where sampling differences are great. 

Also, since they are mathematically related, there is a correlation 

from which the differences must be distinguished. Because of these 

theoretical problems, therefore, they cannot be used in isolation, 

but rather the patterns among them must be examined, also taking 

account of the differences in E and N. When these measures are 

understood better, however, they should give a more detailed picture 

of stability then does the harmonic mean of the eigenvalues. Since 

they are probably not dependent on the absolute value of the eigen

value, or minimum eigenvalue, they are probably less dependent on 

biomass and may be the best measures to compare station groups as 

well as to compare stability of cross-functional groups. Note that 

since the arithmetic mean of the lambdas is one, the square root of 

the variance equals a standard deviation of the lambdas or the 

coefficient of variation of the lambdas. 

The intext Table 20 shows the most stable communities were the 

diatoms at the Roseton north control east station (RNCE), the greens 

at the Roseton south control west (RSCW) station, and the rotifers 

at the Roseton south control west (RSCW) station, the all phyto

plankton and bluegreens at RDE, and the fish larvae at RDE, and the 

adult fish at RI. The fish larvae were very unstable at RDW near 

the plant which is what we would expect if impingement and entrain

ment were significant. Also, the fish had negative stability in 

this area, but increased stability in the western part of the 

channel. This is possible because they were hurt by impingement in 

the more inshore areas but helped by the addition of heat through 
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mean is inversely proportional to the mean reciprocal eigenvalue, 

H.M. A is a good and simple measure for compariso~s across station. 

The variance of the lambdas and especially the kurtosis and skewness 

as shown by the phytoplankton results are sensitive to the number of 

species and the number of environments. Thus, these measures are 

not as good for comparisons where sampling differences are great. 

Also, since they are mathematically related, there is a underlying 

correlation from which the differences must be distinguished. 

Because of these theoretical problems, therefore, these measures 

cannot be used in isolation, but rather the patterns among them must 

be examined, also taking account of the differences in E and N. 

When these measures are understood better, however, they should give 

a more detailed picture of stability then does the harmonic mean of 

the eigenvalues. Since they are probably not dependent on the 

absolute value of the eigenvalue, or minimum eigenvalue, they are 

probably less dependent on biomass and may be the best measures to 

compare station groups as well as to compare stability of cross

functional groups. Note that since the arithmetic mean of the 

lambdas is one, the square root of the variance equals a standard 

deviation of the lambdas or the coefficient of variation of the 

lambdas. 

The intext Table 20 shows the most stable communities were the 

diatoms at the Roseton north control east station (RNCE), the greens 

at the Roseton south control west (RSCW) station, and the rotifers 

at the Roseton south control west (RSCW) station, the all phyto

plankton and bluegreens at RDE, and the fish larvae at RDE, and the 

adult fish at RI. The fish larvae were very unstable at RDW near 

the plant which is what we would expect if impingement and entrain

ment were significant. Also, the fish had negative stability in 

this area, but increased stability in the western part of the 
channel. This is possible because they were hurt by impingement in 

the more inshore areas but helped by the addition of heat through 
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the food resource pathways slightly farther out on the western side 

of the river. In regard to the north control stations, generally, 

the western station was unstable for the pelagic fish and the 

eastern stations for the benthic fish. This also indicates the 

Wappinger's Creek inflow is not good for the benthic community in 

general. The Roseton south control east (RSCE) station was the 

least affected of any station, stability was good for both the 

pelagic and benthic communities, although, considered as whole, the 

station was slightly unstable. The bluegreens were less stable at 

the north control east station, the south control western station, 

and the Danskammer-Intake. This latter result was because of the 

large bloom of Oscillatoria sp. in that area. Most all of the 

experimental stations were generally unstable, especially for all 

phytoplankton. 

C. SOME PARADOXES AND SPECULATIONS 

-1. Ecological Versus Mathematical Artifacts 

In this section, we handle only a few of the paradoxes. Some of the 

unexpected results may be due to mathematical artifacts or biologi

cal peculiarities. Unfortunately, most of the data are not adequate 

to resolve these questions. Undoubtedly in the stability results 

there are several new ideas for development of ecological theory. 

First, in terms of trying to delineate mathematical versus ecologi

cal artifacts, there were some general results. For example, there 

was greater variation in stability measures. This comes about 

because of the range of values that eigenvalues can assume. Conse

quently, this mathematical reality generated concepts of ecological 

instability when in fact these results were due to the mathematics. 

Second, several of these measures are correlated in various ways. 

For example, a rise in the Di/Ki ratio will often mean that 

JKi/(BiIB) is getting smaller. This is an obvious correlation. 
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A less obvious correlation involves the skewness of the eigenvalues 

that increase when the minimum eigenvalue increases, or when the 

reciprocal maximum (max 1/~) eigenvalue increases and the kurtosis 

of the eigenvalues decreases. These are just two of the many mathe

matical relationships in the niche measures. Several correlations 

are non-obvious and remain to be discovered. Third, the statistics 

and sampling theory are incomplete at this time, and it is often 

difficult to delineate artifacts from real results. 

2. What is Ecological Success? 

This is an extremely interesting question, which has no ready answer 

(Lane and Wright 1977). Every species present on the earth can 

be considered successful in the sense that to persist through a 

perilous evolutionary history is to succeed. Many of the results 

that we obtained in this study center on this central question of 

defining ecological success. In terms of community structure values, 

it is tempting to assume an 

JKi/(Bi/B), DilKi' relative 

increase in mean alpha, diversity, 

species niche breadth (S./S), and rela-
~ l 

tive community niche 

community structure. 

breadth (B/E) are indications of less variable 

In this set of data (at only one point in the river and for only four 

functional groups of organisms), there was a considerable array of 

possible combinations of niche values. It is poSSible, if we knew 

enough about the network diagram, that particular aspects of commun

ity structure for particular groups will appear unstable yet, 

enhancing the overall ecosystem. SpeCies can operate at suboptimal 

levels in their ecological networks and even select themselves to 

extinction (Levins, 1975d). For example, JKi/(Bi/B) of the phyto

plankton may be more variable, so that DilKi of the zooplankton 
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is a more stable measure. If we knew enough about ecosystems, their 

stability and instability, the consistency and variability of 

various measures would become more obvious. There is no ecological 

theory available that predict that particular measures of a group 

should converge or diverge from particular values, that their 

variability should be at some level or that particular measures 

should be ecologically (not mathematically) correlated. That these 

measures will have particular values or can have certain probabili

ties and predictabilities attached to them, is undoubtedly a deve

lopment for the future. Thus, value judgments concerning niche 

values are basically subjective at the present time. 

3. To Be or Not to Be Stable 

We have used the term stability extremely loosely. Orians (1974) 

indicates there are several ways to look at stability. Holling 

(1973) has also emphasized particular definitions of stability. 

Numerous discussions of stability can be found in the Siam volume 

(Levin 1975) and the proceedings of the First International Congress 

of Ecology. In all, no one is sure what stability is and only vague 

notions exist denoting it as a desirable component of natural 

communities. 

Throughout this study, we have only measured some components of 

community structure and stability and these measurements have been 

differentially accurate and precise. Some of our approximation 

formulae are better than others. The difficulty is that so much of 

the application of these measures is experimental at present, and it 

is difficult to evaluate and delineate which measures are the most 

statisfactory ones. 

If we assume that we are measuring real components of community 

structure and stability, then several paradoxes have arisen. It is 
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clear from the results in this study that the concepts and ideas, as 

well as a cloud of metaphor that surround stability have to be 

elucidated. A great deal of development is needed. 

In this study, mathematical theory from the physicists and mathema

ticians has been used to develop a set of criteria that indicate 

enhanced stability. In terms of the biology, certain of our com

munities (or data stratifications) that we believe to be quite 

unstable show enhanced stability. The reason we believe this is 

true is that the play-off of various components or sources of 

stability come from different places, through different network 

pathways and in some instances, these pathways work against each 

other and in other instances work with each other. Thus, what 

appear as conflicts in the final results are probably related to the 

fact that ·stability" is actually more than one type of ecosystem 

property. While certain variables will approach stability through 

enhanced biomass, others will approach stability through fast 

turnover rate or some peculiar physiological or behavioral charac

teristics. Consequently, for example, when we had increased stabi

lity with the fish larvae, this indicates some aspects of particular 

functions that they are playing in the community at that time, but 

not necessarily that their overall system is more stable. The true 

effects of stabilizing one part or subcomponent of an ecological 

system in relation to the rest can probably only be delineated 

through loop analysis or some variation thereof. Consequently, in 

this study, all we can do is speculate as to several things that may 

be happening with these measures. Unfortunately, because we 

did not have the middle groups of organisms validation for several 

hypotheses and predictions was impossible. 

This explains why particular blooms can appear stable when in 

biological reality we know they are not so for very long. This is 
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not to say that the other members of the community are affected by 

the bloom, it just indicates that with enhanced biomass, there are 

certain types of stability that can be contributed to a community 

even under bloom conditions. It is also related to the playoff 

between relative abundance and biomass. One or more of the eigen

values and their respective vectors are mostly concerned with 

measuring biomass in a community. Consequently, when one species 

becomes very dominant, for example, during bloom conditions, the 

system then can be mathematically more stable due to this particular 

component, while it becomes more unstable in terms of other compo

nents that depend more on relative abundance patterns. Thus, in 

terms of "ecological success" there are certain components of 

stability that may appear to be desirable in a mathematical sense 

yet are not in an ecological sense. Thus, we need to sort out 

ecological stability components and anchor them in terms of species 

biology and community structure. Part of the resolution of this 

problem will come from taking particular value judgments on what we 

consider ecologically desirable. How do we delineate, for example, 

when the large biomass in an oak hickory forest is desirable and 

when a bloom of bluegreen algae is not? 

How do we delineate these systems which are in one sense mathema

tically, and in another sense fUnctionally very similar at an 

instance but very different over the long term? Probably this can 

be resolved with loop analysis, and also since loop analysis centers 

on temporal relationships it may be possible to work on the play-off 

of space versus time for resolving some of these questions. A 

dominant bloom species differs more in temporal relationships 

with its community than does an oak hickory forest, but at an 

instant some of its spatial characteristics do not. 
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In regard to the second stability problem, global versus local 

stability, we found in particular situations that the community was 

stable globally, but not stable locally (plankton). In another 

situation, this trend was reversed. For example, the adult fish 

appeared to be locally more stable and globally more unstable. 

These results are probably closely tied to the problems in sampling 

designs. Usually species could exist at any station that was 

sampled. The fish, however, were more restricted in that no one 

fish species did well at all stations, although several speCies were 

highly successful in a local sense. The habitat requirements of 

fish are more specialized and their behavior is such that they can 

restrict their habitats by choice. Much of the choice that a 

plankter has is a passive one, either survive or go extinct and 

while plankton possess an impressive array of adaptations, they do 

not possess much behavioral flexibility. 

In regard to sampling problems, often times there were not enough 

environments in the local sense to characterize the distribution of 

the species. This was especially true for the phytoplankton. Thus, 

because the number of cases in the global calculations increased, it 

is undoubtedly true that much of the global stability came from the 

fact that on a larger scale, there was a better ecological charac

terization of the species than for local environments. For example, 

in phytoplankton, the forty-two environments were used to construct 

global patterns while only six or seven data points were available 

per station. 

In analyzing stability phenomenon there is probably a play-off of 

four factors: biomass, evenness and frequency distribution, turnover 

rates and time functions, and variability. Resilience, rate of 

return and persistence are nonlinear combinations of these factors. 
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The mathematics and our ecological understanding are presently 

inadequate, as to how we should best relate these various stability 

components to the measures that we can quantify. For example, in 

terms of variability, the variance of D affects the variance of K. 

Stability will increase with increased variance and density. The 

other indications of stability are directly related to Di/Ki and the 

strength of this relationship proportional to the variance of the 

K's. Consequently, if the K's are more even and less variable we 

can be much more predictive in our stability interpretations. 

Likewise, the variance (Sf) and minimum eigenvalue, which is a 

significant measure of stability, depends on the variance of K. In 

general, our results have also shown that complexity does lead to 

instability given our particular determinants of stability. Usually 

the largest eigenvalue varies the most. Its percent variation (in 

comparison to the other variables) and how the variations correlate 

with each other are important. For example, if N is constant, 

then the largest eigenvalue is correlated with biomass. Perhaps a 

more basic question is: Are the eigenvalues a good measure of 

stability? We will not be able to resolve this problem completely 

until we can resolve the variability of Di/Ki times r ratio (Lane, 

Lauff and Levins, 1975). Presently we only have enough data to do 

this for Gull Lake plankton. 

For river wide phenomena, the variation in D decreases and there is 

decreased stability across species for a given environment. If the 

variance in K decreases, there is increased stability. The play-off 

between variation and species in one environment, and variation of 

species across environments is not the same and does not contribute 

in the same way to stability measures. Many of the sampling prob

lems will be damped out globally and this fact also probably ac

counted for the enhanced global stability of the phytoplankton. 

This is another reason why our global versus local stability results 
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are not cOBpletely consistent and explainable. In terms of blooms, 

if one environment experiences a bloom on one day, stability can 

increase. There is more variability across species and density at 

one station leading to this enhanced stability. Or, there can be 

more variation at one station over time that can decrease stability, 

so that we have again the play-off of species density versus temporal 

consistency in regard to interpreting the stabilitiy measures. In 

these situations it is not always clear how the variance in K will 

change. With more species, generally global stabiliity decreases 

because of the increased possibility of disjunct sets of sub-com

munities in local environments. Consequently, in a bloom, the local 

community can be more stable during the period of the bloom but 

generally more unstable over the long run. Thus, many refinements 

in stability measures are needed both for the evaluation of local 

and global stability and the delineation of transient stability from 

what we might term regular stability. 

A third and significant paradox related to these stability measures 

is that they are sometimes negatively correlated with what we 

consider to be community structure characteristics. Part of 

this problea is due to mathematical artifacts and sampling inade

quacies, and another portion is related to our inadequate knowledge 

and understanding of community structure and stability. It is 

possible that what we define as mathematical stability may be 

inconsistent with what we think of as biological or ecological 

stability. Or it may be that integrity and stability are not 

synonomous. It is going to take considerable development to explain 

this paradox that arose with many of the results. 

4. Perturbations and the Ecological Network 

It is also necessary, with all the paradoxes mentioned above, that 

we be aware of how and where particular perturbations enter the 
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ecological network and affect the niche patterns. Are the perturba

tions natural or unnatural in the the sense of speeding or slowing 

existing pathways or in creating or destroying other pathways? For 

example, we discussed the problems of trying to delineate the 

impingement and entrainment perturbations, the thermal perturbation, 

the salt front intrusion, the Wappinger's Creek inflow phenomenon, 

and countless other types of perturbations that are present but 

unknown in the Hudson River. Hopefully, most of these unknown 

perturbations that are occurring suffiCiently either downstream or 

upstream to affect most of the stations in a similar manner. 

There was also another interesting result -- the interaction between 

station and date. This can be seen by examination of the phyto

plankton data. Unfortunately, there were not enough data to 

construct two-way stratification from which interaction effects 

could be calculated. What this means is that the different sta

tions had different species sequences over time and at a given date 

the stations were different. Again if we hypothesize that there is 

a thermal perturbation that acts through the normal temperature 

pathway, this would affect some stations by distinguishing them from 

the other in a seasonal sense. This is an extremely interesting 

result, if it could be further documented, or evaluated in a more 

quantifiable way. Thus, if temperature speeds or slows particular 

seasonal results, the interaction term should facilitate the docu

mentation of this result. 

D. SOURCES OF ERROR AND BASES FOR GUARDED CONCLUSIONSI 

Throughout this study, there have been many sources of error and 

other associated problems contributing to the tentative nature 

IThis section integrates with X C and Y E and the three sections 

should be read as a unit. 
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of the study's conclusions. Some of these problems are sources 

of error in the more traditional sense; including the type of 

samples used, errors in the laboratory processing of samples, 

numerical errors in transcribing data points, etc. Another set of 

problems is associated with,the fact that the theory is not complete. 

Yet a third set of problems is the fact that there was not time or 

financial support available to finish the study in the best possible 

way given the present state of the theory and technology. These 

sources of error and problems related to these three general cate

gories are discussed below. 

1. SMplipg 

a. Field SamPling 

The sampling program used in this study was not planned in 

advance for the application of niche analysis. Therefore, 

many of the problems in trying to use these data centered about 

this general problem of lack of prior planning. Thus, many 

samples that were taken were not usable. This was especially 

true for the adult fish. Also, the sampling design in both a 

spatial sense and a temporal sense was not always appropriate or 

adequate, thus, many needed samples were not collected and their 

loss is irreparable. Finally, several of the laboratory analy

ses, in particular, identification and enumeration of organisms 

were inadequate. 

Since many of the niche measures are summed over environments 

the definition of environment becomes critical. When we began 

this study there were no firm criteria to separate experimental 

from control stations, nor even adequate descriptions of the 

actual sampling stations used. We have attempted a beginning 
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of this problem of defining an environment in this study. Also 

when the environmental characteristics of each station were 

listed from the available information, it became obvious that 

many of the stations were not as appropriate as they should have 

been. In future studies, a list of definitive characteristics 

(X and SD) should be generated for each station, especially 

in relation to the major questions to be answered and hypotheses 

to be tested. Stations should be selected in regard to some 

definite pre-established criteria. 

In particular, the stations involved in the present study were 

not adequately delineated in regard to the thermal perturbation, 

yet, this was the main parameter of interest. We had expected a 

company that was previously based solely on engineering exper

tise to have good measurements of the thermal plume and general 

river characteristics. In contrast, there was not much data 

available on the plume or its relation to the biology of the 

river species for 1973. Consequently, this lack of information 

made characterizing experimental versus control stations diffi

cult. Many of the stations were taken only with a general 

reference to the thermal plume when a more detailed selection of 

stations could have been made on the plume characteristics that 

were known, however incompletely. Also, every time a set of 

samples is collected, associated light and temperature measure

ments should also be taken. Consequently, in interpreting 

results we had to group sample results and physical-chemical 

information together that were taken at vastly different sta

tions and time periods than those of prime concern in regard to 

the biological community. Thus, often the environments from 

which the biological samples were taken were not adequately 

characterized even in regard to simple parameters such as 

temperature, which is relatively easy to measure in the field 

and yet of major interest to this study. 
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In general, as with the particular problem of the physical 

measures, sample collections were not well coordinated. Thus, 

it was difficult drawing some of the types of comparisons that 

would have been desirable between and among functional groups or 

sub-functional groups such as the thirteen categories used in 

this study. Thus, in order to complete a successful niche 

analysis for an ecosystem, sample coordination is probably as 

critical as the initial sampling design per functional group. 

In addition, there were more general problems of sampling 

frequencies in space and time. Because of mathematical diffi

culties (to be discussed below) more environments should have 

been sampled. The statistical theory is at present incomplete 

and the optimum number of environments is yet to be determined 

but generally the data in this study were too sparse, both in 

terms of calculating the niche measures and the statistics to 

test significance among the resultant values. Essentially there 

were not enough data points to characterize the distribution 

patterns of the rare species as well as the abundant ones. This 

probla. leads to the generation of additional mathematical 

artifacts in ranking species in selected environments in an 

attempt to use as much data as possible for niche analysis. 

We have discussed several of the spatial implications in defin

ing the environment (h) used in niche analysis. Temporal 

considerations are also important and sampling design should be 

based on at least general estimates of species turnover times. 

b. Biological Considerations 

Niche analysis is centered around resource or indirect competi

tion where species do not compete by interfering with each 
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other but rather by their indirect use of a dwindling food 

supply or resource of some type. Much of the development 

of niche theory is based on a one dimensional concept, however, 

we know in nature that usually two or more niche dimensions are 

operating. 

The basic assumption, inherent in the analysis, is that the 

intensity of overlap is directly proportional to the probability 

that individuals of the two species will meet in attempting to 

utilize a limiting resource. The probability of co-occurrence 

formula can be applied only to habitat selectors with validity, 

that is, species which alleviate competition by using different 

spatial-temporal positionings. This assumption holds reasonably 

well for populations of filter feeding zooplankton which are 

considered to exhibit generalized feeding behavior. Many other 

types of aquatic organisms are also generalized feeders although 

it is still an open experimental question how validly the 

analysis can be applied to other groups. 

The basic alpha approximation does not give a good measure of 

the intensity of overlap for species which are resource alloca

tors, that is, species which alleviate competition by utilizing 

different resources in the same space and time. For example, a 

species pair, having aij equal to .9 and aji equal to .9 

by the probability of co-occurrence formula, may not be competing 

at all because the species may be resource allocators. Spe-

cies 1 may consume net phytoplankton and species 2 nanoplankton. 

Thus, the analysis is useful, however, in determining which 

mechanism of competitive coexistence may be operating. 

There have been few documentations of competition in the field. 

In an open water system, it is almost impossible to document 
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competition by proving a particular species is reducing the 

population growth of another species. We can only assume 

competition occurs from several types of indirect evidence and 

often times the evidence is difficult to obtain and even more 

difficult to interpret. Since the competition has been docu

mented in the field only in isolated instances, it is critical 

that as much species biology as possible is known so that 

identification sets of potential competitors is as accurate 

as the current state of knowledge permits. 

There were several other biological considerations in addition 

to those mentioned above in the field sampling section. In 

general, the species biology even for the dominant species in 

each of the community groups is not well known. The analysis 

assumes that only systems of competitors are included in a given 

matrix. In many cases, it was difficult to determine which 

species should be grouped together. For example, one can group 

trophic categories directly, or use other measures such as 

size as with the phytoplankton, or habitat preferences with 

the adult fish community. Consequently, often more biological 

knowledge is needed than just trophic considerations. For 

example, phytoplankton size may become a more reasonable appro

ximation of competitive ability than taxonomic group. While 

taxonomic groups are of some evolutionary significance, they are 

not always meaningful ecological categories. Since species are 

in one sense human abstractions, we must be careful not to be 

carried away with our abstraction. Selecting species for 

community matrices entails keen biological intuition and inti

mate knowledge of the system, especially when conSidering such a 

diverse group of organisms contained in total species list of 

the Hudson River. We were acutely aware of this problem because 

of our general unfamiliarity with Hudson River species. 
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There are also many other theoretical and biological problems in 

measuring the community structure of an assemblage of organisms 

in nature. For example, if a resource is turning over slowly 

and if the resource itself is moving, for example, phytoplankton 

moving up and down in the Hudson River estuary, then herbivorous 

species can be in two parts of the river but consuming the same 

phytoplankton resources simultaneously. Thus, these species are 

in competition even though they never meet in nature. Likewise, 

even though species are co-occurring in using a given resource 

state, it may be so super-abundant in a given environment that 

it is not limiting. Several fish species can be present in the 

Hudson River at a given time of the year, but some of them are 

not eating during spawning season or really in any way inter

fering with the other species. Thus, they are essentially not 

competing at that time of the year although from probability of 

encounter estimates they could be expected to. Again there is 

no substitute for a good understanding of the species biology. 

To alleviate some of the problems mentioned above, it is desir

able to maintain a species file which facilitates the accumula

tion and storage of information on the species biology that 

would be useful for a variety of analyses. A species file 

includes not only size and other critical aspects of species 

types for classifying the species, and understanding their 

biology, but it also aids in selecting the environments that 

should be sampled in the field sampling program. For example, 

those species that migrate and are most active at night would 

have a different sampling plan than those that are active in the 

day. To date, much of the biological information needed for an 

adequate sampling plan to represent the community has been 

largely ignored. 
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There were also other general taxonomic problems; such as too 

much lumping or too much splitting. These problems are also 

related to those mentioned in the preceding section, involving 

inadequate numbers of samples necessary to characterize the 

co .. unity. In this particular study, the rotifer species are 

probably lumped too much, and the phytoplankton species were 

split too much. It was difficult to obtain enough ecological 

data on 115 species of phytoplankton when, in fact, several 

could probably be lumped with no concurrent reduction in the 

understanding generated by the analysis. 

There were several types of sampling problems which relate to 

the inadequate understanding of the species biology. There are 

the general types of sampling errors related to the selectivity 

of samples, counting in the laboratory etc. Also, when data are 

collected, we tend to forget the theoretical framework in which 

they were collected. For example, if a one-meter net is used 

and the sample contains species a, band 0, they are grouped 

as constituting a community, where in fact, their grouping 

is a human abstraction based on the particular sampling method 

and sampler used. Thus, it should be stressed that often to 

obtain an adequate representation of a given community more than 

one type of sampler and/or sampling program is needed. For 

example, the adult fish community in the original 1973 study was 

sampled by seines, gill nets and trap nets. Beoause samples were 

not coordinated in a meaningful way, it was not possible to use 

all of these data, however, this overall strategy would be one 

way of achieving adequate sampling of the community. The fish 

larvae included particular species or groups of species that 

were selected depending on the size of the collection net, that 

is, one meter, or half meter. Macrozooplankton that were not 
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Figure 11: Diagram illustrating sources 
of error involved in sampling 
at extremes of species ranges. 1 
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reported upon in this study were collected in four different 

sampling programs: microzooplankton, benthos, fish larvae and 

.acrozooplankton. 

Consequently, one must always be alert to the fact that the 

sampler is selecting a portion of the species with some bias, 

and that often ecologically-meaningful units must be constructed 

from more than one type of sampling program. Also, there is the 

added problem that when this occurs it is necessary to have good 

error estt.ates so that the samples can be grouped together 

and used in one set of data stratifications. In general, the 

theory is not completely developed for this, however, a more 

realistic sampling regime is dependent on a good sampling 

theory. 

Lastly, one of the most important considerations in terms of 

species biology is understanding ecological space and time, 

which has to do with how the organisms perceive the spatial

temporal aspects of the environment. Every investigator in

cludes with his sampling plan his particular ideas and biases in 

regard to the types of environmental heterogeneity that are 

important to the organisms. 

Much of the preceding is related to what Colwell and Futuyma 

(1911) discussed in terms of error range, spacing and nonline

arity in delineating the species distribution over a given set 

of environments. Some of these problems are diagramed in Figure 

11. In the top part of the diagram the fitness curves for a set 

of species over an environmental gradient, namely temperature 

effluents coming from a power station, are given. Species one 

bas a higher thermal tolerance than does species four. The 

bottom part of the diagram indicates how temperature is changing 
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(6T) from the power plant to the most distant station. Tempera

ture is changing the fastest, closer to the power station, and 

for quite a distance away 6T is low. Thus, this is a parti

cular type of environmental gradient that the species would be 

subject to, and would be one of the more interesting components 

related to a thermal perturbation study. 

In the middle of the table are three hypothetical transects of 

how the data could be collected. Transect A shows that only the 

extreme areas where ~T is rapid (the greatest, and the least) 

are sampled. Transect ~ illustrates equal spacing of the 

samples regardless of 6T and transect ~ shows more closely

spaced samples where ~T is the greatest,and far-spaced samples 

where ~T is the smallest. This last type of transect then, 

would be probably more ecologically meaningful than the first 

two although each involves biases. For some of the LHS 1973 

data collection programs, the transect A type sampling design 

was used, thus, only the extremes were sampled as with the 

plankton communities. Sometimes transect ~ type sampling was 

used, for example, the adult fish collections, with equally 

spaced trawls across the river. In using any of these types of 

transects the niche measures, for example, alpha and niche 

breadth, will change. Therefore, it is critical to have some 

understanding of the associated problems: 1) what type of 

sampling program will be used, and 2) how it will represent the 

particular environmental gradients and species distributions 

under study. In this study, sampling was generally not conduc

ted to consider thermal gradients directly. Thus, many of our 

results on thermal effects are probably underestimates. With a 

slightly different sampling program, it would have been possible 

to measure thermal effects more effectively plus add some new 

results from gradient theory. As a rule of thumb, however, it 
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is usually better to collect the samples at equally-spaced 

intervals unless enough is known about species biology to 

warrant a more sophisticated sampling design. One exception to 

this general plan includes the environments in which a gradient 

is known to exist such as the thermal gradient at Roseton

Danskamaer. 

May (1975) has discussed several of the problems relating to 

sampling gradients, or what he terms resource-states. There are 

several peculiarities generated when only one resource axis is 

used, that is, the one dimensional niche. May (1975) describes 

ways that alphas can be calculated when there are two or three 

dimensions. For example, in Figure 5 for species E and D, if 

one were to measure the overlap values in terms of phosphorus 

concentration in the units that are indicated on the axes 

(within the two vertical dotted lines), species E and D are both 

using the same phosphorus concentrations in the environment. 

Likewise, at a given light intenSity, (indicated by the horizon

tal dotted lines) they are both using similar light concentra

tions. If just one axis were used for the measurement of 

ecological overlap (a> the species would be shown to be strong 

oompetitors for that particular ecological factor. Yet, in 

their tWO-dimensional space species E and D do not overlap and 

they are not competing directly. 

As several more dimensions are added to a community analysis 

many species that would overlap in the n-dimensional space do 

not overlap in an n+1 dimensional space. In conducting gradient 

work in the future, however, dimensionality and more sophistical 

gradient analyses will became more important. Much more effort 

will be needed to measure niche dimenSionality, which is the 

largest part of niche analysis that is still undeveloped. This 
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parameter will be critical to develop if we are going to achieve 

accurate analysis and integrated interpretion of the results we 

obtain trom niche theory. 

We attempted to solve the problem of reconciling the theoretical 

parameters to the actual sampling and data collection, however, 

it was necessary to conduct various manipulations of the data, 

employing dubious weighting procedures to correct biases. Many 

of these problems could and should have been corrected before 

the sampling program was initiated. These data manipulations 

are discussed below. In the future studies, more care should be 

given in the sampling design, and data collection and applica

tion of niche analysis. Regardless of the abilities and intui

tion of the investigators, biases inevitably creep in and com

plicate the evaluation of ecological reality. 

Many of the problems mentioned in this section are not unique to 

this particular study; on the contrary, they include the general 

errors involved in any study of natural communities. This 

particular study, however, involved a disproportionate set of 

problems both in their number and severity that could have been 

partially alleviated with prior planning. 

2. Data AnalysiS 

There are also two sections to this part, first, the mathematical 

and theoretical problems; and second, particular problems with the 

data used in this study. 

a. Mathematical and Theoretical Problems 

(i) Matrix Peculiarities 

Several peculiarities existed in the present study due to 

the particular way that alpha is calculated. First, because 
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symmetric terms have their numerators in common, the alpha 

matrices generated in this study are skew with properties 

similar to positive semi-definite ones. Thus, no complex 

parts can be generated in regard to stability calculations, 

and only relative degrees of stability can be examined. 

Oscillatory systems cannot be delineated or evaluated. This 

results in a set of associated problems with the stability 

seasures, some of which have been already outlined in 

Section 3 in Mathematical Methodology. Also, because so 

many rows and column are linearly-dependent, many other 

problems arise in the stability measures. Dependency can 

arise in two ways: first, rows and/or columns are identical 

because adequate information to characterize the ecology of 

the species was not collected. This was particularly 

evident when analyzing the phytoplankton community, where 

often times there were two rare species that occurred only 

once in a given environment, and never again throughout the 

study. Therefore, their row and column elements for the 

Pmatrix* would be identical. Immediately the determinant 

is zero and consequently, several of the eigenvalues are 

zero. Second, positive semi-definite matrices have either 

positive or zero determinants. In the case of zero deter

minants, all of the related stability problems are also 
present. 

There are several assumptions that come into consideration 

when using the alpha matrix. For example, we assume that 
the comaunity is at equilibrium or at worst in some sort of 

*Pmatrix is the frequency values of species (Pih) used in niche 

analysis. 
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a moving equilibrium within its limit cycle. Some of the 

overall types of evidence for equilibrium or quasi-equili

brium include regularity from other ecological communities 

(in particular the Gull Lake system) which leads us to 

believe that the equilibrium assumptions are probably valid, 

at least for some aquatic ecosystems. In contrast, the fish 

larvae (unstable) and phytoplankton (stable) results in this 

study also substantiate the validity of the equilibrium 

assumption. It is still an open experimental question, 

however, to what degree equilibrium conditions are present 

in ecological systems. This would be particularly interest

ing if not crucial to evaluate in the Hudson River ecosystem 

which is a dynamic tidal estuary, and where equilibrium 

would be expected to be more dubious than in a small lake 

with a low exchange time. At any rate, more work is needed 

on this interesting problem. 

Another consideration is the fact that alpha is not a 

constant but is treated so with static data. We attempt 

to study the dynamics of the system by stratifying alpha 

over time. Even more basic than the preceding consideration 

is the assumption that the alpha matrix is equivalent 

to the matrix of first partials, the Jacobian, with which 

traditional stability theory is associated. From data 

gathered on the Gull Lake system, which are still incom

pletely analyzed at the present time, it appears that the 

alpha matrix can be considered somewhat equivalent to a 

Jacobian. Much experimental work needs to be done, how

ever, on the Hudson River species in terms of growth and 

turnover rates to resolve this particular problem more 

satisfactorily. 
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In teras of peculiarities generated in using the probability 

of co-occurrence alpha that is used in this study, these 

probleas could be avoided by using several other alpha 

foraulations which we did not have tiae to develop and apply 

in the present study. Usually the more sophisticated and 

detailed alphas necessitate more detailed sampling and field 

experiaentation. 

Lastly, there is also the annoying problem that there 

is still no convenient measure for niohe dimensionality. 

We have made some progress, though, on this problem in 

regard to the Bedford Basin oommunity. Although, theoreti

oal development is probably straightforward, this parameter 

is an iaportant one we were not able to quantity at the 

present tiae (see above and following discussion). 

(ii) Statistical Considerations 

Associated with all the mathematioal problems are statisti

cal ones, many of which were beyond our expertise. In 

general, the biggest problem is that no sampling theory 

exists for niche analysis at the present time. We have no 

error estiaates for inaoouracies in the data, thus, in 

constructing a sampling theory the error itself must be 

treated as a variable. Since there was no sampling theory, 

there was not sufficient information about the distributions 

of any of the niche parameters for community structure or 

stability. We made an initial attempt in examining their 

distributions by calculating skewness and kurtosis measures 

for the alpha and eigenvalue distributions, however, an 
adequate sampling theory would provide us information on the 

other ~ents of the distribution as well as confidence 
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intervals and error estimates. Sampling theory would also 

involve the validity of the basic assumption of normality in 

employing parametric statistics. Also, it would have given 

us the information as to how sensitive each of these niche 

parameters is to sampling design and methods including: how 

many environments must be sampled to obtain adequate infor

mation for the characterization of the species and community 

biology. All of the preceding information, if available, 

would provide for sound statistical testing of niche results. 

Initially it is necessary to evaluate the results with 

statistical tests (in this study: coefficients of variation, 

ANOVA, and t-tests) in order to compare means and sources of 

variation. Often there was not enough statistical basis to 

use even these relatively simple tests effectively. In many 

instances, if we knew more about the distributions of the 

niche parameters we should use the nonparametric analogs of 

these tests. 

b. Data ProblemS 

In general, the major difficulty centered on the fact that there 

was no vigorous sampling theory and the central question of how 

many cases are necessary to characterize n-variables was left 

unanswered. In much of what we analyzed, the cases were equal 

or only slightly more numerous than the number of species 

employed in a particular matrix formulation. In a more optimum 

situation probably 5 to 10 times the number of environments 

would be necessary to adequately delineate the patterns of 

community structure and especially stability. Therefore, we 

ranked species in several cases, especially for adult fish and 

phytoplankton. Although we tried to use our ecological intui

tion and experience carefully, undoubtedly some of the ranking 
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was inappropriate for certain species or species groups. Thus, 

species ranking is a dubious procedure. It was also problematic 

to discard environments which did not conveniently fit into one 

or more data stratifications. This was very wasteful in terms 

of the ecological data that had been collected in the initial 

study. For example, more than half of the data collected on 

adult fish could not be used because it was not collected in 

a meaningful way. We delineated the usuable data set, which was 

probably too sparse to characterize the community in question. 

c. OVerall Considerations 

Lastly, we have several overall considerations in the analysis, 

most of which are related to not having the time or finanCial 

resources to complete various portions of the study. First, 

there was not enough time to complete the statistics, and in 

particular, develop the sampling theory, but also to develop 

other mathematical tools. For example, time series studies 

would probably be useful for looking at some of the temporal 

patterns in the niche values such as the ANOVA was used for 

spatial patterns. Second, there were neither time nor funds to 

develop measures for dimensionality and to apply loop analysis 
(See V-E and V-D, and below). 

Loop analysis for the Hudson River had been a prime objective in 

the beginning of the study twenty months ago. A loop study not 

only would help in innumerable ways of understanding the various 

feed-back pathways in the community, but would also be helpful 

in distinguishing the heat versus impingement versus other types 

of perturbations on the community, and how the various niche 
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measures are related to the variables in question. Loop analy

sis would be extremely useful for developing predictive esti

mates of the perturbation effects and of understanding the 

general community biology. 

Also the correlation analyses among functional groups could not 

be accomplished. This is unfortunate, because this development 

coupled with loop analysis is probably where our best under

standing of the system's biology is going to originate. It was 

a most unfortunate problem that the microzooplankton, macrozoo

plankton, and benthos samples were not counted and could not be 

included in the present study. This was the immediate reason 

why correlation analyses was not initiated. 

Third, there was not time to adequately evaluate the data 

stratifications in terms of developing a set of recommenda

tions for using a smaller set of niche values, both in terms 

of the number of parameters measured as well as the number 

and types of data stratification used to generate a useful 

representation of community structure [See Lane and Wright 

(1977) for some suggestions]. Also, this latter problem is 

partially related to the sampling theory problem. 

Fourth, there was also not enough time to include more of the 

detail of the interpretation of species biology, since there is 

a great deal of literature on these particular species. Because 

the species file was not developed, and because of the time 

involved to do so was prohibitive, it was not possible to more 

appropriately and adequately interpret some of the results that 

we obtained in terms of the biology of the station. 

Finally, we feel that we have made some limited progress in 

terms of the validation criteria for applying niche analysis 

V-55 

--_._----



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

to the Hudson River ecosystem, however, more progress is pos

sible. In general, there are three types of validation criteria 

that can be e.ployed. The first is regularity, the second is 

predictability, and the third is delineation of mechanism and 

understanding. 

In ter.s of delineating regularities, this is paramount to 

identifying consistent properties in the community structure and 

stability patterns. We were able to demonstrate several regular 

patterns in the data set, and to develop statistical tests to 

compare these patterns, both in terms of total variation and the 

mean and range of variation. There are several other types of 

tests, however, such as the time series and/or the outlyer test 

which were or could be developed for these data, but were not 

used because we did not have the time or financial support to do 

so. For example, the outlyer test essentially tests values that 

are outside the range of the regular ones, and is an important 

test when comparing and evaluating differences among stations, 

(which is appropriate for the problem of thermal effluents). 

Consequently, the validation criterion of regularity is one that 

was partially resolved in this study. Also, experimentally 

it may be necessary to analyze the data over several years 

to obtain better estimates of natural temporal heterogeneity. 

The second validation criteria is predictability to the extent 

it is presently possible to achieve using niche analysis. 

Although we generated enough information on niche measures 

to look at predictability; time and resources did not permit 

extensive validation in this regard. Predictability can be 

evaluated by comparing niche values trends with what is known 

about the system's biology. For example if JK (Bi/~) falls 

for a predator then the densities of its food resources may 

have decreased or its environment become more harsh. There was 

no time to identifY many of these types of patterns from the 
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massive number of tables we generated, nor to develop an auto

mated system necessary for performing the correlation analysis. 

The second major method of improving predictability is through 

using the loop analysis which directly models the effects of 

perturbations and generates predictive tables of their effects. 

Likewise, there was no time to develop even simple loop diagrams 

looking at the general results that we had obtained in this 

study. 

Thirdly, there was not enough time to correlate the environmen

tal and biological information that was at hand, and to generate 

and test particular hypotheses and assumptions both in terms in 

regularity and predictability. These hypotheses could be 

further examined in a mechanistic view, both using the data at 

hand as well as literature results. Again, there was not time 

to adequately do this although undoubtedly considerable progress 

could have been made with the available information. 

In conclusion, there are a number of different types of sources 

of error, problems, inadequacies and other considerations that 

make our final product less than desirable. Some of these 

problems are readily solved with a little more time and work, 

others would require better data collection programs, expensive 

technology, tedious detours into ecological theory, and sophis

ticated statistical refinements. Enough development has been 

made to this point, however, that the analysis is usable as it 

is and definitely superior to traditional methods that mainly 

center on presentation of species 

with a minimum of interpretation. 

to facilitate a firm basis for the 

density or diversity curves 

Without a sampling theory 

data collection program, 

and some associated theoretical development, several timely 

questions could be raised as to the mass application of the 
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present state of the analysis for applied ecological problems 

without the (necessary) research and development. This latter 

course of action could represent a monumental exercise in 

misplaced economy. 

E. RECQMMEIDATIOIS FOJLAF.PLYIN~E ANALYSIS TO AQUATIC DATA SETSl 

In general, our recommendations center around correcting all the 

sources of error and problems that have been outlined in Section C. 

The more of these that are corrected or resolved, obviously the 

better the application of analysis to natural communities is going 

to be. The following is a list of the more general recommendations. 

In Section E, we present some of the more detailed descriptions of 

how this development could proceed. 

First, unless considerable species biology and environmental hetero

geneity is known, it is better to collect the data in a regular 

pattern than to initiate a more sophisticated type of sampling 

program. For example, even if one had good data on thermal plume 

characteristics and knew the delta T gradient it might not be best 

to collect saaples in relation to ~T, (for example, transect C in 

Figure 12) because there may be another resource gradient that 

necessitates consideration. For example, a nutrient or salinity 

gradient running counter to the thermal gradient might exist, in 

which case, measures of niche dimensionality might be needed to 

distinguish species responses in two dimensions. Consequently, 

unless there is a good reason to the contrary, data should be 

collected in a regular way, and the odd samples should be avoided. 

In the fish samples that we analyzed, more than half the samples 

1 See also sections VC and VEe 
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were unusable and a tremendous waste of time and effort as well as 

valuable information that was needed to characterize the system was 

lost. 

Second, choosing the community involves a great deal of biologi-

cal skill and experience. Since it is not necessarily the organisms 

that are sampled together that represent a coherent community unit, 

there can be no substitution for skillful biology. 

Third, the station characteristics must be carefully selected and 

analyzed before the actual biological sampling begins. As in this 

study there was not enough care and attention devoted to this 

particular problem. Fourth, a cardinal rule of mUltivariate statis

tics is that there have to be more cases than variables. If we had 

to recommend a rule of thumb based solely on our intuition and not 

any firm sampling theory, we would suggest five times more cases 

than variables are needed, although some of the niche measures 

themselves are relatively insensitive to a number of environments. 

There are two basic ways to achieve this rule of thumb, rank species 

and simultaneously eliminate the rare ones thus reducing the number 

of variables, or sample more environments. 

Fifth, many problems could be avoided if a species file were were 

available. This would help in choosing the groups of competitors to 

be studied, but also would facilitate awareness of peculiarities in 

the biology. For example, vertical migration, behavior of reproduc

tive strategies, would be particularly sensitive to a given data 

stratification. 

Sixth, all samples that are taken should be coordinated. Every 

sample should have a purpose in a well-planned data collection 

program. The whole sampling plan should be designed so that the 
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most information is generated with the least amount of effort and 

expense. For example, in this particular program it is extremely 

difficult to look at a lot of the predictive results, because the 

samples were not coordinated. Seventh, before this theory is 

applied on a more widespread scale the sampling theory and some of 

the mathematical problems should be resolved. With some careful 

planning and a limited number of additional samples, some of the 

sampling theory problems could be resolved experimentally. 

Finally, despite the massive amount of data, and the large number of 

data tables that were generated in this study, many were of a 

experimental nature since we attempted to determine the least amount 

of information needed to characterize community structure, espe

cially in regard to thermal perturbations. At the basis of this 

study, is the assumption that we can evaluate a dynamic and complex 

system such as the Hudson River estuary in terms of static data, 

that is, with speCies densities collected over a variety of spatial

temporal environments. The problem with this, as with most ecolo

gical studies, is that the ecosystem may be too dynamic to be 

represented by a few static glimpses through a year. Much of the 

understanding of the ecological systems would more appropriately be 

based on turnover rate measurements. ~bile these data are often 

prohibitive in terms of technology and expense, some improvements 

could be made in the present data collection frame. 

F. RESEARCH AND DEVELOPMENT NEEDED FOR NICHE ANALYSIS 

The research and development needed for niche analysiS can be 

divided for convenience into two categories: (1) computer techno

logy, and (2) methodology associated with ecological theory and 

system biology. These two categories in practice remain well

integrated and usually any developments we make in ecological theory 
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and system biology necessitate associated computer "creations." The 

developments we feel are most important at the present time are 

briefly summarized below: 

1. Computer Tecbnology2 

a. Automated Data Handling SYstem 

This is a priority item since the niche program (NICHE) is 

stable and loop analysis can be developed concurrently. Al

though this is a large and long term undertaking, it can be 

developed along with the other things with relatively little 

overhead and it should save us considerable time in the long 

run. There are three main areas where we are having problems 

with data processing, and accordingly there are three stages of 

development that are needed. 

(i) Direct Data Entry: 

Currently as samples are counted, the raw counts and perti

nent information are written on sheets and kept in books. 

The calculation to densities are done in one or more stages, 

usually on the HP 9830 but sometimes by hand, and the 

results written on other sheets and then on Fortran Coding 

Forms to be keypunched. When the keypunching comes back the 

cards are listed, run through NICHE to check for errors and 

visually checked against the original sheets. When the data 

are corrected and free of errors, hopefully, it is put on a 

magnetic tape file and the analysis run. This process 

lSee also section V-C and V-D 

2Enclosure '71, entitled Annual Report IV, New Computer develop
ments planned for year II. 
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involves considerable overhead, is expensive on time and 

introduces too much error. Therefore, we need an interac

tive (terminal) system for taking in raw data in any form, 

say from the counting sheets, and, flawlessly processing 

it to a form suitable for storage and analysis. It would 

have facilities for verification (having the raw data 

entered twice, independently and cross-checking), making 

sure all the pertinent information (sample volumes, sampling 

time, etc.) has been entered and recorded, thus producing 

listings to have cards punched (if needed) from or to 

go in the data books, and for checking syntactically and 

numerically, any cards that were punched. Of course, while 

this would be particularly useful for certain common types 

of large scale data processing, specialized sets would still 

have to be done by hand or with the HP calculator. 

(ii) Report Generator: 

When NICHE runs it produces much more information than is 

required for initial interpretation, for instance, niche 

values for every species plus means, standard deviations, 

variances, etc. when all that is required are the means and 

coefficients of variation. Also, the data are scattered and 

hard to follow. Therefore, for a paper or report, tables 

must be generated by going through the outputs, pulling out 

the desired numbers, rounding when necessary and writing 

then in place. Then the tables are typed, which is also a 

time consuming step. A report generator would read in the 

output of an analysis, either the print file or a specially 

produced internal file, select, re-order and re-format to 
produce desired reports and summary tables, perhaps with 

some of the statistical analyses. 
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(iii) Data Base Manager 

In order to conduct the statistical analysis of the niche 

values that we hope to do, it will be necessary to obtain 

the output of niche analysis in machine-readable form. It 

could be pulled from the outputs, written on coding forms 

and keypunched but this would be expensive and time limiting. 

Also to do all the desired stratifications, some sort of 

automatic data selection would be useful. Therefore, we 

plan to have an information-retrieval system which will be 

able to channel, select, and transform data for analysis, 

and from one analysis to another as well as for report 

generation. This will be the center of the automated data 

handling system and encompass the other two as well as, 

perhaps, supervising the execution of the various analyses. 

The whole thing will, of course, be written to run inter

actively, as well as in batch mode. For more detail see 

enclosure 50, entitled Niche Documentation. 

b. Rewrite of Niche Program 

NICHE should be redesigned and recoded to integrate the improve

ments and changes we have made so far, to make it easier to 

modify and make more changes, to make it easier and more flex

ible to use, and to make it interactive, that is, usable from a 

terminal which we have already purchased and expect to be 

functional in March 1976. (ASL/1 Multi-writer). An effort 

should also be made to produce more usable summary tables and to 

make it compatible with the above described data system. See 

enclosure 50 for specific details. 

c. Rewrite of Lo.Qll.JTogram 

An interactive driver program is needed to make loop analysis 

feasible. It will use the special features of the ASL/1 Multi-
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writer, for instance, subscript printing. The present path and 

loop algorithms will be used as well as some utility subroutines 

in common with NICHE wbich we are now working on, however, it 

may also require some special software to operate the terminal. 

New algorithms should be developed for loop and path enumera

tion; both APL and the terminal would be used. However, this is 

neither urgent nor absolutely necessary. 

d. New Program" 

For the theoretical and biological developments listed in Part 

2, several new computer programs need to be written. These 

programs would include the following types of calculations: 

(1) sensitivity analysis for niche parameters 

(2) confidence intervals and significance tests for niche 

parameters 

(3) sampling theory for niche parameters 

(4) environmental heterogeneity measures 

(5) new alpha formulations 

(6) sophisticated correlation analYSis for functional groups 

between and among sets of niche values 

(7) multi-variate statistics - niche dimensionality 

(8) new stability measure for loop analysis 

(9) incorporation of nicbe into loop diagrams 

2. Methodology Associated with Ecological Theory and System Biology 

a. Statistical AnalYSis of Niche Measures 

A better understanding of the statistical theory behind the 

niche measures sbould lead to better treatment of them in 
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interpreting comparisons or computing statistics on them. Also 

some new measures may be found to be useful. A large part of 

this will involve developing a sampling theory which includes 

questions such as: are the niche measures sensitive to the 

difference between a zero and a small number in the data? How 

do the actual number of species or environments affect the niche 

measures? How do the problems of spacing, range and nonline

arity affect the calculation and interpretation of niche mea

sures? How many degrees of freedom are there in the alpha 

matrix? This should also help us determine what kind of diffi

culties in the data lead to problems like dependent species. 

Also, we have to determine confidence limits for each of the 

niche measures so that we can distinguish significant differ

ences and the sensitivity of the niche measures to errors in the 

data and to particular sampling designs. 

Thus, included in this statistical analysis of niche measures 

will be the following development: 

(a) sensitivity analysis of niche parameters 

(b) elaboration of niche statistics including outlyer tests 

(c) development of confidence intervals and significance tests 

b. EnvirOnmental Heterogeneity 

For our Gull Lake, Lawrence Lake, and Bedford Basin data sets we 

will have a fairly complete set of environmental parameters 

coded and on computer file. These data will include physical 

measurements such as temperature and light intensity, chemical 

measurements such as dissolved oxygen and particulate organic 

carbon, as well as biotic factors such as algal biomass and 

predation rates. We will be conducting ANOVA breakdown analysis 
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on these data in order to determine if there are any simple 

correlations between the changes of external conditions (envi

ronmental heterogeneity) and the niche values of representing 

the communities. Also, a quantitative measure of the degree of 

environaental heterogeneity is needed in order for us to ade

quately evaluate how a particular perturbation, e.g., a ther

mal effluent or a nutrient addition compares to the observed 

"natural" heterogeneity. To answer particular questions on 

variability and significance it will be necessary to develop 

some short term sampling projects as have been done for the Gull 

Lake system. 

c. Other Formulations of Alpha 

The development of other types of alpha are necessary for two 

reasons; first, to add ecological reality to our present mea

sures both in terms of 1) measuring niche patterns more accur

ately and 2) by considering the effects of other important 

ecological factors such as resource turnover, predation rates, 

temperature, time lags, etc; and second, to alleviate some of 

the mathematical difficulties and artifacts inherent in the 

present calculations (see also sections v.e and III.A). We 

presently have several niche formulations and antiCipate crea

ting several more especially for predator - prey pairs that can 

be used directly in loop analysis. 

Many species or species-groups will need custom-made alphas; 

that is, alphas that take into account 1) the species' ecologi

cal peculiarities, 2) the peculiarities of the environment they 

inhabit, and/or 3) the peculiarities of the perturbations that 

they experience. There is no reason to believe that one alpha 

would be the best for all types speCies; it is not desirable to 
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develop one such alpha measure. The probability of co-occur

rence alpha is simple and can be calculated with density data 

from the field. Since alpha integrates the environmental 

factors in a relatively-unbiased way for most types of species 

(if the data collection is carefully done including the field 

sampling program and subsequent laboratory analysis) the proba

bility of co-occurrence measure reasonably circumvents some of 

the problems with zooplankton and phytoplankton. Much more of 

this type of work will have to be done, however, to develop 

particular types of alpha as we have been developing for other 

groups of organisms in our other study environments. 

It is also necessary to test more vigorously the new as well as 

old measures of alpha for their similarity to the matrix of 

first partials (Jacobian). This will involve more theoretical 

as well as biological effort on the measurement of growth and 

turnover rates in ecological systems. 

d. Correlation of Functional Groups of Organisms 

Until recently, we have been studying consistent properties 

within various biological functional groups in an ecosystem. 

The next step in understanding the whole picture is to search 

for these regularities among functional groups and their asso

ciated niche measures. This endeavor will involve the use of a 

sophisticated type of correlation analysis and some associated 

statistical techniques. This will give us the means to deter

mine the links between and among the groups which showed lead to 

a more detailed loop analysis of the community (See Appendix A). 

This particular portion of the research will be especially 

dependent on the related computer technology both because of the 
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complexity of the problems involved and because of the large 

amount of data that will be stored and manipulated. 

Thus, good data manipulation system is invaluable in this study. 

Regardless of how we get the required data into the computer, we 

will be using the SPSS statistical package. This will place at 

our disposal the analysis of variance, correlation analysis, 

regression analysis, factor analysis, and several other multi

variate techniques that we will be using. It will also be 

necessary to study the distribution curves of some niche values, 

for example, the skewness and kurtosis of alpha which will be 

useful in these analyses. 

If this correlation analysis is to be conducted in a comprehen

sive way, then the other functional groups that have not been 

included in the present study (benthos, macrozooplankton, and 

the rest of the microzooplankton species especially the clado

cerans and copepods) would need to be recounted to an adequate 

level of taxonomic expertise. If this were accomplished it 

would be possible to develop and complete the correlation 

analyses of all the important functional groups. This would 

give us a greatly enhanced understanding of the Hudson River 

ecosystem at Roseton-Danskammer Point. If recounting were 

possible then the data tables could be developed as they have 

been in this report for the other functional groups. If it is 

not possible to recount the samples, which actually represents a 

small amount of time in comparison to the time already put into 

the project, it would still be worthwhile to conduct the corre

lation analysiS among the functional groups that have been 

analyzed even though the final result would not represent the 

total ecosystem. 
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e. Multiyariate Analysis: Niche Dimensionality 

To date we have only used mUltivariate techniques with the 

Bedford Basin data. These techniques need to be improved 

especially in regard to their applicability for aquatic data. 

This effort will also be part of section d of the above commen

tary in that we can look for more complex correlations among 

functional groups and environmental parameters. Principal 

component analysis and discriminant analysis will be useful for 

determining niche dimensionality. These techniques group (by 

way of linear combinations) the data by variable and case 

respectively. The SPSS computer package will be used. Related 

to this portion of the study will also be the application of 

some new results from gradient theory to the Hudson River 

ecosystem. 

f. Loop Analysis and Its Relation to Niche Analysis 

Strengthening the links between niche analysis and loop analy

sis is necessary (See first Appendix A for a detailed discussion 

of how loop analysis could be applied to the Hudson River 

ecosystem). Levins, our coinvestigator, has recently been doing 

this (Levins, pers. comm). Hopefully, it will be possible in 

the near future to model niche values directly into loop dia

grams. Coupled with the new statistical treatment of loop 

analysis results it will be possible to test for the statistical 

correlations of niche values directly from loop diagrams. This 

process will serve as one of our most valuable checks on our 

understanding of a given ecosystem as represented by a loop 

diagram. For example, if the B/E value of the phytoplankton 

community and the value of the fish larvae community were 

negatively-correlated with a high degree of consistency, we 
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would construct our concept of the ecosystem using a loop 

diagram modified from the usual format to include their niche 

values. If after calculating the pathway and complement feed

back effects, we would test their results using a covariance 

formulation to evaluate the +/- correlations. If the results of 

this latter procedure yielded correlations similar to those 

directly calculated from the niche values, we would have an 

increased confidence in our representation and thus, under

standing of the ecosystem under study. 
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ABSTRACT 

Temperature rises of the Hudson River due to artificial means must presently (1973) 

meet thermal criteria adopted by New York State regarding maximum surface temperatures 

at any point and with respect to the extent of the 4F rise isotherm. These criteria are under 

review, and it has been proposed to modify these sometime in the future such that the 4F 

isotherm cannot be exceeded 1,000 feet from the point of discharge. Such a possible change 

in the thermal criteria would affect the operation of some existing plants, and therefore, the 

present discharge structures at the Danskammer Plant shown on Figure 3, were re-examined 

relative to present and future thermal criteria. 

A 1/90 undistorted scale model was used to directly measure river temperatures using 

the existing discharge structures with Danskammer at nominal 80% and 60% of full load, and 

with two proposed alternative structures with the plant at full load. Operation of the nearby 

Roseton station was included in the study. One of the proposed alternate structures consisted 

of submerged slots in a bulkhead and the second was a submerged diffuser. These two designs 

shown on Rgures 4 and 5, produced similar river temperatures. 

Test data in this report, in conjunction with that from a previous study (1), showed that 

the existing structures, with Danskammer at 100% load, would exceed the maximum surface 

temperature criteria but would meet present criteria as to the extent of the 4F rise isotherm. 

However, even load reduction to 60% of full load did not produce temperatures which would 

comply with the future criteria of 4F at 1,000 feet. 

All present and proposed future temperature criteria would be met with either the 

proposed bulkhead or diffuser discharge structure at Danskammer. The choice between these 

schemes may therefore be based on factors other than river temperature patterns. 
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INTRODUCTION 

The existing Danskammer Plant on the Hudson River, owned and operated by Central 

Hudson Gas and Electric Corporation, uses a once through flow system to provide condenser 

cooling. Resulting temperature patterns in the estuary are subject to review by the New 

York State Department of Environmental Conservation. Possible future revisions of exist

ing thermal discharge standards have prompted a re-evaluation of the Danskammer discharge 

structures. 

Present regulations adopted by New York State for thermal discharges basically require 

that temperature rises of 4F or absolute temperatures of 83F shall not be exceeded over more 

than two thirds of the river surface width nor over more than 50% of the cross-section and/or 

volume. In addition, temperatures at any point on the river surface shall not exceed 90F. 

It has been proposed that these criteria be supplemented sometime in the future such that tempera

ture rises of 4F also shall not be exceeded at a distance of 1,000 feet from the point of discharge. 

Cumulative temperature rises in the estuary are complicated by thermal discharges from 

the existing Roseton Generating Station, located approximately 3,000 feet south of and on the 

same river bank as the Danskammer Plant. Thermal effects of the Roseton Station will be 

minimized by using a multi-port diffuser to discharge the cooling water. Temperature rises 

produced at Danskammer will be affected by the Roseton plant since, during flood flow, warm 

water discharged from Roseton will be entrained into the Danskammer plume. Conversely, 

during ebb flow, the Danskammer discharge will affect temperatures at the Roseton site. 

To study the complex interaction of the plant cooling water flows and assist in evaluating 

the cumulative temperature effects, Quirk, Lawler and Matusky Engineers contracted with the 

Alden Research Laboratories to construct a hydraulic model and measure the resulting tempera

ture patterns directly. The model was constructed to an undistorted scale of 1 to 90 and 

simulated approximately 15,000 feet of the river, including both shorelines. The intake and 

discharge structures of both plants were constructed to scale, and operated at the expected 

condenser temperature rise. Field measurements of river stage and velocity variations with time 

were conducted and the data used to adjust comparable tidal flow characteristics of the model. 

Comparisons of model and field data on thermal patterns produced by the existing Danskammer 

discharge structure were made. Test data and an evaluation of the temperature rise patterns 
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produced by the existing outtall structure were given in the April 1972 ARL report, 

"Hydrothermal Model Studies tor R6seton Generating Station", No. 40-72/M65F (1). 

This report is a supplement to the above referenced report, and provides results of tests 

conducted to determine: 

a) load reductions at Danskammer required to meet the present and proposed 

future temperature criteria, 

b) design changes to the Danskammer discharge structure to produce tempera

ture rises which comply with possible future criteria. 

Reference should be made to the AR L report mentioned above for a description of the 

Roseton Plant, hydraulic characteristics of the river, field data on the existing thermal plume at 

Danskammer, model instrumentation, operation, similitude criteria, verification of the model 

tidal hydraulics, and the ability of the model to reproduce measured field temperature patterns. 

-Phis report will describe the existing and recommended changes to the Danskammer cooling water 

structures, and give data on river temperatures for the various load reductions and discharge 

designs tested. 

As was the case with the previously reported results, model data included herein are as 

directly measured and therefore do not indicate final steady-state temperatures due to the 

short section of the river simulated relative to the horizontal tidal excursion. Analytic studies 

must be'cof.lduGted to evaluate the effects of heat returned with the reverse in tidal flow, and .... -. ;., .- '-',: ;;." .. 

evaluate the mechanisms for reaching ultimate steady-state conditions in the field with successive 

tidal cycles. 

DESCRIPTION OF DANSKAMMER STRUCTURES 

The existing Danskammer Plant is located on the west bank of the Hudson River, 

approximately 65 miles north of New York City, as shown on Figure 1. As indicated by 

Figure 2, the Roseton plant is located on the same shore approximately 3,000 feet down

stream. Also illustrated is the section of river included in the 1 to 90 undistorted scale model. 
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The fossil-fueled Danskammer Plant is rated at approximately 500 MWe with all 4 units 

in operation. At full plant load, 700 cfs is withdrawn from the river, raised in temperature 

approximately 17F as the flow passes through the condensers, and discharged back into the 

river 800 feet downstream from the intake. Figure 3 shows the basic arrangement and design 

of the existing Danskammer cooling water structure. The intake is located close to the tip of 

Danskammer Point, and the flow enters the plant by a 500 foot long open channel. The dis

charge pipes from all units are immediately adjacent to each other, effectively producing a point 

discharge oriented downstream along the west bank. Although the discharge conduit from 

Unit 4 is turned vertically downward at the end in comparison to the other horizontal discharge 

pipes, the local topography and the small submergence of the outlets essentially produce a surface 

discharge. 

To reduce su rface temperatures, two al ternate discharge designs were investigated in the 

model: 

1. a sheet-pile bulkhead with submerged slots, and 

2. a submerged multiport diffuser. 

The orientation and geometry of the bulkhead design is illustrated in Figure 4. An 

enclosure around the present structures would be affected by a bulkhead constructed essentially 

parallel to the river and a dike perpendicular to the river. No alteration to the existing structures 

would be required, and conversion to the new discharge scheme may be possible without a plant 

shut-down. Five slots would be provided in the bulkhead to discharge the plant flow essentially 

perpendicular to the river. Each slot is 2 feet high by 10 feet long, with a space of 12 feet 

between openings and submerged 18 feet from mean water to the slot centerline. Using a 

contraction coefficient of 0.7, the initial discharge velocity would be approximately 10 ft/sec. 

at 700 cfs plant flow. 

The submerged diffuser, illustrated on Figure 5, was investigated in case there would be 

objection to the bul khead design, for reasons such as aesthetics, and to determine if river temp

erature rises would be lower than with the bulkhead scheme. The diffuser would be oriented 

parallel to the river with 7 ports discharging perpendicular to the river axis. Port geometry 

and spacing was essentially that of Roseton prorated for flow, resulting in a port diameter of 

3.55 tt. at a 25 ft. spacing. The centerline submergence was 18 ft. from mean water, and at a 

plant flow of 700 cfs, the initial discharge velocity would be approximately 10ft/sec. assuming 

no flow contraction in the semi-streamlined ports. 
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Construction of the diffuser scheme would presumbly require a physical connection 

to the existing discharge conduits, and therefore may involve some period of plant shut-down. 

The two proposed designs are evidently quite similar with respect to the initial discharge 

conditions, and this similarity was intentional so as to have a choice based on considerations 

other than hydraulic. As will be shown, the two designs produced similar river temperature 

patterns. 

TESTS CONDUCTED AND DATA FORMAT 

Tests using the existing Danskammer discharge structures were conducted to determine 

the effect of plant load reduction on: a) meeting present maximum surface temperature 

criteria, and b) on meeting future temperature criteria of less than 4F at 1,000 feet from the 

discharge. Load reductions in the model were affected by reducing the initial plant tempera

ture rise, in proportion to the plant electrical outputs, while maintaining the full circulating 

water flow. Tests were conducted with Danskammer operating alone at various loads and in 

conjunction with Roseton at various loads, as summarized in Table 1. Data on temperature 

patterns with either Danskammer alone at 100% load using the existing structures, or with both 

plants at 100% load are given in the previously mentioned report (1). All tests were for a 

fresh water flow of 6,000 cfs and summer ambient temperatures. 

TABLE 1 - REDUCED LOAD TESTS 

DANSKAMMER ROSETON RIVER 

Test Date Load (%) .6. T (0 F) Load (%) .6. T (0 F) Barge Ambient (OF)* 

6112/72 80 13.5 97 16.5 no 81.7 

6/15/72 (pm) 80 13.5 85 14.4 no 81.0 

6/16/72 80 13.5 0 shutdown no 82.0 

6/13/72 60 10.3 106 18.1 no 75.6 

6/15/72 56 9.5 85 14.5 no 80.6 

6/16172 (pm) 58 9.9 0 shutdown no 81.4 

* River runoff = 6,000 cfs for all tests 
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Subsequent to the load reduction tests, alternates to the existing Danskammer discharge 

structures were designed and tested as shown on Figures 4 and 5. For these tests, both plants 

were operated to simulate 100% load, and one test was conducted with the refueling barge 

anchored at its pier near the Roseton intake. Table 2 summarizes tests conducted to investigate 

the alternate Danskammer discharge structures. As was the case for the load reduction tests, 

these tests were all conducted to simulate a fresh water runoff of 6,000 cfs and summer 

ambient temperatures. 

TABLE 2 - ALTERNATE STRUCTURE TESTS 

DANSKAMMER ROSETON 
Test Date Structure Load (%) Barge Load (%) River Ambient (0 F) * 

9/27172 Bulkhead 100 yes 100 78.1 
9/28172 100 no 100 76.7 
9/29/72 1/ 100 no Shutdown 74.6 

9/20172 Diffuser 100 no 100 74.8 
9/21172 II 100 Shutdown 69.9 no 

* River runoff = 6,000 cfs for all tests 

To illustrate the effects of load reductions and alternate discharge schemes on river tempera

ture rises, test data has been plotted using four formats: 

1) temperature patterns at the surface and vertical sections at various times 

throughout the tide cycle, 

2) tidal average temperature patterns at the surface, 

3) maximum surface temperatures versus distance during a tide cycle irrespective 

of time, 

4) maximum local surface temperatures at various times throughout the tide cycle. 

The first of the above formats shows the influence of the tide on temperature patterns. 

To minimize scatter associated with temperature patterns which vary at a given time in 

successive tide cycles due to natural changes in the complex flow patterns, data at a point 
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for a given tide time was averaged with data at the same point and time from one or more 

other tide cycles. This technique produces more consistent and representative plots of 

temperature patterns as a function of time throughout the tide cycle. Due to .the detailed 

nature and volume of these data, they are presented separately in Appendix A. 

The second data format is intended to provide a single summary plot for each test 

condition, such that obvious comparisons between conditions is facilitated. These plots 

were produced by averaging the temperature rise at a given point throughout the entire tide 

cycfe irrespective of time. 

The third data format is intended to summarize data relative to the proposed future 

temperature criteria requiring 4F or less at 1,000 feet from the discharge. All surface tempera

tures measured within 1,600 ft. from the discharge structure with temperatures in excess of 

2.4F were plotted versus distance. Such data were plotted on a single sheet, irrespective of 

time, for each test condition. 

The fourth format is to summarize the test conditions with respect to meeting the criteria 

of a 90 Fmaximum surface temperature. These data also come from raw plots of format 1, 

and represent the maximum local surface temperature as a function of time during the tide 

cycle. 

TEST RESULTS 

Reduced Loads - Existing Discharge Structure 

Tidal average surface temperature patterns, and maximum surface temperatures versus 

distance, for Danskammer at 80% load using the existing discharge structures are shown in 

Figures 6 through 11. Data for Danskammer operating in conjunction with Roseton at 97% 

load are on Figures 6 and 7, with Roseton at 85% load are on Figures 8 and 9, and with 

Roseton shut-down are on Figures 10 and 11. It is evident from Figures 7, 9 and 11 that, 

irrespective of the load at Roseton, the present discharge structures with Danskammer at 

80% load will not produce temperatures which would comply 'with the proposed future criteria. 

However, reducing load at Roseton lowered overall river temperatures as is evident from the 

averaged patterns shown on Figures 6, 8 and 10. 
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Plots of river temperature patterns versus time in the tide cycle with Danskammer at 80% 

load, for each of the Roseton plant loads mentioned above, are given in Appendix A as 

Figures A-1 through A-45. These plots illustrate compliance at all times with the present 

thermal criteria that the 4F rise isotherm shall not exceed more then two thirds of the river 

surface nor more than one half of the river cross-section. 

Figures 12 through 17 show both tidal average surface temperature patterns and maximum 

surface temperatures versus distance, for Danskammer with the existing discharge structures and 

a nominal 60% load. Temperature rises for Danskammer operating in conjunction with Roseton 

at 106% load are shown on Figures 12 and 13, with Roseton at 85% load on Figures 14 and 15, 

and with Roseton shut-down on Figures 16 2nd 17. Even with Danskammer at only 60% load, 

it is again evident from Figures 13, 15 and 17 that the proposed temperature criteria of 4F or 

less at 1,000 feet would not be met irrespective of the Roseton load. Overall river temperature 

patterns, illustrated on Figures 12, 14 and 16, show a consistent trend of decreasing temperatures 

with decreasing load at Roseton. 

Variations of temperature patterns with time in the tide cycle for each of the plant con

ditions just described are given in Appendix A as Figures 46-90. Compliance with present 

criteria as to river surface and cross-section is evident as would be expected at the reduced loads. 

Maximum local surface temperatures at Danskammer as a function of time in the tide cycle 

for the various loads tested are shown on Figure 18. The 100% load test is taken from previous 

tests reported in reference (1). These data illustrate that the maximum surface temperature at 

Danskammer is not perceptibly influenced by Roseton since temperatures tend to be lower 

during the later stages of the flood tide, and since there is no consistent trend of temperature 

rise with respect to the load at Roseton. The decrease in maximum surface temperature is shown 

to be essentially proportional to load, and this would be expected since the initial temperature 

rise in the model was prorated to plant load. 

Whether or not load reductions at Danskammer would be required to meet the existing 

maximum surface temperature criteria of 90F depends on the ambient river temperature. For 

the maximum river ambient of 79F, the temperature rise could be no greater than 11 F. To 

illustrate the variation in temperature rise versus plant load, the average maximum surface 

temperature rise throughout the tide cycle from Figure 18 was plotted as a function of plant 

load at Danskammer, for 85 and 100% load at Roseton and the reSUlting trend is shown in 
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Figure 19. The right hand ordinate shows actual average maximum surface temperature 

for two river ambients, 79F and 75F. At the maximum river ambient of 79F, the load 

at Danskammer would have to be reduced to approximately 75% of full load to meet 

present criteria relative to maximum allowable surface temperatures. If the river ambient 

were 75F, no load reductions would be required. 

Alternate Discharge Structures - Full Load 

Bulkhead 

Tidal averaged surface temperature patterns, and maximum surface temperatures versus 

distance, produced by the bulkhead design at Danskammer, are given in Figures 20 through 25. 

The refueling barge was anchored near the Roseton intakes for the test data shown on 

Figure 20 and 21, and no discernible difference between the tidal average data without the 

barge, Figures 22 and 23, is evident. The somewhat lower local temperature at Danskammer 

on Figure 20 as compared to Figure 22 was due. to a lower initial temperature rise. Comparable 

data without Roseton operating are shown on Figure 24 and 25. 

The maximum surface temperatures versus distance shown on Figures 21, 23 and 25 

illustrate that temperatures produced with the bulkhead would comply with the future criteria 

of 4F or less in 1,000 feet at both power plants. Maximum local surface temperatures at 

Danskammer would also comply with the existing maximum temperature criteria irrespective 

of ambient river temperatures, as shown by the lower portion of Figure 18. 

River temperature patterns at various times in the tide cycle for tests using the bulkhead 

design are given in Appendix A as Figures A91-A135. These data show compliance with present 

criteria as to the allowable extent of the 4F isotherm at the river surface and at any cross-section. 

Diffuser 

Figures 26 through 29 show the tidal average river patterns and maximum surface tempera

tures versus distance using the proposed Danskammer diffuser. Figures 26 and 27 are with both 

Danskammer and Roseton operating; whereas Figures 28 and 29 are with only Danskammer 

operating. The average river temperature patterns with the diffuser, Figures 26 and 28, were 

similar to those with the bulkhead, Figures 20, 22 and 24, except that local temperatures 

were somewhat lower with the diffuser. This latter trend of slightly lower surface temperatures 
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is also evident from the plot of maximum surface temperatures versus time on Figure 18, which 

show compliance with present criteria for maximum surface temperatures. 

Data on maximum surface temperature versus distance, Figures 27 and 29, illustrate that 

the diffuser design would also comply with proposed future criteria requiring 4F or less in 

1,000 feet from the discharge. 

River temperature patterns for the various times in the tide cycle corresponding to the 

above tests with the diffuser are given in Appendix A as Figures A136-165. Compliance 

with present regulations at all times in the tide cycle is evident. 

CONCLUSIONS 

A review of the data included in this report in conjunction with previous test results 

given in this report indicate that: 

1) Operation of the Roseton plant had little effect on critical river temperatures 

at Danskammer. 

2) The existing discharge structures, with Danskammer at 100% load, produces surface 

temperatures which may exceed present maximum temperature criteria depending 

on ambient river temperatures. 

3) Load reductions to 75% of full load may be required at Danskammer, irrespective 

of load at Roseton, to meet present maximum temperature criteria with the 

existing discharge structures. 

4) Load reductions at Danskammer to 60% of full load, irrespective of load at 

Roseton, did not produce temperatures wh ich even approached the proposed 

criteria of 4F in 1,000 feet from the discharge. 

5) All combinations of load at the two plants showed compliance with present 

regulations as to the extent of the 4F isotherm at the river surface and in 

cross-secti on. 

6) Present and proposed future temperature criteria would be satisfied with either 

the bulkhead or the diffuser design tested in the model. 
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7) The similarity in river temperatures produced by the bulkhead and diffuser suggests 

that adoption of one design over the other may be based on other than hydraul ic 

considerations such as economics, construction problems, plant shut-down during 

conversion and possibly aesthetics. 

It should be noted that these conclusions are based directly on model data and do not 

include the effects of heat returning with successive tide cycles. This effect has to be 

analytically superimposed on the isotherms measured in the'model to determine cumulative 

temperature rise patterns. 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser· 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 
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Dan.aroroer Plant 

Intake O.S of 
Discharge 1"4.2 '>F 
~T 13.7 of 

Roseton Plant 
Intake -.fL of 
o ischar~ 17. 6 0 F 
~T (6.3 of 

Flow 700 cfs 
* Outfall Configuration 

F lo;;7iRxJ cfs 
-*Outfall Configuration ~ B 

Room Atmosphere 

Relative Humidity 1M- % 
Dry Bulb Temperature 79.7 of 
Thermal EQuilibrium Box Temperature 

River 

Fresh Water Flow "COO cfs 
Ambient Temperature 81.7

0 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Danskammer Plant 
Intake 0,3 OF 
Dischjtrge [4.0 OF 
~T 13,7 OF 
Flow 700 cfs 

* Outfall Configuration 

RoomAt~e 

100-

Relative Humidity 95 % 

i 

Ro.ton Plant 
Intake ...£L.. OF 
Dischar~ f3.0 OF 
~T 16- 8 OF 
Flow (#tJ cfs 

** Outfall Configuration 1 S 
NOTOTYPl SCALE 

500' 0 500 1000 
~_·::::::r_-=..--.:..::=l 

Dry Bulb Temperature ~ OF 
Thermal Equilibrium Box Temperature ~ ° F 

_ ROW It1IOSlIOH I'\N<' VIIISUS '1M' 

j;JtIlffHll rn 
River 

Fresh Water Flow 6000 cfs 
Ambient Temperature~ F 
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• 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

[)anskanuner Plant 
t ntake ....!l:.2.-. 0 F 
Djschar~ f3.iJ OF 
boT ..1.l:1L°F 
Flow-'laL cfs 

• Outfall Configuration _~_ 

Room A trnospJlere 

8 

R_ton Plant 
Intake f. 7 OF 
Disch'r~ Ie. 2. ° F 
boT 1&5 OF 
Flow tkJ cfs S 

··Outfall Configuration i 
I'IIOroryPf SCAtE 

_' 0 5QO' 1000 
~:r::==7"--:"':='""J 

i!JfmffrEm 
Relative Humidity ~ % 
Dry Bulb Temperature 79.8 OF 
Thermal Equilibrium Box Temperature 1.8 OF 

River 
Fr-esh Water Flow ~ cfs 
Ambient Temperature'&!'°F 
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*1. As Designed 
"2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

60-

A a 
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\/ o 
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Danskammw Plant 
Intake ~ of 
DiSC?arr (4.0 OF 
~T 3. of 
Flow-MQ. cfs 

* Outfall Configuration _~_ 

Room Atmosphere 

Relative Humidity 85" % 

aOllton Plant 
Intake .-!:..L 0 F 
D ischar~ 11. 5 0 F 
~T~oF 
F 10;;-tlOo cfs 

"Outfall Configuration is 
f"IOTOTYf'l KAlf 

500' 0 500' 1000' 
c::::::::..:.::.::.:r-....::_: :::-J 

Dry Bulb Temperature 73.9 of 
Thermal Equilibrium Box Temperature 2.0 of 

liMIt OWOI AI IIOSIIOt< "I.N<I VUS1.6 11M( 

j ;~ffiIDH± I 8] 
River 

Fr~ Water Flow ~ cfs 
Ambient Temperature 8/.6 0 F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Danskammer Plant 
t ntake 0.2 ° F 
Dischar~ 13.5 OF 
~T fS.3°F 
Flow~cfs f 

* Outfall Configuration __ 

Room Atmosphere 

<0 

• Boseton P'ant 
Intake~oF 
Disch;trg@ 1'/.0 OF 
~T 10.5 OF 
Flow tloo cfs 

"Outfall Configuration t6 

\,/ 

NOlOT'YPI SC4H 
soo' 0 500· 1000· 

i .L. =:J 

Relative Humidity ~ % 
Dry Bulb Temperature ~ OF 
Thermal Equilibrium Box Temperature /..9 0 F 

_ JU1I/ AI 1051101< f'lN<r vasus 1''''' 

~ Ut1TrtifI! ill 
River 

Fresh Water Flow 6tJ!'!Q cfs 
Ambient TemperatureB/.8 OF 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

- -.t ------- -

Danskammer Plant 
Intake ~ OF 
Discharge 13.3 OF 
ilT 19.2 OF 
Flow~cfs 

Rowton Plant 
Intake~ OF 
Dischar~ 17. 0 ° F 
ilT ..1££. OF 

* Outfall Configuration 
Flow -1Js&. cfs 

** Outfall Configuration ~ 

Room Atmosphere 

Relative Humidity 80 % 

PWOlOTYP'l $CAl f. 

~-±:::-_:-:::r~-.:- .. -:.~ 

Dry Bulb Temperature 73.0 OF 
Thermal Equilibrium Box Temperature f.8 OF ! ;~ffjTjtillftll 

River 

Fr~sh Water Flow 6100 cfs 
Ambient TemperatureS!:.!.° F 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

DanskIlJUDll' Pilot 
Intake 0.2 OF 
Dischlr, (9.' OF 
6T 18. OF 
Flow 700 cfs 

* Outfall Configuration t 
Room Atmosp!!ere 

Relative Humidity .je % 

J 

J 
A_ton Plant 

Intake 0.7 OF 
.Disch,rgf! fl3 OF 
6T f6.b OF 
Flow 1100 cfs . 

** Outfall Configuration ~ 

/' 

PItOfOTrPf 5r.AU 
JOO' 0 ~' lOOO' =-.=:= 

Dry Bulb Temperature 8tJ.3 OF 
Thermal Equilibrium Box Temperature 2.0 0 F i !lftTfBftTm 

Riwr 
Fresh Water Flow 6'@ cfs 
Ambient Temperature AI. 7 ° F 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

T<1 

A I B 

___ 7 ~-
1 2 
~--~ 

A 

Danskammer Plant 
Intake ~ OF 
Dischar~ f3. 6. ° F 
~T~oF 

60-

Flow~cfs 
* Outfall Configuration ~ 

Room Atmosp!1ere 

Relative Humidity 8" % 

""-----_ .. ---------

Rosetoo Plant 
Intake 0.3 OF 
Dischar~ 16.3 ° F 
~T -.16.-6_ OF 
Flo;;-7400 cfs 

* * Outfall Configuration 1 & 
PIOT01YPl SC,lt.lr 

500' 0 500 1000 
c:==::r:==:_ ...... ====:J 

Dry Bulb Temperature 73.3 OF 
Thermal Equilibrium Box Temperature 2.0 OF 

_ RDW AllIOSIlOH "'-AI'T VBISUS T_ 

iarrmlUI rn 
River 
Fr~sh Water Flow~ cfs 

Ambient Temperature 8/.8° F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser ... 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

60-
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Oanskammer Plant 
Intake a. '2 OF 
Discharge f4.J OF 
~T 1'." OF 
Flow 700 cfs 

* Outfall Configuration _, _ 

Room Atrnosp!lere 

• Roaton Plant 
Intake -.Sl:.L. ° F 
Oischar~ ,7.'2 OF 
~T "5 OF 
Flow 1401} cfs 

** Outfall Configuration ~ 

,-
2 

'---

I'IIOTOTYI'l !ICA,£ 

~_1 __ .~·::.::.,~· 
Relative Humidity .M. % 
Dry Bulb Temperature ~ OF 
Thermal Equilibrium Box Temperature 2.0 OF 

_ ROllI R II05IIl'OH "-All' ¥a5US TlMl 

j ;}tTEt1Hll tH 
River 

Fresh Water Flow 6000 cfs 
Ambient Temperature.l1::C F 
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DANSKAMMER 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

ROSETON 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

OIL BARGE 

RIVER CONDITIONS 

AMBIENT TEMPERATURE 

FRESH WATER FLOW 

TEST DATE 

80% 

PRESENT CONFIGURATION 

700 CFS 

13.5 F 

85% 

14 PORT DIFFUSER 

1400 CFS 

14.4 F 

NOT INCLUDED 

81.0 F 

6000 CFS 

15 JUNE 1972 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Daoskammer Plant 
Intake M- of 
DischatQe f?8 of 
~T ..1!.!. of 
Flow~cfs 

» 

.. 
R_ton Plant 
Intake~ of 
Dischjlf~ ~ of 
~T 1'f.f of 

-----------

* Outfall Configuration 1 
Flow ff(JR cfs 

** Outfall Configuration t 8 

Room Atmosp!l8re 

Relative Humidity ~ % 

PIlOlOTYK SC~l' 

~~~~.:."-~ 

Dry Bulb Temperature 81.9 OF 
Thermal Equilibrium Box Temperature ..R. 0 F ~ nftTIHfiTIll 

River 
Fr-esh Water Flow GoOD cfs 
Ambient Temperature~OF 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Danskammer Plant 
Intake ~ OF 
Discharge 13.3 ° F 
~T ..!UL°F 
Flow 70lJ cfs 

i 

Q 

J 
Rosetoo Plant 

Intake 0.7 OF 
Discharge 15.2 ° F 
~T /,1.5 OF 

t~ 

* Outfall Configuration t 
Flow 1100 cfs 

* * Outfall Configuration JJL 
Room Atmosphere 

Relative Humidity ..1b3... % 
Dry Bulb Temperature 82.2 OF 
Thermal Equilibrium Box Temperature a.B OF 

River 
Fresh Water Flow Boao cfs 
Ambient Temperature.&i° F 

fIIOTOTYI'£ se." 
50()' 0 ~. 1000' 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Panskammer Plant 
Intake '.0 of 
DiSCh3P'] of 
~T I .. of 
Flow "?tJo cfs 

BORtoo Plant 
Intake~ of 
Discharge -.i§.JL of 
l\T .11L Of 

o 

* Outfall Configuration , 
Flow ~ cfs B 

**Outfall Configuration , 

RoomAt~re 

Relative Humidity 88 % 

..otOlYPE SCALI 
500· 0 >00 1000' 

=-== 
_ ROW A' IIOSITOH PlAi<T \'QSIJS 'I>« Dry Bulb Temperature B1-OF 

Thermal Equilibrium Box Temperature 0.8 OF j ~~tl1JJTI~ 
River 

Fresh Water Flow GfJ!lQ. cfs 
Ambient Temperature So. g> F 
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O§D*ammer PIlot 

Intake ~ of 
Discharge 111. 0 F 
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~-

i 

ROIItoo Plant 
Intake 0.9 OF 
Disch.-9!t 15 • ./ OF 
ilT .ill... OF 

---

ilT ..JA:£ of 
Flow...:l..29... cfs 

* Outfall Configuration _,_ 
Flow 1hJL cfs 

** Outfall Configuration t 8 

* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

Room Atrnosp!!ere 
Relative Humidity ..H.. % 
Dry Bulb Temperature Bl:.l.. OF 
Thermal Equilibrium Box Temperature .1.:!L OF 

River 
Fresh Water Flow ~ cfs 
Ambient Temperature~F 

B 
.------..;;::...........::::::::::==:J==:::r~=f.---

PIlOlOTY'" SCALE 
__ 0 !lOll' 1000 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Dan.am"", Plant 
Intake ~ OF 
Discharg, l/,tJ OF 
f1T ....Q:t.. OF 
Flow taa cfs 

* Outfall Configuration 

Room Atmosp!!ere 

.0-

1 

• 

Bosetoo Plant 
Intake (J • .9 0 F: 

Di""lT'iM 15.1 • F 
6T ·2 OF 
Flow f. cfs 6 

** Outfall Configuration \ 

/ 

raoJOT'fPf SCAlf 
500' 0 !IOO' 1000 

c:=::=:::r::: X::_-==::l 

Relative Humidity ..BL % 
Dry Bulb Temperature 83.1 OF 
Thermal Equilibrium Box Temperature ~ OF ! attTllillHil 

River 

Fresh Water Flow 6()OO cfs 
Ambient Temperature 81.0 ° F 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**,. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Qamkamnw Plant 
Intake ~ of 
Discharge f3.S 0 F 
I1T f3.5 of 
Flow 700 efs 

• Outfall Configuration L 
Room Atmosp!!ere 

a 

ROIIlOtl Plant 
Intake ...QL of 
Discharge /5. 0 0 F 
11 T JJ.::L. 0 F 
Flow ..!1o!L efs 

··Outfall Configuration 

Relative Humidity .I.R.- % 
Dry Bulb Temperature 83.4 OF 
Thermal Equilibrium Box Temperature -.l:J:... of 

River 
Fr9sh Water Flow 6oco cfs 
Ambient Temperature8lO of 
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I'IIOtOTYI'£ sc; .... £ 

500' 0 !lOG. _ 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

.. 1. A" 14 Ports 

A. With Barge 
B. Without Barge 

o 

A 

oanisammer Plant 
Intake ~ OF 
Discharw 13.8 ° F 
I1T J1LoF 

60-

Flow 7~ cfs t 
* Outfall Configuration __ 

Room Atmosp!!ere 

I 

R_ton Plant 
Intake -.!4.. ° F 
Discharse 15.2 ° F 
I1T ''''.0 OF 
Flow th cfs is 

"Outfall Configuration _ 
NOTOTYP( SCA,r 

_' 0 500' lOGO c=:=J:: x __ ~ 

Relative Humidity .EL % 
Dry Bulb Temperature &..t..°F , 
Thermal Equilibrium Box Temperature ~ OF j ~JftTru:Ufrn 

River 
.Fresh Water Flow 6000 cfs 
Ambient Temperature~oF 

Date '5 J"Nf. 12 p.",. 

o I 2 l • S 6 7 8 9 10 n 0_ 

TEMPERATURE RISE ABOVE RIVER AMBIENT 

Hydrothermal Model Studies 
Danskammer-Roseton Power Stations 

~ 

.." 
'G') 
c 
:n 
", 

):t 

I\) 

N 



A 1 2 A 

~~ ~ ~ ~ ~::r 
. ~-~ .. -- ~ 

60- -----.0-

I 

? , . 

\ 
\ 

* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A 
)' 

o () 

~1 

QanskIlDJDlr~ 
Intake CJ. of 

Boaton PJlnt 
Intake eO of 

~T ./ of 
Discharge 13.9 of 
~T~oF 
Flow~cfs 

* Outfall Configuration • 

Oi~ f6.:t°F 

Flow f. t10 cfs 
** Outfall Configuration 1 & 

Room Atmospttere 

Relative Humidity g, % 
Dry Bulb Temperature.B.lJ... of 
Thermal Equilibrium Box Temperature .i.:..t.. of 

River 
Fr~sh Water Flow ~ cfs 
Ambient Temperature 8.b1: F 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

[)amkammar Plant 
Intake 0.5 Of 
Dischar;;-H. OF 
f1 T .!P.:1L ° F 
FlowJ.!!!L cfs 

* Outfall Configuration _i_ 

Room Atmosphere 

B-too Plant 
IntakeJL OF 
Dischar~ ~ OF 
f1T ~oF 
Flo;;!7()() cfs 

.. Outfall Configuration ~ 

I~ 

PIlOIOTYPIE seAL' 
500' 0 500' 1000 

j I =-:r:=.-=:::J 

Relative Humidity .JJ:L.. % 
Dry Bulb Temperature 8'.1 OF 
Thermal Equilibrium Box Temperature 1.4 OF ! !}ftTffhllim 

River 
Fr-esh Water Flow 6:tx> cfs 
Ambient Temperature 81.1 ° F 

Date 115 J"'l\ME flo p."", . 

o 1 2 J • S b 7 8 910ft 12_ 

TEMPERATURE RISE ABOVE RIVER AMBIENT 

Hydrothermal Model Studies 
Danskammer-Roseton Power Stations 

~ 

'TI 
G') 

C 
:0 
", 

~ 

N 
~ 



~ ... - ----= ---.1--- ... ~ .- ~ ~ 7 
• 1 r-t:.:::::::---- . _._-! .. ---- .- 3 
~ ";: ._--._ _ B " -=----- --=j 

"--- ~ 
.0- '0-

A_ J 

~~ , 
I , 
I 
I 

I I ? I 

\ ! 
\ I 

* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

Dargkammer Plant ROJ8ton Plant 
Intake (J.7 OF Intake ~ OF 
Discharge ilo -OF Disch'r~ /5.4 OF 
{j.T 1'1.3 OF {j.T 14.f OF 
Flow...:lPL efs Flow lido efs 

* Outfall Configuration.-L. "Outfall Configuration ~ 

Room AtrnospJ!ere 
Relative Humidity ..8.2... % 
Dry Bulb Temperature ~ OF 
Thermal Equilibrium Box Temperature 1.5 OF 

River 

Fresh Water Flow b«JO cfs 
Ambient Temperature 8/.1 OF 
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*1. AS Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

•• 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

[)anskammer Plant 
Intake 0.4 OF 
DischCl~.8 of 
L\T~F 
Flow 2EQ. cfs 

• Outfall Configuration _1_ 

Room AtmospJ!ere 

Relative Humidity 86 % 

B 

OJ 

SOIItoo Plant 
Intake 0.3 OF 
Disch~r.g@ /5.2 OF 
~T~oF 

1 

F lo;;7Too cfs 
*if Outfall Configuration ~ 

/' 

PIlOtonp£ SC'..ALi 
500' 0 500' 1000 
c ___ =_== 

Dry Bu Ib Temperature J!l:Z ° F 
Thermal Equilibrium Box Temperature ..!:.E- OF ~ aftTm11frn 

River 

Fresh Water Flow 6(JIXJ cfs 
Ambient Temperature8f.~ OF 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

toO-

A a 

() o 

Rowton Plant 
Intake....!!.:L of 
Discharjle i4. 8 ° F 
llT 14"5 of 

/ 

,...----

QaMsamnw Plant 
Intake J2:L ° F 
Discharge 13.8 of 
llT JiLoF 
Flow~cfs 

* Outfall Configuration _\_ 
Flow "/00 ds 

**Outfall Configuration ~ 

Room Atmosp!!ere 

Relative Humidity M- % 
Dry Bulb Temperature.J1JL of 
Thermal Equilibrium Box Temperature .1.!.. 0 F 

River 

Fresh Water Flow ~ cfs 
Ambient Temperature 81.2 of 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

"1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Panskammer Plant 
Intake ~ OF 
Discharge 13·7 ° F 
~T il:E.... OF 
Flow 7"" cfs 

* Outfall Configuration _,_ 

Boom Atmospbere 
Relative Humidity a4 % 

II 

B_too Plant 
Intake 0.2 OF 
Discha~ /5,0 OF 
~T .lfL OF 
Flovv ~ cfs 

"Outfall Configuration lJL. 

/' 

NOIOTYPl SCALE 

_' 0 500 .,.., ="=:= 

Dry Bulb Temperature .BJ:5..°F 
Thermal Equilibrium Box Temperature .-1:L OF ! ;~tfjTnr:fii1ll 

River 
Fresh Water Flow ~ cfs 
Ambient Temperature~F 
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·1. As Designed 
·2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Pao*8IDOW Plant 
Intake ~ OF 

. Discharr 13.7 OF 
t::.T 13. OF 

BOJIton Plant 

Intake -.!!:.L ° F Di,,,, ...1M. OF 
t::.T f. ~ OF 

6 

Flow~cfs 
• Outfall Configuration .l-

Flow ,. IJ cfs 
"Outfall Configuration ~ 

Boom AtrnospJlere 

Relative Humidity 83 % 
Dry Bulb Temperature.§.U. OF 
Thermal Equilibrium Box Temperature .l.,;L. ° F 

BMw 
Fresh Water Flow 6O«J cfs 
Ambient Temperature SI.3 °F 

I'WOIOTYI'( SCALE 
500' 500·_' 
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j ;JfjTTIHifrn 
o I 2 1 4 5 6 1 8 9 10 " flNl!; 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A a / 
Q 

o o 

"") '-0 
Panskammer Plant 

Intake ~ OF 
Discharge 13.7 OF 
6T 13·5 OF 

Boteton Plant 

Flow~cfs 
* Outfall Configuration 1 

Intake 0.3 Of 
Discha.r~ ~ OF 
6T ....!fi. OF 
Flow~cfs 

** Outfall Configuration t 6 

Room Atmosp!1ere 

Relative Humidity ..8l... % 

PIIOIOTYI'!E SCAlf 
!IOC' 0 _0 1000 

c:= I I 7-==:::1 

_ ROW ,. 1IOIil1CM .utlT va5U5 TIMl 

Dry Bulb Temperature ~ ° F 
Thermal Equilibrium Box Temperature ..1B... OF i ;~H1IJfHlI ill 

River 

Fresh Water Flow ~ cfs 
Ambient Temperature~oF 
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DANSKAMMER 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

ROSETON 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

OIL BARGE 

RIVER CONDITIONS 

AMBIENT TEMPERATURE 

FRESH WATER FLOW 

TEST DATE 

80% 

PRESENT CONFIGURATION 

700 CFS 

13.5 F 

NOT OPERATING 

NOT INCLUDED 

82.0 F 

6000 CFS 

16 JUNE 1972 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A • 

i 
~t 

0"
z~ 

Danskam.,.. ,.."t 
Intake 0.5 OF 
Disch~~·2 OF 
~T .!l:L°F 
Flow 700 cfs 

* Outfall Configuration ~ 

Room Atl1!O!pJ1ere 

R_too Plant 
Intake -=-OF 
Discharge -=-- ° F 
~T --=--. OF 
Flow cfs 

** Outfall Configuration 

Relative Humidity So % 
Dry Bulb Temperature ..BI:L°F 
Thermal Equilibrium Box Temperature 0.8 ° F 

Riwr 
Fr~sh Water Flow 6(bO cfs 
Ambient Temperature St.O°F 

PIIOlOn/'l SCA,f 
500' 0 !IOO' -. r==-:=:r:=-- -_ ... ..:.-:.=::::J 

_ FlOW /IJ IIOSII'OH ~r..- ,,.. 

i;}tIITIHIIOJ 
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* 1. As Designed 
*2. Bulkhead 
"3. Diffuser - 10 fps 

"*1. All 14 Ports 

A. With Barge 
B. Without Barge 

1 24 b A 
~7'--~ 

• B 

A 

Oaoskammer Plaot 
Intake ~ of 
Dischar~ f3.5" of 
llT ~oF 
Flow 700 cfs 

)0-

60-

.. Outfall Configuration 1 

Room Atmosp!Mtre 

----- ;>~ 

Roseton Plant 
Intake _-_ ° F 
Discharge _-_ 0 F 
llT OF 
Flow - _ cfs 

** Outfall Configuration 

PiiOH)7YP'f SCA'. 
S()() 0 %:~ KI'OO' 
c.::=:~._-:-: . --., 

Relative Humidity 80 % 
Dry Bulb Temperature 8~ 6 OF 
Thermal Equilibrium Box Temperature 0.6 0 F 

mvo: ROW AI IOSl JCN "tNtl VIII5US Tllt4l 

~ ~lOOr- -j--;-"f-i-'r-~--I] 

~ ~ I i +' ! ~N1 
River 

Fresh Water Flow 6000 cfs 
Ambient Temperature.BkQ..°F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

* * 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Dan*1IDIJW Plant 
Intake ~ OF 
Discharge 13. S ° F 
boT .!.1.:L ° F 
Flow 700 cfs 

* Outfall Configuration 1 

Room Atmosp!!ere 

I 

(j 

B 
Roseton Plant 

Intake -=-- OF 
Discharge --=-- OF 
boT OF 
Flow cfs 

**Outfall Configuration 

Relative Humidity ~ % 
Dry Bulb Temperature 82.' OF 
Thermal Equilibrium Box Temperature 0.7 OF 

River 
Fresh Water Flow iictJO cfs 
Ambient Temperature 82.O °F 

/' 

o 

...aTOn" SCALf. 
000· 0 000· ~. 

r=--=-=:="--:::=J 

l nftTIfillfrn 
o 1 2 3 4 S • 7 8 ~ 10 " 11_ 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

"* 1. Ail 14 Ports 

A. With Barge 
B. Without Barge 

A 

o 
Danskammer Plant 

Intake 0.5 of 
Disch~rge f~.O of 
~T 135 of 
Flow 700 cfs 

I 

Ro.ton Plant 
Intake ~ OF 
Discharge -=-- OF 
Lll OF 
Flow cfs 

/' 

* Outfall Configuration _t_ **Outfall Configuration 

...oTOTYIIf: SCAlf 
500' 0 500' 1000' 

c::::.=:::::c:--=:-:::::-c:-- -:- :-=:1 
Room Atmosphere 

Relative Humidity Jl5L. % 
lIMIt !\OW iii 1I05l1'Ol< 1'1. ..... VBI5US ,"'" Dry Bulb Temperature 82.' OF 

Thermal Equilibrium Box Temperature 08 ° F ! nIT R1Hf1 ill 
River 

Fresh Water Flow 6Gt:t:J cfs 
Ambient Temperature 82..00 F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

b 

Onkammer Plant 
Intake O.S OF 
Dischar;--n-.O OF 
6T ..!!L.°F 
Flow 700 cfs 

* Outfall Configuration _i_ 

RoomAt~re 

Relative Humidity ~ % 

i 

• ROS8lOD Plant 
Intake --=-° F 
Discharge -=-° F 
tJ.T OF 
Flow cfs 

** Outfall Configuration 

Dry Bulb Temperature 111:.6. OF 
Thermal Equilibrium Box Temperature 0.8 OF 

River 

/ 

NOlorv" KitH 
500' 0 50<: .00<)' 

c==:::cn. :-:l:-~. '~..:::::J 

i aftTImtTIll 
o 1 2 1 4 S • , a 9 10 " nHR$ 

Fresh Water Flow ~ cfs 
Ambient Temperature iJ2.o°F 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

o 

Panskammer Plant 
Intake 0.2. OF 
Disch~rge 13.3 OF 
~T .!1L°F 
Flow 700 cfs 

60-

I 
AOMton Plant 

Intake _-_ ° F 
Discharge _-_ ° F 
6T OF 
Flow cfs 

* Outfall Configuration .. **Outfall Configuration 

Room Atmosphere 

Relative Humidity 90 % 

...oTOTYPI SCALf 
500' 0 500 JOOO' 

C:::" .:::=r::::::=:~==:::"-=:l 

.... I\OW AT IOOSElOH I'lAHr 'fBlSUS , .... Dry Bulb Temperature.1lti. OF 
Thermal Equilibrium Box Temperature 0.8 OF ! ;Jrr lrunl rn 

River 
Fresh Water Flow ~ cfs 
Ambient Temperature 82.0° F 
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.. 1 As Designed 
*2. Bulkhead 
43. Diffuser - 10 fps 

." i AI! 14 Pocts 

A. With Barge 
B. Without Barge 

Danskammer Plant 
Intake ~ of 
Discharge .J.}. 9 0 F 
II T Jl:.§... ° F 
Flow '700 cfs 

* Outfall Configuratio; I 

Room _~tmosphere 

Relative Humidity jJf O,{ 

~ 
Rgseton Plant 

Intake _-_ ° F 
Discharge -=-_ C) F 
DT "'F 
Flow cfs 

** Outfall Configuration 

Dry Buibiemperature ~ or 
Thermal Equilibrium Box Temperature 0.8 ~F 

River 

Fresh Water Flow 6000 cfs 
.A.rnoient TemperClture8.2.2_.' F 

I 

I , 

~ 

"';tt.:"TOT'I'Pi ),(1\ 

SOC! I') ~ .... :' 11)00' c..:.::--'- '.-:-' .• -
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- 0 ~-H-+"';I' !---:.+ __ L_t-t-+_.-t.i 

i ; JOOLU .. J._1 J_.~t·. ~~r'~:L 
t) 1 -, ). .. , " 9 M) tl 11 HItS. 

Date t& JuNe 72 
T£MPERATURE RISE ABOVE Ri\l~: R AMBIENT 

Hydrotl'H~imal Model Stud;·:': 

Danskarnrner _. Roseton Power Stu~:'.'I\S 

~ 

""'l 
G') 

c 
;0 
rrl 

:to 

'" ...,j 



~ ~T 
.-~ ~ 

• B 

.~~1~ 
60- 60-

A 

I 

? , 

\ 
\ /': 
'~ Oamkamrner ~liInl 

Intake _~_ 
Disch,rge 13.0 of 
~T~oF 
Flow~cfs 

• Outfall Configuration t 

Room Atmosphere 

Relative Humidity ~ % 

Roseton Plant 
Intake _-_oF 
Discharge _-_ 0 F 
~T OF 
Flow cfs 

"Outfall Configuration 

*1. As Designed 
*2. Bulkhead Dry Bulb Temperature 82.2 OF 

Thermal Equilibrium Box Temperature 0.8 0 F *3. Diffuser - 10 fps 

River 

P'ItOTOTYP( SCALl 
500' 0 5(1)' 1000' 
C:::--=---=::"1:=~::-= 

'§~~~ i;J1JlTtHt 
o I l' 1 .. 5 tI "! 8 II 10 " n.-s 

** 1. All 14 Ports Fr-esh Water Flow 6~Ocfs 
Ambient Temperature 8t.~F 

A. With Barge - Date tb J'L("'~ la 
B. Without Barge 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

.. *1. All 14 Ports 

A. With Barge 
8. Without Barge 

A 

Qanskammer Plant 
Intake ....E4.... 0 F 
Discharge 13. S 0 F 
.6. T .!l:L. 0 F 
Flow 700 cfs 

* Outfall Configuration • 

Room Atrnosp!Mtre 

I 

B 
B_ton Plant 

Intake -=-- 0 F 
Discharge _-_ 0 F 
.6.T OF 
Flow cfs 

**Outfall Configuration 

Relative Humidity 8Z % 
Dry Bulb Temperature Sf. S 0 F 
Thermal Equilibrium Box Temperature 0.3 OF 

River 

Fresh Water Flow 8()CO cfs 
Ambient Temperature BZ:.e..0 

F 

/' 

PWOTOIV,. SOL' 
500' 0 ~. 1000' 

L ::=::::x==:::=:::x=: =..-:-. ~J 

lIMIt flOW lJ.:ISIlOH I'lNIT vasus TIIoIl 
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.. ,. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

I 

I 
I 

I 
I be:;) I 

~~/21 I 
I 

I 

Danslsammer Plant 
Intake 0.4 OF 
Discharge /3.S OF 
~T '3.5 OF 
Flow 700 cfs 

* Outfall Configuration i 

Room Atmosphere 

Relative Humidity 92 % 

I 
Rose«ID Plant 

Intake _-_ ° F 
Discharge -=-OF 
6T OF 
Flow cfs 

"Outfall Configuration 

,..,roTYI'( SCAl' 
500' 0 500' !COO' 
=----r--=.=-_:J 

Dry Bulb Temperature 82.0 OF 
Thermal Equilibrium Box Temperature 0.8 0 F 

...... ROW AI lOjIIJON "l-,"' _IS ,_ 

~ !}IT mUll III 
River 

Fresh Water Flow ~ cfs 
Ambient Temperature 82.0

0 F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Danskammer Plant 
Intake ~ OF 
Discharge 13.7 OF 
6T (1.5 OF 
Flow 7(J(J cfs 

Intake -=-OF 
Discharge -=-OF 
6T OF 
Flow cfs 

* Outfall Configuration 1 "Outfall Configuration 
NOlonfl£ SCAt i: 

500 0 5DO. 1000· 
C::-~.J -:".-: 'J Room Atmosphere 

Relative Humidity ~ % 
Dry Bulb Temperature 81.8 OF 
Thermal Equilibrium Box Temperature 0 . .9 OF ~ ;JftTiIffif[f] 

River 
Fresh Water Flow 6(X)O cfs 
Ambient Temperature 82.0° F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Danskammer Plant 
Intake .!!:L 0 F 
Disch~rge 13.6 of 
flT ~oF 
Flow 700 cfs 

Roseton Plant 
Intake .....::-. ° F 
Discharge -=- OF 
flT - OF 
Flow cfs 

* Outfall Configuration i **Outfall Configuration 

Room Atmosp!!ere 

Relative Humidity 34 % 

P'I'OTOTYPt: SCAli 
SOC, 0 ¥l(: 1000 
~-:.-r:---~-~ 

Dry Bulb Temperature 8/.5 OF 
Thermal Equilibrium Box Temperature 11.8 OF ! ;~EfiTIilllIfI] 

River 

Fr~sh Water Flow 6000 cfs 
Ambient Temperature82.b oF 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

--- . to-

A 

DanNmnw Plant 
Intake ..E:!!..... ° f 
Oi~' 13./ OF 
6T 13'oF 
Flow 7tJO cfs 

* Outfall Configuration ~ 
Room Atrnosp!!ere 

Intake --=-- OF 
Discharge ~ ° F 
6T __ =--- OF 
Flow cfs 

** Outfall Configuration 

Relative Humidity .93 % 
Dry Bulb Temperature 81.4 OF 
Thermal Equilibrium Box Temperature 7J.8 OF 

R_ 
Fresh Water Flow ~ cfs 
Ambient Temperature 8LO°F 

PItOfOTYI'E seAll 

500' 0 500' -.' 
r:===:r:= I =:J 

i ;~rfjffgfifm 
o I 2 ) 4 5 6 7 • 9 10 " tllllS 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Otnskammer Plant 
Intake ~ of 
Discharge 13·6 of 
~ T J.!:i!... 0 F 
Flow..lf\2.. efs 

I 

Intake --=-of 
Discharge -=-° F 
~T of 
Flow cfs 

It Outfall Configuration --L- **Outfall Configuration 

NOlO'~ KALE 
000' 0 !CO. 10lIO 

, I _ ".'=0 Room Atrnosp!1ere 

Relative Humidity 85 % 
Dry Bulb Temperature..lLt. OF 
Thermal Equilibrium Box Temperature 0.8 OF ~ ~JfiTjfrftnll 

River 
Fresh Water Flow 6D«1 cfs 
Ambient Temperature 82, ,oF 

Date 16 J"UMt: 1l 
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Hydrothermal Model Studies 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A 

DanskIfDOW' Plant 
Intake -0. f OF 
Dischar;;t3. , 0 F 
b.T ...a;z°F 

.0-
.---... 

I~ 

I 

ROJeton Plant 
Intake -=-- ° F 
Discharge -=- OF 
b.T OF 
Flow cfs Flow..:l!!/L cfs 1 

* Outfall Configuration __ **Outfall Configuration -=--
Room Atmosp!tere 

Relative Humidity ~ % 
Dry Bulb Temperature 813 OF 
Thermal Equilibrium Box Temperature 0.8 OF 

Riwr . 

Fr9Sh Water Flow ~ cfs 
Ambient TemperatureSZa..t' F 

PIIOlOfYPf SCAlE 
500' 0 _. 1000' 
iii OJ 

! !Jfiiffffiilll 
TEMPERATURE RISE ABOVE RIVER AMBIENT ..." 

A. With Barge 
B. Without Barge 
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DANSKAMMER 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

ROSETON 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

OIL BARGE 

RIVER CONDITIONS 

AMBIENT TEMPERATURE 

FRESH WATER FLOW 

TEST DATE 

60% 

PRESENT CONFIGURATION 

700 CFS 

10.3 F 

100% 

14 PORT DIFFUSER 

1400 CFS 

18.1 F 
NOT INCLUDED 

75.6 F 

6000 CFS 

13 JUNE 1972 
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., 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Daosk.m,.. Plant 
Intake ~ OF 
Discharge fO.7 ° F 
6,T fO,Z OF 

.0-

Flow.7!!5L cfs 
* Outfall Configuration i 

Room Atmosp!!ere 

» 

A_ton Plaot 
Intake 0.6 OF 
Discharge f1. 8 0 F 
6T 17.2 OF 
Flow 1400 cfs 

"Outfall Configuration 1 & 
NOfOlYl'l SCAl' 

_' 0 500 lOOO = I _._r.·.::::-:::J 

Relative Humidity SS' % 
Dry Bulb Temperature 74.6 OF 
Thermal Equilibrium Box Temperature -0.2 OF ~ ~lffffHJ±ffP 

River 

Fresh Water Flow 6000 cfs 
Ambient Temperature 75.,0 F 

Date i 3 Jtl'lE. 12. 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

[)amkamnw Plaot 
Intake ..9.:.L 0 F 
Discharge 10.2 of 
6T~oF 

i 

Intake 0.6 of 
Disch~rge 18.0 of 
~T 17. Jtf of 

/' 

Flow..:zg];L cfs , 
* Outfall Configuration 

Flow IkIo cfs I a 
** Outfall Configuration JJL 

NOTOTYPI SCALt 

Room Atmosp!!8,re 500' 0 50(" 1000 
c:==::J--'"""j" .=.::.=:; 

Relative Humidity iL % 
.va RJ:NI AI 11051:110 .. PlAtoI VBISUS lioll Dry Bulb Temperature 74. , 0 F 

Thermal Equilibrium Box Temperature .i!:.E... of i ~if IJfRTllll 
River 

Fr~sh Water Flow 6tJOo cfs 
Ambient Temperature 75. So F 

Date t 3 J~,,~ 72. 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Daosisammer Plant 
Intake 0.6 of 
Dischar;;-;O.7. of 
L\T .&L°F 
Flow 700 cfs 

* Outfall Configuration f 

Room AtrnospJMtre 

i 

j 

Roseto" Plant 
Intake 0.8 OF 
Disch~aJe fS.8 OF 
L\T 18.0 OF 
Flow 1190 cfs 4 a. 

** Outfall Configuration .1L.. 
NOrOT~ SC"L~ 

!GO' 0 _- 1000 
==--:-r::=:.::r..; :-::=::J 

~ 

.~ 

CD 

Relative Humidity 35 % 
Dry Bulb Temperature.z!L°F 
Thermal Equilibrium Box Temperature -t). f 0 F 

_ RnW A111051:1ON OlAI4t _ tlMl 

! ~]n I ill'll' ill 
River 

Fresh Water Flow 6COO cfs 
Ambient Temperature 76.,oF 

Date f 3 ~~~E-. 1l 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

60-

A 

Intake o. S of 
Discharge f8.8 of 
6T 18.3 of 

Paoskammtr Plant 
Intake 0.5 of 
Discharge If.O of 
I).T ~oF 
Flow~cfs 

• Outfall Configuration i 
Flow 14"0 cfs D 

··Outfall Configuration _._0_ 

Room Atmosp!!ere 
Relative Humidity 9S % 
Dry Bulb Temperature 716 of 
Thermal Equilibrium Box Temperature -0.2 of 

River 
Fresh Water Flow ~ cfs 
Ambient Temperature'5. 6 ° F 

NOTOTYI'Ii $CAL£ 
!JOO' 0 500' 1000 

i I _ ::r:-_= 
__ ROW AI I05ElOI< PUNt vaws TIME 

! ~m IItHII ill 
o , 2 ) • 5 6 r • • 10 " 12_ 

Date t3 a-t1~E ,2. TEMPERATURE RISE ABOVE RiVER AMBIENT :!l' 
A. With Barge 
B. Without Barge Hydrothermal Model Studies 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Danikiimmer Pkmt 
Intake. 0..9 of 
Discharge f1.4 of 
6.T fo.S of 
Flow 7tJO cfs 

i 

Intake ...QJL 0 F 
Dischargli! f!}'o ° F 
6T...In... OF 

* Outfall Configuration 1 Flow~ cfs i6 
** Outfall Configuration __ 

PtfOtoy'fP( SCAlf 
5QO' 0 ,00 1000 

c::::::::-::c:::..-=::-.r.:-::--=-:J Room Atmosphere 

Relative Humidity 96 C)fJ 

Dry Bulb Temperature ~ of 
Thermal Equilibrium Box Temperature ...B.:.Q.. 0 F ~ aftTi#HHil 

River 

Fresh Water Flow bQ)o cfs 
Ambient Temperature 75.5~F 

Date is Ju.N£. 72. 
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.. 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Daosk.mmer Plant 
Intake 0.4 OF 
Discharge (tl·6 OF 
AT 12.!..°F 
Flow~cfs 

.. Outfall Configuration 1 

Room Atmosphere 

Relative Humidity :J7 % 

.I 

B_ton Plant 
Intake 0.3 OF 
DischSlIQe fI.7 0 F 
AT Ur4 OF 
Flow fl{(Jo cfs i 6 

··Outfall Configuration _ 

I'ItOTOTYJOt! SCAlE 
500' 0 500' 1000 

L_ :l::.:...-:::.:=:r::':"'-~:': ... J 

TIMII RI:1II Ar 10$11'0" "'.\tOT vll5US rIM« Dry Bulb Temperature 7.(.4 OF 
Thermal Equilibrium Box Temperature -(J. ( "F 

River 
~ arlTI1H± I rn 

o j 2 J • ~ 6 , 8 q 10 II tl_ 

Fresh Water Flow 1:iJJ2!J cfs 
Ambient Temperature 7S.6°F 

Date i~ JutU 1Z 
TEMPERATURE RISE ABOVE RIVER AMBIENT :!:! 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Oanstsammer Plant 
Intake 0.3 of 
Dischar;-?O., of 
L\T ItJ.3 of 
Flow..:laL cfs J 

* Outfall Configuration _-1_ 

Room At!1'lO!pJlere 

II 

Roseton Plant 
Intake 0.8 of 
o ischa.r.ge f8. 8 ° F 
L\T 1I/.(J of 

Flow f4(.O cfs 1 S 
··Outfall Configuration 

..olOTY", SC,l.i. r 

500" 0 SQG" ""'" 
=-:-:=" .. ::::J 

Relative Humidity /}O % 
Dry Bulb Temperature.11.:.i OF 
Thermal Equ il ibrium Box Temperature - (J.1 ° F i ~lftTffPllu.! "il n 

River 
Fr-esh Water Flow 6MD cfs 
Ambient Temperature 75:boF 

Date 13 J" <1 .. £ 1'2 .. 

... t· ~ ~ : I Ii: [.... LJ 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A 

I>wJskllDnw Plant 
Intake (). f OF 
Di,arpS OF 
6T !1. OF 

i 

Bosaton Plant 
Intake~ OF 
Dischar~ 20.1 OF 
6T ns OF 

/' 

Flow 7tJo cfs ~ 
* Outfall Configuration _ 

Flow f4iJo cfs 
**Outfall Configuration ~ 

Room AtmospJ1ere 
Relative Humidity 87 % 
Dry Bulb Temperature 74.2 OF 
Thermal Equilibrium Box Temperature :E:!.. OF 

River 

Fresh Water Flow b«lo cfs 
Ambient Temperature.2'2:r F 

NOTOrYPl SCAI f 

500' 0 lOG· 1000 
c::-=:r==::::r=-:::-.:::J 

iaftTllHlfrn 
o f 2 ] • : 6 1 a , II) " 12.-s 

A. With Barge Date 13 ~~E. 72. 
TEMPERATURE RISE ABOVE RIVER AMBIENT ~ 

B. Without Barge Hydrothermal Model Studies 
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.. 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

*" 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

--------~-------~ ~ ----- - / 

Danskammer Plant 
Intake ~ OF 
DiSCharp.7 OF 
~T 16. OF 

:~I~ 
-~~6c)rl "''''', "5' c::-- ~ 

11~ "'_ 

R_ton Plant 
Intake [f oF. 
Discharge .J.J.;{ OF 
~T 18.3 OF 

Flow~cfs 
* Outfall Configuration _,_ 

Flow 11Po cfs S 
"Outfall Configuration _,_ 

RoomAt~e 
fOjt()TOTYPI SCAlf 

50«i 0 ~' 1000 
c :::I-:"~:-C-'::'-:-::J 

Relative Humidity ~ % 
_ R.OW AllIOSIlON PlJo>4T va5US r"", 

Dry Bu Ib Temperature .1ii 0 F 
Thermal Equilibrium Box Temperature - 0.1 0 F j ~ID ITfRIFrn 

River 
Fresh Water Flow 6000 cfs 
Ambient Temperature 75.6°F 

Date i; JU.NE; ,2, 

o 1 :2 ) 4. ..' 8 9 10 " 1'lteS 

TEMPERATURE RISE ABOVE RIVER AMBIENT 

Hydrothermal Model Studies 

Danskammer-Roseton Power Stations 
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*1. As Designed 
"2. Bulkhead 
*3. Diffuser - 10 fps 

iHt 1. All 14 Ports 

J/)-- '" 

~ ~ "'--_.-
OQ-

~---------------- --------~--------

Danskammer ~'ant 
Intake o. of 
Dischar;-7b·8 ° F 
LlT ~oF 
Flow~cfs 

* Outfall Configuration _i_ 

Room Atmosphere 

8o.too Plant 
Intake~oF 
Discharge 19.0 0 F 
LlT 18.0. of 

Flow 140(; cfs 1 B 
**Outfall Configuration 

Relative Humidity ~ % 
Dry Bulb Temperature 74." of 
Thermal Equilibrium Box Temperature ::.!!± of 

River 
Fresh Water Flow 6coo cfs 
Ambient Temperature 75.6

0 
F 

rwOrofYPf 5.CAJ.[ 
SOD' 0 _ tOOO' 

c---:=:::r.=-::":-Y"::'_ . __ :.:._= 

Date 1 ~ ;r u.t.lf. ., 2. 
TEMPERATURE RISE ABOVE RIVER AMBIENT :'1 

A. With Barge 
B. Without Barge 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 
i 

Intake~OF 
Dischar~ fd.3 ° F 
~T~oF 

/ 

Damkammer Plant 
Intake (). f OF 
Discharge IO.fi OF 
AT~oF 
Flow~cfs 

* Outfall Configuration _~_ 
Flo~ cfs 6 

* * Outfall Configuration _1_ 
I'IIOIOTYI'( SCAlf 

!IOO' 0 !IOO' 1Il00' 
111= 

RoomAt~ 

Relative Humidity 88 % 
Dry Bulb Temperature 7/.soF 
Thermal Equilibrium Box Temperature -0.2 OF ~ ;~ffjTmItrm 

River 

Fresh Water Flow 6000 cfs 
Ambient Temperature 75.6 0 F 

Date i3 J',,~ 72. 
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Danskammer-Roseton Power Stations 

~ 

:!J 
(i) 
C 
;0 
f11 

l> 

(]I 

en 



1'1. 

:~~---T-<1 -7-----'~ 
• 1 IS 

~~~ 
60-

I 

? , 

\ 
\ 

* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A· 

DaoNmnw Plant 
Intake 0.3 of 
Dischar;-To.4 of 
6 T JQ.:!.. 0 F 
Flow-AKL efs 1 

* Outfall Configuration _1_ 

Room Atrnosp!1!t! 

... 

Intake .i!:L-. of 
Dischar~ f8.8 of 
6T ~oF 
Flo~ cfs 18 

**Outfall Configuration __ 

I'IIOrorm SCALE _. _. 1000 

( ~ 

Relative Humidity 87 _ ~ 
Dry Bulb Temperature:Ii:i.. of 
Thermal Equilibrium Box Temperature ..E:!L of 

Riwr 
. j aftTfffllflJJ 

o 1 2 ] • 5 • 7 ~ 9 10 " 12111S 

Fresh Water Flow ~ cfs 
Ambient Temperature75.1 °F 

Date 1?> J u,M.E. ? '2. 
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.. 1. As Designed 
*2. Bulkhead 
"3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A· 

Dan*ammw Plant 
Intake -0. ( of 
Discharge 10. f of 
l.\ T J!l.4.. ° F 
Flow..:lJ&. cfs 1 

.. Outfall Configuration __ 

Room Atmosp!!ere 

a 

! 
Rowton Plant 
Intake~oF 
Discharge f8.8 OF 
l.\T 18.S OF 
Flow 1400 cfs i 

.... Outfall Configuration ~ 
NOI'OTY", SCAli 

500' 0 500' ~ 
j ! =r.:::'===:J 

Relative Humidity 37 % 
Dry Bulb Temperature 7/·8 OF 
Thermal Equilibrium Box Temperature -0.2 ° F 

_ RON 1ol1llOSl1'OH I'VINT \I1II5US TIM( 

i !}t11 JTI+II ill 
River 

Frm Water Flow ~ cfs 
Ambient Temperature75.,oF 

Date J3 ~UNE 12.. 

o 1 2 ) • 5 6 7 a 9 10 " 121-.s 

TEMPERATURE RISE ABOVE RIVER AMBIENT 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Panskammer Plant 
Intake t).O Of 
DiSCharp.4 OF 
.6T b. OF 

a-ton P'.,t 
Intake 0.2. OF 
Dischar9l' {B.b OF 
bT~oF 

{---

~ ~ ~ 

Flow~cfs 1 
* Outfall Configuration 

Flo~ cfs 1 
"Outfall Configuration ~ 

RoomAt~ 

Relative Humidity 97 % 
Dry Bulb Temperature 71·2 OF 
Thermal Equilibrium Box Temperature ~ OF 

River 
Fresh Water Flow '(')0() cfs 
Ambient Temperature ?,£6°F 

NOTOl"" SC"l~ 
soo' 0 JOO' tOOO' 

c:=::=:x: t::: :=:J 

_ ROW AllI05IilOH "UHf _ 'li0ii 

~;mrm{[lm 
o I 1 3 4 , 6 T a • 10 " 12_ 

Date 1~ J"<4ME '12. 
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~ 1. As Designed 
"2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Da .. uk;miT.;if Piant 
Intake ~ of 
DischSirge -'!l.:.L 0 F 
~.T ..!!!:.L 0 F 
Flow TCJo cfs 

it Outfall Configuration i 
RoomAt~ 

Relative Humidity _~4. % 

I 

t __ 

~~-y--
C 

A_ton Plant 
Intake 0.4 OF 
Dischar~ file OF 
LH /9.1 OF 
Flow f/(Jo cfs 

** Outfall Configuration -~ 

I 

I 
~~ 

NOfOT," SCAi.&: 
50() 0 soo· 1CiOO c::: :r= :=:::.r."::.:-=::J 

Dry Bulb Temperature Z~O°F 
Thermal Equilibrium Box Temperature :!!.:.i OF 

__ MIOSIYOH I'LIII<I ~
 ,_ 

~ ;lfIFFfHllill River 

Fresh Water Flow 6a:locfs 
Ambient Temperature l?7°F 
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DANSKAMMER 

LOAD 

DISCHA.RGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

ROSETON 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

01 L BARGE 

RIVER CONDITIONS 

AMBIENT TEMPERATURE 

FRESH WATER FLOW 

TEST DATE 

60% 

PRESENT CONFiGURATION 

700 CFS 

9.5 F 

85% 

14 PORT 01 FFUSER 

1400 CFS 

14.5 F 

NOT INCLUDED 

80.6 F 

6000 CFS 

15 JUNE 1972 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

00-

A a 

DATA I\lOT AVA'LAgLE 

Danskammer Plant 
Intake _ OF 
Discharge ° F 
6T_oF 
Flow __ cfs 

* Outfall Configuration 
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{to 1. As Designed 
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tHO 1. All 14 Ports 

A. With Barge 
B. Without Barge 

1 

8Q1Upn Plant 
Intake 0.4 OF 
Dischar~ 15.() ° F 
~T _.!£L of 

/' 

o 
PfIlIIsamrw Pllnt 

Intake .Jl..J... 0 F 
Disch_gs Ib.2 of 
AT ...M,.°F 
Flow..::llHL cfs 

* Outfall Configuration ..l-
Flow-/1iJO cfs 

"Outfall Configuration J!.-
~oomAt~ 

Relative Humidity ~2. % 

...o1OTYft SCAI.{ 
,ag' 0 SOIl' _ 

c::::::=::c=:.:.::.:::r=::= 

Dry Bu Ib Temperature .:z:L.!.. ° F 
Thermal Equilibrium Box Temperature -(J.f, of ~fffiTTIHiIm 

River 

Fresh Water Flow 6aJD cfs 
Ambient Temperature~O F 

Date t5 -Jut'le 12, 

o , 1 3 4 , • 7 8 t 10 " u_ 

TEMPERATURE RISE ABOVE RIVER AMBIENT 

Hydrothermal Model Studies 
Danskammer-Roseton Power Stations 

~ 

:!1 
C) 
c: 
:0 

'" » 
al 
~ 



~.-- ~~ 
• ~~::::::------____ -T-<'-1-~----' _~1!-

I 

? 
\ 

\ 
\ 

.. 1. As Designed 
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*1. As Designed 
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* 1. As Designed 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 
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.. 1. As Designed 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

-*1. All 14 Ports 
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B. Without Barge 
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*,. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 
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Flow~cfs 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 
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Intake -0.' or 
Discher· 3.4 OF 
6Tao F 
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~2. Bulkhead 
*3. Diffuser - 10 fps 
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·1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**,. All 14 Ports 
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Intake (),O OF 
DiSCh_P" OF 
flT 9. OF 
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it Outfall Configuration _1_ 
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Intake 0.3 OF 
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DANSKAMMER 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

ROSETON 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

OIL 'BARGE 

RIVER CONDITIONS 

AMBIENT TEMPERATURE 

FRESH WATER FLOW 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 
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Dln*MII'. PIlot 
Intake o. f of 
Ditchanit -'0.2 of 
llT .1Q°F 
Flow~cfs 

* Outfall Configuration ~ 

BoomAt~ 

Relative Humidity ~ % 
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BwtAo PIlot 

Intake -=-° F 
Ditctwge -=-of 
llT of 
Flow - cfs 

c 1
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*·Outfall Configuration ~ _SCALI 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

··1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

......... PIInt 
Int*e .J!.:L of 
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AT - of 
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• Outfall Configuration _ *·Outfall Configuration -=--
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.. 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 
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·1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 
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Discharge -=-° F 
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Dry Bulb Temperature .AIL 0 F 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Pons 

A. With Barge 
B. Without Barge 
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IlIR*Imnw PlIo, 
Intake 0:L Of 
Discharge ~ OF 
l\ T ..JP::P... 0 F 
Flow..!QQ.. cfs t 

* Outfall Configuration _ 

RoomA~ 

Relative Humidity A. % 
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Intake -=-° F 
Discharge -=-° F 
6T - OF 
Flow cfs 

•• Outfall Configuration -=-

/' 
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Ambient Temperature 8'''' 0 F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

Drt ___ PIw 
Intake ~ of 
Di~ &09 of 
6T~oF 
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Intake --=-.,;. of 
Discharge -=-° F 
6T - of 
Flow cfs 
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Flow.1QQ.. cfs f 
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Fresh Water FIOW~!t1 
Ambient Temperature . OF 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 
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.... rnnw Plant 
Intake ..5!.:..L 0 F 
Discharge S.B OF 
6T~oF 
Flow~cfs 

* Outfall Configuration ~ 

Room Atmotphare 
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ROIItoo Plant 
Intake --==- 0 F 
Discharge -=-OF 
6T OF 
Flow - cfs 
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Relative Humidity ..&.. % 
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River 
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Ambient Temperature~O F 
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01. As Designed 
·2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 
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Dischar;--7D.o of 
AT~oF. 
Flow~cfs 

It Outfall Configuration -.L. 
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Intake -=-of 
Discharge -=- 0 F 
AT ... of 
Flow cfs 

•• Outfall Configuration 
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River 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 
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Dln*1I!IIIIM Plant 
Intake .-..!2L ° F 
Oischtri;e~ 9.7 OF 
h.T ~oF 
Flow~cfs 

* Outfall Configuration _f_ 

Room AtmotpJIIn 

ROMton Plant 
Intake -=-OF . 
Discharge -=- OF 
llT OF 
Flow cfs 

"Outfall Configuration -=-
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Relative Humidity 94 % 
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Ambient Temperature.m4: F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 
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• Outfall Configuration _ 
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Discharge -=-° F 
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Flow - cfs 

** Outf.n Configuration 
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Thermal Equilibrium Box Temperature -0.2 ° F 
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Fresh Water Flow 6D.a2. cfs 
Ambient TemperatureBU: F 
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*1. As Designed 
*2. Bulkhead 
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**1. All 14 Ports 

A. With Barge 
B. Without Barge 
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Intake ~ of 
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*1. As OesiWlfJd 
*2. Bulkhead 
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** 1. All 14 Ports 
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B. Without Barge 
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Intake ~ of 
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tt 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 
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Intake t!J.O of 
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Discharge .....=::- of 
6T of 
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LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

ROSETON 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

OIL BARGE 

RIVER CONDITIONS 

AMBIENT TEMPERATURE 

FRESH WATER FLOW 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 
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Intake 0.4 of 
Discharge 16.5 of 
6T 16.\ of 

Intake~OF 
Diteharge ~ of 
6T 11.0 of 
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* Outfall Configuration ~ 

Flow Moo cfs A 
"Outfall Configuration ~ 

RoomAt~ 
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Relative Humidity ..&.B. % 
Dry Bulb Temperature.I!.:.Q. OF 
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it 1. As Designed 
*2. Bulkhead 
<t3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 
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Intake --2:.1.... of 
Discharr Jl:.a..... 0 F 
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Intake 0.4 of 
Discharge '\6.6 of 
AT~oF 
Flow..:!2!L efs 

* Outfall Configuration '2. 
Flow 1400 efs 

** Outfall Configuration fA 
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Dry Bulb Temperature ILL of 
Thermal Equilibrium Box Temperature ~ of i ~~~fifffEfifm 

River 
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Ambient Temperature "18.o°F 

0818 2.1 Sf. PT. "1z. 

o I 2 ) • S • , • ~ til 11 12_ 

TEMPERATURE RISE ABOVE RIVER AMBIENT 

Hydrothermal Model Studies 

Danskammer-Roseton Power Stations 

~ 

:!) 
C) 
c: ::u 
f11 

l> 
to 
N 



~~:;; :Y ~~=~ 
60-.. -

I 

? 
\ 

\ 
\ 

*1. As Oesigned 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 
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AN" ... _ PljIOt 
Intake ..!!:.L. 0 F 
Dischlrge tC,.8 of 

., ntake -2:.!.... ° F 
Discharge ~ OF 
6.T 16.1 OF 
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6.T ~oF 
Flow..l2S!... cfs 

* Outfall Configuration ~ 
Flow 1400 cfs 

*·Outfall Configuration fA 
RoomAt~ 
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Thermal Equilibrium Box Temperature ~ OF 

Rn. -
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Ambient Temperature~OF 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Dgk ....... PIInt 
Intake o."l of 
DitchInit ~.6 of 
AT .11:.!. ° F 
Flow~cfs 

* Outfall Configuration ~ 

Room Atmo!ptIere 
Relative Humidity 90 % 

80Mtp0 Pbmt 
Intake~oF 
Ditcharoe 11.05 of 
AT \6.~ of 
Flow 1m cfs 

.. Outfall Configuration .J!... 
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Dry Bulb Temperature 71:' 0 F 
Thermal Equilibrium Box Temperature ~ OF i ~:rffiffHlfrn 

Riwr 

Fresh Water Flow ~ cfs 
Ambient Temperature7,.O°F 
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• 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

D=* .... f1Int 
Intake ...2::L. ° F 
Didllrge \'T.! of 
6T 1Ea.lt_ of 

. Intake ~ of 
Discharoa i6.~ of 
6T 16·tOF 
Flow.19sL cfs 

it Outfell Configuration .-.!... 
Flow t400 cfs 

··Outfall Configuration ~ 

RoomA~ 

Relative Humidity .II- " 
Dry Bulb Temperature.llal.. OF . 
Thermal Equilibrium Box Temperature ~ OF 

R_ 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

f~1 

Dlnlkamnw Plant 
Intake o.~ OF 
Discha' '6.6 OF 
6T 1&ToF 
Flow~cfs 

* Outfall Configuration ~ 

Room Atmosphere 
Relative Humidity 90 % 

Rowtoo Plant 
Intake~ OF 
Discharge ...!!:.L. OF 
6T tb. '2. OF 
Flow 1409 cfs 1A 

** Ountl! Configuration _ 
__ SCAI.l 

_' c _' _' j i ':=:" 

Dry Bulb Temperature 78. 6 OF 
Thermal Equilibrium Box Temperature 0.8 OF ! ;~rftTfffnfff] 

River 
Fresh Water Flow 6000 cfs 
Ambient Temperature.mJ:F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 
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Qamk.mnw Plant 
Intake ~ OF 
Discharge 16.4 ° F 
~T~oF 

B 

J 
ROJ8ton Plant 

Intake -1&..... ° F 
Discharge n.3 OF 
~T 16.f OF 

Flow "'lao cfs 
* Outfall Configuration 2. 

Flow (400 cfs 
"Outfall Configuration 1A 

Room Atrnosp!lare 
Relative Humidity 90 % 
Dry Bulb Temperatcre.1§..l OF 
Thermal Equilibrium Box Temperature ..i?:!.. ° F 

River 
Fresh Water Flow6<>oo cfs 
Ambient Temperature~F 
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_ ROW A'lIIOSlJDtl PlANT .. 1!ISU$ TIIoII 

! ~JtJTrnIDlJl 
o I 2 ) 4 $ ~ 1 8 • 10 n 12N11S 

" 
Date 2, ~pr. '12. 

TEMPERATURE RISE ABOVE RIVER AMBIENT Gi 
Hydrothermal Model Studies 

Danskammer-Roseton Power Stations 

~ 

c 
::u 
,." 

J> 
U) ..., 



A 

A - ~T 
~ 30-

~- ~ 
30- ~~ ____ 

B 1 2 ~ 
~ 

toO-

I 

? , 

\ 
\ 

*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

toO--
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,-----1 
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Oamkammtr Plant 
Intake 0.4 of 
Discharge fb.3 of 
D.T ~oF 
Flow~cfs 

* Outfall Configuration 2. 

Room Atmosphere 

ROJIton Plant 
Intake~oF 
Discharge 18.2. ° F 
D.T 16.~ OF 
Flow 1400 cfs 

*it Outfall Configuration A 
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Relative Humidity ..IL % 
Dry Bulb Temperature 7a.~ OF 
Thermal Equilibrium Box Temperature 0·8 OF i ;~pfjTffHlnll 
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Fresh Water Flow 60QC) cfs 
Ambient Temperature 78.1°F 
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Oamkammer Plant 
Intake ...Q:i. ° F 
Discharge fb,1 OF 
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Roteton . PJant 
Intake~ OF 
Discharge '\1·8 ° F 
.6T H.O OF 

=-=_··SS======<r=Fr 
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Flow "loo cfs 
* Outfall Configuration l 

Flow 1400 cfs 
.·Outfall Configuration 1 A 

*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

Room Atmosp!!ere 
Relative Humidity So % 
Dry Bulb Temperature 78.1 OF 
Thermal Equilibrium Box Temperature ~ OF 

River 

Fresh Water Flow ~ cfs 
Ambient Temperature18.,\ OF 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 
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A 
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Intake~OF 
Discharge 11. 2. 0 F 
boT 16.6 of 

[)amkammer Plant 
Intake 0.2. OF 
Discharge 10.:3 ° F 
boT ~oF 
Flow..::!9.Q... cfs 

* Outfall Configuration 2 
Flow t400 cfs 

** Outfall Configuration 1 A 
I'IIOIOTYPI $CAl.( 

RoomAt~e 

Relative Humidity 90 % 

!!GO" _' 1000" 2:::::::::::ii:::::===--== 

Dry Bulb Temperature .1a:l°F 
Thermal Equilibrium Box Temperature 0.1 OF i ;}ffifffftTDJ 

River 

Fresh Water Flow 6ocx> cfs 
Ambient Temperature78.t OF 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

c. 

Dao*ammer Pilot 
Intake ~ OF 
Discharge if). '2. 0 F 
L\T ~oF 
Flow~cfs 

* Outfall Configuration ..L.-

Room Atmosphere 
Relative Humidity 90 % 

I 
Roaton PilAt 

Intake 0.5 OF 
Discharge. 11. 3 ° F 
L\T 16.l\ OF 
Flow 1:400 cfs 

**Outfall Configuration 1A 

/ 
~ 

~t------

PI(Of07 rrt: SCAt.: 

500' 0 !!OC 1000 ==::.--= 
Dry Bulb Temperature 78.7 OF 
Thermal Equilibrium Box Temperature 0.6 OF j ;ffiTffHlf81 

Riwr 
Fresh Water Flow ~ cfs 
Ambient Temperature 78:\ OF 
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00-
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A 

Oanskammer Plant 
Intake 0.0 ° F 
Discharge 4b.-t OF 
6T~oF 
Flow 700 cfs 

JO-

60-

It Outfall Configuration ~ 

Room Atmosp!1ere 
Relative Humidity ~ % 

i 

Roseton Plant 
Intake~ OF 
Discharge fl.O OF 
~T i().8 OF 
Flow 1400 cfs 

** Outfall Configuration ~ 
NOlO!Y'" SCALe 

_- 0 500 ""'" c=:..::_ ::r::::=:=..t _: .... :: :-':::2 

It 1. As Designed 
*2. Bulkhead Dry Bulb Temperature.1l1.. OF 

Thermal Equilibrium Box Temperature 0.6 OF j ;]fftfffi[ill *3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

River 

Fresh Water Flow ~ cfs 
Ambient Temperature '8:~oF 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Paoskammer Plant 
Intake -0.1 of 
Discharge 1'>. 8 ° F 
AT~oF 
Flow 700 cfs 

f~' ~'/ 
f ..... ~ 

ROMton plant 
Intake 0., OF 
Discharge '\~. 7 ° F 
6T itl.S OF 
Flow Hoo cfs 

* Outfall Configuration 2 * * Outfall Configuration ~ 

Room AtmospJ!ere 
Relative Humidity ~ % 
Dry Bulb Temperature 18.8 OF 
Thermal Equilibrium Box Temperature 0.1:1 OF 

River 
Fresh Water Flow~ cfs 
Ambient Temperature~F 

1'10101_ SCAlE 
500· 0 500 1000 = I ~r.:.c= 

~ ;IDTiImTm 
o , 2 1 4 S 6 1 • • 10 " 12_ 
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.. 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Oanskammer Plant 
Intake -0.1 of 
Discharge 1S.s of 
~T \0.0 of 
Flow~cfs 

6 

i 

·0 

Aoseton P'ant 
Intake o:z. 0 F 
Discharge ~~.7 of 
6T 10.5 of 

/' 

* Outfall Configuration 2 
Flow 1400 cfs 

* * Outfall Configuration \ A 

Room Atmosphere 
NOlOTYI'f SCALE 

500' 0 500' ~' 
c="-=-.-r_::::.:..--.:J 

Relative Humidity ~ % 
__ 1I11101i11'OO<~'~TIM( 

Dry Bulb Temperature ..:zaa. 0 F 
Thermal Equilibrium Box Temperature ~ 0 F ianlTtHlllil 

River 

Fresh Water Flow 6000 cfs 
Ambient Temperature~ F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - to fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

--------~--------~ ~ ----- -

Dargkammer Plant 
Intake ~ OF 
Discharge -u,.'\ OF 
6T~oF 
Flow 700 cfs 

R_ton Plant 
Intake~ OF 
Discharge ..!!.:l- ° F 
6T 19.& OF 

* Outfall Configuration 2 
Flow {400 cfs 

**Outfall Configuration \ A 

Room Atmosphere 

Relative Humidity sa % 
Dry Bulb Temperature 18."1 of 
Thermal Equilibrium Box Temperature .£2- OF 

River 
Fresh Water Flow ~ cfs 

Ambient Temperature1&2...° F 

I'WOJOJ'm 5C'ALt 

500· 0 !IO<l 1000 
==C·CC"".:::J 

_ ROW AT 105I'IOM lUll' VIII5US ,_ 

~ ntfH1illl til 
o I 2 ) 4 5 6 1 • • 10 11 0_ 

.." 
TEMPERATURE RISE ABOVE RIVER AMBIENT c; 

Date 27 SEPT.'2 Hydrothermal Model StudIes 

Danskammer-Roseton Power Stations 

~ 

c 
;u 
", 

J> 

o 
Ul 



----------_ .. - ._-

DANSKAMMER 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

ROSETON 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

OIL BARGE 

RIVER CONDITIONS 

AMBIENT TEMPERATURE 

FRESH WATER FLOW 

TEST DATE 

100% 

BULKHEAD 

700 CFS 

17.1 F 

100% 

14 PORT DI FFUSER 

1400 CFS 

16.7 F 

NOT INCLUDED 

76.7 F 

6000 CFS 
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.. 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Ptn*1IDD1Ir Pilot 
Intake ~ OF 
Discharge 1&.1 ° F 
6T~oF 
Flow..12Q.. cfs 

.. Outfall Configuration 2 

Room Atrnorp!*e 

Relative Humidity ...8L. % 

J /' 

r------I~ 

ROIIUon Plant 
Intake~oF 
Discharge ~ 0 F 
6T 16.8 OF 
Flow 1400 cfs 

** Outfall Configuration 1 B 

G 

NOIOTYI'IE SCALf 

500' 0 SOO' _' r===- I '====.::J 

Dry Bulb Temperature....::!l2.. OF 
Thermal Equilibrium Box Temperature ~ OF 

_ ""'" 1>1 MlIII1CI< I'UIHl __ TIM( 

l atlll1HI1 ill 
Riwr 

Fresh Water Flow ~ cfs 
Ambient Temperature 76.4 0 F 
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.. 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

• 1 B 

~---- ~ 
tc)-

A 
I 

o 
Intake~ OF 
Discharge .J!:..L. 0 F 
6T 1t·O OF 

/' 

(~ 

i

V 
Dln*1IDIJW Plant 

Intake .!?:.L. 0 F 
Discharge 11.8 0 F 
6T~oF 
Flow...l9;L cfs 

.. Outfall Configuration .£. 
Flow 14-00 cfs 

** Outfall Configuration ~ 

RoomAt~ 

Relative Humidity ...§L % 
Dry Bulb Temperature ~ OF 
Thermal Equilibrium Box Temperature -0.$ OF 

River 
Fresh Water Flow 6000 cfs 
Ambient Temperature 76.S" ° F 

PIIOIOTYPI! SCAlf 
SIlO' 0 !IOC' 1000 c--==:r== •... ~ ~ ~ 

i !itTrnftTDl 
o I 2 3 4 5 • 7 8 • 10 II u-.s 

." 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 
j 

~----~--------- J: _____ i ----

PJo*ammer Plant 
Intake O.t; of 
Discharge rU; ° F 
AT~oF 
Flow~cfs 

D 
C} 

r 
ROJIt90 Plant 

Intake....2..L OF 
Discharge fto OF 
AT ~_ OF 

fj 

* Outfall Configuration 2.. 
Flow 1400 ds 

** Outfall Configuration ~ 

Room AtrnospJ!ere 
...omTY~ SCAll 

"L_:::L --.~: __ ~. 
Relative Humidity 8~ % 
Dry Bu Ib Temperature ::!1:E... 0 F 
Thermal Equilibrium Box Temperature :!:!.:2- 0 F ! afiTmUfill 

River 

Fresh Water Flow 6000 cfs 
Ambient Temperature'16·S OF 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Qansk...".. Plant 
Intake ~ OF 
Discharge fl. 1 OF 
!:J.T ...12:!L OF 

» 

BoMton Plant 
Intake -2..l... OF 
Discharge 16.8 ° F 
!:J.T 1&.S OF 

/' 

Flow 700 cfs 
* Outfall Configuration -L 

Flow '\~ cfs 
*it Outfall Configuration 1 B 

Room At!!!O!pJ1er8 

Relative Humidity 86 % 
Dry Bulb Temperature '76.' OF 
Thermal Equilibrium Box Temperature ~ OF 

River 
Fresh Water Flow ~ cfs 
Ambient TemperatureM.,° F 

PfIOIOTYr£ SCAlf 

500' 0 _.J!1O'._ 1000' =_ .. c __ = 
..... I\OW M IIOStION I'\Ai4l _ TN 

i~}[R1fll1 OJ 
o , 2 J • $ 6 1 8 • 10 " 1'.2_ 
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* 1, As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

~-.---

It 

DfmMsamnw Plant 
I"take ~ of 
Discharge n.lo of 
~T '6.8 of 

JO-

Flow 100 cfs 
It Outfall Configuration 2 

RoomAt~ 

Relative Humidity ...!2:L % 

----------- . 

I 

. -___________ I J+ . 
B9litOll Plant ~ I 

Intake ~ OF - ~ 
OiSl'.harge 1tl.6, 0 F 
~T .1~~ OF 
Flow ..1.4¢0 cfs 

**Outfali Configuration ie 
i'ROlOh'O( SCAi.' 

!lOC' C !>GO 1OlIOO 
C=::=L_.~:C ___ ..:I 

Dry Bulb TemPfffBture..2:l:1.... OF 
Thermal Equilibrium Box Temperature -0.7 OF i ;~ffiTIHitfm 

River 

Fresh Water Flow 6cco cfs 
Ambient Temperature 76.6 OF 

Date 28 SE..PT'1'2.. 

o 1 2 1 • 5 6 1 a 0 on l\ allIS 

TEMPERATURE RISE ABOVE RIVER AMBtENT 

Hydrothermal Mode! Studies 

Danskammer-Roseton Power Stations 

~ 

4Of'I 
G') 
c 
l) 
/'T1 

1> 

o 



]0-

60-

I 

? 
\ 

\ 
\ 

*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

.. ,. All '4 Ports 

A. With Barge 
B. Without Barge 

A 

Dao*IIDIIW' Plant 
In~ke ... 004 ° F 

lO-

60-

Dischar;-ri'. S OF 
6. T ..!!:1... 0 F 
Flow..1ge.... cfs 

* Outfall Configuration ~ 

Room Atmosp!!ere 
Relative Humidity ...S!.. % 

"", T< 1 

~---
I 

J 
ROIIton Plant 

Intake....2:l.. OF . 
Discharge 1~.9 OF 
6T t6.~ OF 
Flow \400 cfs 

"Outfall Configuration 1& 

Dry Bulb Temperature 7'l:~ OF 
Thermal Equilibrium Box Temperature -o.~ OF 

River 

Frfih Water Flow ~cfs 
Ambient Temperature~F 

I'IIOlOTYPl SCAU 

~i 0 ~' 1000 c=:=::c =r "=:='1 

i aftTffRtfrn 
OIl l 4 S 6 7 • 9 10 \I f.!HIS 

" 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Pons 

A. With Barge 
B. Without Barge 

A 

Pan*lomw Plant 
Intake ~ of 
Discharge 17.7 of 
6T JB:..°F 
Flow..l22.. cfs 

* Outfall Configuration 2 

RoomAt~ 

~ 

BOIIton Plant 
Intake~ OF 
Discharge ..!!:k.-. OF 
6T fo.7 OF 
Flow ".fog cfs 

"Outfall Configuration ~ 

'/ 
I 

I 
I 

I 
I 

I 
I 

I 

PIOIOrYPl SCALf. 
500' 0 5OQ' """," 

1 I:::=:r.::-...:..=:l 

Relative Humidity .M.. % 
Dry Bulb Temperature.:n1. OF 
Thermal Equilibrium Box Temperature :2:!.. OF ! ;JftTIfftlTm 

River 

Frm Water Flow ~ cfs 
Ambient Temperature 1!1::L0 F 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

~ --
60-

A r 

, 

~ 

6 

Intake -2:.!. ° F 
Discharge ~ OF 
D.T 11.' OF 

T<1 ·.7 

Pamkam.,. Plant 
'ntake ~ OF 
Discharge 11. 4 0 F 
D.T J!..L OF 
Flow~cfs 

* Outfall Configuration .l:.-
Flow f400 cfs 

**Outfall Configuration 18 

Room AtmospJ1ere 
Relative Humidity ..BL. % 
Dry Bulb Temperature 714 OF 
Thermal Equilibrium Box Temperc:ture -0., OF 

River 

Fresh Water Flow ~ cfs 
Ambient Temperature~ F 

PIOJIOTYPE SCAlf 
500' !IOO'_ 

j .1: ::=::J 

i ;Jfiiff[tHU 
o 1 1 1 4 5 • 7 8 • 10 11 12~ 

." 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

* * 1. A \I 14 Ports 

A. With Barge 
B. Without Barge 

A 

---"'-

Pamkammer Plant 
Intake ~ OF 
Disctutrge n· 0 ° F 
~T 11.0 OF 
Flow...1QQ.. cfs 

* Outfall Configuration .2 

Room Atrnosp!1!re 
Relative Humidity ~ % 

ROIItoo Plant 
Intake~oF 
Discharge &1.5 OF 
~T 16.!- OF 
Flow 1400 cfs 

"Outfall Configuration '6 
I'IIOlOTTP£ SC."'-, 

_' 0 _ 1000 
I I -== .::_-:3 

Dry Bulb Temperature::r£L OF 
Thermal Equilibrium Box Temperature -0.4 OF i ~lftTIHMfrn 

Riwr 
Fresh Water Flow 6OCO cfs 
Ambient Temperature 76. 7°F 

Date 2e ~EP\. 72. 

o , , J • , , 7 8 0 110 " 12_ 

TEMPERATURE RISE ABOVE RIVER AMBIENT 

Hydrothermal Model Studies 

Danskammer-Roseton Power Stations 

~ 

-r, 
Gl 
C 
::n 
rTl ,. 
~ 



JO-

..,-

I 

? , 
\ 

\ 

*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

"* 1. All 14 Ports 

A. With Barge 
B. Without Barge 

~ 

~ ~:.::::::==:: ________ =====. .~;:::.:::::=====::::::::~;o;:=r 

A 

DamkIDVJW' ""'t 
Intake ~ of 
Discharge 11.6 of 
I::.T iT." of 
Flow..I2!.... cfs 

..,-

Intake o.~ of 
Discharge ...ru... of 
I::.T f~.1J of 

;t Outfall Configuration .-L 
Flow f400 cfs 

**Outfall Configuration ~ 

RoomAt~ 
PI!OtOTm SCAll 

_' 0 _' _ , , '-_::.::=l 

Relative Humidity .a % 
Dry Bulb Temperature..:nz.. of 
Thermal Equilibrium Box Temperature -Q 4 of 

River 
HJf1tfff'fiTIll 

o , 2 ] 4 ~ 6 7 • • 10 11 12_ 

Fresh Water Flow 6oQ:) cfs 
. Ambient Temperature 76.1 of 
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I)ansk.mmer Plant 
Intake ~ OF 
Discharge 11 3 of 
AT .1!:.L of 
Flow~cfs 

• Outfall Configuration ~ 

. Room Atmosp!Mtre 
Relative Humidity ..Bs:.. % 

/~ 

f 

ROIIton Plant 
Intake~oF 
Discharge fl.?. OF 
~T (6.7_ OF 
Flow 1400 cfs 

** Outfall Configuration ~ 

/ 

NOlOTtl'( SCAll 
!!GO' 0 _' . D)O' 

C i ==:J _ =:::J 

* 1. As Designed 
*2. Bulkhead Dry Bulb Temperature 77·7 OF 

Thermal Equilibrium Box Temperature :2.4 OF i ~JftTf8llfrn *3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

River 
Fresh Water Flow bOoo cfs 
Ambient Temperature 76. 8° F 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Pan*amnw Plapt 
Intake ~ of 
Discharge i6.9 of 
6T (.,9 of 

a 

Rosaton Plant 
Intake~oF 
Discharge '6.8 ° F 
6T 16ft of 

Flow...12l;L cfs 
* Outfall Configuration G 

Flow 1400 cfs 
* it Outfall Configuration ~ 

Room AtmospJ!ere 
Relative Humidity 85 % 
Dry Bulb Temperature "77·3 of 
Thermal Equilibrium Box Temperature -0.4 ° F 

River 
Fresh Water Flow 6000 cfs 
Ambient Temperature~ F 

PIIOI'OTYPl SCALE 
500' 0 500 lOOO' 

i '_".I: .. ~::=::::J 

! ;JftTmtlfril 
o , 2 ) • 5 b 7 8 9 10 ~ 0_ 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

oanskammer Plant 
fntake ~ OF 
Discharge 17.4 OF 
~T n.il OF 
Flow 700 cfs 

8 

j 
Roseton Plant 
Intake~ OF 
Discharge ....IT:..L ° F 
~T 16.9 OF 

/' 

* Outfall Configuration 2. 
Flow 1400 cfs 

** Outfall Configuration 1 B 

RoomAt~e 

Relative Humidity 84 % 

NOT(n't'Pl KAI.E 
000' 0 500 1000' 

c:=::::r=--=::::L-==:.: ~ 

Dry Bulb Temperature 77.4°F 
Thermal Equilibrium Box Temperature ~ OF 

River 

Fresh Water Flow 6000 cfs 
Ambient Temperature 76. B ° F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

QMR .... e. 
Intake 0.1 OF 

~~se~--:r.4 OF 

Flow-l(lQ cfs 
* Outfall Configuration ~ 

Room Atrnc>sphere 

Relative Humidity ~ % 

I 

Intake 0.2. OF 
Discharge ~ OF 
6T 16.8 OF 
Flow 1400 cfs 

"Outfall Configuration is 

Dry Bu Ib Temperature "11. Z ° F 
Thermal Equilibrium Box Temperature -:9:2.. ° F 

River 

Fresh Water Flow 6oco cfs 
. Ambient Temperature 76.$° F 

I 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Danskamrner Plant 
Intake 0·0 of 
Discharge 11. :3 ° F 
~T ('1.:3 of 
Flow....::JE!L cfs 

* Outfall Configuration 2 

Room Atmosp!1er8 

Relative Humidity ...k % 

II 

~ ~ 

1 0(\ ~ ~f~ 

Roseton Plant 
Intake.£L of 
Discharge 17.0 of 
6T fb·t of 
Flow 1.(00 cfs 

"Outfall Configuration '\8 

fJ 

PI2OfOTYf'( seAl. £ 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 
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A. With Barge 
B. Without Barge 
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Discharge 18 . .9 ° F 
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* 1. As Designed 
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*3. Diffuser - 10 fps 
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*1. As Designed 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 
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Discharge 18. "2. ° F 
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*1. As Designed 
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*2. Bulkhead 
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** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

~------=~------.~~ 
----;-= 

A 

l)anskaromar Plant 
Intake 0.4 of 
Discharge 16. 4 ° F 
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.. 1. As Designed 
*2. Bulkhead 
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.. 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 
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Intake ~ OF 
Discharge 16. 5 ° F 
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Intake~ OF 
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* Outfall Configuration 
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I 
I 

I 
I 

I 
I 

I 
I 

I 

::!J 
(i) 

Fresh Water Flow 6000 cfs 
Ambient Temperature"JA.8' F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B., Without Barge 

A 

Pansklmmer Plant 
Intake ~ OF 
Discharge 16.6 OF 
AT J2:.!.°F 
Flow~cfs 3 

it Outfall Configuration __ 

Room Atrnospttere 

a 

8018too Plant 
Intake~ OF 
Discharge .!.1£ OF 
AT '7.0 OF 
Flow 1400 cfs 

**Outfall Configuration ~ 

/ 

I'tIOlOTYH SCALE 

_' 0 500' _' j I 1 .. :=:::oJ 

Relative Humidity 80 % 
Dry Bulb Temperature 14.& OF 
Thermal Equilibrium Box Temperature -~5 OF 

tWa fLOW M.ostI1Qc I'lNfT _ TIM( 

! ~lt11TtHII ill 
River 

Fr-esh Water Flow 6OOc) cfs 
Ambient Temperature~F 

Date 20 SEPT. 7 Z. 

o 1 2 1 • • 6 1 •• 10 " 121m 

TEMPERATURE RISE ABOVE RIVER AMBIENT 

Hydrothermal Model Studies 

Danskammer-Roseton Power Stations 

~ 

:!! 
Cl 
C 
::tJ 
fTI 

~ 

~ 
o 



:~~ ~ ~ :~~:1 ~ 

I 

? 
\ 

\ 
\ 

* ,. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

, 

C> 

Rowton Plant Din*tmlDlr Plllnt 
Intake Q3 of 
Dischar;-l6·6 ° F 
~T~oF 
Flow~efs 

* Outfall Configuration ~ 

Intake 0.3 OF 
Discharge ...!'!:..!.- ° F 
~T fT·l OF 

Flow 1b efs 1 B 
** Outfall Configuration _ 

RbOmAt~ 

Relative Humidity .s3.. ~ _ 
Dry Bulb Temperature ~oF 
Thermal Equilibrium Box Temperature -0.6 OF 

River 

Frm Water Flow~ cfs 
Ambient Temperature:M:i.° F 

0II()f0TVP( SOl( 

_' I) _ 1000' c== I I. --":-':"-.::::1 

nJfttff[tfrH 
o 1 2 3 4 5 6 7 • 9 10 " 12_ 

" (i') 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

Pan*ammer 2'0t 
Intake O· of 
Dischar;;--1b.4 of 
6T~oF 
Flow....122.. cfs 

* Outfall Configuration ..L 
Room Atmosp!te!e 

R_ton Plant 
Intake~oF 
Dischar~ ill- 0 F 
6T 12.~ OF 
Flow 1400 cfs 

** Outfall Configuration ~ 
PIlO10'l,," SCAlf 

_' "",' 1000 , L_===:J 

Relative Humidity 77 ~ 
Dry Bulb Temperature~OF 
Thermal Equilibrium Box Temperature -06 OF 

j ;~ffj!UIDml 
River 

Fresh Water Flow~ cfs 
Ambient Temperature~F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

QR,,,,,. Pltpt RRJIl9D PIIDl 
Intake -t.!... 0 F 
Dischar9l' J1!.. 0 F 
6T~oF 

. Intake o.~ of 
Oi.charge 1~.7 0 F 
L\T~oF . 
Flow-=mQ..cfs 

* Outfall Configl,.lration 3 
Flo~OQ cfs 

** Outfall Configuration 1 B 

RoomAt~ 

Relative Humidity .:IS.. % 
Dry Bulb Temperature ~oF 
Thermal Equilibrium Box Temperature -~.5 0 F 

River 
Fresh Water Flow ~ cfs 
Ambient Temperature~F 

NO'fOTYPI $CAI.£ 

500' 100' 1000 , ,'-_ .. = 

j ;~mTIffi1fw_ 

, 
I 

I 
I 

I 
I 

I 
I 
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~f 

~ 

()aoskammer Pilot 
Intake - ~'2. OF 
Discharge 1~o OF 
AT 1b.7. OF 

JO-

00-

Flow~cfs 
* Outfall Configuration ~ 

Room AtmospJlere 

Rosetoo Plant 
Intake -1..L 0 F 
Dischar~ t8.8 0 F 
AT 117 OF 
Flow 1#0 cfs 

** Outfall Configuration ~ 

t 2. 

/ 

NOIOTYI'I SCAli: 
>00' 0 5011' -. 

i ! =.:..-== 
*1. As Designed 
*2. Bulkhead 

Relative Humidity ..::!L % 
Dry Bu Ib Temperature ~ 0 

F 
Thermal Equilibrium Box Temperature -0.S" OF ! ~lfjTfHJlf8J *3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

Biwr 

Fresh Water Flow~ cfs 
Ambient Temperature~F 

Date 20. 'St.t>T. 12 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

_ = ~r 
A 

1 

l~r; 
DaMgmpw Plant 

Intake 0·0 OF 
Discha~:2 OF 
6T 16.Q OF l . 

60-

Flow~cfs 
* Outfall Configuration ~ 

Room Atmosp,here 

BOJItoD Planl 
Intake 0.6 OF 
Discharge 18.0 OF 
6T n.2 OF 
Flow 1402.. cfs 

**Outfall Configuration ~ 

/ 

NOTOTYJ'( SCAli 
500' !GO tOOO' . ._.= 

Relative Humidity 76 ! 
Dry Bulb Temperature ~ OF 
Thermal Equilibrium Box Temperature -0.4 OF i ~lfiTffi11n]J 

River 
Fresh Water Flow 6000 cfs 
Ambient Temperature 11.8.0 F 

Date 20 ~PT. lc. 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

6 

Oanskamroer Plant 
Intake ~ of 
Disch.arge 16.4 of 
AT ~oF 
Flow~cfs 

* Outfall Configuration ~ 

RoomAt~ 

ROIIton Plant 
Intake .....2..:!. ° F 
DischanJe 11. 6 ° F 
AT 17.0 OF 

6 

cS\ ( ',,-

Flow 1100 cfs 
** Outfall Configuration ~ 

PIIOlOTYIS SCAlI 
!IOO' !IOIl'-. 

I L __ .-:::J 

Relative Humidity ...22. % 
Dry Bulb Temperature ~ ° F 
Thermal Equilibrium Box Temperature - 0·6 OF ~ ;}ftTffflli1fi 

River 

Fr-esh Water Flow6¢OOcfs 
Ambient TemperatureJ4.9'> F 

Date 20 SEPT. 7Z 
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* t. As Designed 
*2. Bulkhead 
fi3. Diffuser - 10 fps 

**1. All 14 Ports 

DpkIlDIJ1II' Pllnt 
. Intake 0.0 of Intake 0.3 of 

Dischar;-:t6· 1. 0 F Dischargp n. t» 0 F 
l\T ~ of l\T 1,. '3 of 
Flow....122.. efs Flow 11=00 efs 

* Outfall Configuration -L "Outfall Configuration t s 
Room At!!1O!p!!ere 

Relative Humidity 80 % 
Dry Bulb Temperature Ji·.8°F 
Thermal Equilibrium Box Temperature ~ of 

~TOIYI'( $CAt! 
SOO' 500' 1000' 

i :::J::.:.::::'-..::J 

River 
! !Ji1TffHlFJ] 

o , 2 J • 5 • 7 • , 10 " 0_ 

.." 

A. With Barge 

Frm Water Flow~cfs 
Ambient Temperature~o F 

Date 20 ~E.PT. 12 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

IlansklmmerPlAnt 
Intake -0.1 of 
Discharge ~ 2. of 
.6.T 1Q.3 of 
Flow~cfs 

* Outfall Configuration 3 

Room Atmosphere 

BOIIton Plant 
Intake 0.3 OF 
Dischargf! -1.1!.. OF 
.6.T 11.l OF 
Flow 1400 cfs 

**Outfall Configuration 16 

I 

I 
I 

I 
I 

I 
I 

'1 
Iff 

"-

i/ 

1'II01OT_ SCAI t 
500' 0 !lOG' -. 
== 

Relative Humidity ..12... % 
Dry Bulb Temperature ~oF 
Thermal Equilibrium Box Temperature -0.5 OF ~ ~JfjTi[tifm 

River 
Fr-esh Water Flow 6000 cfs 
Ambient Temperature 14.C;°F 

Date 20 ":£PT. "l'a 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

T<1 JO--

.0-

A 

/' 

IX 
r 

I 
R08too Plant 

Intake 0.3 of 
Dischar~ ft." ° F 
6T 11.1 of 

", ..... Plapt 
Intake ~ of 
Discharge 16.2. ° F 
6T ~oF 
Flow..1.SQ. cfs 

it Outfall Configuration ~ 
Flow 1iort cfs 

** Outfall Configuration J.!.. 
Room Atm0sp!!!r8 

Relative Humidity ~ % 
Dry Bulb Temperature l!:1.. OF 
Thermal Equilibrium Box Temperature -C>S ° F 

River 
Fresh Water Flow 6Q)Q cfs 
Ambient Temperature1.lio F 

PIlOIOrtft seA< ( 

500' 0 500' _' 
i , :r::::::=:J 

j ~JftTiHfiflll 
o 1 2 1 4 $ 6 7 •• 10 " 12_ 

I 
I 

I 
I 

.1 
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1 

I 

:!! 
(i') 

Date 20 SE.Pt "72 
TEMPERATURE RISE ABOVE RIVER AMBIENT i> 

Hydrothermal Model Studies 
Danskammer-Roseton Power Stations 

~ 

fTl 

J> 

~ 
CD 



A 

~k=::::::::C-----___ -T'-<'-1--7---' _.A ~ ~~~ 
.- --~ 
60-

I 

? , 
\ 

\ 

* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

[)amkamrner Plant 
Intake o.~ of 
Discharge 16.3 of 
AT~oF 
Flow...1Q2... cfs 

* Outfall Configuration 3 

Room Atmosp!lare 

B 
ROJI1on Plant 

Intake 0. 4 of 
Discharge ..!1:2.. ° F 
AT 16.9 of 
Flow 1.wo cfs 

**Outfall Configuration ~ 

/' 

1~ 

PIOlOTYP( SCAli 
500' 500' 1000' 

I === 
Relative Humidity 78 % 
Dry Bulb Temperature..:::d:! of 
Thermal Equilibrium Box Temperature -0.6 of i ;~ffnfffHnu_ 

River 
Fr~sh Water Flow 2Q22 cfs 
Ambient T emperatureJ1tL° F 

Date 20 ~EPT. "12. 
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DANSKAMMER 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

ROSETON 

LOAD 

DISCHARGE DESIGN 

DISCHARGE FLOW 

TEMPERATURE RISE 

OIL BARGE 

RIVER CONDITIONS 

AMBIENT TEMPERATURE 

FRESH WATER FLOW 

TEST DATE 

100% 

7 PORT DIFFUSER 

700 CFS 

17.3 F 

NOT OPERATING 

NOT INCLUDED 

69.9 F 

6000 CFS 

.21 SEPT. 1972 
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*1. As Designed 
*2. B~'~h~ 
*3. Diffu~r, - 10 fps 

* * 1. All 14 Ports 

A. With Barge 
B. WithQ\J,t ~-,~ge 

A 

...... _t 
'I)~ Q,'\ °If 9' . _.. .. 1;t;9, OF 

~~·If" 

JO-

60-

T<..f 

c) 
G 

'"_.' --=-- ° F 
Dischar9!t- -=- 0 F 
6T oF, 
Flo,w, efs 

/ 

IT_,~G-. 3 
* Oun~!h Cof)f~9Uration _ ** Outfall ConfiSDIration -=--
Room Atmose,ttare 

R~l;fj~ Humidity 1tt- % 
Dry Bulb TemperatUre~oF 
Thermal Equilibrium Box Temperature - 0.8 ° F 

River 

Fresh Water Flow~ cfs 
Ambient TemperatureilJ:F 

~lOTm SCALE 
500' 0 _ 1000 = __ L-= 

i!1HTfff;OTtLn 
o ,- 2 l • S • 1 I· ,. .. 11 VIlIS 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A. 

Owl*ammer Plant 
Intake 0.6 OF 
Discharge 18.0 OF 
llT ~oF 
FlowJ.e2. cfs 

Q 

i. 

<-J 

ROIItoo Plant 
Intake -=--OF 
Discharge --=-- 0 F 
llT OF 
Flow cfs 

0 

• Outfall Configuration -L. .* Outfall Configuration 

Room AtrnospJ1er8 

Relative Humidity ~ % 
Dry Bulb Temperature ~ OF 
Thermal Equilibrium Box Temperature -0.8 OF 

River 

Fresh Water Flow~ cfs 
Ambient Temperature~F 

/' --- ~ I 

I 
I 
I 
I 

_"" SCALi 500' 0 501)< 1000 
r==-:=:r-::='--=:::J 

j ;~~1ffrfiTifi 
o 1 2 1 4 5 6 7 a , 10 " 12_ 

Data 21 ~PT. it 
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* 1. As Designed . 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

T('1 

'-, 

A 

........ ' .. t 
lo~keQ.1 OF 
DilChjt IT 9 ° F 
AT 1 . OF 

JO-

to-

FlpW~cfs 
* Outfall CQnfiguration ~ 

Room Atrnosp!!!re 

~~ :<1 

6 6 

I ta.k - OF n: .. ,~_ ° 
Ditch.rge -=-- F 
AT .. OF 
FI.()W •• - cfs 

* * Outfall Configuration 
NOlOTYPl SCAl! 

soo' 0 _ ~ 

c:.: __ I x== 
Relative Humidity ~ % 
Dry Bulb Temperature~oF 
Thermal Equilibrium Box Temperature ~ OF HlfrTfffftfrn 

River 
Fresh Water Flow 2Q2Q cfs 
Ambient Temperature i9 .80 F 

Date 21 ~E PT- 7Z 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

/ 

d 
---'\ 

Oanskammer plant 
Intake ...Q:L 0 F 
Discharge la, 0 F 
~T J.L.!... OF 
Flow....12Q... cfs 

* Outfall Configuration ~ 

Room Atmosp!!ere 

Relative Humidity ~ % 

ROJIton Plant 

Intake -=-- ° F 
, Discharge ---=-... ° F 
~T OF 
Flow cfs 

**Outfall Configuration 
I't!OtOTVl'IE SCAlf 

500 0 _' 
"1000' 

r=:=::r::==J-- _:::J 

Dry Bulb Temperature 10:1 OF 
Thermal Equilibrium Box Temperature ~ OF !aftTTIHlfrn 

River 

F rash Water Flow 6cco cfs 
Ambient Temperature~.8°F 

Date- 21 SEPT. "'lZ 
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*1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Qamkamrner Plant 
Intake ..2:i. OF 
Discharge 11.6 OF 
6T ..112...°F 

JO-

60-

Flow 100 efs 
• Outfall Configuration 3 

Room AtmospJ!ere 

Intake -=- 0 F 
Discharge _-_ 0 F 
6T OF 
Flow -=--_ efs 

** Outfall Configuration 

Relative Humidity 93 % 
Dry Bulb Temperature J2:.l OF 
Thermal Equilibrium Box Temperature .:.2:.!- OF 

River 
Fresh Water Flow 6000 cfs 
Ambient Temperature§9.8°F 

T<'1 

IIIOlOTYPi SCI.LI. 
_' 0 _: __ _ 

I 'A=:t __ =:::I 

_ IlCIW AI,,1IDH f'LNOl vasus 1M 

i~IDrnmlm 
o 1 2 ] 4 5 • 7 • 9 to " a*S 

.,., -
Data 21 ~ PT. '1Z 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A .• 

o 

DanskamOJ8[ Plant 
Intake ~ of 
Djschar~ 1"t6 of 
~T~oF 
Flow.....l'2Q. cfs 

* Outfall Configuration 3 

RoomAt~ 

Relative Humidity ..22... % 

J 

J 
R-ton Plant 

Intake --=-- ° F 
Discharge ~ ° F 
~T OF 
Flow cfs 

**Outfall Configuration 

/ 

I'IIOIOTYPl SCAl( 
_. 500J. IlOO 

I t.= 

Dry Bulb Temperature Jg.l OF 
Thermal Equilibrium Box Temperature -0.7 OF i !JfjTffmfrn 

River 

Fresh Water Flow 6000 cfs 
Ambient Temperature6,.8°F 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

...... ".ot 
IDs.ke 0.6 of 
OiS!;:harge fl.7 0 F 
!::.T 1"T.1 of 

)0-, 

60-

Flow..19JiLcfs 
* Outfall 'COnfiguration 3 

Room Atmosp!!!re 

Relative ,Humidity 92 % 

ROIIton PHot 

Intake --=-- ° F 
Discharge ~ ° F 
!::.T of 
Flow~_ cfs 

T<1 

**Outfall Configuration -=--
I'IIOIOrm S(:AI E 

_' 0 _' 1000 r====r:-=-'-=-:J 

Dry Bulb Temperature.1B!... of 
Thermal Equilibrium Box Temperature -0.6 of i ~JftTff[ti1J] 

River 

Fresh Water Flow60g0 cfs 
Ambient Temperature 6Cf. q -,: 

Data Z. t "5EPT. "lz. 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

**1. All 14 Ports 

A. With Barge 
B. Without Barge 

QanUmmer Plant 
Intake 0·.8 OF 
Discharge n.s OF 
/j. T ..ll:.L ° F 
Flow~cfs 

Intake -=-- ° F 
Discharge -=--OF 
6T OF 
Flow cfs 

* Outfall Configuration ~ **Outfall Configuration 
PIOlOnI'II SCAli 

~' ~'-' I ! --, 
Room Atmosp!!ere 

Relative Humidity ~ % 
_ JIDOt IIJlIO&lIlM rv'>!1_ y.-

Dry Bulb Temperature '1.2 OF 
Thermal Equilibrium Box Temperature ~ OF ~ ~Ji1lT1i'll1 ill 

River 
Fr-esh Water Flow ~ cfs 
Ambient Temperature~OF 

Data 21 ~Pt 12 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 

** 1. All 14 Ports 

A. With Barge 
B. Without Barge 

A 

Obtd,mq* Plant 
Intake ..2:.!... ° F 
D;$chatge n. S ° F 
6T .ru..°F 
Flow..1m.. cfs 

JO-

60-

~ 
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* 1. As Designed 
*2. Bulkhead 
*3. Diffuser - 10 fps 
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