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INTRODUCTION

The Susquehanna Steam Electric Station (Susquehanna SES) is a nuclear

generating station with two boiling water reactors, each with an electrical

generating capacity of 1,050 megawatts. It is located on, a '450-hectare site in

Salem Township, Luzerne County, 8 km northeast of Berwick, Pennsylvania. Under

terms of an agreement finalized in January 1978, 90% of the Susquehanna SES is

owned by the Pennsylvania Power and Light Company (PP&L) and 10% by the

Allegheny Electric Cooperative, Inc.

Ichthyological Associates, Inc. (IA) has conducted ecological studies near

the Susquehanna SES since 1971. Aquatic studies have been. done in the

Susquehanna River each year since then and terrestrial investigations of the

Station site were conducted in 1972-74 and. 1977-present. The objective of

these. studies was to establish a preoperational baseline of ecological

conditions in the river and on the .site prior to fuel load in the Unit 1

reactor. Fuel load was completed on I September 1982. As of this date, the

preoperational studies were terminated 'and operational studies were begun using

the same procedures. The environmental impact of the Susquehanna SES will, be

evaluated by comparing operational to preoperational data. Commercial

production of electricity at Units 1 and 2 began on 8 June 1983 and 12 February

1985, respectively.

Throughout 1984, both. aquatic and terrestrial studies were continued.

Various physicochemical characteristics of the river were measured, and its

algal, macroinvertebrate, and fish populations were monitored. Terrestrial

investigations of the site dealt with studies of flora, vegetation, and birds.
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Sampling procedures, data, tabulations, and interpretation of the results are

presented for each study in this annual progress report for 1984. A detailed

description of procedures for sampling and data base management have also been

documented (Ichthyological Associates, Inc. 1984).

Most of the aquatic studies were conduc~ted within 2 km of the intake

structure and discharge diffuser of the Susquehanna SES. The slope of the

riverbed in this stretch is 0.3 m/km and the average width is 300 m. Depth is

relatively shallow in most areas (less than 2 m), but some pools may exceed 5 m

even during low river flow. During periods of low flow, which normally occur

in late summer and early autumn, abandoned eel walls help dam pools, some of

which extend several kilometers upriver. In times of high flow, the river

level commonly increases 3 m or more, and its flow characteristics resemble an

open. channel.

Beginning about 50 km upriver from the site, the "Wyoming Region" of the

northern anthracite coalfield lies beneath or adjacent to the river. Acid mine

drainages from. this area, which enter from abandoned strip and shaft mines,

degrade the water quality at the site (Gale et al. 1976). Throughout this same

area, domestic sewage, most of which has undergone primary treatment, also

enters the river at several locations.

Terrestrial studies were done on the site or adjacent PP&L properties

located within the Ridge and Valley Section of the Appalachian Valley Province

(Fenneman 1938). Elevations in the study area ranged from 150 m above mean sea

level on the river floodplain to a maximum of 372 m on Council Cup Ridge, 3 km

southeast of the site.
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EXECUTIVE SUMMARY

The objective of the environmental studies conducted by Ichthyological

Associates, Inc. during 1984 was to assess the impact of the Susquehanna SES

upon the ecology of the Susquehanna River and local terrestrial areas. This

was accomplished by comparison of preoperational and operational data. Aquatic

studies were done at.sites upriver from the Susquehanna SES intake structure

(SSES) and downriver from the discharge diffuser (Bell Bend). Most terrestrial

studies were done on Study plots surrounding the generating station. Brief

summaries of the results of the 1984 studies follow.

Statistical analyses of physicochemical data collected from the

Susquehanna River near the Susquehanna SES showed no significant change in

water quality from 1978 through 1984. Suspended sediments from highway

construction upriver caused turbid river conditions during the summer. River

water quality was not adversely affected by the Susquehanna SES effluent.

Levels of all parameters tested were within water quality criteria established

by the Pennsylvania Department of Environmental Resources, except for total and

dissolved iron which, historically, have exceeded allowable concentrations in

the river throughout preoperational studies.

Results of algae (periphyton and phytoplankton) collections at SSES and

Bell Bend in 1984 did not indicate any impact from operation of the Susquehanna

SES. Overall, mean periphyton density at both sites in 1984 (800 units/mm2 )

decreased from the 1,100 units/mm2 found in 1983; density at both sites peaked

in October. Overall, phytoplankton density also decreased at both sites from

11,400 units/ml in 1983 to 3,500 units/ml in 1984. These decreases in algal

density were probably a result of unusually high turbidity resulting from the

highway construction upriver.
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Benthic inacroinvertebrates were sampled at SSES and Bell Bend in 1984.
P2

Mean macroinvertebrate density (stations combined) was 27,400 organisms/mr,

similar to that found in 1981 and 1982, but 36% less than in 1983. Chironomids

composed 45% of the annual mean organisms collected. Annual mean biomass (2.5

g/m 2 ) was slightly less than the mean of the previous six years. Low mean

river temperatures and high flows rather than operation of the Susquehanna SES,

probably caused these decreases in density and biomass in 1984.

Larval fish drift sampled at SSES and Bell Bend produced a total of 1,981

larvae (96% prolarvae) of 16 species. Common carp, tessellated darter,

quillback, spottail shiner, spotfin shiner, and banded darter composed 96% of

the total larvae. Overall, mean density of larval fish at SSES (5.8 fish/10

m3 ) and Bell Bend (7.1 fish/iO M3
) was similar and no effect of the Susquehanna

SES was found on' density or composition of larval fish drift.

Fishes were sampled by electrofishing, and seining at SSES and Bell Bend in

1984. While electrofishing, 2,748 specimens (24 species and one hybrid) were

observed at both stations; quillback, white sucker, northern hog sucker,

shorthead redhorse, and smallmouth bass composed 61% of the Itotal. The annual

mean number of fish observed per unit effort at SSES was significantly greater

than at Bell Bend. Seining produced 1,214 specimens (19 species) at both

stations; spottail shiner, spotfin shiner, and bluntnose minnow composed 87% of

the total. There was no significant difference in the annual mean number of

fish captured per unit effort at SSES and Bell Bend. Although fewer fishes

were found at Bell Bend while electrofishing, no impact was detected from

operation of the Susquehanna SES.

During 48 angler surveys on the Susquehanna River near the Susquehanna SES

in 1984, 490 anglers were interviewed. Channel catfish was the most frequently
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caught fish (25% of the total catch) followed by smallmouth bass, walleye, rock

bass, common carp, white sucker, bluegill, and brown bullhead. Projected for

1984, an estimated 2,942 anglers fished 10,329 hours, caught 4,468 fish, and

harvested or removed 1,666 of these in the study area. Compared to previous

9tudies in 1981, 1982,' and 1983, river angling was suppressed by turbid river

conditions from late June through mid-September as a result of highway

construction upriver.

Flora and vegetation studies documented 701 species of vascular plants

near the susquehanna- SES since 1972. Quantitative vegetation studies in upland

forest plots revealed 53 significant changes in 1984. Of those at Susquehanna

SES, 30 had been found in previous years. Sixteen significant changes occurred

in the river bottom forest, five more than in 1983, and 40 significant changes

occurred in two abandoned fields. Most of these changes were normal

successional changes and none could be attributed to the operation of the

Susquehanna SES.

Studies of bird populations near the Susquehanna SES in 1984 revealed 197

species and two hybrids; an immature bald eagle was the only species sighted

that was listed as either threatened or endangered by the U.S. Department of

the Interior. Breeding bird studies and seasonal bird counts conducted in the

same plots showed that the densities of most species were similar; however,

some significant density changes were found in all plots. These changes can be

attributed to natural causes rather than operation of the Susquehanna SES. In

the bird impaction study of the Unit 1 and 2 cooling towers, 24 birds of at

least 11 species were collected during spring and autumn migrations. Fewer

impacted birds were collected in 1984 than in previous years.
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ABSTRACT

Physicochemlical data were collected at a control site (SSES) upriver from

the Susquehanna SES intake, a site downriver from the discharge diffuser (Bell

Bend), and the Susquehanna SES Biological Laboratory. River temperatpre

ranged from 0.0 to 26.8 C, level from 148.21. to 155.19 m above msl, and flow

from 45 to 6,305 m3 /s. A new minimum was recorded at SSES f or total iron, and

a new maximum for total alkalinity. At Bell Bend, there was a new minimum for

Secchi disc depth and new maxima for total iron and total residue. Suspended

sediment from highway construction upriver caused turbid conditions near the

Susquehanna SES during the summer months. Statistical analyses of the

physicochemical data from 1978 through 1984 showed no significant changes in

water quality.

Water quality of the Susquehanna River was not adversely affected by the

effluent of the Susquehanna SES. River temperature, dissolved oxygen, pH,

total alkalinity, and filtrable residue data collected at Bell Bend were

within Susquehanna River water quality criteria established *by the

Pennsylvania Department of Environmental Resources (PDER). Total and

dissolved iron concentrations at Bell Bend exceeded the PDER criteria in a

majority of samples; however, the concentrations were usually lower than those

at the SSES control site. Historically, iron concentrations have exceeded

PDER criteria throughout preoperational studies.

INTRODUCTION

This report presents physicochemical data collected from the Susquehanna

River near the Susquehanna SES in 1984. The objective from 1971 to
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I September 1982 was to establish a baseline of preoperational water quality

data. These data are in annual reports from, 1971 through 1982 (Ichthyological

Associates 1972; IchthyologicalAssociates, Inc. 1973-74; Smith and Soya 1976;

Jacobsen and Soya 1976-77; Soya and Jacobsen 1978-82; Soya et al. 1983).

'Operation and testing of the Unit 1 reactor of the Susquehanna SES began on

1' September 1982. Water quality of the river was 'not adversely affected by

the effluent of the Susquehanna SES in 1983 (Soya et al. 1984). The 1984 data

were compared to water quality criteria established for the Susquehanna River

by the Pennsylvania Department of Environmental Resources (PDER).

PROCEDURES

Physicochemical data were collected from the river at the Susquehanna SES

Biological Laboratory and the SSES and Bell Bend sampling sites (Fig. A-i).

The laboratory is on the west bank, 495 m upriver from the center of the

Susquehanna SES intake structure. The control site, SSES, is 230 m upriver

from the intake structure and Bell Bend is 690 m downriver from the

Susquehanna SES discharge diffuser; both are about 40 m from the west bank.

The sites are 1.14 km apart.

River temperature and level were monitored (Table A-i) at the laboratory.

Temperature and depth of the river were recorded continuously on 7-day graphs.

Sensors for both recorders were located on the river bottom within 30'm of the

bank. Temperature (C) was read directly from the graph, whereas depth (ft)

was converted to river level (m) above mean sea level (msl). River level data

were used to calculate flow (m3 /s) (Table A-i). Daily means of temperature

and level were determined by averaging hourly values from 0100 through 2400 h.



The daily minimum and maximum temperature and level and their respective hour

of occurrence were tabulated. When either a minimum or maximum value remained

constant for several hours in a day, only the first hour of occurrence was

noted.

Physicochemical data were collected at the SSES and Bell Bend sites twice

per week from April through September, and once per week from January through

March and October through December. The order of sampling and analysis at the

two sites was randomly determined. All samples were collected between 1200

and 1400 h. A grab sample and dissolved oxygen sample of surface water were

taken while drifting over each site in a boat; air and surface water

temperature, Secchi disc depth, and prevailing weather conditions were

recorded (Table A-i). Ice cover prevented navigation on 27 January and

samples were collected in ice-free areas along the west shore at both sites;

Secchi disc depth was not recorded due to shallow water. River level and flow

were tabulated with the SSES data.

Samples 'were immediately transported to the laboratory and analyzed for

dissolved oxygen, pH, total alkalinity, specific conductance, sulfate,

residues (total, fixed total, and nonfiltrable), and turbidity (Table A-I).

Each laboratory analysis was performed at least twice and the mean was

reported. All calculations were maintained in bound notebooks. Aliquots of

each grab sample were fixed for analyses of total and dissolved iron (Table

A-i) performed by personnel at the Pennsylvania Power and Light (PP&L) Water

Laboratory, Hazleton, Pennsylvania. All analyses were conducted within the

holding time recommended by the U.S. Environmental Protection Agency (EPA

1979).
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Physicochemical data collected in 1984 were statistically gnalyzed. The

nonparametric Wilcoxon signed rank test (Siegel 1956) was used tQ compare

differences between data collected at SSES and Bell Bend. Data collected at

the laboratory, SSES, and Bell Bend were compared to those obtained in

previous years. Nonparametric statistics were used to determine if: 1)

year-to-year changes had occurred in each parameter using Friedman's two-way

analysis of variance test (S), and 2) a trend among years was present using

Page's distribution-free test (L) for ordered. alternatives (Hollander and

Wolfe 1973). The tests were based on monthly mean values from 1978 through

1984. The 5% probability level was used to determine significance.

Personnel from the Susquehanna SES Biological Laboratory collected river

surface water samples monthly at SSES and Bell Bend (Fig. A-I) for analysis at

the-PP&L Water Laboratory. Water temperature and dissolved oxygen were

measured in the field; all other analyses were made at the PP&L Laboratory

according to Standard Methods (APHA 1980) or Methods for Chemical Analysis of

Water and Wastes (EPA 1979).

RESULTS AND DISCUSSION

In 1984, the-river temperature ranged from 0.0 C, recorded on numerous

days in January, February, and March, to 26.8 C on 16 July (Table A-2). The

lowest daily mean temperature, also 0.0 C, occurred on several days in

January, whereas the highest, 26.0 C, occurred on 9 August. The daily mean

temperature varied least in January (Standard Error = 0.02) and most in June

(SE = 0.62). The monthly mean temperature was lowest, 0.1 C, in January and

highest, 23.9 C, in August. Daily water temperature fluctuations of 0.5 C or
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greater occurred in each month. These fluctuations were found in 98% of the

days when the daily mean temperature was greater than 10.0 C and 65% of the

days when the daily mean temperature was 10.0 C or less. The maximum

fluctuation, 3.4 C, occurred on 6 October.

The minimum river level, 148.21 m above msl, occurred on 14, 15, 19, 20,

21, and 22 October (Table A-3). The maximum river level, 155.19 m above msl,

was recorded on 7 April. The daily mean level varied least in October (SE =

0.008) and most in February (SE = 0.310). The monthly mean level was highest,'

151.14 m above msl, in April and lowest, 148.27 m above msl, in October.

River flow ranged from 45 mS/s to 6,305 m3 /s (-calculated from the minimum

and maximum river levels). The daily mean flow was least, 45 m3 /s, on 14, 15,

19, 20, and 21 October and greatest, 5,948 ms/s, on 7 April (Table A-4). The

daily mean flow varied least in October (SE = 1.3) and most in February (SE

248.2). The monthly mean flow was lowest, 54 ms/s, in October and highest,

1,559 m3 /s, in April.

Acid mine water enters the river'at several abandoned coal mine drainages

from the confluence with the Lackawanna River to Nanticoke, Pennsylvania, 48

km and 22 km upriver, respectively. Sewage effluents (raw, primary, and

secondary) also flow into the river from several upriver towns -and cities from

as near as 6 km. Although these pollutants degraded water quality at the

Susquehanna SES site in 1984, overall improvement has been documented since

1976 (Soya et al. 1984).

Physicochemical data collected at SSES and Bell Bend were similar

throughout 1984 (Table A-5). Annual means were identical at both sites for 7

of 15 parameters (Table A-6). The means of all other parameters at Bell Bend
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varied less than ±3.6% of those at SSES. Even though there Yas little

difference in the annual means between thd sites, significant p'atterns

occurred in the data. Wilcoxon analysis of the 1984 data showed that

dissolved iron was higher at S'SES a significantly greater number of times and

that total alkalinity, specific conductance, and total, nonfiltrable, and

filtrable residues were higher at Bell Bend,-a significantly greater number of

times (Table A-7).

When the Wilcoxon analysis was applied to the physicochemical data

collected in 1983 and 1984, we found that turbidity, sulfate, total iron,

and dissolved iron were higher at SSES a significantly greater number of

times; Secchi disc depth, dissolved oxygen, pH, total alkalinity, specific

conductance, total residue, and filtrable residue were higher at Bell Bend a

significantly greater number of times (Table A-8). These patterns also

occurred in preoperational data collected from 1978 through 1982 (Soya et al.

1983) with the exception of pH and specific conductance.

The pH in all samples collected at Bell Bend throughout 1984 was within

the range of the Susquehanna. River water quality criteria (6.0-9.0 pH units)

established by the Pennsylvania Department of Environmental Resources (PDER

1979). There is no criteria for specific conductance, but the filtrable

residue (total dissolved solids), which is directly related to specific

conductance in the river (Soya and Jacobsen 1982), did not exceed the PDER

criteria in any sample at Bell Bend in 1984. In addition, total alkalinity,

dissolved oxygen, and temperature were within PDER criteria in all samples

collected at Bell Bend throughout the year.
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Total iron concentrations in 1984 exceeded the 1.5 mg/i criteria (PDER

1979) in 51 of 78 samples (65%) at SSES and Bell Bend. For the period 1978

through 1984, there were more total iron samples greater than 1.5 mg/i at SSES

(76%) than at Bell Bend (70%); the number has been greater at SSES each year

except 1984. These data indicate that there has been a gradual decline in the

concentration of total iron, and also support the Wilcoxon analysis of higher

total iron concentrations at SSES. The dissolved iron criteria of the PDER,

0.3 mg/l, was exceeded in 61 of 78 samples (78%) at SSES and 57 of 78 samples

(73%) at Bell Bend sites in 1984.

Most data collected in 1984 were within ranges established for the SSES

and Bell Bend sites since 1972 and 1978, respectively (Table A-9). However,

new minima were recorded at SSES for total iron (0.86 mg/l on 30 March) and

Bell Bend for Secchi disc depth (3 cm on 16 February). There were new maxima

at SSES for total alkalinity (88 mg/l on 21 September) and Bell Bend for total

iron (25.4 mg/l on 16 February) and total residue (728 mg/i on 16 February).

Suspended sediment from highway -construction on the Chemung River, a

major tributary of the Susquehanna River in New York, caused turbid conditions

near the Susquehanna SES in June, July, and August. River samples collected

on 22 and 26 June, 10 July, and 17 and 21 August had turbidities from .40 to

240 NTU and nonfiltrable residues from 66 to 308 mg/i (Table A-5). The limit

of visibility (Secchi disc depth) in all of these samples was less than 20 cm.

Water clarity improved between these periods of high turbidity, but the river

continued to appear "muddy" throughout much of the summer.

Statistical analyses of the physicochemical data collected from 1978

through 1984 revealed no significant water quality trends at either SSES or



16

Bell Bend (Table A-10). Prior to 1978, significant improved Oater quality

trends were observed at SSES (Soya et al. 1984). These trends werd associated

with the termination of pumping coal mine water into the river at several

locations upriver from the Susquehanna SES site in 1972 as a result of

flooding from Tropical Storm Agnes. Since no trends were observed from 1978

through 1984, it is evident that most improyement occurred between 1972 and

1978. This is supported by PDER data collected at four major upriver mine

effluents (Table A-il). The water quality at these effluents improved more

from 1972 through 1977 than from 1978 through 1984.

A total of 44 water quality parameters was analyzed by personnel from the

PP&L Water Laboratory monthly from samples collected at SSES and Bell Bend

(Table A-12). The concentrations of sulfate, iron, aluminum, and manganese

show that acid mine drainage pollution persists at the site. Total iron.

concentrations in 7 of 12 samples at Bell Bend exceeded the PDER limit of 1.5

mg/l; total manganese concentrations did not exceed the PDER limit of 1.0 mg/l

in any month. Major cation and anion composition at SSES was similar to that

found in previous years (Soya et al. 1984). Calcium was the dominant cation

(mean 29.9 mg/l and 1.49 me/l). The dominant anion in each sample was

either bicarbonate (mean = 66.6 mg/l and 1.09 me/l) or sulfate (mean = 42.5

mg/l and 0.88 me/l). There were no discernable or consistent differences

between SSES and Bell Bend throughout the PP&L data.
/

Based on 1984 data, water quality of the Susquehanna River was not

adversely affected by the effluent of the Susquehanna SES. River temperature,

dissolved oxygen, pH, total alkalinity, and filtrable residue data collected

at Bell Bend were within criteria established for the river by the PDER.
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Specific conductance was usually greater at Bell Bend during low flow periods.

Total and dissolved iron concentrations at Bell Bend exceeded the PDER

criteria in .a majority of the samples; however, the concentrations were

usually lower than those at the SSES control site. Historically, iron

concentrations have exceeded PDER criteria throughout preoperational studies.

REFERENCES ,CITED

American Chain and Cable Company, Bristol Division. 1971. Instruction manual
for indicating and recording liquid-level bubbler-type gauges in seriesý
"500" case. ACCO, Bristol Division, Waterbury, CT. Loose-leaf publ.,
n.p.

American Public Health Association. 1980. Standard methods for the
examination of water and wastewater. 15th ed. APHA, Washington, D.C.
1134 pp.

Hewlett-Packard. 1972. HP-9830A STAT PAC. Vol. 1. Hewlett-Packard,
Loveland, CO. 75 pp.

Hollander, M. and D. A. Wolfe. 1973. Nonparametric statistical methods.
John Wiley and Sons, Inc., New York, NY. 503 pp.

Ichthyological Associates. 1972. An ecological study of the North Branch
Susquehanna River in the vicinity of Berwick, Pennsylvania (Progress
report for the period January-December 1971). Pa. Power and Light Co.,
Allentown, PA. 232 pp.

Ichthyological AssociAtes, Inc. 1973. An ecological study. of the North
Branch Susquehanna River in the vicinity of Berwick, Pennsylvania
(Progress, report for the period January-December 1972). Pa. Power and
Light Co., Allentown, PA. 658 pp.

.1974. An ecological study of the North Branch Susquehanna River in
the vicinity of Berwick, Pennsylvania (Progress report for the period
January-December 1973). Pa. Power and Light Co., Allentown, PA. 838 pp.

Jacobsen, T. V. and W. J. Soya. 1976. Physicochemical analyses. Pages 3-47
in T. V. Jacobsen (ed.), Ecological studies of the North Branch
Susquehanna River in the vicinity of the Susquehanna Steam Electric
Station (Annual report for 1975). Ichthyological Associates, Inc.,
Berwick, PA.



18

and . 1977. Physicochemical analyses. Pages.3-35 in T. V.
Jacobsen (ed.), Ecological studies of the Susquehanna River in the
vicinity of the Susquehanna Steam Electric Station (Annual report for
1976). Ichthyological Associates, Inc., Berwick, PA.

Pennsylvania Department of Environmental Resources. 1979. Water quality
standards, chapter 93. Rules and Regulations, title 25. Article II,
water resources. PDER, Harrisburg, PA. 142 pp.

Siegel, S. 1956. Nonparametric statistics for the behavioral sciences.
McGraw-Hill Book Co., Inc., New York, NY. 312 pp.

Smith, K. M. and W. J. Soya. 1976. Physicochemical analyses. Pages 3-41 in
T. V. Jacobsen (ed.), Ecological studies of the North Branch Susquehanna
River in the vicinity of the Susquehanna Steam Electric Station (Progress
report for the period January-December 1974). Ichthyological Associates,
Inc., Berwick, PA.

Soya, W. J. and T. V. Jacobsen. 1978. Physicochemical analyses. Pages 3-34
in T. V. Jacobsen (ed.), Ecological studies of the Susquehanna River in
the vicinity of the Susquehanna Steam Electric Station (Annual report for
1977). Ichthyological Associates, Inc., Berwick, PA.

and . 1979. Physicochemical analyses. Pages 3-42 in T. V.
Jacobsen (ed.), Ecological studies of the Susquehanna River in the
vicinity of the Susquehanna Steam Electric Station' (Annual report for
1978). Ichthyological Associates, Inc., Berwick, PA.

and . 1980. Physicochemical analyses. Pages 3-43 in T. V.
Jacobsen (ed.), Ecological studies of the Susquehanna River in the
vicinity of the Susquehanna Steam Electric Station (Annual report for
1979). Ichthyological Associates, Inc., Berwick, PA.

and . 1981. Physicochemical analyses. Pages 3-44 in T. V.
Jacobsen (ed.), Ecological studies of the Susquehanna River in the
vicinity of the Susquehanna Steam Electric Station (Annual report for
1980).- Ichthyological Associates, Inc., Berwick, PA.

and . 1982. Physicochemical analyses. Pages 3-47 in T. V.
Jacobsen (ed.), Ecological studies of the Susquehanna River in the
vicinity of the Susquehanna Steam Electric Station (1981 annual report).
Ichthyological.Associates, Inc., Berwick, PA.

Soya, W. J., B. P. Mangan, and T. V. Jacobsen. 1983. Physicochemical
analyses. Pages 4-46 in T. V. Jacobsen (ed.), Ecological studies of the
Susquehanna River in the vicinity of the Susquehanna Steam Electric
Station (1982 annual report). Ichthyological Associates, Inc., Berwick,
PA.



19

, , and 1984. Physicochemical analyses. Pages

7-57 in T. V. Jacobsen (ed.), Ecological studies of the 'Susquehanna River

in the vicinity of the Susquehanna Steam Electric Station (1983 annual

report).' Ichthyological Associates, Inc., Berwick, PA.

U. S. Environmental Protection Agency. 1979. Methods for chemical analysis

of water and wastes. EPA, Cincinnati, OH. 460 pp.

Welch, P. S. 1948. Limnological methods. McGraw-Hill Book Co., Inc., New

York, NY. 318 pp.



20

Table A-i

Physicochemical parameters and methods of analyses, 1984.

Parameter

River level

River flow

River temperature

Air temperature

Dissolved oxygen

PH

Total alkalinity

Specific conductance

Sulfate

Total iron

Dissolved iron

Total.residue

Fixed total residue

Nonfiltrable residue

Filtrable residue

Turbidity

Secchi disc depth

Method

Seven-da" continuous recording* from an
ACCO Bristol, tlodel, t:o. G500-15
bubbler-type water level gauge

River flow = 231.4857 + 321.2703 (river
level -149) + 106.6087 (river level
-149)2

Seven-day continuous recordings from a
calibrated, Leeds and Northrup
Speedomax. Thermistor-type, Model R
temperature recorder

Calibrated, mercury thermometer

Calibrated, mercury thermometer

Azide. modification of Winkler

Glass electrode

Potentiometric titration

Self-contained conductivity meter

Turbidimetric

Atomic absorption spectrophotometric
determination of extractable iron

Atomic absorption spectrophotometric
determination of dissolved iron

Evaporation, dried at 105 C

Ignition of total residue at 550 C

Residue retained on a glass fiber
filter, dried at 105 C

Calculatiun; total residues minus
nonfiltrable residue

Nephelometric

Limit of visibility

Referonce

ACCO (1971)

H-_,wlvt•t tlacka*r.';

(1972)

APHA (1980)

APHA

APHA

APHA

AP(IA

APHA

API[A

APHA

APHA

(1980)

(1980)

(1980)

(1980)

i1980)

(1980)

(1980)

(1980)

APHA (1980)

APHA (1980)

APHA (1980)

APHA (1980)

APHA (1980)

Welch (1948)
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Table A-2

ýaily minimum, maximum, and mean temperature (C) of the Susquehanna River at the 'Susquehanna SES Biological Laboratorv,

1964.

DATE MIN 4JV M (T IM .F M) )A. MUq (TIME) 4EAN DATE MI 4I1 X M (TIME) .AXI.WJ M (TIME) MEAN

1 0.0 0100 0.0 0100 0.0 1 0.1 0200 0.6 1500 0.2

2 0.0 0100 0.0 0100 0.0 2 0.1 0100 0.6 1300 0.2

3 0.0 0100 0.0 0100 0.0 3 0.1 0400 0.6 1300 0.5

4 0.0 0100 0.1 1700 0.0 4 0.7 0100 1.5 1300 1.1

5 0.0 0600 0.1 0100 0.1 5 0.7 2100 1.0 0100 0.9

6 0.0 0600 0.1 0100 0.1 6 0.4 2400 0.9 1200 0.6

7 0.0 1900 0.2 1400 0.1 7 0.1 2300 0. 9 1300 .. 4

q 0.0 0100 0.0 0100 0.0 8 0.0 2400 0.5 1200 0.2

9 0.0 0100 0.1 1000 0.1 9 0.0 0100 0.9 1300. 0.3

10 0.1 2100 0.3 1200 0.2 10 0.2 0100 1.4 1300 0.6

11 0.0 0400 0.3 1300 0.1 11 1.0 0100 1.7 1400 1.3

12 0.0 0100 0.3 1200 0.1 12 1.2 0100 1.9 1300 1.4

13 0.0 0100 0.1 1100 0.1 13 1.1 1600 1.3 1300 * 1.2

14 0.1 0100 0.3 1400 0.1 14 0.0 2300 1.4 0400 1.1

15 0.0 0400 0.5 1300 0.1 15 0.0 0100 1.2 2300 0.4

16 0.0 0100 041 1300 0.0 16 1.2 0100 1.6 1300 1.4

17 0.0 0100 0.3 1500 0.1 17 1.5 0100 2.4 2400 2.0

18 0.0 0100 0.1 1000 0.1 18 2.4 0100 3.0 1400 2.8

19 0.1 0100 0.3 1300 0.2 19 3.0 0100 3. 5 2300 13.2

20 0.1 0100 0.3 1500 0.1 20 3.3 0700 3.6 1200 3.5

21 0.1 0100 0.2 1300 0.1 21 3.1 2200 3.4 0100 3.2

22 0.1 0100 0.2 1500 0.1 22 2.8 0800 3.1 0100 3.0

23 0.0 2000 0.2 1300 0.1 23 2.7 0700 3.0 2200 2.9

24 0.0 0100 0.1 1300 0.0 24 3.0 0100 3.8 2200 3.4

25 0.0 0100 0.1 1100 0.0 25 3.6 0100 4.0 1000 3.9

26 0.0 0100 0.2 1300 0.1 26' 3.3 0800 3.9 0100 3.6

27 0.1 0100 0.6 1300 0.3 27 3.0 2400 3.6 0100 3.2

28 0.2 0100 0.7 1300 0.3 28 2.4 2300 3.0 0100 2.8

29. 0.1 0100 0.3 1200 0.2 29 1.7 2300 2.3 0100 2.0

30 0.2 0100 0.5 1200 0.3
31 0.2 2400 0.8 1300 0.5

M?4A4 0.1 .CA4 1.8

sE 0.02 SE 0.23

MAR. APR
1 0.6 2400 1.6 0100 1.1 1 3.1 0500 4.2 1500 3.7

2 0.3 0600 0.8 1500 0.6 2 4.2 0100 5.1 1500 4.7

3 0.3 0800 0.8 1500 0.6 3 5.1 0100 6.1 1600 5.7

4 0.3 0600 1.0 1300 0.8 4 5.3 2400 6.1 0100 5.8

5. 1.0 1100 1.2 0400 1.1 5 5.0 2400 5.6 0600 5.3

6 1.0 0500 1.6 1600 1.3 6 4.2 2200 4.9 0100 4.5

7 1.4 0700 2.1 1600 1.8 7 4.2 0100 4.4 1700 4.3

8 0.9 2200 1.8 1200 1.4 8 4.4 0403 5.0 1700 4.7

9 0.8 0700 1.7. 1300 1.2 9 4.9 0700 5.7 2000 5.2

10 0.4 0700 1.2 1300 0.8 10 5.1 0700 6.4 2200 5.8

11 0.2 2300 1.0 1500 0.5 11 5.9 0700 7. 0 2300 6.4

12 0.0 0600 1.1 1400 0.5 12 6.7 0600 7.9 2200 7.2

13 0.1 1700 0.2 0100 0.2 13 7.9 0100 8.1 1730 8.0

.14 0.1 0100 0.8 1700 0.4 14 8.1 2400 6.3 1003 8.2

15 0.2 0200 1.8 1400 1.1 15 8.0 0500 8.3 1500 8.1

16 1.6 0100 2.8 1400 2.4 16 7.9 0500 8.1 0100 8.0

17 2.4 0700 3.1 1500 .2.8 17 7.9 0100 8.2 1700 8.0

18 2.6 0500 3.1 1600 2.9 18 7.8 0800 0.6 1700 8.2

19 3.0 0100 3.4 1400 3.1 19 8.1 0700 8.9 1700 8.6

20 3.1 0100 4.5 1700 3.9 20 8.9 0100 9.1 1700 9.0

21 4.2 0100 4.8 1500 . 4.5 21 8.7 0600 9.2 1600 9.0

22 4.2 2300 4.8 0100 4.S 22 8.6 0600 9.1 2100 8.9

23 3.0 2200 4.1 0100 3.5 23 8.6 0700 9.0 0100 8.8

24 2.8 0600 3.6 2400 3.2 24 8.4 2400 8.9 1000 8.8

.25 3.4 0800 3.8 2300 3.6 25 8.0 1200 8.4 0100 '8.1

26 3.8 0100 4.9 1600 4.4 26 7.9 0500 8.9 1700 8.5

27 4.3 0700 5.3 2400 4.9 27 8.7 0500 10.0 2200 9.3

28 4.8 2300 5.5 0300 5.1 28 10.1 0100 11.1 2300 10.5

29 3.2 2200 4.8 0100 3.7 29 11.1 '0100 13.0 1900 12.1

30 2.7 0700 3.2 0100 2.9 30 12.9 0300 13.3 1900 13.0

31 2.8 0100 3.3 2400 3.0

14EAV 2.3 44 7.5

SE 0.28 S£ 0.41
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Table A-2 (cont.)

OAr IIM*

DATE 414IMUM

4AY
1 12.8
2 i 13.0
3 12.7
4 12.0
5 11.6
6 11.2
7 11.7
8 11.9
9 11.9

10 11.4
11 11.3
12 12.3
13 12.5
14 13.4
15 11.5
16 10.7
17 10.1.
18 10.3
19 10.2
20 11.5
21 12.1
22 13.0
23 15.1
24 15.3
25 16.2
26 17.1
27 17.3
28 16.8
29 14.1
30 13.0
31 12.9

MEAS
SE

(rI me) 9AXIimU-m (TI ME) 4E V.

0600 13.5
0500 13.8
2400 13.3
2400 12.7
0900 12.0
0700 12.0
0900 12.0
0800 12.4
0800 12.2
0800 12.0
0800. 12.7
0900 13.1
0700 13.5
0100 12.3
2400 12.2
1200 11.3
0500 11.0
2400 10.9
0400 11.7
0800 12.2
0800 . 13.3
0100 15.1
0100 15.9
0700 16.7
0600 17.3
0400 18.1
0700 18.1
2400 18.1
2400 16.8
2300 14.0
0300 13.6

1700
1200
0100
0100
0100
1600
0100
1700
0100
1800
2100
1800
2100
2300
0100
0100
2300
0100
2300
2200
1900.
2400
1800
2000
1900
1800
1500
0100
0100
01.00
1900

13.2
13.4
13.1
12.4
11.8
11.8
11.9
12.1
12.0
11.7
12.0
12.7
13.0
12.9
11.9
10.9
10.6
10.6
10.7
11.9
12.6
13.9
15.5
16.0
16.9
17.6
17.9
17.6
15.6
13.4
13.2

13.3
0.38

DATE .I4111MU

J'JN
1 12.6
2 12.8
3 14.1
4, 13.7
5 14.9
6 16.2
1 18.0
8 19.7
9 20.9

10 22.1
11 23.2
12 23.8
S13 24.0
14 24.2
15 22.5
16 21.3
17 20.7
18 20.1
19 19.9
20 21.2
21 21.4
22 20.9
23 21*.4
24 20.9
25 20.2
26 20.3
27 20.3
28 21.4
29 ;1.0
30 21.2

MEAN
SE

(TIME) .4AXIMUM*

0900 13.3
0700 14.1
0100 14.7
0700 15.0
0500 16.4
0100 17.9
0100 19.5
0100 20.9
0100 22.3
0600 . 23.8
0600 24.9
0700 25.2
0500 25.8
2300 25.3
2400 24.1
0700 22.8
2400 21.9
0600 . 20.6
0400 21.9
0400 . 22.6.
2400 22.3
0600 22.2
0600 *22.4
0400 21.8
0700 21.4
0600 22.0
0600 22.6
0600 23.1
0500 23.6
2400 22.9

• (T IME) MEAN

21002400
0900
1600
1900 -"

1900
2400
1800
1700
1700
1400
1500
1400
1600
0100
1400
0100
0100
1500
1300
1500
1700
1600
0100
1500
1500
1500
1500
1500
0100

13.013.4
13.9
14.4
15.6
17.1
18.7
20.3
21.6
23.0
24.0
24.5
24.8
24.8
23.3
22.1
21.2
20.2
21.0
22.0
21.9
21.6
21.9
21.3
20.9.
21.2
21.6
22.4
22.8
22.0

20.6
0.62

JUL1 20.0 2200

2 19.5 0600
3 20.7 0500
4 21.1 0200
5 21.1 0200
6 22.0 2400
7 21.5 0800
8 19.9 .0800
9 19.6 0800

10 20.0 0600
11 20.1 0100
12 21.0 0100
13 22.0. 0400
14 23.0 OSO0
15 24.1 0400
16 25.2 0500
17 25.1 0800
18 24.8 2400
19 23.9 0600
20 23.1 0500
21 23.3 2400
22 22.8 0600
23 23.3 0600
24 23.9 osoo
25 24.0 0700
26 23.6 0600
27 22.7 2400
28 22.0 0700
29 21.8 0500
30 22.0 0500
31 22.4 0600

SEAA
SE

21.2
20.9
21.7
21.9
22.5
22.4
22.4
21.3
20.3
20.2
21.1
22.5
23.6
24.7
25.9
26.8
26.7
25.9
25.1
24.7
24.1
24.0
24.6
25.7
25.7
25.9
24.4
22.9
23.0
23.4
24.1

0100
1600
1400
1400
1600
1700
1600
0100
2000
0100
1300
1700
1600
1700
1500
1500
1500
1500
1500
1400
0100
1600
1600.
1500
1600
1400
0100
1600
1500
1700
1500

20.6
20.3
21.1
21.5
21.9
22.2
21.9
20.2
20.1
20.1
20.5
21.7
22.7
23.9
25.1
26.0
25.9
25.4
24.5
24.0
23.8
23.5
23.9
24.7
24.7
24.7
23.5
22.4
22.3
22.7
23.3

22.9
0.32

AUG
1
2
3
4
S

-6
7
8
9

10
11
12
13
14
15
16
17.
18
19
20
21
22
23
24
25
26
27
28
29
30
31

"IEAV4
SE

23.1
24.1
23.8
23.6
24.2
23.9
24.5
24* 8
25.0
24.9
24.3
24.0
24.1
25.1
25.3
24.3
23.2
22.6
22.3
21.9
21.3
21.3
21.9
21.8
21.6
21.8

,22.0
22.5
23.1
23.1
23.2

0400
0500
2400
0700.
0800
0600
0600
0700
0600
2200
0800
0600
0400
0100
0800
2400
2400
0800
2400
0600
0600
0400
0500
0800
0800
0800
0700
0700
0500
2400
0100

24.925.8
24.7
25.1
24.8
25.1
25.8
26.2
26. 7
25.7
25.0
25.1
25.4
26.3
26.0
25.2
24.2
23.3
122.9
23.0
22.4
22. 7
23.1
23.0
23.1
23.3
23.9
24.3
24.4
25.1
25.7

1o001600
0100
1500
0100
1600
1600
1500
1600

1300
1500
1600
1400
0100
0100
0100
1500
1300
1400
1400
1400
1600
1300
1500
1400
1400
1500
1500
1500
1400

23.924.8
24.2
24.3
24.5
24.4.
25.0
25.4
25.9
25.2
24.7
24.4
24.8
25.2
25.7
24. 9
23. 9
23.0
22.8
22.4
21.9
22.0
22.4
22.4
22.4
22.6
23.0
23.3
23.7
24.0
24.1

23.9
0.21
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Table A-2 (cont.)

DATE MIAI MUM. (TIME) 4AXI'4UM (TIMlE), MEAI DATE 4INIMUM (TIMhE) 4A X1:4U M (TIME) MEA!

SEP OCT
1 22.8 0700- 24.7 1500 23.5 1 14.8 2100 16.2 0100 15.
2 22.1 0800 24.0 1500 23.0 2 14.1 2400 15.9 1600 15.1
3 22.4 0600 24.7 1500 23.5 3 13.1 0600 15.3 1600 14.:
4 22.1 2400 24.0 1300 23.1 4 12.7 0800 15.4 1700 14.1
S 20;8 2400 22.8 1400 21.8 5 12.7 0800 15.2 1700 13.1
6 19.8 2400 21.2 1300 20.4 6 11.9 0700 15.3 1700 13.,
7 19.0 0800 21.0 1400 19.8 7- 11.9 0800 14.4 1600 13.:
8 18.8 0700 21.0 1400 19.7 8 13.1 0800 14.7 1500 13.1
9 18.7 0700 20.5 1500 19.5 9 14.1 0100 15.7 1600 14.'

10 19.0 0200 21.2 1500 20.0 10 14.6 0800 16.2 1700 15.•
1. 19.6 0500 22.3 1500 20.8 11 14.8 0500 17.1 1700 15.4
12 19.8 0700 22.3 1500 20.9 12 14.8 0800 17.2 1700 15.
13 19.7 0800 22.9 1500 21.1 13 15.1 0300 17.2 1700 15.
14 20.8 2400 22.0 1500 21.3 14 15.0 0600 17.2 1700 1S.I
15 18.8 2400 20.8 1300 20.0 15 14.4 0800 16.3 1500 15.
16 17.8 2400 20.0 1400 18.6 16 14.1 0800 16.7 1600 15.
17 16.9 0800 19.3 1500 17.9 17 14.0 0800 15.7 1700 15.
18 16.9 0700 19.4 1500 18.6 18 14.9 0500 16.4 1700 15.
19 17.2 0800 19.8 1400 18.3 19 15.1 0600 16.8 1500 15.
20 17.7 0700 20.5 1500 19.0 20 16.1 0400 17.8 1500 16.
21 -- -- .. .-- . 21 15.8 0700 17.3 1700 16.
22 -- -- - . -- 22 17. 0 0800 17.9 1500 17.
23 -- -.. 23 15.9 2300 16.9 0100 16.
24 - -" - .- .. 24 15.2 2400 15o9- 1400 15.
25 20.0 0500 23.1 1700 21.3 25 14.4 0800 16.4 1500 15.
26 18.9 2400 21.9 1500 20.6 26 14.9 0400 16.1 1600 15.
27 17.7 2400 18.6 0100 18.3 27 15.7 0700 17.7 1800 16.
28 16.4 2400 17.6 0100 17.2 28 16.2 0600 18.3 1600 17.
29 15.4 2400 17.0 1600 16.3 29 16.1 2400 17.3 0100 16.
30 14.6 0800 17.3 1700 15.9 30 15.1 0900 17.7 1500 16.

31 15.2 2400 17.0 1500 16.

.EA4 20.0 MEAN 1s.
Su 0.41 SE O.1

NOV DEC
1 14.9 0500 15.2 1200 15.1 1 6.0 2200 6.3 0100 6.
2 13.0 2400 15.5 1300 14.6 2 5.4 2400 6.0 0100 5.
3 12.0 2400 1349 1300 12.8 3 5.2 2400 5.5 1600 5.
4 11.5 0700 12.0 1400 11.8 4 4.7 2400 5.1 0100 5.
5 11.8 0300 12.5 1400 11.9 5 4.2 2400 4.7 .0100 4.
6 11.0 2400 12.3 1100 11.7 6 3.3 2400 4.1 0100 3.;
7 9.8 2400 11.8 1300 10.8 7 1.7 2400 3.3 0100 2.
8 9.1 0700 15.2 1300 9.6 8 1.1 2300 1.7 0100 1.
9 8.7 0600 9.4 1400 9.1 9 1.1 0100 1.4 1200 1.

10 9.0 0100 9.9 1300 9.5 10 1.3 0100 1.9 2000 1.
11 .5 0100 9.9 1100 9.7 11 1.9. 0100 2.3 2100 2.
12 8.8 2400 9.7 0100 9.3 12 2.3 0100 3.1 2400 2.
13 7.6 2400 8a'8 0100 8.4 13 3.1 0100 3.8 2200 3.
14 6.7 2400 8.1 1200 7.4 14 3.8. 0100 4.2 2100 4.
15 6.2 0600 7.1 1300 6.8 15 4.2 0100 4.7 1600 4.
16 6.3 2400 7.2 1300 6.8 16 4.8 0100 5.0 1800 4.
17 6.1 2400 7.0 1300 6.3 17 5.0 0100 5.6 2300 5.
18 5.9 0200 6.5 1300 6.2 18 5.3 0800 5.7 0100 5.
19 5.2 2200 6.2 0100 5.9 19 5.0 1900 5.4 0100 S.
20 4.1 2400 5.2 1300 4.8 20 4.3 2400 5.0 0100 4.
21 3.8 2200 4.9 1200 4.2 21 3.9 1900 4.3 0100 4.
22 3.6 2400 4.7 1300 4.0 22 3.8 0100 4.1 1300 4.
23 3.1 0600 3.9 1400 3.5 23 3.1 2400 3.9 0100 3.
24 3.1 0600 4.4 1400 3.6 24 2.8 0800 3.1 0100 3.
25 3.1 0800 4.8 1300 3.9 25 2.8 2400 3.1 0100 3.
26 3.4 0500 5.0 1300 4.1 26 2.1 2000 2.7 0100 2.
27 3.8 0500 5.1 1300 4.4 27 1.5 2400 2.1 0100 1.
28 4.9 0100 7.3 1800 6.2 28 1.4 0300 1.9 2100 1.
29 6.3 0700 7.0 2100 6.7 29 2.0 0100 3.7 2400 2.
30 6.3 2400 6.9 0100 6.7 30 3.9 0100 S.2 1800 4.

31 5.1 0100 5.3 1600 5.

'SE'1 7.9 4EAN
0.61 SE

3.
0.2
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Table A-3 I

Daily minimum,. maximum, and mean level (m above msl) of the Susquehanna River at the Susquehanna SES Blclocgiai .accra.:r'.
1984.

DATE IMIMUM (T IME) MAXIMUM (TIME) MEAN DATE MINIMU1M (TIME) MA4 XIM M1 (T IME) MEAN

JAM FEB
1
2
3

.4
S

.6

7-
8

9
10
11
12
13
14
1s
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

SMEA
SE

149.07
149.10
149.04
149.07
149.04
148.94
148.88
148.85
148.76
148.73
148.70
140.64
149.58
148.49
148.52
148.55
148.55
149.59
148.61
148.73
148.79
148.79
148.73
148.73
148.79
148.82
148.88
148.85
148.85
148.88
148.85

1700 149.16
0100 149.19
1906 149.10
0100 149.10
0100 149.04
1500 149.04
1800, 148.94
1600 148.91
1500 148.85
0700 148.79
1700 148.79
1300 148.73
1500 148.67
1900 148.61
0100 149.58
0100 148.64
1700 148.64
0100 148.64
0100 148.73
1600 148.85
0100 148.85
0400 148.85
1600 148.85
0100 148.79
0100 148.82
0100 148.94
1400 148.91
0100 148.85
0100 148.89
0100 148.91
1600 248.91

0100
1000
0100

0100
0100
0100
0700
0100
1800
0100
0200
0100
0100
1100
1400
0100
1100
2400
0900
1100
1400
1300
2400
0500
0900
0100
0100
2200
0700
0100

149.12
149.12
149.07
149.08
149.04
148.98
148.ql
148.89
148.81
148.76
148.75
148.68
148.61
148.54
148.53
148.60
148.60
148.59
148.64
148.79
148.81
148.81
148.77
148.75
148.80
149.91
148.89
148.85
148.86
148.90
148.88

148.82
0.030

1
2
0

4
5
6
7
8
9

10
11

13
14
15

16
17
18
19
20
21

22
23
24
25
26
27
28
29

MqAq
-SE

14a.76
149. 76
148.67
148.73
148.94
148.97
149.00
148.97
148.91
148.82
148.79
149.85
149.00
149.34
151.38
154.13
153.15
152.45
151.99
151.66
151.47
151.17
150.86
150.50
150.25
150.13
150.04
149.98
149.95

1300 148.85
1400 148.88
1300 148.76
0100 148.91
0100 149.00
0400 149.00
0100 149.00
0100 149.07
2300 149.00
2330 148.68
0700 140.85
0100 148.97
0100 149.31
0100 151. 32
0100 154.00
0100 154.92
2400 154.51
2400 153.12
2300 152.42
2300 151.96
2200 151.63
2200 151.44
2300 151.14
2400 150.66
2200 150.50
2400 150.25
1900 150.,13
2000 IS0.04
1300 149.98

1930 148.81
0400 149.82

.0100 148.71
2200 148.81
2100 148.97
0100 148.99
0100 149.00
0900 149.01
0103 148.97
0100 148.86
2100 148.82
2200 148.89
2400 149.14
2400 149.85
2400 152.54
1500 154.69
0100 153.84
0100"* 152.7a
0100 152.17
0100 151.80
0100 151.56
0100 151.30
0100 151.01
0100 .150.67
0100 150.35
0100 150.20
0100 150.08
.0100 150.01
0100 149.96

150.30
0.310

M4R
1
2
3
4
S
6
7
8
.9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

SE

149.83
149.68
149.55
149.43
149.40
149.37
149.34
149.31
149.22
149.10
149.07
140 8 94
148.97
148.97
148.94
148.94
149 . 97
149.13
149.37
149.43
149.46
149.74
150.96
150.62
150.22
150.04
149.95
149.89
149.89
149.83
149.77

1900 149.95
2400 149.83
2400 149.68
2300 149.55
020S 149.430600 14 9.40

1300 149.37
1900 149.34
2300 149.29
1900 149.22
0400 149.10
1100 149.07
1700 149.04
0100 149.04
1200 149.04
0100 148.97.
0100 149.10
0100 149.37
0100 149.43
0100 149.43
0100 149.71
0100 150.96
2300 151.11
2300 150.92
2300 150.59
2400 150.22
1900 150.04
0900 149.95
0100 149.89
1500 149.89
1200 149.80

0100
0100
0100
0100
0100
01 00
0100
0100
0100
0100
0100
0100
0100
2000
0100
2300
2300
2400
1200
0100
2400
2400
0800
0100
0100
0100
0100
0100
0100
0100
0100

.149.88
149.77
149.63
149.50
149.42
149.39
149.36
149.33
149.26
149.14
149.07
149.00
149.01
149.00
148. 98
148.95
149.00
149.25
149.41
149.43
149.53
150.35
151.04
150.78
150.36
150.12

149.99
149.90
149.89
149.85
149.78

149.59
0.096

APR
1
2
3
4'
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

149.80
149.80
149.92
150.35
151.05
153.39
154.43
152.57
151.90
151.38
151.05
150.71
150.50
150.19
150.22
150.68
150.99
151.32
151.20
151.20
151.20
150.77
150.50
150.28
150.28
150.68
150.56
150.22
150.07
149.92

0100 149.80
0100 149.92
0100 150.32
0100 151.02
0100 153.27
0100 155.13
2400 155.19
2400 154.31
2400 152.54
2400 151.87
2300 151. 35
2400 151.02
2400 150.71
2000 150.47
0100 150.62
0100 150.96
0100 151.32
0100 151.44
2200 151.29
0100 151.38
2400 151.41
2300 151.20
2400 150.74
2100 150.50
0100 150.62
0100 151.20
2400 151.14
2300 150.56
2300 150.22
2400 150.07

0100
2200
2400
2400
2400
2400
0500
0100
0100
0100
0100
0100
0100
0100
2400
2400
2400
1000
0100
2400
0300
0100
0100
0100
2400
1900
0100
0100
0100
0100

149.80
149.83
150.10
150.67
151. 91
154.4 4
154.97
153.33
152.18
151.59
151.18.
150.85
150.66
150.28
150.41
150.82
151.15
151.39
151.26
151.27
151.32
150. 98
150.62
150.37
150.38
151.03
150.83
150.36
150.13
149.99

151.14
0.223

MEAN
SE



25

Table A-3 (conC..)

DATE 414•IJ4 IT'40.) mkXZ mom (TIME) ME[AN DATE MINU14 (T1140) .!4A Xl " XIm4 (TIME) '

"Ay
1 149.83
2 149.68
3 149.64
4 149.68
5 149.95
6 150.19
7 150.19
a 150.07
9 1S0.04

10 150.10
11 IS0.04
12 149.92
13 149.92-
14 150.74.
15 150.86
16.. 151.05
17 IS0.56
18 150.25
19 150.07
20 149.99
21 150.04
22 150.25
23 150.07
24 150.01
25 150.10
26 149.95
27 149.80
28 149.77
29 149.86
30 152.72
31 152.11

MzAq
SE

JUL
1 149.00
2 149.52
3 149.28
4 149.31
S 149.10
6 148.97
7 145.97

. 8 150.44
9 149.90

10 149.61
11 149.43
12 149.28
13 149.22
14 149.13
15 149.04
16 148.88
17 148.79
18 148.79
19 148.76
20 148.67
21 148.67
22 148.73
23 148.67
24 148.61
25 148.55
26 148.49
27 148.49
28 148.64
29 148.79
30 149.07
31 148.91

MEAN
SE

2000 149.92 0100
1900 149.83 0100

0700 149.68 0100
0100 149.95 2100
0100 150.16. 2400
0100 150.32 1500
2200 150.32 0100
1600 1S0.16 .0100
0400 150.10 1600
0100 150.16 0600
2400 159.13 0100
2100 150.04 0100
0100 150.74 2400
0100 150.86 2400
0100 . 151.47 1700
2400 "151.41 0100
2300 151.05 0100
2400 150.53 0100
2000 150.22 0100
0800 150.07 0100
0100 150.25 1700
0100 150.32 1700
2400 150.28 0100
0700 150.10 2300
0100 150.28 1500
2400 150.22 0100
2100 149.95 0100
0300 149.83 . 2100
0100 152.66 2400
0100 153.12 1100
2400 152.97 0100

149.88
149.75
149.65
149.83
150.05
150.28
150.25
150.10
150.07
1S0.14
150.10
149.98
150.25
150.82
151.27
151.21
150.79
150.39
150.14
150.00
150.18
150.28
.150.16
150.04
150.23
1S0.07
149.87
149.78
151.20
153.04
152.55

150.40
0.137

149.20
149.73
149.37
149.40
149.18
149.01
149.84
150.50
150.16
149.76
149.49
149.36
149.24
149.20
149.09
148.95
148.85
148.85
148.82
148.71
148.69
148.73
148.70
148.64
148.58
148.52
148.56
148.70
140.98
149.14
148.98

149.13
0.087

JUN
1: 151.53
2 150.99
3 150.56
4 150.28
5 150.01
6 149.80
7 149.61
'8 149.40
9 149.25

10 149.16
11 149.13
12 149.10
13 148.97
14 148.94
15 148.91
16 148.85
17 140.82
18 148.82
19 148.83
20 149.10
21 149.43
22 149.25
23 148.97
24 149.88
25. 148.79
26 148 79
27 148.79
28 148.73
29 148. 70
30 148.73

2400
2400
2400
2300
2400
2300
2400
2100
2300
2100
0100
0100
2300
0800
0900
2100
0400
0100
0100
0100
2400
2200
2400
1500
2000
0100
0100
0800
1300
0100

152.08
151. s0
150.96
150.56
150. 28
149.98
149.80
149.61
149.40
.149.2S
149.10
149.07
149.07
148.97
148.94
148.91
148.85
148.88
149.07
149.92
149.83
149.43
149.22
148.97
148.91
148.79
148.85
148.79
148.73
149.00

0100
0100OlOO

0100
0100
0100
OlOO
0100
0100
oloo
1200
0400
0100
0100
0100
0100
0100
1700
230 0
1500
0100
0100
0100
0100
0100
0100
1000
0100
0100
0800

151
151
IS0
159
150
149
149
149
1459
14914 S
149
14S
148
148
148
148
149

14S
14 e
14 .148
14 8
141

141
14i
141
14'
1401,4i

0O.

0100
24001900
2300
2400
1700
0100
0100
2300'
2400
2000
2200
0800
2300
2200
2300
2200
0100
2200
2200
0100
0100
1900
2200
1800
1900
0100
0100
0100
2100
2100

149.71
149.83
149.52
149.46
149.31
149.07
150.41
150.56
150.44
149.95
149.58
149.46
149.25
149.25
149.13
149.04
148.88
148.88
148.85
148.76
140.73
148.73
148.73
148.67
148.61
148.55
148.64
148.79
149.19
149.22
149.04

2400
0500
0100
0600
0100
0100
2400
1500
0100
0100
0100
0100
0100
oloo
0100
0100
0100
1200
0100
0100
2400
0100
0100
0100
0100
0100
2200
2300
2200
0100
0100

MEXN

AJG
1
2
3
4
.5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

MEAN
SE

148.76
148.67
148.70
148.70
148.67
148.67
148.79
148.67
148.58
148 *SS

148.55
148.52
148.52
149.10
149.40
149.64
149.37
149.25
149.07
146.94
149.00
148.91
148.82
148.73

J148.79
148.70
148.64
148.58
140.55
148.49
148.46

2200
1700
1100
010.0
0600
0100
0100

.2200
2100
1800
0100
1000
0100
0100
0100
0100
2300
2400
2100
1800
0100
2300
2400
1300
0100
2200
1600
2000
0700
1800
2200

148.91
148.76
148.79
148.76
148.70
148.79
148.82
148.76
148.67
148.61
14S.55
148.55
149.10
149.34
149.64
149.89
149.86
149.34
149.25
149.07
149.13
149.10
140.91
148.82
148.82
148.79
148.70
148.64
148.58
148.52
148 .52

0100
0100
0200
150 0
0100
2200
0200
0100
0100
0100
0100
0100
2400
2400
0900
1800
0100
0100
0100
0100
1000
0100
0100
0100
0500
0100
0100
0100
0100
0100
0100

141
141
141
141
14
14:
14
14
14.
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

14
0



26

Table A-3 (cont.)

OATE • MX 4I'41UR (T!) m &4AXP4U0 (TINE) MEAN DATE 4141Jmum (TIME) "AXINU'm (T ImE) 4SAN

SEp
1
2
3
4
S
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29
30

NEA:I

St

43V
1
2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
iq
19
20
21
22
23
24
25
26
27
28
29
30

148.43
148.39
148.39
148.39
148.43
149.52
148.S2
143.46
148.43
148.43
148.39
148.36
148.36
143.36
148.33
148.33
148.39
148.49
148.46
148.43
148.36
143.33
148.33
148 . 33
148.33
148.30
148.27
148.24
149.24
148.24

1300 148.46 0100
1300 148.43 0100
0100 148.39 0100
0100 148.43 0800
0100 148.52 2400
0100 148.61 1800
2200 148.61 0100
2100 148.52 0100
1300 148.46 0100
0100 148.43 0100
0100 143.39 0100
0200 148.43 2200
2100 149.39 0100
0100 148.36 0100
0100 148.33 0100
0100 148.39 1800
0100 148.49 2000
0100 148.49 0100
0100 148.46 0100
1700 148.46 0100
2400 148.43 0100
1600 148.36 0100
0100 148.33 0100
0100 148.33 0130
0100 149.33 0100
0700 148.33 0100
1700 148.30W 0100
2400 148.27 0100
0100 . 148.24 0100
0100 148.24 0100

149.44
148.41
148.39
148.42
148.45.-
148.57
148.56
148.49
143.47
148.43
149.39
143.39
148.39
148.36
148.33
148.37
148.44
148.49
148.46
148.45
148.40
14"8.35
148.33
148.33
148.33
148.33
148.29
148.27
148.24
148.24

148.39
0.015

OCT
1 148.24
2 148.30
3 148.30
4 148.27
5 148.27
6 148.24
7 148.24
8. 148.24
9 143.27

10 148.27
11 148.24
12 149.24
13 148.24
14 148.21

1is 149.21.
16 148.24
17 148.24
18 148.24
19 148.21
20 148.21
21 148.21
22 148.21
23 148.30
24 148.33
25 148.30
26 148.30
27 148.30
28. 148.30
29 148.30
30 148.33
31 148.33

MEAN'
SE

2 150.16.
3 150.07
4 150.04
5 149.98
6 149.83
7 149.61
8 149.46
9 149.37

10 149.34
11 149.31
12 149.37
13 149.61
14 149.74
15 149.83
16 149.95
17 149.83
18 149.71
19 149.64
20 149.58
21 149.58
22 149.64
23 149.83
24 150.10
25 149.98
26 149.77
27 149.58
28 149.46
29 149.46
30 149.83
32- 150.25

MEAN
SE

01000100
0100
1800
0100
0700
0100
0100
0100
0100
0700
0100
0100
010 0
0100
0100
0100
0100
0100
0100
0100
0100
0100
0100
2400
0100
0100
0100
0100
0100
0100

148.30148.30
148.30
148.30
148.27
148.27
148.24
148.24
148.27
140.27
148.27
148.24
148.24
149.21
148.24
148.24
148.24
148.24
148.21
148.21
148.21
148.30
148.36
14q. 36
148.33
149 .38
148.30
148.30
148,. 33
148. 33
148.36

1500 148.280100 148.30
0100 148.30
0100 148.29
0100 148.27
0100 • 148.25
0100 148.24
0100 148.24'
0100 148.27
0100 148.27
0100 143.25
0100 148.24
0100 148.24
0100 148.21'
1800 148.22
0100 148.24
0100 149.24
0100 148.24
0100 148.21
0100 148.21
0100 148.21
2200 149.23
1200 148.32
0600 148.36
0100 148.33
0100 148.30
0100 148.30
0100 148.30
1900 148,31
0100 148.33
1300 148.35

148.27
0.008

0700 150.12
1300 150.26
0100 150.16
0100 150.06
0100 150.06
0100 149.89
0100. 149.73
0100 .149.53
0100 149.42
0100 149.34
2200 149.32
2400 149.48

.2400 149.66
2300 149.76
1700 149.95
0100 .149.98
0100 149.86
0100 149.75
0100 149.67
0100 149.60
0100 . 149.60
2400 149.72
2400 150.00
1300 150.16
0100 150.08
0100 149.86
0100 149.66
0100 149.52
2400 149.57
2400 150.02
2200 150.33

149.81
0.050

148.36 0100 148.43
148.43 0100 148.49
148.39 1800 148.46
148.39 0100 .148.39
149.39 0100 148.43
148.43 0100 148.46
148.46 0100 148.46
148.46 0100 148.55
148.55 0100 148.58
148.55 0300 148.58
148.55 0100 148.55
148.55 0100 148.58
148.58 0100 148.64
148.64 0100 148.64
148.64 0100 148.64
148.61 1500 148.64
148.55 2100 148.61
148.52 .1000 148.55
148.52 0100 148.52
148.52 0100 148.52
148.52 0100 148.55
148.52 0900 148.55
149.49 1300 148.52
148.46 0900 148.49
148.46 0100 148.46

.148.46 0100 148.46
148.46 0100 148.46
148.46 0100 148.49
148.49 0100 149.00
149.07 0100 149.98

2100
1300
0100
0100
1300
2200
0100
2100
0400
0100
0100
1200
2200
0100
0100
0100
0100
0100
0100
0100
2100
0100
0100
0100
OlOO
0100
0100
2200
2400
2400

148.38
148.46
148.47
148.39
148.41
148.43
148.46
148.50
148.57
148.55
148.55
148.56
148.61
148.64
148.64
148.63
148.58
148.53
148.52
148.52
148.52
148.53
149.50
148.47
148.46
148.46
148.46
148.46
148.74
149.66

148.55
0.041

01000100
2400
0300
2400
2100
2300
2400
2000
0100
0100
0100
0100
0100
0100
2300
1700
2000
1700
1500
0900
0100
0100
0100
2300
2300
2400
2100
0100
0100
0100

150.16
150. 32
150.25
.150.07
150.07
149.98
149.83
149.61
149.46
149.34
149.37
149.61
149.74
149.83
150.01
150.01
149.92
.149.80
149.69
149.64
149.61
149.83
150.10
150.19
ISO, 16
149.98
149.74
149.58
149.83
150.22
150.41

MEAN
SE
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Table A-4

Daily mean flow ( 3/s) of the Susquehanna River at the Susquehanna SES Biological Laboratory, 1984.

DAY J A7I

1 272
2 272
3 253
4 258
5 243
6 225
7 203
8 194.
9 174

10 161
11 156
12 139
13 123
14 106

.15 104
16 121
17 121"
18 118
19 129
20 170
21 175
22 173
23 163
24 158
25 172
26 202
27 199
28 186
29 187
30 201
31 194

FES .M R . APR 'MAY JUN JUL AUG

173 598 555 s95
177 540 570 530
146 476 711 485
173 419 1068 572
221 384 2065 686
224 373 5137 816
233 359 5948 800
235 349 3620 714
223 322 2331 698
187 279 1778 739
177 255 1441 716
199 233 1189 647
279 234 1056 800
582 233 820 1172

2705 224 896 1507
5505 214 1166 1465
4289 232 1413 1148
2970 319 1609 881
2325 382 1504 737
1969 390 1509 662
1748 431 1554 760
1534 856 1285 814
1306 . 1331 1034 749
1064 1142 .869 683

958 867 877 786
772 725 1324 695
701 6S3 1179 593
665 607 875 546
640 601 730, 1456

584 651 3269
549 2711

1963 301 182
1482 524 152
1123 365 152

903 378 150
730 293 138
593 234 146
507 575 176
412 902 153
343 .749 126
301 546 115
268 415 108
255 363 103
243 . 313 171
217 300 282
208 261 452

.197 216 552
178 183 452
185 185 330
220 178 280
477 147 230
468 142 264
351 153 235
266 144 197
204 131 165
186 115 173
169 101 157
179. 110 135
161 144 121
148 225 113
213 277 100

224 95

438 298. 200
77.2 35.4 20.2

SEP 3CT

85 55
79 59
76 59
80 58
87 54

112 50
111 49

95 49
91 54
82 54
76 50
75 49
75 49
70 45

-65 45
71 49
85 49
95 49
88 45
86 45
77 45
68 48
65 62
65 69
65 65
64 59
58 59
54 59
49 61
49 65

68

40V

74
89
92
76
79
82
88

96
113
109
108
ill
122
129
129
126
115
104
101
101
102
103
98
90
88
88
88
89

154
488

727
807
749
691
690
604
521
433
384
353
344
412
488
536
634
648
589
534
492
464
462
518
662
749
703
589
491
426
448
671
847

MEAN 179 1113 489 1559 949

SE 8.5 248.2 48.7 227.9 109.7

.77 54 114 570
2.8 1.3 13.3 24.6
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Table A-5

Physicochemical data collecied from the Susquehanna, Ri'ver at SSES and 'Bell Bend,
January through December 1984.

SSES

DATE. 5 JAN 11. JAN 18 JAN 27 JA3
TIME 1327 1256 1253 1200
RIVER LEVELIM ABOVE MSL) 149.04 148.73 .148.64 148.91
DISCHARGE I /S) 243 153 129 204
TEP49 E RATURE (C)

AIR 6.0 -5.5 0.5 7.5
WATER 0.0 0.0 0.0 0.5

WE 3TH E! OVERCAST P.CLOUDY SNOW , SUNNY

SECCH I DISCICH)
TI•R IDITY (UNT)
OXYGEN

DISSOLVED (NG/I.)
PERCENT SATURATION

TOTAL ALDKLINITY(MG/L)
PH
SPECIFIC 004DUCTANCE

AT 25 CiumHOS/CM)
SULFATE(HG/,iL
I ON (MG,)

TOTAL
DISSOLVED
pERCENT DISSOLVED

RESIDUE (MG/r.)
TOTAL

-FIXED TOTAL
tiONFILTRABLE"
FILTRABLE

MEAN SE
205 185 180 -- 190 6.6
3.6 4.7 5.0 6.3 4.9 0.5

13.80 13.60 12.75 11.80 12. 99 0.408
95 94' 88. 81 90 2.9
61 65 70 64 65 1.7

7.3 7.3 7.2 7.2 7.3 0.03

240 310 340 315 301 19.2
52 66 68 52 60 3.9

1.42 1.,60 1.85 1.42 1.57 0.091
1.12 1.24 1.43 0.90 1.17 0 099

79 78 77 63 74 3.4

180 199 210 213 201 6.7
126 150 126 144 137 .5.5

2 2 2 5 3 0.7
178 197 208 208 196 6.3

. I

BELL BEND

DATE
TIME
TZMP PETURE (C)

AIR
WATER

wgATHER

5 JAN U JAN is JAN 27 JAN
1315 1246 1242 1220

6.0 -5.5 0.5 7.5
0.0 1 0.0 0.0 0.5

OVERCAST P.CLOUDY SHOW - SUNNY

Siccut DISC(CM)
TUI IDITY (NTU)
OXYGEN

DISSOLVED(MG/L)
PERCENT SATURATION

TOTAL ALIRLINITY(MG/L)
PH
SPE, FIC CONDUCTANCE

AT 25 C(UNHOS/CM)
SULFATE (MG/L)
IRON (MG/L)

TOTAL
DISSOLVED
PERCENT DISSOLVED

RESIDUE (1NG/L)
TOTAL
FIXED TOTAL
NONFILTRABLE
FILTRABLE

MEAN SE
205 IO 16 -- .190 6.53.8 4.7 5.1 6.3 5.0 0.5

13.60 13.85 12.00 11.60 12.81 0.520
95 - 96 03" 80 89 3.7
60 65 69 .64 65 1.7

7.3 7.3 7.2 7.2 7.3 0.03

240 310 350 330 308 21.4
48 64 69 52 s8 4.4

L40 1.51 1.83 1.43 1.54 0.088
1.14 1.20 1.31 0.68 1.13 0.082

81 79- 72 62 74 3.8

180 .200 206 237 206 10.6
122 144 144 170 145 8.8

2 2 2 5 3 0.7
178 198 204 232 203 10.0
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Table A-5 .(Conft.)

SSES

DATE 3 FES 10 FEB 16 FE8 23 FF8
TI

M
.E 1232 1223 1300 1345

RIVEP LEVEL(.4 ABOVE 'I5L) 148.67 149.8.5 154.9B9 150.99
DISCRARGE ( M 

3
/3) 137 186 5818 1289

TE'MPERATUPE (C)
AIR 7.5 5.0 7.5 ' 9.5
WATER 0.5 0.5 2.0 3.0

WEATHER P.CLOJOY P.CLO(IDY P.CLOUDY OVERCAST
_JEAN SE

S ECCRI DISC fCM) 8ls 175 3 20 96 43.7
TJRBI6ITY( TU) 4.6 4.1 320 28 89 69.0
OXYGEN

DISSOLVED (G /L) 12.05 13.05 12.75 12.60 12.61 0.187
PERCENT SATURATION 84 92 93 93' :91 1.9

TOTAL ALKALINITY(MG/L) 63 54 17 28 41 9.7
PH 7.2 7.2 7.2 7.2 7.2 0.00
SPECIFIC CONDUCTANCE

AT 25 C(P-MHOS/Cm) 315 280 90 130 204 49.4
SULFATE (MG /L) 61 52 11 23 37 10.6
IRON fmG/LI

TOTAL 1.55 1.29 27.40 2.18 8.11 5.755
DISSOLVED 1.16 0.94 1.24 0.47 0.95 0.155
PERCENT DISSOLVED "75 73 5 22 44 15.9

RESIDUE (MG/L I
TOTAL . 200 178 745 132 314 129.2
FIXED TOTAL 150 130 678 108 267 122.9
NONFILTPABLE 4 .2 648 28 171 142.5
FILTRABLE 196 176 97 104 143 22.4

BELL BEND

DATE
TI ME
TEMPERATUPE&(C)

AIR
WATER

WEATHER

3 FES 10 FEB 16 FEB 23 FEB
1205. 1212 1312 1335

7.5 - 5.0 7.5 9.5
0.5 0.S 2.0 3.0

P.CLOUDY P.CLOUDY P.CLOUDY OVEPCAST

SECCHI DISC(CM)
IURBIDITY(NTU)
OXYGEN

DISSOLVEDUMG/L)
PEPCENT SATURATION

TOTAL ALKALINITY(MG/L)
PH
SPECIFIC CONDUCTANCE

AT 25 C(UMHOS/CN)
SULFATEI(G/L)
IRON(NG/L)

TOTAL
DISSOLVED
PERCENT DISSOLVED

RESIDUE(MG/L)
TOTAL
FIXED TOTAL
NONFILTRABLE
FILTRABLE

rPEAN SE
190 175 3 20 97 44.3
4.4 4.1 320 28 89. 69.0

12.30 13.00 13.30 12.65 12.81 0.194
85 92 97 93 92 2.2
60 55 18 20 40 9.1

7.2 7.2 7.2 7.1 7.2 0.02

310 280 91 130 . 203 48.5
60 50 10 - 21 35 10.6

1.51 1.22 25.40 2.25 7.60 5.312
1.11 0.92 1.30 0.47 0.95 0.159

74 75 5 21 44 16.1

198 185 728 130 310 125.2
137 138 534. 104 228 91.4

.3 2 620 30 164 136.2
195 183 108 100 147 22.1
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Table A-5 (cont.)

SSES

DATE 1 MAR 8 MAR 15 MAR 22 MAR 30 MAR

TIME' 1326 1349 1328 1303 1200
RIVER LEVEL(M ABOVE MSL) 149.86 149.34 146.94 150.38 149.86
DISCHARGE(M

3
/S) 586 353 214 876 586

•TEMPERATURE (C)
AIR -2.5 -3.0 8.0 8.0 3.5
wlTER' 1.0 . 1.5 1.5 4.5 2.5

WEATHER. OVERCAST OVERCAST P.CLOUDY LT.RAIN SNOW

SECCBI OISC(CM)
TURBIDITY(NTU)
OXYGEN

Di SSOLVED (MGA.)
PERCENT SATURATION

TOTAL ALALINITYMG/LA)
PH
SPECIFIC O3NDUCTANCE

AT 25 C(UMROS/CN)
SULFATE (MGA)
IRON(MG/L)

TOTAL
DISSOLVED
PERCENT DISSOLVED

RESIDUE(MG/L)
TOTAL
r I XZD TOTAL
NOWFILTRABLk.
FILTRABLE

MEAN SE
90 .1S0 165 45 120 114 19.7

6.2 4.4 4.8 13 6.6 7.0 1.4

13.00 13.00 13.60 12.50 12.55 12.93 0.181
91 93 98 95 91 94 1.2
40 s0 57 43 35 45 3.5

7.2 7.3 7.3 7.4 7.3 7.3 0.03

175 240 285 200 175 215 19.3
31 .36 49 26 28 34 3.8

1.06 1.13 1.43 2.20 0.96 1.34 0.214
0.57 0.75 1.00 0.36 0.48 0.63 0.102

54 .66 70 16 56 .52 8.7
119 154 16 3 162 116 14;' 11..8

84 111 142 .119 79 107 10.7
6 2 2 30 4 9 4.9

113 152 191 132 112 138 11.9

SELL BEND

DATE
TIME
TEMPERAIURE (C)

AI R
WATER

WEATHER

I MAR .8 MAP IS MAR 22 MAR 30 MAR
1317 1340 1339 1.312 1207

-2.5 -3.0 8.0 8.0 3.5
1.0 1.5 1.5 4.5 2.5

OVERCAST OVERCAST P.CLOUDY LT.RAIN SNOW

SECCsI DISC(CM)
TISJ IDITY (NTU)
OXYGEN

DISSOLVED (MG/L)
pERCENT SATURATI ON

TOTAL ALKALINITY(MG/L)

PH
SPECIFIC CONDUCTANCE

AT 25 C(mNHOS/CM)
SULFPATE (MG/L)
IsmO4 (•G/L)

TOTAL
DISSOLVED
pERCENT DISSOLVED

RESIDUE (MG/L)
TOTAL
FIXED TOTAL
wONFILTRABLB
FILTRB LZ

MEAN SE

90 145 165 49 120 114 18.9
6.2 4.5 4.7 13 6.4 7.0 1.4

12.60 13'.00 13.60 12.60 12.40 12.84 0.195
a8 93 98 " 96 90 93 1.7

.41 50 57 43 35 45 3.5
7.3 7.3 7.3 . 7.4 7.3 7.3 0.02

175 240 285 200 175 215 i9.3
28 37 49 25 29 34 4.0

1.07 1.13 1.39 2.34 0.89 1.36 0.234
0.55 .0.73 0.98 0.36 0.48 0.62 0.099

51 65 71 15 54 51 8.9

120 141 180 168 118 145 11.4
82 106 144 119 73 105 11.6

a 2 3 36 5 11 S.8
112 139 177 132 113 135 10.8
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Table A-5 (cent-)

SSES

DATE 3 APR 6 APR 10 APR 13 APR 17 APP. 20 APR 24 APR 27 APR
TIME 1341 1339 1233 1329 1244 1205 1304 1315
RIVER LEVEL .4 ABOVE MSL) 150.13 154.64 151.60 IS0.62 151.14 151.26 150.35 150.80
DISCHARGE (.S/S) 732 5440 1783 1032 1406 1502 857 1157
TEMP EPATURE (C)

AIR 14.0 7.0 11.0 12.U 14.0 12.0 9.5 . 22.5
WATER 6.0 5.0 6.. 8.0 8.0 9.0 0.5 9. 5

WEATHER SUNNY OVERCASr SUNNY OVERCAST P.CLOUDY OVERCAST OVERCAST SUNNY

SECC'I OISC(CM)
TURDIDITYINTU)
OXYGEN

DISSOLVED ( MG/L)
PERCENT SATURATIO

T M

TOTAL ALMALINITY(4G/L)
PH
SPECIFIC COp;DUCTANCE

AT 25 C(.MHOS/CM)
SULFATE (MG/L)
I RON (MG/L)

TOTAL
DISSOLVED
PERCENT DISSOLVED

RESIDUE (MG/L)
TOTAL
FI2XD TOTAL
NONFILTRABLE
FILTRABLE

DATE
TIME

.TEMPEPATURE (C)
-AIR

WATER•

WEATHER

MEAN. SE
125 5 20 47' 35 50 65 18 46 12.S
6.4 200 36 18 23 15 10 38 43 21.4

12.4S 11.6S 11.90 10.80 10.60 11.00 11.90 10.90 11.40 0.221
101 90 96 91 88 9S 99 96 95 1.5S
.35 17 26 31 29 26 33 30 28 1.9
7.4 7.2 7.2 7.2 7. 1 7.3 7.3 7.3 7. 3 0.03

190 94 120 153 135 "12S 150 140 139 9.4
27 22 37 27 24 22 26 32 27 1.

0.94 18.20 2.99 1.79 2.17 1.81 1.21 3.S0 4.08 1.923
0.45 0.43 0.48 0.44 0.34 0.25 0.41 0.37 0.40 0.02a

48 2 16 25 16 14 34 11 21 4.8

138 602 164 131 144 132 108 166 198 54.8
92 550 131 96 120 86 72 130 160 53.1
7 537 54 25 40 34 13 67 97 59.f

131 6S 110 106 104 98 9S 99 101 6.1

BELL 8ENd

3 APR 6 APR 10 APR 13 APR 17 APR 20 APR 24 APR 27 APR
1329 1324 1225 1315 1301 1213 1312 1308
14'0 7.0. 11.0 12.0 14.0 12.0 9.5 22.5

6.0 5.0 6.0 6.0 0..0 9.0 8.5 .9.5
SUNNY OVERCAST SUNNY LT.RAIN P.CLOUDY OVERCAST OVERCAST SUNNY

SECCHI DISC(CM)
TJR PSIDITY INTU)
OXYGEN

DISSOLVED (MG/L)
PERCENT SATURATION

TOTAL ALRALINITY(MG/L)
PH
SPECIFIC CONDUCTANCE

AT 25 C(L:MNOS/CN)
SULFATE (MG/L)
IRON (MG/L)

TOTAL
DISSOLVED
PERCENT DISSOLVED

RESIDUE (MG/L)
TOTAL
FI •ED TOTAL
NONFILTRABLE
FILTRABLE

MEAN SE

125 5 20 53 35 50 63 17 46 12.
6.2 220 36 17 24 15 10 39 46 23. i

12.55 11.60 12.10 10.85 11.15 11.00 11.80 11.05 11.51 0.20;
102 89 97 91 92 95 99 97 95 1.!

36 16 26 30 31 28 33 30 29 2. c
7.4 7.1 7.2 7.3 .7.2 7.3 7.3 7.3 7. 3 0. C

190 94 120 150 140 .125 150 140 139 9.
.26 24 38 26 23 20 24 27 26 1.

0.93 17.00 3.12 .1.73 2.15 1.75 1.16 3.43 3.91 1.78'
0.41 0.46 O051 0.42 0.33 0.28 0.38 0.35 0.39 0.02!

44 3 16 24 1s 16 33 10 20 4. 4

136 612 165 137 144 144 100 168 202 55. f
a8 560 129 102 109 101 74 128 161 54. C

7 496 57 24 37 33 17 70 93 54.0
129 116 108 113 107 111 91 90 109 3. 0
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Table A-S (cont.)

SSES

DATE I1 MAY 4 MY S-MAY 11 MY 15 MY Is mY 22 MY 2t MAY 29 MAY
TIK, 1359 1249 1253 1250 1323 1412 1307 1327 1257
P1 ER LEVEl (M ABOVE .ML) 149.86 149.83 150.10 150.13 151.38. 150.38 .150.28 150.28 151.29
DISCH)RG (M3/S) 586 570 715 732 1602 ý 876 820 820 1527
TEDERATUR (C)

AIR 17.0 18.0 14.0 17.0 12.0 11.5 22.0 25.5 17.5
VA•TER 13.5 13.0 12.0 12.5. 12.0 10.5 14.5 17.0 16.0

WFAMERa P.CLODY OVEArCT LT.RAIN SUH4Y P.C..0JDY OVER.ST P..C.QJY SJU4Y LT.PAIN

SE= D0ISC(O4
WIUIDITY INTU,

DISSO.,VED N.,SA/)•
02R4PERCENT SpA¶1MTION
ITrPL ALIPLu1NX7fMG(
PH
SPECIFIC MaOWCrACMX

AT 25 C(u?8=/04)
SWLFATEI/ Pm/L)
IPO4OG/L)

DISS0LVED
PEPMr DISSOLVED

RESICUE (P/L)

FIxD ITOAL
NONFILTRABLE
FXLTMOLE

DAI'E

TIIc
T9EMPAETUM (C)

AIR

WEATHER

MAN SE
80 6S 105 130 52 90 90 125 30 86 10.3

7.6 9.3 5.4 4.8 20 8.7 6.3 4.2 25 10 2.3

9.90 9.85 10.25 10.50 9.80 9.70 10.00 9.90 8.60 9.83 0.166
94 91 94 98 91 87 97 102 86 93 1.6
41 42 40 39 37 35 41 44 41 40 0.9

7.5 7.4 7.4 7,4 7.4 7.3 4.3 7.4 7.2 7.4 0.03

190 205 170 165 130 140 170 175 160 167 7.3'
27 30 29 30 19. 22 27 27 24 26 1.2

1.42 1.71 1.12 1.03 1.60 0.88 1.17 0.92 3.14 1.44 0.221
0.51 0.52 0.50 0.51 0.21 0.37 0.42 0.41 0.22 0.41 0.038

36 30 45 50 13 42 36 45 7 34 4.7

140 148 110 119 144 144 116 134 176 137 6.4
100 107 82 80 U.3 96 92 84 132 98 5.3

12 19 10 7 40 a 8 7 65. 20 6.3
128 129. 100 112 104 136 108 127 111 117 4.1

BELL ODE

1 M4Y 4 PAY 9 MAY. 11 MAY 15 MY IB MY 22 MY 25 MY 29 .AY
1353 1241 1243 1301 1330 1420 * 1314 1319 1248

17.0 18.0 14.0 17.0 1.20 11.5 22.0 • 25.5 17.5
13.5. 13.0 12.0 12.5 12.0 10.5 14.5 17.0 16.0

P.CLWDY OVEFOS LT.RAIN SUNNY P.CL.JDY OVEASr P.JC.)Y SUNiY LT.pAIN

~N SE

SECCM DISC:(CM)
"IUMIDITY(NMIJ)

DISSOLVE DPG,.)
pcrl" SATUJRATUN

TOM ALMIIITYN(IG93)
PH'
SPECIFIC CONCJCTANCZ

AT 25 C (WM/.McSt)
SiLFATE (IC/i,)
IRON (MGL)

IOTAL
DISSOLVEDpacv DISSOL.VED

RESIDUE(4G,.)

FliED TO'IAL

?QFILTRA•LE
F17 MABLE

82 70 110 130 50 90 90 129 31 87 10.6
7.6 8.9 5.2 4.9 20 7.6 6.3 3.4 32 11 3.0

9.80 9.90 10.25 10.50 9.80 10.00 9.80 9.70 8.60 9.82 0.165
93 91 94 98 91 90 96 100 86 93 1.4
41 44 40 40 36 35 40 44 41 40 1.0

7.4 . 7.5 7.4 7.4 7.4 7.3 7.3 7.4 7.2 7.4 0.03

190 205 170 165 130 140 170 175 160 167 7.3
28 33 26 32 19 22 26 28 is 26 1.7

1.37 1.56 1.09 1.04 2.22 1.04 1.08. 0.85 4.07 . 1.59 0.321
0.48 0.49 0.46 0.49 0.20 0.41 0.39 0.38 0.21 0.39 0.036

35 31 42 47 9 39 36 45 .5 32 4.8

144 149 109 122 161 140 124 132 216 144 9.9
103 103 79 83 131 94 91 82 172 104 9.5
13 16 10 8 54 14 10 7 123 28 12.1

131 133 99 114 107 126 114 125 93 116 '4.5
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Table A-5 (cont.)

OATE 1 JUN 5 JUN 8 JUN 12 JUN 15 JJN 19 JUN 22 JUN 26 JUN 29 JUN
'n ht 1316 1304 1212 1257 1319 1250 1312 1333 1219
RIVER LEVT (IM4 AV£E MBSL) 151.18 150.13 149.37 149.07 148.91 148.97 149.31 148.79 148.73
DoS zCM4E (,3/s) 1947 732 365 253 204 .223 341 169 153
TrVEPA.rTURE (C)

AIR 21.5 25.5 27.5 24.0 15.5 31.0 25.0 26.5 27.0
VATEP 13.5. 16.0 21.0 25.0 2460 21.5 21.5 22.0 23.5

WFhtATH P.CL, 0Y P.CLD.oD P.CLO, J.Y S3•Imy P.aLJDY P.,CQJOy PX.COJDY P .cL.cuy P.cLcJuY

SEWUI DISC:(co')
1UMIDI'Y(U• )

DI SCLVE (IGA.)
pEFK3Nr SA',J1VM1ON

TOTL ALXA•r.,IqT /L.)

SPECIFIC CO#CUCTANCE
AT 25 C IP4?C0/i)

S3I2ATE("L)

DISSOLVED• E:In-'a DISSOLVED

RESIDUE(G/L)

FIXED lomik
NOWILTR..EFIWLTAOL

I MAN 10
40 .90 105 68 60 -42 8 12 33 51 10.4
20 7.2 4.3 6.4 8.2 9.2 130 80 17 31 13.9

9.60 9.40 10.10 10.00 9.50 9.40 6.85 7.15 •10.00 9.11 0.388
91 94 113 120 113 105 77 81 116 101 5.0
46 38 48 50 62 67 53 61 73 56 3.5

6.9 7.2 7.6 8.0 7.7 7.5 7.3 7.3 7.7 7.5 0.10

110 150 218 278 320 330 230 305 350 255 26.4
23 28 46 51 44 59 50 68 52 47 4.4

2.22 1.40 1.32 1.72 191 2.04 7.02 5.01 2.11 2.75 0.614
0.27 0.54 0.72 0.18 0.43 0.32 0.54 0.56 0.29 0.43 0.055

12 39 55 10 23 16 8 11 14 21 S.0

138 142 156 206 210 253 306 294 247 217 19.9
81 94 98 124 139 155 234 207 162 144 16.4

.46 13 8 16 12 13 138 67 26 38 13.4
92 119 148 190 198 240 168 227 221 178 16.0

BUELL8083

TMD
ATIR

WEATHERA

1I J 5 JU N 0 JUN 12 JUN 15 JUN 19 JUN 22JUN 26 JUN 29 JUN
1326 1313 1218. 1307 1325 .1259 1325 1337 1224

21.5 25.5 27.5 24.0 15.5 31.0 25.0 26.5 27.0
13.5 .16.0 21.0 25.0 24.0 21.5 21.5 22.0. 23.5

P.Ciliy P.am y p .cLarnY s.y pa ny .cy P.cmoy P.ea y p.c.aaDy p.C=aJDY

ICM4 ~

SECCHI DISC(t4)
rIreDrffNlU)

DISSOLVE(WM/
p ,!(T SAIUM7T7N
7AL . rALpLINITY (?G/L)

PH
SPEC FIC CONDUCTANCE

AT 25 C (uwM406-/M)
SULFATE(,4G,)
IRON 044)

TO0ML
DISSOLVED
PERfNrT DISSOLVED

RESIrvE((GA.
FIXED TOTAL

NFILTRABLE
Fl LTIW.BI

MAN4 SE:
40 90 95 68 60 40 5 12 33 49 10.0
22 6.6 4.7 6.5 7.7 8.9 120 80 19 31 13.0

9.80 9.30 10.00 10.10 9.20 9.70 6.90 7.10 9.85 9.08 0.385
91 93 112 121 "109 109 78 .80 1,15 101 5.0
46 38 49 58 62 67 54 61 73 56 3.4

6.9 7.2 7.6 8.0 7.6 7.5 7.3 7.3 7.7 . 7.5 0.10

110 155 216 275 318 335 230 310 350 255 26.5
25 27 40 53 44 57 43 64 66 47 4.7

2.37 2.21 1.30 1.34 1.68 1.92 7.82 5.08 2.23 2.8B 0.686
0.27 0.49 0.69 0.15 0.41 0.35 0.21 0.47 0.30 0.37 0.052

11 22 53 11 24 18 3 9 13 18 4.6

139 144 i56 204 220 242 304 303 270 220 20.5
82 89 102 129 134 145 232 212 170 144 16.6
46 15 10 13 14 15 138 68 28 39 13.3
93 129 146 191 206 227 166 235 242 182 16.3
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Table A-5 (ccnt.-)

,SSESI

DATE 3 JUL 6 JUL 10 JUL 13 JUL 17 JUL 20 JUL 24 JUL 27 JUL 31 JUL
TIM 1316 1203 1319 1323 1255 1200 1320 1319 1326
RIVER LEVEL( , AWBVE %SL) , 149.34 149.00 149.77 149.22 148.82 i48.70 148.64 148.55 148.97
D!SCHArm" 3/S ) 353 233 540 306 178 145 129 108 223
ITEW9DATURE (C)

AIR 26.5 22.5 21.0 27.0 29.C 24.5 26.0 18.5 26.5
V 22.5 12.5 20.0 23.0 26.0 23.5 25.r 23.5 23.5

I'EA•O. aERMr WinSTr LT.RAI. SUNNY P.Ofl.Dy P.cLUoy SJINY LT.MIXN P.C=DJDY

SE(a DISC(CIA)

D IS9S3LVU3("4/L).
PEMT SATUtRATIOD

TIOrAL aLINI TY(MG/L)
PH
sp0cri PC3C4t1CrANCE

AT 25 C(&AtMS/IC)
SULFNZ (MG/L)
IRON (PG/L)

DISSOLVED

PE£Rf DI SSOLVED
I•.SIDUE(•IC/L)

TIOTAL~ ASFI)ED TOMrA

NWILTRABLE
Pwim?.L

32 30 19 41 52 60 62 83 69 50 6.6
18 25 42 18 12 9.8 8.7 7.3 7.7 17 3.6

7.80 7.15 7.50 8.10 7.#0 7.15 6.70 6.90 8.85 7.55 0.212
89 82 82 93 95 4 ' 80 104 88 2.6
41 53 43 49 56 .58 63 65 67 55 3.0

7.2 7.2 7.3 7.4 7.4 7.2 7.3 7.3 7.5 7.3 0.0 1

220 270 190 241 295 295 295 355 295 273 15.6'
45 58 52 46 61 71 81" 78 66 62 4.1

2.90 3.03 4.07 2.58 2.00 2.07 1.99 1.35 1.59 2.41 0.268
0.79 0.70 0.48 0.76 0.86 0.85 0.68 0.20 0.46 0.65 0.071

27" 26 12 29 43 41 34 15 29 28 3.3

182 223 217 194 214 226 260 266 201 - 220 8.9
122 159 153 142 153 148 160 171 . 128 148 4.9
33 33 66 2a 14 13 10 8 11 24 5.9

149 190 151 166 200 213 250 258 190 196 12.4

BSLL BED

DATE 3 JUL 6 JUL 10-JUL 13 JUL 17 JUL 20 JUL 24. JUL 27 JUL 31 JUL
TIM 1325 1209 1311 1332 1302 ' 1206 1327 1326 1318
?-,EPM¶WEM (C)
AIR 26.5 22.5 21.0 27.0 29.0 24.5 26.0 18.5 26.5

22.5 22.5 .20.0 23.0 . 26.0 23.5 25.0 23.5 23.5
WEATHER OVERCffS OVEIPCAS LT.RkIN SUtNY P.QGUJOY P.CDX33y SUNNY L".RI:a P.CDJUY

MEAN SE

sEc Dnnoisci', 36 30 19 40 56 .64 65 87 70 52 6.9
"n90MIDrTy(!rU) 18 25 40 18 12 9.8 9.1 6.9 7.7 16 3.4

DXSSOLVWE(,C/) 7.95 7.15 7.40 8.05 7.70 7.15" 6.65 6.80 8.75 7.51 0.211
PEIPOOT SATUiATIOV 91 82 81 93 94 84 79 179 103 - 87 2.6

'OrAL AL IPLIr4NTV(GAC) 42 52 44 50 56 57 64 66 67 55 2.9
p' . 7.2 7.3 7.3 7.4 .7.4 7.2 7.3 7.3 7.5 7.3 0.03
SPECIFlC NC3JrANCE

AT 75 C(M.HS/IC) 225 270 190 241 290 300 300 365 295 275 16.2
SULFATE O(KG' 43 56 39 49 57 68 .0 78 62 '58 4.0

TOTAL 2.75 3.24 4.18 2.45 2.02 2.08 1.96 1.29 1.56 2.39 0.282
DISSOLVED 0.76 0.78 0.49 0.78 0.84 0.83 0.67 0.20 0.47 0.65 0.068
PEfo DISSOLVD 28 24 12 32 42 40 34 16 30 29 3.2

r4ESlDUE (?G/L)

7iM 183 229 218 186 211 225 249 256 196 217 8.1
FIt)D TUOTAL 122 168 150 140 156 157 154 166 128 149 5.0
tqILTpABLE 33 35 67 29 16 15 10 9 11 25 5.9
FILTIPALE IS0 194 151 157 195 210 239 247 187 192 11.3
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Table A-5 (cont.)

SSES

3 AUG 7 AJG 10 AUG 14 kUG 17 AUG 21 AUG 24 AUG 27 AUG 30 AM
TIM 1305 1326 1336 1330 1331 1327 1308 1325 1300
RIVER LEvEL A'3OVr .MSL) 148.70 148.82 148.58 140.10 149.55 149.13 148.73 148.64 148.49

XDISCHARX 1i -/5) 145 17A 115 263 442 274 153 129 95

AlP 24.5 27.0 24.0 28.5 23.0 20.0 22.S 26.5 27.C
WkTE*R 24.5 25.0 25.5 26.5 24.5 '22.5 23.0 23.5 24.5

,WA',R LT.RAII' P..3 WDY .RCkS, P CL7JDY P .,'AJOY Su.'m P.cLaJoDY 9JNIY P ..MOJY

SE£CI DISC(M4)
WMIDXOITY (NVl')

:)IS3LVED ('4G/L)
PERWIJT SATJPAT!IO

?T-jrL NLmL0:I7 y(MCG/L)

SPECI:IL. C"•vaj.kMCE"
AT 25 C4sM1CS/CM¶

wrL7A.TE ('mG,)! 104 (.nq/L)

0 ISSOLVED
pEctrr DIS90LVED

Es WEm I)./L)
TOMZA
FIRED TOM74
v.WDIILTRM3 LE
FILTW.PLE

M4ENN SE
60 70 75 51 41 10 24 34 38 41 8.0

9.8 8.2 7.1 10 240 90 28 18 13 47 24.3

7.70 6.65 6.60 7.85 6.50 7.20 7.5 10.20 11.20 7.94 0.525
92 79 80 97 77 83 87 119 132 94 6.1
52 56 60 70 57 62 6r 69 72 62 2.2

7.2 7.3 7.2 7.7 7.4 7.5 7.4 7.8 6.5 .7.6 0.13

281 295 320 29R 215 245 290 309 345 289 12.3
56 57 65 47 36 46 54 57 65 54 3.0

1.72 1.66 1.J1 1.30 16.20 6.07 2.82 2.17 1.60 3.09 1.533
0.70 0.69 0.40 0.32 0.40 0.54 0.52 0.47 0.11 0.46 0.058

41 42 28 24 2 9 18 22 7 21 .4.5

225 207 255 206 474 278 226 232 240 160 26.3
146 118 172 142 402 213 151 174 171 188 26. ,

6 12 7 16 308 90 32 25 24 58 30.7
219 195 248 190 166 188 194 207 216 203 7.4

BELL BEM~

DATE 3 AUG 7 AUG 10 WC 14 ;UG 17 AUG 21 AUG 24 AUG 27 AUG 30 AUG
TIM 1311 1333 1326 1338 1337 1333 1300 1333 1252
"JE.SIRATURE (C)

AIR 24.5 27.0 24.0 28.5 23.0 20.0 22.5 26.5 27.0
MTEP 24.5 25.C 25.5 26.5 24.5 '22.5 23.0 23.5 24.5

EA1LT.RAI19 P.CY .. OJDT EPMr'S' P .CL.WY P .CLCUY sm~iT P .Q..OY. sLNNY P .a~iy

s z• DIS.C (cm)
Tt,,'ZID ITY (NM')

D zS.,qLV •(PC,]r.)

Puma ShUARTIU H
IX AL lLINI TY (IG/L)

SPECIFIC C:)'CrAHCE
AT 25 V(u.,* /

4
)

SJLFATE (IrUL)
,.I l: r /L.)

70TAL
'3 ISES..VEC
pE1rE7!r cISSMVED
?O~rh,

FIXE I'TAL
7WFILTPJGLE
FIrMSLE

N(FA SE
66 70 I S1 4 10 25 33 38 42 8.4

8.2 8.2 6.5 8.8 230 90 32 19 14 46 23.3

7.85 6.85 6.85 8.00 6.50 7.15. 7.50 10.20, 11.20 8.01 0.512
93 8e 83 90 77 83 87 119 132 95 5.9
55 58 61 71 58 62 62 71 72 63 2.0

7.2 7.3 7.3 7.7 7.4 7.5 7.4 7.8 8.5 7.6 0.13

290 300 325 299 215 255 290 311 345 292 12.1
60 63 65 48 35 47 56 56 64 55 3.1

1.62 1.67 1.13 1.36 15.60 6.34 2.08 2.19 1.62 3.85 1.483
0.64 0.F7 G.34 0.32 0.51 0.2F C.50 0.46 0.11 C.43 0. C57

40 40 3c 24 3 4 16 21 7 21 4.5

222 208 255 199 460 284 2%3 246 242 264 26.9
142 12C 164 138 412 212 157 178 108 1e 27. F

6 11 .7 12 294 S2 36 28' 24 57 29.4
216 197 243 187 186 192 202 218 218 207 6. t
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Table A-5 (cant.)

SSES

DATE 4 SEP 7 SEP 11 SEP 14 SEP 18 SEP 21 SEP 24 SEP 27 SEP

TIME 1325 1330 1310 1211 1332 1326 1323 1345

RIVER LE VEL JN AOVE msL) 148.43 148.55 148.39 148.36 148.49 148.39 148.33 1480.30

DISCHARGE(M /S) 82 109 76 70 95 76 65 59
TE14PE RAWRE (C)AIR 20.5 19.5 23.5 18.0 19.0 20.0 25.0 11.0

WATER 23.5 20.5 20.5 21.0 18.5 19.5 20.5 19.5
1 E4TNIR P.CLOUODY SUNNY P.CLOUDY OVERCAST SUNNY SUNNY P.CLOUOY OVERCAST

SECCff OISC(CM)
TURBIDITY (NTU)
OXYGEN

DISSOLV1EO (MG/L)
PERCENT SATURATION

TOTAL ALIMLI.NITY(14G/L)
PH
SPECIFIC CONOUCTANCE

AT 25 C(i.l44VS/CM)
SULFATE (MG/L)
IIE3N(MG/L)

TOTAL
DISSOLVED
PERCr4T DISSOLVED

RESIDUE (MG/L)
TOTAL
FIXED TOTAL
NONFILTRABLE
FILTRABLE

MEAN SE
41 .41 40 . 46 49 45 50 58 46 2.0
16 15 13 13 ,12 12 11 10 13 0.7

0.45 9.95 9.70 8.95 9.60 10.70 9.20 8.30 9.36 0.266
98 111 107 100 103 116 102 91 104 2.6
68 72 82 78 80 ,.88 83 8' 84 79 2.2

7.6 7.8 7.7 7.6 7.6 7.8 7.6 7.5 7.7 0.04

375 345 395 410 395 415 420 425 398 8.9
74 60 69 80 79 77 80 89 76 2.9

2.11 2.00 1.94 1.78 1.91 1.65 1.60 1.50 1.81 0.071
0.23 0.21 0.22 0.28 0.36 0.16 0.15 0.18 0.22 0.023

11 10 11 16 19 10 9 12 12 1.2

264. 254 272 270 280 286 290 296 277 4.7
190 192 208 196 218 186 205 215 201 4.0

18 18 18 16 13 15 14 11 15 0.9
246 235 254 254 267 271 276 285 261 .5.5

BELL BEND

DATE
TIME
TESNPERATU RE (C)
* AIR

WATE R
WEATHER

4 SEP 7 SEP 11SP 14S EP 18 SEP 21 SEP 24 SEP 27 SEP
1332 1336 1316 1205 1325 1318 1329 .1352

20.0 19.5 23.5 18.0 18.5 20.0 25.0 11.0
23.5 20.5 20.5 21.0- 18.5 19.5 20.5 19.5

P.CLOUDY SUNNY P.CLOUDY OVERCAST SUNNY SUNNY P.CLOUDY OVERCAST

SECCNI DISC(CN)
TURB IDITY (NTU.)
OXYGEN

DISSOLVED (NG/L)
PERCENT SATURATION

TOTAL AL KLIN ITY (MG/L)
PH
SPECIFIC CONDUCTANCE

AT 25 C6,MHOS/CM)
SULFATE (NG/L)
IRON (MG/L)

TOTAL
* DISSOLVED

PERCENT DISSOLVED
RESIDUE (NG/L)

TOTAL
FIXD TOTAL
NONFILTRABLE
FILTRABLE

* MEAN SE
41 44 40 46 50 45 .52 60 47 2.2
15 15 13 12 12 12 11 10 13 0.6

8.60 9.95 10.00 9.05 9.45 10.60 9.10 8.30 9.38 0.257
100 111 110 101 101 115 101 91 104 2.6

70 74 82 79 80 88 84 84 . 80 1.9

7.7 7.8 7.8 7.6 7.6. 7.8 7.6 7.5 7.7 0.04

390 365 410 425 410 425 435: 450 414 8.9
74 66 69 83 86 74 83 90 78 2.9

1.93 2.03 1.87 1.74 2.04 1.68 1.62 1.46 1.80 0.069
0.Z3 0.20 0.22 0.29 0.34 0.15 0.14 0.18 0.22 0.023

12 10 12 17 17 9 9 12 12 1.1

264 269 276 290 .298 307 300 316 290 * '6.2
196 204 212 202 217 201 224 227 210 3.8

17 20 18 16 15 16 15 12 16 0.8
247 249 252 274 283 291 285 304 273 7.2
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Table A-5 (cont.)

SSES

DATE 3 OCT 10 OCT 18 OCT 25 OCT
TIE 1332 1307 1247 1305
RIVER LEVEL(' ABOVE MSL) 148.30 148.27 148.24 148.33
DISCHARGe5 A) 59 54 49 65
TEMPERATURE (C) I

AIR 16.0 18.5 18.5 18.5.
WATER 14.5 15.5 15.5 15.5

WEATHER P.CLOUDY P.CLOUDYP.CLOUDY SUNNY

SECCHI DISC(c.4)
TURBIDITY(4TU)
o XYGE4

DISSOLVED (MG/L)
PERCZNT SATURATION

TOTAL ALKALI.4ITY(%G/L)
PH
SPECIFIC CONDUCTANCE

AT 25 C(iJNNOS/CM)
SULFATE (%G/L)
IRON(4G/L)

TOTAL
D ISS3LVED
PERCE4T DISSOLVED

RE SI DUE (%4/,)
TOTAL
FI)m, TOTAL
NONF I LTRABLZ
FILTRABLE

DATE
TIMNE
TEMP ERArURE (C)

AIR
WATER

WEATHER

SSE'CCI Di.SC (CM)

TURBI0ITY(NTU)
OXYGEN

.DISSOLVED (MG/L)
PERCENT SATURATION

TOTAL ALKALINITY (./L)
PH
SPECIFIC CONDUCTANCE

AT 25 C(hMHOS/CM)
SULFATE(MG/L)
I RO. (MG/L)

TOTAL
DISSOLVED
PERCENT DISSOLVED

RESIDUE (HG/L)
TOTAL
FI XE TOTAL
NON ILTRABLE
FILTRABLE

MEAN SE
.51 s0 60 63 56 2.9
12 11 12 9.1 11 0.6

8.90 8.70 7.45 7.00 8.01 0.416
86 87 74 71 80 3.7
82 83 "83 75 81 1.7

7.4 7.3 7.3 7.3 7.3 0.02

440 455 470 410 444 11.5
94 99 97 74 91 5.2.

2.10 1.83 1.92 1.94 1.95 0.050
0.31 0.26 0.31 0.49 0.34 0.045

Is 14 16 25 18 2.3

293 321 316 285 304 7.8
216 242 240 208 227 7.6

12 10 10 14 12 0.9
281 311 306 271 292 8.6

BELL SEND
3'OCT 10 OCT 18 OCT 25 oCT

1324 1313 1254 1316
16.0 18.5 18.5 18.5

14.5 15.5 ' 15.5 5S.5
P4CLOUDY P.CLOUDY P.CLOUID SUNNY

MEAN SE
50 52. 62 63" 57 3.0
12 11 9.4 8.9 10 0.6

8.70 8.60 7.45 7.00 7.94 0. 377
84 86 74 71 79 3.3

81 84 83 76 81 1.6
7.4 7.3 7.3 7.3 7.3 0.02

440 .465 480 435 455 9.5
91 103 97 79 93 4.6

1.99 1.70 1.68 1.77 1.79 0.064
0.30 0.23 0.28 t0.48 0.32 0.049

15 14 1.7 27 18 2.7

304 341 329 304 320 6.3
225 243 243 220 233 5.4

12 11 9 12 11 0.6
292 330 320 292 309 8.7



. I

38

Table A-0 (cont.)

SSES

DATE 1 '4OV 8 NOV 14 NOV 21 '40V 28 NOV
TI4E 1256 1219 1212 1348 1209
RIVER LEVEL(N ABOVE MSL) 148.39 148.49 148..64 148.52 148.46
DISCHAARGE (M

3
/S) 76 95 129 101 88

TEMPERATURE (C)
AIR I , 14.5 8.5 8.0 3.5 4.0
WATER 15.0 10.0 7.0 3.5 6.0

WEATHER OVERCAST SUNNY SUNNY SUNNY LT.RAIN

SECCul OISC(C'4)
TUNS oI ITT(YTU)
OXYGEN

DI SSOLVED (OGL)
PERCENT SATURATION

TOTAL ALKALINITY (MG/L)
PH
SPECIF IC CONDUCTANCE

AT 25 C(u'4HOS/CM)
SULFATE (MG/L)
IRON (4G/L)

TOTAL
DISSOLVED
PERCENT DISSOLVED

RESIDUE (.G /L)
TOTAL
F10xEO TOTAL
NONI! LTRAS3LE
FILTRASLU

DATE
TIME
TEMPERATURE (C)

AIR
WATER

WEATHER

MEAN SE
48 75 113- .140 85 92 14.5
10 9.2 5.8 6.0 8.6 7.9 0.8

8.50 10.50 10.90 12.95 12.05 10.98 0. 690
84 94 90 99 96 93 2. 4
85 82 76 71 66 76 3.2

7.5 7.5 7.5 7.5 7.5 7.5 0.00

420 360 320 310 300 342 20.1
77 60 40 50 56 57 5.6

1.97 1.79 1.45 1.36 1.76 1.67 0.103
0.25 0.70 0.74 0.84 0.75 0.66 0.095

13 39 51 62 43 42 7.4

286 240 208 203 198 227 15.0
203 175 156 134 149 164 11.6

12 8 6 3 7 7 1.3
274 232 202 200 191 220 .13.9

BELL GENO

1 NOV 8 NOV 14 NOV 21 NOV. 28 NOV
1249 1209 1203 1358 1200

14.5 8.5 8.0 3.5 4.0
15.0 10.0 7.0 3.5 6.0

OVERCAST SUM.Y SUNNY SUNNY LT.RAIN

SECC4I DISC(CN)
TURBIoITY(4TU)
OXYGEN'

Di SSOLVEO (.G4)/L)
PERCENT SATURkTION

TOTAL ALKALINITY(.G/L)
PH
SPECIFIC CONOUCTANCE

AT 25 CfmMH3S/CM)
SULFATE(G/LA)
IRoN (G/L)

TOTAL
DISSOLVEO
pERCENT DISSOLVED

RESIDUE (MG/[ )
TOTAL
pixEO TOTAL
NOm? ILTRABLE
FILTRABLE

MEAN se
49 75 l0 140 80 91 14.3
10 9.2 6.3 6.0 9.7 8.2 0.8

6.40 10.40 10.90 12.95 12.10 10.95 0.711
83 93 90 99 96 92 2.5
85 83 77 73 64 76 3.4

7.S 7.5 7.5 7.5 7.5 7.5 43.oo

425 385 330 320 30S 353 20.5
80 64 40 51 54 so 6.2

1.94 1.83 1.44 1.41 1.89 1.70 0.105
0.23 0.66 0.70 0.85 0.71 0.63 0.096

12 36 49 60 41 40 7.3

288 270 212 212 194 235 16.8
208 195 160 127 146 167 13.8

12 7 8 3 9 8 1.3
276 263 204 209 185 227 16.2
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Table A-5 (cont.)

SSES

DATE 5 DEC 12 DEC 19 DEC 26 DEC
TI.ME 1307 1311 1352 1303
RIVER LEVEL(14 ABOVE MSL) 150.07 149.49 149.68 149.86
DI SCHARGE (4

3
/-) 696 415 497 586

TEMPERATURE(C)
AIR 2.0 5.0 3.5 0.0
WATER 3.5 2.5, 5.0 2.0

* WEATHER SUNNY OVERCASr,'HVY.RAIN OVERCAST

MEAN SE
SECCHI DISC(CN) 57 125 82 81 86 12..7
TURSIDITY NTU) 13 5.0 7.1 7.7 8.2 1.5
OXYgEN

DISSOLVEDP(G/L) 13.00 14.00 12. 7S 14.30 13.51 0.337
PERCENT SATURATION - 99 102 99 106 102 1.5,

TOTAL ALIRLINITY04G/L) 36 44 40 36 39 1.7
PR 7.4 .7.4 7.4 7.5 7.4 0.02
SPECIFIC Comn'UCTANC

AT 25 C(uIMNOS/CM) 165 195 180 160 175 7.1
SULFAtE (mG/L) 1i 28 26 23 .24 1.9
IRON (%,•,/L)

TOTAL 1.46 0.94 1.10 0.98 1.12 0.106
DISSOLVED 0.32 0.41 0.32 0.34 0.35 0.019
PERCENT DISSOLVED 22 44 29 35 33 4.2

TOTAL 132 120 122 115 122 3.2
FIXED TOTAL s5 84 82 76 82 1.8
NONFILTRABLE 17 8 12 10 12 1.7
FILTRASLE 115 112 110 10 5 111 1. 9

BELL %ENO.

DATE 5 DEC 12 DEC 19 DEC 26 DEC
TI M 1317 1300 i343 1315
TEMPERATURE(C)

AIR
WATER

WE A? H!

2.0 .5.0 3.5 0.0
3.5 2.5 5.0 2.0

SUNNY OVERCAST HVY.RAIN OVERCAST

SEC-.I OISC(C.")
TURB3IOITY1(NU)
OXYGEN

DISSOLVtO(MG/L)
PERCENT SATURATION

TOTAL ALDkLINITY(mG/L)
PH

SPECIFIC CONDUCTANCE
AT 25 C(uMH3S/CM)

SULFATE (MG/T)

TOTAL
DISSOLVE0
PERCENT DISSOLVED

RESIDUE (NG/L)
TOTAL

IEZD TMTAL
NONFILTMABLE
FILTRABLE

Mt AIN SE57 125 80 82 86 12.7
12 5.2 7.4 7.7 8.1 1.3

13.00 14.00 12.85 14.45 13.58 0.347
99 102 100 107 102 1.6
36 44 40 36 .39 1.7

7.4 7.4 7.4 7.5 7.4 0.02

165 195 180 160 175 7.1

18 28 26 22 24 2.0

1.47 0.95 1.18 1.03 1.16 0.102
0.30 0.41 0.32 0.31 0.34 0.023

20 43 27 .30 30 4.3

132 120 123 114 122 3.4
87 85 89 74 84 3.0
17 6 13 10 12 2.1

115 114 110 104 111 2.2
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Table A-6

Summary of physicochemical data collected from the Susquehanna- Rivei at SSES and Bell Bend, 1984.

SSES BELL BEND

PARAMETER MINIMUM MAXIMUM MEAN SE MINI imM MAXIMUM MEAN SE

SECCHI DISC (CM) 3 205 79 12.3 3 205 80 12.2
TURBIDITY (NTU) 3.6 320 24 7.2 3.4 320 24 7.3

OXYGEN
DISSOLVED (MGA) 6.50 14.30 10.52 0.626 6.50 14.45 10.S2 0. 629'

PERCENT SATURATION 71 132 93 1.9 71 132 93 2.0

TOTAL ALghLINITY(MG/-) 17 a8 56 5.0 16 a8 56 5.1
PH 6.9 8.5 7.4 0.04 6.9 8.5 7.4 0.,0,4

SPECIFIC CONDUCTANCE
AT 25 C(IuMOS/CM) 90 470 267 27.2 91 480 271 28.6

SULATE(MG/.) 11 99 49 6.1 10 103 49 6.3

IRON
TOTAL (MG/)L 0.86 27.40 2168 0.566 0.85 25.40 2.63 0.524'
DISSOLVED (MG/.,) 0.11 1.43 0.56 0.080 0.11 1.31 0.54 0.cj79
PERCENT DISSOLVED 2 79 33 5.1 3 $1 32 5.0

RESIDUE (MG/L)
TOTAL 108 745 219 18.1 108 728 223 18.8
FIXEO TOTAL 72 678 160 15.6 73 560 160 '14.0
,ONFILTRABLE 2 648 39 14.3 2 620 39 13.5
rILTRMSLE 65 311 180 17.4 91 330 184 18,

6
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Table A-7

hesults of Wilcoxon Signed rank test comparing concurrent physicochemical data

and Bell Bend, .1984.
from the Susqueha,.a ••.ver at SSES

PARAMIETER NO. OF SAMPLES WITH
UNEQUAL VALUES

NO. OF SAMPLE VALUES
GREATER AT SSES

NO. OF SAMPLE VA4UES
GREATER AT BELL BEND

I SCORE

SECCHI DISC (CI)'

TURBIDITY INTU)

OXYGEN
DISSOLVED (MG/Lf
PERCENT SATURATION

TOTAL ALKALINITY (MG/L)

PH

SPECIFIC CONDUCTANCE

AT 25.C (UMHOS/CM)

SULFATE (MG/L)

IRON (MG/L)
TOTAL
DISSOLVED
PERCENT DISSOLVED

RESIDUE (MG/L)
TOTAL
FIXED TOTAL
NONFILTRABLt
FILTRABLE

* - P'0.05
"* P,0.01

40

44

56

47

42

12

38

64

77
65
65

70
75
54
72

30
25

11

14

24

26

20

26

22

31

a

32

28

1.85

0.67

0.32

0.25

3.08 "

1.15

4.71

0;8936

41
51
44

23
35
16
28

36
14
21

0.93
4.25
3.47 *

3.33
1.82
2.47
2.69 *

47
40
4444

Table A-8

Results of wilcoxon signed
and Bell Bend, .1983-84.

rank test comparing concurrent physicochemical data from the Susquehanna River at SSES

PARAMETER NO. OF SAMPLES WITH NO. OF SAMPLE VALUES NO. OF SAMPLE VALUES* Z SCORE
UNEQUAL VALUES GREATER AT SSES GREATER AT BELL BEND

WATER TEMPERATURE(C) 3 0 3 1.63

SECCHI DISC (CM) 77 28 4.9 2.59 *

TURBIDITY (NTU) 105 75 30 4405S*

OXYGEN
DISSOLVED (NG/L)' 110 46 64 2.63 *
PERCENT SATURATION 95 39 56 2.92 *

TOTAL ALKALINITY (MG/L) 82 20 62 4.51 *.

PH 38 8 30 3.46

SPECIFIC CONDUCTANCE
*AT 25 C (uM1HOS/CM) 84 16 68 6.77

SULFATE (MG/L) 120 67 S3 0.63

IRON (MG/L)
TOTAL 151 91 60 3.36 "
DISSOLVED 134 100 34 5.27
PERCENT DISSOLVED 126 69 57 0.90

RESIDUE (MG/L)
TOTAL 145 40 105 6.39
FIXED TOTAL 145 68 77 1.89
NONFILTRABLE 107 44 63 1.58
FILTRABLE 147 46 101 5.81 *"

- P0.01
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Table A-9

Summary of physicochemical data collected from the Susquehanna River at SSES (1973-84) and'Sell Bend (1978-84).

SEL aI4

SSE S
MI~ ~ BL BENUM MD!MM EAN S

PARAMETER

SECC4I DISC(CM)
TrJR:=IITY(4NTJ)

DISSOLVEO IMG/L)

PERCEqT SATURATION
TOTAL ALKL4ITY(MG/L)
PH
SPECIFIC C,.V.VJCTANCZ

AT 25 C(uMH34S/C4)
SULFATEING/L)
IRON

TOTAL (MG/L)

DISSOLVSO (MG/L)
PERCENT DISSOLVED

RESIDUE(MOGL)
TOThl

FIXED TOTAL
NONFILTRABLE
FILTRABLE

M11.414M.M

2
3.0

5.20
60
12

6.4

76
8

0.86
0.01

0

•100
68

1
54

MAXIMUM

235
1600

14.95
177

88
9.0

575
224

52.80
5.88

98

1490
13ao
1090

363

SS£S
.E£44

70'
27

10. 78
97
46

7.3

272
60

2.67
0.53

27

195
147

34
109

SE

2. 7
2.3

0.144
0.8
1.6

0.02

7.9
2.3.

0.113
0.035

1.6

7.0
5.4
3.6
8.8

.•I 414UM

3
3.1

5..00
58
16

6.6

74
9

0.72
0.01

0

104
68

1
55

MAXIM•JM

225
450

14.50
157

88
8.9

540
158

25. 40.
2.23

92

728
670
649
•368

BELL BE:NO
ME AN

73
17

10. 74

97
54

7.4

285
59

2.29
0.58

33

219
161

28
18

S E

3.9
1.9

0.193
1.0
1. 5

0.02

11.0
3. 3

0.131
0.038

2.1

"7.2
5. 3
3.8
7.6

Table A-10

Results of Friedman's two-way analysis of variance test and Page's distribution-free test for ordered alternatives
of physicochemical parameters at SSES and Bell Bend from 1978 through 1984.

SSES BELL BEND

Parameter DF FRIEDMAN'S PAGE'S -L- OF FRIEDMAN'S PAGE'S "

STATISTIC STATISTIC STATISTIC STATISTIC

STVER TEMPERATURE 6 9.589 1393.5 ......

RIVER LEVEL

RIVER FLOW

TURBIDITY

DISSOLVED OXYGEN

TOTAL ALKALINITY

PH

SPECIFIC. CONDUCTANCE

SULFATE

'IRON
TOTAL
DISSOLVED

RESIDUE
*TOTAL

FIXED TOTAL
NONFILTRABLE
FILTRABLE

6

6

6

6

6

6

6
6

.6
6

.6
6

10.848

9.991

8.821

9.045

9.286

10.384

8,134

15.304'

5.000
6.804

8.366
7.679
6.438

12.375'

1319.0

1312.5

1377.0

1237.0

1391.0

1360.5

1393.5

1416.5

1405.0
1422.5

1341.0
1346.0
1356.0
1377.0

6

6

6

6

6

10.268

6.518

10.393

11.196

6.250

16,107'

1386.0

1265.0

1405.5

1364.0

1381.0

1412.0

1404.0
1435.0

1315.5
1340.5
1362.0
1321.5

6 6.7506 8.464

6
6
6
6

10.2418.795
7.205
7.438

*=Pý0.05
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Table A-L1

Summary of water chemistry data collected from four major acid mine drainages upriver from the Suscue-anna SES,
1972-84. Data were provided by the Pennsylvania Department of Environmental Resources, W4i kes-Barre, Penns'::a.:a

Year 4cO. of pH Alkalinity Acidity (mg/i) Sulfate Total Iron.
Samples (mg/i) (at oH 8) (ag/l) (mo/i)

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

9
2-8
5-6

2
7
8

12
11

10
9

11
9-10
10

11
2-8
1-S

3
6
8

12
11
10
11
11
11-12
10

6
5-13
1- 6

7
7
7

12
11
10
11
11
12
11

OLD FORGE BOREHOLE (50 km)

5.5 -- 136 1010 74
5.2 35 300 1500 175
5.6 63 191 968 59
5.6 47 44 739 44
5.0 44 59 664 42
6.2 94 84 671 36
6.0 78 37 965 30
6.1 69 31 645 33,
6.1 82 17 660 37
6.1 72 9 591 35
6.2 75 26 515 28
6.2 80 20 416 18
6.2 90 13 608 20

DURYEA OUTFALL (49 kin) .

5.8 w- 110 970 70
5.5 35 315 1450 160
5.8 87 53 904 47
5.7 51 70 749 44
6.1 51 46 582 40
-6.5 77 71 572 34
5.9 70 44 571 38
6.1 68 31 605 32
6.1 82 23 630 39
6.1 77 17 589 37
6.1 75 23 478 30

6.2 76 29 483 22
6.2 91 14 547 27

SOUTH WILKES-BARRE OUTFALL (29 lan) *

4.9 -- 700 2420 257
4.0 10 705 2410 330
4.9 - 20 586 2440 267
4.9 40 384 1789 178
5.8 47 181 1121 123
6.1 59 228 1420 127
5.9 54 4:2 1629 . 152
6.0 56 285 1350 128
5.9 67 251 1321 148
6.1 99 118 1247 100
6.0 82 127 1053 87
6 1 91 .129 71
5.9 71 143 72

BUTTONWOOD TUNNEL (28 kin) *

5.5 -- 350 A. .1850 1681972 10
1973 2-11
1974 1-5
1975 6
1976 7
1977. 9
1978 12
1979 11 -
1980 10
1981 11
1982 11
1983 12
1984 10-11

5.0
5.4
5.7
5.6
5.9
5.9
5.9
6.1
6.1
6.0
6.1
6.0

35
41
51
54
64
67
73
86
95
84
90
82

440
265
311
191
204
.133
170
156
100

88
93

129

1840
1571
1523

1210
1221
1090
971

1118
1243
1029
1122

220
147
142
102

73
79
80
94
92
90
39

Distance upriver from Susquehanna SES intake.



44
Table A-12

Physicochemical data collected monthly from the Susquehanna River at SSES andBell Bend. 1984. Samples were
analyzed at the Pennsylvania Power and Light Company Water Laboratory, Hazleton, Pennsylvania.

SSES

SA.4PLE :XJ'9WR 248 250 252 254 256 258 260 262 264 266 268 270
9 3J 6 FE 19 '1R 18 -APR 14 'AY 11 JW4 17 JJL 15 KJG 10 SEP 9 = 12 40V 10 0E

920 1102 1332 1158 -- 1150 1255 1033 1151 1220 1200 1214
RIVE MIPERATURS(F) 32.0 33.0 38.0 47.3 55.4 77.0 79.0 78.0 68.0 59.0 49.0 34.7

.LT- TS) -- - - -... . .....

4.2 6.9 8.5 21 19 6.0 12 37 13 10 7.3 5.1
PIAT 25 C 7.1 7.0 7.3 7.3 7.2 7.8 7.1 6.9 7.7 7.4 7.6 7.4
Spear IC CyMUCUia. (&LW4os) 310 294 222 142 160 260 290 240 396 460 350 195

AIRLYSIS (MGA.)

SUSPENDE MATTER1
NAMONIA NITROGE
,4ITRTZE WITmoGm

H. 0. ALKALINITY

?L•)TL DISSOLVED SOLIDS
LOS CH IGNITION

SILICON DIONDS

hAdGRSIUf
SODI0M4
PQZSSWUN

SULFATE

?dITWIRT
PHSPIHATE
TOTAL N14 L SOLIOS

DISSOUNED Oxywq

ANRLYSIS 0E/L)

CALCIUM 0OL.aUN

mOA.MIUM

SODIUM

IgtTOM N

SULFATE

Twi NLx-ALISIS (MxA.)

KIM l• . TOTAL
Z.ION , D ISSOLVE

-9IGVESE, DISFOLVE)
GCPPER, 07 [V0

ZINC, I1DNL
ZINC. DISS)I!D
NICKEL. 0OuTL
14206.. DISSOLVED

1.8 5.6 9.0
0.64 0.64 0.33
1.50 1.35 1.13

58 *48 54
111.2 93.4 97.3

4.78 3.74 3.96
32.1 27.3 28.7
7.5 6.1 6.2

11.9 16.3 11.7
1.6 2.1 1.8

70.8 58.6 65.9
43.5 36.7 31.5
18.8 28.5 19.4
6.64 5.96 5.01
0.00 0.26 0.15

197.7 185.5 174.3

13.5 12.6 12.9

1.60 1.36 L43
0.62 0.50 0.510.52 0.71 0.51
0.04 0.05 0.05
2.78 2.63 2.50

1.16 0.96 1.08
0.91 0.76 0.66
0.53 0.80 0.55
0.11 0.10 0.08
0.00 0.01- 0.00
2.71 .2.63 2M37

59.8 0 41.2 12.1 17.9 84.2 16.6 9.3 10.2 6.8
0.15 0.16 0.34 0.12 0.22 0.08 0.09 0.08 0.27
0.66 0.58 0.48 1.04 0.99 0.89 1.28 1.25 1.00

28 33 55 53 53 77 79 79 38
53.0 59.4 103.8 113.7 89.8 156.9 i 183.1 137.8 71.8

4.01 2.83 0.48 4.29 3.62 0.68 1.81 1.58 4.46
15.6 17.5 29.5 31.3 25.7 42.0 48.5 39.3 20.8
3.4 3.8 7.3 8.6 6.2 12.6 15.0 9.6 4.8
5.8 6.2 9.0 10.6 9.9 17.6 19.3 14.7 7.8
L1 1.3 1.4 1.9 2.5 2.4 2.5 2.1 1.6

34.2 40.3 67.1. 64.7 64.7 93.9 96.4 96.4 46.4
18.6 19.3 42.0 151.8 29.1 69.2 91.9 48.6 27.6

9.1 8.5 12.7 13.4 14.0 24.3 29.7 22.5 11.5
2.94 2.56 2.12 4.59 4.37 3.94 5.67 5.52 4.44
0.19 0.18 0.16 0.21 .0.42 0.02 0.21 0.08 0.15
94.9 102.4 171.8 191.3 160.4 266.6 311.0 240.3 129.5

11.3 9.4 11.1 7.8 6.0 9.7 8.9 10.5 14.3

0.78 0.87 1.47 1.56 1.28 2.10 2.42 1.96 1.04
0.28 0.31 0.60 0.71 0.51 1.04 1.23 0.79 0.39
0.25 0.27 0.39 0.46 0.43 0.77 0.84 0.64 0.34
0.03 0.03 0.04 0.05 0.06 0.06 0.06 0.05 0.04
1.34 1.49 2.50 2.78 2.29 3.96 4.56 3.44 1.81

0.56 0.66 1.10 1.06 1.06 1.54 1.58 1.58 0.76
0.39 0.40 0.87 1.08 0.61 1.44 1.91 1.01 0.57
0.26 0.24 0.36 0.38 0.39 0.69 0.94 0.63 0.32
0.05 0.04 0.03 0.07 0.07 0.06 0.09 0.09 0.07
0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00
1.26 1.35 2.37 A 2.60 2.14 3.73 4.43 3.32 1.74

1.55 1.35 1.32 2.08 1.80 1.32 1.82 3.42 1.80 1.61 1.54 0.85
0.78 0.69 0.32 0.11 0.14 <0.05 0.35 0.11 (0.05 <0.05 0.09 0.37
<0.3 <0.3 <0.3 0.8 0.7 (0.3 0.3 1.0 (0.3 (0.3 <0.3 C0.3
<0.3 (0.3 (0.3 <0.3 <0.3 <0.3 <0.3 (0.3 <0.3 (0.3 <0.3 C0.3
0.29 0.23 0.17 0.14 0.11 . 0.21 0.24 0.28 0.37 0.46. 0.26 0.14
0.29 0.21 0.17 0.08 0.07 0.12 0.19 0.07 0.24 0.41 0.22 0.13
0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.04 0.02 0.02
0.01 0.01 (0.01 0.01 (0.01 <0.01 0.01 0.01 0.01 0.02 <0.01 0.01
0.02 0.02 0.01 0.01 0.02 0.01 0.08 0.03 0.08 0.01 0.01 0.01
0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01

0.03 <0.03 0.03 <0.03 <0.03 <0.03 <0.03 0.04 <0.03 <0.03 <0.03 <0.03
(0.03 <0.03 0.03 <0.03 <0.03 (0.03 <0.03 <0.03 <0.03 (0.03 <0.03 <0.03
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Table A-12 (cont.)

BELL BEND

RMSTE EPTM )

COLOR(PT-r UIITS)

PH AT 25C
PECFIC ias jr)pim (m m)

AmLySIS (PG/L)

SUNDLIDOED •qAI'Z'M

PMOKNIA NITROGEN
ITRMU NI TR3M

0. . ALPLINTtHNIDIESS

70Mh DISSOLVED SOLID
LOSS 06 10611101

SILION DIOXIDE
@LQUN
IAGHESIUN

•rASSxUN

SULFAN
0'.01103

P6NIIFAT!
TOIAL MICNRAL SOLIDS

OISG6LV) OXYGM

MALYSIS (BI,)

POSITIVE IONS

v~rAUIUN

8TO. 4AfNECRTIVI ICNS,

OLCIOU8AE

?M PgJ•2TI.AALI (44

111 MTA OISS*.LV MXAI"~i, Tom I

ImNDISSOiS0,VED
Aux"I5, TOMI

AwmPPUr°, ,rotamv
WjP1[t. 0DISSOLv E
COflM. TomP

ZINC. DIS1oLVED
N•CICI, TOTAL
NICM., 0XIS9,LED

249 251 253 255 257 259 261 '263 265 267. 269
9 JAN 6 FE 19 AR 18 APR 14 MY ' 11 JUN 17"JUL 15 AUG 1D SEP 9 OCT '12 HO' 10

935 1053 1337 1207 - 1157 1302 1037 1157 1227 1200
32.0 33.0 38.0 47.3 55.4 77.0 79.0 78.0. 68.0 59.0 49.0

4.5
6.8
312

6.0
7.0
294

8.0
7.3
272

21
7.3
143

19
7.2
159

5.7
7.8
260

11
7.1
290

37
6.9
245

13 11 7.9
7.7 7.4 7.6
400 475 359

1.4 6.0 8.0
0.63 0.67 0.37.
1.41 1.26 1.14

59 47 54
111.8 92.1 97.8

4.89 3.64 3.84
32.2 26.8 28.9
7.6 6.1 6.2

12.0 16.0 11.8
1.6 2.1 1.8

72.0 57.3 65.9
43.5 36.7 31.5
10.2 26.7 18.8
6.24 5.56 5.04
0.17 0.21 0.15

198.4 181.1 173.9

13.6 11.6 13.2

1.61 L 34 1.44
0.63 0 50 0.51
0.52 0.70 0.51
0.04 0.05 0.05
2.79 2.59 2.51

64.4 42.0 12.7 19.1 88.6 15.7 10.8 12.6
0.14 0.21 0.40 0.14 0.26 0.09 0.09 0.08
0.66 0.53 0.48 0.99 0.92 0.86 1.35 1.25'

30 33 55 53 54 77 81 78
52.6 S9.7 104.1 113.9 .91.5 158.3 188.5 140.8

4.07 2.83 0.48 4.35 3.73 0.62 1.86 1.53
15.6 17.6 29.6 31.4 2X.2 42.4 49.7 40.0
3.3 3.8 7.3 8.6 6.3 12.7 1M6 9.9
5.8 6.1 9.1 10.6 10.1 3,8.0 20.2 15.4
1.2 1.3 1.5 1.9 2.5 2.4 2.7 2.3

36.6 .40.3 67.1 64.7 65.9 93.9 96.8 95.2
18.6 18.9 47.6 51.8 29.9 68.1 101.2 53.0
8.S 8.5 12.7 14.6 14.6 24.9 30.3 23.7

2.94 2.36 2.12 4.37 4.08 3.80 5.96 5.52
0.18 0.21 0.17 0.20 0.47 0.01 0.06 0.25
96.8 101.9 177.7 192.4 163.7 266.8 326.4 246.7

11.3 - 9.5 11.2" 7.7 6.1 9.7 8.8 10.5

0.78 0.88 1.48 1.57 1.31 2.12 2.48 2.00
0.27 0.31 0.60 '0.1 0.32 1.04 1.28 0.81
0.25 0.27 0.40 0.46 0.44 0.78 0.88 0.67
0.03 0.03 .0.04 0.05 0.06 0.06 0.07 0.06
1.33 1.49 2.51 2.78 2.33 4.00 4.71 3.54

1.18. 0.94 1.08 0.60 0.66 .IC 1. 06 1.06 1.54 1.62 1.56
0.91 0.068 0.66 0.39 0.39 0.99 1o.0 0.62 1.42 2.11 1.10
0.51 0.75 0.53 0.24. 0.24 0.36 0.,41 0.41 0.70 0.85 0.67
0.10 0.09 0.08 0.05 0.04 0.03 0.07 0.07 0.06 0.10 0.09
0.01 0.01 0.W0 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01
2.71 2.55 2.35 1.28 1.34 2.49 2.63 2.19 3.72 .4.68 3.43

1.45 1.36 1.23 2.06 1.60 1.34 1.82 3.40 1.82 1.72 1.63
0.59 0.70 0.31 0.11 0.12 <0.05 0.29. 0.11 <0.05 <0.05 0.05
-0.3 <0.3 40.3. 0.8 0.6 (0.3 0.3 1.0 <0.3 0.3 <0.3
<0.3 (0.3 <0.3 40.3 40.3 C0.3 <0.3 <0.3 <0.3 <0.3 (0.3
0.37 0.22 0.17 0.14 0.11 0.21 0.23 0.20 0.36 0.46 0.26
0.31 0.20 0.17 0.08 0.07 0.11 0.38 0.06 0.23 0.40 0.22
0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.03 0.02
0.01 0.01 <0.01 0.01 Q0.01 0.01 o.m 0.01 0.01 0.01 <0.01
0.02 0.02 0.02 0.02 0.02 0.05 0.04 0.03 0.06 0.01 0.02
0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

<0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 0.04 <0. 03 <0.03 <0.03
'0.03 <0.03 (0.03 <0.03 . <0.03 <0.03 <0.03 (0.03 <0.03 (0.03 <0.03
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Fig. A-1

Physicochemical, algae, and benthic macroinvertebrate sampling sites at

SSES and Bell Bend on the Susquehanna River, 1984.
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Fig. A-2

Monthly mean temperature, level, and flow of the Susquehanna River at the

Susquehanna SES Biological Laboratory, 1973-84.
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Fig. A-3

Monthly mean dissolved oxygen and total alkalinity of the Susquehanna River at the
SSES and Bell Bend sampling sites, 1972-84.
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Monthly mean pH and turbidity of the Susquehanna River at the SSES and Bell Bend
sampling sites, 1972-84.
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Monthly mean specific conductance and sulfate of the Susquehanna River at the
SSES and Bell Bend sampling sites, 1972-84.
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Fig. A-6

Monthly mean total and dissolved iron of the Susquehanna River at the SSES
and Bell Bend sampling sites, 1972-84.
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Monthly mean total and fixed total residue of the Susquehanna River at the
SSES and Bell*Bend sampling sites, 1972-84.
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Monthly mean nonfiltrable and filtrable residue of the Susquehanna River at
the SSES and Bell Bend sampling sites, 1972-84.
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ABSTRACT

Samples of algae (periphyton and phytoplankton) were collected upriver

from the Susquehanna SES intake structure (SSES) and downriver from the

discharge diffuser (Bell Bend) in April, June, August, and October 1984.

Overall, the mean periphyton density at SSES and'Bell Bend in 1984 (800 units/

mm2) decreased from the 1,100 units/mm2 found in 1983. Periphyton density

peaked at both sites in October. Green algae, which in 1983 composed 50% of

the periphyton collected at the two sites combined, decreased in 1984 to only

14%; diatoms composed 82% and blue-green algae 4% of the 1984 total. Overall,

phytoplankton density decreased from 11,400 units/ml in 1983 to *only 3,500

units/ml in 1984. Density was highest in June when there was an average of

6,600 units/ml. Green algae composed 65% of the phytoplankton collected;

diatoms composed 31% and blue-greens composed 4%. Results did not reveal any

impact upon the algal community at Bell Bend from operation of the Susquehanna

SES. The decrease in algal density in 1984 was probably a result of unusually

high turbidity resulting from construction on the watershed.

INTRODUCTION

The basic objective in 1984, as it has been. since February 1977, was to

describe seasonal changes in the periphyton and phytoplankton communities at

two sites (Fig. A-i) near the Susquehanna SES (data collected prior to

September 1, 1982 are considered "preoperational" and data since that date are

"operational"). One sampling site (SSES) was 460 m upriver from the Susque-

hanna SES intake structure and 135 m from the west bank; the other site (Bell
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Bend) was 400 m downriver from the discharge diffuser and ýO m from the west

bank.

PROCEDURES

Periphyton

Periphyton substrates, consisted of 8 sandblasted plates of clear acrylic

(22 x 30 cm) in "detritus-free" holders similar to those of Gale et al.

(1976). Two holders with four plates each were placed on the river bottom at

each site near the main channel, where depths ranged at SSES in'1984 from 1.9

to 8.9 m. From April through October 1984, two plates were sampled bimonthly

at each site. Each plate was exposed to colonization for 12 months. Three

replicate samples were taken from each plate by a scuba diver using a

bar-clamp sampler (Gale 1975). Sampled plates were replaced with clean plates

to be sampled later. The schedule for plate removal was a continuation of .a

plan established in 1977 by random selection.

The 415 mm,2 area of the plate delimited by each bar-clamp sampler was

cleaned by scraping and vibration (Gale 1975) with an ultrasonic dental

cleaning probe for 10 minutes. Dislodged cells were carried to a collection

jar by water' sprayed inside the collecting cup through the cleaning probe. As

a result, loosened cells were not subjected to unnecessary vibration.

Vibration may have destroyed some cells, but Gale (1975) reported that more

cells per unit area were obtained by scraping and vibration than by scraping

and brushing. Samples (250 ml) were preserved with formalin and, after

settling 10 days, were concentrated to 50 ml by siphoning. One-half of the
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concentrate was sent to Dr. Rex L. Lowe, Department of Biology, Bowling Green

State University, Bowling Green, Ohio, for identification and enumeration of

algae. The other half of the concentrate was placed in a reference collection

to be retained for at least 12 months.

Phytoplankton'

A 1-liter phytoplankton sample was collected near the river surface at

each periphyton sampling site on the same days that periphyton samples were

collected. After the samples were preserved with formalin and allowed to

settle for 10 days, the algae in them was concentrated in a similar manner tc

that used for periphyton samples. The main difference in procedures was that

phytoplankton samples, because of their greater initial volume, were siphoned

three times instead of once (10 days settling time was allowed between each

siphoning).

Algal cells in periphyton and phytoplankton samples that contained

chlotoplasts were enumerated as "units" (Gale and Lowe 1971). In most

instances, at least 1,500 units were enumerated and identified in each sample

(about 500 per each of 3 subsamples). Extremely low algal densities in some

subsamples made it impractical to count 500 units and fewer were counted.

Counts were made using a microscope (430X) and a Palmer counting cell. Higher

magnification, including electron microscopy, was used for some identifi-

cations. Algae were identified by Dr. Lowe to genus and the more abundant

forms to species using keys by Hustedt (1930) and Prescott (1962).
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RESULTS AND DISCUSSION

Periphyton

In 1984,. a total of 42 genera .of algae was collected in 24 samples from

acrylic plates upstream from the intake (SSES); 44 genera were found in 24

samples taken downstream from the. discharge (Bell Bend). Thirty-six of the

genera were found at both sites. None of the 14 genera that occurred at only

one site composed more than 1% of the total units counted in any.replicate.

These data are summarized in Tables B-i and B-2. Raw data are in Tables B-3

through B-1O.

At'SSES and Bell Bend, 30 species of periphytic algae were identified

that composed 5% or more of the total units counted in at least one replicate

sample (Table B-11). For the :third consecutive year, green algae

(Chlorophyta) was less abundant than it was in 1981 (Fig. B-I), and it was

relatively less abundant in 1984 (14% of the total standing crop) than it was

in 1983, when it composed 50% of the total. The mean standing crop of green

algae decreased from 1,400 units/mm2 in 1981 to 600 units/mm2 in 1982 and

remained at the same level in 1983. In 1984, mean standing crop was only 100

units/mm2 . One of the main causes of the high standing crop of green algae in

1981 was due to an unexpected abundance (55% of the total) of Oocystis spp.

(primarily 0. parva), a species that usually occurs in lakes (Prescott 1962).

From 1977 through 1980, 0. parva composed less than 1% of the total standing

crop annually. In 1982, Oocystis spp. remained the most abundant green alga,

but composed just 16% of the total algae found. In 1984, as in 1983, the

genus once again composed less than 1% of the total standing crop. The most

abundant species of green algae were Scenedeemus spp. (mostly S. quadricauda)
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and Ankistrodesmus spp. (mostly A. falcatus), which composed 7% and 2% of the

total standing crop at the two sites combined, respectively.

The mean standing crop of diatoms (Bacillariophyta) fluctuated again in

1984 as it has throughout the study. In 1981, for example, the standing crop

was 800 units/ mm2 ; it increased slightly to 900 units/mmr2 in 1982 and then

decreased to 500*units/mm2 in 1983. In 1'984,, diatom density increased to 600

units/mm2 . Diatoms were relatively more abundant at SSES in 1984 (86% of the

total) than at Bell Bend (76% of the total). Overall, diatoms composed 82% of

the total periphyton at the two sites. In 1981, diatoms composed 37% of the

total algae collected (Gurzynski and Gale 1982); in 1982 they composed 58%

(Gurzynski and Gale 1983), and in 1983, 42% (Gurzynski and Gale 1984). The

most abundant forms included Cycloteila spp. and NavicuLa spp., which each

composed 29% and 23% of the total standing crop .at the two sites,

respectively. Cyclotella spp. was much more abundant at SSES (44%) than at

Bell Bend (6%). Navicula spp.., on the other hand, was much more abundant at

Bell Bend (42%) than at SSES (11%).

Numbers of blue-green algae (Cyanophyta) decreased from 9% of the total

standing crop in 1983 to 4% in 1984. In 1981 and 1982, blue-greens composed

less than 1% of the total. Schizothrix calcicola was the most abundant

species in 1984 (Table B-11).

Most of the algae found were "clean water" forms and only seven of the 30

abundant species in the samples were among the top 20 species listed by Palmer

(1969) as being most tolerant of heavy organic pollution. These were

Nitzschia palea, N. acicularis, Scenedesmus quadricauda, Ankistrodesmus

falcatues Melosira varians, Navicula cryptocephaZa, and Gomphonema parvulum.
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Nearly one-half of the 25 species of abundant diatoms (Table B-I1) were rated

as "alkaliphilous" by Lowe (1974); one was aridophilous, five were rated.

"indifferent," and eight were "unknown."

In 1982, periphyton abundance on acrylic plates was about equal at Bell

Bend and SSES, with an average of 1,500 units/mm2 . In 1983, much more

periphyton occurred at Bell Bend (1,700 units/mm2 ) than at SSES (600 units/

mm2 ) In 1984, periphyton density was higher at SSES (1,000 units/mm2 ) than

at Bell Bend (600 units/mm2 ). Density 'peaked at SSES 'in October at 3,700

units/mM 2 . The largest differences in standing crop occurred in October when

there was over 2-fold more algae at SSES than at Bell Bend. Such large

differences are not unusual and have occurred many times since the study began

(Fig. B-i).

Overallb the mean density of periphyton at SSES and Bell Bend in 1984

(800 units/"mm2) decreased from the 1,100 units/mm2 found in 1983 (Fig. B-I);

the 1984 mean was the lowest recorded since the study began in 1977. The

results of the 1984 sampling program do not indicate any impact upon the

periphyton community resulting from operation of the Susquehanna SES; the

decrease in abundance of periphyton at both sites was probably due to the

periodic high turbidity resulting from major highway reconstruction on the

Chemung River, a major tributary of the Susquehanna River (see "Physico-

chemical Analyses"). High turbidity can affect the periphyton community by

shading (i.e. reduction of cell growth and lowered reproduction) and by

providing a silty, less stable substrate for colonization (Patrick et al.

1954). In previous years (Gurzynski and Gale 197 8), it was observed that

periods of high river discharge, prior to sampling, washed away much of the

periphyton which had colonized soft, silty sediments on river stones.
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Phytoplankton

Phytoplankton in samples collected at SSES in 1984 was -nearly identical

to that in samples taken at Bell Bend, as it has been in previous years (Fig.

B-2). There was a total of 41 genera of algae in 4 samples at SSES and 43

genera in 4 samples from Bell Bend (Tables B-12 and B-13). Thirty-four genera

were found at both sites. None of the 16' genera that occurred at only one

site composed more than 1% of the total units counted.

In 1984, as in 1983, green algae was the major component of the

phytoplankton composing 65% of the total standing crop. Scenedesmus spp. was

the most abundant green alga at both sites in 1984 with a mean density of 600

units/ml (Tables B-12 and B-13). Scenedesmus composed about 16% of the total

standing crop; S. quadricauda was the most abundant species. Ankistrodesmus

spp. was also abundant (11% of the total) with a mean density of 400 units/ml

at Bell Bend and SSES; A. faZcatus was the most abundant species.

Diatoms composed 31% of the total standing crop. Cyclotella spp. and

Nitzschia spp. were the main diatoms at both sites and composed about 16% of

the total standing crop.

In 1984, blue-green algae were less abundant at SSES and Bell Bend (4% of

the total standing crop) than they were in 1983 (23% of the total).

Fourteen species of p-hytoplankton composed 5% or more of the total units

counted in at least one sample from the two sites (Table B-14). Phytoplankton

was much less abundant in 1984 (3,500 units/ml) than in 1983 (11,400 units/

ml).

Most of the phytoplankton found were "clean water" forms and only five of

the abundant species (N. palea, S. quadricauda, A. falcatus, C. meneghiniana,
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and N. acicuZaris) were among the top 20 species listed by Pailmer (1969) as

being most tolerant of heavy organic pollution. Most of the species of

abundant diatoms were rated as "alkaliphilous" by Lowe (1974); two were rated

"indifferent," and three were rated "unknown.."

No impact upon the phytoplankton community was detected due to operation

of the Susquehanna SES, although the 1984 mean was only about one-half as

great as the previous low (6,400 units/ml in 1982). Much of the decline in

standing crop in 1984 may have been causdd by high turbidity from highway

reconstruction upriver. Clay and silt particles can act as a "nucleus" which

aggregates phytoplankton into such a large mass that it settles from the water

column (Gale et al. 1976). Some of the phytoplankton lost in this way could

accumulate on the river bottom and be collected in the periphyton sample.
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Table B- 1 65

Mean density (unitS/mm ) of periphytic algae on two acrylic, plates submerged for
12 months at SSES on the Susquehanna River, 1984.

TAXON K 30 APR 15 JUN 20 AUG 15 OCT % TOTAL

CHLOROPHYTA
ACTINASTRUM 0.0 10.8 0.0 .1 0. 3
ANKISTRODESMUS 0.0 15.4 0.0 58.4 1. 9
ARTHRODESMUS 0.0 1.9 0.0 0.0 <0.1
CHLAMYDOMONAS 0.1 0.9 0.0 2.7 0.1
COELASTRUM 0.0. 0.0 0.0 24.4 0.6
COSMARIUM 0.0 0.0 0.0 1.1 <0.1
CRUCIGENIA 0.0 0.3 0.0 1.1 <0.1
DICTYOSPHAERIUM 0.0 3.4 0.0, 0.0 0.1.
KIRCHNERIELLA 0.0 0.0 0.0 1.1 <0.1
4ICRACTINIUM 0.0 4.0 0.0 0.0 .0!1
OOCYSTIS 0.0 0.3 0.0 4.3 0.1
PEDIASTRUM 0.0 0.0 0.1 1.6 <0.1
SCENEDESMUS 0.0 12.6 0.1 254.3 6.9
SCHROEDERIA 0.0 0.0 0.0 0.6 <0.'1
STAURASTRUM 0.0 0.0 0.0. 1.1 <0. 1
TETRAEDRON 0.0 0.3 0.0 0.0 <0.1
TETRASTRUM 0.0 0.01 0.0 44.8 0.11
UNIDENTIFIED

CHLOROPHYTA 0.0 6.8 0.1 92.2 2.6

BACILLARIOPHYrA
ACHNANTHES 0.0 1.5 0.0 0.0 <0.1
ASTERIONELLA 1.3 0.6 0.0 0.0 0.1
COCCONEIS 0.0 0.0 0.3 50.3 1.3
CYCLOTELLA 0.0 4:.6 0.1 1678.5 43. 7
CYMBELLA 0.0 0.3 0.0 13.2 0.4
DIATOMA 0.0 0.0 0.0 3.7 0.1
EPITHEMIA 0.0 0.0 0.0 1.1 <0.1
FRAGILARIA 0.1 0.0 0.4 0.0 <0.1
GOMPHONEMA 0.3 0.6 1.2 40.3 1. 1
GYROSIGMA 0.0 0.0 0.1 17.1 0.4
MELOSIRA 0.3 0.0 4.5 40.8 1.2
MERIDION 0.1 0.0 0.0 0.0 <0.1
NAVICULA 0.5 9.3 3.3 40t. 4 11.0
NITZSCHIA 0.5 18.8 4.3 213.9 6.2
PINNULARIA 0.1 0.0 0.0 0.0 <0.1
RHIZOSOLENIA 0.0 0.3 0.0 0.0 <0.1
RHOICOSPHENIA 0.0 0.0 0.0 16.4 0.4
STEPHANODISCUS 0.0 15.1 0.0 287.1 7.9
SURI RELLA 0.2 0.0 0.0 1.1 <0.1
SYNEDRA 0.1 17.3 0.1 2.1 0.5
THALASSIOSIRA 0.0 0.0 0.0 442.8 11. 5

CYANOPHYTA
CHROOCOCCUS 0.0 3.7 0.0 2.1. 0.2
OSCILLATORIA 0.0 0.0 0.0 24.3 0.6
SCHIZOTHRIX 0.0 2.2 0.0 5.8 0.2

RHODOPH YTA
RHODOCHORTON 0.1 0.0 0.0. 0.0 <0.1

TOTAL 3.6 131.0 14.8 3698.4
TOTAL 3.6 131.0 14.8 3698 * 4
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Table B-2.

2
Mean density (units/mmn) of periphytic algae on two .acrylic
12 months at Bell Bend on the Susquehanna River, 1984...

plates submerged, for

TAMN 30 APR 15 JUN 20 AUG 15 OCT % TOTAL

CHLOROPH YTA
ACTI 1 ASTRUM
Al KI STRODE SMUS
CHLAMYDOMONX&S
CLADOPHDPRA
COE!LASTRUM
COSMARI UM
CRUCIGENIA
DI CTYOSPHAERIUMGOLE4KINIA
KIRCHIERIEELLA
MICRACTINI UM
OOCYSTIS
PED I ASTRUM
POLYEDRIOPSI S
SCENEDE SMUS
SELENASTRUM
STAURAST RUM
TET RA EO RON
TETRALSTRUM
UNIDENTIFIED

CHLOROPHYTA

BACILLARIOPHYTA
ACHq ANTHES
AMPHORA
ASTERIONELLA
COCCONEIS
CYCLOTELLA
CYMBELLA
E•jNOTIA
FRAGILkRIA
FRUSTULIA
GOMPHONEMA
GYROSIG4A
MELOSIRA
MERIDION
NAVICULA
NITZSCHIA
PINNULkRIA
RHOICOSPHENIA
STEPHANODI SCUS
SURIRELLA
SYNEDRA
THALASSIOSI RA

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
0.0
0.0
0.0

0.1

41.3
46.6

0.9
0.0
0.0
0.0
0.0
0.3
0.3
3.1
0.6
0.3
0..3
0.9

92.2
0.3
0.0
0.6
2.2

18.8

0.0
0.6
0.0
0.3
0.0
1.5
1.2
0.0
0.0o
0.3
0.0
0.0
0.6
0.0
.2.5
0.0
0.3
0.0
0.0

3.1

0.0
16.7

3.0
0.0
3.1
0.7
4.8
0. 0
0.0
2.2
0.0

22.9
0.7
0.0

57.1
0.0
0.0
•0 0
1.3

24.0

1. 7
•.2.6

0. 2
<0. 1

0. 1
0.1
0.2

<0.1
<0. 1

0.2
<0.1

0.9
0. 1

<0.1
6.2

<0.1
<0.1
<0.1
0.1

1.9

0.0
0.0
1.3
0.0
0.0
0.0
0.0

0.1
0.0
0.3
0.0
0. 0
0.0
0.7
0.4
0.0
0.0
0.0
0.1
0.1
0.0

0.0
0.0
0.0

0.0

3.4
0.0
0.0
0.3

49.3
5.6
0.0
0.0
0.0
1.5
0.0
0.6
0.3

51.2
104.2

0.0
0.3

115.3
0.0

68.1
0.0

3.7
0.0

113.2

0.3

,0.9
0.0
0.0
6.8
6.2
3.7
0.6
0.0
0.3

19.4
0.6

19.1
0.3

40.7
43.2

0.3
0.9
0.9
0.3
0.6
0.0

0.0
3.7

38.2

0.0

23.3
0.6
.0.0
4.2

94.7:
5.4
0.0
0.0
0.0

13.9
.10.7

1.7
0.0

949.8
147.0

0.0
0.7

61.4
0.0
2.4

16.8

1.1
3.5

58.0

0.0

1.1
<0. 1
0.1
0.5
6.1
0.6

<0. i
<0. 1
<0.1

1. 4
0.5
0.9

<0.1
42.4
12.0
<0. 1
0.1
7.2

<0. 1
2.9
0. 7

CYANOPSYTA
CHROOCOCCUS
OSCI LLATORI A
SCHIZOTHRI X

CHRYSOPHYTA
MALLOMONAS

0.2
0.3
8.5

<0. 1

TOTAL 3.1 .726.1 197.3 1531.6
TOTAL 3.1 726.1 197.3 1531.6
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Table B-3

Density (unitS/mm 2 1 of periphytic algae on two acrylic plates submerged for 12 months at'SSES on the
Susquehanna River, '30 April 1984.

N:-YLTC PLAT? 1 2

.'ZLLECTt1O3' A0. 4JG-84-35 AIG-84-006 A3G-84-007 4JG-84-038 JG-884-009 AJG-84-010 WE':A•4 8TOTAL

CISLOROPRYTA
CHLA'V0014006.S 0.0 0.4 0.0 0.0 0.0 0.0 0.1 1.9

8ACILLARIOPHYre,
ASISRII)HNLLA 0.0 l 6 0.0 0.0 0.0 6 4 1.3 37.0
FRAGILARIA 0.0 0.4 0.0 0.0 0.0 0.0 0.1 1. 9

GOM 1.2 0.0 0.4 0.0 0.0 0.0 0.3 7.4
KELOSIRA 1.6 0.0 0.0 0.0 0.0 0.0 0.3 7.4
4BRIDI0 0.0 0.0 0.0 0.0 0. 0 0.8 0.1 3.7,
,4VX7CULA 2.0 0.0 0.0 0.4 0.4 0.4 0.5 14.8

MITZSCHIA 1.6 0.0 0.4 0.0 0..0 0.8 0.5 13.0
PiNSULARIA 0.4 0.0 0.0 0.0 0.0 0.1 1.9
SURIRELLA 0.0 0.0 0.0 0.4 0.4 0.4 0.2 5.6.
Sy4I•lA 0.4 0.0 0.0 0.4 0.0 0.0 0.1 3.7

R[4"• OPHYTA

R"tOOC8ORTON 0.0 0.0 0.0 0.4 0.0 0.0 0.1 1.9

TOITAL T7. 2 2.4 0.8 1.6 0.8 8.8 3.6

Table B-4
Densijy (unitS/ram2 of periphytic algae on two acrypii plates submerged for 12 months at Bell Bend. on the

Susquehanna River, 30 April 1984.

ACRYLIC PLAT9 1 2

COLLECTION NO.. 43J-84-011 AJG-84-012 AJG-84-013 AJG-84-014 AIG-84-015 AJG-94-016 4ESAN I TOTAL

TAMIN

CHLOROPHYTA
*UNIDENITFIED

CHLOR0PuYTA
SACILLARIOPHYTA

ASTERIONI8LLA
FR.Ik tAR! A
=4PYI0NC4A
4V I C2LA

MIflSCRIA
SUB! RBLLA
SYMEDRA

TOTAL

0.4 0.0 0.0 0.0 0.4 . 0.0 0.1 4.3

0.0
0.4
0.0
1.2
0.0
0.0
0.0

0.0
0.0
0.0

.0.0
0.4
0.0:
0.4

6.4
0.0
0.0
0.4
0.0
0.0
0.0

1.6
0.0
0.4
0.0
0.8
0.0
0.4

0.0
0.0
0.4
2.0
0.4
0.0
0.0

0.0
0.0
0.d
0.4
0.8
0.4
0.0

1.3
0.1
0.3
0.7
0.4
0.1
0.1

43.5
2.2
8.7

21.7
13.0.

2.2
4.3

2.0 . 0.8 6.8 3.2 3.2 2.4 3.1
2.0 . 0.8 6.8 3.2 3.2 2.4 3.1
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Table B-S

Density (units/mm
2

) of periphytic algae on two acrylic plates submerged for 12 mionths at SSES on the
Susquehanna River, 15 June 1984.

ACRYLIC PLATE

COLLECTION 110. AJG-84-027 AJG-a4-028 AJG-84-029 AJG-84-030 AJG-84-031 AJG-84-032 MEAN I TOTAL

TA HN

CHLOROPHYTA
ACTINASTRUM
Ai•USTROOESKUS
ARTHRODESM4US
CRLAMYDOMONAS
CRUCIGENIA
DICTYOSPHAERIUM4
MIICRJkCTIUIIN
OOCYSTIS
SCENEDES-mUS
TETREDRON
UNIDENTIFIED

CHLOROPHYTA
BACI LLARIOPHYTA

ACHN A.NTHES
ASTERIONELLA
CYCLOTELLA
CY' ELLA
G='4PHONIMA
NW ICULA
NITZSCHIA
RHIZOSOLE1IA
SEPHINODISCUS
SYNEDRA

CYAI3PHYTA
CBROOCOCCUS
SCHI ZOTHRI X

"9.3
16.7

0.0
0.0
0.0
5.6
3.7
0.0

14.9
0.0

16.7
18.5

0.0
3.7
1.9
3.7
7.4
1.9

16.5
0.0

3.7 11.1

3.7
22.2

0.0
0.0
0.0
5.6

13.0
0.0
9.3
1.9

5.6

1. 9
0.0
3.7

0.0
0.0
5.6

13.0
0.0

11. 1
27.8

7.4
0.0

11.1
l: 9
0.0
3.7
Q'.0
0.0

11.1
0.0

16.7
5.6
0.0'
0.0
0.0
0.0
0.0
0.0

14.8
0.0

5.6 11.1

11.1
29.6

0.0
0.0
0. 0
1.9
0.0
0.0
7.4
0.0

3.7

0.0
0.0
7.4
1.9
0. 0

16.7.
22.2

0.0
18.5
13.0

10.8
15.4

1.9
0.9

.0.3
3.4
4.0
0.3

12.6
0.3

6.8

1.5
0.6
4.6
0.3
0.6
9.3

18.8
0.3

15.1
17.3

0.0
0.0
5.6
0.0
3.7
7.4

18.5
1. 9

14.8
19.5

1.9
1.9

"7.4
1.9
5.6
0.0
0.0
1.9

29.6
0.0

16.7
16.7

0.0
0.0
5.6
0.0.
0.0

13.0
16.7
0.0

18.5
13.0

0.0
1.9
0.0
0.0
0.0

11.1
13.0

0.0
11.1
14.8

8.2
11.8

1.4
0.7
0.2
2.6
3.1
0.2
9.6
0.2

5.2

L.2
0.5
3.5
0.2
0.5
7.1

14.4
0.2

11.5
13.2

2.8
1.6

1.9 7.4
0.0 1.9

5.6 3.7 1.9 3.7
0.0 5.6' 3.7 2.2

TOTAL 127.7 164.7 133.2 112.9 109.2 138.8 131.0

Table B-6

Density (units/sn
2
) of periphytic algae on two acrylic plates submerged for 12 months at Bell Bend on the

Susquehanna River, 15 June 1984.

ACRYLIC PLATE 1 2

COLLECtION NO. AJG-84-019 AJG-84-020 AJG-84-021 AG-84-022 AJG-84-023 AJG-04-024 14EAN I TOTAL

TA•.

CHLOROPSYTA
ACTINASTRUN 18.5 57.4 62.9 57.4 33.3 18.5 41.3 5.7
AN aSTRODES4US 50.0 53.7 55.5 75.9 20.4 24.1 46.6 6.4
CrLANYDONONAS 0.0 1.9 3.7 0.0 0.0. '0.0 0.9 0.1

•DICTYOSPHAERIUM 0.0 0.0 1.9 0.0 0.0 0.0 0.3 0.0
GOLEIKINIA 0.0 0.0 0.0 0.0 0.0 1.9 0.3 0.0
XI RCUnMERIELLA 1.9 1.9 5.6 0.0 1.9 7.4 3.1 0.4
NICRACTINIUM 0.0 0.0 1.9 0.0 0.0 1.9 0.6 0.1
OOCYSTIS 1.9 0.0 0.0 0.0 0.0 0.0 0.3 0.0
PEDIASTRUM 0.0 0.0 1.9 0.0 0.0 0.0 0.3 0.0
POLYEDRIOP3IS 1.9 0.0 3.7 0.0 0.0 0.0 0.9 0.1
SCENEDESMWS 59.2 105.5 99.9 144.3 77.7 66.6 92.2 12.7
SELENASTRUN 0.0 0.0 0.0 1.9 0.0 0.0 0.3 0.0
TETRAEDRON 1.9 0.0 0.0 0.0 1.9 0.0 0.6 0.1
TETRASTRUM 0.0 5.6 0.0 5.6 0.0. 1.9 2.2 0.3
UNIDENTIFIED

CHLOROPqYTA 16.7 18.5 13.0 33.3 16.7 14.8 18.8 2.6
BACILLARIOPHYTA 13

ACRNANTRES 1.9 1.9 3.7 0.0 7.4 5,6 3.4 0.5
COlONuuS 0.0 0.0 0.0 0.0 0.0 1.9 0.3 0.0
CYCLOTELLA 35.2 42.6' 66.6 62.9 51.8 37.0 49.3 6.8
CYTBELLA 1.9 13.0 7.4 11.1 0.0 0.0 5.6 0.8
GOMPROKEMA 0.0 0.0 1.9 3.7 0.0 3.7 1.5 0.2
MELOSIRA 0.0 0.0 0.0 0.0 0.0 3.7 0.6 0.1
MERIOION 1.9 0.0 0.0 0.0 0.0 0.3 0.0
NAVICULA 48.1 57.4 64.8 40.7 50.0 46.3 51.2 7.0
NITZ SCRI A 81.4 140.6 125.8 101.8 99.9 75.9 104.2 14.4
RHOICDSPBENIA 0.0 '0.0 1.9 0.0 0.0 0.0 0.3 0.0
STEPHANODISCTJS 81.4 99.9 159.1 146.2 118.4 87.0 115.3 15.9
SYNEDRA 44.4 55.5 99.9 99.9 66.6 42.6 69.1 9.4

CYAIO'PHYTA
CHROOCOCCUS 5.6 3.7 7.4 3.7 0.0 1.9 3.7 0.5
SCHIZOTHRIX 140.6 92.5 57.4 96.2 122.1 170.2 113.2 15.6

CHRYSOPNYTA
MALLOMONAS 0.0 0.0 1.9 0.0 06.0 0.0 , 0.3 0.0

TOTAL 593.9 751.1 847.3 884.3 667.9 612.4 726.1



Table B-7

Density (units/mra ) of periphytic algae on, two acrylic plates submerged for 12 months at SSES on the
Susquehanna River, ý0 August 1984.

ACRYLIC PLATE . I 2

COLLECTION NO. A3J-84-053 AJG-84-054 AJG-84-055 AJG-84-056 AJG-64-057 AJG-84-0S8 MEAN % TOTAL

TA )N
CHLOROPRYTrA

PECOIASTRU 0.0 0.0 0.0 0.0 0.8 0.0 0.1 0.9

SCENEDESMUS 0.0 .0.8 0.0 0.0 0.0 0.0 0.1 0.9
UNIDENTIFIED
CHLOROPBYTA 0.8 0.0 0.0 0.0 0.0 0.0 0.1 0.9

3ACILLARIOPHYTA
COCCONZIS 0.0 0.0 1.6 ' 0.0 0.0 0.0 0.3 1.8

CYCLOTELLA 0.8 0.0 0.0 0.0 0.0 0.0 0.1 0.9

FRAGILARIA 0.O 0.0 0.0 0.0 0.0 2.4 0.4 2,7

GOMPSONEMA 3.2 0.0 0.8 0.8 0.8 1.6 1.2 8.1

GYROSIG.4A 0.0 0.0 0.0 0.0 0.0 0.8 0.1 0.9

MELOSIRA 4.8 6.0 0.0 0.8 6.4 7.2 4.5 30.6
NAVICULA 0.0 3.2 3.2 4.8 4.8 4.0 3.3 22.5
WITZSCRIA 5.6 7.2 1.6 4.0 4.8 2.4 " 4.3 28.8

NToISmA 0.0 0.0 0.0 0.0 0.0 0.8 0.1 0.,9

TOTAL 15.2 19.2 7.2 10.4 17.6 19.2 14.8

Table 9-8

Density (units/ mw ) of periphytic algae on two acrylic plates submerged for 12 months at Bell Bend on the
Susquehanna River, 20 August 1984.

ACRYLIC PLATE 1 2

COLLECTION 4O. A3G-84-045 AJG-84-046 AJG-84-047 AJG-84-048 A3G-84-049 AJG-84-050 MEAN % TOTAL

TAODN

CLOROPHYTA
A?4KXSTRODES14US 0.0 0.0 1.9 . 1.9 0.0 0.0 0.6 0.3
CLA0OPBORA 0.0 0.0 0.0 0.0 1.9 0.0 0.3 0.2
COSMARIUM 0.0 040 0.0 0.0 9.3 0.0 1.5 0.8
CRUCIGEEZA 7.4 0.0 0.0 0.0 0.0 0.0 1.2 0.6
XKIRCONERIELLA 0.0 0.0 0.0 0.0 1.9 0.0 0.3 0.2

PEDIASTRM 0.0 0.0 1.9 0.0 0.0 1.9 0.6 0.3
SCEMEDESMUS 0.0 .7.4 0,0 1.9 5.6 0.0 2.5 1.2
STAURASTRM 0.0 1.9 0.0 0.0 0.0 0.0 0.3 0.2
UNIDENTIFIED

COLOROPqYTA .9.3 0.0 3.7 0.0 5.6 0.0 3.1 1.6
BACI LLARIOPIYTA

AC4A'4ITRES 0.0 0.0 5.6 0.0 0.0 0.0 0.9 0.5
COCCONEIS 1.9 9.3 7.4 0.0 18.5 3.7 6;8 3.4
CYCLOTELLA 0.0 5.6 11.1 0.0 13.0 7.4 6.2 3.1
CY.13ELLA 0.0 3.7 0.0 0.0 5.6 13.0 3.7 1.9

3.NOTZA 3.7 0.0 .0.0 0.0 0.0 0.0 0.6 0.3

rRUSTULIA 0.0 0.0 1.9 0.0 0.0 0.0 0.3 0.2
GOM.3ONEV4A 5.6 33.3 20.4 0.0 38.9 18.5 19.4 9.8
GYROS IGNA 0.0 0.0 0.0 1.9 0.0 1.9 0.6 0.3
MELOSIR. 0.0 3.7 11.1 0.0 74.0 25.9 19.1 9.7
.ERIDION 0.0 0.0 0.0' 0.0 0.0 1.9 0.3 0.2
NAVICULA 37.0 18.5 33.3 11.1 118.4 25.9 40.7 20.6
NITZSCRIA 27.8 57.4 29.6 29.6 77.7 37.0 43.2 21.9
PINNULNRIA 0.0 0.0 1.9 0.0 0.0 0.0 0.3 0.2
RHOICOSPIIENIA 0.0 0.0 1.9 0.0 3.7 0.0 0.9 0.5

STEPRANODISCUS 0.0 0.0 1.9 1.9 1.9 0.0 0.9 0.5
SURIRELLA 0.0 0.0 0.0 1.9 0.0 0.0 0.3 0.2
SY'IEDRA 0.0 0.0 0.0 0.0 1.9 1.9 0.6 0.3

CYAN3PUYTA
ISCILLATORIA 0.0 0.0 5.6 0.0 16.7 0.0 3.7 1.9
SCHIZOTHRIX 59.2 64.8 38.9 31.5 5.6 29.6 38.2 19.4

T43TAL 151.7 205.4 177.6 81.4 399.6 168.4 197.3
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Table B-9

Density (units/mm 
2

) of periohytic algae on two acrylic plates submerged for 12 months at SS.S on th.e
Susquehanna River, 15 October 1984.

ACRYLIC PLATE 1 2

COLLECTION 4O. AJ0-94-096 JG0-84-097 AJG-84-098 AJ0-84-099 AJG-84-L00 9JG-94-101 MEAN I TOTAL

TA•O2N

CHLOROPHYTA
ACTINASTRUN * 0.0 0.0 0.0 6.3 0.0 0.0 1. 1 0.0

ANKISTRODESNUS 50.7 26.8 0.0 114.1 126.8 31.7 58.4 1.6
CHLANYDOMONAS 0.0 3.4 0.0 12.7 0.0 0.0 2.7 0.1
COILASTMJM - 6.3 6.7 0.0 57.1 31.7 44.4 24.4 0. 7
COSMARIUM 0.0 0.0 0.0. 0.0 6.3 0.0 1.1 0.0
CRUCIGENIA 6.3 0.0 0.0 0.0 0.0 0.0 1.2 0.0
KIRdHMERIELLA 0.0 0.0 0.0 0.0 6.3 0.0 1.1 0.0
OOCYSTIS 0.0 6.7 0.0 12.7 0.0 6.3 4.3 0.1
PEDIASTWUM 0.0 3.4 6.3 0.0. .0.0 0.0 1.6 0.0
SCENEDESWJS 196.5 73.7 298.0 259.9 475.5 221.9 254.3 6.9
SCHROEDERIA 0.0 3.4 0.0 0.0 0.0 0.0 0.6 0.0
STAURASTRUM 6.3 0.0 0.0 0.0 0.0 0.0 1.1 .0.0
TETRASTNUM 12.7 3.4 0.0 12.7 0.0 0.0 4.8 0.1
UNIOENTIFIED

CRLOROPHTTA 107.8 26.8 120.5 114.1 120.5 63.4. 92.2 2.5
BACI LLARIOPRTrA
CC0ONhIS 50.7 16.8 120.5 38.0 38.0 38.0 50.3 1.4
CYCLOTELLA 2637.4 472.4 1832.3 2028.8 2111.2 989.0 1678.5 .45.4
CymIELLA 12.7 3.4 12.7 12.7 25.4 12.7 13.2 0.4
DIATOMA 0.0 3.t 12.7 0.0 0.0 6.3 1 3.7 0.1
EPITH8MIA. 0.0 0.0 0.0 6.3 0.0 0.0 1.1 0.0
G51PRONA 50.7 20.1 63.4 19.0 50.7 38.0 40.3 1.1
GTROSIGMS A 0.0 20.1 25.4 44.4 6.3 6.3 17.1 0.5
MELOSIRA 44.4 10.1 . 38.0 38.0 57.1 57.1 40.8 1.1
NAVICULA 361.4 174.2 456.5 767.1 374.1 323.3 409.4 11.1
WITZSCaIA 177.5 110.6 418.4 215.6 202.9 158.5 213.9 5.8
ROICOSPTI.NIA 12.7 3.4 .50.7 19.0 6.3 6.3 16.4 0.4
STEBPANODISCUS 456.5 80.4 317.0 348.7 355.0 164.8 287.1 7.8
SURIRELLA 0.0 0.0 0.0 6.3 0.0 0.0 1.3. 0.0
SYBOmRA 0.0 0.0 0.0 0.0 6.3 6.3 2.1 0.1
THALASSIOSIRA 729.1 120.6 475.5 519.9 551.6 259.9 442.8 12.0

OCOCCUS 0.0 0.0 0.0 12.7 0.0 0.0 -2.1 0.1

OSCIZ.LATPRI 19.0 0.0 50.7 .76.1 0.0 0.0 24.3 0.7
SCM! ZOTBRI X 0.0 3.4 12.7 0.0 6.3 12.7 5.8 0.2

TOTAL 4938.9 .1192.6 4311.2 4742.3 4558.5 2447.2 3698.3

Table B-10

Density (units/2) of periphytic algae on two acrylic slates submerged for 12 months at Bell Bend on the
Susquehanna River, 15 October 1984.

ACRYLIC PLATE 1 2

COLLECTION NO. AJG-84-104 430-94-105 AJJ-84-106 AJG-84-107 AUGO84-108 AJG-84-109 MI.4CN % TOTAL

T&MON

CHLOROPHYIT
A&KISTRODESMUS
CHLAMYD4ONOMAS
COELASTRUN
COSMkRIUM
CSIuCIGENIA
SI RCR4ERIELLA
OOCY1TI3
PE1DIASTRUJ
SCENEDES4US
TETRASTRUM
UNIDENTIFIED

CILOROPRYTA
BAC! LLARZOPHYTA

ACRNANTHBS
AMPHORA
COCONEIS
CYCLOTELLA
CYM6 ELLA
"OMPHONEMA
GTROSIZMA
MELOSIRA
NAVICJLA
NITZ SCHIA
ROICO5 PHEMIZA
STEPUANODISCUS
SY4EDRA
TRALASSIOSIRA

CyTAOPUYTA
CHROOCOCCUS
OSCILLATORIA
SCo I ZOTHRI X

TOTAL

26.8
0.0
0.0
0.0
0.0
0.0
6.7
0.0

30.2-
3o4

46.9

0.0
.0.0
6.7

46.9
0.0

13.4
20.1
0.0

572.9
67.0

0.0
33.5

3.4
6.7

0.0.
16.8
87.1

0.0
3.4
0.0
0.0
6.7
0.0

10.1
0.0

26.8
0.0

20.1

0.0
0.0
3.4

--00.4
0.0

16.8
10.1

0.0
716.9

77.1
0.0

43.6
3.4

13.4

0.0
0.0

40.2

20.1
6.7
0.0
0.0

13.4
6.7
0.0
0.0

53.6
0.0

0.0

0.0
3.4
6.7

150.8
0.0

10.1
13.4

0.0
907.9
174.2

0.0
67.0

0.0
26.8

6.7
0.0

50.3

12.9
4.3
0.0
4.3
0.0
0.0

12.9
0.0

98.9
0.0

380 7

51.6
0.0
8.6

94.6
25.8
21.5

8.6
0.0.

1449.1
180.6

0.0
73.1

0.0
21 . S

0.0
4.3

64.5

23.5
3.4

10.1
*0.0
0.0
6.7

60.3
0.0

46.9
0.0

83.5
0.0
0.0

53.6
6.7
0.0
3.4

10.1
603.0
150.8

0.0
43.6

3.4
6.7

0.0
0.0

80.4

1.7.2
0.0
8.6
0.0
8.6
0.0

47.3
4.3

86.0
4.3

21.5

4.3
0.0
0.0

141.9
0.0

21.5
8.6
0.0

1449.1
232.2

4.3
107.5

4.3
25.8

0.0
0.0

25.8

16.7
3.0
3.1
0.7
4.8
2.2

22.9
0.7

57.1
1.3

24.0

23.3
0.6
4.2

94.7
5.4

13.9
10.7

1.7
949.8
147.0

0.7
61.4*2.4

16.8

1.1

3.558.0

1.1
0.2
0.2
0.0
0.3
0.1
1.5
0.0
3.7
0.1

1.6

1. 5
0.0
0.3
6.2
0.4
0.9
0.7
0.1

62.0
9. 6
0.0
4.0
0.2
1.1

0.1
0.2
3.8

988.3 1072.0 1517.6 2175.8 1212.7 2223.1 .1531.6
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Table B-1,

Species of periphytic algae composing 57. or more of the total units counted, in at least one replicate
sample from SSES or Bell Bend on the Susquehanna River, 1984; pH affinity as rated by Lowe (1974):
I = alkaliphilous, 2 = acidophilous, 3 indifferent, and 4 = unknown.

Species pH Affinity SSES Bell Bend

CHLOROPHYTA
Actinaatruw hantzschii Jun Jun
Ankiatrodeemue falcatus Jun Jun
Chl am'domonaa sp. Apr
Micractinium puei Z Ztn Jun
Scenedeamus quzadrica• a Jun, Oct Jun

BACILLARIOPHYTA
Aohnanthes minutizsia (1,3) Oct
Asterionetta formnoaa' (1) Apr Apr
Cocconeia pacent.uZa (1) Aug
CyctotelZ a atormnB (4) Oct Oct
C. pseudost-tetigera (1,3) Oct Jun
Fragi Zaria cro tofensia. () Apr
F. vaucheria (1u,2) Apr
* Cmphonema anguotatwi (1,4) .Apr
-G. olivacewn (1) Aug
G. p'vu• l (1,4) Apr
Gomphonema sp Apr
Meloeir granu ata (1) Apr
M. gva (1) Aug Aug
Meridion circUaare (1) Apr
,Navicula cryptoCephala (1) Apr
N. gregari (4) Aug
N. aaZinazum var. intezwedia (4) Oct 'Aug, Oct
N. u&,nmetrica (4) Oct
"N. vijidula (1,3) Apr, Jun Apr, Jun
Nitzaschia aciaulis (1) Jun Jun
N. dissipata (1) Apr Apr
lN. papa (1,3) Aug Aug, Oct
Pinn ia sp. Apr
Stephanodiacus inviaitatu8 (4) Jun, Oct Jun
SzkzireIa ovata (1) Apr Apr
Synedra amo (1,4) Apr Apr
Sr a sp. Jun Jun
Thalaseioeira paeudonana (3) Oct

CYAOPHYTA
Schizothriz Oa'licola Jun, Aug, Oct

RHODOPHYTA
Rhodochorton sp. Apr
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'Table B-12

Density (units/ml) of phytoplankton in bimonthly samples (indicated by date and collection number)
at SSES on the Susquehanna River, 1984.

16 APR 15 JUN 20 AUG 15 OCT
TAXON AJG-84-001 AJG-84-025 AJG-84-051 AJG-84-102 MEAN % TOTAL

CHLOROPHYTA
ACTINASTRUM 0 240 0 94 83.4 2.5
ANKI STRODESMUS 2 510 42 854 351.9 10.5
C!LAMYDOMOWAS 2 20 22 11.15 289.6 8.7
COELASTRU.M 0 20 0 52 18.0 0.5
COSARIU'4 0 0 3 0 0.7 <0.1
CROCIGENIA 2 0 3 21 6.3 0.2
n1CrYosPHAERIU.4 0 430 6 156 148.0 4.4
GOLE•KINIA 0 150 0 0 37.5 1.1
KIRCUNERIELLA 2 10 0 0 2,9 0.1
MICRACTINIIUM 0 240 0 42 70.4 2.1
OOCYSTIS 0 60 6 10 19;0 .0.6
POLYEDRIOPSIS 0 20 0 0 5.0 0.1
SCENEDES?4US 5 1060 142 .1115 580.2 17.4
SCHROEOERIA 0 0 6 0 1.4 <0.1
SELENASTRUM 0 10 0 0 2.5, 0.1
STAURASTRUM 0 0 0 83 20.8 0.6
TREJ3ARIA 0 790 0 0 1.97.5 5.9
UNIDENTIFI ED

CHLOROPHYTA .6 420 150 729 326.3 9.8

aACX LLARIOPHYTA
ACNANTHES 6 0 19 0 6.4 0.2
A14PHORA 0 0 11 0 2.8 0.1
ASTERIONELLA S 0 .0 0 1.2 <0.1
COCCONEIS 0 0 42 0 10 * 4 0.3
CYCLOTELLA 5 60 103 917 271. 0 8.1
CYMBELL% 25 0 0 0 6.2 0.2
FRAGILARtA. 12 0 0 0 3.1 0.1
GOI4PHOSE.4A 78 10 2S 0 28.4 0.9
MELOSzRA 32 0 86 42 40.0 1.2
MERI0ION1 25 0 0 0 6.2 0.2
NAVICULA 23 0 117 73 .53.2 1.6
hITZSCHIA 75 590 231 146 260.4 7.8

RHOICOSPUENIA 0 0 47 0 11.8 0.4
STEPRA4OOI SCUjS 18 460 86 104 167.2 5.0.
SURIRELLA 2 0 3 0 1.1 . <0.1
SynEORA 11 550 0 0 140.2 4.2
THALASSIOSIRA 0 0 0 73 18.2 0.5

CYANOPHfTA
CHROOCOCCUS 0 30 3 458 122.8 3.7
.4TCR.CYSTIS 0 60 0 0 15.0 0.4
OSCILLATORIA 0 0 6 0 1.4 <0.1
SCHIZOTHRIX 0 0 17 .0 4.2 0.1

CHRYSOPHYTA
OINO8YRON 0 0 3 0 .0.7 <0.1
S•.4(JI 2 0 0 0 0.4 <0.1

R.'EOOPH!YTA
RHODOCHORTON 0 10 0 0 2.5 0.1

TOTAL 335 5750 1175 .6084 3336.0
TOTAL 335 5750 1175 6084 3336.0
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Table B-13

Density (units/mr.) of phytoplankton in bimonthly. samples (*ndicated by date
,at Bell Bend on the Susquehanna River, 1984.

and collection number)

16APR 15 JUN 20 AUG 15 OCT
TAXON , AJG-84-003 AJG-84-017 AJG-84-043 AJG-84-094 4EAN % TOTAL

LO•.bUK•PrI3
ACTI NASTRUM
ANKISTRODESMUS
CHLAMYDOONAS
COELASTRUM
CRUCISENIA
DICTYOSPHAERIUM
GOLENK I .I A
KIRCHNERIELLA

I1CRACTINIIJM
OOCYSTIS
PANDORI NA
POLYEORI:PSIS
sict-'4E E Swi S
SCHROEDERIA
SELESASTRUM
TETRAEDRON.
TETRASTRUM
TREUBARIA
UNIDENTIFI ED

CHLORWP !YTA

BACILLARIOPH1TA
&CHNANTHE S
ASTERIO.ELLA
COCCONSIS
CYCLOTELLA
CYMB ELLA
'DI ATO.A
FRAGI LARI A
GOMPHONEMA
GYROSIGNA
MELOSIRA
MERIDION
NAVICULA
HEIDIUM
NITZSCHIA
RBOICOSPHEIZIA
STEPSAMODI SCUS
SURI RELLA
SYNEORS
TH.ALASSIOSIRA

CYANDPHITA
CSROOCOCCUS
MERIS14OPEDIA
MICROCYSTIS
SCHIZOTHRI X

CHRYSOPHYTA
MALLOMONAS

EU GE40PHYrA
T RACdELO.0AS

0
3
2
0
a
0
0.
0
0
0
0
0
6
0
0
0
0
0

280
900
40
10

0
5*50
200
70

140
60

0
10

1140
20
20
20
20

850

3
25
22
0

11

6
0
6
0.
0.
3
0

128
0
0
0
3
0

83

21
792

'1281
0
0

73
10

0
52

0
0

10
938

0
0
0

146
0

760

75.9
429.9
336.3

2.5
2.8

157. 1
52.6
18.9
48.0
15. 0

0.7
5.1

552.9
5.0
5.05.0

42.2
.212. 5.

371. 7

2.1
11.9
9.3,'
0.1
0.'1
4.4

0.5
1.3
0.4

<0.1
0.1

15.4
.0.1
0.1
.0.1
1.2
5.9

3 640

0
.5
0
2

17
5

17
58

0
3

43
45

0
88

0
0
8
0
0

0
0
0
0

0

2

0
0
0

100
0
0

0
0
0
0
0

700
0

770
0

670
0

70
10

120
0

10

0

19
0

81
175

8
0
0

11

3
.360

100
3

272
31

106
0
0
0

10
0
0

792
0
0

21
0

21
.0
31
0

63
0

94
0
0

354
0
0
0

7.5
1.2

20.1
267.1

6.3
1.2
4.2

22.6
0.7

15.0
10.8
44.0

0.7
280.6

7.6
242.3

1. 9
167.5

13.0

10.6. 0
3.2

30.0
1.4

2.5

1.8

10.3,

0.2

0.6
7.4
0.2

<0.1
0.1
0.6

<0.1
0.4
0.3.
1.2

<0.1
7.8
0.2
6.7
0.1
4.7
0.4

2.9.

0.1
0.8

<0.1

0.1

<0.1

0
3
0
6

0

6

0

0

TOTAL 305 7420 1147 5521 .3598.2
TOTAL 305 7420 1147 5521 . 3598.2
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Table B-14

Species of phytoplankton composing 5. or more of the total units counted in at least one sample
from SSES or Bell Bend on the Susquehanna River, 1984; pH affinity as rated by Lowe (1974):
1 * alkaliphilous, .2 = acidophilous, 3 - indifferent to pH, and 4 " unknown.

Species pH Affinity SSES Bell. Bend

CHLOROPHYTA
Ankistrodesmus faloatue Jun, Oct Jun, Oct
•Chlandanonaar sp. Oct Oct
Dictyosphariuwf pu •che Z lum Jun Jun
Scernedwmua quaa ua Jun, Aug., Oct Jun. Aug. Oct
Treubaria crasiaipina Jun Jun'

BACILLARIOPHYTA
Cocconei. placentu la Aug
Cyc.otella ato=u8 (4) Oct. Oct
C. meneghiniana (1) Aug Aug
Gonphonema oZivacem (1) Apr Apr
Meridion airculare (1) Apr. Apr
,Uaviouia viridula (1,3) Apr
Nitzschia acicuZariO (1) Apr, Jun Apr, Jun
N. palea (1,3) Aug Aug.
Staphandiacus invwiitatue (4) Jun, Aug Jun, Aug
Snedra. acue (1,4) Jun Jun
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Fig. B-i

Standing crop of periphytic algae (units/mm2 ) on cumulative acrylic plates
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ABSTRACT

Benthic macroinvertebrates -were sampled with a dome sampler at SSES

(sites I and II) and Bell Bend (sites i and III)' on the Susquehanna River on

11-13 June and 8-11 October 1984. Mean macroinvertebrate density (stations

combined) was 27,400 'organisms/mn2 , similar to that found in 1981 and 1982, but

36% less than in 1983. Mean density at SSES (26,300 org/m2 ) was less than at

Bell Bend (28,600 org/mr2 ), for the first time since 1977. Mean density in

June (stations combindd) was 63% less than in June 1983, perhaps due to low

mean river temperatures and high flows that occurred in May and early June.

Chironomids composed 45% of the annual mean number of organisms collected;'

hydropsychids and heptageniids composed 27% and 9% of the totai, respectively.

Annual mean biomass (2.5 g/m2 ) was slightly less than the mean of the previous

six years. The Susquehanna SES had no detectable impact on the macroinver-

tebrate community downriver from the discharge diffuser.

INTRODUCTION

Density and biomass of benthic macroinvertebrates in the Susquehanna

River near the Susquehanna SES were monitored since 1972 and 1975,

respectively, to establish a baseline of preoperational conditions

(Ichthyological Associates, Inc. 1973-74; Deutsch 1976a-b, 1977-78; Sabin et

al. 1979; Sabin-Zelenak et al. 1980; Deutsch et al. 1981-82). Unit 1 of the

Susquehanna SES became operational in September 1982. Data collected after

that date were considered operational (Deutsch et al. 1983-84). The objective

of the operational studies was to determine if the power plant had any impact

on the macroinvertebrate community downriver from the discharge diffuser.
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PROCEDURES

From 1978 through 1982, benthic macroinvertebrates were.collected in

April, June, and October at two stations (four sites) near the Susquehanna SES

(Fig. A-I). Two sites (SSES I 'and II) are 850 m upriver from the intake

structure, and two (Bell Bend I and III) are 710 m downriver from the

discharge diffuser (Table C-i). Sampling schedule and sites in 1983 and 1984

were the same as those since 1978, except that samples were not collected in

April 1983 and 1984 because of high river level.

In 1984, three samples were collected by a scuba diver at each site on

11-13 June and 8-11 October, using a dome suction sampler (Gale and Thompson

1975). After the sampler was lowered from a boat to the river substrate, a

scuba diver moved it upriver to the first undisturbed area where an adequate

seal between the sampler and the substrate could be established. The diver

then vacuumed the substrate inside the sampler (0.163 m2 ) for five minutes

with a screened intake nozzle leading to the sampler's pump. Sediments (silt,

sand, and fine gravel) and organisms were pumped into a nylon net (216-p

mesh). The diver carefully vacuumed large stones within the dome sampler and

then discarded them.

One replicate from each site was used for biomass estimates. It was

washed and sieved through a U.S. Standard No. 20 sieve (841-ti mesh). The

biomass sample was refrigerated (or kept in ice water) until organisms were

sorted. Processing was completed within 12 hours of collection. By chilling

the sample, it was possible to avoid the use of preservatives which distort

organism weight (Howmiller 1972, Wiederholm and Eriksson 1977). Before

molluscs were weighed, their shells were decalcified in 1% HC1. Sorted
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organisms were dried in aluminum foil containers at 100 C for at least 12

hours, then cooled to room temperature, and weighed on a Mettler H10W balance.

The other two replicates from each site were used for density estimates.

Soon after, collection, they were washed, sieved (U.S. Standard No. 60, 250-p

mesh), and preserved (10% buffered formalin) for storage. Later, the residue

was placed in white pans for sorting. Readily visible specimens (except

naidids and chironomids) were removed, identified, and counted..

Estimates of the number of naidids, chironomids, and other organisms left

in the sample were obtained by counting organisms in a subsample of the total

residue using a dissecting microscope (10-70X). Naidids and chironomids were

counted from 1/23 of the residue; other organisms were counted from 1/4 of the

residue. Both the 1/23 and 1/4 subsamples were a composite of three randomly

selected portions of the total residue.. The number of organisms found in the

subsample was multiplied by the appropriate conversion factor (23 or 4) and

then added to the total number of organisms previously sorted from pans. The

number of organisms per square meter was determined by multiplying the number

of organisms per sample by 6.1.

Invertebrates were identified (usually. to genus or species) with the keys

of Brown (1976), Edmunds et al. (1976), Resh (1976), Wiggins (1977), Lewis

(1978), Merritt 'and Cummins (1978), Pennak (1978), Schuster and Etnier (1978),

Hiltunen and Klemm (1980), Simpson and Bode (1980), Brigham et al. (1982), and

Stimpson et al. (1982). Some naidids and chironomids had to be mounted on

microscope slides and examined with a compound microscope (40-100OX) for

identification; Mark J. Wetzel, Illinois Natural History Survey (naidids) and

Dr. Robert W. Bode, New York State Department of Health (chironomids) verified

identifications of some organisms.
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Macroinvertebrate sample similarity was analyzed according• to abundance

and taxonomic. composition using BASIC computer programs and a Hewlett-Packard

9830-A computer. Chance and Deutsch (1980) found that the Bray and Curtis

index (1957) was the best of four similarity indexes for analysis of

Susquehanna River macroinvertebrate samples.' The Bray-Curtis index is as

follows:

N

1- N li X 2)
;N

Z (Xij + x2j)
• j=1

It was used to calculate a between-sample similarity matrix, where X1 j and X2j

represent the abundance of taxon j in samples. 1 and 2, respectively, and N

represents the total number of taxa. The similarity matrix. was then subjected

.to a cluster analysis by a group-average sorting technique (Clifford and

Stephenson 1975).

RESULTS AND DISCUSSION

Density and Taxonomic Composition

The mean macroinvertebrate density in June and October 1984 (stations

combined) was 27,400 org/mr2 (Table C-2), similar to that found in 1981 (27,400

org/mr2 ) and 1982 (28,500 org/M2 ) but 16% less than the mean density found from

1978 to 1983 (32,800 org/mi; Table C-3). The 1984 density was 36% less than

that collected in 1983 (42,600 org/mr2 ). Chironomids composed 45% of the total

number of organisms collected in 1984; hydropsychid caddisflies 'and
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heptageniid mayflies composed 27% and 9% of the total, respectively (Table

C-4). Raw data are presented in Tables C-5 through C-12.

Mean density at SSES (26,300 org/m2 ) was less than at Bell Bend (28,600

org/mr2 ) for the first time since 1977 (Fig. C-i). At SSES, the total number

of organisms was composed primarily of hydropsychids (39%) and chironomids

(34%; Fig. C-2). At Bell Bend, 54% of the total organisms was composed of

chironomids; hydropsychids and heptageniids composed 16% and 10% of the total,

respectively.

A listing of the macroinvertebrates collected in dome samples since 1975

is in Table C-13. Six taxa were found or identified for the first time in

1984. Changes in nomenclature of several taxa were also made this year. In

Deutsch et al. (1981), the subgenus Symphitopsyche was elevated to generic

status in accordance with Schuster and Etnier (1978). Many biologists believe

that this elevation was premature (Patricia W. Schefter, Royal Ontario Museum,

personal communication, 8 March 1985). Therefore, Symphitopsyche was

redesignated' as Rydropsyche. Macronema, another hydropsychid, has been

reclassified as Macrostem•n (Flint and Bueno-Soria 1982). The chironomid genus

Eukiefferiella has been divided; E. bavarica gr. and E. discoloripes gr. now

belong to the genus Tvetenia (Bode 1983).

June

Mean macroinvertebrate density in June (12,200 org/mr2 ) was 63% less than

in June 1983 (33,000 org/Mr2 ; Table C-3). One of the factors responsible for

this may have been low river temperatures in the spring of 1984. Mean river

temperature for the 30-day period preceding June sampling (15 May-13 June) was
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16.0 C, the lowest mean in the past ten years. From 1975 to 1983, the mean

river temperature for this period was 19.7 C (range = 18.2 to, 22.3 C). High

flows which occurred in late May may have caused. catostrophic drift of

macroinvertebrates, lowering benthic density.

Chironomids were the most abundant macroinvertebrates, composing 62% of

the total number collected at both stations. combined (Table C-2).

Rheotanytarsus spp. was the most numerous chironomid at all sites (17% of

total macroinvertebrate density). Microtendipes sp. and Tanytarsus spp. each

composed 10% (1,200 org/m2 ) of the total density. An additional 21% of the

total number of macroinvertebrates was composed of heptageniids (1,100

org/m 2 ), naidids (900 org/mr2 ), and tubificids (600 org/mr2 ). In 1983,

hydropsychids composed 7% of the June total; in 1984, they composed less than

1% at each station.

At SSES, mean June density (5,800 org/M2 ) was less than 20% of the mean

density of the previous six years (30,100 org/mr; Table C-3). Chironomids

composed 52% of the total density; Rheotanytarsus spp. (1,100 org/m 2 ) and

Cricotopus spp. (500 org/mr2 ) were the most abundant genera. Naidids

(primarily Nais behningi and Piguetiella michiganensis) composed 11% of the

total. Mean hydropsychid density was only 37 org/mr2 , much lower -than in

previous years. In 1983, for example, mean hydropsychid density was 3,600

org/mr2 . Both Rhame and Stewart (1976) and Deutsch (1984) found that river

temperatures of 15-17 C initiated emergence of hydropsychid adults. Low mean

river temperatures in the spring of 1984 probably delayed emergence, thereby

reducing oviposition and subsequent larval density. The large number of

hydropsychids collected in October dome samples, however, revealed that the

delay was short-term.
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At Bell Bend, density in June (18,700 org/mr2 ) was only slightly less than

the mean for the previous six years (19,800 org/m2 ; Table C-3).. Chironomids

composed 65% of the June density; Rheotanytarsus spp. (3,000 org/M 2 ),

Microtendipes sp. (2,200 org/mr2 ), and Tanytarsus spp. (2,100 org/M2 ) were the

most abundant types. As in 1982 and 1983, Microtendipes sp. was more abundant

at site III (2,800 org/mr2 ) than at site I (1',600'org/m 2 ). Heptageniids and

naidids (primarily N. behningi and N. communis) composed 9% and 6% of the

total, respectively.

October

In October, mean macroinvertebrate density (42,600 org/mr2 ) was over

3-fold greater than in June (Table C-2), but was less than in October 1983

(52,200 org/mr2 ). It was slightly grea.ter than the 1978-83 mean .(40,600

org/mr2 ; Table C-3). Chironomids (16,900 org/m2 ) and hydropsychids (14,700

org/mr2 ) composed almost 75% of the total number of macroinvertebrates.

Rheotanytarsus spp. (5,900 org/mr2 ), Thienemannimyia gr. (5,500 org/Mr2 ), *and

Microtendipes sp. (2,900 org/m 2 ) composed almost 75% of the chironomids;

Cheumatopsyche spp. composed 95% of the hydropsychids.

At SSES, mean density (46,800 org/mr2 ) in October was 16% less than the

mean of the previous six years (55,900 org/mr2 ; Table C-3). Hydropsychids

(20,300 org/M2 ) and chironomids (14,800 org/m2 ) composed 75% of the total.

Rheotanytarsus spp. (8,500 org/M2 ), Cricotopus spp. (2,500 org/m2 ), and

Thienemannimyia gr. (2,200 org/mr2 ) were the most abundant chironomids.

Heptageniids composed 9% of the total density.
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At Bell Bend, mean October density (38,400 org/M2 ) was 52% greater than

the mean of the previous six years (25,300 org/m2 ; Table C-3). Chironomids

composed 50% of the total density; Microtendipes sp. (5,400 org/M2 ),

Thienemannirnya gr. (4,700 org/M2 ), and Rheotanytarsus spp. (3,800 org/M2 )

were most abuindant. Hydropsychids (9,000 org/mr2 ) and heptageniids (4,100

org/mr2 ) composed 23% and 11% of the total, respectively.

Station Similarity

In the cluster analysis, samples were grouped by season before they were

grouped by station or site (Fig. C-3), indicating that seasonal differences'in

the macroinvertebrate community were more important than station and site

differences.. As in 1982 and 1983 (Deutsch et al. 1983-84), the October

samples were more distinctly .grouped by station and. site than were those in

June, meaning that there was less variability in October replicates. Since

1979, the cluster analysis usually segregated SSES samples from those at Bell

Bend within, a sampling period, suggesting that macroinvertebrat-e communities at

the two stations were seasonally distinct.

Biomass

The mean macroinvertebrate biomass in June and October 1984 (2.5 g/m';

Table C-14) was slightly less than the mean of the previous six years (2.8

g/m 2 ; Table C-15). Trichopterans (especially Cheumatopsyche spp.) and

ephemeropterans (mainly Potamanthus sp. and heptageniids) composed 61% and

28%, respectively, of the 1984 mean biomass (Table C-14). Raw data are

presented in Tables C-16 and C-17.
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Biomass in June 1984 averaged 0.8 g/m 2 (Table C-14). Organism weight at

SSES (1.0 g/m 2 ) was twice that at Bell Bend (0.5 g/m 2 ). Ephemeropterans made

up 63% (0.6 g/m 2) and 86% (0.5 g/m 2 ) of total weight at SSES and Bell Bend,

respectively. 'Oligochaetes and trichopterans composed 33% of the biomass at

SSES; oligoch aetes and dipterans made up 8% at Bell Bend.

Biomass of macroinvertebrates in October (4.1 g/m 2 ) was more than 5-fold

greater than in June (Table C-14). Weight of organisms at SSES (5.5 g/m 2 ) was

almost twice that at Bell Bend (2.8 g/m 2 ). Trichopterans and ephemeropterans

composed more than 90% of the biomass at both stations.

Biomass at SSES in-1984 averaged 3.2 g/m 2 (Table C-14); trichopterans

(2.1 g/m 2 ) and ephemeropterans (0.8 g/m 2 ) composed almost 90% of the total.

Biomass at Bell Bend in 1984 was 1.7 g/m 2 , and has remained relatively stable

during the past, seven years (Fig. C-0). As at SSES, trichopterans (0.9 g/m 2 )

and ephemeropterans (0.6 g/m 2 ) composed most of the biomass. However, at Bell

Bend, the mean weight of trichopterans was less than half that at SSES. Since

1978 annual mean biomass at SSES has been between 2- and 5-fold greater than

at Bell Bend. Differences in macroinvertebrate biomass at the two stations

were largely attributed to differences in substrate and river current. For

example, SSES is located in a riffle area which is more suitable than Bell

Bend for rheophilic organisms, such as hydropsychids.

Macroinvertebrate density and biomass steadily increased at both stations

between 1977 and 1980 (Fig. C-1). This followed a six-year period of

significant (P<0.05) improvement in Susquehanna River water quality (Soya and

Jacobsen 1979). In particular, there was a decrease in acid mine drainage,

which was found to suppress the macroinvertebrate community in the study area
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(Deutsch 1981). Since 1978, no significant trends in water quality

improvement have been observed at either S'SES or Bell Bend (see' Physico-

chemical Analyses). Macroinvertebrate density and biomass at both stations

also seem to have stabilized since 1980 (Fig. C-1). The Susquehanna SES has

had no detectable impact on the macroinvertebrate community downriver from the

discharge diffuser.
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Table C-i

Description and location of benthic macroinvertebrate sampling sites on the Susquehanna River, 1984.

Station SSES BELL BEND

Site II I Ill

Deptha 0.6 1.0 1.3 1.3

Substrate Typeb gravel-pebble pebble-cobble gravel-pebble
with boulders

gravel-pebble
with bouldersc

Location 850 m upriver from
the center of the
intake structure;
30 m from the
west bank

850 m upriver from
the center of the
intake structure;
100 m from the
west bank

710 m downriver from
the center of the
discharge diffuser;
40 m from the
west bank

710 m downriver from
the center of the
discharge diffuser;
70 m from the
west bank

aSite depth (m) when river surface elevation is 148.6 m above

120 m3 /s) at the Susquehanna SES Biological Laboratory.

bBased on predominant particle size (Cummins.1962).

mean sea level (river discharge about

CThere tended to be accumulations of fine sediments downstream from boulders.
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Table C-2

DensiltY (org/mr) and percent total of major qroups of benthic macroinvertebrates
collec-ted in four dome samples at each station on the Suiquehar.na River in June and
October, 1984.

SITE
TAXA

-"Ez GOCHAETA
Ep HEMEROPTERA
HyDROPSYCHIDAE
CHIRONOMIDAE
OTHER

TOTAL

.BELL BE11D
LIGOC-HAJETA

EPMEVVEROPTERA
HyDROPSYCHIDAE
CHIRONOMIDAE
OTHER

TOTAL

COM9INED
ýýE-OCHAETA

EPHEMEROPTERA
HYDROPSYCHIDAE
CHIRONOMIDAE
OTHER

TOTAL

JUN

ORG/M
2

% TOTAL

OCT MEAN

ORG/M
2

% TOTALORG/N
2

% TOTAL

1139.5
1059.8

36.8
3010.7
'544.4

5791.4

1935.6
3453.8

96.6
12067.0
1111.9

18665.6

1537.5
2256.7

66.7
7538.8
828.2

12228.5

19.7
18.3

0.6
52.0

9.4

1450.9
6622.3

20340.3
14772.S
3570.1

46757.7

3.1
14.2
43.5
31.6

7.6

10.4
18.5

0.5
64.7

6.0

12.6
18.5

0.5
61.7

6.8

1343.5
5829.5'
9003.0

19004.1
3255.9

38437.1

1397.2
6225.8

14671.3
16887.3
3412.6

42597.4

3.5
15.2
23.4
49.5

8.5

3.3
14.6
34.5
39.7

8.0

1295.2
3841.0

10188.6
8891.6
2057.3

26274.5

1639.5
4641.6
4549.8

15535.6
2183.9

28551.4

1467.4
4241.2
7369.0

12213.1
2120.4

27413.0

4.9
14.6
38.8
3.3.8

7.8

5.7
16.3
15.9
54.4

7.7

5.4
15.5
26.9
44.6

7.7

Table C-3

Mean density of benthic macroinvertebrates (org/mr) collected in dome samples at SS•S and
Bell Bend on the Susquehanna River in June and October, 1978-84.

JUN OCT MEAN

YEAR SSES BELL BEND COMBINED SSES BELL BEND COMBINED

1978 16131 9459 12795 40473 15465 27969 20382

1979 22968 17241 20104 67546 35647 51596 35850

1980 54359 36037 45198 58593 18629 38611 41905

1981 36080 12199 24139 41377 20129 30753 27446

1982 18084 10897 14490 60251 24655 42453 28472

1983 33089 32979 33034 66919 37436 52177 42605

MEAN 30118 19802 24960 55860 25327 40593 32777
(1978-83)

1984 5791 18666 12228 46758 38437 42597 27413
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Table C-4

Mean density (org/m') and percent total of benthic macroinvertebrates collected in four dome

samples at each site on the Susquehanna River, 1984.

STATI ON SSES PERCENT BELL BENfl PER(

SITE 1 II TOTAL I III TO0

TAXON

HYDRA SP.
ALLOEOCOELA
TRICLADIDA
PROSTONA SP.
NEMATOOA
NAIDIDAZ
NAIS SPP.
NAIS BEHNINGI
NAIS COMMUNIS
P! GUETI ELLA MI CHI GANENSIS
TUBIFICIDAE
BOTHRIONEURUM VJ.)DOVSKYAN' M
ISOCRAETIDES FRET!
LIMNODRILUS HOFFKEISTERI
QUISTADRILUS MULTISETOSUS
LUPBRIC LIDAE
STYLODRILUS HERINGIANUS
GLOSSI PHONI IDA£
ASELLIDAE
AMHI PODA
GAhMARI OAE
CRANGONYX SP.
PLECOPTERA
NEMOU RI DAE
LEUCTRA SP.
PERLIDAE
ACRONEURIA sPPF.
NEOPERLA SP..
PHASGANOPHORA SP.
PERLESTA SP.
EPSEME ROPTERA
EPHORON SP.
pOTAMANTHUS SPP.
CAEMlS SP.
EPHEMERELLIDAE
DRUNELLA VALKERI
EPHEMERELLA SPP
EPEME4RELLA INVARIA
SERRATELLA DEFICI ENSSAMT DAE
BAETIS SP.
ISONYCHIA SP.
IIEPTA GEN I IAE

HEPTAGENIA SPP.
RHITHROGENA SP.
STENACRON SFP.
STENACRON INTERPUNCTATUM
STENONEMR SPP.
STENONENA ITHACA
STENONEMN PULCHELLUM
STENONE'A TERMI NATUM
STE4ONMEA VICARIUM
GOMPH IOAE
COEN ' 1GRIONIDAE
SIALIS Sp.
CORYDALUq SP.
GLOSSOSOVATI0AE
CHIMARRA SP.
POLYCeNTROPOO IDAE
NEURECLIPSIS SP.
POLYCENTRWPUS SP.
RYDROPSYCHIDAE (PUPAE)
CHEUMATOPSYCHE SPP-
CHEUMATOPSYCHE SPP.(PUPAE)
HYDROPSYCHE SPP-
HYDROPSYCHE SPP.(PUPAE)"
HYDROPSYCHE BIFIDA GR.
HYDROPSYCHE MOROSA
HYDROPSYCHE PRALERATA
MACROSTENUM SPP.
MACROSTENUM SPP. (PUPAE)
HYDROPTILA SPP.

6
9
8

44
179

0
0

396
35

0
385

2
2
2
2

34
3
0
0
0
2
0

20
2
0

67
5
2

26
2
2

144
1267

130
6
8
0
3

14
328

1210
97

9
0

41
48
29

1416
221
.5

0
15

8
5
3

72
0

233
0
0

11305
0

20
0

15
52

675
12

0
0

0
21

s
51

345
0
0

1113
0

110
495

0
0
2
0

11
0
2
0.

0
0
0
0
0

17'
2
0

31
0
0

103
916

74
6
0
0
0

12
2
2

55
541

90
0

11
23
6

14
730

58
0
0
8
2
0
0
00

15

2
2

7778
2
52
5
9

486
9
20

<0.1
<0.1
<0.1
0.2.
1.0
0.0
0.,0
2.9

<0.1
0.2
1.7

<0.1
<0.1
<0.1
<0.1
(0.1
(0.1
<0.1

0.0
0.0

<0.1
0.0

<0.1
<0.1

o.Q
0.2

<0.1
<0.1

0.1
(0.1
<0.1

0.5
4.2
0.4

(0.1
<0.1

0.0
X0.1
<0.1

0.1
<0.1

0.7
3.3
0.4

<0.1
<0.1

0.1
0.1

<0.1
4.1
0.5

<0.1
0.0

<0.1
<0.1
<0.1
<0.1

0.1
0.0
0.5

<0.1
<0.1
36.3
<0.1
<0.1
<0.1
<0.1

0.1
2.2

<0.1
<0.1
0.0

0
17
.8

*81
709

35
106
540
10 7

0
753

0
0
0
2
5
0
3
6
0
0
2

35
0
3

.9
2
0
0
0
0

212
807
400

25
.2
0
0
5
6
0

78
1038

233
0

58
9

14
3

787
150

2
3
5
9

00
2
6

57
2
0

2479
2
2

17
0
0

49
0
0
0

0

8
34

319
107

33
468
359

0
732

2
0
6
6

17
0
0
0
6
0
0
0
0
0
8

21
0
5
0
0

482
1104

304
0
6
2
0
0
2
0

61
1287

179
0

31
2
6

20
1675

296
0
0
3

17
0
0
0
6

18
0
2

6419
0
0
0
0
2

130
0
0
6

0.
<0.
<0.
0.

*0.
1.
0.
0.
1.
0.
0.
2.

<0.
0.

(0.
<0.
<0.

0.
(0.
<0.
<0.

0.
<0.

<0.
(0.

<0.
0.
0.

<0.
0.
<.

1.
<0.
(0.
(0.
0.

40.
0.
0.

0.
<0.
0.
0.

4..
0.

(0.
(0.
<0.

<0.
(0.

(0.
<0.
<0.

0.
<0.
<0.
10.

<0.
0..
<0..

(0.
<0.;
(0..
0.'

(0.:
0.:<0.i

(0. =
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Table C-4 (cont.)

STATION
FE iCE AlT BELL BEND PERCENT

SSES

I II

PERCEqT

TOTAL

BELL BEND

I.rrx

PERCE4T

fOTAL

STATIO•• 

TIqR

TAXON

LEPTOCERI DAE
CERACLEA SWP.
CERACLEA AMCYLUS
CERACLEA MENTIEA
NYSTACIDES SPP.
NECTOPSrCHE Si.
OECETIS SiP.
OECErIS AVARA
OECCTIS CINERASCE3.S1
LEPIDOSTOKA SP.
BER1SUS SP.
PSEPHEqUS SP.
OU9IRAPHIA SP.
OPTIOSERVUS SP.
STERELIS SP.
STENEL'IS SP.(ACULTS)
TIPULIDAE
SIqjLIIDAE
HEMERODROMIA SP.
CERATOPOGONIDAE
CR! RONOMIDAZ
CmNRONDMIDAE (PUPAE)
TANYPODINAE
AsLAqESMY!A SPP.
ASLABESMYIA 4ALLOCH1
NILOTANYPUS SP.
PROCLAOXUS SP.
TRIENERANNIMY1A GR.
CHI RO?3MI4E
CHIRONOUS SPP.
CRYPTOCHIRONOMUS SPi-
DICROTENOIPES SPP.
0ICROTENOIPES NEOMODESTUS
ENoOCRIRONMUS SPP.
GLYPTOTEMIPES SP.
MICROTENDIPES SP.
PARACHIRONOMUS ABORTI US
POLYP EDILUM CONVICTUM
POLYPEDILUM NR. SCALAENUM
RHEOThNYTARSUS SPP-
STENOCHIRON314US SP.
TANYTARSUS SPP.
ZAVRELIA GR.
SYNPOTTRASTIA SP.
ORTHOCLAO1NAE
CORYMONEURA SPP.
CRICOTOPUS SPP.
CRICOTOPUS BICINCTUS
EURIEFFERIELLA SPP.
EUKIEFFERIELLA

COERI3LESCENS GR.
NPNOCLADIUS SPP.
THIENEMANNIELLA SPP-
TVETENIA DISCOLORIPES GR.
RELISOMA SP.
FERRISSIA SP.
PISIDIUM SP.
SPRAERIUW SPP.

28
0
0
0

123
14
29
2
0
2
8
8*

28
673

26
'0
9

482
15.
0

143
0
0

143
35

0
719

0
0
0
0
0
0
0

143"
35
35
a

4926
0

71
35
0
0

35
971
466
216

72
0
0

324
0

23
20
73

1411
3
8
0

256
40
15
.6

0
0
0
5

15
592

11
2
6

163
0

35
216

0
0

107.
a

35
1546

0
0
0

35,
0
0
0

431
0

107
72

4710
35

143
0
0
0

107
1115
.468

0

0
107

35
107

0
58
12

152

<0.1<0.1
<0.1
<0.1

0.0
0.7
0.1

<0.1
0.0

<0.1
<0.1
<0.1
<0.1

2.4
<0.1
<0.1
<0.1

1.2
<0.1
(0.1

0.7
0.0
0.0
0.5

<0.1
<0.1

4.3
0.0
0.0
0.0

<0.1
0.0
0.0
0.0
1. 1

<0.1
0.3
0.1

18.3
<0.1

0.4
0.1
0.0
0.0
0.3
4.0
1.8
0.4

1846
2
2
6

281
60
25
55

0
0
0
9
6

4 34.
2
0
a
so80

55
0

216
35
35

143
0
0

2121
0

468
1115
647

35
107
215

4745
0

178
216

2121

0
755
575

35
71

0
466
179

0

3423
0
0
6

414
58
12
71

3
0
0
2

14
"566

3
.0
0

140
21

0
396

71
35

360
35

0
3018

35
0

179
143

0
35

143
-2876

35
178

35
4747

0
1546

791
0

35
215
683
179

0

0
429

0
0

40
40
4015a

<o .'i0.1
<0.1
<0.1,
<0.1

1.2
0.2

<0.1
0.2

<0.1
0.0
0.0

<0.1
<0.1

1.8
<0.1

0.0
0.0
0.4
0.1
0.0
1.1
0.2
0.1
0.9

<0.1
0.0,
9.0

<0.1
0.8
2.3
1.4

<0.1
0.2
0.6

13.3
<0M1

0.6
0.4

12.0
0.0
4.0
2.4

<0.1
.0.2
0.4
2.0
0.'6
0.0

0.0
1.3

<0.1
<0.1
<0.1
<0.1

0.2
0.6

0.10.2
<0.1

0.8
0.0
0.2

<0.1
0.4

0322
35
35

2
17
60

190
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Table C-5

Density (org/m2 ) and percent total of benthic reacroinvertebrates

a dome sampler at SSES I on the Susquehanna River, 12 June 1984.

indicated by collection number.

collected with
Replicates are

*AI3 SEHAINGI
IAI!S C-4d.TQN1S
TualF ICIDAE
BOTHRIONEURJ'4 VEJOOVS KY•W4O
ISOCRETIOES FREYI
LI.NOODRILU5 HVF.F4EZSTERI
QUISTAORILU3 MULTISETO3US
LUt4BICULIOAE
* STYLODRILUS HERINGIANUS
GA'44ARIDAE
PLECOPTERA
NEW0URtOAR
PERLIODA
ACRONEURIA SPP.
NE3P ERLA SP.
EPHE-19ROPTERA
EPRORON SP.
POTA, k444TRUS SPP.
caqwiS SP.
ORUMELLA WALKERI
EpHE-ERELLA IW.VARIh
3ERRATELLA OEFICI ENS
BACTIDAE
BAETIS SP.
ISO4 yCHRIA SP.
HEPTAGENIIOAE
tiP ThGENIA SPP.
RHITHROGE-4 SP.
STMEACROI N TERPUNCTATUM

.,14LIS SP.
C:IEUMATOPSYCE SPP.
CERACLEA SPP.
OECETIS SPP.
SEROaSUS SP.

PSEPRE14US 3P.
OPTIOSERVUS SP.
STEOELMIS SP.
STWELElIS SP. (ADULTS)He-4Z...30RO'41Ik SP.,

CERAoP03ONIOke
CqjIR0O4t)0IkhS (PUPAE)
RL3LABeSMYIA 43kLLOCKI
NILOTANYPU3 SP.-
MICROT94OIPES SP.
RH9-TIrrARSjS Sp.
Th'•YTARSUS SPP.
ZAVRESLIA GR.
CaRytn4EUM SVP.
CRICOTOPUS SPP.
CRIC•''OT S BICINCI"JS
E;JKIEFFERI!ELLA

CO;ERiLESCC4S GR.
TVErEaIA )ISCOLORIPES GR.

PISIOI1M SP.
SPHAERIU4 SPP.

TrOTAL

LSZ-84-002

73.6
141.1
141.1
730.1

6.1
6.1
0.0
6.1

85.9
6.1
6.1.

24.5
0.0

24.5
12.3

6.1
0.0

331.3
269.9
227.0
12.3
12.3
24.5

110.4
55.2
92.0

478.5
282.2
24.5
6.1

24. 5
6.1
6.1

24.5
6.1.

30.7
6.1

454.0
6.1

.0.0
6.1

141.1.
429.4
141.1
141.1

1582.a
141.1
141.1
141.1

0.0
233.3

0.0
141.1

24.5
0.0

7079.5

LSZ-84-003

104.3.
2a9.3
'0.0

368.1
0.0
0.0
6.1
0.0

49.1
0.0
0.0
0.0
6.1
0.0
0.0
0.0
6.1

245.4
153.4

79.8
S18-.4

0.0
0.0

24.5
0.0
0.0

85.9
85.9

6.1
0.0
0.0

79.8
0.0
0.0

.0.0
0.0

12.3
184.0

0.0
30.7
0.0

288.3
141.1

0.0
0.0

1592.8
141.1

0.0
0.0

717.8
0.0

288.3
288.3

0.0
6.1

5288.2

39.0
214.7
7•3 .6

549.1
3.1
3.1
3.1
3.1

67.5
3.1
3.1

12.3
3.1

12.3
6.1
3.1
3.1

289.3
211.7
153.4

15.3
6.1

12.3
67.5
27.6
46.0

282.2
184.0

15.3
3.1

12.3
42.9

3.1
12.3

3.1
15.3
9.2

319.0
3.1

15.3
3.1

214.7
285.3
70.6
70.6

1582.8
141.1

70.6
70.6

359.9
144.2

144.2
214.7

12.3
3.1

618 3.8

PERCENT T.TNL
1.4

3.5
1.1
8.9

(0.1
<0.1
(0.1

<0.1I

1.1
(0.1
(0.1

0.2

<0.1
0.2

0.1
(0.1

10.1

4.7
3.4
2. 5
0.2
0.1
0.2
1.1
0.4
0.7
4.6
3.0.
0.2

<0.1
0.2
0.7

<0.1
0.2

0.2
0.1
5.2

20.1
0.2

(0.1
3. 5
4.6
1.1
1.1

25.6
2.3

0.2

20.3.
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Table C-'6

Density (org/m') and percenit total of benthic macroinvertebrates collected with

a dome sampler at SSES II on the Susquehanna River, 11 June 1984. Replicates aie

indicated bY collection number.

, I

TAXO4

;E,4Ar31o4

P IGUterI ELA MtCHIGANEi4SLS
TOalFICXDAE
LI..'4.33DR LUS MF M4I STERI
LVJ.RICULIOAE
PERIZDAS
ACRNHEURIA SPP.
MPODRIN SI.

POTA.M NT.US SPP.
CI EI S IP.
5ERRArEtLLA DEFICIE4S
BATIS SP- "
UEPTNGENIZONE
4EPTAGE.I1A SPP.
srE1kCR'3 I 4TERPuoicrAfJ 4

;gEq:)jjE44 ITHACh
NEUReCLIPSIS SP,

•*pG•yCS•TPUS SP.
HYoROPSYCOIDAE (PUPAE.)
CHEUkrOPSYCHE SPP.
CHEU4%T3PSYCHE "PP. (PUPAE)
!qy(¥R'3Pj yC E SPP.(PUPAE)
qy.oaP:s YC;IE PHALERATA
,4Aca:)STC. J'4 P. (PUPE)

AERACLEk SPP.
CSSACLEA, ANCYLUS
CERACLEA 14E•TI ElA
4ECnPSYCHE SP.
IECETIS SPP.
OECSTIS AVARA
O03•3RMPfl1 SP.
irENEL'41$ 3P.
3TE4EL4IS SP. (ADULrS)
9E4EROOR,4IA SP .
C9IR.34-AINE
Cdjq, )R-CI•AE (PUPAE)
h3LA9 4YtA '4kLLOC4I1
THIE1EI.•44I,'4YIA GR.
I4ICR3TE~q-1PES 3P.

RHEDT~aYTIRSUS SPP.
r%4YTAkRS'J- SPP.
CMRy4'3EtUR& *;PP.
cRaz3:DPU3 SPP.
HRICEr5PUS 8ICIN4CJ S
.A,43CLAornU5 SPP.
7 g 1, 4 .4ELLA SPP.
PSIOIUM 3P.
SPHAERIUM SPP.

L-Z-84-O05

165.6
1435.6

300.6
447.9

6.1
30.7
24.5

6.1
171.8
171.8
135.0
24.5

6.1
312.9
312.9
24.5
24.5
12.3

6.1
6.1
6..1

12.3
0.0
6.1
0.0
0.0
6.1

12.3
12.3

135.0
79.8

0.0
6.1

2S8.3
6.1
6.1

141.1
141.1.

0.0
429.4
238.3

1006.1
429.4

0.0
576.7
141.1
429.4

0.0
30.7
49.1

LSZ'-84-006
55.2

141.1
141.1
220.9

0.0
0.0
0.0
0.0

239.3
30.7

0.0
0.0
0.0

85.9
42.9
12.3

0.0
0.0
0.0
0.0
0.0
0.0
6.1
0.0

24.5
6.1
0.0
0.0

12.3
0.0

55.2
6.1.
0.0

0.0
0.0
0.0
6.1

248.3
0.0

141.1
288.3
141.1
429.4
298.3

0.0
0.0

141.1
6.1

36.8

110.4
793.3
220.9
334.4

3.1
15.3
12.3

3.1
205.5
101.2
.67.5
12.3

3.1
199.4
177.9'

18.4
12.3

6.1
3.1
3.1
3.1
6.1
3.1
3.1

12.3
3.1
3.1
6.1

12.3
67.5
67.5

3.1
3.1

187.1
3.1
3.1

70.6
73.6

144.2
214.7
214.7
647.2
285.3
214.7
432.5

7-1.6
214.7

70.6
18.4
42.9

Pe•mir ro rm.•
2.0

14.6
4.1
6.2
0.1
0.3
0.2
0.1
3.8
1.9
1.3

:0.2
0.1
3.7
3.3
0.3
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.2
0.1
0.1
0.1
0.2
1.3
1.3
0.1
0.1
3.5
0.1
0.1
1.3.
1.4
2.7
4.0
4.0

12.0
5. 3
4.0
8.0
1.3
4.0
1.3
'0.3
0.8

TOMA 7864.8 29-32.4 5393.5

T'3ThL 7864.9 29-32.4 5393.5
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Table C-7

Density (org/mL) and percent total of benthic macroinvertebrates collected with
a dome sampler at Bell Bend I on the Susquehanna River, 13 June 1984. Replicates are
indicated by collection number.

TNXO.i LSZ-84-008. rSZZ=84-009 'WA'm P9C3C*1T T3Tr

4LL.3EOCOELA 6.1 0.0. 3.1 <0.1
IC'VITOOA 245.4 1245.4 745.4 5.1
NAIS. SPP. 0.0 141.1 70.6 0.5
:tAI$ ;J£H~tIPq1 576.7 . 288.3 432.5 2.9

NAIS CO*44ULIS 141.1 298.3 214.7 1 1.5
rUsIFIC104E 319.0 822.1 570.6 .3.9
QUISTODRILUS "4ULTI SETOSU5 6zl 0.0 3.1 <00.1
LJ.43RIC'JLIOAE 6.1 0.0 3.1 <0.1
A.SELLIOA E 0.0 24.5 12.3 0.1
CRA.4GONYX SP. 6.1 0.0 3.1 <0.1
PLECOPTERA 55.2 85.9 70.6 0.5
LEUCTRA SP. 12.3 0.0 6.1 <0.1
PERLIDAE 0.0 24.5 12.3 0.1
ACRONEUJRI t SPP. 6.1 0.0 3.1 <0.1
EPW)R3N SP. 454.0 392.6 423.3 2.9
pA-T4• Ti? 3PP. 184.0 312.9 248.5 1.7
CAEIIS SP. 969.3 546.0 7570.7 5.1
EPHEMERELLV3AE 24.5 24.5 24.5 0.2
:RtJNELLA WALKERI 0.0 6.1 3.1 <0.1
SERRNTELLA DEFICIR4S 18.4 0.0 9.2 0.1
BAETI)AE 24.5 0.0 12.3 0.1•IS,3.YCHIA 3P. 196.3 110.4 153.4 1.0

slEpr9kZE1410AE 1638.0 969.3 1303.7 8.9
HEPTAGE=I4A SPP. 564.4 368.1 466.3 3.2
3TEEIACRON P4TERPUiaChrUm 24.5 12.3 13.4 0.1STT.414-MI 3PP. 6.1 6.1 6.1 <001
31ALIS SP. 24.5 0.0 12.3 0.1
:-.•AR.RA SP. 6.1 0.0 3.-1 <0.1
P9LYCE4TR9PU3 SP. 6.1 0.0 3.1 <0.1
_9E3'4ArOPsYCER SPP. 177.9 30.7 104.3 0.7.

CqEU*4ATIPSYCHE 3P?.(PUPAE) 6.1 0.0 3.1 <(0.1
Ry.3qOPSYCHE !PP.(PUPkE) 6.1 61.3 33.7 0.2
LEp n3RIDAS 0.0 24.5 12.3 0.1
* E:kCLLEk SPP.. 0.0 24.5 12.3 0.1
.ERACLEA '0CYLU'J 6.1 0.0 3.1 <0.1

CERNCLEA 'IE4TIEA 6.1 0.0 3.1 <0.1
.4ECTUPSYCiE SP. 116.6 104.3 110.4 0.8
MCETIS SPP. 19.4 24.5 21.5 0.1
3TE.ELA4S SP. 110.4 165.6 138.0 0.9
RO'4EROOO'41.-' SP. 0.0 24.5 12.3 0.1
CERATQPOGOMlOAE 0.0 116.6 58.3 0.4
CHIR3NO'MAS. (PUPAE) 576.7 288.3 432.5 2.9
rA3L3kESMYIA "4ALLOCHI 141.1 429.4 285.3 1.9
THIEnSMAN4IMYIA 3R. 429.4 288.3 358.9 2.4
-RyP?0C4!R' 1133 SPP. 0.0 288.3 144.2 1.0
3ICRITENDIPE5 SPP. 0.0 141.1 70.6 0.5
.'ICROTEWZIPES SP. 865.0 2300.6 1582.8 10.8p.-LYPE DILUM C3'4VICTU4 141.1I 141.1 141i.1 1. 0
RHEOThIYThRSUS SPP. 1723.9 3165.6 2444.8 16.6
TA'iYTkRSUS 3PP9 1294.5 1006.1 1150.3 7.8
ZAVRELIA GR. . 576.7 1006.1 791.4 5.4
Sy.4POTTHASTIA SP. 0.0 141.1 70.6 0.5

SORTW3CLA~0I1AE i41.1 141.1 141.1 1.0

CRICO3TOPUS 3PP. 576.7 141.1 358.9 2.4
4qkN2CLr•DIU 3P9. 141.1 865.0 503.1 3.4
TqI9IE!MA1INIELLA SPP. 0.0 141.1 70.6 0.5
TVETEZIA 'ISCOL-ORIPES 3R. 0.0 141.1 70.6 0.5

TOTAL 12576.2 16370.7 .14723.2
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Table. C-8

Density (org/m') and percent total of benthic macroinvertebrates collected with,

a dome sampler at Bell Bend III on the Susquehanna River, 13 June 1984. Replicates are

indicated by collection number.

Th xV4 LZ-84-011 L3--84-012 4,N14 -oCq'4T r'3rkL

IE'4NODA 404.9 539.9 472.4 2.1

•AI31DAB 0.0 288.3 144.2 0.6

NAIS SPP. 141.1 0.0 70.6 0.3

M.AIS 3E•i4-•%IN• " 717.3 576.7 547.2 2.9

94AIS CO4"4UNIS 429.4 1006.1 717.9 3.2

TUSXTICIOAE 546.0 1331.3 938.6 4.2

BOTHRIO-IEURUM V0 DOVSK IY.kU*1 0.0 6.1 3.1 <0.1

LIVO4'R3L33 W3FFN4E1STERI 24.5 0.0 12.3 0.1

JUISTAORILOS 4MULTISETOS;JS 0.0 24.5 12.3 0.1

LU-4BRICUJLIDAE . 24.5 36.8 30.7 0.1.

%%PqIPODA 24.5 0.0 12.3 0.1

ACRONEURIA SPP. 0.0 95.9 42.9 -0.2

EPqORO3 SP- 613.5 1312.9 963.2 4.3

POTAAA.4TRU3 SPP. 214.7 294.5 254.6 1.1

ChEmIS sqP 300.6 858.9 579.8 2.6

OR34ELLA WALKERI 12.3 12.3 12.3 0.1

CPHEIERELLA SPP. 0.0 6.1 3.1 <0.1

aAETIOAE 0.0 6.1 3.1 <0.1

IS.YMHtM SP. - 0.0 165.6 82.9 0.4

HEP7AGrNI IDAE 613.5 1809.8 1211.7 5.4

UEPTAG741A SPP. 392.6 325.2 359.9 1.6

STME.ACRO4 14TERPUNCTATrJ4 0.0 6.1 3.1 <0.1

3TE4O,4Efl PULCHELLUM 0.0 , 18.4 9.2 (0.1

SIALIS •P. 55.2 6.1 30.7 0.1

HyO 43PSVYC6R10AE (PUPAE) 0.0 6.1 3.1 <0.1

CREU'4fTOPSYCHE SPP. 12.3 85.9 414.1 0.2

4SCT3P-syC! 3P. 24.5 104.3 .64.4 0.3

ISCETIS SPP. 61.3 147.2 104.3 0.5

?PTI3SERVU3 SP. 30.7 24.5 27.6 0.1

3TEI'.¶IS SP. 165.6 165.6 165.6 0.7

3TE4EL141S SP.°(OULTS) 6.1 0.0 3.1 (0.1

CERA,•pOWNIDAE 0.0 61.3 30.7 0 1

_CI R'NO,413AE (PUPAE) 576.7 576.7 576.7 2.6

AaLh3E3"4YIA SPP. 141.1 0.0 73.6 0.3

k;LA3E9S'YIk M4ALLOCKI 576.7 865.0 720.9 3.2

41L')T&.4YPCS SO. 0.0 141.1 70 6 0.3

HE4EMk4NI4Y1A 3R. 429.4 576.7 503.1 2.2

CjIU;OMI'4.AE 0.0 141.1 73.S 0.3

CRYPT3CRHROI 4'JS SPP. 298.3 141.1 214.7 0.9

e.'!OCHIRONOMUS SPP. 141.1 0.0 70.6 0.3

!LYPTOTE4'31•E SP. 141.1 0.0 70.6 0.3

'4ICR0TENDIPES SP. 2441.7 3165.6 2303.7 12.4

POLYPEOILUM C0NVICrUt4 239.3 141.1 214.7 0.9

POLYPE.ILUM '4R. SCALAENUM4 141.1 0.0 70.6 0.3

RHE3TVMYTARSUS SPP. 3306.7 3833.4 3595.1 15.9

rk4yrrRSUS SPP. 3018.4 3165.6 3032.0 13.7
ZAVRELI% GR.. 1294.5 1871.2 1582. S 7.0

ZORy'40'EURA SPP. 429.4 429.4 429.4 1.9

CRICOT3PUS 3PP. 576.7' 429.4 503.1 2.2

RIMCTOPUS 31CIICTUS 141.1 141.1 141.1 0.6

•41-3I:LA31US SPP. 717.8 717.8 .717.8 3.2

spWAERIU'4 SPP. 18.4 30.7 24.5 :0.1

r'TkL 19484.1 25729.3 22606.6
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Table C-9

Density (org/mr) and per-cent total of benthic macroinvertebrates collected with

a dome sampler at SSES I on the Susquehanna River, 9 October 1984. Replicates
are indicated by collection number.

.•YDRA SP.
ALLoEDCV EL.%
TRICLAD IDA
PROSTO'4A SP.

.'4AIS 3EH4I4GI
TUSI F ICI DAE
STYLODRILUS HERINGIANUS
PLECIPTERA
PERLI D'B
ACR.3NEUIRIA SPP.
PHASGAN:PU"RA SP.
PeRLESTk SP.
pOT%-p4%tTHUS SPP.
C.EeIS SP.

-EPHE'4ERELLI13AE
SERRNTELLA DEFICIEIS
BAETIDOh
ISO2NYCHIX SP.
SEPTAGEII DAE
qEpTAGENIA SPP.
RBRITIROGEA SP•
STE4ACRON INTERPUmcnrFUm
STO4IEX'% SPP.
3TCNONE.%V ITHACA
STS•i4EMA PULCHELLU 4
STTHONEMA rERNqmNATUm

.q jrgONEMA VICARIU4
o.MAGRt ONIDA.E

3IALIS SP-
CORYDr•,LS SP-
GLOSSjS3k9ATI OAS
C.j.MARRA. SP.
"IE.RECLIPSIS SP.

CHEU 4ATOPSYCRE 3PP.
HYDROPSYCHE SPP.
H.y,.OPSYCHE aIFIDA GR.
HYDROPSYCHE '4OR3SA
q9TROPSYCHE PHALER-ArA
•4ACROSTEMUM SPP.
LEPTOCERI AE
CE:BCLEA SPP.
qECTOPSYCHE SP.
OECEriS SPP.
3ECETIS AV&RA
,EcCTIS CI4ERA3CE'q
DUaIRAPfHIA 3P.
DPTIOSERVUS SP.

STVI•4L'4
1 5 SP.

3TSTMErLIS SP.(ADULTS)
3.4ULIIODAE
HE14EROD0NIA SP.
CER4TOPOONI DAB
CHIROt.OMIDAE (PUPAE)
THIEN I 4' I N GR.
,41CROTE4IPES SP.
pARtC8I R0OMUS ABORTIVUS
pOLyPEBILJ'4 CONVWICTU4
RHE.3Th'NhRSUS SPP.
CRICOIOPUS SPP.
CRICOTOPUS BICIMCTUS
EUKIEFFERIELLA SPP.
TVETE4•IA DISCOLORIPES GR.
FERRISSIA SP.
PISIDIOJN SP.
3RIkERIU-J SPP.

LSZ-84-014

24.5
6.1
6.1

73.6
171.8

0.0
227.0

6.1
55.2

220. 9
6.1

79.8
6.1

2362.0
153.4
24.5
18.4
49.1

1141.1
3944.8

6.1
0.0

153.4
.159.5

5 85.9
4042.9
527.6
12.3
49.1

6.1
18.4

0.0
251.5
822.1

29938.6
79.8
30.7

165.6
2128.8

36.8
0.0
6.1

251.5
24.5

116.6
6.1
6.1

55.2
1049.1

92.0
30.7

,1269.9
55.2

141.1
1294.5
141.1

0.0
0.0

9490.8
1006 1
14 35.6

576.7
576.7

36.8
12.3

171.8

LS.Z'84-015

0.0
30. 7
24.5

104.3
368.1

1153.4
214.7

'0.0
0.0

24.5
0.0

24.5
0.0

2282.2
61.3

0.0
0.0

24.5
79.9

331.3
12.3

6..1
6.1

30.7
30.7

1619.6
355.8

6.1
12.3

0.0
0.0

12.3
36.'9

110.4
15196.3

0.0
30.7
42.9

570.6
12.3

6.1
18M4

239.3
6.1
0.0
0.0

24.5
36.8

1006.1
6.1
6.1

625.8
0.0
0.0

1582.8
288.3
141.1
141.1

7049.1
2159.5

141.1
288.3
286.3

55.2
42.9

110.4

4£V4

12.3
13.4
15.3
89.0

269.9
576.7
220.9

3.1
27.6

122.7
3.1

52.1
3.1

2322.1
107.4
12.3
.9.2
36.8

610.4
2138.0

9.2
3.1

79.8
95.1
58.3

28 31.3
441.7

9.2
30.7

3.1
9.2
6.1

144.2
466.3

22567.4
39. 9
30.7

104.3
1349.7

24.5
3.1

12.3
245.4

15.3
58.3

3.1
15.3
46.0

1027.6
49.1
18.4

947.8
27, 6
70.6

1438.6
214.7

70.6
70.6

8269.9
1582.8

788.3
432.5
432.5

46.0
27.6

141.1

?EACE14T *or.AL

<0. 1
(0.1
(0. 1

0.2
.0.5
1.1
0.4

<0.1
0.1
0.2

<0.1
0.1

< 0.1
4.6
0.2

<0.1
<0.1

0.1
1.2
4.2

<0.1
(0.1"

0.2
0.2
0.1
5.6
0.9

<0.1
0.1

<0.1
<0.1
<0.1

0.3
0.9

44.2
0.1
0.1
0.2
2.6

<0.1
<0.1
<0.1

0.5
<0.1

0.1
<0.1<0.1

0.1
2.0
0.1

<0.1
1.9
0.1
0.1
2.8
0.4
0.1
0.1

16.2
3.1
1.5
0.8
0.8
0.1
0.1
0.3

4

rtOTkL 64936.8 37078.6 51007.2
rOThL 64936.8 37078.6 51007.2
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Table, C71O

Density (org/m') and percent total of benthic macroinvertebrates collected with

a dome sampier at SSES. II on the Susquehanna River, 8 October 1984. Replicates are

indicated by collection number.

TAXON

ALLOEOCOELA

TRICtA: 1O-A
PROSTOMA 5.
'4E'%TOO N
HATS 8£R1414•GI

TUSIPICIOXE
LU-3 RI CULI OA
GLOSSIPHOUI DAS
PERLIOAE
PRASGNZ)PR3PR SP.
POTh'AMITHUS SPP.
C&EMIS' SP.

SSRRNTELLA OEFIC E'45
8XETtOE
I S34YCRIA SP.
HEPrAGi GE4 K0IN
RsPrG9lIA SPP.
sminwaRm SPP..
SrEq hCR"N AIIrERPUNZrArum
STE-4)MEMA ITHACA
srmmmEN4AK PULCHCLLUM
STENONEMW rERqtNkTU4
COEIAGqtDtOIDAS
-IALIS SP.
NEURECLI1PSIS SP.
c-r~u*%-roPsYCcv. sPP.
4qyD •OpsyC1'E 9PP.
HYMROPSYCHIE 8IPIDA GR.
HYD•RP-YZHE 43R3S%
fYOR')PSYCHE PHALERkTA
'4kCR)STE,4U4 SPP.
LEPTCERI OAS
CERMCLEN SPP.
CER4CLElk .4qri!e'A
MECrOPSyYCHO 9P.
OECZIS SPP.
OEC£rlS b•'ISRq

OECETIS CI4ERASCENS
DU3IRAPHIA SP.
OPTI7SER'IUS SP.
srE4ELIzS SP.
SrtE.L, IS SP. (ADULTS)
TIPULIOAE
3I'4ULIIDAE
HS4ERODR04X' SP.
CUIB-03 I DAi * (PUPAE)
ASLAMES.M4IA A4LLOCHI
PROCLAOIUS 3$.
THMIEM0,4%4!MYIA GR.
OICR3TENDIPES 3PP.
%'1CR3TV4'1PE'S SP.
POLyPEOILJ'74 COTVICTU'4
POLYPEOILUM 4R. SCALAE'4UM
R4E3?TYTAR5US SPP.
3TE-OCHIRO3OAM S SP.
:RICTOPUS S-p.P
CRICor'lPUS BICI'4CrUS
rV£TENtA DISCOLORIPE£ :-R.
FERR1SSIA S3P.
PIS[DIW4 S--
SP9%ERIUJ4 SPP.

T')TAL

L3Z-94-01"

36.8
0.0

13 5.0
496.9

1723.9
245.4

0.0
6.1
6.1

24.5
1639.0

79.8
24.5
24.5
6.1

42.9
749.5

6.1
42.9

0.0
30.7

1190.2.
79.8

0.0
0.0

12.3
17674.8

18.4
19.4
30.7

1441.7
36.8

0.0
6.1
6.1

386.5
0.0

55.2
18.4

6.1
24.5

1292.2
30.7

6.1
24.5

390.4
429.4. 0.0
141.1

2300.6
0.0

298.3
141.1
288. 3

9490.8
0.0

2589.0
1153.4

141.1
101. 3

0.0
251.5

45366.9

LSZ'-84-011

49.1
18.4
67.5

662.6
1153.4
10167.5

12.3
0.0

36.8
98.2

1922.1
79.8
0.0
0.0
0.0

177.9
1018.4

0.0
0.0

55.2
12ý,3

1730.1
153.4

30.7
6.1

42.9
13423.3

0.0
0.0
6.1

478.5
0.0

55.2
30.7

0.0
503.1

24.5
0.0
6.1
6.1

36.9
711.7

6.1
0.0
0.0

263.8
288.3
141.1

0.0
3454.0

141.1
1006.1

2M8.3
0.0

S055.2
141.1

1006.1
576.7
288.3
129.8

12.3
269.9

39643 .0

M4t AN

42.9
9.2

101.2
579.8

1438.6
656.4

6.1
3.1

21.5
61.3

1730.1
79.8
12.3
12.3

3. 1
110.4
883.4

3.1
21.5
27.16
21.5

1460.1
116.6
15.3

3.1
27.6

15549.0
9.2
9.2

18.4
960.1

1. 4
27.6
19.4

3.1
444.8
12.3
27.6
12.3

6.1
30.7

996.9
18.4

3.1
12.3

322.1
358.9
70.6
70.6

2877.3
70.6

647.2
214.7
144.2

9773.0
70.6

1797.5
865.0
214.7
116.6

6.1
260.7

42504.3

PERCENT rOTAL.

0.1
(0.1

0.2
1.4
3.4
1.5

(0.1
(0.1

0.1
<0.1

<0.10.2
20.1

<0.1

(0.1
0.3
2.1

(0.1

<0.1
.0.1
0.1
3.4
0.3

<0.1
<0.1
<0.136.6

(0.1
<0.1
<0.1

2.3
0.1
0.1

<0.1
<0.11.0

(0.1
021

(0.1
(0.1
0.1
2.3-

<0.1
60.1
(0.1

0.8
0.5
0.2
0.26.8

0.2
1.5
0.5
0.320.6

0.2
4.22.0
0.5
0.3

(0.1
0.6
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Table C-I1

Density (org/m') and percent total of benthic macroinvertebrates collected with

a dome sampler at Bell Bend I on the Susquehanna River, 10 October 1984.' Replicates are

indicated by collection number.

TAX34

%LNr CC')CELA
rRIzLh)If'
?R,)Sr')-4 SP.-

W4AI 21 ]AE
IAIS SPP.
41kS acHAINGl
TUSIFICIO A
LU'N3RICU LIPLE

PERLIDAE
P2T%.4N'4TWJS SPP.
CkE41S SP-
EPHEACRELLIO'.E
I$3MYCRIA SP.
HEPTNGENIIOAE
3MEi4ACRO! SPP.
3TE4MOE44 SPP.
5EsmoEv• ITrC

STE4ONEMN PULCMELLUM
ST7EONE6M• rER4IshArom
STEB)N~b4k VICIRIUM
GoPqt¶1AE

,'EI4AGRIQN1DAE
31ALIS SP-
POLyCEWTR)POGIOU£
4EURECLIPSIS SP.

Cq9•44TOPSYCHE SPP.
H¥DOPOSYCge SPP.
HPDROPSYCHE 2HALERArk

LEPTDCERIOAZ
CERNCLEA $PP.

4ySpic'DES SPP-
HEr'•TPSYCHE SP.
3ECETIS SPP-
*)ICeTIS AVARk.
IE:ETIS CINERASC4S
DU3IRAPqIA SP.
3PTI)SERVUS SP.
STEMEL41IS SP-
3gTE,;ELqS 3?.(.IA9OLrS)
HEMERAoRO4IA SP.
=ERPrOPOOSIDAE

T%4YPOOM'E
A3LA3SSM'[4A SPP.
T4ISE4Ik441I4YIA SR.

!IfRON04J3 SPP.
CRYPTOCHIR.3IMJS SPP.
DICROrEgIDPES 3PP.
DICROTENOIPES IE10ODESTU$

E•OCtHIR3OMUS SPP.
GLYPTOTNDIPES 5?.
'4tR0TE'01PE3.9P.

POLYPEDILU'l COAVICTUM
POLYPE!L•UM 4R. SCALAZAUM
RjQZ',T NQtTqSUS 3?P.
?N.1YRSUS -3PP.
ZAVREL IA GR.-
CRxC!'ToPUS SPP.
qjiC3rvUS SIC14CTUS

NANOCLADIUS SP.
HSL I S:)M S?.
PVRRISSIA SP.
PISIDIU4 SP-

PH*£ERIUt4 SPP.

L3Z-84-020

36.8
2.0'

159.5
950.9

0.0
141.1
576.7

1067.5
6.1
6.1
6.1

1006.1
36.8
24.5

0"0
656.4
171.8

24.5
6.1

1147.2
196.3
0.0
6.1

12.3
12.3
24.5

104.3
2177.9

0.0
36.8
0-.* 0

• 67.5
24.5

196.3
.147.2

24.5
30.7

6.1
24.5

914.1
0.0

98.2
104.3
141.1

0.0
4460.1
1153.4
2012.3.
1294.5

141.1
298.3
429.4

7909.0
0.0

288.3
1435.6

141.1
0.0

429.4
717.8
141.1

0.0
36.8

129.8
533.7

I

L-1V-94"-021

24.5
30.7

165.6
392.6
141.1
141.1
717.8
803.7

6.1
6.1
6.1

1723.9
49.1
24.5

6.1
889.6

61.3
18.4

6.1
2000.0
404.9.

6.1
6.1
6.1
0.0
0.0

122.7
7527.6

6.1
159.5

49.1
92.0

0.0
705.5

49.1
73.6

190.2
30.7

0.0
546.0

6.1
196.3

0.0
0.0

141.1
3306.7

717.8
2159.5
1153.4

0.0
141.1
429.4

7903.0
429.4
576.7

2159.5
576.7
717.8
717.8

0.0
141.1

6.1
30.7

110.4
227.0

4~V4 P £ RZ4T r~rAL

.30.7
15.3

162.6
671.8

70.6
141.1
647.2
935.6

6.1
6.1
6.1

1365.0
42.9
24.5

3.1
7.73.0
116.6
21.5

6.1
1573.6

300.6
3.1
6.1
9.2
6.1

12.3
113.5

4852.8
3.1

98.2
24.5
79.8
12.3

450.9
99.2
49.1

110.4
18.4
12.3

730.1
3.1

147.2
52.1
70.6
70.6

3883.4
935.6

2085.9
1223.9

70.6
214.7
429.4

7908.0
214.7
432. 5

1797. 5
358.9
358.9
573.6
358.9
141.1

3.1
33.7

119.6
380.4

FERý,Z T r)rA6L
0.1

0.51.9
0.2
0.4
1.8
2.6

(0.1
(0.1
(0.1

3.8
0.1
0.1

(0.1
2.2
0.3
0.1

<0.1
4.4
0.8

<0.1
(0.1
<0.1
<0.1
<0.1

0.3
13.7
<0. 1

0.3
0.1
0.2

(0.1
1.3
0.3
0.1
0.3

0.1
2.1

(0.1
0.4
0.1
0.2
0.2

10.9
2.6
5.9
3.4
0.20.6
1.2

22.3

0.6
1.2

.5.1
1.0
1.0
1.6
1.0
0.4

(0.1
0.1
0.3
1.1

ToTAL 31912.9 39041.3 3 54'76. 4
731'AL 31912.9 39041.3 35476.4
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Table C-12-

Density (org/m2 ) and percent total of benthic macroinvertebrates collected with
a dome sampler at Bell Bend III on the Susquehanna River, 11 October 1984. Replicates
are indicated by collection number.

MOM LSZ-84-023 LSZ-84-024 4r' ?IR:IE4r nra1L

%LL3S3Cg-:LA 0.0 30.7 15.3 <0.1
TRIMLN311 0.0 33.7 15.3 <0.1
pM)STOK P.SP 55.2 79.8 67.5 0.2
4E•4rO0t 220.9 110.4 165.6 0.4
NAI0IAE 141.1 0.0 70.6 0.2
4ALS BEH.4INGI 288.3 298.3 289.3 0.7
TJBIFICIOAE 496.9 552.1 524.5 1.3
LU'43RICULIOAE 0.0 6.1 3.1 <0.1
PERLIDAE 24.5 6.1 15.3 <0.1
pHASGkNOPI*3RA SP. 18.4 0.0 9.2 <0.1
POTA'94T1US 3PP. 1883.4 2024.5 1954.0 4.7
'CA04EiS SP. 24.5 30.7 27.6 0.1
ISINYCHIA SP. -79.8 0.0 39.9 0.1
HEPT.NGEMI DAE 1251.5 1472.4 1362.0 3.3
STEVACROM SPP. 36.8 95.9 6L.3 0.1
STE1OqIE4A SPP. -12.3 12.3 12.3 <0.1
STE'1O46EMh ITHACA 42.9 36.8 39.9 0.1

?TEMONEV, PULCHELLUM 2858.9 3822.1 3340.5 8.1
5TET3MEM4k TER041NArJM 435.6 748.5 592.0 1.4
CVE*4AGRIfV4I0AE 12.3 0.0 6.1 <0 .1
IIALIS SP. 0.0 6.1 3.1 <0.1
POLYCE'qTROPODIDAE 24.5 0.0 12.3 <0.1
NEUReCLIP6IS SP39 36.8 5 36.8 36.8 0.1
CHEUMlTOPSYCHE 9PP. 16049.0 9527.6 12788.3 30.9
4yoRoPSYCHE 40ROSA 6.1 0.0 3.1 <0.1
HYDROPSYCHE PHALESATA 220.9 300.6 260.7 0.6
RYDROPTIGA SPP. 0.0 24.5 12.3 <0.1
LEPTOCERIOXE 55.2 79.8 67.5 0.2
CERACLEA SPP. 24.5 67.5 46.0 0.1
MYSTACIDES SPP. 0.0 24.5 12.3 <0.1
4ECT3PSYCHE SP. 515.3 1012.3 763.8 1.8
OECETIS SPP. 0.0 24.5 12.3 <0.1
OEC•ETIS NVARA 24.5 24.5 24.5 0.1
OCCETIS CINERASCE3S 67.5 214.7 141.1 0.3
LEPI1-3STOM; SP. 6.1 6.1 6.1 M-<01

OUSIRAPHIN SP. 0.0 6.1 3.1 <0.1
STEV4ELVS SP. 929.2 1104.3 966.3 2.3
3TE4EL4MIS SP.(OULTS) 6.1 0.0 3.1 <0.1
HEMER30ROMIA SP. 306.7 251.5 279.1 0.7
CER&TOPGOGIDAE 0.0 24.5 12 3 <0.1
CcI .ONOM 0AE (PUPAE) 429.4 0.0 214.7 0.5
TANYPODZIAE 141.1 141.1 141.1 0.3
TqIENEMN4IMY1Tk GR. 5030.7 6036.8 5533.7 13.4
CRHYTOCHIRO40"4US SPP. 0.0 298.3 144.2 0.3
DICROTENDIPE3 SPP. 141.1 429.4 295.3 0.7
SLYPT)TE•DIPES SP. 289.3 141.1 214.7 0.5
.IICROTE40IPES SP. 2441.7 3454.0 2947.8 7.1
PARACSIR04OHO•JS AkSRTIVUJS 141.1 0.0 70.6 0.2
POLYPEDILU?4 COlVICT MM 141.1 141.1 141.1 0.3
RHEOTANYTARSOS SPP. 7478.5 4319.0 5893.3 14.3
ORTR3CLAOIINAE 141.1 0.0 70.6 0.2
CRIC-01PlS SPP. 1723.9 0.0 862.0 2.1
CqICTOTPUS 3SICICTUS 429.4 0.0 214.7 0.5
NANOCLADIUS SP. 141.1 141.1 141.1 0.3
PERRISSIA SP. 129.8 30.7 71.3 0.2
aISID'JIUq SP. 24.5 135.0 79.3 0.2
SPHAERIUM SPP. 135.0 447.9 291.4 0.7

rogTLr45011.1 37777.9 41393.9
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Table C-13

Benthic macroinvercebrates collected in dome samples ac SSES (SS) and Bell bend (BB) on the Susquehanna River.

1975-84. An asterisk (*) denotes Macroinvertebraces collected or identified for the first time in 1984.

Coelenterata
Hydroida

Hydridae
Hydra sp.

Platyhelminthes
Turbellaria

Alloeocoela
Tricladida

Nemertinea
Tetrasteumatidse

P•eotoma op.

SS BE

x x

x x
x .K

$S BB

Nematoda
Entoprocta

LVj'natetZa gracilis
Annol.da

Oligochaeta
LumbricIdae
Naididae

Naia behningi

N. bretecheri
N. oommanf i
N. e Zinguse
N. pardaLis
N. imp•LeX
Naji app.
PiguiatialZa

michiganaenia
Savina appendicunZat

Tubificidae
AuZodritu Zimobiua
Dothriaineuwn~

vejdovskyaium
Isochastidee f-Vyi

* Li~nmodril4'i hcffmcist~eri
* Quistadrilue

Multisetofts
• Luabriculida.

. Lw~nbricutus sp.
Stylodr iZus ierinnianus

Hirudinea
Gloaelphontidso

AotinobdaZZa
inequiannuLata

Erpobdellidse
Arthropoda

Crustaca.
IaopOda

AselZus op.

Amphipod,
Cznqonx sp.

Decapoda
Astacidae

Insect&
Collesbols

leocomidae
SIraotomurua paZuetais

Plecoptera
Nesouridae
Tseniopterygidse

Strophopteryz fasciaza
TaeniopteryT op.

Leuctridae
Leiscta sp.

Perlidae
Acroesuria abhormis
A. lcra
Acronsuria app.
Nooperza olynene
Neoperla p..
Phasgawpho•va capiotat
Phaaganophora up.
Perlesto ap.

Perlodidae

x

x

x
x

I

x

X

x

x

I

I

I

I

I

X

X.
x

x

I

I

x

X*

x

x

x
*1

I

Epheeeroptera
Ephemeridae

Ephemnera sp.
kezaenia Zimbaza
•'e•qenic sp.

Polymitarcidae
Ephoron up.

Potsmanthidae
Potwananthw• app.

Caenidae
Caunis up.

Tricorythidae
Tr"icorythodue

albiZinaa" Sr.
rieoryjho@da Fp.

.Ephemerellidae 1
Drunel~a cor'nutela
D. waZkeri
Drwialla app.
EphsIerwr.Za drotohua
E. .zcswims
E. i•i'a-Ca
E. neadhtzr
E. sapte.rionmli
Ephanlerelza $pp.
Eusry4opholZa bicooor
E. oo=Via
E. ZuruslenW
Ezsrylophella $pp-
SsrrartaZZa deficiyse
S. sordida
serrate LZa *pp.

Leptophlebiidae
PdmaZptophZebia adoptiva
Paraleptophlabia op.

Beetidae
Eaetie mmzcodunoughi
B. ur., ps-opinqu"s
3. tricawdatws
Baetia Opp.
iie,.ooLo.on ou.ioew
Paeas~oloeon carolina
Paeuidcatoeon op.

Siphlonuridae
Isoonychic•l p.

Heptasenhidso
Epeorus up.
Heptagenia app..
Ehithrogena op.
Stenacron interpuntuawn
Stanacron app.
Stenonwom ithac
S. nmediopuwwtatum
S. modestwn
lS. pultchoelZuL

S. terinatum
S. vicarizu
Stenone'ma app.

x
x

x

x

x

x

x

x

x
x

x
x
x

X
x

x

x
x
x

x
X
x

x

X

X

x
x
X
X
x
x
x
x
x
x

x

x

x
X

x

x

x

x

x

x
x
x
x
x
x

X

x
X
X
x
x

X
X

x

X

x

X

X
X
X
x
X
X
X
X
x
X
X
X

x x
XV

x X

x x

I

X*

x
x

X.
x
X

X
k
X

IC

x

I

xX*

x
x
x
x
x

Odonata
Anisoptera

Comphidae
Sty1ogO*';us aLbioaryus

Zygoptere
Coenagrionidae

Arg'a ap.
Heoiptera

Veliidae
microuclia op.

Megaloptera
Sislidae

SiaZia sp.
Corydalida.

Chauliodse sp.
Corydalus cornutus
Ccardalus sp.

x

x x
x

x

X

x
x
x

x

x
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Table C-13 (cant.)

Trichoptera
Glossosomatidae

Agapetus sP.
GZoBeeonma sp.

Protoptiza sp.
Philopotamidae

Chimar-a 'beczua

Chimarra up.,
Polycentropodidae

Neureclipeie ap.
PoZycent - a op.

Hydropsychidae
ChewatopsyOche spp.
Hydropsyche bifida Sr.
H. hageni
H. morosa
l. phaZerata
H. uimuL.0n
H. parna
H. valaniO
Hydiropoyche app.
Mwra ntemrwn cari•na
N. aebratwil,
Naroe tem•nm app.

Hydroptilidae
Agraylea ap.
Hjyd26optiZa up.
Ochrotrichia up.

Phryganeidae
Ptizoatoml8. up.

Leptoceridae
Cerac ea alagma
C. ay l, us
C. ,Lava
C. macuFata

- C. mentisa
C. neffi
C. nepha
C. tari~P-wtata
CeOaceZa op. #1
Cerac•aea spp.ye acfd~e ur.

aLafimbriata
* Myut-acldes app.

Nectope ch•a p.
Oecetie avara
0. cinsracene'
0. inconOPicw~
0. noctura
Oecetie Opp.

Lepldos tomatidae
Lepidostom up.

Lepidoptera
Noctujdae

Coleoptera
Gyrinidae

Dineutu8 up.
Hydrophilidae

Berosue up.
Psephenidae

psuephen herricki
Peephenu, up.

Elmidae
ryubiraphia vittata
Dubiz-ephia up.
Macron yohus up.
optioservue tzritittatua
cptioeerm sp. .
Stnimia bicarinata
S. m•ra
Stene •mia app.

Diptera
Tipulidae

Antocha eaxicoZa
Antocha up.
Bezatoma sp.

Psychodidae
Simulltdae

SimuUZ n spp.

SS BB

x

x x
x x

K x
x. x

X X

X

X x

x X

X X.

x

x
x

x

x x
x X*

X x
x x
x. x
X X
x x
x X
X x
x X

x X
x x
x .. x
x X
x X

x
x X

X X
x X

Diptera (cant.)
Tabanidae
Athericidae

Atheri up.
*Empididae

Hemerodromia spp.
Ceratopogonidae
Chironoimidae

Tanypodinae
Ablabesmytc maZZochi
A. ornata
A. peleensia
A. rhamphe
AbZabeamWia app.
Labrmndinia sp.
Macrope lopia up.
Nilotan pus up.
ProcLadiu•e sp.,
Pseetrotanpu oup.
Thienemannimjia gr.

Chironominae
Chironomue decor•su gr.
Chironomue spp.
Cryptochirowmue barina
C. fu•vue gr.
Cryptochironomus spp.
Demiocyptochironormus up.
Dicrotendipee '

.neomode••us

Dicrotendi pee app.
Endochironoes nigricane
Endochironcime up.
Glyptotendipes up.
Hcrniechi S g..
microtendipea op.
NiLothawma op.
Parachironomue abortivue
P. owaInatue
P. frequens
Parachironcius spp.
Para lauterbornie .a

etachista.
Phaenopuectra up.
Potypediluwn onvictwm
P. fahZax Sr.
P. ilZinoense
P. ur. ecaZaenuw
PoZb'pediZwn app.
Rheotanytaveu

dietinctisaimue Sr.
R. exiguuas Sr.
Rhootanytarsue app.
Stenochironoue up.
Stictochironomus up.
Tany tarsue coffmani
Tanytar•u• app.
Tr-ibelos fusicornie
T. ju•undue
Zavrelia Sr.

Diamesinae
Dimnesa up.
Peeudodianesa up.
Sympotthaetia up.

Orthocladiinae
BriLzia up.
Cardiocdiue up.
Corynoneura celeripee

*C. taris
Corynoneura app.
Cricotopue bicinctus
C. tremuius
Cricotopue spp.
Eukiefferie LZa

coerutesecen gr.
Eukiefferiella sppý
HeterotrisaocZadise Sr.
Nanocuad8us spp.
Orthooladius up.

SS BB

X x

x

x

K
x

x
x
x

K
x

X.

x
x
x

'Ix

K

K
K
K

K

x

x

x
x
x

x
x
x

x
x
K

K
K

K

K
x
x

x

,X

K

K

x

x

x

x
x
x
x

x

x

x

x

x
x

x
X

.X
X

x
x
x

x

X

x

x
x
x
x

x

x
x

x
x

K

x
x
x

x
x
x

x
K
x
x

X*
X
X
X
X

x
A
x
K
K
x

K
x
x
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Table C-13 (cont.)

$S BB

Orthocladiinae (cont.)
ParamWet•r.onemus sp. X X
RPhocricotopus app. X x
Slzno•thocZadiue sp. ' X
:hienefmanielZa spp. x x
Tvetenia bavarica Sr. x X
T. discoloripea, Sr. , . X x
:uetenia $pp. X X

mollusca
Gascropod.

Phyeida,
Physa sp. X I

Lymnaeldse
* Ln•mwea sp. x I

Planorbidae
GyrauZue sp. X X
H8 eisa ancepte X
•Hoeioma 8p. X X

.Ancylidae
Ferraeai asp. X X

Pleuroceridae
Go•fiobas8 virginica x

Pelecypoda
Sphaer•idae

Pisidium casertanum x X
Pisidium sp. X x
Sphaerium trzeverw • X x
Sphaeriwn app. . X

Unionidae x
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Table C-14

Dry weight (g/m2) and percent total of major groups of benthic macroinveetebrates

collected in two dome samples at each station on the Susquehanna River in June and
October, 1984.

SITE
TAXA

JUN

G/M2 % TOTAL

OCT

G/M 2 % TOTAL
MEAN

G/m 2 % TOTAL

SSES
OLIGOCHAETA
EPHEMEROPTERA
TRICHOPTERA
DIPTERA
OTHER

TOTAL

BELL BEND
OLIGOCHAETA
EPHEMEROPTERA
TRICHOPTERA
DIPTERA
OTHER

TOTAL

COMBINED
OLIGOCHAETA
EPHEMEROPTERA
TRICHOPTERA
DIPTERA
OTHER

TOTAL

0.2
0.6
0.1

'0.1
40.1

1.0

'0.1
0.5

'0.1
-0.1
,0.1

0.5

0.1
0.6

<0.1
'0.1
'0.1

0.8

19.6
62.8
13.0

1.4
3.2

4.0
86.2

1.1
4.4
4..3

14.1
71.1

8.8
2.5
3.5

(0.1 ,
0.9
4.1,

<0.1
0.4

5.5

40.1
0.8
1.7
0.1
0.1

2.8

<0.1
0.8
2.9

'0.1
0.3

4.1

0.5
16 .,1
75.4

0.9
7.1

0.9
28.8
61.7

4.5
4..1

0.6
20.4
70.7

2.1
6.2

0.10.8
2.1

'0.1
0.2

3.2

'0.1
0.6
0.9

'0.1
<0.1

1.7

'0.1*
0.7
1.5

C0.1
0.1

2.5

3.423.3
65.7

1.0
6.6

1.4
38.2
51.8

4.5
4.1

2.7
28.4
61.0

2.2
5.7

Table C-15

Mean dry weight of benthic macroinvertebrates (g/m 2 ) collected with a dome sampler at SSES

and Bell Bend on the Susquehanna River in June and October, 1978-84.

JUN OCT MEAN

YEAR

1978

1979

1980

1981

1982

1983

MEAN
(1978-83)

SSES BELL BEND COMBINED SSES BELL BEND COMBINED

1.6
0.8

0.5

1.3

2.7

2.7

2.1

1.7

0.5

0.1

1.5

1. 1

1.4

1.4

1.1

0.7

0.6

1.4

1.9

2.0

1.8

1.4

0.8

3.9

8.5

4.6

4.5

9.7

6.6

6.3

1.0

2.A

1.6

2.2

2.4

2.3

2.1

2.4

5.7

3.1

3.4

6.0

4.5

4.2

4.1

1.6
3.2

2.2

2.6

4.0

3.2

2.8

2.5
1984 1.0 0.5 5.5 2.8
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Table C-.16

Dry weight of benthic macroinvertebrates (mg/mlr), collected with a
Susquehanna River in June and October, 1984.

dome sampler it SSES I and II on the

SITE, SSES I PERCENT SSES II PERCE14T

MONTH APR JUN OCT TOTAL APR JUN OCT TOTAL

TAXON

OLGOCMAET T-- 349.7 5.5 4.1 -- 41.7 46.6 2.11

PLECOPTZRA -- 0.0 44.8 0.5 -8 3.6 155.8 3.8

EPHEMEMOPTERA .476.1 922.1 16.2 -- 776.7 830.1 37.5

TRICHOPTERA -- 9.8 6420.9 74.6. -, 249.1 1806.7 49.0
COLOPTEA-- 11.0 134.4 1.7 ..... 19.6 104.9 2.9
DIPTERA - 11.0 29.4 0.5 -- 17.8 69.9 2.0

TLLUSCA -- 1.8 192.0 2.2 -- ;0.9 100.0 2.8
O•MOR -- 0.00 13.5 0.2 - 0.0 37.4 0.9

TOTAL 859.5 7762.6 -- 1134.4 3151.5

Table C-17

Dry weight of benthic macroinvertebratee (mg/mr) collected with a domee ; ,.. ¶,.,na and OctabeE. 19B4.
sampler at Bell Bend I and III on th

•llb~U5 4 .. ~ a r4v 4 8 -. .. . . . ......

SITE BB I PERCENT as III PERCENT

MOM APR JUN OCT, TOTAL APR JUN OCT TOTAL

TAXON

OLIGOCHhETA -- 16.0 47.2 2.6 -- 27.6 0.6 0.*7
CRUSTACEA " (<0.1 0.0 (0.1 - 4.3 0.0 (0.1
PLECOPTERA -- 0.0 0.0 <0.1 -- 0.0 3.1 <0.1
EPlENEOPTERA -- 550.3 1056.4 67.2 -- 395.7 558.9 22.1
TRICHOPTERA -- 6.7 367.5 15.6 -- 5.5 3093.3 71.8
COL EOPTEA -- 8.6 35.6 1.8 -- 22.1 36.'8 1.4
DIPTERA -- 26.4 123.9 6.3 -- 22.1 130.1 3.5
MOLLUSCA -" 6.7 27.0 1.4 l- 0.0 11.7 0.3
OTHER -- 2.5 117.8 5.0 -- 3.1 3.1 0.1

TOTAL 617.2 1775.5 480.4 3837.4
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at SSES and Bell Bend on the Susquehanna River, 1976-84. The 1983 and 1984
means are based on June and October samples.
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ABSTRACT

Larval fish drift was sampled upriv&r from the Susquehanna SES intake

structure (SSES) and downriver from the discharge diffuser (Bell Bend) from

3 May through 28 August 1984. A total of 1,981 larvae (96% prolarvae) of 16

species was collected. Maximum larval fish density (49.5 fish/lO m3 ) occurred

on 12 June; it was the highest density observed since 1978.

In decreasing order of abundance, common carp, tessellated darter,

quillback, spottail shiner, spotfin shiner, and banded darter composed 96% of

the total larvae. Most fish (P<0.01) were taken at night. Overall, the mean

density of larval fish at SSES (5.8 fish/10 m3 ) and Bell Bend (7.1 fish/10 mi3 )

was similar; there was no significant difference (P>O.05) between the number

of larvae at the two sites.

No impact of the Susquehanna SES on density or composition of the larval

fish drift was detected.

INTRODUCTION

The relative abundance and density of drifting larval fish near the

Susquehanna SES have been monitored from 1974 through 1983 (Buynak and Mohr

1976-78, Gale and Mohr 1978, Mohr et al. 1979-82, Deutsch and Jacobsen

1983-84). Prior to 1978, larvae were collected at several sites with a

variety of sampling gear. From 1978 to the present, sampling has been

conducted by pumping at two sites (Fig. D-1), one upriver from the intake

structure (SSES) and one downriver from the discharge diffuser (Bell Bend).
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The Unit 1 reactor of the Susquehanna SES became operational on 1

September 1982. Data• collect-ed prior to that date were considered

"preoperational" and data collected since were "operational." The objective

of the operational studies was to monitor larval fish drift near the

Susquehanna SES, and determine if the power plant had an impact on the drift

at Bell Bend.

PROCEDURES

The SSES site was 220 m upriver from the Susquehanna SES intake

structure, and the Bell Bend site was 930 m downriver from the discharge

diffuser (Fig. D-1). Both sites were within 50 m of the west bank. The river

at SSES was 0.8 m deeper than at Bell Bend. At SSES, river depth from

May through August ranged from 3.6 to 8.2 m.

Samples were collected weekly in May and June, when peak abundance of

larvae occurs, and biweekly in July and August, when there are relatively few

larvae. No samples were collected in the last week of May because of high

(>900 m /s) river flows. Sites were sampled simultaneously with

high-capacity, gasoline-powered trash pumps on pontoon boats (methods

described in Gale and Mohr 1978). Water was pumped through a 216-p mesh net..

Three replicate surface and bottom samples (5 min each) were taken at about

0900 and 2100 hours, starting at the surface.

The volume sampled in each replicate was determined by multiplying

pumping duration by pumping rate (pumping rate was determined monthly by

timing the filling of a 1,280-liter trough with the pump running at near
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capacity). Tachometer readings were taken as pumping rate was calculated so

that sample volume could be controlled to within about 1 m3
.

Samples were preserved in the field in 10% formalin with rose bengal

added to stain the larvae. Fish were sorted from debris in white enamel pans

in the laboratory. Larvae were identified using a, dissecting microscope

(10-70X) and the keys and descriptions in Buynak and Mohr (1980) and Lathrop

(1982). Life stage terminology was according to Hubbs (1943). Prolarvae were

fish with yolk and postlarvae were unscaled fish without yolk. Scaled fish

and bullhead catfishes, 2.5 cm TL and larger, were considered to be juveniles

and not reported., Specimens were stored in 10% formalin.

Larval fish data were analyzed using a four-way analysis of variance and

a Hewlett-Packard 9830-A computer. Factors, tested were dates, sites, times

(day/night), depths (surface/.bottom), and their first order interactions.

Because replicate.means were positively correlated with their variances, data

were transformed (log X+1) prior to analysis.

RESULTS AND DISCUSSION

Density and Relative Abundance

A total of 1,981 larvae (96% prolarvae) of 16 species was collected from

3 May through 28 August (Tables D-1 through D-14). Seasonal fluctuations in

larval fish density were similar at the two sampling sites. The annual mean

larval fish density in 1984 (6.4 fish/10 M3
) was only slightly less than that

found in 1983 (6.8 fish/10 mS; Fig. D-2).



118

The annual mean density. of larvae at SSES (5.8 fish/lO M3 ) and Bell Bend

(7.1 fish/lO'm-) was similar (Tables D-15 and D-16). About 92% of the total'

number of larvae at SSES was composed of common carp (31%), tessellated darter

(31%), spottail shiner (13%), quillback (10%), and spotfin shiner (7%). At

Bell Bend, nearly 93% of the total was made up of common carp (37%),

tessellated darter (31%), quillback (13%), spottail shiner (7%), and spotfin

shiner (5%). Since 1978, common carp, quillback, tessellated darter, and

minnows (primarily spottail shiner and spotfin shiner) have composed from 85%

to 93% of the total catch at both sites (Fig. D-2). The phenological

occurrence of larval, fishes in 1984 (Table D-17) was similar to that of

previous' years.

Larval fish drift (both stations combined) was unexpectedly low during

the first five, sampling. periods (from 3 May to 5 June); and ranged from less

than 0.1 to 4.3 fish/10 m3 (mean-= .1.2 fish/10 m3 ). The paucity of larvae• was

probably due to lower than usual river temperatures and unusually high flows

(Fig. D-3)., Mean river tempereture from 1 May to 5 June was only 13.3 C and

spawning was probably delayed. From 1978 to 1983, larvae of species which

compose most (Fig. D-2) of the drift (quillback, common carp, and tessellated

darter) did not become abundant until river temperatures reached 15-20 C

(usually in late May and early June). Scott and Crossman (1973) noted little

spawning of common carp until water temperature was 17 C. Gale and Deutsch

(1985) observed that tessellated darters began spawning at 12 C, but did not

spawn frequently. until temperatures reached about 15 C. The fact that cold

water delays hatching would also contribute to a shortage of drifting larvae.

River flows in early June (up to 3,200 m3 /s) were the highest observed in that

period since 1978 (Fig. D-3). High flows not only destroy eggs and larvae by
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abrasion and burial with river substrates, but also may disrupt spawning;, the

high flows would also decrease larval density by dilution (decreased number of

fish per unit volume of water).

. The high flows in early June probably had their greatest impact on

quillback. Quillback have been primarily responsible for the sharp increase

in total larval fish abundance from late May to early June 1978-83 (Fig. D-3),

and have been the most numerous species in samples collected from 1978 to 1983

(Fig. D-2). From 1980 to 1983, pdak density of quillback occurred between 18

May and 7 June (mean at both stations combined = 16.2 fish/lO ms; range = 8.5

to 21.2 fish/10 m3 ). In 1984, however, quillback density from 18 May to 12

June was very low, and ranged from less than 0.1 to only 5.6 fish/iO m3
.

Annual mean density of quiliback in 1984 (0.8 fish/10 mi3 ) was only about one

third that found from 1980 to 1983 (1.6 to 3.2 fish/10 m 3 ; mean = 2.3 fish/

i0 miS).

In contrast to quillback, common carp may have benefitted by high flows.

When the river is high, low-lying shore areas with vegetation are flooded;

such submerged vegetation is normally in short supply and the additional

spawning habitat may contribute to strong common carp year classes. Scott and

Crossman (1973) noted that common carp prefer to spawn in weedy or grassy,

shallow water. Annual mean density of common carp in 1984 (2.2 fish/lO M3
)

was nearly three-fold higher than found in 1980-83 (0.2 to 1.6 fish/lO m 3 ;

mean = 0.8 fish/lO m 3 ). Peak density of the species occurred on 12 June (27.8

fish/10 m3 ; Table D-17) and was much higher than peak densities found from

1980 to 1983 (1.8 to 18.6 fish/10 mi3 ; mean = 8.4 fish/lO mi3 ). For the first

time since 1978, common carp was the most abundant species collected in larval
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fish samples; it was three-fold more numerous than quillback (Fig. D-2) .

From 1980 to 1983, peak densities of common carp have occurred between 28 May'

and 15 June, from 7 to 15 days (mean 9 days) after peak quillback densities.

From 1-15 June, river flow markedly decreased from nearly 3,400 to less than

200 m3/s, and'river temperature rose sharply (Fig. D-3). This coincided with

the abrupt appearance of common carp prolarvae (12 June) in high densities at

both SSES (22.5 fish/l0 m3 ) and Bell Bend (33.1 fish/lO m3 ).

Mean larval fish density fell from a peak of 49.5 fish/10 m 3 on 12 June'

(the highest density recorded since 1978) to 13.1 fish/10 m 3 on 19 June (Table

D-17). For the remainder of the sampling season, mean densities were low and

ranged from less than 0.1 to 8.2 fish/10 mi.

Temporal and Spatial Distribution

Significantly more (P<0.01) larvae (all species combined) were collected

at night (mean 7.1 fish/lO ms) than during the day (mean 5.8 fish/10 M3
)

(Tables D-18 through D-26). Similar results were found by 'Gale and Mohr

(1978), and have been obtained in monitoring studies since 1978 (Mohr et al.

1979-82, Deutsch and Jacobsen 1983-84). As in 1979, 1980, and 1983 (Mohr et

al. 1980-81, Deutsch and Jacobsen 1984), there was no significant difference

(P>0.05) between the number of total larvae collected near the river surface

(mean = 7.6 fish/10 m 3 ) and near the bottom (mean = 5.2 fish/10 m.3 ); however,

significantly more (P<0.01) common carp, quillback, and spottail shiner were

found near the surface (Table D-26). Maximum diel and depth differences in

larval fish density may not have been detected in the 0900 and 2100 h samples.

Diel studies by Gale and Mohr (1978) revealed that the greatest differences

between surface and bottom catches occurred at 2400 h for most fishes.
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An analysis of variance revealed no significant difference (P>0.05)

between numbers of larvae at the two sampling sites (Table D-26). Spottail

shiner was the only common species that. was significantly (P<0.01) more

abundant at one site (SSES) than the other.

No impact of the Susquehanna SES on density or composition of larval fish

drift at Bell Bend was detected.
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Table D-1

Larval fishes collected in pump samples at SSES and Bell Bend on the'
Susquehanna River, 1978-84. An asterisk (*) denotes fishes taken in 1984.
Names and order of listing conform to Robins et al.. (1980).

Clupeidae - Herrings
Dorosoma cepedianum - gizzard shad

Cyprinidae - Carps and Minnows
*Cyprinu8 carpio - common carp

Nocomis micropogon - river chub
*Notropisamoenus - comely shiner
*N. hudsonius - spottail shiner
*N. spilopterus - spotfin shiner
Pimephales notatus - bluntnose minnow
Rhinichthys atratulus " blacknose dace

Catostomidae - Suckers
*Carpiodes cyprinus quillbatk
*Catostomus commersoni - white sucker
Hypentelium nigricans - northern hog sucker.

*Moxostoma macrolepidotum - shorthead redhorse

Ictaluridae - Bullhead Catfishes
Ictalurus cgtus - white catfish
I. natalis - yellow bullhead

*I. punctatus - channel catfish
*Noturus insigni8 - margined madtom

Centrarchidae - Sunfishes*
*Ambloplites rupestris - rock bass
Lepomis auritus - redbreast sunfish
L. gibbosus - pumpkinseed

*L. macrochirus - bluegill

Lepomis spp. - sunfish spp.
Micropterus doZomieui - smallmouth bass

*Pomoxis spp. - crappie spp.

Percidae - Perches
*Etheogtoma olmstedi - tessellated darter
*E. zonale - banded darter
Perca fZavescens - yellow perch

*Percina peltata - shield darter
*Stizostedion vitreum vitreum - walleye



Table I)-2

Number of larval fish captured with a pump sampler at SSES and Bell Bend on the Susquehanna River, 3 may 1984.

r rr: SSES BELL BEND
DAY

/lh' PL lCArl

DAY

0900-0932

8.9

II I (1!IT
2103-2137

8.9

DAY

I,,3CAT iON SURFACE

REPLICATE 1 2 3
COLLECTION 1O. W16D-84- 001 002 063

AOTTOM

1 2 3
004 005 006

SURFACE

1 2 3
013 014 015

.1 2 3
016 017 .018

- DAY
0900-0934

10.2

SU RF ACE a O0TTO

. 2 3 1 2 3
007 008 009 010 011 012

N I GIIT
2105-2145

10.2

SURFACE

I 2 3
019 020 021

a1oTTOM

1 2 3
022 023 024

SPECIES

WALLEYE
PROLARVA 0 0 0 0 0 0 0 1 0 0 0 00 0 0 0 -0 0' 0 0 0 0 0 0

TOTAL 0 0 0 0 0 0 0 0 0 .0 -0 0 0 0 0 0 0 0 0 1 A0 0 a. 0a.

Table D-3

Number of larval fish captured with a pump sampler at. SSES and Bell Bend on the Susquehanna River, 9 May 1984. K

SlTE SSES BELL BEND

SAMPLING PERIOD
SMPLPIC TIME

M3 /REPLICATE

DAY
0900-0938

8.9

NI GHT
2100-2133

8.9

DAY
0900-0933

10-.2

- NIGHT
2100-2132

10.2

LOCATION

REPLI.ICATE.
CI-LLECTIO'l N1. WGD-84-

SURFACE

1 2 3
025 026 027

0OTTO'4

I - 2 3
028 029 030

SURFACE

1 2 3
037 038 039

BOTTOM

1 2 3
040 041 042

SURFACE

1 2 3
031 032 033

BOTTOM

1 2 3
034 035 036

SURFACE

1 2 3
043 044 045

BOTTOM

1 2 3
046 047 048

SRP EC I E!

WIIITE SUCKER
PPOLARVA

,4AI.LEF.Y
POOLARVA

0 0 0 _0 1 0 0. 0 0 0 1 0

0 0 0 0 0 0 0 1 0 0 0 0

-0 0 0 0 1 1

0 o 0 0 -0 0 .0

0 0 0 2 -1 I

I I (I 0 0 0

n A n n I . n 0 1 0 0 1 0 o o0. 0 0 1 10 0 2 1 1



Table D-4

Number of larval fish captured with a pump sampler at SSES and Bell Bend on the Susquehanna River, 18 May 1984.

SITE SSES BELL BEND

SAMPLING PERIOD DAY N I GHT DAY N I G1lT
SAWPL!NC TIME 0930-0963 2100-2112 0940-0019 2100-2135

M /REPLICATE 9.6 9.6 10.2 10.2

LOCATION SURFACE BOTTOM SURFACE BOTTOM SURFACE • BOTTOM SURFACE B 01OI) M

REPLICATE 1 2 3 1 2 3 1 2 3 1 2 3' 1 2 3 1 2 3 1 2 3

IY)LLECTION NO. WGD-84- 049 050 051 052 053 0"54 061 062 063 064 065 066 055 056 057 058 059 060 067 068 069 0170 071 072

3O I LLBACK
PROLARVA 0 0 0 .0 0 1 0 0 0 0 0 0

W.IITE SUCKER
PROLARVA 0 0 1 0 0 0 0 1 1 0 0 0

SHIELD DARTER
PROLARVA 0 0 0 0 0 0 0 0 0 0 0 -0

WALLEYE
PROLARVA 1 0 0 0 0 0 0 0 0 0 0 0

TOTAL 1 0 1 0 0 1 0 1 I 0 0 0

0 0 0

0 0 I

0 0 1

0 0 0

0 0 2

0 0 0 0 1. 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 0 0 0 1 0 0 0 0
- v - v 8 4 V V V
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Number of larval fish captured with a pump sampler at SSES-an(I [eoll Bend on the Susquehanna River, 21 May 1984.

SITE SSES BELL BEND

SAMPLbING PERIOD DAY NIGHT DAY NIGtlr
SAMPLING TIME 0900-093.3 2100-2133 0900-0934 2100-2141

M 3/REPLICATE 10.0 10.0 10.2 10.2

LOCATION SURFACE BOTTOM SURFACE BOTTOM SURFACE nO'rlo' SURFACE. n &r'•iM

REPLICATE 1 2. 3 1 2 3 1 2 .3 1 2 3 1 2 3 1 2 1 1 2 3 1 2 3
COLLECTION NO. WGD-84- 073 074075 076 077 078 085 086 087 088 089 090 079 080 ORI 082 083 084 091 092 093 094 095 096

SPECIES

)UILLBACK
PROLARVA 2 2 0 0 2 0 1 1 1 0 1 0

WHITE SUCKER
PROLARVA I 1 0 0 0 0 3 0 4 '0 0 0

TESSELLATED )AWRTER
PROLARVA 0 0 0 0 0 0 1 1 2 0 0 0

0 0 1 0 0 0

0 0 0 0 0 0

0 0 0 1) 0 0

0 0 1 0 0 0

0 1 0 0 1 0

0 0 0 0 -0 -(a

1 1 0 0 0 0 •

0 2 0 0 1. 0II 3 1) 0 2 0 5 2 7 0 1 0'm-P At
1 3 0



TabiŽe D)-6

Number of larval fish captured with a pump sampler at SSES and Bell Bend on the Susquehanna River. S.June 1984

SI're SSES•

SAMPLING PERIOD DAY NIGHtT
SAPLING TIME 0900-0938 2100-2133

N 
3 /REPLICATE 10.3 10.,

LOCATION SURFACE BOTTOM SURFACE BOTTOM

REPLICATE I 2 3 1 2 3 1 2 3 1 2 3
COLLECrMOM N-. WGD-94- 097 098 099 100 101 102 109 110 111 112 113 114

SPECIES

SP3TTAIL SHItNER
SPROLARVA 0 0 0 0 0 0 1 0 0 0 1 0

00 ILLBACK
PBOL•kRVA 2 4 2 0 0 8 2 3 0 0. 0

WHITE SUCKER
POs'rLARVA 0 0 0 0 0 0 0. 0 0 0 1.- 0

SIIORT#IPAD REOIIORSE
PROLARVA 0 0 0 0 1 0 0 0 0 0 0 0

TESSELLATED DARrrR
PR3LAOVA O 1 0 0 0 0 5 6 7 2 2 2

BANDED DARrER
PROLARVA 0 01 0 0 0 0 0 0 1 1 0 0

BELL BEND

DAY NI GIT
0900-0935 2100-2134

10.0 10.0

SURPACE BcrONT . SURFAC B. oOTTOM

1 2 3 1 2 3 1 2 3 1 2 3
103 104 105 106 107 108 115 116 117 118 119 |1II

1 0 0

2 1 0

0 0 0

0 0 0

0 0 0

0 1-0

3 2 0

0 0 0 1 0 0

3 0 1 7 5- 5

0 0 0 .0 b 0

0 0 0 0 0 0

0- 0 2 7 2 6

0 0- 0 0 0 A

S 0 3 I S 7 11

0 0 0

1 0 I

0 .0 0

0 0 0

1 2 2-

-0 0 A

2 2 31 3 4TOrAL 2 1 0 14 0 11 3 4 2



Table 0)-7

Number of larval fish captured with a pump sampler at SSES andf Bell Bond on the Susquehanna River,. 12 June 1984.

SITE SSES BELL BEND

SAMP LINJG PERIOD DAY NIGHT DAY NIGHT
SAMPLING TIME 0900-0933 2100-2132 0900-0933 2106-2143

.4 /REPLICATE 9.4 10.3 10.0 .10.0

LOCATION SURFACE BOTTOM SURFACE BOTTOM SURFACE BOTTOM SURFACE B OT'IMO P

REPLICA'. 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
COLLECTION N.). WGD-84- 121 122 123 124 125 126 133 134 135. 136 137 138 127 128 '129 130 131 132 139 140 14-1 142 143 144

sPccIEs

CMMMON CARP
PROLARVA

SPOTTAIL SHPIER
PROLARVA

SPOTFIN ShIINJER
PROLAPVA

OUILLBACK
PROLA RVA
PO T LARVA

WHIITE SUCKER
POS'rLARVA

SII)RHrt,IEM) REDIIOR3E
PPOLARVA
POSTLARVA

3UCKER 3PP.
PF'STL ARVA

CRAPPIF sPP.
P ROIARVA

fE3SELLATED DARTER
PROLARVA

BAN4Dri) )ARTER
PROLARVA
POSmrARVA

PROLARV'k
POSTLARVA

62

1

0

3
0

0

0

0

0

0
0

0

0
0

72

0

0

0

0

0

1l1

0

0

0

00

0

0

54

3

0
0

0

0

0

0

0

0

0

0

0

0

58

10

9

0"

4
0

0

0
0

0

0

0
0

0
0

2-3

1.1

11

0

4
0

0

0
0

0

0

0

0
0

0
0

26

10

4

2

3
0

0

0
0

0

0

1

0

0

21

8

6

1

3
0

0

0

0

0

0

1

0

0
0

19

9

4

0

10

0
1

0
0

•0

1

7

0

0
0

33

10

6

0

6

0
0

1
.1

0

0

23

.2

0

1

0

50.

5- 3. 3

6 13 12

'0 0 0

1 2 1
'0 0 0

0 0 0

1 0 1
0 0 2

0. 1 0

0 0 0-

18 12 13

0 0 0
1,0 0

0 0 0
0 .0 0

32 31 32

81

2

0

3
0

0

0
0

0

0

0

0
0

0
0'

86

79 93

2- 3

0 0

2 6
0. 0

0 0

0 0
0 0

0 0

0 0

0 0

*0 0
0 0

0 0
0 .0

83 102

41 27

11 8

0- 1

8. 15
0 0

0 0

0- 0
0 0

0 0

0 0

0 0

0 1
2 0

0 .0
.0 0

62 52

32

10

n

13
0

0

O
0

0

0

0

0

o0
1

56

8 -10

6 5

0 0

6 1-5
0 0

0 "0

0 1
0 0

o 0

.0 0

It 21

2 5
0 0

0 0

0 0.

31 57

16

7

0

28

0

0
0

0

0-

0

98

4

3-

0-

0
0

0

0

U

0

22

0
I3
0

0

30

2 4

0 -2

0. 0 01

0 0

2 0

4 0
0 0

0 0

0 -0

17 13

0 0
2 4.

0 0
00

27 23• li,• nlf

i- $ -•i. U 74



Table D-8

Number of larval fish captured with a pump sampler at SSES and Bell Bend on the Susquehanna River, 19 June 1984.

SITE SSES BELL BEND

SAMPLING PERIOD DAY NIGHT DAY NIGHT
SAMPLING TIME 0900-0933 2100-2133 0900-0933 2100-2133

N 3/REPLICATE 9" .4 9.4 10.0 10.0

LOCATION SURFACE BOTTOM SURFACE BOTTOM SURFACE BOTTOM -SURFACE BOTTOM

REPLICATE 1 2 3 1 2 3 1 2 3 1 2 3 1 -2 3 1 2 3 1 2 3 1. 2 3
0OLLECTION NO. VGD-84- 145 146 147 148 149 150 157 158 159 160 161 162. 151 152 153 154 155 156 163 164 165 166 167 168

SPECIES

COMMON CARP
PROLARVA 1 0 0 0 0 0 1 3 1 1 0 1 0 0 1 0 0 0 0 3 2 0 0 1

COMELY SHINER
PROLARVA 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0SPOTTA IL SHINER3 3 1
PROLARVA 2 "0 0 4 4 3 2. 3 1 6 33 0 0 2 0 2 4 3 3 1 0 0 0

SPOTFIN SHINER
PROLARVA 2 1. 1 1 2 2 3 0 2 0 0 1 0 0 1 1 1 2 - 2 2 1 1 -0 1

QUILLBACR
PROLARVA 1 0 3 0 0 0 3 4 3 0 0 0 0 0 0 2 1- 1 1 2 2 0 0 0

POSTLARVA 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0

WHITE SUCBER
POSTLARVA 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0

SHORTHEAD REDHORSE
POST•ARVA 0 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 2 0 0

BLUEGILL
POSTLARVA 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TESSELLATED DARTER
PROLARVA 0 0 0 0 0 3 5 14 18 19 10 3 0 0 1 1 1 1 4 7 15 21 26 19

POSTLARVA 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2

BANDED DARTER
PROLARVA 0 0 0 0 0 1 1 0 1. 0 0 0 0 0 1 0 0 1 1 0 0 OF 0 a

POSTLARVA 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 2 2

TOTAL 6 2 4 5 7 9 15 24 26 28 14 8 0 0 6 4 5 9 11 17 21 28 30 25

I-.



Table D-9

Number of larval fish captured with a pump sampler-at SSES and Bell Bend on the Susquehanna River, 26 June_19B4. -

SITE 5525 BELL BEND

SAMPLING PERIOD DAY NIGHT DAY HIGHT
SAMPLING TIME 0900-0932 2100-2134 0900-0934 2100-2134

M 3/REPLICATE 10.1 10.0 10.0 10.0

LOCATION SURFACE BOTTOM SURFACE BOTTOM SURFACE BOTTOM SURFACE BOTTOM

REPLICATE 1 2 3 1 2 3 1 2 . 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
COLLECTION* NO. WGD-64- 169 170 171 172 173 174 101 182 183 184 185 186 17S 176 177 178 179 100 187 180 189. 190 191 192

SPECIES

COMMON CARP
PROLARVA 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0

COMELY SHINER
POSTLARVA 0 0 0 0 0 0 0 0 0 0 1 0 0 0 OF 0 0 0. 0 0 0 0 0 0

SPOTTAIL SHINER
PROLARVA 0 0 0 0 1 0 0 .0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
POSTLARVA 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0- 0 0 0 0 0 0 0

SPOTFIN SHINER
PROLARVA 1 1 0 2 3 2 1 0 1 1 1 1 0 0 1 3 1 0 1 1 3 0 -0 1.

OUILLBACK
,PROLARVA 0 0 0 0 0 1 •0 0 1 0 0 0 0 0 0 0 0 0 2 1 3 0 0 0
POSTLARVA 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0

SUCKER SPP.
POSTLAWVA 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

ROCK BASS
POSTIARVA 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0- 0 0 0

TESSELLATED DARTER
PROLARVA 3 2 0 2 0 3 10 16 7 it 15 i 0 0 0 0 2 4 4 5 4 -22 9 6

POSTLARVA 0 2' 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0

BANDED DARTER
PROLARVA 0 0 0 0 0 0 0 0 0 0 1- 0 0 0 0 0 1 0 2 2 2 0 1 0
POSTLARVA 0 0. 1 0 0 0 0 0 0 .0 1 2 0 0 0 0 0 0 0 0 0 0 - 0

TOTAL 4 6 1 4 6 6 .11 16 - 9 12 22 15 0 0 1 5 4 5 9 9 12 22 10 7



Tabl) Ie D-IH)

Number of larval fish captured with a pump sampler at SSES and Bell Bend on the Susquehanna River, 3 July 19B4.

SITE SSEO BELL BEND

SAMPLING PERIOD \ DAY NIGHT DAY NI GHT

SAMPLING TIME 0900-0932 2100-2137 0900-0935 2100-2 134

3
4 /REPLIcAIE .10.3 10.3 10.0 10.0

LOCATION SURFACE BOTTO4 SURFACE ROTTOM SU RFACE (OTTOM SURFACE BOTTOM

REPLICATE 1 2 3 1 2. 3 1 2 3 1 2 3 .1 2 3 1 2 3 . 1 .2 3 _1 2 3

COLLECrIOtl NO. WGD-84- 193 194 195 196 197198 205 206 207 208 209 210 199 200 201 202 203 204 211 212 213 214 215-216.

SPECIES

C MMMON CAHP
. PPOLARVA 0 0 0 0 .0 0

5POTFIN SiHINER
PROLARVA I 0 0 1 1 0

OIJILLBACK
PROLARVA. 0 0 0 0 0 0

51114) TlHE^, REM 1iL:)R

POSTLARVA 0 1 0 0 0 0
CIIANIE[L CATF( Sif

POSTLARVA 0 0 0 0 0 0
MARGIAEf MADTOM

POSTLARVA 0 0 0 0 0 0

TESSELLATED DARTER
PROLARVA 0 0 0 0 a 0
POSTLARVA 0 0 0 0 0 '1

BIANDED DARTERP
PROLAPVA 0 0 0 0 0 0
POSTLAHVA 0 0 0 0 1 0

TOTAL I 1 0. 1 2 1

0

1

0

0

0

2
0

0
0:

3

0

0

0

0

0

0

5
0

0
0

5

0

1

0

0

0

4
0

1
0

7

0 0 0

0 0 0

0 0, 0

0 0 0

0 a 0-

0 0 1

3 0 1
0 0 0

0. 0 0
0. 0 0

3 0 2

0

0

0

0

0

0

0
0

0
.0

0

1

1

0

0

0

0

0
0

0

2

I

2

0

0

0

0

0
0

0

0

3

0

0

0

0

0

0

0
0

1

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

1

0-

0
0

0
1

2

0 0

0 1

1 0

0 0

0 0

0 0

5. 1
0 0

0 0
0 0

6 2

0

0

0

1

0

2
0

0
0

4

0 0 0

0 0 0

0 0 0

0 0 3

0 0 1

3 0 1
0 0 0

0 1 0
0 0 0

3 1- 5



Table )-I I

Number of larval fish captured with a pump sampler at SSES and Bell Bend on the Susquehanna River, 17 July 1984.

SITE SSES BEL.L BE4D

SAMPLING PERIOD DAY NIGHT -DAY NIGiHT
SAMPLING TIME 0900-0933 2100-2134 '0901-0936 2100-2132

S31/REPLICATE 9.8 9.8 9.8 9.8 "

LOCATION SU RF ACE BOTTOM SURFACE BOTTOM SURFACE BOTTOM SURFACE BOrTOM

REPLICATE 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

C)LLccrIO'l N3. WGD-84- 217 218 219 220 221 222 229 230 231 232 233 .234 223 224 225 226 227 228 235 236 237 238 239 240

SPOrTI SHINER
PROLARVA 0 0 0 0 0 0 0 0 0 0. 0 0

CIIA4IEL CATFISH
POs'rLARVA 0 0 0 0 0 0 0 0 0 2 0 1

,TESSELLATED DARTER
PROLARVA 0 0 0 0 0 0 0 0 0 1 6 0

BANDED DARTER
POSTLARVA 0 0 0 0 0 0 0 0 0 0 0 2

0 0 0

0 0- 0

1 0 0

0 0 0

1 0 0

0 1 0

O 0 0

0 0 0

0 0 0

0 1 0

o 0 1

0- 0 0

0 .0 4

0 0 0

0 0 5

0 0 1

o 0 0

4 7 2

0 0 0

4 7 30 0 0 0 0 0 0 0 0 3 0 3TOTAL



'r'able I0-I

Number of larval fish captured with a pump sampler at SSES anti Bell Bend on the Susquehanna River, 31 July 1984.

SITE SSES

SAMPLING PERIOD DAY N IGHT
SAMP ELING TIME 0901-0938 2102-2136

m /REPLICATE 8.9 9.2'

LOCATIO:I SURFACE BOTTOM SURFACE OTTOM

REPLICATE 1 2 3 1 2 3 1 2 3 1 2 3
cLLECriON N). WGD-84- 241 242 243 244 245 246 253 254 255 256 257 258

SPECIES

SPOTFIII SIIINER
PROI.ARVA 3 0 0 . 0 1 4 4 0 1 0 3

CHIANNEL CATF" SII
POSTLARVA 0 0 0 1 0 0 1 0 1 .0 0 0

BLUEGILL
PROLARVA 0 0 1 0 0 0 0 0 0 0 0-0

T'ESSELLATEO DAR'rEP
PROLARVA 0 0 0 0 0 0 0 1 0 1 0 0

BANDEO DARTER
POSTLARVA 0 0 0. 0 0 0 0 0 1 0,0 0

BELL OENO

.DAY NI Gill,
0900-0932 2100-2135

10.5 -9.8

SU RFACE BOTTOM SURFACE ' BOTTOM

1 2 3 1 2 3 1 2 3 I 2 3
247 248 249 250 251 252 259 260 261 262 263 264

0 0 1

0 0 0

0 0 0

0 0 0

0 0 0

0 0

0 0 1

a 0 0

0 -0 0

0 .0 0

0 1 1

0 1

5 1 5

0 0 2

0 0 0

0 1 0

0 0 0

5 2 7

6)
0 1 4

0 0 0-

1 0 1

0 00

2 1 50 0 1 2 0 1 5 5 2 2 0 3TOTAL
TOTAL



Table )-li]

Number of larval fish captured with a pump sampler at SSES and Bell Bend on the Susquehanna River, 14 August 1984.

SITE SSES BELL BEND

SAMPLING PERIOD DAY -NIGT NIGHT
SAMPLING TIME 0900-0938 2100-2133 0900-0933 - O2100-214"7

4 
3
/REPLICATE 10.2 10.2 .q.9 9.9.

LOCATION SURFACE BOTTOM SURFACE BOTTOM SURFACE BOTTOM SURFACE 'OTTOM - -

REPLICATE 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 ' l 2 3 1 2 3 1 2 3
C3ILLECTION NO. WGD-84- 265 266 267 268 269 270 277 279 279 280 281 282 271 272 273 274 275 276 283 284 265 286 287 288

SPECIES

SPOTFIN SHINER

PROLARV'N 0 0 0 0 0 1 3 2 3 0 0 0 1 0 0.1 1 2 1 5 0 1 0 0
BANDED DARTER

POSTLARVA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 1 0

TOTAL 0 0 0 0 0 1 3 2 3 0 0 0 1 0 0 1 1 2 1 .5 0 1 1 0

I.,

Ntuame oha D-14

Number of larval fish captured with. a liump sampler at ssEs and Bell Be'nd on the Susquehanna River, 28 August 1984.

SSES
SI FE

SAMPI.ING PERIOD D
S•.MPIING TIME 0900

4 /REPLICATE 10]

LOCAT I ON SURFACE

REP L ICATE 1 2 3
C)LIE:CFiOi: 14). WGD-04- 289 290 291

C11a44NEL CATFI SHl
POSTLARVA 0 0 0

SSES , BELL BEND

AY
-0932

I. 2

BOTTOM

1 2 3
292 293 294

2100-2133

10.2

SURFACE 0OTtOM

1 2 3 1 2 3_
301 302 303 304 305 306

DAY
0900-0933

S9,9

N I GiT
2100-214.0

.9. 9

SJRFACE

1l 2 3
-. 295 296 297

0 0 0

0 0 0

eorrom

1 2 3
298 299 300.

SURFACE-

11 2 3
307 309 309

0 (yr'T0o

1 2 - -3
310 311 312

0 0

a' a' a' a'

0

n'

0

n'

0

n'

0

n'

0

n

0

o

!
1

0 0 0- 0

0 0 0 0

0

0

0

0

0

0

0

0

0

0
n 0 0 0 0 0 0 0T)rA(.



Table 0-IS

Mean density (no./10 m') of larval fish captured at SSES on the Susquehanna River, 1984.

SPE(F:;J 3 %NY 9 4AY 18 MAY 23 MAY S JUN 12 JUN 19 JUN 26 JUN 3 JUL 17 JUL 31 JUL 14 AUG, 28 hUG MA'4 It '"1AL

CIP-40N CAIIP
P ML1% VA

(")%OILY Sg0 ~ER
PHULARVA
Pas rLfArA

sP0,rrAL 51INIER.
PmILARVA
PcIW(ARVA

SPOIFIN quIINIFR
PFOJIAIVA

PPOLAPVA

POSTLARVA

SIr3Pr'HEMD RED0ISF
P FOLA PVA

C.VCKEP ,;Pp.
P0.P!rLARNA

C!IAN-4FL CA1VWI311
PoSrtpvIAW

PCYrlJAIINA
R'xE Ap";c

IORTIN"AWr

CP'APPIt: qOP.
PPOI.A PM

r-'SSELi.AflA: 11AP-1;*:F

PFCLARVA

PRDI.AWA

V-~tYI.r
PROI AWN

() 00
Q: no

0 .00
0.0m

0.00

0.00
0.00

0.00
0.00,

0.00
0.00

0.00

0.00

0.00

0.00

n. no

O.OO
0.00

0.00

0.00

0.00

0.00

0.00
0.00

0. o0
0.00

0.00

O. O0
0.00

0.19
0.00

0.00
O.m0

0.00
nl. Po

n. r0)(.0)

0. 00

0.00
0.00
0.00
o. 0

0.09

0.00 0.00

0.00 0.00
O.o0 0.0)

0.00 0.00
0.00 0.00

0.00 0.00

0.09 0.83
0.00 0.00

0.26 0.75
0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

o.06 0.00
O.Ol 0.00

0.00 0.00

0.03 0.33
0ft. 0.n o

0.00 0.00
0.an o.00

0.00 0.00

0.09 0.00

0.00 22.49

0.00 0.00
0.00 0.00

0.16 6.28
o. 00 0.00

0.00 0.35

1.78 3.10
0.00 0.09

0.00 0.00
0.008 ,0.08

0. O 0.42
(.00 0.24

o.00 0.08

0.0 0o .00

0.00 .0

0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.08

2.02 6.08

(. 0M 0.00

0. 16 0.42

0.00 0.00

0.00 0.08

0.00 0.00

0.1 0.08 0.00

0.09 0.00 0.00
0.00 0.0m 0.00

2.75 0.08 0.00
0.00 0.08 0.00

1.33 1.16 0.40

1.24 o0.17 0.08
0.09 0.17 0.00

0.00 0.00 0.03
0.09 0.00 0.00

.0O0 0.00 0.00
0.00 0.00 0.08

0.00 0.08 0.00

0.00 0.00 0.00

n .00 (1.00 0.08

0.00 0.08 0.00

0.00 0.00 0.00
0.09 0.00 0.00

0.00 0.00 0.0

6.38 6.83 1.21
0.00 0.25 0.08

0.27 .0.08 O.O0
0.09 0.33 0.08

0.00 0.00 0.00

o.oo 0.00 o.00

13.12 9.48 2.10

0.00

0.00
.0. 00

0.00

O.00.

0.00

0.00

0.00

0.00
0.00

.0.00

.0.00

0.00

0.26

0.00

0.00

0.00

0.600

0.00

0.09
0.00

0.00
0.17

0.00

0.00

0.51

O.00

0.00
0.00

0.00

0.00

1.27

0.00

0.00

0.00
0.00

0.00
0.00

0.00

0.27

0.00

0.00

0.09

0.00

0.00

0.18
0.00

0.00

0.09

0.00

0.00

0.00
0.00

0. O0
0.00

0.74

0.00

0.00

0.0)
O.oO)

0.000.00

0.00

0. O(

0. o0

O._00
0.00

0.00

0.00
0.00
0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00
0.o00
0.00

0.00
0.00

0.00

0.00

0.00

0.0)

0.00
0.(10

0.00

0.00
0.00
0.00

0.00

0.00

O.08

o.08e

1.79 31.2

0.01 0.1
0.01 0.1

0.71 12.4
0.01 0.1

0.40 7.0

0.56 9.8

0.03 0.5

0.09 1.6
0.02 0.3

0.04 0.7
0.02 0.4

O.D1 0.2

0.05 ( 0.0

0.01 0.1

0.01 0.1

(0.01 0.1
0.01 .1

0.01 0.1

1.79 16.9
o.03 0.-4

0.08 1.4

0.06 1.1

o.0i o. I

0.01 0.2

5.75

I.-
kA

0.00 0.00

1.91 0.74r" vr , 0.00 0.20 0.43 1.92 4.29 39.87

I I



Table o-16 R

Mean density (no./10 ,iil of larval fish captured at BelliBend on the Susquehanna River, 1984.

SPEC CES 3 M•Y 91tMY 18WMA 23,MAY 5 UN- 12JUN 19 JUi 263JU4 3JUL 17JUL 31 JUL 14 AUG 28 AJG MEA.4 % 'OrAL

C)t0'4 CAP
P R)LS PVA

SPOII'AI L SMIU;lER
P R)L WJA

PIOLA PJA
OLJ I LWU NCK

P PIM PV A
po; rLAIVA

wI ltlr.; %ICKF'IR
PFiL'.RVA
POS11A$WA

Sq)tl I'IElAO REDt)RSE
PRDILRVA
PFk) IIARVA

CWANNI'L CAWf (SfI
PosrLARVA

IAPGrN IED mNv rci4
P03 rt.ARA.

i'n SSE:LLTFED UAHIT.R
PPOLARVA
POSTLARVA

dA•;r)n) DAHIIP
PROIAPVA.
PO. I'I•AWA

SIlR OP DARrI-:P
PPO(ARVA
POSTI(I.VA

W•LLf'YE
PRDLAIhA

0.00 0.0o

0.00 0.00

0.00 0.00

n.00 0.00
0.00 .0.00

0.00 0.49
n. 00 0.00

0.00 0.00
0.00 0.00

0.00 0.00

O.O O.M0

0.00 0.00
0.00 01.00

0.00 0.00
0. 00 0.00

0.00 0. 00
0.00 0.00

0.08 0.16

0.08 0.65

0.00

0.00

0.00

0.0(
0.00

0.08
0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0.03
0.00

0.00

0.00 , 0.00 33.08 - 0.58

0.00 0.17 4.92 1.25

0.00 0.00 0.08 1.00

0.2S 2.17 8.00 0.75
0.013 0.00 .0.00 0.(18

0.00 0.00 0.00 0.00
0.00 0.00 0.17 0.08
0. 0.00 0. 0. 0.00

0.00 0.00 0.00 *0.17

0.00 0.00 0.00 0.00

0.00 0.00 -0.00 0.00

0.03 1.83 10.42 0.00
0.00 0.00 0.00 0. 33

0.00 0.08 1.08 0.25
0.00 (0.00 0.75 0.50

0. 00 0.00 0.00 0.00
0.00 0.00 0.08 0.00

0.00 0.00 0.00 0.00

0.00

0.08

0.92

0.50.
11.00

0.00
0.00

0.00

0.(0

0.00

4.67
0.17

0.67
0.00

0.00
0.00

0.00

7.00

0.17 0.00 0.00 0.0a) 0.00

0.00 Z. 00 0.00 0.06 0.00

0.42 0.26 1. 18 1.01 0.00

0.08 0.00 0.00 0.08 0.00
0. 00 0. 0 0.00 0.0) 0.00

0.00 0.00 0.00 .0.00 0.00
0.00 0.00 0.00 0.00 0.00

0.00 .00 0.00 0.0a 0.00
0.00 0.00 0.00 0.0O 0.00

0.42- 0.00 . n.60 0.00 0.00

0.08 -0.o0 0.00 n0.0 0.00

1.08 1.53 0.26 0.00 0.00
0.00" 0.00 (1.00 0.00 0.00

0.08 0.00 0.00 0.00 0. 0O
0.08 0.00 0.16 .08 o 0.00

0.00 0.00 0.00 0.ou 0.00
0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

2.42 1.79 2.19 1.09 0.00.

2.60 36.7

0.49 7.0

0.37 5.3

0.91 12.8
0.01 0. I

0.04 0.6
0.02 - 0.3

0.04 0.5
0.01 n. 2

0.38 1.1

0.01 0.1

2.14 30.2
0.04 0.5

0.17 2.4
0.12 1.7

0.01 0.1
0.01 0.1

"0.02 0.3

7.09

I.-.

T'C)'AL 0.25 0.33 -4.25 59.08 . 13.00



Table D-17

Mean density (no./10 m') of larval fish captured at SSES and Bell Bend on the Susquehanna River, 1984.

SPEa•ES 3 MY 9 MAY 18 MY 23 MAY 5 U 12 JUN I1'JUN 26 JUN 3 JUL 17 JUL 31 JUL 14 AUG 28 AUG EAN4 I IrAL

0DK-ION CAWl

P RXAWA 0.00 0.00 0.00 0.00 0.00 27.79 0.65 0.04 0.08 0.00 0.00 0.C0D 0.00 2.2n .34.2
C)M1LY Si.INER

POI"APVA 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.O. 0.00 0.00 0.00 0.00 0.00 0.00 0.1
POSTIARVA 0(.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.001 0.00 0.00 0.0

sPOrrAlI. SHINER
PW3LAPVA 0.00 0.00 0.00 0.00 0.16 5.60 2,00 0.09 0.00 0.00 0.00 0.00 0.00 0.60 9.4

PrrLAJAV 0.00 (1.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.0
SPOWI N SIll NEP

PROLARWA 0.00 0.00 0.00 0.00 0.00 0.22 1.16 1.04 0.41 0. 13 1.23 0.87 0.00 0.39 6.1

(C1111- ACK
PRDLAPVA 0. 1 0.00 0.08 0.54 1.97 5.55 1.00 0.33 0.08 0.00 0.00 0.00 0.00 0.74 11.5

PC'TGLk.pk 0.00 0.00 0.00 0.00 0.00 0.04 0.09 0.08 0.00 0.00 0.00 0.0U 0.00 0.02 " 0. j
W1IITE SUCKER

P )I.APVA 0.00 0.34 0.17 0.38 0.00 •0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 1.!
P(OcgArvA 0.00 0.00 0.00 0.00 0.04 0.12 0.09 0.00 0.00 0.00 0.00 0.mO 0.00 0.02 0.3

SID1PTEAD RIDIOR;F.
PR)LAPVA 0.00 0.00 0.00 O. 00 0.04 0.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.6

P(0fLAINVA 0.00 0.00 00 0.00 0.00 0.12 0.08 0.00 0.04 0.00 0.00 0.00 0.00 0.02 0.3
SUCMF.P SPP.

POSTLARVA 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.04 0.00 0.00 0.00 0.00 .00 o.oy 0.1
CHANNFL CAT ISH

POSTLARVA 0.00 0.00 0.00 0.00 0.00 0.00 O.00 0.00 0.21 0.13 0.44 0.00 0 .04 0.06 - 1.0
tMARGINED i9JYFCO4

P0rLAWA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.01 0.1
ROCK BASS'-

Po01rAINA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.o0 0.00 0.00 0.00 0.00 0.00 0.0.
BWIXGILL

P1WIARVA 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.1
P0S11ARVA 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.0 .00 0.00 0.1

2FIVPIE !;PP.
PRCOAP/A 0.00 0.00 0.00 0.00 0.00 0.04 0o00 0.00 0.00 0.00 0.00 0.10O 0.00 0.00 0.0

ESS.ELEATI DANRER
PROLARVA 0.00 0.00 0.00 0.21 1.93 8.25 7.19 5.75 1.15 0.81 0.22 0.00 0.00 1.96 30.6

0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.21 0.04 0.00 0.00 0.00 0.03 0.5

BAIDFD DARIER
PIOARVA 0.00 0.00 0.00 0.00 0.12 0.75 0.26 0.38 0.06 0.00 OoOO 0 .00 O.12 1.9

POCSRARlVA 0.00 0.00 0.00 0.00 0.00 0.42 0.29 0.17 0.08 0.09 0.12 0,04 0.00 0.09 1.5
SeIIEW) DARTER

PROLARVA 0.00 0.00 0.04 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.1

PO(t MARVA 0.00 0.00 0.00 0.00 0.00 0.04 0.00 O.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
W'M.LEYE

PROLARVA 0.04 0.13 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.3

ImFI, 0.04 0.47 0.34 1.12 4.27 49.48 13.06 8.24 2.26 1.15 2.05 0.91 0.04 6.42

I.-
LA)



Table 0-18

Mean density (no./lO m') of larval fish captured near the surface at 0900 h at SSES on the Susquehanna River, 1984.

CW*G CAWP
p RDLA IVA

SPOYrTAIL SHINER
PFOLAPMA

SPO'IV!N SHI NEP

OUILUJIACK
PRYLAIWVA

POSMARA
MIITE SIJCKFR

s omrTHFAD REDPORSE
PIOLAPVA
POSr"tAIA

BtVFG.ILL
PRILAPVA
pC'nARVA

F.SqELLA.W.D DRI1FR
P IOLA RVA
POSrIARVA

BANDED DAR•ER
PFOlAPVA
PoqrLARVA

WNA.LEYE
PTWOL' PM

r~rAL

3 MAY 9 MAY 18 M4Y 23 MPY 5 JUN 12 JUN 19 JUN 26 JUN 3 JUL 17 JUL 31 JUL- 14 AUG 28 NJG MEA % VftAL

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00

0.00 0).00

0.00 n. o0
0.00 0.00

0. O 0. 00
0.00 0.00

0.00 0.00
0. o0 0.00

0.00 0.00
0.00 0.00

0.00 0.00

0.00 0.00

0.00

0.00

0.'00

0.00
0.00

0.35

0.00
0.00

0.00
0.00

0.00
0.00

O.0o
0.00

0.35

G:69

0.00

0.00

0.00

1.33
0.00

0.67

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

2. 00

0.00 66.67

0.00 1.42

0.00 0.35

2.27 1.06
0.00 0.35

0.00 0.00

0.00 0.71
0.00 0.00

0.00 -0.00
0.00 0.00

0.32 0.0•0
0.00 0.00

0.00 0. 35
0(.00 0.00

0.00 0.00

2.59 70.92

0.35

0.71

1.42

1.42
0.00

0.00

0.00
0.00

0.00
0.35

0.00
0.00

0.00
0.00

0.00

4.26

0.33

0.00

0.66

0.00
0.00

0.00

0.00
0.00

0.01
0.00

1.65
0.66

0.00
0.33

0o O0

3.63

0.00

0.32
0. On
0.00
0.00

0.00
0.00
0.32

0.00
0.00

0.00
0.00

0.00
0.00

0.00

0M65

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00

0 .00 0.00 0.00
0.00 0.00 0.00

-0.01) 0.37 0.00
0.00 0.00 0.00-

0.00- 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.37 0.00

0.00

0.00

0.00.

0.00
0.00

0.00

0.00
0.00

0.00

0.00

0.*00
0.00

0.00
0.00

0.*00

0.00

5.18

0.16

0.21

0.47
0.03

0.08

0.05
0.02

0.03
0.03

0.15
0.05

0.03
0.03

0.03

6.55

79..1

2.5

3.2

7. 1
0.4

1.2

0.8
0.4

i-..

0.4 LJ
0.4 -0

2.3
0.0

0.4
0.4

0.4



Table D-19

Mean density Ino./10 m') of larval fish captured near the bottom at 0900 h at SSES on the Susquehanna River, 1984.

W*04 CARW
P FOLA WA

SPO'FAIL SHIINER
PFOLAW A

P1101,4VA

SIP IIFAD WA~O
PIOLAIVA
POSlI•AWA

WITTE SUCKEP.R

P 31LAWA
SIIDMII.D lRED113RSE

PIOLAPV'A
O t•NNIM CATF ISll

POSTLAW/A
?FSSE' ,I•TED DART1C

PFOIARVP'

POGTLARVA

PrOLPVN
PngI'rI'tArsA

3 NMY 9MAY 18 MNY 23 MAY 5 JUN 12 JUN 19JUN 26 JUN 3 JUL 17JUL 31 JUL 14.AUG 28 AUG tFA4 t TOTAL

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

a.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00o 0.35
0.00 0.00

0.37 0.00

0.00 0.00

0.00 .0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0.37 . 0.35

0.00 0.00 10.99 0.00

0.00 0.00 0.00 0.35

0.00 0.00 o 38.51 3.90

0.00 0. 0 0.71 .1.77

0.67 0.65. 3. 0 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.32 0.00 0.00

0.00 0.00o 0.00 0.00

0.00 0.00 0.35 1.06
0.00 0.00 0.00 0.00

0. on 0.00 0.35 0o.35
0.00 0.00 0.00 0.00

0.67 0.97 24.62 7.45

0.00 0.00

0.00 0.00

0.33 0.00

2,31 0.65

0.33 0.00
0.66 0.00

0.00 0.00

0.00 0.00

0.00 0.00

1.65 0.00
0.00 0.32

0.00 0.00
0.00 0.32

5.28 1.29

0.00 0.00 0.00

0.00 0.00 0.00

0.00. 0.00) 0.(01

0.00 0.75 0. 33

0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.37 0.0W

0.00 0.00 0.00

0.00 0.00 0.00)o. oo o•. O0 O.wO

0.00 0.00 o .0.00

0..) 1.12 0.33

0n. 00

0.00

0.00

0.01)

0.00
0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00

0. 00

0.85

0.03

0.98

o0 50

0.45
0.05

0.03

0.02

0.03

0.24
0.02

0.05
0.02

3.28

25.8

0.8

29.9

15. 3

13.8
1.5

0.9

0.8.

0.9

7.2

0.8

1.7
0.8

P.-



Table D-20

Mean density (no./10 m') of larval tish-captured near the surface at 2100, h at SSES on the Susquehanna River, 198A.

PEa ES 3 a y .9 mA 18 my 23MY 5 JUN 12JUN 19,JUN 26 JUN 3JUL 17 JUL 31JUL 14 AUG 28 AJG MEA.P ATOrM

WTflM CAWý
P OLA WA

qSiyrMAIL SHINER
PK)LAPVJA

!WOWP*FP SHINER
PA3LA RIA

PRO3LAIVA

PP3LARVA
POSTLARVA

SIORrFIFAC REDtORSE
PF40AIWA
PC~r[ARvA

CHlANNEL CAWF ISH
POSF1AnJA

CRAPPIE SPP.
PROLARJA

TESSELLATED) DARTER
P R3LA N A

FAANDED DARFER
P ROLA W '
Pc6FLkwJA

SHIELD. DARFEP
P FO[A P/A%

W4LLEYE
PROMWAR

0.00

0.00

0.00

0. 00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00 0.00

0. on 0.00

0.00 0.00

0.00 0.00

0.00 0.69
0.00 0.00

0.00 0.00
0.:00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00

0.37 0.00

0.37 0.69

0.00 0.00 8.74 1.77 0.00 0.00

0.00 0.32 5.18 2.13 0.00 0.00

0.00 0.00 0.32 1.77 0.67 0.65

1.00 4.21 6.15 3.55 0.33 0.32

2.33 0.00 0.00 0.00 0.00 0.00
0.00 0.00- 0.32 0.00 0.00 0.00

0.00 0.00 0.32 0.00 0.00 0.00.
0.00 0.00 - 0.32 0.00 0.00 0.00

0.00 0.00 0.00. 0.00 0.00 0.00

0.00 0.00 0. 32 0.00 0.00 0.00

1.33 5.83 10.03 13.12 11.67 3.56

0.00 0.032 0.97 0.71 0.00 . 0.32
0.00 0.00 0.00 0.00 0.00 0.00

"0.00 0.00 0.32 0.00 0.00" 0.00

0.00 0.00 0.00 0.00 0.00 0.00

4.67 10.68 33.01 23.05- 12.67 4.85

0.00

.0.00

0.00

0.00

0.00
0.00

0.00
* 0-00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

2.90

0.00

0.00
0.00

0.00
0.00

0.72

0.00

0.36

0.00
0.36

0.00

0.00

4. 35.

0.00 0.00 0.81

0.00 0.00 0.59

2.61 0.00 0.69

0.00 0.00 1.20

0.00 0.00 0.23
0.00 0.00 0.02

1.00 0.00 0.02
0.00 0.06 0.02

.0.o06 0.00 0.06

0.00 0.00 0.02

0.00o - 0.00 3.53

0.00" 0.00 0.1-8
0.00 0.00 0.03

0.0o 0.00- 0.02

0.00 0.00- 0.03

2.61 0.00 7.46

10.8

7.9

9.2

16.0

3.1
0.3

0.3
0.3-

-0.7 -

0.-3

47.3

2.4
0.4

0. 3

.0.4



Trable D-21

Mean density (no./10 m') of larval fish captured near the bottom at 210) h at SSES on the Susquehanna River, 1904.

SPECrF3 3 MAY 9 4AY 18 kY 23 MAY 5 JUN 12 JUN 19JUN 26 JUN 3 JUL 17 JUL 31 JUL 14-jkUG- 28 AUG 1FNm4 iTOAL

(DMM94 CAFP

C)MFLY SI!INEP
P0RrLAWVA

sParrAI'L Sfl~lflf
PR3LAPVA

SPOlFIHt SlI!NFP
PROLAPJA

OUIIIkSACK
PPOLTAPVA
PogrLARVA

WHITT SUCKER

PosTr•AVA
SHOplFJkn) PE.IDORSF

PFPOLAPVA
POSTLARVA

JUCKER SPP.
POsFLARVA

CIIANNEL CA*1 3ff
POSrLAWVA

*.IApGI.•4E MAM4'(.r0
POSTFLARVA

ROCK BASS
POSLA•IA

WESELLAM) (AAP IMEP
PROIAWVA
PdSTLAIVA

(nfA)M DARIER

POFIIAWVA
IO" rAL N

0.00

0.00

0.00

0.00

.0.00

0.00

0.00
O.O0
.o00

0.00
0.00

0.00

O.00

0. W0

0.00

0. no
0.00

O. no
0.00
0.00

0.00

0.00

0.00
O. O0
0.00

0.00
0. 370.00

0. 37

0.00

0.0OD

0.00

0.00

0. 60

0.00

01.00.
0.00

0.00

I). O0

0.000.00

0.00 0.00 0.00 3.56 0.71 0.0o0

0.00 0.00 0.00 0.00 0.00 0.11

0.00 0.00 0. 32 10.03 4.26 0.00
0.00 0.00 0.00 .0.00 0.00 0.33

0.00 0.00 0.00 0.00 0.35 1.00

0.00 0.33 .0.00 1.29 0.00 0.00
0.00 0.00. 0.00 0.00 0.35 0.00

0.00 0.00 0. 00 •0.00 0.00 0.00
0.00 0.00 0.32 0.00 0.35 6.o0

0.00 0.00 0.00 0.65 0.00 0.00

0.00 0.00 0.00 0.65 -0.00 0.00

0.00 0.00 0.00 0. 3ý 0.0o 0.33

0.00 0.00 0.00 0.00 0.00 0.'M

0.00 0.00 0.00 0.00 0.00 0. 00

0.00 0.00 0.00 0.00 0.00 0.33

0.06 0.00 1.94 13.92 11.35 12.33

0.00 0.00 _ 0.00 0.00 0.00 0.33

0.0 0.60 0.32 0.00 0.00- 0.33
0.00 0.00 0.00 0. 32 0.35 1;00

0.00 0.33 2.91 30.74 17.73 16.33

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00
0.00 0. O 0) 0.00 0.00

0.00 0.00 1.45 0.00

0.00 0.00 . 0.00 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0. 0
0.00 0. o0 0.00 0.00

0.00 - 0.00 0.00 0. 00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 1.02 0.00 0.00

0.32 0.00 0.00 0.00

0.00 0.00 0.00 0.00

1.29 0.34 0.36 0.00
0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00
0.00 .0.68 0.00 0.00

1.62 2.04 1.81 0.00

0.00

0.W

0.00
0.00

0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00

0.33

0.00

0.00

0.0O
0.00

0.00
0.00

0.33

0.33

0.03

1.12
0.03

0.22

0.13
0.03

0.03
0.05

0.05
0.05

005

0.10

0.02

0.03

3.20
0.03

0.05
O.1R

5.71

5.8

6.4

19.1
0.4

3.8

2.2
0.5

0.5
0.

0.9 -

0.9

0.9

1.8

0. 4

0.4

56.0
0.4

0.9
1.2

-..
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Table D-22

Mean density (no./10 mi') of larval fish captured near the surface at 0900 h at Bell Bend on the Susquehanna River, 1984.

SPECIES 3 MAY 9IA Y 18 MAY 2 3AY 5 JUN 12 JUN 19 JUN 26 JUN 3 JUL 17 JUL 31 JUL 14 AUG 28 AUG MEAN %TOTAL

OJMMON I-VFP
P P)LINR W

S;POIrrAT L SHI NER
PFOLIV.A

SPOIVIN SHINER

OUT W •IAO(
PROLAPVA

frIT1'E SUCKER
PROLhRJA

T..SELArED DARrEP
P P)LAJWA

DBANED DARIEP
PPOLAPIA

SIll EID r)P• PR

PPILAPJA

rorml,

0.00 0.00 0.00 0.00 0.00 84. 33 0.33 0.00 0.67 0.00 0.00 0.00 0.00 6.56

0.00 0.00 0.0 0.00 0.33 2.33 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.26

0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.33 1.00, 0.00 0.32 0.34 0.00 0.18

0.00 0.00 0.00 0.33 1.00 3.67 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.38

0.00 0.00 0.33 0.00 0.00 0N00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.03

0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00 0.34 0.00 0.00 0.00 0.05

0.00 0.00 0.00 0.00 0.33 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.05

o.on n.0o 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03

0.00 01.00 0.65 0.33 1.67 90.33 2.00 0.33. 1.67 0.34 0.32 0.34 0.00 n 7.54

87.1

3.4

2. 4

5.1

0.3

0.7

0o.7

0.3



Table D-23

Mean density (no./10 m') of larval fish captured near the bottom at 0900 h at Bell Bend on the Susquchanna River, 1984.

IPEC F:

cry.?" A PPA

SPOTfAII. SHINFP
.PROLAFIA

SPO'IPIN 5Il NEP
PPOLA IWA

OUIIURCK
PRDLAPVA

WHIA SUCKER
PIOLAIVA

CHANNEL CAlI ISH

rt SSELLAhTE DARrER
P Oo"LARVA

1tw0FT1" I)ARrFER
PROLARVA
P¢TwFLMmW•

POSrIARVA

3 KAY "9 MAY I .MAY 23 MNY 5JLN 12 JUN- 19JUN 26JUJM 3 JUL 17 JUL 31 JUL 14 AUG 28 LICG -MEANW I IOTAL

0.o00

0.00

0.00

0.00

0. no

0.00

0.00
0.00

0.00
0.00

0. 00

0. 00

0.(On 0.00 0.00

0. m 0.on 0 on

0.00 0.00 0.00

.0.00 0.00 0.00

0.65 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00-
0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00

0.00 0.00 0.00

0.65 0.00 0.00

0.00 33.33 0.00

0.00 .9.67 2.00

0. 00 0.33 1.33

1.33 12.01O 1.33

0.00 0.00 0.00

0.00 0.00 0.00

0.67 0.00 1.00
0.00 0.00 0.00

0.00. 0.33 0.33
0.00 0.67 0.0M

0.00 0.33 0.00

2.00 56.67 6.00

0.00

0.33

1.33

0.00

0.00

0.00

2.00
(1.67

ff. 3 3
0.00

0.00

4.67

0.00

O.00

0.00

0.00

0.00

0.33

0.33
0.00

0.00-
0.33

0.00

1.00

0.00

0.00

0. 34

0.00

0.00

0.00

0.00
0.00

.0.00
0.00

0.00

0.34

0.00 0.00

0.00 0.00

0. 32 1.35

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.0(
0.00 0.00

0.00. 0.00
0.63 0.00

0.00 O.o0

0.95 1.35

0.00

0.00

0.00

0.00

0.00

0.00

0, 00
0.00

0.00
0.60

0.00

O.00

2.56

0.92

0.39

1.13

0.05

0.03

0.31
0.05

0.09
0.13

0.03

5.66

45.3

16. 3

6.8

19.9

0.9

0.5

5.4
0.9

1.4
2.2

(.5



Table D-24

Mean density (no./l0 m') of larval fish captured near the surface at 2100 h at Bell Bend on the Susquehanna River, 1984.

sPEa•FS

CDR04 CAFP

P Ie[AIPJA
SPOrIrAt,. SHINER

PIOLAPJA
SPOWI N SMHI NER

PPOLAR,/A

PROL.ARA
.0 RIIHEAD REDWIRSE

PROIk PtF
CHANNEL CAlF ISH

POc'rARVA
TESSMLlATED DARTER

BANDE) DAlFER
PRA2LAPVA
P(M6LARVk

WIALLFYE
PROLAPJL%

T7"TAL

3 %NY 9 MAY 18 MY 23MAY 5 JUN 12 JUN 19 JUN 26 JN 3JUL 17 JUL 31JJUL 14AUG 28 AUG MEAN I TOML

0.00

0.00

0.00

0.00

0.00

0.00

0.(O0

0.00
0.00

0. 33

0.33

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.33

0.00 0.00

0.00 0.00

0.00 0.00

n.Do 0.00
0. O0 0.00

0.65 0.00

0.65 0.33

0.00

0.00

0.00

0.33

0.00

0.00

0.33

0.00
0.00

0.00

0.65

0.00 11.33 1.67

0.33 6.00 2.33

0.00 0.00 1.67

5.67 16.33 1.67

0.00 0.33 0.00

0.00 0.00 0.00

5.00 24.33 0.67

0.00 4.00 0.33
0.00 0.33 0.00

0.00 0.00 0.00

11.00 62.67 16.3-3

0.00

0.00

1.67

2.00

0.00

0.00

4.33

2.00
0.00

0.00

10.00.

0.00

0.00

0.67

0.33

0.00

0.33

2.67

0.00
0.00

0.00

4.00

0.00

0.00

0.34

0.00

0.00

0.00

1.36

0.00
0.00

0.00

1.70

0.00

0.00

3.74

0.00

0.00

0.69

0.34

0.00
0.00

0.00

4. 76

0.00

0.00

2.02

0.00

0.00

0.00

0.00

0.00
0.100

0.00

2.02

0.00 1.00

0.00 0.67

0.00 0.78

0.00 2.05

0.00 0.03

0.00 0.08

0.00 3.62

0.00 0.49
0.00 0.03

0.00 0.08

0.00 8.80

11.4

7.6

8.8

2).3

b. 3

0.9

41.1.

5.5 I

0.3 4-

0.9



Table D-25

Mean density (no./lO m') of larval fish captured near the bottom at 2100 h at Bell Bend on thO Susquehanna River, 1984.

SPEC[ ES

P&O CtA PpP3 -•T.AN CP

SPOITA1 L qIPI NEP
PFAtI;VA

5POflI-N JIIINFP
PROLAPJA

OUILID ACK
P4I01APVA
POSTLARVA

W4llTE SUCKFR
PRJLAPVA
PQT:;LAWA

SIIIRT1FA) R EDH3RSFS
PROLAPVA
POMTLAIWA

Cl~kNNf. CJlF IS!4

'4A riRC1~Wlv)!%
AR(INEO l rVIOM

pOS rl.ARvA

TESSELLATEm DARrER
PMILAlW'
Po, rLAwAA

|I.NDFflD DARIrP
PPOLARVA

OeFIAR'M

ralAL

3 4AY 9 MAY IR t.Y 23 MAY 5JUN 12I 19 JUN 26 JUN 3JUL 17 JUL. 31 JUL 14 AUG 28 NJG mtAN % MO'rAL

0.00 .0.o0

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00

0.00 1.31
0.00 0.00

0.00 0.00
0.00 0.0)

0.00 0. o

0.0o 0.00

n.00 o. 0o
0.00 0.)00

.0.00 0.00
0.00 0.(M

0.00 1.31

0.00 0.00

0.00 0. M

0.00 0.00

0.00 0.33
0.00 0.0o

0.0) 0.00
0.00 0.00
.0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00

0. On 0.33

0.00 3.33 0.33 0.00

0.00 1.67 0.00 0.00

0.00 0.00 0.67 0.33

0.67 0.00 0.00 0.00
0.00 0.00 0.33 0.00

0.00 0.00 0.00. 0.00
0.00 0.457 0.33 0.00
0.00 1.67 0.00 0.00

0.00 0.00 0.67 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

1.67 17,33 22.00 12.33
0.00 0.00 1.33 0.00

0.0o 0.00 0.00 0.33
0.00 2.00 2.00 0.00

2.33 26.67 27.67 13.00

0.00 0.00

o.oo 6.00

0.00 0.34

0.00 0. 00
0.00 0.00

0.00 O. 0o0

0.00 0.00

o.o0 0.00
0.0 - 0.00

1.00 0.00

0.33 0.00

1.33 4.42
0. no 0.00

0.33 0. n0
0.00 0.00

3.00 4.76

0.00 .0.00

0.00 0.n0o

0.34 0.34

0.00. 0.00
0.00 o.o0

0.00 0.00
0.00 0.00
-0.00 0.00

0.00 0.00

1.70 0.00

0.00 0.00

0.68 0.00
0.00 0.00

0.00 0.00
0.00 0.34

2.72 0.67

0.00 0.28

0.00 0.13

o.00 0.16

0.o0 0.08
0.00 0.03

0.00 0.10
0.00. 0.08

0.00 0.13

O.o0 0.05

0.00 0.21

o.oo 0.03

0.00 4.6A
0.00 0.10

0.00 0.05
0.00 0.33

0.00 604

4.4

2.0

2.4

1.2
0.4

1.6
1.2

2.0
0.8

3. 3

_0.4

.72.5
1.6

.3.a
5. 3

L.A



Table D-26

RI•s"lts (F values) of six analysis of variance tests ecmparing larval fish densities among replicates, dates I1I, sites 12), times
(4), on the Susquehanna1 River, 1994 1* = P'0.05, ** = Pc0.01, mid N.S. = not significant).

13) , and depths

SPE S MAMIN EFIECTS. DftANr TION EYFFMCS BARTLETr'S
REPLICATES 1 2 3 4 1 X 2 1X 3 2 X 3 1 X 4 2 X 4 3X4 a

DF 12,206) (12,206) (1,206) (1,206) (1,206) (12,206) (12,206) (1,2061 (12,206) (1,206) 11,206) TEST

MCOUNtED 1.07 161.96"* 0.00"*107.28"* 2.24 3.13"* 10.80"* 1.13 6.35** 7.12 13.53"* N.S.

CX144ON CARP 0.87 733.44** 2.34 47.06** 66.53** 3.72 81.24"* 4.48' 30.67** 0.06 1.27 N.S.

SlIII'AIL SHINER 0.76 138.14"* 6.87*- 1.18 7.64** 3.51"* 0.54 8.55** 3.79** 16.44"* 22.14"* U.S.

r•qTTrFN M(IfI2 2.53 20.32** 0.21 1.67 2.51 0.76 3.03** 0.48 1.54 0:47 32.23** N.5.

U11 "IJACv 0.12 67.96** 0.25 3.24 37.97** 2.39"* 1.88' 0.35 6.70"* 0.04 67.89** N.F.

ITr-FqS A',E Fl) M DI&A 0.86 77.16"* 0.83 381.27"* 1.50 2.64** 43.55** 0.90 3.37** 5.23* 1.91 N.S.

aN.S. indicated that variances among data were adequately homogeneous for significance testing.

I.-
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Fig. D-2

The adjusted total number (sum of the number of fish/10 M3 in each sample)
of larval fish collected at SSES. and Bell Bend on the Susquehanna River,
1978-84.
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Mean density of larval fish (no./10 m3) captured at SSES and Bell Bend
on the Susquehanna River, with daily mean river temperature and flow,
1978-84.



150

FISHES

by

William G. Deutsch, Andrew J. Gurzynski, Brian P. Mangan,
and William F. Gale

TABLE OF CONTENTS

ABSTRACT ..................................................................

INTRODUCTION.............................................................

PROCEDURES
Electrofishing ........................................... ..........

Seining ...............................................................

RESULTS AND DISCUSSION
Electrofishing.......................................................
Seining .............................................................

REFERENCES CITED ........................................................

Page
152

152

153
154

155
157

158

LIST OF TABLES
Table
E-I Descriptions of electrofishing (EL) and seining (SN) sites at

SSES and Bell Bend on the Susquehanna River, 1984. ................

E-2 Fishes that were observed or collected while electrofishing and
seining at SSES and Bell Bend on the Susquehanna River, 1971-84...

E-3 Number of fish observed while electrofishing at SSES and Bell
Bend on the Susquehanna River, 19 March 1984......................

161

162

163

E-4 Number . . . 30 April 1984 ........................................ 163



i51

Table Page
E-5 Number r • • 21 May 1984......................................... 164

E-6 Number . . . 20 June 1984 164

E-7 Number . . 0 July 1984 .... ........................ 165

E-8 Number, . 27 August 1984...................................... 165

E-9 Number . . . 18 September 1984 ................................... 166

E-1O Number . . . 17 October 1984...................................166

E-11 Number . . . 7 November 1984 ..................................... 167,

E-12 Number.. 5 December 1984 ..................................... 167

E-13 Mean number of fish observed per unit effort while electrofishing
at SSES on the Susquehanna River, 1984 ........ ............ 168

E-14 Mean . . . at Bell Bend . . . 1984 ................ ................ 168

E-15 Number of fish captured by seining at SSES and Bell Bend on the
Susquehanna River, 12 June 1984 .................................. 169

E-16 Number • . 17 July 1984........................................ 169

E-17 Number . . . 14 August 1984 ...................................... 170

E-18 Number . . . 25 September 1984 ................................... 170

E-19 Number . . . 15 October 1984 ...................................... 171

E-20 Mean number of fish captured per unit effort in seining hauls
at SSES on the Susquehanna River, 1984............................ 171

E-21 Mean . . . at Bell Bend . . . 1984 ................................ 171

LIST OF FIGURES
Fig.
E-1 The annual mean number of fish observed per unit effort while.

electrofishing at SSES and Bell Bend on the Susquehanna River,
1978-84 ........................................................ 172

E-2 The annual mean number of minnows and darters captured per unit
effort by seining at SSES and Bell Bend on the Susquehanna River,
1978-84 ......................................................... 173



1 152

ABSTRACT

Fish about 10 cm total length and larger were sampled monthly with an

electrofisher at SSES and Bell Bend from March through December. Of the 2,748

specimens observed (24 species and one hybrid), quillback, white sucker,

northern hog sucker, shorthead redhorse, and smallmouth bass composed 61%.

The annual mean number of fish observed per unit effort at SSES (41) was

significantlY greater (P<0.O1) than at Bell Bend (28), mostly due to greater

number of northern hog sucker.

Fish (no size limit) *were sampled monthly with a 7.6-m bag seine at SSES

and Bell Bend from June through October. Spottail shiner, spotf in shiner,

and bluntnose minnow composed 87% of the 1,214 specimens (19 species)

captured. There was no significant difference (P>0.01) in the average number

of fish captured per unit effort at SSES (81.) and Bell Bend (40) in 1984.

No impact of the Susquehanna SES on the fish community at Bell Bend was

detected.

INTRODUCTION

Seasonal fluctuations in species composition and relative abundance of

fishes near the Susquehanna SES were monitored from 1971 to September 1982 to

establish a baseline of preoperational conditions (Ichthyological Associates

1972; Ichthyological Associates, Inc. 1973-74; Buynak and Gurzynski 1976a-b,

1977a-b; Buynak et al. 1978a-b, 1979-82; Deutsch et al. 1983). Prior to 1976,

fish were sampled from several stations, covering about 115 river km (Falls to

Danville, Pennsylvania). From 1976 to the present, the study area was
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confined to one station upriver from the intake structure (SSES) and one

downriver from the discharge diffuser (Bell Bend) (Fig. D-1). The Susquehanna

SES became operational on 1 September 1982. Operational studies began at that

time (Deutsch et al. 19.83, 1984); the objective was to determine if the power

plant had an impact on the fish community at Bell Bend.

PROCEDURES

Electrofishing

The SSES and Bell Bend sampling stations were electrofished at two sites

(east and west river bank). Each site was a 1000-m long (Table' E-1; Fig.

D-1). Sites were sampled within 50 m from the river bank, except during

periods of low river level (less than 148.5 m above msl). During periods of

low river level, sampling was conducted, as close to the river bank as

possible. In one stretch of the riffle at SSES, the river sometimes became so

shallow in summer that we could not approach closer than 100 m from shore,

along the east bank; consequently, the east and west bank runs overlapped in

the-channel, and the same area was sampled twice.

Fish were sampled monthly from March through December, when river levels

at the Susquehanna SES Biological Laboratory were less than 150.3 m above msl.

Turbidity and current velocity are too great at river levels higher than 150.3

m above msl for electrofishing to be effective

The electrofisher was similar to that described by Novotny and Priegel

(1974); it consisted of a 4-KV generator (direct current) and a variable

voltage pulsator in a 6-m flat-bottomed boat powered by an outboard motor.

Fish were sampled once during the day (beginning about 3 hours after sunrise)
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and once at night (beginning about 1 hour after sunset) by moving slowly

downriver with the electrofisher. Sampling sequences were randomly

determined. Each 1,000-m run was considered one unit of effort, and took

about 20 minutes to complete.

Stunned fish about 10 cm total length and larger were identified and

counted by two observers at the bow of the boat. The few specimens which

surfaced near the stern of the boat were identified and counted by the boat

operator. One observer recorded data using a cassette tape recorder while the

sampling run was in progress. Most of the fish that could not be identified

to species in the water were netted, identified, and released; some escaped

and were identified to the lowest taxon possible.

Seining

Fish (no size limits) were collected with a 7.6-m bag seine (6-mm mesh)

at one site near each river bank of the SSES and Bell Bend sampling stations

(Table E-1, Fig. D-1). Samples were taken monthly at each site from June

through October, when river level at the laboratory was less than.149.4 m

above msl. In April and May, the river level was too high for seining.

Seining began about one hour after sunset, and required about 15 minutes at

each site.. Sampling sequences were randomly determined.

To sample, one seine brail was held on the river bank while the seine was

taken into the river to a distance of about 6 m, if not limited sooner by

depth. The brail on the river bank was held stationary while the seine was

pulled upriver and then to shore. Two replicate hauls were made at the same

location at each site. The catches from both hauls were combined and
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considered one 4nit of, effort. Fish were preserved in 10%,formalin. In the

laboratory, all specimens were identified, counted, then separated by species.

and stored in '40% isopropyl alcohol.

RESULTS AND DISCUSSION

Electrofishing

A total of 2,748 specimens of 24 species and one hybrid 'was observed

while electrofishing at SSES and Bell. Bend (Tables E-2 through E-12).

Quillback, white sucker, northern hog sucker, shorthead redhorse, and

smallmouth' bass composed 66% of the total fiumber observed per unit effort at

SSES and 55% at Bell Bend (mean 61%) (Tables E-13 and E-14). Common carp and

walleye were also common at both SSES and Bell Bend. A striped bass x white

bass hybrid (Morone saxzatiZis x M. crysops) was collected at Bell Bend in

September, the first time the hybrid has been collected in the study area. It

was introduced to the 'Susquehanna River (Conowingo Pool) and other rivers and

lakes in the state by the Pennsylvania Fish Commission (PFC) (News Release,

PFC, 18 October 1984).

The mean number of fish observed per unit effort in 1984 (41 at SSES; 28

at Bell Bend; mean 34; Tables E-13 and E-14) was 37% less than in 1983 (64

at SSES; 45 at Bell Bend; mean 54). If only data from months when fish were

sampled in both years (March, May, and July through November) are compared,

the mean number of fish in 1984 (40) was 26% less than in 1983 (54). There

was a reduction in the number of fish in nearly all major groups (Fig. E-1).

Because fewer fish were observed at both stations, it does not seem that the

reduction in numbers at Bell Bend was caused by the Susquehanna SES. In fact,
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the actual number of fish at SSES and Bell Bend may have been similar to 1983.

Construction upriver in New' York State peri'odically caused extremely high

river turbidity in 1984 (see "Physicochemical Analyses") and reduced electro-

fishing effectiveness by impairing the observer's ability to see fish

(discussed by Reynolds 1983). --

The average number of specimens observe4 per unit effort ranged from 8 in

December to 76 in September at SSES, and from 10 in December to 55 in October

at Bell Bend (Tables E-13 and E-14). The mean number of fish observed per

unit effort at SSES (41) was significantly greater (P<O.01) than at Bell Bend

(28); more fish were observedat SSES than at Bell Bend in every month sampled

except December. Significantly more fish per unit effort were observed at

SSES than at Bell Bend in 1983; from 1980 to 1982 differences in mean numbers.

observed at the two stations were not significant (P>0.O1).

Habitat differences between SSES and' Bell Bend seemed to affect the

abundance of certain species. As in previous years, northern hog suckers were

much more numerous at SSES (10 fish/unit effort) than at Bell Bend (3

fish/unit effort), probably due to the preferred riffle habitat and gravel

substrate at SSES East. Scott and Crossman (1973) noted that northern hog

suckers inhabit the riffles and adjacent pools.of warm, clear, shallow streams

with gravel to rubble substrates. Numbers of northern hog suckers, and other

species that inhabit riffles, may have been overestimated at SSES in periods.

of low flow, when east and west bank electrofishing runs overlapped in the

swift waters of the river channel.

The relative abundance of northern hog sucker at SSES has increased

steadily over the last four years, from 3% in 1981 to 24% (the most abundant
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species) in 1984 (Table E-13). The greater abundance of this species at SSES

was the primary reason for the significantly greater numbers of total fish

observed there in 1984. A similar, but less pronounced, increase in numbers

of northern hog sucker has occurred at Bell Bend (from less than 1% in 1981 to

11% in 1984) The general increase in abundance of this species in the study

area may reflect improvement in water quality over the last several years

(Soya et al. 1984). In 1973 (Ichthyological Associates, Inc., 1974), northern

hog suckers were common at the relatively clean-water station at Falls,

Pennsylvania, but were seldom found at SSES.

Results of the 1984 electrofishing study revealed no impact of the

Susquehanna SES on the fish community at Bell Bend.

Seining

A total of 1,214 specimens of 19 species was captured by seining at SSES

and Bell Bend (Tables E-2 and E-15 through E-19).- Of the 18 species at SSES

and 12 species at Bell Bend, spottail shiner, spotfin shiner, and bluntnose

minnow were. most abundant. They composed 90% and 81% of the total catch at
A

SSES and Bell Bend, respectively (Tables E-20 and E-21).

The number of fish captured per unit effort ranged from 8 in October to

214 in June at' SSES, and from 20 in September to 58 in June at Bell Bend

(Tables E-20 and E-21). There was no significant difference (P>O.O1) in the

annual mean number of fish collected at SSES (81) and Bell Bend (40). Many

more fish were captured at SSES than at Bell Bend in June and July, but

numbers were higher at Bell Bend than at SSES in August through October.
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Overall, minnows and darters composed 90% of the total number of fish

collected. Mean number of minnows and darters captured per unit effort in

1984(75 at SSES; 35 at Bell Bend; mean = 55) was 61% less than that found in

1983 (191 and 93 at SSES and Bell Bend, respectively, mean = 142). There was

a reduction in numbers of fish of all majorz species (Fig. E-2). The mean

number of fish per unit effort at both stations in 1984, however, was within

the range of annual means observed during the previous six years. From 1978

to 1984, the annual mean catch per effort of minnows and darters at SSES has

fluctuated randomly (rank correlation = .14; P>0.05), from 54 fish per unit

effort in 1979 to 191 in 1983. Mean catch per effort at Bell Bend has

steadily decreased since 1981, and fell to a level in 1984 similar to those

observed in 1978-80 (Fig. E-2). Because a decline in fish abundance also

occurred at the control station (SSES) in 1984, there is no reason to believe

that low numbers at Bell Bend were caused by the Susquehanna SES.
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Table E-1

Descriptions of electrofishing (EL) and seining (SN) sites at SSES and Bell
Bend on the Susquehanna River, 1984.

Site Location

SSES

EL-i East bank, 130 m upriver from gas-line crossing to 330 m upriver
from a point opposite the center of the Susquehanna SES intake
structure

EL-2 West bank from gas-line crossing to a point 250 m upriver from the
center of the Susquehanna SES intake structure

SN-I East bank, 560 m upriver from a point opposite the center of the
Susquehanna SES intake structure (10 m upriver from the mouth of
Little Vapwallopen Creek)

SN-2 West bank, 400 m upriver from the center of the Susquehanna SES
intake structure (100 m downriver from the boat dock at the

'Susquehanna SES Biological..Laboratory)

BELL BEND

EL-3 East bank, 390 m downriver from a.point opposite'the Susquehanna
SES intake structure to a point 500 m upriver from the mouth of
Wapwallopen Creek

EL-4 West bank, 380 m downriver from the Susquehanna SES intake structure
(170 m downriver from the discharge diffuser) to a point near the
southeastern boundary of PP&L's Wetlands Nature Area

SN-3 East bank, 2.6 km downriver from a point opposite the Susquehanna
SES intake structure, at the launching ramp of the Berwick Boat Club

SN-4 West bank, 1.3 km downriver from the Susquehanna SES intake
structure, near the southeastern boundary of PP&L's Wetlands Nature
Area
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Table E-2

Fishes that were observed or collected while electrofishing and seining at SSES. and
Bell Bend on the Susquehanna River, 1971-84. An asterisk (*) denotes fishes taken in
1984. Names of fishes and the order of listing conform to Robins et al. (1980).

Anguillidae - Freshwater Eels
a Ang•i,•a roat•cta - American eel

Clupeidee - Herrings
AZosa sapidiesiea - American shad
DorosCma cepedianWm - gizzard shad

Salmonnide . Trouts
Coregonue artaedi - cisco
Sabno gairdneri - rainbow trout

* .S. trutta - brown trout

Esocidee - Pikes
* Eeox Zucius - northern pikP
* E. masquinongj - muskelluuge
* E. niger - chain pickerel

E. luoius z E. masquinongy - tiger muskellunge

Cyprinids - Carps and Minnows
Campostowan onu57 - central stoneroller

* Cypr.inu coarpio - comon carp
zoglossem ,caiZ lingua - cutltps minnow
ecomis nimeropogon - river chub

* Notenuigonus crjsolucas - golden shiner
* Notropia awrenuo - comely shiner

N. corutus - comon shiner
* N. hudsoniua - spottail shiner

N. proms - swallowtail shiner
B. rubellua - rosyface shiner

* N. spilopterus - spctfin shiner
* Piaephalea notatue - bluntnose minnow

Rhinichthys atratulus - blacknos. dace
R.. aataractae - longose dace
Snoti~ue atrovulatus - creek chub

. * S. oorporzais - fallfish

Cagostomidae - Suckers
* Carpioden cprirme - quillback•
* Catostu conomersoni - white sucker
* Bypnt."lium nigriocm - northern hog sucker
* Nozosto inac2roepidotwn - shorthead redborse

IctaluLdae - Bullhead Catfishes
* .otalurus cat"e - white catfish

I. nataie - yellow bullhead
* I. ,buloeaua - brown bullhead
* I. puntatu - channel catfish

Noturu inagnt. - qargined madtou

Cyprinodontidae - Killifishes
Fotdu•l• diaphww - banded killifish

Percicbthyidae - Temperate Basses
* Morone Sa=ztilis x N. chrysops - striped bass-white bhse hybrid

Cencrarchidae - Sunfishes
* Amblopitae rupeetris - rock bass
* Lapoeni auritus - redbreast sunfish
* L. oyalLu - green sunfish
* L. gibbosuo - puapkinseed
* L. ftwrochiru - .bluegill
* Micropterus doLomisui - samllmouth bass
* N. salmoides - largemouth bass
* Pmozris anmulaz-i - white crappie
* p, •i•i culatus - black crappie

Percidae - Perches
* Ethaotcoma olmstedi - tessellated darter

E. zonaZe - banded darter
* Pso fluescna - yellow perch

Peraina peltata - shield darter
* Stiaostedion vitremu vitreian - walleye

Cottidae - Sculpins
SCOatfte bairdi - mottled sculpin
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Table E-3

Number of fish observed while electrofishing at SSES and Bell Bend on the Susquehanna River, 19 Miarch .1984.

STATION

SITE

COLLECTION NO.
TIN•E

5SES BELL BEND

EL-I . 'EL-2

JLN-84-003 JLN-B4-005 JLM-84-004 JLM-84-006
1007-1023 1922-1937 1029-1042 1954-2006

EL-3

JLM-84-002 JLM-84-007
0937-0952 2010-2024

EL-4

JL4-04-001 JLM-84-008
0912-0929 2030-2048

SPECIES

MUSKELLUNGE 0 2 0. ,0 0 0 0 0

PIKE SPP. 0 0 0 ,0 1 0 0 0
COPNMO CARP 0 15 1 0 . 0 2 0ý 2
FALLFISH .1 1 0 0 0 2 1 3
20ILLBACK 0 0 0 0 0 3 0 0
WHITE SUCKER 21 45 11 13 12 30 9 25
N3RrHERN HOG SUCKEI 1 1 1 5 0 . 1 0 1
SHDRTHEkO REDOORSE 2 1 4 1 0 0 0 2

SUCKE SPP. 0 0 0 .0 2 0 0 0

LARGENOOTB BASS 0 0 0 0 1 0 0 0
WALLEYE 0 22 0 4 0 0 0
FISH (UNIDENTIFIED) 3 0 2 1 0 .6 0 1

TOTAL 26 87 19 24 16 44. 10 34

Table E-4

Number of fish observed while electrofishing at SSES and Bell.Bend on the Susquehanna River. 30 Aeril 1984.

STATION SSES BELL BEND

SITE EL-i EL-2 EL-3 EL-4

COLLECTION NO. JLN-84-011 JLM-B4-014 JLP4-84-012 JLM-84-013 JLm-84-010 JLK-84-015 JLM-S4-009 JLM-84-01(

TIME 1014-1030 2139-2155 1035-1047 .2117-2133 0941-1001 2159-2215 0914-0933 .2200-221E

SPECIES

NORTHERN PIKE 0 0 0 0 0 0 0 1

PIKE SPP. 0 0. 0 0 0 0 1 0
COPMN CARP 1 0 3 3 . 1 1 10 1

NALLNISH .0 4 a 2 .0 0 0 2

OUILLBACE - 3 7 37 10 0 0 7 3
WHITE SUCKER 0 12 1 10 0 0 1 13
g.,RrIIe' HOG SUCKER 0 1 0 2 0 0 0 2

SB3RrHEhD REOMORSE 7 10 5 18 0 0 -0 7
BROWN BULLHEAD 0 0 0 0 1 0 0 0

ROCXK ASS 0 1 0 7 0 2 1 9
SMkLLiN40TH BASS 0 0 0 3 0 0 1 0
WALLEYE 0 3 0 1 0 0 0 7
FISH (-rIDENTIFIEO) 3 3 5 6 0 2 5 5

7)TAL 14 41 51 62 2 .5 26 50
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Table E-5

Number of fish observed while electrofishing at SSES and Bell Bend on the Susquehanna River, 21 May 1984.

STATION SSES BELL BEND

SITE EL-I EL-2 EL-3 EL-4

COLLECTION N3. JL.4-84-019 JLM-84-022 JLM-84-020 JLM-84-021 JLMi-84-018 JLM-84-023 JLM-84-017 JLMI-84-(
TIME 1005-1023 2153-2213 1034-1049 2132-2146 0922-0941 2224-2245 0855-0914 2252-2"

SPECIES.

BROWN TROUT, 0 0 1 0 .0 0 0 ,0
4USKELLUNGE 0 1 10 0 0 0 0 0
COM-4ON CARP 0 0 0 1 0 0 3 0
FALLFISH 0 4 0 0 0 0 2 1
QUILLBACK 5 7 0 0 0 0 5 0
WHITE SUCKER 0 5 0 0 0 0 1 0
SHORTHEAO REDHORSE 2 5 2 1 0 3 9 -1
SUCKER SPP. 0 4 0 0 0 .0 0 0
BROWN 3ULLBEAD 0' 0 0' 0 a0 0 1 0

CK BASS 0 1 0 0 0 0 1 1
SMALLMWTH BASS 0 2 0 1 1 0 2 1
WALLEYE 0 5 0 1 0 0 3. 0
FISH (UNIDENTIFIED) 0 6 1 0 1 0 4- 1

TOTAL 7 40 4 4 2 '.3 31 5

Table E-6

Number of fish observed while electrofishing at SSES and Bell Bend on the Susquehanna River, 20 June 1984.

STATION SSES BELL BEND

SITE. EL-I EL-2 EL-3 . EL-4

COLLECTION No. JLM-84-029 JLN-84-036 JLM-84-030 JLM-84-035 JLM-84-032 JLN-84-033. JLM-484-031 JL4-84-(
"TI14E 0900-0917 2330-2348 0922-0934 2311-2323 1018-1031 .2149-2203 0937-0954 2211-2-

SPECIES

AMERICAN EEL 0 .0 0 1 0. 0 0 0

NORTHEm•; pIKE 0 0 0 0 1 0 0 0

4USKELLUNGE 0 0 0 0 1 1 1 0
CHAIN PICKEREL 0 0 1 0 0 0 0 0

COMMON CARP 19 13 3 0 3 3 6 1

0UILLBACI 1 0 3 0 0 1 0 1
WHITE SUCKER 2 0 1 2 1 2 2 3
NORTHERNRHOG SUCKER 1 '0 0 0 0 0 2 0
SHORTHEAO REDHORSE 4 5 12 10 2 1 0 3
WHITE CATFISH 1 0 0 0 0 "0 0 .0
CHANNEL CATFISH 0 2 0 0 0 0 2 1
CATFISH SPP. 0 1 0 0 0 0 0 0
ROCK SASS 1 2 2 0 0 1 1 1
PUP W 1NSEED 1 0 0 0 0 0 0 0

BLUEGILL 0 0 0 0 0 1 0 0
SMALLMOUTH BASS 1 2 1 0 2 2 3 0
WhLLEYE 0 6 1 2 0 3 0 1
FISH (ONIDENTIFIED) -. 5 8 3 3 4 6 3 5

TOTAL 36 39 27 18 14 21 20 16
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Table E-7

Number of fish observed while electrofishing at SSES and Bell Bend on the Susquehanna River, 10 July 19e4.

STATION $SES BELL BEND

SITE EL-1 EL-2 EL-3 EL-4

COLLECTION .O. JL'4-84-039 JLM-84-042 JLM-84-040 JLM-84-041 JL4-84-038 3LM-84-043 JLM-84-037 JLM-84-044
TIME 1023-1040 2154-2208 1046-1059 2137-2147 0925-0938 2218-2226 0904-0918 2230-2245

SPECIES

kNERICAN EEL 0 1 0 0 1 0 0 0
WJSKELLUNGE 1 1 0 0 0 0 0 0,
COMION CARP 4 2 2- 0 3 3 4 0
COILLBACK 0 1 0 0 0 2 0 2
MiITE SUCIER 5 2 4. 0 0 4 S .1
NORTHER4 ROG SJCKER 3 0 0 0 0 0 0 0
SRORTHEAD REOHORSE 1 3 4 6 2 2 3 5
CHANNEL CATFISH 0 0 0 0 0 0 0 1
ROCK BASS. 1 0 1 0 2 1 1 0
BLUEGILL. 1 0 0 0 0 0 0 0
S1M4LLMOUTH BASS 4 1 0 1 0 3. 0a 2
SUNFISH SPP. 0 0 0 0 0 0 0 I
YELLOW PERCiH 0 0 1 0 0 0 0 0
WALLEYE 3 4 3 0 1 1 1 . 0
FISH (UNIDENTIFIED) 13 9 1 0 9 "2 5 6

TOTAL 36 24 16 7 is 18 19 18

Table E-8

Number of fish observed while electrofishing at SSES and Bell Bend on the Susquehanna River, 27 August 1984.

STATION SSES BELL BEND

SITE EL-i EL-2 EL-3 EL-4

COLLECTION NO. 8PM-04-055 3P.4-84-058 BPM-84-056 BPM-84-057 BP-84-054 0PM-84-059 BP -84-053 BPM-84-ý06(
TIME 1006-1024 2114-2129 1030-1045 2054-2109 0936-0953 2132-2149 09i3-0929 2157-221!

SPECI ES

NORTHER MPIKE 0 0 0 0 0 1 0 0
CHAIN PICKEREL 0 0 0 0 1 0 a 0
CO:'MON CARP 1 0 0 0 0 2 0 0
FALLPISR 0 "0 1 0 0 1 0 0
QUILLBACK 0 2 0 4 1 3 0 1
WHITE SUCKER 4 6 7 6 3 7 2 2
NORTHERN HOG SUCKER 25 13 47 19 3 7 0 0
SHORTHEAD REONORSE 0 • 0 1 1 1 4 2 0
CRANNEL CATFISH 0 1 0 0 2 1: 0 0
CATFISH SPP. 0 a0 0 0 0 0 0 1
ROCK BASS 0 0 1 1 0 6 1 4
PUMP114SEED- 0 0 1 0 0 1 1 0

LUEGILL 0 3 0 0 0 0 0 .4
34ALLMOUTH BASS 6 6 7 12 2 22 5 6
LARGEMOUTH BASS 0 0 0 2 0 1 0 0.
SUNFISH SPP. 0 1 1 9 1 3 1 •1
BLACK CRAPPIE 1 1 0 0 0 0 0 0
CRAPPIE SPP. 2 0 0 0 0 1 0 0
YELLOW PERCH 1 0 0 1 0 0 0 0
W.LLEYE 1 1 0 1 0 3 0 1
FISH (UNIDENTIFIEO) 11 17 4. 8 3. 14 6 6

?OTAL 52 51 70 64 17 77 18 26
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Table E-9

Number of fish observed while electrofishing at SSES and Bell Bend on the Susquehanna River, '1.8 September 1984.

$rATION SSES .ELL END"

SITE EL-i EL-2 EL-3 EL-4

COLLECTION N3. BPM-84-061 3PM-84-068 BPM-84-062 SP.4-84-067 BPM-84-064 SP14-84-065 BP'1-84-063 BPM-84-066
TIME 0911-0928 2141-2202 0933-0948 2120-2135 1018-1035 2015-2032 0954-1011 2039-2059

SPECIES

CHAIN PICKEREL. 2 0 0 0 .0 0 0 0
C3OMO CARP 1 1 1 ,1 0 2 1 1
FALLFTSH 0 1 5 3 8 -- 1 6 0
2VILLBACK 0 18 0 17 ' 1 4 0 8
WHI"E SUCKER 3 12 1 '9 9 6 8. 0
NORTHERN HOG SUCKER 27 29 13 '37 29 2 7 6
SHORTHEAO REDHORSE 0 1 5 1 4 1 4 0
CHANNEL CNTFISH .0 0 0 2 0 1 0 0
CATFISH SPP. 0 0 0 1 0 1 0 0
STRIPED BASS

X WHITE BASS 0 0 0 0 0 0 0 1
ROCK BASS 0 10 0 5 0 8 0 11
REDBREAST SUNFISH 1 0 1 0 0 0 1 0
PUMPKINSEEO 3 0 0 1 1 0 0 0
BLUEGILL 2 10 1 OD 1 0 0 3
SMALLMOUTH BASS 6 9 4 0 7 7 11 3
LARGER4OUTH BASS '1 1 0 0 0 0 0 0
SUNFISH SPP. 0 3 0 0 1 1. 0 0
WHITE CRAPPIE 0 1 0 0 0. 2 0 0
BLACK CRAPPIE 0 1 0 0 0 0 0 0
CRAPPIE SPP. 0 1 0 0 0 1 0 0
YELLOW PERCH 0 0 0 0 0 0 0 1
WALLEYE 0 8 0 5 2 4 0 4
FISH (UNIDENTIFIED) 9 16 6 6 10 3 6 6

TOTAL .. 55 122 37 Be 73 44 44 44

Table E-10

Number of fish observed while electrofishing at SSES and Bell Bend on the Susquehanna River, 17 October 1984.

STATION SSES BELL BEND

SITE EL-1 EL-2 EL-3 EL-4

COLLECTION NO. BPM-64-079 SP4-84-082 BPM-84-080 3P4-84-081 BPM-84-078 BPM-84-083 9PM-84-077 3PM-84-084
TIME 1007-1026 1959-2018 1032-1047 1934-1952 0937-0955 2028-2043 0911-0931 2054-2115

SPECIES

A?4ERICAN EEL 0 0 0 0 0 1 0 0
COMMON CARP 0 1 1 1 0 0 0 0
PALLFISH 0 1 1 2 7 0 9 0
QUILLBACK 2 7 1 4 1. 4 4 8
WHITE SUCKER 13 4 4 10 2 6 8 8

.N)RrHERI4H3G SUCKER 13 .15 0 48 5 18 19 4
SHORTHEAO REOHORSE 17 28 25 7 3 9 2 9
SUCKER SPP. 0 0 0 0 0 0 1 1
3ROWN 3JLLHE8,D 0 0 0 0 0 1 0 0
CHAINEL CATFISH 2 0 0 0 0 1 1 0
ROCK BASS 1 4 0 1 0 3 0 4
REDBREAST SUNFISH 0 1 0 0 0 0 0 0
PUMP la NSEED 2 0 0 0 1 0 0 0
BLUEGILL 4 1. 1 0 1 0 2 0
S'.LLMOUTH BASS 3 7 I 7 1 1 21 6
LARGOUTH BASS 0 0 0 0 0 0 2 10
SUNFISH SPP. 3 2 0 1 2 0 2 0
BLACK CR'kPPIE 0 1 0 0 0 0 0 0
YELLOW PERCH 1 0 0 0 0 0 0 0
WALLEYE 2 4 0 1 0 1 1 1
FISH (UNIOENTIFIED) 4 9 6 9 7 20 8 4

TOTAL 67 85 40 91 30 65 80 45
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Table E-11

INumber of fish observed while electrofishing at SSES and Bell Bqnd on the Susquehanna River, 7 November 1984.

ST'rTION $SES BELL BEND

SITE EL-1 EL-2 EL-3 EL-4

COLLECTION N13 BSP'-84-087 8BM-84-090 aPN-84-088 aPM-84-089 BPM-84-086 OPM-84-091 BPM-84-085 BPM-84-0f92
TIME 1017-1036 1846-1913 1045-1106 1818-1838 0941-1001 1918-1943 *0912-0932 1952-2016

SPECIES

CO•14ON CARP 1 0 0 1 0 4 0 0

FALLFISB 0 0 0 1 0 1 0 '
2UILLSACK 0 3 0 2 0 2 0 3
WHITE SUCKER 0 9 3 9 7 9 4 3
NORTHERN ROG SUCKER 10 16 25 32• 11 0 4 . 4
S93RTHEAD RED0ORSE 1 4 - 0 7 0 5 3 6

SUCER SPP. 0 2 2. 0 3 3 1 2
CHARNEL CATFISH 1 1 0 0 0 0 0 0

ROCK BASS 0 2 0 6 0 2 1 12
RED3REAST SUNFISH 0 1 0 0 0 0 0 0
PUM•KINSEED 0 0 0 0 1 0 0 0
BLOEGILL 0 1 0 0 1 0 1 0
SM',LLMOUTH BASS 2 0 4 1 3 1 5 3
LARGt40TH 8ASS a0 0 0 0 1 ,0 2 0

SUNFISH SPP. 0 .4 0 . 0 2 3 1 3
WHITE CRAPPIE 0 1 0 0 0a 0 0 0
BLACK CRAPPIE 0 5 0 0 0 0 0
YELLOW PERCH 0 0 0 0 0 1 0 0
W&LLEYE 2 5 0 2 0 3 2 5
FISH (UNIDENTIF!ED) 3 4 2 .10 6 4 .4 9

TOTAL 20 58 36 71 35 41 28 50

Table E-12

Number of fish observed while electrofishing at SSES and Bell Bend on the Susquehanna River, 5 December 1984.

STATION 358S BELL SEND

SITE

COLLECTION 90.
TIME

SPECIES

COM,4ON CARP
WHITE SUCKER
w)3RrHERN HOG SUCKER
SH3 RTHSAO REORD SE
SUCKER SPP.
SA!ALLM'OUJTR BASS
NALLETS
FISH (UNIOVETIFIEO)

EL-I EL-2

8PM-84-0'95 BPM-84-098 BPM4-84-096 0P4-84-097
1117-1136 1832-1853 1141-1157 1809-1826

ML-3 EL-4

BPM-84-094 BPM-84-099 3PM-84-093 3PM-84-100
1017-1035 1857-1915 0952-1011 1921-1938

1
2
0
2
0
0
0
2

7

0
2
0
1
1
1
3
1

1
7
0
0
0

0

0
2
1
0
0
0
0
1

0
2
0
2
0
0
.0
2

1
5

0
4
.3

0
0
0
1
0
0
4

0.7

.0
0
0
0
1

TOTAL 9 10 4 4 19 6 9
TOTAL 9 10 4 4 19 6 9
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Table E- 13

Mean number of fish observed per unit effort while Olectrofishing at SSES on the Susquehanna River, 1984.

SPECIES

MEgRICANEC

am"H P ICKCRI.L

tIXt CAM

WHfITE SUCKER•
tnDInM 9:G SEXIER

SUCKE SPP.

OMISH SIPP.
TOCBSS

FMBWmSn SUm•W SH

PJCRNSWP8L

BASS
WiISH SUP.

MUTE CRAPIE
BLACK OtMIVPX
CRAPPrE SPP•

FMBISS (MlDETIF. )

TOTAL.

MAR APR MAY JUN JUL" AJG SIP NOW DEC MFA I TOTAL

0.0 0.0
0.0 0.0
0.5 0.0
0.0 0.0
4.0 L8
0.5 1.5
0.0 14.3

22.5 5.8
2.0 0.8
2.0 10.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 2.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.8
0.0 0.0
0.0 0.0
0.0" 0.0
0.0 0.0
0.0 0.0
0.0 0.0
6.5 1.0
1.5 4.3

0.0
0.3
0.3
0.0
0.3
L0
3.0
1.3
0.0
2.5
1.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.8
0.0
0.0
0.0
0.0
0.0
0.0
1.5
1.8

0.3
0.0
0.0
0.3
8.8
0.0
1.0
1.3
0.3
7.8
0.0
0.3
0.5
0.3
1.3
0.0
0.3
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
2.3
4.8

0.3 0.0 0.0
0.0 0.0 0.0
0.5 0.0 0.0
0.0 0.0 0.5
2.0 0.3 I0
0.0 0.3 2.3
0.3 1.5 8.8
2.8 5.8 6.3
0.8 26.0 26.5
3.5 0.5 1.8
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.3 0.5
0.0 0.0 0.3
0.5 0.5 3.8
0.0 0.0 0.5
0.0 0.3 1.0
0.3 0.8 3.3
1.5 7.8 4.8
0.0 0.5 0.5
0.0 2.8 0.8
0.0 0.0 0.3
0.0 0.5 0.3
0.0 0.5 0.3
0.3 0.5 0.0
2.5 0.8 3.3
5A. 10.0 9.3

0.0
0.0
0.0
0.0
0.8
1.0
3.5
7.8

19.0
19.3
0.0
0.0
0.5
0.0
1.5
0.3
0.5
1.5
4.5
0.0
1.5
0.0
0.3
0.0

.0.3

.1.8
7.0

0.0
0.0
0.0
0.0
0.5
0.3
1.3
5.3

20.8
3.0
1.0
0.0
0.5
0.0
2.0
0.3
0.0
0.3
1.8
0.0
1.0
0.3
1.3
0.0
0.0
2.3
4.8

0.0 0.05 0.12
0.0 0.03 0.06
0.0 0.13 0.31
0.0 0.08 0.19
0.5 1.96 4.87
0.0 0.68 1.67
0.0 3.35 8.27
3.3 6.18 15.24
0.3 9.63 23.75

08 5.10 12.58
0.3 0.23 0.56
0.0. 0.03 0.06
0.0 0.23 0.56
0.0 0.05 0.12
0.0 1.18 2.90
0.0 0.10 0.25
0.0 0.20 0.49
0.0 0.60 1.48
0.5 2.33 5.74
0.0 0.10 0.25
0.0 0.60 1.48
0.0 0.05 0.12
0.0 0.23 0.56
0.0 0.08 0.19
0.0 0.10 0.25
1.0 2.28 5.61
1.0 " 5.00 12.34

39.5 42.0 13.8 30.0 20,8 59.3 - 75.5 70.8 46.3 7.5 40.53

Table 1-14

Mean number Of fish observed per unit effort while electrofishing at Bell Bend on the Susquehanna River, 1984.

MCRICA.I EEL
N311*Wv pile

Catui PICKERL
PIE SM.
CM"~ CARP
FALLP ISI
Q rLLB~ACx

?DMMMI• HOG SUCKER

S~Mwr, RWIOMS
SEXIER SIP.

CATPuISH SPP.

ST/2IpE BASS X lHl17 BASS

S•C•OI BASF&IEAS SR4FISH

LARQjmG1IB ASS

SLIZISH 522.
WMITE CRAPPIE
MLCIK CRAPPIE
CWAPPIE SPP.
YSLU D PE3FI

FISH p(MxOMFIF!D)

TOMA

PRR APR M.TY JUN JUL AUG SEP

0.0 0.0 0.0 0.0 0.3 0.0 0.0
0.0 0.3 0.0 0.3 0.0 0.3 0.0
0.0 0.0 0.0 0.8 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.3 0.0
0.3 0.3 0.0 0.0 0.0 0.0 0.0
1.0 3.3 0.8 3.3 2.5 0.5 1.0
1.5 0.5 0.8 0.0 0.0 0.3 3.8
0.8 2.5 1.3 0.5 L0 L3 3.3

19.0 3.5 0.3 2.0 2.5 3.5 5.8
0.5 0.5 0.0 0.5 0.0 2.5 U1.0
0.5 1.8 3.3 1.5 3.0 L8 2.3
0.5 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.3 0.3 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.8 0.3 0.8 0.3
0.0 0.0 0.0 0.0 0.0 0.3 0.3
0.0 0.0 0.0 0.0 0.0 0.0 0.3
0.0 3.0 0.5 0.8 1.0 2.8 4.8
0.0 0.0 0.0 0.0 0.0 0.0 0.3
0.0 0.0 0.0 0.0 0.0 0.5 0.3
0.0 0.0 0.0 0.3 0.0 1.0 LO
0.0 0.3 1.0 1.8 1.3 8.8 7.0
0.3 0.0 0.0 0.0 0.0 0.3 0.0
0.0 0.0 0.0 0.0 0.3 1.5 0.5
0.0 0.0 0.0 0.0 0.0 0.0 0.5
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.3 0.3
0.0 0.0 0.0 0.0 0.0 . 0.0 0.3
0.0 L8 0.8 1.0 0.8 1.0 2.5
1.8 3.0 1.5 4.5 5.5 7.3 6.3

OcC

0.3
0.0
0.0
0.0
0.0
0.0
4.0
4.3
6.0

11.5
5.8
0.5
0.3
0.5
0.0
0.0
1.8
0.0
0.3
0.8
7.3
0.5
1.0
0.0
0.0
0.0
0.0
0.8
9.8

NOV

0.0
0.0
0.0
0.0
0.0
1.0
0.3
1.3
5.8
4.8
3.5
2.3
0.0
0.0
0.0
0.0
3.8
0.0
0.3
0.5
3.0
0.8
2.3
0.0
0.8
0.0
0.3
2.5
5.8

DEC MEAN % TOTAL
0.0 0.05 0.18
0.0 . 0.08 0.27
0.0 0.08 0.27
0.0 0.03 0.09
0.0 0.05 0.18

0.3 1.35 4.79
0.0 1.10 3.90
0.0 1.60 5.68
3.0 5.13 18.19
0.0 3.13 11.09
2.3 2.55 9.05
0.3 0.35 1.24
0.0 0.08 0.27
0.0 0.25 0.89
0.0 0.05 0.18
0.0 0.03 0.09
0.0 1.83 6.48
0.0 0.03 0.09
0.0 0.13 0.44
0.0 0.35 1.24
0.0 3.03 10.74
0.0 0.18 0.62
0.0 0.55 1.95
0.0 0.05 0.18
0.0 0.08 0.27
0.0 0.0s 0.18
0.0 0.05 0.18
2.0 1.30 4.61
18 4.70 16.68

26.0 20.8 10.3 17.8 18.3 34.5 51.3 55.0 38.5 9.5 28.18
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Table E-15

.Number of fish captured
River, 12 June 1984.

by seining at SSES and Bell'Bend on the Susquehanna

STATION SSES BELL BEND

SITE SN-1 SN-2 SN-3 SN-4

COLLECTION NO-' JLM-84-027 JLM-84-028 JLM-84-025 JLM-84-026
TIME 2321-2334 2308-2319 2228-2240 2245-2257

SPECIES

CHAIN PICKEREL 0 1 0 0
GOLDEN SHINER 0 0 1 0
SPOTTAIL SHINER 68 7 .0 3
SPOTFIN SHINER 286 6 18 34
BLUNTNOSE MINNOW 3 24 25 9
FALLFISH 1 0 7 0
WHITE SUCKER 0 .4 0 0
SHORTHEAD REDHORSE 0 7 0 0
ROCK BASS 0 13 12 4
GREEN SUNFISH 0 1 1 0
PUMP KINSE ED 0 1 0 0
BLUEGILL 0 1 0 0
WHITE CRAPPIE 3 0 0 0
BLACK CRAPPIE 1 0 0 ,0
TESSELLATED DARTER' 0 0 1 0

TOTAL *362 65 65 50

Table E-16

Number of fish captured by seining at SSES and Bell Bend on the Susquehanna
River, 17 July 1984.

STATION SSES BELL BEND

SITE SN-i -SN-2 SN-3 SN-4

COLLECTION NO. BPM-84-045 BPM-84-046 BPM-84-048 BPM-84-047
TIME 2159-2220 2227-2236 2259-2311 2243-2253

SPECIES

SPOTTAIL SHINER 36 1 3 2
SPOTFIN SHINER 167 28 50 23
BLUNTNOSE MINNOW 3 2 3 4
FALLFISH 0 0 1 0
WHITE SUCKER 3 1 3 0
ROCK BASS 3 2 7 6
GREEN SUNFISH 0 0 0 1
LARGEMOCTH BASS. 1 1 0 0

TOTAL 213 35 67 36

ý I
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Table E-17

N-umber of fish captured by
River, 14 August 1984.

seining at SSES and Bell Bend on the Susquehanna

STATION SSES BELL BEND

SITE SN-] SN-2 SN-3 SN-4

COLLECTION NO. BPM-84-050 BPM-84-049 BPM-84-051-BPM-84-052
TIME 2232-2240 2207-2226 2252-2302 2309-2323

SPECIES

COMELY SHINER 0 3 3 4
SPOTTAIL SHINER 1 8 4 0
SPOTFIN SHINER 56 4 61 12
BLUSTNOSE MINNOW 3 5 5 3
FALLFISH 0 0 4 0
WHITE SUCKER 2 0 0 0
ROCK BASS 1 3 2 0
GREEN SUNFISH 0 0 1 0
SMALL,•CUTH BASS 1 2 0 0
LARGEMOUTH BASS 0 1 0 0
WHITE CRAPPIE 0 1 0 0
BLACK CRAPPIE 0 2 0 0
TESSELLATED DARTER 0 1 0 0

TOTAL 64 30 80 19

Table E-18

Number of fish captured by seining at SSES and Bell Bend on the Susquehanna
River, 25 September 1984.

STATION SSES BELL BEND

SITE SN-i SN-2 SN-3 SN-4

COLLECTION NO. BPM-84-072 BPM-84-071 BPM-84-069 BPM-84-070
TIME 2102-2113 2046-2056 2008-2021 2028-2037

SPECIES

COMELY SHINER 3 0 2 1
SPOTTAIL SHINER 11 1 0 .4

SPOTFIN SHINER 0 1 9 0
BLUNTNOSE MINNOW 2 1 3 13
ROCK BASS 1 . 2 1 2
BLUEGILL 2 0 1 0
SK'ALLMOUTH BASS 1 0 0 0
WHITE CRAPPIE 1 0 0 0
BLACK CRAPPIE 0 1 0 1
TESSELLATED DARTER 0 1 1. 2

TOTAL 21 7 17 23
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Table E- 19

Number of fish zaptured
River, 1, dctober 1984.

by seining at SSES and Bell Bend on the Susquehanna

STATION SSES BELL BEND

SITE SN-l SN-2 SN-3 SN-4

COLLECTION NO. BPM-84-076 BPM-84-075 BPM-84-073 BPM-84-074
TIME 2040-2054 2021-2035 1943-1954 2001-2012

SPECIES

COMELY SHINER 3. 0 0 0
SPOTTAIL SHINER 0 1 0 2
SPOTFIN SHINER 0 1 4 0
BLUNTNOSE'MINNOW 1 1 20 9
WHITE SUCKER 0 0 0 1
ROCK BASS 0 1 0 2
REDBREAST SUNFISH 0 1 0 0
BLUEGILL 2 0 2 1
TESSELLATED DARTER 1 4 1 2

TOTAL 7 9 27 17

Table E-20

Mean number of. fish captured per unit, effort
on the Susquehanna River, 1984.

in seining hauls at SSES

SPECIES JUN JUL AUG SEP OC WAN TOrN.

CHAIN PICKEREL 0.5 0.0 0.0 0.0 0.0 0.10 0.12
a)K.LY SHINER 0.0 0.0 1.5 1.5 1.5 0.90 1.11
SPOTI'AIL SHINER 37.5 18.5 4.5 6.0 0.5 13.40 16.48
SpOIFIN SHINER 146.0 97.5 30.0. 0.5 0.5 54.90 67.53
BLLNINOSE MNINNO 13.5 2.5 4.0 1.5 1.0 4.50 5.54
FALLFISH .0.5 0.0 0.10 0.0 0.0 0.10 0.12
WHITE SUCKER 2.0 2.0 1.0 0.0 .0.0 1.00 1.23

,SIDRVHEAD REDHORSE 3.5 0.0 0.0 0.0 0.0 0.70 0.86
KOCK BASS 6.5 2.5 2.0 1.5 0.5 2.60 3.20
REBREAST SUNFISH 0.0 0.0 0.0 0.0 0.5 0.10 0.12
GREEN SLJNFISH 0.5. 0.0 0.0 0.0 0.0 0.10 0.12
pUWK[N:ED 0.5 0.0 0.0 0.0 0.0 0.10 0.12
BUEGILL 0.5 0.0 0.0 1.0 1.0 0.50 0.62
s1LK BASS 0.0 0.0 1.5 0.5 0.0 0.40 0.49
LARGErlI BASS 0.0 LO 0.5 0.0 0.0 0030 0.37
WHITiE CRAPPIE L5 0.0 0.5 0.5 0.0 0.50 0.62
BLAC CRAPPIE 0.5 0.0 1.0 0.5 0.0 0.40 0.49
TESSELLATEDDAER 0.0 0.0 0.5 0.5 2.5 0.70 0.86

TOITL 213.5 124.0 47.0 14.0 8.0 81.30

Table E-21

Mean number of fish captured per
on the Susquehanna River,. 1984.

unit effort in seining hauls at Bell Bend

SPECIES JUN JUL AUG SEP OCr , EAN % TOTAL

GOLDEN SIUNER
(DMLY SHINER
SpOrmIL SHINER
SPMTCIN SHINER
BLLJNINOSE MINNOW
FALLFISH
W•ITE SUCKER
JOCK BASS

GMEEN SUNFISH
BWEGILL
BLAC CMPPIE
TESSELLATED DARTER

.0.5
0.0
1.5

26.0
17.0

3.5
0.0
8.0
0.5
0.0
0.0
0.5

0.0
0.0
2.5

36.5
3.5
0.5
1.5
6.5
0.5
0.0
0.0
0.0

0.0
3.5
2.0

36.5
4.0
2.0
0.0
1.0
0.5
0.0
0.0
0.0

0.0
1.5
2.0
4.5
8.0
0.0
0.0
1.5
0.0
0.5
0.5
1.5

0.0
0.0
1.0
2.0

14.5
0.0
0.5
1.0
0.0
1.5
1.01.5

0.10
1.00
1.80

21.10
9.40
1.20
0.40
3.60
0.30
0.40
0.10
0.70

0.25
2.49
4.49

52.62
23.44

2.99
1.00
8.98
0.75
1.00
0.25
1.75

C-7 C CI. 49.5 20.0 22.0 40.10
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Fig. E-1

The annual mean number of fish observed per unit effort while electrofishing

at SSES and Bell Bend on the Susquehanna River, 1978-84.
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ABSTRACT

A total of 490 anglers was interviewed during 48 surveys on a 5.5 km

section of the Susquehanna River. near the Susquehanna SES in 1984. These

anglers fished for 1,410.0 hours, caught 583 fish of at least 18 species, and

harvested 221 fish of at least 14 species. Channel catfish was the most

frequently caught fish (25.4% of the total catch), followed by smalimouth bass

(11.8%), walleye (11.5%), rock bass (9.6%), common carp (9.1%), white sucker

(6.9%), bluegill (6.5%), and brown bullhead (6.2%). Of these, brown bullhead

was most frequently harvested-(83.3%). Variations in the number of anglers,

hours fished, and fish caught over time (months and weekend/holiday. or

weekdays) and location (zones and east bank, west bank, or boat) were

significant. Projected for 1984, an estimated 2,942 anglers fished 10,329

hours, caught 4,468 fish, and harvested 1,666 of these. in the study area.

Compared to previous surveys, river angling was suppressed by turbid river

conditions from late June through mid-September as a result of highway

construction in New York.

INTRODUCTION

Seasonal fluctuations in relative abundance of fishes have been monitored

on the Susquehanna River near the Susquehanna SES since 1971 (see "Fishes").

Although this stretch is degraded by acid mine drainages and sewage (Gale et

al. 1976), the water quality has improved in recent years (Soya et al. 1984b)

and interest in river fishing has increased. In 1981, a creel survey was

initiated to document angler usage near the Susquehanna SES (Buynak et al.

1982). A similar survey was conducted during 1982 and 1983 (Soya et al. 1983,

1984a). Results of the 1984 survey are presented in this report.
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-PROCEDURES

Angler surveys were conducted on the Susquehanna River from the southern

tip of Gould. Island to Hess Sand and Stone, Inc. (Fig. F-i). This 5.5-km

study area was divided into six zones to better report angler distribution.

Survey dates included two randomly selected weekend -days or holidays

(weekend/holiday) and two weekdays in each month. On each date, day length

(sunrise to sunset) was divided into three equal time periods, and one survey

was conducted within each period. The start time for, each period was

determined by dividing the first time period into equal intervals of no less

than 45 minutes and no more than 60 minutes. There were from four to six

intervals per time period depending upon day length. One of the intervals was

randomly selected, and the first minute of that interval was the start, time.

The same interval was, used to select start times in the other two periods.

The only exception occurred on 10 May when the first survey was started at

0825 instead of 0746;, the other two surveys were started on time. Surveys

were conducted for at least one hour during each time period by a biologist.

The following information was obtained from anglers: 1) time fishing

began; 2) species fished for; 3) number and species of fish caught, released,

and harvested; 4) use of catch; 5) bait used; and 6) county or state of

residence. The interviewer also recorded the time of the interview and the

location of each angler (zone and east bank, west bank, or boat). At the

conclusion of an interview, each angler was given a questionnaire (stamped

postcard preaddressed to the Susquehanna SES Biological Laboratory) to obtain

the time -fishing ended and final catch and harvest data. Anglers were

requested to return their cards even if they did not catch any fish. As an



178

incentive to return the questionnaire, anglers were informed that each

completed questionnaire was eligible for three cash prizes ,in an annual

drawing.

Data from both complete and incomplete fishing trips were used to

estimate the number of, anglers in each month. A fishing trip, defined as time

spent fishing on the river, was considered complete when an angler'or group of

anglers was either interviewed at the end of fishing or when fishing continued

after the interview and _their completed questionnaire. was returned. An

incomplete trip was when an angler or group of anglers continued to fish after

the interview, but did not return their questionnaire. Data from complete and

incomplete fishing trips were grouped to obtain angler estimates (EA) for each

month using the formula:

EA = (MWe) (Twe) + (Mid) (Twd)

where Mwe = mean number of anglers (complete and incomplete trips) interviewed

per weekend day or holiday each month, Twe = total number of weekend days and

holidays each month, Mod = mean number of anglers (complete and incomplete

trips) interviewed per weekday each month, and TWd = total number of weekdays

each month. The annual estimate was then obtained by summing the monthly

estimates.

Complete and incomplete fishing trips were also used to estimate the

total number of hours fished (EH) using the formula:

EH =Z [[H(C + A(I).
i=1 A (C). AM.
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where H(C). = total number of hours fished by tomplete trip anglers in month

"i", A(C)- total number of complete trip anglers in month "i"H 1(I) = total

number of hours fished by incomplete trip anglers in month "i" 3 AfI) total

number of. incomplete trip anglers in month "i", while EA(C)i and EA(I)i

represent estimated anglers for complete and incomplete trips, respectively,

in month "i". Total fishing time for incomplete trips (time from start of

fishing to time of interview) was doubled with the assumptiop: that anglers

were. contacted during the midpoint of their fishing trip. We found, as did

DiCostanzo (1956). and Groen and Schmulbach (1978), that doubling incomplete

trip time produced data comparable to that of satisfactory estimates of

complete fishing trips.

The monthly estimated number of fish caught and harvested was determined

by multiplying mean monthly survey values by the estimated number of hours

fished (EH). The annual estimate was the sum of monthly estimates. These

estimates are conservative because interviews were only conducted from sunrise

to sunset on each survey date, and, 'therefore, night anglers were not

included. Survey data were analyzed using Friedman's two-way, analysis of
£

variance (Hollander and Wolfe 1973) to determine if the variation in numbers

of anglers, hours fished, fish caught., and fish harvested over time (months,

weekend/holiday, or weekdays, and time period) and location (zones and east

bank, west bank, or boat) was significant.

RESULTS AND DISCUSSION

There were 490 anglers interviewed (267 complete trips and 223 incomplete

trips) during 48 surveys throughout 1984 (Table F-i). These anglers fished

for 1,410.0 hours, caught 583 fish of at least 18 species, and harvested 221
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fish of at least 14 species (Table F-2). Mean survey values in 1984 were 1.2

fish caught per angler, 0.5 fish harvested per angler, 2.9 hours fished per

angler, 0.4 fish caught per hour, and 0.2 fish harvested per hour.

Eight species composed over 86% of the total catch and over 93% of the

total harvest (Table F-2). Channel catfish was the most frequently caught

fish (25.4%), followed by smallmouth bass (il.8%'), walleye (11.5%), rock bass

(9.6%), common carp (9.1%), white sucker (6.9%), bluegill (6.5%), and brown

bullhead (6.2%). Of these, brown bullhead was most frequently harvested

(83.3%), followed by white sucker (60.0%), walleye (53.7%), bluegill (47.4%),

channel catfish (37.8%), rock bass (35.7%), smallmouth bass (21.7%), and

common carp (15.1%). This was the first survey year in which walleye and

smallmouth bass did not compose over one-half of the total catch. There were

more white sucker, brown bullhead, channel catfish, rock bass, sunfish

(Lepomis spp.), and yellow perch caught in 1984 than in the three previous

surveys; fewer muskellunge, smailmouth bass, and walleye were caught in 1984

than in the previous surveys.

A majority of the anglers (63.3%) stated they would eat at least a

portion of their catch (Table F-3) even though only 37.9% of the fish caught

in 1984 were harvested. Anglers did not harvest more than 28% of the fish

caught in any of the three previous surveys. Most anglers (50.2%) stated they

had no preference of catch when asked what species they fished for (Table

F-3). More anglers fished for gamefishes (muskellunge, smallmouth bass, and

walleye) than for catfishes, common carp, or suckers. There was an increase

of catfish anglers in 1984 when compared to the two previous surveys and a

decrease in gamefish anglers. Over 87% of the anglers interviewed were from

Luzerne and Columbia counties.
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Significantly more anglers (P<O.O1) were interviewed in the third time

period (48.6%) than in the first (18.4%) or second (33.1%) period (Table F-i).

More fish wer~e caught (272) and harvested (118) in the third time period, but

the catch. rate was greatest in the first period (1.3 fish per angler),.

Anglers fished longer(3.7 h/angler) in the first time period than the second

(3.1 h/angler) or third period (2.4 h/angler)..

There were significant monthly differences (P<0.05) in the number of

anglers and hours fished (Table F-4). No anglers were interviewed in January

because river ice discouraged fishing. Over 62% of the total number of

anglers, hours fished, and fish caught were recorded from May -through

September (Table F-2). During this time, most anglers (62.7%) had no

preference of catch (Table F-3). More species-were caught (at least 15)

during these five months than in the remainder of the year.

Significantly greater numbers of anglers (P<0.01), hours fished (P<O.01),

fish caught (P<0.01), and fish harvested (P<0.05) were found on weekend/

holidays than weekdays (Table F-4). Of the total number of anglers, 77.1%

were interviewed on weekend/holidays when they accounted for 81.6% of the

total hours fished, 76.2% of the fish caught, and 67.4% of the fish harvested.

More anglers (74.7%) fished from.the river banks than from boats (Table

F-5). Comparison of angling data from the east bank, west bank, and boats

revealed significant differences (P<0.01) in the number of anglers, hours

fished, fish caught, and fish harvested (Table F-4). Over 94% of the river

bank anglers were observed and interviewed on the east bank, probably because

of *easier access. Anglers along the east bank in zones 1, 5, and 6 have good

access from PA Route 239 and Legislative Route 665 (Fig. F-i). Along the
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entire west bank, access is limited by either private propertyor a 300-700 m

walk to reach the river. Bank anglers on both sides of the river are also

hindered by steep and sometimes slippery banks, over-hanging trees and brush,

and poison ivy. Boat angling is limited by the lack of a public launch site.

Comparison of angling data in each of the six zones revealed significant

differences. (P<0.01) in the number of anglers, hours fished, fish caught, and

fish harvested (Table F-4). Zones 5 and 6, both of which are readily

accessible along the east bank, accounted for 81.8% of the anglers

interviewed, 77.3% of the hours fished, 62.1% of the fish caught, and 58.4% of

the fish harvested (Table F-6). Considerably less fishing occurred in zones I

through 4, and there was no significant differences among them.

Fewer anglers were interviewed in 1984 than in the three previous

surveys; however, they harvested more fish and, on the average, fished longer

(Table F-7). The decrease in anglers interviewed can be attributed to

generally poor angling conditions in most months from January through

.September. Ice prohibited angling in January and early February; high, turbid

flows occurred in February, .April, and May; and suspended sediment discolored

the river from late June through mid-September. The suspended sediment was

the result of major highway reconstruction on the Chemung River in New York

State, a major tributary of the Susquehanna River (Stanley J. Lehman,

Pennsylvania Department of Environmental Resources, personal communication).

The turbid conditions in June,. July, August, and September 1984 had an

effect on river angling relative to data collected during the same months of

the previous surveys. Fewer anglers were interviewed in this four-month

period (228) compared to 279 in 1981, 375 in 1982, and 306 in 1 1983.
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In 1984, 21.1% of the anglers said they fished specifically for gamefishes

whereas 32.5% and 32.4% did in 1982 and 1983, respectively. Smallmouth bass,

the primary gamefish sought after during these months in previous surveys,

accounted for only 19.2% of the total catch in 1984 compared to 51.6% in 1981,

48 .4% in 1982, and 44.0% in 1983. Also, a higher 'percentage of anglers

interviewed during this four-month period in 1984 fished specifically for

catfishes (17.1%) compared, to 7.7% in 1982 and 6.5% in 1983. This increased

effort resulted in a greater catch of catfishes in 1984 (105) than in the same

period in 1981 (70), 1982 (60), and 1983 (55).

Projected for 1984, an estimated 2,942 anglers fished 10,329 hours,

caught 4,468 fish and harvested 1,666 of these in the study area (Table F-8).

The estimated.number of fish harvested in 1'984 was greater than in the three

previous surveys; however, the estimated number of anglers and hours fished in

1984 were lower than the other surveys. River conditions, unrelated to the

.operation of the Susquehanna SES, -are attributed to the low numbers of anglers

fishing in the study area in 1984. Anglers are usually discouraged by river

ice, high flows, and. high turbidity, all of which were prevalent at times in

1984. On the average, the catch and harvest per angler (1.2 and 0.5 fish,

respectively) were greater than in previous surveys and the mean fishing trip

length (2.9 h/angler) was longer (Table F-2).
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Table F-I

Ang ler survey data collected on the Susquehanna River, January through December 1984.

1M JA 10 JAN 20 JA 21 JAN

TIM PERIOD I 2 3 1 2 3 1 2 3 1 2 3
START TIME 0729 1034 1339 0817 1125 1434 0725 1039 1353 0900 1216 1530
RIVER LEVEL 149.16 149.15 149.16 148.73 148.73 148.73 148.82 148.85 148.82 14a.82 148.85 148.a2
4A1TR TE*PEMM.JRE 0.0 0.0 0.0 0.1 0.2 0.2 0.0 0.0 . 0.2 0.0 0.0 0.1
AIR TC1-PwJ -11.0 -7.0 -3.0 0.0 *1.5 1.0 -22.5 -14.0 -11.0 -25.5 -15.0 -15.0

NO. PER TIME PERIOD

ANEIG0 0 0 0 0 0 0 0 0 0 0 0

CATE3 FEB 9 FEB 12 FEB 20 FE

TIMEPERIO 1 2 3 1 2 3 1 2 3 1 2 3
SrART TIM 0944 1307 1631 0941 1310 1638 0703 1034 1405 0652 1030 1407
RIVER LEVEL 148.67 146.67 146.67 149.00 148.94 148.97 146.85 148.86 148.88 151.90 151.84 151.78
WATmER TISEp.NIE 0.2 0,6 0.5 0.1 0.9 0.6 1.3 1.7 1.7 3.4 3.5 3.6
AIR T•MEPA•MJI 2.0 8.0 5.0 1.0 5.0 5.0 3.0 5.0 11.0 6.0 6.5 7.0

43. PER TIME PERIOD

ANCLEMS
FISH a'karr
FISH 1IWRVSTE
milks FISHED

CkCA~i)NGLER
H?JUES/TAXJER
FtURSANQMER

WMEVSTA3UR

WHITE SUIE
SUCER SHP.
8POMI BUtLEEAD

WALLMT

0 0 2
.4

4
4.5
2.0
2.0
2.3
0.9
0.9

0 11 22
16 27

3 15
47.3 93.0

1.5 1.2
0.3 0.7
4.3 4.2
0.3 0.3
0.1 0.2

0 ti
3R 2H S
IR 0
0 7H 4R
0 0
0 0
0 3H. AR

3H 9R M 2R

3 7 8
0 7 11
0 0 10

3.0 29.4 17.1
0.0 1.0 1.4
0.0 0.0 1.3
1.0 4.2 2.1
0.0 0.2 0.6
0.0 0.0 0.6

0
0

0
0
0
4H

0
.0

0
a
.0

0
0
0

I. 0
2. 214
0 0
0 2-4 . 1R
4R 0
0 6H1
0 0
0 0

D6 MR 16 PR 17 PA 24 MR

TIM PERIOD 1 2 3 1 2 3 1 2 3 1 2 3
Sn• TIM 0729 1119 1509 0614 1013 1413 0838 1238 1636 0918 . 1324 1731

RIVER LEVE 149.37 149.37 149.37 148.94 148.94 148.94 148.97 148.97 146.97 1350.80 150.77 150.74

WN EMPEA%7w LO 1.0 1.4 1.8 2.1 2.6 2.4 2.8 3.0 2.8 3.2 3.4
AIR TEkIURE 1.0 3.0 2.0 4.0 14.0 13.0 -L0 2.0 4.0 1..0 10.0 9.0

N3. PER TIM PERIOD,

ANGUS
FISH fGvi"
FISH HAXVER'1E3
ID3MS-FISHED

RARVEN/NGER
R3/RSANLER

HARMSAMR

SPECIES 0BUGHT

MUS&IANEcam CwUI

WHITE CR
ERMl SULLEMI
CRANHI. CASYIS

0 4 5
5 2
0 2

7.3 18.3
1.3 0.4
0.0 0.4
1.8 3.7
0.7 0.1
0.0 0.1

0 0 4
0
0

8.8
0.0
0.0
2.2
0.0
0.0

0 3
0
0

6.6
0.0
0.0
2.2
0.0
0.0

2
15
15

7.0
7.5
7.5
3.5
2.1
2.1

0
0

159
0
0
0

11 2
18 1
12 0

27.2 3.5
1.6 0.5
1.1 0.0
2.5 1.8
0.7 0.3
0.4 0.0

0
0
0
0
2R
3R

20
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

2P 0
0 1R
0 0
714 0

SH 3R 0
1R 0
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Table F-i (cont.)

BOWE 5 APR 15 APR 28 APR 30 APR

TIME PEM1 2 3 1 2 3 1 2 3 1 2 .3
START TIMl 0724 1142 1600 0619 1045 1511 0947 1325 1802 0603 1042 1521
RIVER LEVEL 151.38 151.69 152.14 150.35 150.41 150.41' 150.38 150.32 150.28 150.01 149.98 149.9k
V TEPEAIjURE 5.5 5.5 5.3 8.0 8.0 8.2 10.3 10.6 10.9 12.9 12.9 13.'
AIR TDERMJd= 17.0 18.5 15.5 10.0 11.8 .13.0 16.5 20.5 18.0 15.0 17.0 I 20.(

40. PER TIM PERIM

N RS0 0 0 0 2 2 5 3 4 0 1
FISH OW@ur 0 15 15 1 26 1
FISH O.WES= 0 1 2 0 11 1'

9URS PISHED 3.5 6.0 10.5 6.4 , 6.7 0.2
0.0 7.5 3.0 0.1 .5 1.0

- REST/AN1.ER. 0.0 0.5 0.4 0.0 2.9 1.0
HJ RS/NCGL ER 1.8, 3.0 2.1 0.8 1.7 0.2
CACH7,IODR 0.0 2.5 1.4 0.2 3.9 6.0
Hh"EST• rR 0.0 0.2 0.2 0.0 1.7. 6.0

SPECI ESCUGIT

"CXVV Our 0 SR SR 0 0 1H4
RIVER 087 0, 0 0 1R 0' 0
mm sa"• R 0 0 6R 0 0o 0
wiTE c0TISH 0 0 114 0 0 0
BROW4 BUU,[F, AD 0 1H 0 0 0 0
CMWEL. CATFISH 0 9R 1H IR 0 -11 ,3
RXC8 3 AM 0 0 l1R 0 0 0

DAT 3 MkY 12 MAY 1 M.Y 27 MAY

TIME PERIO 1 2 3 1 2 3 1 2 3 1 2 3
START TIM 0943 1425 1906 0548 1036 1524 0936 1427 1918 0933 1430 1926
uRIV LE M 149.64 149.64 149.64 150.04 149.96 149.92 151.23 151.17 151.11 149.89 149.83 149.8
WATER T EMP TURE 13.2 13.1 12.9 12.6 12.5 12.8 10.6 10.7 10.9 17.4 17.9. 18.
AIR TEPERM'TURE 11.0 IL5 11.5 16.8 20.0 18.0 8.5 12.0 9.0 23.5 24.0 23.

NO. PER TIE PERIOD

FISH HA14VE11R

RomTIs•m
HARVETOUNLBASSHOMANULE1
=.W.: am

WHITE StrIER

S 1'I UR•P.

FSUKR (UIDrJPII •

HOW BULLM

BUIEGILL
SmhLUm0UrH BASS
SUmNFSH UPP.
YELLVA PERCH
WALUEV
FISH (UN4IDENTFIED~)

0 .2
0
0

2.0
0.0
0.0
1.0
0.0
0.0

0 2 4 9
2 0 1
0 0 . 0

9.9 7.2 11.1
1.0 0.0 0.1
0.0 0.0 0.0
5.0 1.8 1.2
0.2 0.0 0.1
0.0 0.0 0.0

1 2 3
2 0 2
1 0 2

4.0 3.8 10.5
2.0 0.0 0.7
1.0 0.0 0.7
4.0 1.9 3.5
0.5 0.0 0.2
0.3 0.0 0.2

0
0
0
0
0
0
0
0
0
0
0
0

0 0 1R
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
2R 0 0
0 0 0

.R 0
0 0
0 .0
0 0
I 0
0 0.
0 0
0 0
0 0
0 0
0 0
0 0

15 21
19 20

1 10
74.2 53.2 32.
1.3 1.0 0.
0.1 0.5 0.
4.9 2.5 1.
0.3 0.4 0.

<0.1 0.2 0.

1H SR iR
0 4R (
oR 0 4
0 I
2R 0
0 3a 2R
0 4IH 1R
0 i1R i
0 24 i
1R 0
2R 0
7R 0

0
0
0
0
0
0
0
2H
0
0
0
0
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Table F-1 (cont.

DATE 8 JUN 10 JU4 16 JU!; 21 J0l

TIrPEM 3 1 2 3 1 2 3 1 2 3 1 1 3
srAaT ri.me 0852 1354 1356 0711 1213 1715 0530 1033 1536 0851 1355 1859
RIVER LEVE 149.43 149.43 149.34 149.13 149.13 149.13 148.91 148.91 148.88 149.64 149.59 149.49
VATER 'TEME:RXU 19.9 20.6 21.0 22.2 23.2 23.7 21.4 21.8 22.7 21.5 22.2 22.0
AIR TEMPERNTUR 27.5 34.0 27.0 22.5 35.0 35.0 7.0 23.0 26.0 21.0 27.0 24.0

',3. PER TIM.E P'.•M0D

AMQGm 0 0 15 9 11 4 4 10 7 3 0 1
FISH t."3Q 30 5 23 2 15 10 4 1 2
FISH ALRVEST0 25 4 3 0 0 3 3 1 0
10093 FISE0 44.0 38.0 33.5 10.2 44.0 74.1 18.7 2.7 10.6

CkTMAIGLER 2.0 0.6 2.1 0.5 3.8 1.0 0.6 0.3 0.2
SkRVESTANGE 1.7 0.4 0-3 0.0 0.0 0.8 0.4 0.3 0.0

RSNiA ER 2.9 4.2 3.0 *2.5 11.0 7.4 2.7 0.9 1.2
Mrm/MUR 0.7 0.1 0.7 0.2 0.3 0.1 0.2 0.4 0.2
SMSTA/1 0.6 0.1 0.1 0.0 0.0 0.1 0.2 0.4 0.0

CD:'T4 CkRP 19 In 0 0 0 IR IR in 0 0
FALNJIS- 1H 0 0 0 0 0 0 0 O
SUCER SPP. 0 0 0 0 4R 0. 0 0 0

ROM14 3LU
7

LtqDA 2H- 0 0 0 in 0 0 0 0
4IA'REL 0•Tf ] 73 0 31 0 A6 In Zi 0 0

ROCK 3ASS 10H1i1 4H 7R 0' 0 0 0 a i1
BWELGLL 2H- 0 0 0 0 0 0 0 0
S• s ).'UTR BASS 3R 0 13R 2R IR 6*1. 0 -I in
YELLWPER .0 1R 0 0 0 0 11H 0 0
WALLEM 2H 0 0 0 2R 21H 0 0 0

6 J a JUL le Jut 22 3JUL

'M PERIOD 1 2 3 1 2 3 1 2 3 1 2 3
Si"•r 'ftme 0858 1359 1900 0947 1448 . 1949 0942 1438 1933 0648 1142 1636
RIVR LEVEL 149.00 148.97 148.97 150.53 150.53 150.53 148.82 148.88 148.85 148.70 148.70 148.70
WATE 1 wrEM RUE 22.0 22.3 22.4 19.8 20.1 20.0 25.3. 25.7 25.6 22.8 23.5 24.0
AIR TCP.,9"UM 24.0 26.5 27.0 *2L0 24.0 19.0 18.5 21.0 22.0 15.0 23.0 24.0

MD. PE TIME PERIO

PZSH HARlVES7
FOURS FISHED
HARIESMTANLER

CTTC•,/•UR

WMESUR

OIAI1 PICKERE

SRINCR Sp.
-i tem Spp.
96 SUCKER

REDBREAST SUiNI SH
PUMKINSEED

SAWt47'11 BASS
SUNFISH Spp.
YELLOW PEroo

0 0 10
3
0

9.7
0.3
0.0
1.0
0.3
0.0

4
1
0

8.0
0.3
0.0
2.0
0.1
0.0

0
0
0
0
0
0
0

0
0
in
19
0
0

0
0
0
0
0
0
1R
0
0
0
0
0
0
0

0 3 7
15 15
11 6

12.0 27.8
5.0 2.1
3.7 0.9
4.0 4.0
1.3 0.5
0.9 0.2

0 0
0 0
2R 0
0 0
1R 0
70 11
0 2*" 4R
0 2H 2R
0 0
2H 0

• 13 in
0 132R
0 0
0 0

6 4 8
5 i2 15
2 8 3

31.8 19.0 24.0
0.8 7.0 1.9
0.3 2.0 0.4
5.3 4.8 3.0
0.2 1.5 0.6
0.1 0.4 0.1

0 1R 0
0 0 4R
0 0 0
0 6R 0
0 0 0
0 0 I1
21- In 0
0 1R 0
0 3R 0
0 3R 0
0 SH 4R 0
3 1R 1 2R1
0 0 6R
0 0 1H
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Table F-1 (cont.)

DAM 12 NAG

TIM PERIOD 1
SrARI TIM 0858
RIVER LEVE 148.5,
WATER TEWEMITVRE 24.3
AIR ETEMPE JRE 21.!

NO. PER TIP PERIWD

ANGLERS 3

FISH 00 rFF 2
FISH m"iVem 0
9M PISIHE 17.1
ChIMANGLER 0.7
HARVES/ANGQ.ER 0.0
H3JRS/ANG6.ER 5..7
CAB3UR 0.1
HA DUFqR 0.0
SPECIZES CAUGTI'

Ccolt CAR 0
mKnIPE SPp. 0
H1OWP 8B1LLEAD 0
CHANNEL CVkT ISH 0
ROCK BA 2R
P',ummNSIED 0
BUIEGILL 0
SieLjcnii BASH 0
LAtGODUTH BASS 0
SUNFISi SPP. 0
YIELLOA PERI 0
WALL=* 0
FL98 (UNIDENTIFIE) 0

2 3
1338 1815

5 148.52 148.52
3 25.0 25.0

25.0 22.0

20 AUG 22 AUG

1 2 1 2 3
0806 1239 1713 0619 1051 1523

149.04 149.00 148.97 149.10 149.04 149.00
22.0 22.8 22.9 21.4 21.9 22.7
12.5 17.0 18.5 7.5 23.0 25.0

26 AUG

1 2 3
0900 1328 1757

148.76 148.73 148.73
21.9 23.1 23.0
10.5 23.5 23.0

5S 12
4 36
0 8

17.8 31.2
0.8 3.0
0.0 0.7
3.6 2.6
0.2 1.2
o.'0 0.3

0 4R
0 0
0 2H 2R
0 3a St
0 9R
0, 0
3R 0
i2 4R
0 18 2
0 0
0 0
0 2H 2a
0 0

6
31

15.8

5.2
1.3
2.6
2.0
0.5

0
0
0

818 23R
0
0
0
0
0
0
0
0
0

0 2
0

' 0,

0.2
0.0.
0.0

*0.1
0.0
0.0

0
0
0
0

*0
0
0
0
0
0
0
a '
0

3 1
4 1
4 0

A1.0 3.5
1.3 1.0
1.3 0.0
3.7 3.5
0.4 0.3
0.4 0.0

0 0
0 0
0 0
4H 0
0 0
0 01
0 0
0 I1
0 0
0 0
0 0
0" . 0
0 0

7
8

5
28.5

1.1
0.7
4.1
0.3
0.2

0
1H5
0
2R
IH
1R.
21H
0
0
1H1
0
0
0

*4 19
3 13
0 4

6.2 59.9
0.8 0.7
0.0 '0.2
1.5 3.2
0.5 0.2
0.0 0.1

0 11
.0 0
0' liP 3

0 2H 3B
0 0
0 Q
IR 2R
0 .2R
0 0
0 0
11 0
0 1IS
115 0

5 SEP a SEP 1 SEP 1i SEP

TIME PERIOD 1 2 3 1 2 3 1 2 3 1 2 3
STIM 0616 1235 1654 1001 1417 1833 0912 1322 1732 0646. 1054 1502
uIVER LEVE 148.43 148.46 148.46 148.49 148.49 148.49 148.33 148.33 146.33 , 148.49 148.49 148.49
NM TEM '1BU 21.2 22.3 22.2 19.2 20.7 20.0 1800 19.7 19.7 17.0 17.8 19.2

AIR TDIPElM• 7.5 15.0 16.0 15.0 20.0 18.0 3.5 13.0 12.0 1.5 14.0 18.0

10. PeR TIM PERIOD

ANG.,ERS
FISH CAUGHT
FISH RVNE91`80
HURiS FIH

Ot"ANJGLO

WOURAWUR

HARVESTOhWR

S.EP14 8UILHMDq
SOWICE O00Y1S

8WEILL
SNRUM31OTH SASS
IAKEPCJTH BASS
SUNFISH SPP.
WALEVE

2 11
0 12
0 0

7.2 18.5
0.0 1.1
0.0 0.0
3.6 1.7
0.0 0.6
0.0 0.0

10 2 7 2 8 8
7 0 9 0 1 3
0 0 0 0 1 0

31.7 2.8 17.4 8.0 27.4 26.8
0.7 0.0 1.3 0.0 .1.4 0.4
0.0 0.0 0.0 0.0 0.1 0.0

.3.2 1.4. 2.5 4.0 3.4 3.4
0.2 0.0 0.5 0.0 0.4 0.1
0.0 0.0 0.0 0.0 <0.1 0.0

0 0 2
0
0

1.7
0.0
0.0
0.8
0.0
0.0

0
0
0
0
0
0
0
0
0

0
0
3R
I.
2R
2R
0
4R
0

0 0
0 0
0 0
1R 0
0 0
3R 0
2R 0
0 0
1R 0

0
A15
0
0
4R
0
0
0
0

0 1A 0
0 0 0
0 0 0
0 0 2R
0 0 0
0 .10 3 0
0 0 0
0 0 0
0 0 iR

0
0
0
0
0
0
0
0
0
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Table 7-1 (cont.)

DATE 13 OCT 21 OCT 22 OCT 240Cr

TIM PERIOD 1 2 3 1 2 3 1 2 3 1 2 3
START TIM 0906 1251 536. 0722 DO 1438 0723 1100 1437 0725 1100 1435
RIavR LEVcL 148.24 148.24 148.24 148.21 148.21 148.21 148.21 148.21 148.21 148.33 148.33 148.36
WTER TEWERAIURE 15.2 16.4 17.2 15.8 *16.3 16.9 17.0 17.1 17.8 35.5 15.6 16.0
AIR TEPMRATJRE 9.5 16.5 18.0 18.5 21.0 25.5 19.0 23.5 19.0 13.0 16.0 16.5

NO. PER TIVE PERIOD

AYoGL . 1 4 1 4 0 8 0 1 0 0 0 0
F19H otU 2 0 2 2 4 0
FISeH MRVES'E,. 0 0 2 2 3 0
HOJRS FISHlE 3.5 12.5 3.1 9.3 12.3 2.0
CA ER 2.0 0.0 2.0 0.5 0.5 0.0
VA,,ESI/MGAR 0.0 0.0 2.0 0.5 0.4 0.0

SHP(M/ANQZR 3.5 3.1 3.1 .2.3 1.5 2.0
cAIL4A 0.6 0.0 0.6 0.2 0.3 0.0
HARVESrL/HDR 0.0 0.0 0.6 0.2 0.2 0.0

PECI ES OGHIIT

OW"l CAN IR 0 0 0 11 0
NBOW BUIL.HED 0 0 0 0 211 0
CHANNELkTPISH I.R 0 0 2H 0 0
ROCKASS .00 0 .0 0 1R 0
SNUiCOTHBASS 0 0 • B 0 o0 0

0 0 1B 0 0 0

DT 3 NOW a NOW 11 NOV. 29 NOV

TIME PEW0 1 2 .3 1 2 3 1 2 3 1 2 3
SM lTINE 0730 1056 1423 0824 1147 1520 0916 1237 1558 0707 1017 1327.
RIVER LEVM. 148.43 148.43 148.43 148.49 148.49 148.52 148.55 148.55 148.55 148.49 148.76 148.79
WCER TEPE'•PVRJ 12.3 13.1 13.6 9.1 10.0 10.0 9.5 9.7 9.8 6.4 6.4 6.8
AIR TEM'AXTURo -3.0 5.0 9.0 -3.0 6.5 9.0 11.0 12.0 1U.0 5.0 5.5 . 6.0

NO. PER TIME PsEROD

ANMERS 2 3 1 0 0 .0 0 6 2 0 2 0
rim cxxwr 0 0 0 8 0 0
Prsu aOn1Esrm 0 0 0 .3 0 0
HOUS FISHED 1.0 . 2.4 2.0 24.7 4.0 1.0
@2OTQ/R•NGR 0.0 0.0. 0.0 1.3 0.0 0.0
SR1ES9fAVCLER 0.0 0.0 0.0 0.5 0.0 0.0
IWRSRAtU.EE 0.5 0.8 2.0 4.1 2.0 0.5
od'H/wOR 0.0 0.0 0.0 0.3 . 0.0 0.0
HANRESTAOUR 0.0 0.0 0.0 0.1 0.0 0.0

,KjSmUAeM 0 0 0. 2R J0 0
CY4,M C 0 0 0 IR 0 0
SLIXO E BASS. 0 0 0 181at 0 0

0 0 0 2• 0 0

2 DEC 40DC 29 D 31 DEC

IM PE o 0 2 3 1 2 3 1" 2 3 1 2 3
Sv. TIM' 0931 1240 1548 0900 3108 1415 0816 1121 1426 0729 1034 1340
RIVER LEVE 150.28 150.28 150.28 150.04 150.04 150.07 149.46 149.49 149.52 150.28 150.32 150.35
WiERu JEMiT',JIU 5.8 .5.8 5.7 5.0 4.9 5.0 2.2 2.2 2.6 5.0 5.2 5.1
AIR TDEMTUE 5.0 9.0 8.5 1.0 2.0 4.0 1.5 4.0 15.0 -6.0 -S.0 0.0

NO. PER TIm PE RIEOD

3 3 6 0 0 0 4 9 5 0 6 5
rFSH AEw •0 1 4 0 13 3 7 2
FISHURSiE 0 0 0 0 0 7 3 6 1
NDIRS FiSmo 1.3 3.8 8.0 1.2 19.4 10.7 24.8 8.0

Ok"AIZER 0.0 0.3 0.7 0.0 1.4 0.6 1.2 0.4
VEST1"/N#MER 0.0 0.0 0.0 0.0 0.8 0.6 1.0 0.2

8JDRS/NGLER 0.4 1.3 1.3 0.3 2.2 2.1 4.1 1.6
CATClA0I0R 0.0 0.3 0.5 0.0 0.7 0.3 0.3 0.3
SwMVESTA3I1JR 0.0 0.0 0.0 0.0 0.4 0.3 0.2 0.1

.1SK0•,r.It 0 1R 0 0 0 0 0 0
001t-ka " 0 0 0 0 0 0 0 IR
OIRM OklTFI SH 0 0 41 0 0 0 IR 0
WALLER0 0 0 a 0 7H S 3H 6 IR
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Table F-2

Summary of angler data collected on the Susquehanna River, 1984.

JAN FEB MAR APR MAY JUN JUL AUG SEP. OCT NOV DEC TOMA %TOMA

TO=]~ NWUMBE

FISH CWAfRT

FISH HARVESTED

axIRS FISHED

Bs rIH•

HARV~ES/A3

HOURS/ANGLZR

C•:=/H=O

ipARxnES/HOUR

0 53 31 22 80 72

65 41 58 53 ,92

.32 29. 15 14 44

104.3 78.7 •33.2 208.4 275.7

42 62 52 19 16 41 490

82 102 42 10 8 .30 583

30 29 1 7 3 17 221

132.2 191.1 141.5 42.6 35.1 77.2 1410.0

2.0 1.6 0.8 0.5 0.5 0.7 1.2

0.7 0.5 <0.1 0.4 0.2 0.4 0.5

3.1 3.1 .2.7 2.2 2.2 1.9 2.9

0.6 0.5 0.3 0.2 0.2 0.4 0.4

0.2 0.2 <0.1 0.2 0.1 0.2 0.2

1.2

0.6

1.3 2.6 0.7 1.3

0.9 0.7 0.2 0.6

3.7 2.5 1.5 2.6 3.A

0.3 0.5 1.7 0.3 0.3

0.2 , 0.4 0.5 0.1 0.2

CHAIN PICKERE

CW*ON CAR

RIVER CEm

FA1/FISH

tnwl sPP.

SUCKER SPP.

-O BULLEAD

=BASS

3REDREST SUNIWSH

SACUHBASS

LARMEOUT BASS

SUNFISH SpR.

FEISH PERM•I

FIS (UNDNfFE)

1H 1R 2H 2R 0 0 0 0 0 0 0 2R 1R 3H 6R

0 0 0 0 0 1R 0. 0 0' 0 0 1R

41 101R 1R 1H10R 1H SR 1H 4R 4R SR 11 i1 IR' IR 0 8H 45R

0 10 1R 0 0 0 0 0 0 0 0 IR

0 0 0 0 0 2R1 0 0 0 0 0 2R1

0 0 0 0 1H 0 0 0 .0 0 '0 1H.

0 0 0 0 0 6R 1 0 0 0 0 1N 6R1

1R1 0 0 0 0 0 0 0 0 111 2R1

9H SR 151H 6R 4R 0 1R 0 0 0 0 0 24H 16R

4R 0 0 1R 4R 0 0 0 0 0 0 9R.

0 0 111 0 0 0 0 .0 0 0 0 1H

61 7H 1H 1R 2H1IR 9H 3H 3R 1R 21 0 0 30H 6R

3H 1R '5H 5SR 121 25• 1IN 2R 12H "7 4 6R 117H 33R 7R 41 1R 0 5R 56H 92R

0 0 1R, 3H 6R 1411 9R 2H 4R 111 11R 4R 1R 0 0 20H 36R

0 0 0 0 0 3R 0 0 0 0 0 3R

0 0 0 0 0. 2H13R 1R 0 0 0 0 2H' 4R

0 0 0 4H 11 2H 10(1 7R 2H. 6R 6R 0 0 0 18H 20R

0 0 0 31111R 711 2R 2H 9R 8R 1H 14R 1H 1H 2R 0 15H 54R

0 0 0 0 0 0 1H 2R 21R 0 0 0 1H .4R

0 0 0 2H 0 6R 111 4R 0 0 0 3H 1 R

0 0 0 4R 1H IR 1H 1R 0 0 0 0 211 6R

9H 113R 4R 0 4R 4H 2R 0 31 2R 2R 1H 211 171 6R 361 31R

0 0 0 7R 0 0 11 0 0 0 0 8R

1 - HARVESITD
R - RELEASE
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Table F-3

Use of catch, residence, tiues interviewed, bait used, and preference of .catch obtained during angler surveys on the Susquehanna River,
1984.

NUMBER OF ANGLES
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL % TOTAL

USE OF CATCH
EAT
mm•

0 32 20 16 49 51 34 26 37
0 11 11 4 30 16 6 30 15
o 10 0 2 1 5 2 6 0

9 10 26 310
9 6 15 153
1 0 0 27

63.3
31.2

5.5

RESIENCE
PA COUNTY

BkUW

CLEARFIELD
OMZMIA

MONTOUR
SCI•ZML

UNIONWAYNE

OUT OF STATE
LOUISIANA

OHIO

1
2
3
4-9

BAIT UMD
NATURAL

PRETRNC OF CM
ANY FISH

CATISHES
CAMPP/UMER

0
0
0
0'
0
0
0
0
0
0
0
0

0
00

15
0

34
0
0
4
0
0
0

0 0 0 7 0 0 0
0 0 0 0 7 0 0
0 0 0 1 0 0 0
4 1 17 7 7 4 7
0 0 0 0 0 0 1

26 21 58 45 26 50 .38
0 0 1 0 0 0 0
0. 0 3 0 0 2 0
1 0 0 12 2 6 4
0 0 *0 0 0 0 1
0 0 1 0 0 0 0
0 0 0 0 0 0 1

0 0 0 7
0 0 0 7
0 0 0 1
5 4 14 85
0. 0 0 1

12 12 23 345
0 0 0 1
0 0 0 5
2 0 1 32
0 0 0 1
0 0 0 1
0 0 0 1

1.4
1.4
0.2

17.3
0.2

70.4
0.2
1.0
6.5
0.2
0.2
0.2

0.2
0.2
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 .10 0 1
0 0 0- 0 1
0 0 0 0 1

1
1
1

.0
0
0
0

0
0
0

0
0
0
0

52
1
0
0

20
23
10

11

42
00

23 21 71 60 24 44 32
3 I 5 .12 .10 15 4
3" 0 4 0 3 3 10
2 0 0 0 5 0 6

11 22 58 40 17 32 35
11 0 6 10 11 13 5

9 0 16 22 14 17 12

12 13 54 45 33 28 33
8 0 9 12 7 21 8

11. 9 17 15 2 13 9
0 0 0 0 0 0 2

.2 10 14 353
5 2 6 64
6 2 0 31
6 2 21 42

6 2 2 245
9 14 22 124
4 0 17 121

9 3 5 246
7 10 36 160
2 3 0 81
1 0 0 3

72.0
13.1

6.2
8.6

50.0
25.3
24.7

50.2
32.7
16.5

0.6

,xmmznm, suwim= BS~S, %%I=



Table F-4

Results (X2 values) of Friedman's two-way andlysis of
Susquehanna River, 1984 (* = P<0.05, ** = P<O.01).

variance for comparison of angler survey data on the

FACTOR MONTHS WEEKEND DAYS EAST BANK, WEST BANK, ZONES ZONES TIME PERIODS
OR WEEKDAYS OR BOAT (1-6) (1-4)

DF 11 1 2 5 3 2

NO. OF ANGLERS

HOURS FISHED

FISH CAUGHT

22.7*

24.5*

17.6

10.1** -

10.I**

17 .5**

17.5**

10.7*

36.1-**

32.7**

21-.2**

3.3

-6.2

4.4

11. 2**

2.7

-4.3

FISH HARVESTED 13.0 4.1* 12.2** 16.6** 2.7 • 3.9
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Table F-5

Summary of angler data from east and west banks and boats on the Susquehanna River, 1984.

TOTAL NUMBER JAN FEB MAR APR MAY JUN JUL AIG S OCT NOV" DOC OTAL

ANGL•S
FISH CAUI
FISH KET
HOURS FISM
cATdm/AlýI
HARVE•T/H,
HOURS/AiZ.R

ANGLEN
FISH CV=fr
FISH IEPT
HOURS FIrn
CA.,CH/ANG.,R
HARVEST/ANP..1
H7MR/APIG~lE

HARVZST/aJ)R

FISH CUI
FISH KIPT

RS FISI.
CAT=/ANL

HARVESTAIZERmHDUS/ANZER
CA=11OIJR

EAST BANK

.0 38 26 .22 63 52 ?6 34 36 5 13 31 346
40 36 58 39 52 62 25 26 4 8 14 364
22 29 15 11 40 21 15 .1 3 3 4 164

137.2 70.2 33.2 159.1 183.7 78.7 95.7 97.2 8.8 32.1 48.1 943.9
1.1 1.4 2.6 0.6 1.0 2.4 0.7 0.7 0.8 0.6 0.5 1.1
0.6 1.1 0.7 0.2 0.8 0.8 0.4 <0.1 .0.6 0.2 0.1 0.5
3.6 2.7 1.5 2.5 3.5 3.0 2.8 2.7 .1.8 2.5 1.6 2.7
0.3 0.5 1.7 0.2 0.3 0.8 0.3 0.3 0.5 0.2 0.3 0.4
0.2 0.4 0.5 0.1 0.2 0.3 0.2 <0.1 0.3 0.1 0.1 0.2

WEST BANK

0 0 2 0 8 4 1 3 2 0 0 0 20
0 8 24 3 3 2 40
0 0 4 0 0 0 4
4.0 27 10.0 13.5 6.8 4.5 61.4
0.0 1.0 6.0 3.0 1.0 1.0 2.0
0.0 0.0 1.0 0.0 0.0 0.0 0.2
2.0 2.8 2.5 13.5 2.3 2.3 3.1
0.0 0.4 2.4 0.2 0.4 0.4 0.7
0.0 0.0 0.4 0.0 0.0 0.0 0.1

BOAT

0 15 .3
25 5
10 0
57.2 - 4.5
1.7 1.7
0.7 0.0
3.8 1.5
0.4 1.1
0.2 0.0

0 9 16 15 25 14 14 3 10 124
6 16 17 74 14 6 0 16 179
3 0 9 14 0 4 0 13 53

26.7 82.0 40.1 88.6 39.8 33.8 3.0 29.1 404.7
0.7 1.0 1.1 3.0 1.0 0.4 0.0 1.6 1.4
0.3 0.0 0.6 0.6 0.0 0.3 0.0 1.3 0.4
3.0 5.1 2.7 3.5 2.8 2.4 1.0 2.9 3.3
0.2 0.2 0.4 0.8 0.4 0.2 0.0 0.6 0.4
0.1 0.0 0.2 0.2 0.0 0.1 0.0 0.4 0.1
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Table F-6

Summary of angler survey data in zones 1 through 6 on the Susquehanna River, 1984.

TOTAL NUMBER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

ZO0N E 1

ANGLERS
FISH CAUGHT
FISH KEPT
HOURS FISHED
CATCH/ANGLER
HARVEST/ANGLER
HOURS/ANGLER
CATCH/HOUR
HARVEST/HOUR

ANGLERS
FISH CAUGHT
FISH KEPT
HOURS FISHED
CATCH/ANGLER
HARVEST/ANGLER
HOURS/ANGLER
CATCH/HOUR
HARVEST/HOUR

ANGLERS
FISH CAUGHT
FISH KEPT

.. HOURS FISHED
CATCH/ANGLER
HARVEST/ANGLER
HOURS/ANGLER
CATCH/HOUR
HARVEST/HOUR

ANGLERS
FISH CAUGHT
FISH KEPT
HOURS FISHED
CATCH/ANGLER
HARVEST/ANGLER
HOURS/ANGLER
CATCH/HOUR
HARVEST/HOUR

ANGLERS
FISH CAUGHT
FISH KEPT
HOURS FISHED
CATCH/ANGLER
HARVEST/ANGLER
HOURS/ANGLER
CATCH / HOUR
HARVEST/HOUR

0 0 2 0 2 1 '0 6 4 0 0 0 15
0 0 ,7 7 5 19
0 0 7 3 0 10
4.8 1.'3 4.6 27.5 10.8 49.1
0.0 0.0 7.0 1.2 1.3 1.3.
0.0 0.0 7.0 0.5 0.0 0.7
2.4 0.7 4.6 4.6 2.7 3.3
0.0 0.0 1.5. 0.3 0.5 0.4
0.0 0.0 1.5 0.1 0.0 0.'2

ZONE 2

0 6 6 5 5 3 1 2 4 0 0 9 41
9 30 35 14 9 3 3 4 16 123
5 29 11 0 .9 0 0 0 13 67

16.2 29.0 9.3 39.5 16.5 13.5 6.0 14.5 28.8 173.3
1.5 5.0 7.0 2.8 3.0 3.0 1.5 1.0 1.8 3.0
0.8 4.8 2.2 0.10 3.0 0.0 0.0 0.0 1.4 1.6
2.7 4.8 1.9 7.9 5.5 13.5 3.0 3.6 3.2 4.2
0.6 1.0 3.8 0.4 .0.5 0.2 0.5 0.3 0.6 0.7
0.3 1.0 1.2 0.0 0.5 0.0 0.0 0.0 0.5 0.4

ZONE 3

0 6 4 2 4 0 0 0 0 ,0 0 3 19
12 8 15 11 1 47.

3 0. . 1 9 0 13
24.0 8.3 6.0 10.2 4.8 53.2
2.0 2.0 7.5 2,8 0.3 2.s
0.5 0.0 0.5 2.3 0.0 0.7
4.0 2.1 3.0 2.5 1.6 2.8
0.5 1.0 2.5 1.1 0.2- 0.9
0.1 0.0 -0.2 0.9 0.0 0.2

ZONE 4

0 0 0 0 2 0 5 3 1 1 2 0 14
81' 6 16 0 2 0 32
0 0 2 0 0 0 2
9.0 13.3 11.0 4.0 3.5 4.0 44.8
4.0 1.2 5.3 0.0 2.0 0.0 2.3
0.0 0.0 0.7 0.0 0.0 0.0 0.1
4.5 2.7 3.7 4.0 3.5 2.0 3.2
0.9 0.5 1.5 0.0 0.6 0.0 0.7
0.0 0.0 0.2 0.0 0.0 0.0 10.1

ZONE 5.

0 22 14 11 43 46 23 36 29 10 8 13 255
25 0 2 11 46 16 30 25 4 7 6 172
11 0 1 5 22 9 5 1 3 2 2 61
75.5 26.3 10.1 110.0 142.2 51.7 95.9 76.5 12.3 25.0 24.3 649.9

1.1 0.0 0.2 0.3: 1.0 0.7 0.8 0.9 0.4 0.9 0.5 0.7
0.5 0.0 0.1 0.1 0.5 0.4 0.1 <0.1 0.3 0.3 0.2 0.2
3.4 1.9 0.9 2.6 3.1 2.2 2.7 2.6 1.2 3.1 1.9 2.5
0.3 0.0 0.2 0.1 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3
0.1 0.0 0.1 '0.1 0.2 0.2 0.1 40.1 0.2. 0.1 0.1 0.1

ZONE 6

0 19 5 4 24 22 13 "15 14 8 6 16 146
19 3 6 9 30 57 46 8 4 1 7 190
13 0 2 0 6 21 19 0 4 1 2 68
78.7 10.3 7.8 38.4 112.3 53.8 50.7 35.7 26.8 6.1 19.2 439.8
1.0 0.6 1.5 0.4 1.4 4.4 3.1 0.6 0.5 0.2 0.4 1.3.
0.7 0.0 0.5 0.0 0.3 1.6 1.3 0.0 0.5 0.2 0.1 0.5
4.1 2.1 2.0 1.6 5.1 4.1 3.4 2.5 3.4 '1.0 1.2 3.0
0.2 0.3 0.8 0.2 0.3 1.1 0.9 0.2 0.1 0.2 0.4 0.4
0.2 0.0 0.3 0.0 0.1 0.4 0.4 0.0 0.1 0.2 0.1 0.2

ANGLERS
FISH CAUGHT
FISH KEPT
HOURS FISHED
CATCH/ANGLER
HARVEST/ANGLER
HOURS/ANGLER
CATCH/HOUR
HARVEST/HOUR
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Table F-7

Summary of anglers, hours fished, fish caught, and fish harvested on the Susquehanna River, 1981 through 1984.

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

ANGLERS
1981
1982
1983
1984

2
0

30
0

58
17
76
53

72 62 42 69 104 32 74 31 35 3
28 33 121 69 124 110 72 29 11 - 20
58 48 59 84 A8 71 83 10 2 0
31 22 80 72 42 .62 52 19 16 41

584
634
'589
490

HOURS FISHED
1981
1982
1983
1984

FISH CAUGHT
1981
1982
1983
1984

FISH HARVESTED
1981

.1982
1983
1984

5.5 91.8 99.8 75.3 73.5 156.4 260.7 66.7 208.0 94.2 73.5 6.8 1,210.1
0 55.1 49.7 56.4 297.7 95.7 243.5 224.8 189.8 98.2 35.7 34.4 1,381.0

66.8 237.6 141.7 123.0 152.4 219.3 178.2 171.6 219.1 20.4 2.3 0 1,532.3
0 194.3 78.7 33.2 208.4 275.7 132.2 191.1 141.5 42.6 35.1 77.2 1,410.0

32 31
0 55
5 141
.0 65

20 9 15 82 107. 24 105 97 63 1
44 21 81 47 144 41 41 48 41 13
32 9 34 118 40 35 82 7 2 0
41 58 53 92 82 102 42 10 8 30

586
576
505
583

161
127
123
221

1
0
1
0

15 9 0 4 21 23 0 20 53 15 0
6 14 5 34 9 26 9 9 1 12 2

10 11 6 13 53 9 7 9 4 0 0
32 29 15 14 44. 30 29 1 7 3 17
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Table F-8

Summary of estimated number of anglers, hours fished,. fish caught, and fish'harvested on the Susquehanna River,
1981 through 1984.

JAN FEB MAR APR MAY JUN JUL AUG SEP 'OCT NOV DEC TOTAL

ANGLERS

1981a 10 261 454 351 303 535 683 193 405 249 233 20 3,696

1982 0 97 157 239 814 542 895 723 402 187 75 117 4,248
1983 183 402 442 240 433 525 509 464 470 78 15 0 3,760
1984 0 250 224 115 412 486 320 338 346 92 84 275 2,942

HOURS FISHED

1981a 28 687 1230 718 929 1624, 2638 521 1408 869 610 45 11,308

1982 0 314 339 567 2868 1169 2811 2153 1372 734 243 253 12,823
1983 626 1308 1304 1031. 1327 1857,. 1623 1324 1557 157 23 0 12,138
1984 0 961 *736 308 1447 1896 1228 1335 1291 247 209 671 10,329

FISH CAUGHT

1981 a 163 232 246 i6 190 851 1083 188 711 .895 523 7 5-,175

1982 0 313 300 211 780 574 1662 393 296 359 279 96 5,263
1983 47 776 294 75 296 999 364 270 583 54 20 0 3,778
1984 0 321 3183 538 368 633 762 713 383 58 68 261 4,468

FISH HARVESTED

198l " 5 * 112 111 0 51 218 233 0 135 489 124 0 1,478
1982 0 34 95 50 328 110 300 86 65 7 82 15 1,172
1983 9. 55 101 50 113 440. 82 .54 64 31 0. 0 1,008
1984 0 158 271 139 .97 303 279 203 9 41 18 148 1,666

aRevised estimates using same formula as 1982, 1983, and 1984.
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SUSQUEHANNA STEAM
ELECTRIC STATION
SPRAY POND

COOLING

TOWERS

DISCHARGE 
3

NORTH

0. 300

METERS +'/'A
V EEL WALLS

US ROUTE II

ZONE

PA ROUTE 239

~ZONE

WAPWALLOPEN CREEKS USQ UEHAN NA '.WLO" nS
" " RIVER
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ABSTRACT

From 1972 through 1974 and 1977 through 1984, 701 species of vascular

plants have been observed in the vicinity of the Susquehanna SES. In 1984,

426 taxa were found in 10 salt drift transects. Thirty-two plant parasitic

diseases were observed on 48 host species. Disease frequency ranged from rare

to abundant. Disease effect ranged from discoloration to minor leaf necrosis

for most diseases. Leaf spot anthracnose of 'Cornus florida continued to cause

serious damage including host death.

Quantitative vegetation studies at the Susquehanna SES were conducted

in three upland forests', a river-bottom hardwood forest, two abandoned fields,

and at an upland forest that was a control site near Elimsport:, Pennsylvania.

Data from these plots were compared with preoperational studies of 1977-82.

In the upland forest plots, there were 53 significant changes in 1984; 46 at

Susquehanna SES plots and seven at Elimsport. Of those at Susquehanna SES, 30

were found in previous years. There were 16 significant changes in the

river-bottom hardwood forest. Changes in the forest plots were results of

natural forest dynamics, including disease and flooding. There were 40

significant changes in the two abandoned fields. Most of these were

considered normal successional changes. None of the changes in the forest or

field plots could be attributed to the operation of the Susquehanna SES.

Meteorological records for air temperature, barometric pressure,

precipitation, fog, and cloud cover were made from January through December

1984. Mean temperature was lowest in January and March and highest in June;

rainfall was lowest in September and highest in May. Fog occurred on 66 of

254 days (26%) of observation.
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INTRODUCTION

Terrestrial ecological studies were conducted in the vicinity of the

Susquehanna SES from 1972 through 1974 (Ichthyological Associates, Inc.

1973"74, Burton 1976) and from 1977 through 1983 (Montgomery 1978-84). The

flora 'and vegetation studies conducted from 1977 through 1982 gathered

baseline information for comparison with data collected after the Susquehanna

SES began operation in September 1982. In 1984, systematic information was

collected on the phenology of flowering plants and ferns and on the incidence

of parasitic plant diseases (flora), and quantitative information was obtained

on selected plant communities (vegetation). The purpose of the flora and

vegetation studies in 1984 was to monitor changes, if any, during Susquehanna

SES operation in comparison to preoperational studies of 1977-82.

PROCEDURES

Flora

Floristic studies were conducted from March through October 1984. *As

from 1977 through 1983 (Montgomery 1978-84), observations were made on both

sides of the Susquehanna River in the vicinity of the Susquehanna SES (Fig.

G-0). In addition to general observations, transects for systematic

observations were established. Nine transects were selected for observing -

possible effects of moisture and salt drift from the Susquehanna SES cooling

towers during operation, and are referred to as salt drift transects. These

transects were located in several plant communities at varying distances and

directions from the Susquehanna SES (Table G-1; Fig. G-1).
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In 1982, an off-site, control transect was established near the Elimsport

Substation of PP&L. This area was selected primarily for vegetation studies;

however, it was considered useful to have a salt drift transect at this site.

for comparison with the Susquehanna SES transects.

On each salt drift transect, the following data were recorded: all plant

taxa in flower (shedding spores for ferns), all parasitic plant diseases

observed according to host species, and frequency and relative effect of the

disease on the host.

Each transect was surveyed once a month, usually-in the Ulatter half, from

March through October. Identifications of vascular plants were made using

Fernald (1950), Gleason and Cronquist (1963), Peterson and McKpnny (1968);

Wherry (1961) and Mickel (1979) for ferns; and Hitchcock (1950) for grasses.

Nomenclature follows Gleason and Cronquist (1963), except for ferns and fern

allies, for which Mickel (1979) is used. Parasitic plant diseases were

identified using U.S. Department of Agriculture (1960), Hepting (1971),

Westcott (1971), and Pennsylvania Department of EnvironmentalResources

(1975). Scientific names are used because of the confusion of some common

names of plants. Common and scientific names are given in Tables G-2 and G-3.

Species not observed prior to 1984 were collected and added to the reference

herbarium.

Vegetation

Quantitative vegetation studies at the Susquehanna SES were conducted in

three upland forests: Council Cup Forest, Township Road 419 (TR419) Forest,

and Quarry Hillside Forest; a river-bottom hardwood forest on Gould Island;
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two abandoned fields: Switchyard Field and Transmission Corridor Field (Fig.

G-1); and a controlupland forest at Elimsport Substation.

The upland forest plots were sampled in* July. Council Cup Forest is

located east-of the Council Cup Overlook, in Conyngham and Hollenback

Townships, Luzerne County, 3 km southeast of the Susquehanna SES. The study

plot was a nearly level to gently east-facing slope, at an elevation of

approximately 335 m above mean sea level. 'TR419 Forest is located on a steep

south-f acing hillside above a dirt road (Township Road 419), just north of the

Susquehanna SES fence, in Salem Township, Luzerne County. Elevation ranged.

from 200 to 250 m. Quarry Hillside Forest is located on a steep, south-facing

hillside east of an abandoned quarry above PA Route,239, in Conyngham

Township, Luzerne County. Elevation ranged from 225 to 250 m. The Council

Cup and TR419 Forests have been sampled annually since 1977; the Quarry

Hillside Forest has been sampled annually since 1978.. The Elimsport

Substation Forest was established in 1982 as a control forest plot, so that

changes that might occur during operation of the Susquehanna SES could be

compared with a remote plot unlikely to be affected by operation of the

Susquehanna SES (Montgomery 1983). The Elimsport Substation Forest is located

5.4 km1NNE of Elimsport, in Washington Township, Lycoming County. It was 72

km N84 0 W of the Susquehanna SES. The plot lies at the base of the

south-facing slope of White Deer Ridge. It is crossed by several small

streams that are wet in spring, but nearly dry in midsummer. There is a

permanent stream at the base of the slope outside the plot. Elevation ranged

from 210 to 220 m.
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The river-bottom hardwood forest on Gould Island, sampled annually since

July 1979, was sampled again in July 1984. The forest is located along the

western edge of Gould Island adjacent to the Susquehanna River. Only the

mature forest was sampled.' The study plot was nearly level, with elevations

of 152.8 to 154.6 m.

The forests were surveyed into transects 'parallel with the long

dimension of. the plot. Points were located along these transects at distances

depending on the plot size: 50-m intervals in Council Cup Forest, 75-m

intervals in TR419 Forest, 30-m intervals in Quarry Hillside Forest and

Elimsport Forest, and 40-m intervals in Gould Island Forest. At each point, a

lOxlO-m.quadrat was permanently marked for sampling trees and saplings (Cain

and Castro 1959). Trees were defined as 10-cm diameter breast height (dbh) or

greater, saplings as 1.0 to 9.5-cm dbh, and seedlings less than 1.0-cm dbh.

All trees and saplings in the 10xlO-m quadrat were identified, counted, and

the dbh measured to the nearest cm with a diameter tape. Two ixl-m quadrats

were established in diagonally opposite corners of the lOxlO-m quadrat for

sampling tree seedlings, shrubs, herbs, and ground cover (litter, moss, rock,

and bare soil). Plants were identified and an estimate was made of the

percent cover in the quadrat for each species, but stems were counted only for

tree seedlings. Stems of shrubs and herbs were not counted because many

species are colonial, and stem number was judged not to be useful. The

following were calculated for trees, saplings, and tree seedlings (Cain and

Castro 1959):

number of plots in which a species occurs

Frequency =total number of plots

Relative Frequency frequency of a species 100
total frequency of all species
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Density= number of stems of a species
hectare

Rlve Density density of-a species

Reatie ensit total density of all species X 100

basal area of a species
Dominance (trees and saplings) =hectare

where basal area,= s 2____

cover' value of a species
Dominance (tree seedlings) = 2

area sampled in m

dominance of a species
total dominance-for all species

Importance Value relative frequency.+ relative density + relative
dominance (maximum.value.= 300)

The following were calculated.from the quadrat data for shrubs, herbsi and

ground cover:

Frequency and Relative Frequency =.same as above

cover value of a species
Dominance = 2

area sampled in m

dominance of a species x 100
Relative Dominance total dominance for all species

Importance Value relative frequency + relative dominance

Comparisons of 1984 data with that collected from 1977 through 1983 were

made using a repeated measures analysis of variance with a test for linear

trends (Sokal and Rohlf 1969). Quadrat by quadrat tests were made using
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number of stems per quadrat for each tree, sapling, and seedling ppecies, and

percent cover per quadrat for shrubs and herb species and groudd cover. Log

(X+i) transformations for stem numbers and arcsine transformations 'for percent

cover values were made as recommended by Sokal and Rohlf (1969) and Goodall

(1970).

Defoliation by gypsy moth (Lymantria dispar) has been observed in the

upland forest plots in the late spring and early summer annually since 1981.

While conducting the quadrat surveys in July, quantitative estimates of this

damage were made in the forest plots by visually judging the percentage of

defoliation for each tree and sapling in the 10xlO-m quadrats. These

estimates were made at the time of maximum defoliation, when gypsy moth larvae

were beginning to pupate. Gypsy moth studies have been conducted annually

since 1981.

Two abandoned fields, Switchyard Field and Transmission Corridor Field,

were sampled in September and October 1984 (Fig. G-1). Both of these fields

were sampled in 1979, and 1981 through 1983, and Switchyard Field also in

1978. Neither was done in 1980.

Switchyard Field is located adjacent to the PP&L Substation, east of PA

Route 239, 2.8 km east of the Susquehanna SES in Conyngham Township, Luzerne

County. Elevation was approximately 210 m. The field sloped gently northward

and was relatively dry.

Transmission Corridor Field is located immediately east of the

transmission lines in the transmission corridor south of the Susquehanna SES

and north of U.S. Route 11. Elevation was approximately 195 m. The field was

level and dry.
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The line intercept method was used for sampling (Cain and Castro 1959,

Smith 1966). A baseline .was established near and parallel to one edge of each

field and marked into 10-m intervals. Lines-were run perpendicular to the

baseline at these intervals. Beginning at the baseline, these lines were,

divided into 10-m transects with permanent numbered stakes. There were five

transects per line in both Transmission :Corridor Field and Switchyard Field.

Fifty transects were sampled in Transmission Corridor Field, and 49 in

Switchyard Field. The first 5 m.of each transect was sampled by stretching a

metric tape between the stakes marking the ends of the transect. The length

of cover for each taxon along the tape was recorded to the nearestcm. Tree

seedlings, shrubs, and herbs were sampled together, but the data for each were

treated separately. Species area curves were drawn after sampling to check on

the adequacy of the area sampled (Mueller-Dombois and Ellenberg 1974). The

following were, calculated for all taxa:

Frequency - number of transects on which a species occurs
total number of transects

frequency of a species
Relative Frequency7 =total frequency of all species X 100

P coverage of a species on all transects
Percent Coverage = total length of. transects

Relative Dominance = percent coverage of a species . 100
total percent coverage of all species

Importance Value = relative frequency + relative dominance
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Comparisons of 1984 data with that' collected in previous years were made

as with forest data. Percent cover values for species with importance value

greater than 5.0 in any sampling year were tested for significant changes and

trends. Species which had importance value of 5.0 or less were not tested

since they occurred in too few transects and had cover values too low to make

comparisons useful.

Meteorology

Meteorological records of air temperature, barometric pressure, precipi-

tation, fog, and cloud cover were made as a supplement to flora, vegetation,

and bird studies. Temperature and barometric pressure were continuously

recorded at the Susquehanna SES Biological Laboratory using a Taylor Weather-

Hawk Recording Thermometer and Barometer, respectively. Both instruments were

calibrated monthly. Minimum and maximum temperatures, with times of occur-

rence, were tabulated daily, and daily barometric pressure readings were

tabulated at 1200 and 2400 hours. Precipitation was c6llected in a U.S.

Weather Bureau Rain Gauge at the Biological Laboratory. The amount was

recorded daily except on weekends; precipitation that accumulated on weekends

was measured on Monday morning. Fog observations were made at the Biological

Laboratory and at Transmission Corridor Field just north of U.S. Route. 11

(Fig. G-I) between 0700 and 0800 hours each day except on weekends. Fog was

categorized as "light" (visibility one-fourth mile or more) or "dense"

(visibility less than one-fourth mile) as done by the U.S. Weather Service.

Photographs of the cooling towers were taken at each location to document the
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presence or absence of fog using a 35-mm Minolta XG-M camera with a 28 to

80-mm macro-zoom lens. Slides were stored at the Biological Laboratory.

Weather conditions, including cloud cover and type of precipitation if any,

were recorded at the same time as fog observations. Since conditions differed

little at the Biological Laboratory and Transmission Corridor Field, data were

combined for reporting purposes. Fog was reported if it-occurred at either

site. Presence or absence of a plume from the cooling towers was determined

from the photographs. In cases of dense fog'where plume presence could not be

determined, no report of plume was made.

RESULTS AND DISCUSSION

Flora

From 1972 through 1974 and 1977 through 1984, 701 species of vascular

plants have been observed in the vicinity of the Susquehanna SES. This total

includes 132 woody plants (Table G-2) and 569 herbaceous. plants (Table G-3).

Eight species were observed for the first time on the site in 1984. None of

these plants is currently listed or under review as threatened or endangered

by the U.S. Department of the Interior (1982, 1983). Except for Festuca

rubra, found in 1980 and 1983 (Montgomery 1981, .1984), none of the species

listed by Wiegman (1979) in Rare and Endangered Vascular Plant Species in

Pennsylvania have been found on the site.

Although a complete survey of flora was not made at the Elimsport

Substation in 1982-84, 11 species were found on the salt drift transect or in

vegetation studies that did not occur at the Susquehanna SES site (Table G-4).
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There were 426 plant taxa observed in flower or shedding spores on the

salt drift transects, 395 on forest transects (Table G-5), and'202 on field

transects (Table G-6). Of the forest transects, QSH (abbreviations are

defined in Table G-1) had the greatest number of taxa (211), followed by TR419

(155), TR438 (148), CC (133), Elim (108)., GIF (92), and RF (72). The highest

number of taxa in flower or shedding spores 'on.the transects occurred in

August. On individual transects highest numbers, occurred in August on RF,

GIF, and QSH; in July on TR419 and TR438; in June on Elim; and in May on CC.

Comparison of 1984 forest transect phenology data with 1978 through 1983

data indicated that 167 taxa (42%) occurred on the same transects in 1984 as

in 1983, including 86 taxa (22%) which occurred on the same transect for three

or more consecutive years (at least 1982-84); 100 taxa (25%) occurred on one

additional transect or one fewer transect in 1984 than 1983; and 61- taxa (15%)

were more variable in occurrence. In addition, 67 taxa (17%) occurred in

1984, but not in 1983. There was more similarity (and less variability) from

1983 to 1984 than in most previous years, but 16 more taxa were observed in

1984. Some variability was caused by the short flowering period of spring

forest plants. These plants may or may not be observed in flower on a given

transect in each year. There was a general trend for plants ýto begin

flowering later and remain in flower longer in 1984, probably associated with

cool, wet weather in spring and'early summer.

Of the abandoned field transects, TCF had the greatest number of taxa

(123), followed by SwF (101) and NF (92) (Table G-6). The highest number of

taxa in flower or shedding spores on the transects occurred in August on TCF

and NF and in June-on SwF. On individual transects, the highest number also

occurred in August.
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Comparison of 1984 field transect data with 1977 through 1983 data

indicated that 96 taxa (48%) occurred on the same transect in 1984 as in 1983,

including 70 taxa (35%) which occurred on the same transect• for three or more

years; 41 taxa (20%) occurred on one additional or one less transect in 1984

than in 1983; and 14 taxa (7%) were more variable in occurrence. In addition,

51 taxa (25%) occurred in 1984 but not in 1983.,

Thirty-two parasitic diseases were observed on 48 host species (Table

G-7). Two diseases were observed for the first time in 1984.. As in. 1977-83,

leaf spots were the most frequent diseases encountered, accounting for 15 of

the 32 diseases (47%) on 20 host species .(42%). Powdery mildew occurred on 15

species (31%); rust diseases occurred on 15 species (31%). The largest number

of diseases (22) occurred on QSH.

Disease frequency ranged from rare to abundant (Table G-7) for all kinds

of diseases and no pattern was evident. Disease effect ranged from discolor-

ation only for powdery mildews, to minor leaf necrosis for most other

diseases. Leaf spot anthracnose (dieback) of Cornus florida caused serious

effects, including host death. Dr. Barry Towers, Bureau of Forestry,,

Pennsylvania Department of Agriculture (personal communication, December

1984), indicated that this disease continued to be widespread in Pennsylvania,

causing serious losses of trees in many areas. This disease was observed at

Elimsport as well as at the Susquehanna SES transects.

Numbers of diseases and hosts, and disease frequency were within ranges

from previous years. No effects were observed that could be attributed to

operation of the Susquehanna SES, and no effects of salt drift were observed.
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Vegetation

Betula lenta was the most important (highest importance value) tree in

the Council Cup Forest (Table G-8). Associates included four qaks (Quercus

velutina, Q. prinus., Q. borealis, and Q. alba). Total density was 615

trees/ha. Acer rubrum was the most important sapling (Table G-9), with B.

lenta and two oaks (Quercus borealis, Q. prinus) as associates. -Total density

was 1,555 saplings/ha. Acer rubrum was the mnost important seedling (Table

G-10), with Prunus serotina, Sassafras albidum-, and Quercus alba as

associates. Total density was 30,750 seedlings/ha. Vaccinium vacillans was

the most important shrub (Table G-11). Lycopodium flabelliforme was the most

important herb, with Aralia nudicaulis and Dennstaedtia punctilobula as the

most important associates; 18 taxa were encountered. Litter was the

predominant ground cover.

The only significant change found in trees in the Council Cup Forest was

for Quercus velutina (Table G-12); this change was first noted in 1978

(Montgomery 1979). Tree density has remained between 590 and 620 trees/ha

since 1977 (Fig.-G-2). Significant decreases in saplings from 1977 through

1984 were found for Betula. lenta., Quercus borealis., Q. prinus., Q. velutina.,

Betula populifolia., Prunus serotirna, and Carya glabra (Table G-13); -and change

with no trend-for Carya tomentosa and Fraxinus americana. All of these

changes were also found in previous years and most were associated with a

steady decrease in total sapling density from 1977 through 1984 (Fig. G-2).

Acer rubrum increased significantly, Prunus serotina decreased significantly,

and Quercus velutina changed significantly with no trend in number of

seedlings from 1978 through 1984 (Table G-14). The change in Prunus serotina
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was first significant in 1984; the others were observed previously. Seedling

density decreased slightly in 1984 (Fig. G-2). There were two significant

ihcreases and one significant decrease in shrub cover, and three increases in

herb cover (Table C-15). Most of these changes were found in earlier years,

and may be. related to canopy decrease caused by gypsy moth defoliation in 1981

(Montgomery 1982). Rock decreased and moss changed significantly with no

trend from 1977 through 1984.

In the TR419 Forest, Quercus velutina was the most important tree, with

Pinus virginiana and Cornus florida as associates (Table G-16). Total density

was 533 trees/ha. Cornus florida was the most important sapling, with Quercus

veiutina, Acer rubrum, and Carya tomentosa as associates (Table G-17). Total

density was 1,017 saplings/ha. Acer rubrum was the most important seedling,

with Fraxinus americana, Sassafras alZbidum, and Prunus serotina as associates

(Table G-18). 'Total density was 63,125 seedlings/ha. Rubus allegheniensis was

the most important shrub, with Lindera benzoin, Parthenocissus quinquefolia,

and Vaccinium stamineum as associates (Table G-19). Carex swanii was the most

important herb, with Dennstaedtia punctilobula the most important associate;

49 taxa were encountered. Litter was the most important ground cover.

Quercus velutina increased significantly and Pinus virginiana decreased

significantly in the TR419 Forest (Table G-20). These changes were first

significant in 1984. Tree density decreased slightly from 1983 to 1984 (Fig.

G-2). Cornue florida and Betula populifolia decreased significantly among

saplings (Table G-21). These changes also were not significant before 1984.

Sapling density has remained nearly constant at just above 1,000 saplings/ha

since 1977 (Fig. G-2). Acer rubrum and Quercus velutina increased
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significantly, Fraxinus americana decreased significantly, and Sassafras

aibidum changed with no trend among seedlings from 1978 through 1984 (Table

G-22). Seedling density decreased from 1983 to 1984 continuing a trend

observed in 1983 (Fig. G-2). Vitis aestivalis decreased significantly among

shrubs (Table G-23). Among herbs, Carex swanii and Uvularia perfoliata

increased from 1978 through 1984.

In the Quarry Hillside Forest, Quercus borealis was the most important

tree with Quercus velutina, Fraxinus americana, and Acer rubrum as the most

important associates (Table G-24). Total density was 647 trees/ha. Cornus

florida was the most important sapling, with Quercus borealisAcer rubrum,

and Fraxinus americana as associates (Table G-25). Total density was 1,000

saplings/ha. Fraxinus americana was the most important seedling with Acer

rubrum, Sassafras albidum, and Ulmus americana as important associates (Table

G-26). Total density was 73,666 seedlings/ha. Lindera benzoin was the most

important shrub, with Parthenocissus quinquefolia as the most important

associate (Table G-27). Aster divaricatus was the most important herb, 'with

Dryopteris marginalis., Deschampsia flexuosa, and Eupatorium rugosum as

associates; 37 taxa were encountered. Litter was the most important ground

cover.

Quercus borealis increased significantly and Q. velutina decreased

significantly from 1978 through 1984 in Quarry Hillside Forest (Table G-28).

These changes were more likely caused by problems in identification than by

changes in trees, since the total of the two Quercus species has remained

nearly constant between 31 and 34 stems (Table G-28). Tree density decreased

from 1983 to 1984, but has changed little since 1978 (Fig. G-2). Cornus
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florida and Quercus velutina decreased significantly among saplings from 1978

through 1984 (Table G-29).- The change in Cornus florida was significant for

the first time in 1983, although the number of stems has declined steadily

since 1978. Sapling density has decreased in each year from 1978 through, 1984

(Fig. G-2). Among seedlings, Acer rubrum increased significantly, and

Prunus serotina, and Quercus prinus decreased significantly, and Fr=inus

americana changed without trend from 1978 through 1984 (Table G-,30); these

changes were noted previously (Montgomery 1981-84). Seedling density

increased from 1983 to 1984 (Fig. G-2). There were no significant changes

among shrubs (Table G-31). Dryopteris marginalis and Eupatorium rugosum

increased significantly, Carex sp. decreased significantly, and Veronica

serpyllifolia changed without trend from 1978 through 1984. Significant

changes in ground cover were observed previously (Montgomery 1980).

In the Elimsport Substation Forest, Acer rubrum was the most important

tree, with Betula lenta, Liriodendron tulipifera, and Nyssa sylvatica as

associates (Table G-32). Total density was 565 trees/ha. Betula lenta was

the most important sapling, with Acer rubrwmn Sassafras albidum, and

Liriodend.ron tulipifera as the most important associates (Table G-33). Total

density was 5,355 saplings/ha. Acer rubrum was the most important seedling,

with Sassafras albidum, Nyssa sylvatica, and Prunus scrotina as associates

(Table G-34). Seedling density was 49,000/ha. Smilax rotundifolia was the

most important shrub, with Hamanelis virginiana, Lindera benzoin, and

Vaccinium vacillans as the most important associates (Table G-35).

Dennstaedtia punctilobula was the most important herb; Thelypteris

noveboracensis and Osmunda cinnamomea were the most important associates.

Litter was the predominant ground cover.
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Acer rubrwn, Liriodendron tulipifera, and Betula lenta increased

significantly among trees from 1982 through 1984 in the Elimsport Forest

(Table G-36). Tree density also increased from 1982 through 1984 (Fig. G-2).

Betula lenta, Acer rubrum, and Sassafras aZbidum decreased significantly among

saplings from 1982 through 1984 (Table G-37). Sapling density has decreased

in e ach year (Fig. G-2). Both death of saplings dud to crowding and

recruitment into tree:size class were causes of this decrease. There were no

significant changes among seedlings (Table G-38), herbs, or ground cover

(Table G-39). Vaccinium vacillans decreased significantly from 1982 through

1984.

Acer saccharinum was the most important tree in the Gould Island Forest,

with Celtis occidentalis, Ulmus americana, and Tilia americana as important

associates (Table G-40). Total density was 289 trees/ha. Fraxinus pennsyl-

vanica was the most important sapling, with Ulmus americana and Fraxinus

americana as associates (Table G-41). Total density was 147 saplings/ha.

Ulmus americana was the most important tree seedling, with Fraxinus americana

and Carya cordiformis as associates (Table G-42). Total density was 8,947

seedlings/ha. Parthenocissus quinquefolia was the most important shrub, with

Rhus radicans and Lindera benzoin as the most important associates (Table

G-43). Matteuccia struthiopteris was the most important herb. Viola

papilionacea, Polygonum virginianum, and Alliaria officinalis were the most

important associates; 29 herb taxa were encountered. Bare soil was the most

important ground cover.

There were no significant changes among trees in the Gould Island Forest

from 1979 through 1984 (Table G-44). Tree density remained approximately the
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same (300/ha) as in previous years (Fig. G-2). Among saplings, Fraxinus penn-

sylvcnica increased significantly from 1979 through 1984 (Table G-45). This

change was discussed in 1981 (Montgomery 1982). Sapling density has remained

low and nearly constant from 1979 through 1984 (Fig. G-2). Ulmus americana

seedlings increased and Celtis occidentalis and Acer saccharinum decreased

significantly from 1979 through 1984 (Table G-46). The change in Uzmus

americana was noted previously; the changes in Celtiscoccidentazlis and Acer

saccha-iun were new in 1984. . Seedling density decreased slightly from 1983

to 1984 (Fig. G-2). Rhus radicans increased significantly among shrubs (Table

G-47); this change was not significant before. Among herbs, Matteuciia

struthiopteris, Eupatorium rugosum, Elymus ripar2ius., E. virginicus, and

Polygonum punctatum increased; Polygonum cilinode and Impatiens biflora

decreasedi and Alliaria officinalis and Pila .pumila changed without trend

from 1979 through 1984 (Table G-47). Of these nine changes, four had been.

significant before and five were first significant in 1984. Changes in ground

cover (Table G-47) were first noted and discussed in 1980 (Montgomery 1981).

There were 53 significant changes in the upland forest plots in 1984, 46

at Susquehanna SES plots and 7 at Elimsport. Of those at the Susquehanna SES,

10 were new in 1984, and 30 were found previously. Six changes found

significant in 1983 were no longer significant, indicating that these changes

are within normal variation over longer periods of time (all of these were in

seedlings (2), shrubs (2), or herbs (2), where annual variation is common).

Most of these changes occurred before the Susquehanna SES began operation in

1982, and can be attributed to natural forest dynamics. Decrease in oaks

(Quercus spp.) in several plots was caused by severe gypsy moth defoliation
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and subsequent tree death in 1982, and'decreases in Cornus florida in TR419

and Quarry Hillside Forests was the result of leaf spot anthracnose. None of

these changes could be attributed to the operation of the Susquehanna SES.

There were seven significant changes in the Elimsport Substation Forest,

three more than found in 1983. Two of these new changes occurred among

saplings, where density is decreasing during succession.

There were 16 significant changes in the Gould Island Forest, five more

than found in 1983. All of the changes first significant in 1984 occurred

among seedlings or herbs, and are probably associated with flooding of the

forest. Partial or total flooding of the forest floor occurred four times

during the winter and spring of 1983-84: 15 December 1983; 16 February,

7 April, and 30 May 1984 (Soya et al. 1984; Table A-3 in this report) (Gould

Island Forest plots begin to flood when the river'level reaches 152 m above

msl and are all flooded at 154.5 m above msl).

Defoliation by gypsy moth was found on six species at Susquehanna SES

upland plots, and on three species at Elimsport Substation Forest (Table

G-48). Defoliation occurred primarily on Quercus spp., and ranged from 1.7%

on one species in the TR419 Forest to 5.0% on one of three species in the

Quarry Hillside Forest. Defoliation was less than 1% for all species-in each

plot, similar to 1983, and in contrast to 1982 when defoliation reached 31% in

Council Cup Forest (Montgomery 1982, Table F-39).

In Switchyard Field, Cornus florida was the most important tree seedling

(Table G-49). Cornus racemosa was the most important shrub, Solidago rugosa

and grass were the most important herbs, with S. canadensis and Potentilla
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simplex the most important associates; 67 taxa were encountered, of which 48

were herbs.. Twenty-one significant changes were found among taxa tested in

Switchyard Field (Table G-50). Eleven were increases, six were decreases, and

four showed no trend. All except one of these' changes were found in 1983,

(Montgomery 1984); the increase in Viburnum dentatum was significant for the

first time in 1984. All changes in trees and shrubs had positive trends and

are clearly successional as young trees and' shrubs increase in cover.

Significant decreases in annual and biennial 'herbs, including Rumex

acetosella, Daucus carota, and Veronica officinalis are probably successional

also. Other changes in this field indicate no clear pattern, although the

increase in perennial grasses may besuccessional.

In Transmission Corridor Field, Acer rubrum was the most important tree

seedling (Table G-51). Rubus flagellaris was the most important shrub. Grass

was the most important herb taxon, with Pragaria virginiana, Solidago juncea,

and S. rugosa the most important associates; 53 taxa were encountered of which

36 were herbs. Nineteen significant changes were found in Transmission

Corridor Field (Table G-52); 10 were increases, 7 were decreases, and 2 showed

no trend. All except two of these changes were found in 1983 (Montgomery

1984); changes in moss and Hieracium pratense were first significant in 1984.

The increases in Acer rubrum, Cornus racemosa and decreases in woody vines and

Rubus spp. are probably successional in nature, but the pattern of succession

is less clear in Transmission Corridor Field.

There were 40 significant changes in the two fields. Many of these,

including increases in tree and shrub cover and decreases in annuals and

short-lived perennials, are normal successional changes. Thirty-seven of the
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40 changes were found in 1984 or earlier and none could be attributed to the

operation of the Susquehanna SES.

Meteorology

Meteorological data are presented in Tables G-53 through G-55. January

was the coldest month, and June was the warmest month (Table G-53). The

lowest temperature was recorded on 22 January'(-28.0 C), and the highest on 13

June (37.0.C). Barometric pressure is reported in Table G-54. Rainfall was

greatest in May and least in September (Table G-55). April, May, July, and

August were relatively wet, and January and September were relatively dry. In

254 days of observation, there were 66 days (26%) with fog, 35 (14%) with

light fog and 31 (12%) with dense fog (Table G-55). August had the most days

with fog (13), followed by October (12). There was no evidence of a

relationship between plume from the Susquehanna SES cooling towers and fog,

since fog was usually either widespread in the valley or local but not related

to plume presence or direction.

REFERENCES CITED

Burton, J. R. 1976. Terrestrial ecology. Pages 280-314 in T. V. Jacobsen
(ed.), Ecological.studies of the North Branch Susquehanna River in the
vicinity of the Susquehanna Steam Electric Station (Progress report for
the period January-December 1974). Ichthyological Associates. Inc.,
Berwick, PA..

Cain, S. A. and G, M. 0. Castro. 1959. Manual of vegetation analysis.
Harper and Brothers, New York, NY. 325 pp.

Fernald, M. L. 1950. Gray's new manual of botany. 8th ed. American Book
Co., New York, NY. 1632 pp.



223,

Gleason, H. A. and A. Cronquist. 1963. Manual of vascular plants of north-
eastern Unitec States and adjacent Canada. D. Van Nostrand Co., New
York, NY. 810 pp.

Goodall, D. W. 1970. Statistical plant ecology. Annu. Rev. Ecol. Syst. 1:
99-124.

Hepting, G. H. 1971. Diseases of forest and shade trees of the United
States. U.S. Dept. Agric. Handbook No. 386. U.S. Govt. Printing Office,
Washington, DC. 658 pp.

Hitchcock, A. S. 1950. Manual of the grasses of the United States. 2nd ed.
Revised by A. Chase. U.S. Govt. Printing Office, Washington, DC.
1051 pp.

Ichthyological Associates, Inc. 1973. An ecological study of the North
Branch Susquehanna River in the vicinity of Berwick, Pennsylvania
(Progress report for the period January-December 1972). Pa. Power and
Light Co., Allentown, PA. 658 pp.

• 1974. An ecological study of the North Branch Susquehanna River in
the vicinity of Berwick, Pennsylvania (Progress report for the period
January-December 1973). Pa. Power and Light Co., Allentown, PA. 838 pp.

Mickel, J. T. 1979. How fo know the ferns and fern allies. William C. Brown
Co., Dubuque, IA. 229 pp.

Montgomery, J. D. 1978. Flora and vegetation. Pages 279-310 in T. V.
Jacobsen (ed.), Ecological studies of the Susquehanna River-in the
vicinity of the Susquehanna Steam Electric Station (Annual report for
1977). Ichthyological Associates, Inc., Berwick, PA.

_ 1979. Flora and vegetation. Pages 196-249 in T.' V. Jacobsen
(ed.), Ecological studies of the Susquehanna River in the vicinity of the
Susquehanna Steam Electric Station (Annual report for 1978). Ichthyolo-
gical Associates, Inc., Berwick, PA.

• 1980. Flora and vegetation. Pages 196-249 in T. V. Jacobsen
(ed.), Ecological studies of the Susquehanna River i-n the vicinity of the
Susquehanna Steam Electric Station (Annual report for 1979). Ichthyolo-
gical Associates, Inc., Berwick, PA.

_ 1981. Flora and vegetation. Pages 197-254 in T. V. Jacobsen
(ed.), Ecological studies of the Susquehanna River in the vicinity of the
Susquehanna Steam Electric Station (Annual report for 1980).. Ichthyolo-
gical Associates, Inc., Berwick, PA.

• 1982. Flora and vegetation. Pages 209-278 in T. V. Jacobsen
(ed.), Ecological studies of the Susquehanna River i--n the vicinity of the
Susquehanna Steam Electric Station (1981 annual report). Ichthyological
Associates, Inc., Berwick, PA.



224

. 1983. Flora and vegetation., Pages 212-285 in T. V. Jacobsen

(ed.), Ecological studies 'of the Susquehanna River in the vicinity of the
Susquehanna Steam Electric Station (1982 annual report). Tchthyological
Associates, Inc., Berwick, PA.

. 1984. Flora, vegetation, and meteorology. Pages 199 to 282 in T.

V. Jacobsen (ed.), Ecological studies of the Susquehanna River in the

vicinity of the Susquehanna, Steam Electric Station (1983 annual report).
Ichthyological Associates, Inc., Berwick, PA.

Mueller-Dombois, D. and H. Ellenberg. 1974. 'Aims and methods of vegetation

ecology. John Wiley and Sons, Inc., NewYork, 'NY. 547 pp.

Pennsylvania Department of Environmental Resources. 1975. Forest insect and
disease management manual. Bureau of Forestry, Harrisburg, PA. 184 pp.

Peterson, R. T. and M. McKenny. 1968. A field guide to wildflowers of north-
eastern and north-central North America. Houghton Mifflin Co., Boston,
MA. 420 pp.

Smith, R. L. 1966. Ecology and field biology. Harper and Row, New York, NY.
686 pp.

Sokal, R. R. and F. J. Rohlf. 1969. Biometry. W. H. Freeman and Co., San
Francisco, CA. 776 pp.

Soya, W. J., B. P. Mangan, and T. V. Jacobsen. 1984. Physicochemical
analyses. Pages 7-57 in T. V. Jacobsen (ed.), Ecological studies of the
Susquehanna River in the vicinity of the Susquehanna Steam Electric

Station (1983 annual report). Ichthyological Associates, Inc., Berwick,
Pa.

U. S. Department of Agriculture. 1960. Index of plant diseases in the United
States. Agric. Handbook No. 165. U.S. Govt. Printing Office,
Washington, DC.

U. S. Department of the Interior. 1982. Endangered and threatened wildlife
and plants. 50 CFR 17.11 and 17.12.

• 1983. Endangered and threatened wildlife and plants; supplement to

review of plant taxa for listing; proposed rule. Federal Register
48(229): 53640-53670.

Westcott, C. 1971. :Plant disease handbook. 2nd ed. D. Van Nostrand Co.,
New York, NY. 825 pp.

Wherry, E. T. 1961. The fern guide. Doubleday and Co., Inc., Garden City,
NY. 318 pp.

Wiegman, P. G. 1979. Rare and endangered vascular plant species in Penn-
sylvania. Western Pennsylvania Conservancy, Pittsburgh, PA. 94 pp.



Table G-1

Location of salt drift transects in the vicinity of the Susquehanna SES and at the Elimsport Substation, 1984.

Transect. Direction from Distance (km) from Habitat Type Transect Location of Transect
(Abbreviation) Susquehanna SES Susquehanna SES Length (km)

River Forest
(RF)

Gould Island Forest
(GIF)

TR 419
(TR419)

TR 438
(TR438)

Quarry-Spring House Trail
(QSH)

E-NE

NE

N

W-SN

ENI

1.5-2.0

2.2-2.7

0.5-1.2"

0.4-1.9

2.2-3.2

River bottom
hardwood forest

River bottom
hardwood forest

Upland hardwood-
pine forest

Upland forest,
open field, marsh

Upland hardwood-
pine forest

1.2 Adjacent to the Susquehanna River, north
from Susquehanna SES Biological Laboratory
to southern tip of Gould Island

1.0 Marked trail along western shore of
Gould Island

1.5 Along Township Road 419, from U.S. 11
to T.R. 438

2.3 Along Township Road 438, from T.R. 419 to
the entrance of abandoned race track

2.3 Trail from PA. 239 (quarry trail) to the
transmission line along ridge top to the
transmission line down the slope of Little
Vapwallopen Valley to a trail past an
abandoned spring house, ending on PA. 239

1.4 Council Cup Nature Trail and Overlook

0.4 Field north of Susquehanna SES Biological
Laboratory

LA

Council Cup
(CC)

North Field
(NF)

ESE 2. 8-3.3

1.8-2.0NE

Upland hardwood-
pine forest

Abandoned field

Abandoned field

Abandoned field

Switchyard Field
(SwF)

E 2.7-3.0 0.3 Field north of the switching station east
of PA. 239

Transmission Corridor Field
(TCF)

1.3-2.3 1.0 Field in the transmission corridor-
of Susquehanna SES

Elimsport Substation WNW
(Elim)

72 Upland forest and
transmission line

0.8 Adjacent toand east of Ejimsport Substation,-
5.4 km W1E of Elimsport, Lycoming Couuty



Table G-2

Species of woody plants observed in the vicinity of the Susquehanna SES, 1972-74 and 1917-84. Taxa are

arranged alphabetically within phyla. An asterisk (*) indicates taxa observed for the first time in 1984.

PINOPHYTA •
CupressacOae

Junipez-Us virginiana - red cedar
Thuja oocidentalis - arbor vitae

Pinaceae
Picea gZauca - white spruce
P. YUbena - red spruce
Pinue rigida - pitch pine
P. atrobua - white pine .
P. ByZVestris - scotch pine
P. virginiana - Virginia pine
Tauga canaense - eastern hemlock

MAGNOLIOPHYTA-DZ(ICMLEDONEAE
Aceracesa

Acer negwodo - box-elder
A. nigrma - black maple
A. pe"aylvanicn -: striped maple
A. pZatanoides - Norway maple
A; rubrWR - red maple
A. acocharinum - silver maple
A. 4aacham-n - sugar maple
A.. picatu'n - mountain maple

Anacardiaceae
Rmhu copaZZina - winged sumac
R. gZabra - smooth sumac
R. radicoan - poison ivy
R; typhina - staghorn sumac
R. vernic - poison sumac

Aquifollaceae
IZex vertioZeata - lnterberry

Berberidaceaes
Berberi• thunbergii - Japanese barberry

Betulaceae
Alnua rugoaa - speckled alder
Betula Zenta - sweet birch
B. Zutea - yellow birch
B., nigra - river birch
B. papyrifera - paper birch
B. populifoZia- gray birch
CarPrinu -aroliniaw a- American hornbeam
CorgZu w•nri - hazel-nut
Ostrya virginiana - hop-hornbeam

Bignoniaceae
•Capsis raiewse- trumpet-creeper
Catalpa bignonio4ides - catalpa

Caprifoliaceae
Dierila Zoniaero - bush-honeysuckle
Lonicera tatarica - tartarian honeysuckle
SambuCan canadeniaj - common elder
S. pub6na- red-berried elder
V,,Iturnwn acerifoZiwn - maple-leaf viburnum
V. dentatwn - arrowwood

Celastraceae
Celaatr••s ocandn - bittersweet

Cornaceae
Cornus a.te'nifolia - alternate-leaf dogwood
C. anmmw - silky dogwood
C. fl-orida - flowering dogwood
C. raoemosa - gray dogwood
C. rug•osa - round-leaf dogwood
Nyssa Byivatica - black gum

Elaeagnaceae
Elaeagnua coMutata - silverberry

Ericaceae
Gaylussaocia baccata - black huckleberry
Iatrmia anaustifolia - sheep laurel
K. latifolia - mountain laurel
Rhododendron ýaximý m- rhododendron
R. nudiflorum - pinxter-flower
R. rosewn - mountain azalea
Vacoiniumn co-rymbosum - high-bush blueberry
V. stamineum - deerberry
V. vac I Zane - low-bush blueberry

Fagaceae
Caastea dentata - American chestnut
Fag"u grandifolia - American beech
Querous alba - white oak
Q. biO0Zr -swamp white oak
Q. borealis - red oak
*Q. ilicifolia - scrub oak
Q. paZua rMe - pin oak
Q. PrinUs - chestnut oak
Q-. VSluntina - black oak

Hamamelidaceae
n•w•aelie virginiana - witch hazel

Juglandaceae
Carya cordiformni - bitternut hickory
C. glabra - pignut hickory
C. ovata - shagbark hickory
C. tomentosa - mockernut hickory
JugZan cinerea - butternut
-. nigra - black waldut

Lauraceae
Lindera benzoin - spicebush
SUeeafraa albidwn - sassafras

Leguminosae
GZeditsia triacanthoa - honey locust

. Robinia paeudoaaacia - black locust
Wisteria floribunda - wisteria

Magnoliaceae
Liriodendron tulipifera - tulip-tree

Moraceae
MoMSu rubra - red mulberry

Myricaceae
M•Mrioa aaplenifolia - sweet fern

Oleaceae
Forsythia op. - forsythia

Pr=inus mericanar- white ash
F. penneyZvanica - red~ash
Ligwtrwn vuZgare - common privet
Syringa vulgar-is - lilac

Platanaceae
Ptatanue occidentalie - sycamore

Rhamnaceae
Ceanothus 0nericanus - New Jersey tea

Roseceae
Amelwanhier arborea - shad-bush
A. stolonifera - shad-bush
Aronia'melZocarpa - chokeberry
Crataegue pruincoa - hawthorne
Crateegus ap. - hawthorne
Physacarpue oputifolius - ninebark
Pr'uns aviwn - sweet cherry
P. pensyZlvnica - pin cherry
P. serctina - black cherry
P. virginiana - choke cherry
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Table C-2 (cont.)

Rosaceae (cont.)
rue com'mmis- pear

P. malus - apple
Pyrus sp. - crabapple
Rosa canina - dog-rose

R. mutifIora - multiflora rose

R. palzsstris - swamp rose
R. virginiana - wild rose
Rubua al Zegheniensie - blackberry
R. flageZlaris - dewberry
R. hispidus - dewberry
R. occidentaZis - black raspberry
Spiraea tatifolia - meadow-sweet
S. torentoea - steeplebush

Ruhiaceae
CephaZantZhu occidentaZie - but tonbush

Rutaceae

Zanhox•alwn anericanw - prickly ash

Salicaceae
Popul us grandidentata - big-toothed aspen
P. tremloide - quaking aspen

Salix hniZi - prairie willow
S. nigra - black willow
S. aez,•ea- silky willow
Satli op. - willow

Saxifragaceae

Hydr, angea arborescens - hydrangea
Ribes enericanwn - wild black currant

Staphyleaceae
Staphytea trifolia - bladder-nut

Tiliaceae
TiZia americana - basswood

Ulmaceae
Celtia occidentalis - hackberry
Unus wnericana - American elm
U. rubra - slippery elm

Vitaceae
Parthenocissua quinquefotia - Virginia creeper
Vitis aestiva•ls - summer grape
V. abrzwca - fox grape
V. riparia - riverbank grape

MAGNOLIOPIHYTA-HONOCOTYLEDONEAE
Lillaceae

SmiU•x rotwidifolia -greenbrier



Table C-3

Species of herbaceous plants observed in the vicinity of the Susquehanna SES, 1972-74 and 1977-84.

Taxa are arranged alphabetically within phyla. An asterisk (*) indicates taxa observed for the

first rime in 198#.

EQUISETOPHYTA
Equisetaceae

EqutSet7 aCiense - field horsetail
E.. syZlvaticu - woodland horsetail

LYCOPODIOPHYA
Isoe taceae

rsctoo d Zd•m-rnznii - Englemann's quillwort

Lycopodiaceae
Lacppodium cZavatn- staghorn clubmoss

L. tZ•abeZZifozme - ground pine
L. inwdatuwn - bog clubmoss

L. luciduZum - shining clubmoss

L. obe•ourw - tree clubmoss
L. erietach um - ground cedar
Lycopodium X haberer•i - hybrid clubmoss

Selaginellaceae
SelaginelZa apoda - meadow spike-moss

POLYPODIOPHYTA
Ophioglossaceae

Botzjchiwn diaeectwn - grape fern

B. Zanceolatwn - lanceolate
B. matricar••foZium - daisy-leaf grape fern

B. virginianum - rattlesnake fern

Osmundaceae
Osmunda o6innamomea - cinnamon fern
0. cloytniana.- interrupted fern

Pol~ypodiaceae

Adianttw, pedat - maidenhair fern
AspZenilU pZatyneuron - ebony spleenwort

Athyrium fiZix-femina - lady fern
A. theZypterioides - silvery spleenwort
Cystopteris fragilie - fragile fern

C. protr'ua - lowland fragile fern
Dennstoedtia punctilobula - hay-scented fern
Dryjopteris cristata - crested wood fern
D. intermedia - evergreen wood fern
D. marginalie - marginal wood fern
D. 8pinzlosa - spinulose wood fern
.Dr-yopterie X boottii - Boott's wood fern
bryopteria X triploi.dea - hybridwood fern
Dryopterie X uligonosa - hybrid wood fern

Gyrnocacrpiwum dr•opteria - oak fern
matteuZ0ia atruthiopterie - ostrich fern

onoclea eeneibilie - sensitive fern

Polypodimwvirginianian - common polypody
PoZystichum acmaooichoi.dee - Christmas fern
Pteridiwn aquiZinun - bracken

Thelypteris ndveboracenaie - New York fern

T. paZustrio - marsh fern

Woodaja ilvensia - rusty woodsia
w. ebtuaa - blunt-lobed woodsia

MAGNOLIOPHLTA-DICOTYLEDONEAE

Acanthaceae
rus tiei amnerc4na - water-willow

Aizoaceae
l 0go vuertailata - carpet-weed

Apocynaceae
ApocYnun androaoemifolium - dogbane

A. cannabfnlif - Indian hemp
Vinca mrnor - periwinkle

Araliaceae
AraZia nudicautie - wild sarsaparilla
panax tr'foZiwn - dwarf ginseng

Asclepiadacese
Aeclepiae amplexicauzli - blunt-leaved milkweed

A. incarnata - swamp milkweed

A. quadrifolia - four-leaved milkweed

A. s•rao' - common milkweed

A. tuberoea - butterfly-weed
*A. viridiflora - green milkweed

Asteraceae
Ach"ea ni''--varrow -

m"lbvcoi, <rternjsi i.-: - ragweed
A. trfida - giant ragweed
Anphalis m ty-;',rcea - pearly everlasting
Antennari at-.ecra - pussytoes
A. pantaaini3, 'ia - pussytoes
Anthemia cotuZ• - mayweed
Arctium minus - burdock
Apter acuminatus - wh6rled wood aster
A. cordifolius - heart-leaved aster
A. divaricatue - white wood aster
A. dwnosus - aster
A. i, gvis - smooth aster
A. lateri forus - calico aster
A. novae-angliae - New England aster
A. patens - late purple aster
A. paternua - aster
A. piloeus - anter
A. penanthoidpe - aster
A. pUniCCU. ,- purple-stemmed aster
A. simplex - aster
A. tonbelZatzue - flat-topped white aster
A. undulatuz a - aster
Bidena cernua- beggar-ticks
B. frondosa - beggar-ticks
B. tripartita - beggar-ticks
Cacalia 8uaveolene - Indian-plantain
Centaurea rnacu•6sa - spotted Pnapweed
Chrysanthemwn leucanthemun - ox-eye daisy
Cichorium intybus - chicory
CiisiUm arenee - Canada thistle
C. puilwum - pasture thistle
C. rtegare - bull thistle
Conyza canadensia - horseweed
Erechtitea hieracifolia - fireweed
Erigeron annue - daisy fleabane
E. philadeiphicus - dairy fleabane
Eupaioriwm figtzlowum - Joe-Pye-weed
E. maculatum - spotted Joe-Pye-weed
E. perfoZiatwn - boneset
E. rugosum - white snakeroot
;41insoga ciliata - galinsoga
.'iaphalium obtusifoZium - cudweed
1. uligincaum - cudweed
/etenium autwviale - sneezeweed
WZ-lznth,4r deoapetaZu8 - thin-leaf sunflower
f. dvaricc•ts• - woodland sunflower
P. tuberosue - Jertmalem artichoke
'Aptiopis hei•inmthoide8 - ox-eve
i iei-o!ium auranti'cum - king-devil
H. paniculatum - hawkweed
H. piloselZa - mouse-ear hawkweed
.8. pratense - hawkweed
*H. scabrum - hawkweed

H. venoeum - rattlesnake-weed
Kricia virginica - dwarf dandelion
Lactuca omadtniris - wild leteuce

iatri•niria matz ,aroido4 - pineapple-weed
Pienanthes .alb. - tall white lettuce'
Rudbeckia hirta - black-eyed susan
P. lociniata - coneflower
Seenacio aureus - golden ragwort
S. obovatue - roundleaf ragwort
Solidago a•iguta - sharp-leaved goldenrod
S. bi'olor - silverrod
S. caeeia - blue-steamed goldenrod
:. anadenai - Canada goldenrod
S. flexicaulia - zigzag goldenrod
S. gigantea - late goldenrod -
* .graminifoZia - flat-topped goldenrod
S. jwoncea- early goldenrod
S. nemoralia - little gray goldenrod
S. rugosa - rough goldenroc

4

Taaoown OfficinaZe - dandelion
Tragopogon dub-us - goat's beard

Lusailz,0o farfarn - coltsfoot
Vrnioni•a noveboyx,•enni - ironweed
Xanthium strtazrtrn - cocklebur



229

Table G-3 (cont.)

Baleaminaceae
rn~patien8 bifZora - jewelweed

I. paltida - pale jewelweed

Berberidaceae
,•::zc';,u:tZn :;zazicti.ks - blue cohosh
Pvdo17piyZln peZltaum - may apple

Boraginaceae
Hackelia virginiana - beggar's lice
Mertensia vtirinica - Virginia bluebells
Mfyosot•i Zaza - forget-me-not
M. s•G• ,ioivs- forget-me-not
M. vernn - forget-me-not

Callitrichaceae
CaLZitrichO heterophyZla - water starwort

Campanulaceae
CarpanuIZa parinoides. - marsh bellflower
TriodaniO perfoliata - Venus' looking-glass

Cannabinaceae
Cannabis sativa - marijuana

Caprifoliacea
Loniaera japonica - Japanese honeysuckle

Caryophyllaceha
*Agroatemma g ithao - corn-cockle

,1lpt.aria serpyZlifoZia - sandwort
Cerastiuwn arVene - field chickweed
C. vn•gatuL - mouse-ear chickweed
Dianthua ar'neria.- deptford pink
Ly•honi aZba - white campion
Pa•*rnychia canadenh•i - whitlow-wort
Saponarta officinalia - bouncing bet
Fi•Zene stelZata - starry campion
SteZZa'ia aquatioa - chickweed
S. grrminea -- common stitchwort
S. Zongifolia - chickweed
S. media - common chickweed

Ceratophyllaceae
Ceratophy wn mdeiersum - hornwort.

Chenopodiaceae
Chanopodiwn aZbwn - lamb's quarters
C. wnhrosioides - Mexican tea

Cistaceae
Helianthemum canadense - frostweed

Convolvulacese
ConvoZvuZuS 8epiwn - hedge bindweed
Cuscuta gronovii - dodder

Crassulaceae
Penthorwn eedoidee - ditch stonecrop
Sedum te~ephiwn - orpine

Cruciferae
AZZiaI'ia officinalie - garlic mustard
Arabidopsse tha Zliaa - mouse-ear cress
Arabia canadensis - rock cress
A. gbra - rock cress
A. Zaevigata - rock cress
A. Zlrata - rock cress
A. ehortii - rock cress

Cruciferae (cont.)
Parvba-a.:Y ")uZaris - wintercress
Beaseica a•cesttis - field Afustard
B. k:h'., - charlock
B. nigra - black mustard
C'apse••a bursa-pastori- - shepherc's purse
Cardwnrine bulbosa - bitter press
C. parvifZra - bitter cress
C. pensyZvanica - bitter cress
C. pratensis - cuckoo-flower
Dentaria diphytZa - pepperwort
D. laciniata - cut-leaf toothwort
£ryeiumn cheiranthoides - wormseed mustard
Hesperis nutronai - dame's rocket
CLepidi=m campeetre - field' cress
L. virginicum - peeper-grass
aseturtiot offieinale - water-cress

,Rorippa isZandica - marsh cress
R. tulvestris - yellow cress
Sis.1mbrium altisainwm, - tumble mustard
S. bfficisale - water-cress
Thlaspi arvenae - field pennvcress

Cucurbitaceae
Echinocueti8 lobata - wild cucumber
Sic.os angwtatus - bur-cucumber

Ericaceae
Chimaphi ma cuata - sootted wintergreen
Epigaea repens - trailing arbutus
Caultheria procumnbena - wintergreen.
Monotroap uniftora- Indian pipe
PyJola ezzipti.ca - shinleaf

Euphorbiaceae
Acalyph rhanmboi-,ea - three-seeded mercury
Euphorbia maculata - spurge
E. preriii - spurge

Fumariaceae
Corjda•is f7at'ula - corydalis
C C. senpe•virens - corydalis

S.Dicentra cuutlarian- Dutchman's breeches

Gentianaceae
Gantiana andrewaji - bottle gentian
G. orinita - fringed gentian

Geraniaceae
Geramiwn caroZipianum - Carolina cranesbill
G. moculatum - wild geranium

Hydrophyllaceae
HydrophZU •r virginian - waterleaf

Hypericaceae
Hiyperioum gentianoidee - St. John's .wort
H. mnutiZwn - St. John's wart
H. perforatwn - common St. John's wort
H. punctatum - spotted St. John's wart
H. pyr•rmidatwu - great St. John's wart
Tri.adanwn virginicu - marsh St. John's wart

Labiatae
Collinsonia canadensis - horse-balm
CuniZa origanoides - dittany
GaZeopsis tetrahit - hemp-nettle
Glecomn hederacea - gill-over-the-ground
Hedeoma pulegioides - American pennyroyal
tanizun arplexicalue - dead nettle
Leonuu ca rdiaca - matherwort
Lycoous aznwricanus - water horehound
L. virnginicus - water hiorehound .



Table G-3 (cont.)

,LAbiatae (cont.)
l47narda clinopodia - wild bergamot
,1. fietuloaa - wild bergamot
Neqeta catazia - catnip
Prn.zelZla vmuZgar-s - self-heal
ycn0a2themnm inCaWum - mountain-mint

P. vnrginimium - mountain-mint
Satureja vuZvaris - wild basil
§cuteZZaria galericulata -- skullcap

S. ZaterifZora - skullcap
Stac•h&s hispida- rough hedge-nettle
Teucriuw canadense - woodsage

Trichoatema dichotomum - blue curls

Leg.iminosae
Amphicarpa bracteata - hog peanut

ApiOs wner-icana - groundnut
Baptisia..tinctoria - wild indigo

Cassia nictitan8 - wild sensitive plant
CoroniZZa vaea - crown vetch
Doamod.wn cwzeecene - tick-trefoil.
D. diZZeni, - tick-trefoil
D. glutinosw'n - tick-trefoil
D. lineatwn - tick-trefoil
D. mndifZorum- tick-trefoil
D..pan•ulatum- tick-trefoil
Lazthyiua ZatifoZiua - everlasting pea
Leepedeza hirta - bush-clover
L. interwedia - bush-clover
L. vioaceea - bush-clover

L. virginica - bush-clover
Lotus corniuZat.ua - blrd's-foot trefoil
Mledicago ZupuZina - black medick
KeZiZotue alba - white sweet clover
M. officinaZis - yellow sweet.clover
Tr7fifoZium agrarium - hop-clover
T. aryenee- rabbit-foot clover
T. hbridwum - alsike clover
T. pratenae - red clover
T. repena - white clover
Vicia orlacca - cow vetch

Lentibulariaceae

Utr.icuuZria vuZgario - bladderwort

Li•manthaceae
Floerkia proserpinacoides - false mermaid.

Linaceae
Linuon virginianwm - wild flax

Lobeliaceae
Lobelia ardinais - cardinal-flower
L. infZata - Indian-tobacco
L. siphiZitica - great lobelia
*L. apicata - lobelia

Lythraceae
Lythrwn eaZicania - purple loosestrife

Malvaceae
-Abuti7Zn theophrasti - velvet-leaf
Malva neglecta - cheeses

Onograceae
Circaea quadrieuZcata - enchanter's nightshade

EpiZobiw. coloratum - willow-herb
Gaura biennis - biennial gaura
Lu&vigia afternifolia - seed-box
L. patuetris - seed-box
Oeothema biennia - evening-primrose
0. perennia - sundrops

Orobanchaceae
Orobanoze unifZora - cancer-root

Okalidaceae
Ozalis diZZenji - yellow wood sorrel
0. stricta - yellow wood sorrel
0. viOZacea - violet wood sorrel

Papaveraceae
Chelidniwn majus - celandine
Sanguip-ria canadensis - bloodroot

Phytolaccaceae
PhytoZacca americana.- pokeweed

Plantaginaceae
PZantago ariatata - buckhorn
P. ZanceoZata - English plantain
P. major - common plantain

, I

Polemoniaceae
PhZo= panicuZata - phlox
P. sibulata - moss-pink
Polemonium rvptana - Jacob's ladder

Polygalaceae
PoZygaZa.paucifolia - fringed polygala
P. eanguznea - cross-leaved milkwort
P. verticiZZata - whorled milkwort

Polygonaceae
Polygonum arifoliun - halberd-leaved tenrthw
P. avioulae - knotweed
P. caeapitosum - -long-bristled smartweed
P. cLZinode - bifidweed
P. convoZvu~ue - black bindweed
P. cupidatum - Mexican bamboo
P. hydropiperoides - mild water pepper
P. natane - water smartweed
P. peneywvanicum - smartweed
P. pereica-ia - smartweed
P. punctat•w - smartweed
P. eagittatun - arrow-leaved tearthumb
P. ecandene - false buckwheat
P. virginanwm - Virginia knotweed
Ruime acetoaelZa - sheep sorrel
R. criappus - curly dock
R. obtupifoZiue - bitter dock
R. patientia - patience dock

Portulacaceae
C•aytonia virginica - spring beauty

Primulaceae
Lysimachia ciZiata -fringed looseetrife
L. quadifoia - whorled loosestrife
L. terrearti - yellow looseetrife
L. tn•Zgari8 - garden. loosestrife
Trientalie borealis - starflower

Ranunculaceae
Anemone canadensis - Canada anemone
A. quinquefolia - wood anemone
A. virginiana - thimbleweed
AnemonelZa thaZictroides - rue anemone
Aquilegia canad•nsis - columbine
Cimicifuga racemosa - bugbane
Clematia virginiana - virgin's bower
Coptis tr'iflia - goldthread
Hepatica americana - hepatica
Ranunoulue abortivue - kidneyleof buttercup
R. acr8 - common buttercup
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Table G-3 (cant.)

Ranunculaceae (cant.)
Ronunmuluc bulbosu8 - buttercup
R. penas4vawiiou. - buttercup
R; recur-vatua - buttercup'
R. repene - creeping buttercup
R. septentricnaZie - buttercup
Thalictrum dioicu - early meadow rue
T. poZygmwn tall meadow rue

Rosaceae
Agrimonia gryjpeoeepala - agrimony
Fragaria virg'ini•m - wild strawberry
Gewn otaadenae - evens
G. Zaciniatm - ovens
GiZZenia trifoliata- bowman's root
PotentiZZa cozadensia - dwarf cinquefoil

* P. norvegica - rough cinquefoil
P. recta - rough-fruited cinquefoil
P. simplez - cinquefoil

Rubiaceae
Galiwn aparine - cleavers
G. aeprellwnA- bedstraw
0. boveale - bedstraw"
4q. circzmw - bedstraw
G. motlugo - cleavers
G. paZuatre- bedstraw
G. trifidzan- bedstraw
G. triflornm - bedstraw
Houaonia coaeruZea -- bluets
WitohelZa repena - partridge-berry

Santalaceae
Comman'dra wnbeZlata - bastard toad-flax

Saxigragaceae
Chz'isoepZenum anwericaum - golden saxifrage
MitelZa diphylZa - miterwort
Sarifraga virginienaio -early saxifrage

Scrophylariaceae
Aureolaria virginica - downy false foxglove
Chelone gl.b,, - turtle-head
Gerrdia tenuifolia - slender gerardia
Linaria vulgarie - butter-and-eggs
Lindernia dubia - false punpernel-
MeZaphrym Zineare - cow-wheat
Miiulua ringene - monkey-flower
PedicuZaria canadensai - lousaewort
Penstermon digitalis - beard-tongue
P. hireutifa - hairy beard-tongue
Scrophyilaria Zanceolata - figwort
Verbaseum bUattaria - moth mullein
V. thapaua - common mullein
Veronica americana - American brooklime
V. arvensi - speedwell
V. officinaZie - common speedwell
V. peregrina - speedwell
V. aer•,jlZifoZia - speedwell
Veronicaetrwn virginiewn - culver'e root

Solanaceae
Physalia hetcrophylla - ground cherry
Solanun carolinenae - horse-nettle
S. dulcamra - nightshade
S. nigurn - black nightshade

Umbelliferae
Cicuta buZbifera - water heraock

•C. macuZata - water hemlock
Cynjptotaenia canadensai - honewort
Daucua carota - Queen Anne's lace
Osemorhiza cZaytoni - sweet cicely
0. longiatyU8e - sweet cicely

Uebelliferae (cont.)
Paetni:aca sztiva - wild parsnip
Si ucula mtrilZa,zaic. - black snakeroot
Ziaea ,zprarc - golden alexauders

aurea - golden alexanders

Urticaceae
,ehner'ia oaydindrica -. false nettle

Filr pz"niZa - clearweed

LUrtica diOica - stinging nettle

Valerianaceae
V7lericnelZa Zocueta - corn-salad

Verbenaceae
Verbena hastata - blue vervain
V. urticifolia - white vervain

Violaceae
Viola bHanda - sweet white violet
V. conaperea - American dog-violet
V. cueul-Zata - blue marsh violet
V. eri-ocarpa - smooth yellow violet
V. fimbriatzua - northern duwny violet

V. palmata - wood-violet.
V. parpilionacea - common blue violet
V. pubeacene - downy yellow violet

V. aoroiia - woolly blue violet
V. atrita - pale violet

MAGNOLIOPhYTA-MONOCOTYLEDONEAE
Allsmsaceae "

Aliama aubcordatwn - water-plantain
Sagittaria Zatifolia - arrow-head

Amaryllidaceae.
Hypozxi hirsuta - stargrass

Araceae
Acoruea cal•nu - ieet flag
Ariaaema dracontiun - green dragon
A. triphyZZun - Jack-in-the-pulpit
Synplocavrpua foetidue - skunk cabbage

Commelineceae
Commelina cowunis - day-flower

Cyperaceae

Bulbostylis capillariBa sedge

Carez annectens - sedge
C. bromoidea - sedge
C. cOMnsa - sedge
C. crinita - sedge
C. debils - sedge
C. intwneecena - sedge

C. lacuatria - sedge

C. Zaevivaginata - sedge
C. Zariflora - sedge

C Zurida - sedge

C. muhlenbergii - sedge

C. penusylanioa - sedge
C. roaea - sedge

C. scoparia - sedge
C. atipata - sedge
f. etricta - eddge
C. ea•anii - sedge
C. tribuloidee - sedge

C. vuupinoidea - sedge.
Carez sp. (unidentified)- sedge

Cýperue eacutentus - yellow nut-grass

C. filioulmia - galingale

C. odoratue - galingele
C. strigosu8- galingale
DuZiohium arundinaceum - three-way sedse
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Table G-3 (cont.)

Cyperacepe (cont.)

EAeocharia acieuki-a - spike-rush
E. iniervAedia - spike-rush
E. obiuaa - spike-rush
.E. tenuis - spike-rush
Scirpue wner.cmius - three-sqaure
S. atrov6ens bulrush
S. Qcyperinus - woolgrass
S.. ,aZadus - great bulrush

Dioscoreaceae
Picsoolva tV'!Zoa -. wild yam

Gramineae
Agropr-On zwptna - quack grass
Agrostie hyemalia - bentgrass
A. pdrennoan - autumn bent

* A. 8tolonifeva - bentgrass
AZopecurue aequalsi - foxtail
Andzropogon gerardi .'big bluestem
A. aopdprizsa - little bluescem
A. virginicue - broom sedge
Anthoztmthwu odoratum - sweet vernal grass
Ar-iatida dichotoma - three-awn

* Arro,'nnthrum elatiua - oat-grass
Bzlv~ua izerwia - smooth brome
B. ,f?,ronicus - Japanese chess
B. ZatigZuia - bromegrass
B. moZZlis - soft chess
B. tectorwn - downy chess
Cinna au-ndindcea - stout woodreed
Dact-jZie gtomeruta - orchard grass
Danthonia apioata - poverty oatgrass
Deachenpaia f~exuosa - hairgrass
Digita•ia isachaemum - crabgrass
D. awnguinaZia - crabgrass
Ec•inochZoa munricat - barnyard grass

.EZymue oaptadenei8 - wild rye
E.'2ripaiuz - wild rye
E. viZZoeus - wild rye
E. virginicua - wild rye
Eragroatia capiZZaris - lovegrass
E. o•iZianensiai lovegrasa
E. frankii - lovegrass
E. hypnoidea - lovegrasa
E. piloaa - lovegrass
E. spectabiie - purple lovegrass
Feetuca elatior - meadow fescue
F. obtuaa - nodding fescue -

F. rubra - red fescue
CZoey-ia oanadeneie - rattlesnake mannagrass

G. etriata - fowl mannagrass
.•Zocue ZwnatL•a- velvet grass
Hysterix patula - bottlebrush
Leerbia oryoidea - rice cutgrass
L. tirgini= - white grass
Loium= Perenne - perennial ryegrass
MtuhZenbergia frondoaa - wirestem muhly
M. 8chreberli nimblewill
M. eobolifera - muhly
Pwztin boeeii - panic-grass

P. capiZZae - witch grass
P. cZmdeetinum - panic-grass
P. conimtatu - panic-grass

P. depauperatur - panic-grass

P. dichoto•rf•fLorum - panic-grass
P. dichqtomwn - panic-grass

P. anuginoewn - panic-grass

P. nitidwn - panic-grass
P. virgatwn - switchgrass

paspliaum pubeacene - paspalusm
Phalariasacrundinacea - reed canary grass

Phleum piatense -. timothy
Poa ammua - speargrass -
p. coo2peeaO - Canada bluegrass
p. palustria - fowl bluegrass
P. pratensia - Kentucky bluegrass
p. triviaZia - bluegrass
Setaria faber-u - nodding foxtail
S. glauca - foxtail grass
S. italica - foxtail millet

Gramineae (cont.)
Sor'ghastruw nutane-- Indiangrass
Sphenopholia intermedia - wedgegrass
Spnrobolus v7i,'7.c)':.." - drn'peed
Triodia fZav - purpletop

Pydrocharitacene
.4naohan's emiadenaoz - water-weed'

Iridaceae
Iris versicotor - blue flag
Sioyr-inchium anguetifoliu - blue-eyed grass

Juncaceae
,Iunouf acu•minatue - rush
J. effuaue - rush
J. tenuia - path rush
Lusula campeetr-ie - wood rush

Lemnaceae
Lemna rinor - duckweed
Wolffia pwlctata.- water meal

Liliacease
AZ7iun canadense - wild garlic
A. vineale - field garlic
Aeparagus officinaZiel- asparagus
Erjthroniwn albidurm - white trout-lily
E. anericanum - trout-lily
Hemerocallue fuZoa - day-lily
Linm oanadense - Canada lily
L. auperbum - turk's-cap

faianthemum canadense - wild lily-of-the-valley
Medeola virginiana - Indian cucumber
Ornithogalwn wnbellatwn - star of Bethlehem
PoZygonaten biflomen - Soloman's seal
P. pubaecena - Soloman's seal
Sil Zacina raceemosa - false Soloman's seal
Trillum cernuumn - nodding trillium
T. erectwn - purple trillium
UviZa-ria perfoliata - perfoliate be.lwort
U. sesailifoZia- sessile-leaved bellwort
Veratrwn ver-ide false hellebore

Najadaceae
Potwogeton czripia - pondweed

*P; folioaus - pondweed
P. apizrillu - pondweed

Orchidaceae
Cypripedium acaule - pink lady's slipper
Epipaotis helZebor-ine - helleborine
Goocjer pubeacens - rattlesnake plantain
Habenavia lacera - ragged finged orchid
H. orbiculata - round-leaved orchid
Spironthes cernua - ladies' tresses
S. gracili• - ladies' tresses

Sparganiaceae
Sparganium eur-ycarpwI n bur-reed

Typhaceae
Typha anguetifolia - narrow-leaf cat-tail
T. latifolia - cat-tail
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Table G-4

Species of plants observed at Elimsport Substation and not found at
Susquehanna SES, 1982-84. Arrangement as in Table G-3.

POLYPODIOPHYTA
Osmundaceae

Osrmunda regalis- royal fern

MAGNOLIOPHYTA-DICOTYLEDONEAE
Ericaceae

Lyonia ligustrina - male berry
Gentianaceae

Bartonia paniculata - bartonia
Leguminosae

Desmodium mari landicum - tick-trefoil
Melastomataceae

Rhexia virginica - meadow-beauty
Violaceae

Viola sagittata - arrow-leaved violet

MAGNOLIOPHYTA-MONOCOTYLEDONEAE
Cyperaceae

Rhynchospora capitellata - beak-rush
Gramineae

Cala!agrostis cinnoides - reed-grass
Festuca ovin' i; - sheep fescue

Juncaceae
Juncus marginatus - rush

Orchidaceae
Habenaria clavellata - green woodland orchid



Table G-S

Months when plants were observed in flower or shedding spores on forest salt drift transects in the vicinity
of the Susquehanna SES and Elimsport Substation, 1984. Names, abbreviations; and locations of transects are given
in Table G-1.

SPECIES 'RIF GIF TR419 TR438 0SH CC ELIM

ACALYPHA RHOMBOIDEA
ACER NIGRUM
A. RUBRUM
A. SACCR•RINUM
ACHILLEA MILLEFOLIUM
AGRIMONIA GRYPSOSEPALA
AGROPYRON REPENS
AGROSTIS PERENNANS
A. STOLONIFERA
ALLIARIA OFFICINALIS
ALNUS RUGOSA

-AMBROSIA ARTENISI.EPOLIA
A. TRIFIDA
ANXIANCHIER ARBOREA
A. STOLONIFERA
AMPHICARPA BRACTEATA
ANDROPOGON SCOPARIUS
A. VIRGINICUS
ANEMONE QUINOUEFOLIA
ANEMONELLA TRALICTROIDES
ANTENNARIA NEGLECTA
A. PLANTAGINIFOLIA
ANTERMIS COTULA
ANTHOXANTIUM ODORATUM
APIOS AMERICANA
APOCYNUN ANDROSAEMIFOLIUM
A. CANNABINUM
AQUILEGIA CANADENSIS
ARABIDOPSIS THALLIANA
ARABIS LAEVIGATA
A. LYRATA
ARALIA NUDICAULIS
ARCTIUM MINUS
ARENARIA SERPYLLIFOLIA
ARISAENA DRACONTIUM
A. TRIPRYLLUM
ARISTIDA DICNOTOKUM
ARRHENANTHERUM ELATIUS
ASCLEPIAS INCARNATA
A. SYRIACA
ASPLENIUM PLATYNEURON
ASTER CORDIFOLIUS
A. DIVARICATUS
A. DUMOSUS
A. LAE'IS
A. LATERIFLORUS
A. NOVAZ-ANGLEAE
A. PATENS
A. PATERNUS
A. PILOSUS
A. PUNICEUS
A. SIMPLEX
A. UMBELLATUS
A. UNDULATUS
ATHYRIUM FILIX-FEMINA
A. THZLTPTERIOIDES
AUREOLAPIA VIRGINICA
BAPTISIA TINCTORIA
BARBAREA VULGARIS
BARTONIA VIRGINICA
BETULA LENTA
BETULA POPULIFOLIA
BIDENS CERNUA
B. FRONDOSA
DOENMERIA CYLINDRICA
BOTRYCHIUM DISSECTUM
B. VIRGINIANUM
BRASSICA KABER
B. NIGRA
BROMUS INERMIS
B. JAPONICUS
B. LATIGLUNIS
CACALIA SUAVEOLENS
CALAMAGROSTIS CINNOIDES
CAMPANULA APARINOIDES

0
0
0
MAR
0
0
0
0
JUN
MAY-JUL
0
0
AUG
0.
0
0
0
0
0
0
0
0
0.
0
0
0
0
.0
0
0
0
0
0
0
JUN
MAY
0
0
0
01
0
OCT
AUG-OCT
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
MAY
0
0
0
AUG
AUG,* SEP
AUG
0
0
0
JUN ,AUG
JUN
0
AUG
0*
0
0

0 AUG
MAY 0
0 APR
MAR 0
0 JUN-SEP
0 0
0 JUN
0 AUG
JUN JUN,JUL
MAY-JUL 0
0 0
0 AUG,SEP
AUG 0
0 MAY
o 0
o 0
o 0
o 0
0 0
o 0
o MAY
0 MAY
o JUN*
o MAY
o 0
o o
-o JUL
0 0
0 APR,MAY
0 MAY,JUN
0 0
0 0
0 AUG
o o
o 0
MAY MAY
o 0
o o
JUL 0
0 0
0 JUN,JUL
SEP SEP,OCT
AUG,SEP SEP
0 0
0 0
0 SEP,OCT
0 0.
.0 0
0 0
0 SEPOCT
0 0
0 OCT
AUG 0
o 0
JULAUG JUL,AUG
JUL,AUG 0
0 0
0 0
MAY MAY
0 0
MAY MAY
0 0
AUG,SEP SEP
0 OCT
JUL 0
0 0
0 0
0 JUN,JUL,SEP,OCT
0 0
0 JUN
0 JUN
AUG 0
AUG,SEP 0.
0 0
0 0

0
0
APR
0
JUL,A I G
0
JUN
AUG
JUL
.0
APR
AUG, SEP
0
MAY
0
0
0,
0
MAY
0
MAY
0
0

0
0

APRMAY
0
0
0
0

SMAY

0
0
0

0
JUL
0
OCT
0
0
0
0SEPOCT
0
0

0

SEPOCT
SEP, OCT
SEP0OCT
0
0
JULAUG
0
0
0
MAY
0
0
0
0
AUG
0
0
0

JUNJULSEP
0
JUN
JUN
0
0
0
0

0
0
APR
MAR
JUL-SEP
JUL, AUG
JUL
AUG
JUL
MAY
0
AUG, SEP
0
MAY
0
AUG
AUG
AUG
0
APR,MAY
MAY
MAY
0
MAY ,JUN
0
JUL
JUN .JUL
0
APRMAY
JUN
0
MAY
0
0
0
MAY
AUG
0
0
0
JUN,JUL
SEP, OCT
AUG-OCT
0
0
SEP, OCT
SEP
AUG, SEP
JUL
AUG-OCT
0
SEP
0
0
JUL, AUG
0
0
JUL
JUN
0
MAY
MAY
0
0
0
SEP, OCT
JUN
0
0
JUN
JUN
0
0
0
0

0 0
0 0
APR APR
0 0
J'UL-SEP JUN-AUG
JUL,AUG 0
0 0
AUG, SEP AUG
JUN JUN,JUL
0 0
0 0
AUGSEP AUG,SEP
0 0
0 0
MAY .0
AUG 0
0 0
AUG 0
0 0
0 0
MAY MAY
0 0 -
0 JUN
MAY,JUN 0
0 0
0 0
0 JUL
MAY 0
0 0
JUN " 0
MAY 0
MAY 0
0 0
0 0
0 0
0 0
0 0
0 0
o 0
0 0
JUN-AUG 0
0 0
AUG,SEP 0
0 SEPOCT
SEPOCT 0
SEP SEP
0 0
0 0
0 0
SEP, OCT SEPOCT
0 0
0 0
0 0
SEPOCT 0
AUG •0
0 0
JUL 0
0 JUL.
MAY MAY
0 JUL,AUG
MAY MAY
MAY 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 JUN
S0 0
0 0
0 0
0 AUG
JUN 0
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Table. G-5 (cont.)

SPECIES Rp GIF TR419 TR438 OSH ,Cc ELIM

CAPSELLA BURSA-PASTORIS 0
CARDAMINE PARVIFLORA 0
C. PENSYLVANICA 0
CAREX PENSYLVANICA 0
CAREX SP. MAY
CARYA TOMENTOSA 0
CASSIA NICTITANS 0
CAULOPHYLLUM THALICTROIDES 0
CEANOTHUS ANERICANUS 0

ICELTIS OCCIDENTALIS MAY
CENTAUREA MACULOSA. 0
CERASTIUM ARVENSE 0
C. VULGATUM 0
CHALIDONIUM MAJUS 0
CHENOPODIUM AMBROSIOIDES 0
CHRYSANTHEMUM LEUCANTHEMUM 0
CICHORIUM INTYBUS JUL
CICUTA MACULATA 0
CIMICIFUGA RACEMOSA 7• 0
CINNA ARUNDINACEA ' 0
CIRCAEA QUADRISULCATA JUL
CIRSIUN VULGARE 0
CLAYTONIA VIRGINICA MAY
COLLINSONIA CANADENSIS 0
COMMANDRA UMBELLATA 0
COMMELINA COMMUNIS AUG
CONVOLVULUS SEPIUM 0
CONYZA CANADENSIS 0
CORNUS AMOMUM 0
C. FLORIDA 0
C. RACEMOSA 0
CORONILLA VARIA 0
CORYDALIS SEMPERVIRENS 0
CORYLUS AMERICANA 0
CRATAEGUS SP. 0
CRYPTOTAENIA CANADENSIS JUN
CUNILA ORIGANOIDES 0
CYPERUS STRIGOSUS 0
CYPREPEDIUM ACAULE 0
CYSTOPTERIS FRAGILIS 0
C. PROTRUSA 0
DACTYLIS GLOMERATA 0
DANTHONIA SPICATA 0
DAUCUS CAROTA 0
DENNSTAEDTIA PUNCTILOBULA 0'
DENTARIA LACINIATA NAY
DESCHAMPSIA FLEXUOSA 0
DESMODIUM DILLENII 0
D. LINEATUM 0
D. NUDIFLORUM 0
D. PANICULATUM 0
DIANTHUS ARKERIA 0
DICENTRA CUCULLARIA MAY
DIGITARIA SANGUINALIS 0
DRYOPTERIS INTERMEDIA 0
D. MARGINALIS 0
D. SPINULOSA 0
ECHINOCYSTIS LOBATA. AUG
ELEOCHARIS OBTUSA 0
E. TENUIS 0
ELYMUS RIPARIUS JUN,JUL
E. VIRGINICUS 0
EPIGAEA REPENS 0
EPILOBIUM COLORATUM 0
EOUISETUM ARVENSE 0
ERAGROSTIS CAPILLARIS 0
E. CILIANENSIS .0
E. FRANKII 0
E. HYPNOIDES 0
E. SPECTABILIS 0
ERECHTITES HIERACIFOLIA 0
ERIGERON ANNUUS JUN

•ERYSIMUM CHIERANTHOIDES 0
ERYTHRONIUM ALBIDUM MAY
E. AMERICANUM MAY
EUPATORIUM FISTULOSUM 0
E. NACULATUM 0
E. PERFOLIATUM 0
E. RUGOSUM AUG-OCT
EUPHORBIA PRESLII 0

0
0
0 .
0
MAY
0
0
MAY
0
MAY
0
0
0
0
0
0
0
0
0
JUN-AUG
JUL
0
MAY
0
0
AUG
0
0
0
0
JUN
0
0
0
0
JUN
0
0
0
0
JUN
0
0
0
0
MAY
0
0
0
0
0
0
MAY
0
0
0
0
0
0
0
JUN, JUL
JUN,JUL
0
0.
0
0
0
AUG
AUG
0
0
JUN .JUL
0
MAY
MAY
0
0
0
AUG-OCT
0

NAY
0
MAY
MAY
MAY
0
0
0
JUN
MAY
0
0
JUN
MAY-JUL
0
JUN-AUG
0
0
JUL
0
JUL
JUL, AUG
0
0
0
JUL-SEP
JUL-SEP
AUG, SEP
0
MAY
0
JUN-OCT
6
MAR
0
0
0
0
0
0
0JUN
0.
JUL-OCT
JUL,AUG
0
0
AUG,SEP
0
AUG
AUG
0
0
0
JUN,JUL
JUL
JUN
0
0
0
0
0
0
AUG
0
JUL,AUG
JUL
0
0
0
SEP, OCT
JUN-SEP
JUN
0
0
0
0
0
AUG-OCT
AUG

0
0
0
0
00
JUL,AUG
0
0
0
JUL, AUG
0
JUL
0
0

JUN-AUG,OCT
JUL
JUL
0
0
0
0
0
AUG
0
JUL, AUG
0
AUG, SEP
JUN
MAY
JUN
JUN-OCT
0
MAR, APR
0
0

S0

AUG
0
0
0
JUN0
JUL-OCT
JUL, AUG
0
0
AUG
0-.
0
AUG
JUN,JUL
0
AUG
0
JUL
0
0
0
0
0
0
0
0
MAY
0
0
0
0
0
AUG-OCT
JUN-SEP
0
0
0
AUG, SEP
SEP
AUG, SEP
SEP
AUG

0
0
MAY
MAY
MAY
0
0
0
JUN
MAY
0
0
MAY,JUN
0
0
JUN-OCT
0
0
0
0
JUL
0
0
0
MAY
JUN-OCT
0
AUG
0
MAY
0
0
JUN
0, "

MAY
0
AUG
0
MAY
JUN, JUL
0
JUN
JUN
JUL-OCT
JUL ,AUG
0
JUN
AUG
AUG
AUG
AUG. SEP
JUN-OCT
*0

AUG
JUN,JUL
JUL,AUG
JUN
0
0
0
0
0
MAY
0NAY

0
0
0
AUG
AUG,SEP
JUN-SEP
0
0
0
0
0
SEP
AUG, SEP
JUL,AUG

0•

APR,MAY, kUG
JUN
MAY
MAY
MAY
0
0
JUN
0
0
MAY
MAY, JUN
0
AUG
0
0
0
JUL
0
JUL
0

0
0
0
00
AUG
0
MAY
0
0
0
0
MAY
0
0
0
MAY
0
0
0
MAY,JUN
JUL-OCT
JUL, AUG
0
JUN
AUG
0
JUL, AUG
JUL
0
0
0
0
JUN-AUG
0.
0
0
0
0
0
APR,MAY
0
0
0
0
0
0
0
SEP
JUN-AUG
0.
0
0
0
0

AUG-OCT
0

0 ,
0
0
0.
0
MAY
0
0
0

JUL-OCT
0
MAY
0
0
JUN .JUL
SEP , OCT

0
0
0
0
0
0.
0
0
0
0

0

0

0

0
0
.0

AUG
NAY
0
0
JUN,
JUN
JUL-OCT
JULAUG
0
0
0
0
0
0
JUN ,AUG
0
AUG
0
0
0
0
JUNJUL
MAY
0
0
0
0.
0
0
0
0
0
0
AUG. SEP
JUN-AUG
0
0
0
AUG
0
AUG ,SEP
0
0



Table G-5 (cont.)

SPECIES RF GIF TR4i9 TR438 QSH CC ELIM

0FESTUCA ELATIOR
F. OBTUSA
FLOERRIA PROSERPINACOIDES
FRAGARIA VIRGINIANA
FRAXINUS AMERICANA
GALINSOGA CILIATA
GALIUM APARINE
GAYLUSSACIA BACCATA
GERANIUM MACULATUM
GERARDIA TENUIFOLIA
GEUM CANADENSE
GLECHOMA HEDERACEA
GNAPHALIUM' OBTUSIFOLIUM
GOODYERA PUBESCENS
HABENARIA ORBICULATA
HACKELIA VIRGINIANA
REDEOMA PULEGIOIDES
HELIANTHUS DIVARICATUS
H. TUBEROSUS
HEMEROCALLUS FULVA
HEPATICA AMERICANA
HESPERIS MATRONALIS
HIERACIUM PANICULATUM
H. PRATENSE
H. SCABRUM
H. VENOSUM
•HOLCUS LANATUS
HOUSTONIA CAERULEA
HYPERICUM PERFORATUM
H. pUNCTATUM
HYPOXIS HIRSUTA
HYSTRIX PATULA
IMPATIENS BIFLORA
I.PALLIDA
JUGLANS NIGRA
JUNCUS ACUMINATUS
J. EFFUSUS
J. TENUIS
KALMIA LATIFOLIA

*KRIGIA VIRGINICA
LACTUCA CANADENSIS
LEERSIA VIRGINICA
LEONURUS CARDIACA
LEPIDIUM CAMPESTPE
LESPEDIZA HIRTA
L. INTERMEDIA
L. VIRGINICA
LIGUSTRUM VULGARE
LILIUM SUPERBUM
LINARIA VULGARIS
LINDERA .BENZOIN
* LIRIODENDRON TULIPIFERA
LOBELIA INFLATA
LOLIUM PERENNE
LOTUS CORN ICULATUS
LUDWIGIA ALTERNIFOLIA
LUZULA CAMPESTRIS
LYCHNIS ALBA
LYCOPODIUM FLABELLIFORME
L. INUNDATUM
L. OBSCURUM'
LYCOPIS VIRGINICUS
LYONIA LIGUSTRINA
LYSIMACHIA CILIATA
L. QUADRIFOLIA
L. VULGARIS
MAIANTHEMUM CAN1PDENSE
MATRICARIA MATRICARIOIDES
MEDICAGO LUPULINA
MELAMPYRUM LINEARE
MELILOTUS ALBA
M. OFFICINALIS
MERTENSIA VIRGINICA
MITCHELLA REPENS
MONOTROPA UNIFLORA
MUHLENBERGIA FRONDOSA
MYRICA ASPLENIFOLIA
NYSSA SYLVATICA
OENOTHERA BIENNIS
ONOCLEA SENSIBILIS

0 '
JUN
MAY
0

0
JUL

0

0
0

JUL , AUG
0
0
0
0
0
0
0
0
0
0
JUN
0
0
0
0
0
0
0
0
0
0
JUL-SEP
JUL-SEP
0
0
0
0
0
0
0
SEP
0
0
0
0
0
0
JUL
0
0
0
0
0
0
0
0
0
0
0
0
0
0
JUL
0.
0
0
0
0
0
0
0
MAY
0
0
0
0
0
0
0

0JUN
MAY
0
0
.0'

MAY, JUL, AUG
0
0
0
JUL
MAY
0
0
0
0
0
0
AUG, SEP
0
0
JUN
0
0
0
0
0
0
0
0
0
0
JULAUG
AUG
0
0
0
0
0
0
0
AUG
0
0
0
0
0
JUN
0
0
MAY
JUN
0
0
0
0
0
0
0
0
0
AUG
0
JUL
0
JUL
0
0
0
0
0
0
MAY
0
0
AUG
0
0
0
0

0
00
MAY
0
JUL-OC
MAY,JU
0

0
0
JUN0JU
0
0
0
0
JUL
0
0
0
JUNJU
0
0AUG

0
JUNA
0
0
JUN-AU
JUL
00
JUL-SE
JUL, SE
0'
0
0
JUN
0

0
JUL,AU
AUG, SE
JUN-AU
MAY

a
0
.0
0.
.0

JUL
APR,MA
0
AUG
0
JUN-AU
0
0
0
0
0
0
0

0
0
0
0
0
JUL
JUN, JU
0
0
0
0
0
0
0
0
0
AUG , SE
a

0
00
MAY
0

'T SEP
JL 0

0
, 0

0
JL 0

0
SEP
0
0
0
0
0
0

JL JUL
0
0
0
JUN, JUL
AUG
0
JUN
MAY

JG JUL
JUL.
0
0

P AUG, SEP
•P, OCT 0

0

0
JUN
0
0
0

G JUL,AUG
P 0
JG 0

MAY
0
0

0
00
SEP

Y APR, MAY
0
AUG
0

•G JUN-AUG
0
0

JUN; JUL, SEP, OCT
OCT
0
0
0

*0
0
0
0
0
0

rL JUN,JUL
0
JUL
JUN, JUL
0
0
0
0
0
0

P AUG,SEP
MAR

JUN0'
0
MAY
MAY
AUG-OCT
MAY
MAY
MAY
AUG, SEP
JUL
APR
SEP
0
0
0
AUG
JUL,AUG
0
JUL
APR
0
JUL, AUG
JUN
AUG, SEP
JUN
0
APR-JUN
JUN, JUL
JUL
0
0
0
AUG
MAY
0
0
JUN
0
MAY, JUN
JUL, SEP
0
0
MAY
AUG
0
AUG
JUN
0
JUN-SEP
APR,MAY
0
JUL,AUG
JUN

0
0
MAY
JUN
0
0
0
0
0
0
0
0
0
0
0
0
JUL-SEP
0
0
JUN
JUL
0
MAY
MAY
AUG, OCT
0

0
0
0
MAY
0
0
MAY
MAY
MAY
0..
JUN, JUL
0
SEP
AUG
0
0
0
JUL, AUG
0
0
APR
0
0
JUN
0
0
JUN
MAY
JUN-AUG
JUL
0
JUL

0
0
0
0
0
JUN
JUN
JUN
JUL, AUG

0
0
0
0
AUG

.0
0
0-
SEP
0
0
AUG
0
0

0
MAY
JUL
OCT
0

OCT
0
00
JUN
0
MAY
0
0
JUL, AUG
0
0
0
JUN
JUL,AUG
0
0
0
0
0

0
0
MAY
0
0
0MAY
0
0
0
0

S EP, OCT
JUL
JUN
0
0
0
0
0
0
0
0
JUN-AUG
AUG
0
0
0
JUN, JUL
JUL
MAY,JUN
0,
0
0
0.
JUN,JUL
JUN
JUN
0
0
JUL
0
0
MAY
0
0
0
0
0
0
0
0
JUL,AUG
JUN
JUN-AUG

JUL,AUG'
0
0
0
SEP,OCT
0
0
JUN
0
JUN,JUL
0
0
0
0
0
0

0
JUN
JUL
0
0
0
AUG-OCT
0
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Table G-5 (cont.)

SPECIES RF GIF TR419 TR438 QSH CC ELIM

OSMUNDA CINNAMOMEA 0
o. CLAYTONIANA 0
OSTRYA VIRGINIANA 0

• OXALIS VIOLACEA 0
OXALIS SP. JUL
PANICUM CAPILLARE 0
P. CLANDESTINUM 0
P. C0MMUTATUM 0
PANICUM SP. 0
PARONYCHIA CANADENSIS 0
PENSTEMON DIGITALIS 0
P. HIRSUTUS 0
PHALARIS ARUNDINACEA JUN
PHLEUM PRATENSE 0
PhLOX SUBULATA 0
PHYSOCARPUS OPULIFOLIUS 0
PHYTOLACCA AMERICANA 0
PILEA PUMILA AUG
PLANTAGO LANCEOLATA 0
P. MAJOR .0
POA ANNUA 0
P. COMPRESSA 0
P. PRATENSIS 0
PODOPHYLLUX PELTATUM 0
POLEMONIUM REPTANS 0
POLYGALA PAUCIFOLIA 0
P. SANGUINEA 0
P. VERTICELLATA 0
POLYGONATUM BIFLORUM 0
POLYGONUM ARIFOLIUM 0
P. AVICULARE 0
P. CILINODE JUL
P. CUSPIDATUM AUG,SEP
P. PENSYLVANICUM AUG,SEP
P. PERSICARIA SEP
P. PUNCTATUM AUG,SEP
P. SAGITTATUM 0
P. SCANDENS 0
P. VIRGINIANUM AUG
POLYPODIUN VIRGINIANUM 0
POLYSTICHUM ACROSTICHOIDES 0
POPULUS GRANDIDENTATA 0
P. TREMULOIDES . 0-
POTENTILLA NORVEGICA 0
P. RECTA 0
P. SIMPLEX 0
PRUNELLA VULGARIS 0
PRUNUS AVIUM 0
P. PENSYLVANICA 0
PYCNANTHEMUM INCANUM 0
PYROLA ELLIPTICA 0
PYRUS COMMUNIS 0
P. MALUS 0
QUERCUS ALBA 0

B. DICOLOR 0
0. BOREALIS MAY
0. PRINUS 0
0. VELUTINA 0
RANUNCULUS ABORTIVUS MAY
R. ACRIS 0
R, REPENS 0
REEXIA VIRGINICA 0
RHODODENDRON NUDIFLORUM 0
R. ROSEUM 0
RHUS GLABRA 0
R. RADICANS 0
R. TYPHINA 0
RHYNCHOSPORA CAPITELLATA 0
RIDES ROTUNDIFOLIUM 0

.ROSA MULTIFLORA 0
R. VIRGINIANA 0
RUBUS ALLEGHENIENSIS 0

' R. FLAGELLARIS 0
R. HISPIDUS 0
R. OCCIDENTALIS 0
RUDBECKIA HIRTA 0
RUMEX ACETOSELLA 0
R. CRISPUS 0
R. OBTUSIFOLIUS JUN
SALIX SERICEA 0
SAMBUCUS CANADENSIS 0

0
0
0
0
JUL, AUG
AUG
JUN
0
0.
0
0
0
JUN
0
0
JUN
0
AUG
0
0
0
0
0
MAY
MAY
0
0
0
0
0
0
JUN
AUG
AUG, SEP
AUG
AUG, SEP
0

* AUG
AUG
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

MAY
0
0
0
0
0
0
0
0
0
JUN
0.
0
0
0
0
JUN
0
0

0
0

JUN
JUN
0
0

0
0
0
0
JUN-SEP
AUG, SEP
0
0
JUL
0
0
JUN
JUN
JUN
0
0
JUL,AUG
AUG
JUN, JUL
0
MAY
MAY, JUN
JUN
0
0
0
0
0
0
0
JUL , AUG
0
0
AUG, SEP
JUN-AUG
0
0
0
AUG
0
JUN, JUL
APR
APR
JUL
JUN
0
JUL-OCT
0
0
0
0
0
MAY
MAY
0
MAY
0
NAY
MAY
0
0
0
0
0
0
0
0
0
0
JUN
0
0
JUN
0
0
JUL,AUG
JUN
JUN
0
0
0

0
MAY
0
0
JUN-AUG
SEP
0
0
JUN
0
0
0
JUN
JUN
0
0
JUL
0
MAY-JUL
JUL-
0
MAY, JUN
0
0
0
0
0
0
0
0
0
0.
0
AUG, SEP
AUG
0
SEP
0
00
JUN ,JUL
0
APR
JUL, AUG
JUN
MAY, JUN
JUL-OCT
0
0
0
0
0
0
0
MAY
0
MAY
0
MAY
JUL
JUN
0
0
0
JUL
0
JUN
0
0
JUN
0
JUN
JUN
0
0
JUL-OCT
MAY-JUL
JUN
0
MAY
JUN

0
0
0
MAY, JUN
MAY -AUG
AUG
JUN
0
JUN-AUG
AUG
0
JUN
0
JUN

00
JUL
JUL. AUG
0
0
MAY
MAY, JUN
0
MAY
0.
0SEP
AUG
0
0~

.0
0

JUL, AUG
JUN-SEP
AUG
0
AUG
JUL,AUG
0
JUN,JUL
APR
0'
JUL
JUN
MAY,JUN
JUL-OCT
MAY
MAY
JUL,AUG
0
MAY
MAY
0
0
MAY
0
MAY
MAY
JUN,JUL
0
0
0
0
JUL
0
0
0
0
0
JUN
0
MAY, JUN
0
0
JUL
NAY-JUL
JUN
0
0
0

0
0
MAY
0

MAY,JUL,AUG.
0
0
JUN
0
0
0
0
0

MAY
0
0
0
0
0

MAY
MAY,JUN
0

0
MAY
0
0
MAY
0
0
0
a

AUG

AUG
JUN-AUG
0
0
0

0
0

MAY
JUL
0
MAY
JUL,AUG
JUN
0
0
0
0
0

MAY
0
0

0
MAY

0
0
0
0
KAY
0
JUN
0
0
0
MAY
0
0
0
0
0
0

MAY
MAY
0
0
MAY-JUL
0
JUL
0
JUN, JUL
0
JUN
0
0
JUN
0
0
0
0
JUN
0
0
MAY, JUN
0
0~
0
0
0
0
0
AUG
0
0*
0
AUG
JUL
0
0
0
0
0
0
0
0-
0
0
MAY,JUN.
AUG-OCT
.0
0
0
0
0
0
MAY
0
MAY
MAY
0*
0
0
0
JUL ,AUG
MAY
0
0
0
JUN
JUL
0
0
0
JUN
JUN
JUN
0
JUL ,AUG
MAY -JUL
0

0

JUN



Table G-5 (cont.)

SPECIES RF GIF TR419 TR438 • 1SH cc ELIM

SANGUINARIA CANADENSIS 0
SAPONARIA OFFICINALIS 0
SASSAFRAS ALBIDUM 0
SATUREJA VULGARIS 0
SAXIFRAGA VIRGINIENSIS 0
SCIRPUS ATROVIRENS 0
SCROPHULARIA LANCEOLATA JUN
SELAGINELLA APODA' JUL
SENECIO OBOVATUS 0
SETARIA FABERII 0
S. GLAUCA 0
SICYOS ANGULATUS AUG,SEP
SILENE STELLATA 0
SISYRINCHIUM ANGUSTIFOLIUM 0
SMILACENA RACEMOSA 0
SOLANUM CAROLINENSE 0
S. DULCAMARA 0
S. NIGRUM 0
SOLIDAGO ARGUTA 0
S. BICOLOR 0
S. CAESIA 0
S. CANADENSIS SEP
S. FLEXICAULIS SEPOCT
S. GIGANTEA * AUG,SEP
S. GRAMINIFOLIA .0
S. JUNCEA JUL
S. NEMORALIS. 0
S. RUGOSA 0
SPIRAEA LATIFOLIA 0
SPIRANTHES CERNUA 0
S. GRACILIS . 0
STAPHYLEA TRIFOLIA MAY
STELLARIA AOUATICA JUN,JUL
S. LONGIFOLIA 0
S. MEDIA 0
SYMPLOCARPUS FOETIDUS 0
TARAXACUM OFFICINALE MAY
TEUCRIUM CANADENSE JUL,AUG
THALICTRUM POLYGAMUM 0
THELYPTERIS NOVEBORACENSIS 0
THLASPI ARVENSE 0
TILIA AMERICANA. JUL
TRAGOPOGON DUBIUS 0
TRICHOSTEMA DICHOTOMUM 0
TRIFOLIUM AGRARIUM 0
T. ARVENSE 0
T. HYBRIDUN 0
T. PRATENSE 0
T. REPENS 0
TRILLIUM ERECTUM MAY
TRIODANIS PERFOLIATA 0
TRIODIA FLAVA 0
TUSSILAGO FARFARA 0
ULMUS AMERICANA APR
URTICA DIOICA' JUL,AUG
VACCINIUM CORYMBOSUM 0
V. STAMINEUM 0
V. VACILLANS 0
VERBASCUM THAPSIS 0
VERBENA URTICIFOLIA JULAUG
VERNONIA NOVABORACENSIS 0
VERONICA ARVENSIS 0
V. OFFICINALIS 0
V. PEREGRINA 0
V. SERPYLLIFOLIA 0
VIBURNUM DENTATUM 0
VICIA CRACCA 0
VINCA MINOR 0
VIOLA BLANDA .0
V. CUCULLATA 0
V. FIMBRIATULA 0
V. PALMATA 0
V. PAPILIONACEA MAY
V. PUBESCENS MAY
V. SAGITTATA 0
V. SORORIA MAY
VITIS AESTIVALIS 0
WOODSIA OBTUSA 0
ZIZEA AUREA 0

0
0
0
0
0
0
0*
0 I
0
0
0
AUG
0
0
0
AUG
0
AUG
0
0
0
AUG,SEP
SEP,OCT
AUG, SEP
0
0
0
SEP
0
0
0
0
JUN,AUG
0
0
0
0
JUL,AUG
JUL
0
0*
0
0
0
0
0
0
0
0
0
0
0.
0
APR
JUL
0
0
0
0
JUL,AUG
0
0
0
0
0
0
0
0
0
0
0
0
MAY
MAY
0
0
0
0
MAY

0
0
MAY
JUL'
MAY
0
JUL
0
0
0
JUL
0
0
0
0
0
JUN, JUL
0
0
0 -
SEP, OCT
AUG-OCT
0.
AUG, SEP
AUG, SEP
JUL, AUG
0
SEP,OCT
0
0
0
0.
0
0
APR,MAY
0
MAY-'JUL
JUL
0
0
MAY
0
0

JUN, JUL

0
JUL
JUN, JUL
0
JUN
AUG
0
0
0
0
0
MAY
JUL, AUG
JUL,AUG
0
JUN
JUN
MAY
MAY
0
0
APR, MAY
0
0
0
0
MAY
0
0
MAY
JUN
0
0

0
JUL-OCT
MAY
0
0
0
JUL
0
0
0
'0

0
0
0.
0
JUL-SEP
0
0
0
00
AUG-OCT
A0
AUG, SEPAUG, SEP
JUL-SEP
SEP OCT
SEP:,OCT
JUL-SEP
SEP,OCT
SEP
0
0
JUN
0
MAR,APR
MAY, JUL
0
0
JUL
0
0
0
0
JUN, JUL
JUL-SEP
0
JUL-OCT
JUN,JUL
00
AUG
APR
0
0
MAY
.0
0
0
AUG
AUG, SEP
MAY
0
0
0
JUN
JUN
0
0
0
0
0
MAY
0
0
0
JUN
0
0

APR
JUL
MAY,
AUG
APR, MAY
JUN
MAY-JUL
0'
0
0
AUG
0
JUL
JUN
MAY
JUL
0
0
0
AUG-OCT
SEP,OCT
AUG, SEP
0
AUG
AUG,SEP.
JUL-SEP
AUG-OCT'
AUG-OCT
0
SEP
0
0
0
MAY, JUN
APR, MAY
0
APR,MAY
JUL
0
JUL,AUG
0
0
JUL
AUG
JUN, JUL
0
JUN-AUG

.0
JUN,JUL
0
JUN
AUG
0
APR
0
0
MAY
MAY
JUL
JUL, AUG
0.
MAY
JUN
0
MAY
0
0
0
0
MAY
APR,MAY
0
MAY
0
0
0
JUN
JUN, JUL
0

..0
00
JUN-AUG
MAY
0
JUNJUL
0
MAY
0
0
0
0
0
MAY
0
0
0
JUL-SEP
SEP,OCT
SEP,OCT
0
0
0
0
00
SEP
0
0
0
0
00
MAY
0
MAY, JUN
0
0
0
0
0
JUN
0
JUN
,0
0
0
JUN,JUL
0
JUN
0
0
0
0
0
MAY
MAY
JUL
AUG
0
MAY
0
0
MAY
0
0
0
MAY
0
0
MAY
MAY
0
0
0
JUN
0
0

0
0
MAY
0
0
0
0
0
0
AUG
0
0
0
0
0
0
0
0
0
0
0
SEP
0
0
AUG-OCT
AUG-OCT
SEP,OCT
SEP ,OCT,
0
SEP,OCT
0
0
0
0
0
0
MAY

0
0
JULAUG
0
0
0
0
0
0
JUN,JUL
AUG-OCT
0
0--
0
0
0
0
0
MAY
0
MAY
0
0
0
0
0
0
0
0
0
0.
MAY,JUN
0
MAY
0
MAY
0
MAY
0
0
0
0
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Table G-6

Months when plants were observed in flower or
in the vicinity of the Susquehanna SES, 1984.
transects are given in Table G-1.

phedding spores on field salt drift transects
Names, abbreviations, and locati6ns of

NF SWF

ACiILLEA MILtEaLIUN
AGRFYRC REPENS
AGSTIS PEREDNANW
A. S1OICNIFERA
ALLIARIA OFlFICflQLS

AMB.CSIA A.WD4SIZFtLZA.
ANAPIIALIS MARkhRTAXF
AND3CCO GEA1MI
A. SCPARTUS

A.E21 VIAININIA

A~rEWMA KELC
A. PLZNIAGINI2LIA
AN2HMS COMILA

APIOB AMERICANA

AROABDXPSIS THALIANA
ASCLEIAS TUMMIA

ASPLMIU PIATYEUC
ASTER IAELCIRS
A. NOVAE-ANMLIAE
A. PILIJXS

ATHYIXI FflIX-FKC
BAPEAMA VUXZIS
BETUIA PCWU1MVA

BRASSICA NIGRA

B. LIATI1NS
CAFAMNW PRATEMISZ
CAM SP. .

C. VU14AIM

CcVLVWJ3S SDZUN
CGYA CANDDENSI

C. FWCID
C. RAEOA
COONLIA VEARI
CyVPED~IW4 ACflZ
DAC1D&IS G1CKERM
DANT1041A SPICAM
DACU CXRXA

D. PANICUIATUM
DIANTIHUS ARMEIA
DIGrIARIA SANG3DnALIs
ECDKM0 MURICA~h
ECDINXYS2IS LXEXA

ELDCHAIS WITUSA
ERAGPCTIS CAPILLARIS
E. cnLIM4DSIS
E. sFE=MD.IS
EFXCTITES HIERACIFU.IA
ERGEC ARMUS

ELPATORITUI FISTUIDSUM
E. MKnAa'UM
E. PERFLIAMUM
E. =X)tI1

0
JUL
JUL
AUG
JU, JUL

MAR, APR
AUG
0
AUG
0
0
0
0
0
0

JUL
0
0
0
0
SEP,
0
SEP, OCT
SEP I C
0
0

0MAY

0
0
AUG

0-
JUL
JUL
0
0
AUG
JUL.-SEP

AUG
0
0
0
0
0
0
0

0
JUL, AUG
0
0
0
0
AUG
0
0
0
0
0
AUG
JUN, JUI,
SEP
AUG
SEP
SEP

APR
JUL-SEP
0
AUG
JUL
6
MAR, APR
AUG

'AUG
0
0
0
0

0
JUN
MAY, JUN
0
JUN, JUL
0'
0
0
0
SEP
SEP, OCT
SEP,

AUG, SEP
0
MAY
MAY
SEP
0
0
0
0
MAY
MAY, JUN.
JUNAUG
JUL
0
0
0
JUL
0
JUN
MAY
JUN
0
0
JUN
JUN
JUL-Ocr
0
AUG
0
JUN, JUL
AUG
AUG
0
MAY
0
0
0
0
0
JUN-SDP
0
0
AUG
0

APR
JUN-OCT
JUN
AUG
JUN, JUL
0

AUG, SEP
0
0
AUG
AUG

JUL
MAY
MAY
0
MAY, JUN
0
JUN, JUL
MAY
JUL
JUL

0
SE
AUG,-OCT
SE
0
JUL
MAY
MAY
SEP OCT

.0

JUN
0
0
0
MAY

0

JUL-SEP
AUG
0

AUG
JUN
MAY
JUN
JUN-SEP
MAY
0
JUN
JUL-OCT
JUL
JUL, AU
AUG
JUN-AM
AUG
0
0
0
JUN, JUL
AUG
AUG

AUG, SEP
JUN-AUG
0
0
0
0



Table G-6 (cant.)

SPEC~IESN SWF _C

FRAWRaA VIIflhZIA~i
FRAXAJ AMEtCN
GALflaSm cI.LmA
GJLIUN APARINE
G. PALUSTRE
GAURPA Dm0415
GUMTANA ADDýI
GEARDIA TENUIULIA
GEUM CANA&SE
GNAALLD4 OB71SIFMZU
HELEqn4 A17UTUKLE
HEIA?M]USL DECAPEIAW3S
H. TUEOU

HIEPLni PPMDTEN
H. SCABRUM

HOU41HA CAERUIZA
HYPERIL14 PEF'PAU
A. pUwrA2U
H. PYRA1M!LA113
IMPATIENS BIFlnm

J.. TENUZS

LEGRA VIRGDIMCA

L. VZRGINZC4
LINARIA VULARS

L. SIPI=f.TCA
L. SPI10a.
LWICERK TAMARICA
IUMWA CAMPESIS.
LYCHRIS ALBA .
LyooWn4 FLABEEL~a
L. CESCURUM
L. TRLSTPAMYU4

L. VIRGINICU
uLngDa, CnTA
L. qmmifLI.A
L. VUOG!IZS
LYTHRL14 SALICRIA

M. WCIcDALTS
MW FISTUISA

OEOH BIE04ZS
0. PEDEN4ZS
CNOLE SERSIBILIS

OXALIS SP.
PANI=CA4OPILLARZ

P. VIRTM4
PANICU4 SP.

WHLAI ARLn3?UcD

PHY7A AMERICAN
PLA?1ThM ARIS~TM
P. LANZMLATA
PO IMPES
POLYGALA VE~IEA~
POYCU PENSYLVANicum
P. SAI~fTA'nM
P. SCAN1DEN
POLYSTOICHU ATOMMHIDE
POPULS TRDIULOIDE
POTD1TIL1tA NORVRGICA
P.
P. SIMLE~c

0
0

JUN0,

0.

0

JUN

0

SEP SE

0
0
JUN

0

0

0

SAUG

0
0
0

0

0

0

0

JUL
A•E, SEP
JUL-SEP
JUN
JUN
0
AUG

0

0

0
0

0

0

0

0

JUG

,TN1

SE A
0
.0

0
0
0

0

0

0
0

JUN SD

0
JUL
JUL.
0

0

0

0
0

0
SUNE SE
0

0
JUN
0

0

0

0

0
0
0
SEP, OCT
AUG
JUN
0
0
0
0
0

JUN0

APR, MY
JUN-AUG
JUN
0
0
0

0
0
0

0
AUG
0
JUN

0

0
0
0
0
0
0
0

0J
0
0
0
0

0
JUN
0
0
0
JUL

JUN U. l

A0
0
0

JUN,

0

JUN

0
0
0
JY UN

0

0

0

APR
0
JUN
MAY, JUN

0
MAY
MAY
0
0
0
0
0
0

SEP
0
0
0
0
MAY-JUL
AUG
0
0
JUN-AUIG
JUL
0
0
0
0

MAY
0
0
MAY
MAY

JUL
0
0

M0
0

0

SEP, OCT
SEP, CCT
AUG
0
0
0
0
0
0

JUL, AUG
JUN, JUL
0
0
JUL-SEP
0
0
0.
MAY-AUG
AUG
0

JUAUG
JUN
0
JUN
0
JUL
JUN, JUL
MAY. JUN
MAY, JUN
JUL, AUG
0
0
0
JUL
MAR, APR
JUL. AUG
JUN
MAY

ý I
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Table G-6 (cent.)

SPECIzS NF S TCF

PRUNELLA VULGARIS
pRUNUS SEROTINA
FYNAN`1 1 VIRGINIAN`L
RANUNCUUS ACRIS
RHUS GLABRA
R. TYPHINA
RORIPPA SYLVESTRIS
ROSA VIRGINIANA
RUIUS ALL.GIENSIS
R. FLAGELARIS
R. OOCIDEIWALIS
RUDBECKIA HIRIT
RUM ACEIOSELLA
R. O•FUSIFOLIUS
SALIX HUMLS
SANUMS CANADESIS
SASSAFRAS ALIDU
SATJA VULGARIS
SCIRPUS AM VIRENS
SC40PULARIA LANCEMAT
SENEMIO AUREUS
SETARIA FABERII
S. GIA[XA
SICYOS ANGUMATUS
SISYRINICHIU! ANGJSTIFOLIUN
SOLANUI CARWLD4SE
SOLIDAGO CANADD4SIS
S. GIGANTEA
S. GRAMINIFOLIA
S. JUNA
S. NEMORALIS
S. RIGOSA
SPIRAEA LATIFOLIA
S. TMEWA1SA
SPIRANTMES GRACILIS
STEVARIA AGUATCA
S. ILNGIFOIJA
Ta~AR XoIOFFicINALE
TEUmRIUM CADENSE
TRICHOSTEMA DI0011043
TRIMMM AGRARIUM
T. ARVNSE
T. HYBRIM
T. PRATENSE
T. WUN
TRIODIA FLAVA
VAccIU14 CORYMBEOUM
V. VACILtANS
VERASCUM 'flAPSIS
VERCICA ARVDISIS
V. PMEMR•A
v. SERPPLLIIVLTA
VICEA FIMBRIATJIA
V. PAPILICNA

AUG
0
0
0
0
0
JUN
0
JUN
JUN
0
JUL, AUG
JUN
JUN
0
0
0
0

AUG
0
0
0
AUG
0
JUL
AUG-OCT
AUG
AUG, SEP
JUL, AUG
0
SEP, OCT
JUL-SEP
JUL
0
JUN-OCT
0
MAY
JUL

0
0
0
JUN, JUL
0
JUN
0
0
0
a
0
MAY
0
0
MAY

JUN-AUG
MAY
JUL
MAY, JUN
0
0
0
0
0
MAY, JUN
MAY
JUN, JUL
MAy, JUN
0
APR
JUN
0
0
JUN
0

MAY
AUG
0
0
JUN
0

AUG-(=T
AUG
AUG, SEP

AUG-OCT
SEP
JUL
0
0
0
MAY, JUN.
APR-JUN
JUL
0
JUN, JUL
0
JUN-AUG
JUN-SEP
JUN
AUG
0
0

"0
MAY
0

MAY
0
NAY

JUIL-SEP.MAY

0
0
JUL
JUN
0
JUN
0
MAY, JUN
0
JUN-AUG, OCT
MAY-JUL
0
APR
0

MAY
AUG
0
0
0
AUG
AUG
0
MAY
JUL, AUG
AUG-OCT
0
AUG, SEP
JUL-SEP
AUG--OCT
SEP
JUL, AUG
0
AUG
0
MAY
APR, MAY, JUL
0
AUG
JUN, JUL
JUL, AUG
MAY-AUG
JUN--OCT
JUN, JUL
AUG

MAY
NAY
JUN, JUL
MAY.
MAY
0
MAY
MAY



Table G-7

Parasitic plant diseases observed on salt drift transects in the vicinity of the Susquehanna SES, and at
Elimsport, 1984. Names, abbreviations, and locations of transects are given in Table G-1. An asterisk (1
indicates diseases'dbserved for the first time in 1984.

DIES

HOST SPECIES DISEASE TRAUSECT DISEASE
EFFECT

ACER PENSYLVANICUM

A. RUBRUM

A. RUBRUM

A. SACCHARINUM

A. SACCHARINUM.

ACHILLEA MILLEFOLIUM

ARISAEMA TRIPHYLLUM

ASTER CORDIFOLIUS

A. DIVARICATUS

A. LATERIFLORUS

A. PUNICEUS

A. PUNICEUS

A. SIMPLEX

A. SIMPLEX

BETULA LENTA

CASTACEA DENTATA

CATALPA BIGNONIOIDES

CORNUS AMOMUM

C. FLORIDA

C. RACEOMSA

CRATAEGUS SP.

EUPATORIUM RUGOSUM

I

RHYTISMA PUNCTATUM*
TAR SPOT

PHYLLOSTICTA MINIMA
LEAF SPOT

RHYTISMA ACERINUM
TAR SPOT

PHYLLOSTICTA MINIMA
LEAF SPOT

RHYTISMA ACERINUM
TAR SPOT

ERYSIPHE CICHORACEARUM
POWDERY. MILDEW

UROMYCES ARI-TRIPHYLLI
RUST

COLEOSPORIUM ASTERUM
PINE-NEEDLE RUST

(UNIDENTIFIED)
LEAF SPOT

ERYSIPHE CICHORACEARUM
POWDERY MILDEW

COLEOSPORIUM ASTERUM
PINE-NEEDLE RUST

ERYSIPHE CICHORACEARUM
POWDERY MILDEW

COLEOSPORIUM ASTERUM
PINE-NEEDLE RUST

ERYSIPHE CICHORACEARUM
POWDERY MILDEW

GLOEOSPORIUM BETULARUM
LEAF SPOT

ENDOTHIA PARASITICA
CHESTNUT BLIGHT

PHYLLOSTICTA CATALPAE
LEAF SPOT

SEPTORIA CORNICOLA
LEAF SPOT

DISCULA CORNI
SPOT ANTHRACNOSE

SEPTORIA CORNICOLA
LEAF SPOT

GYMNOSPORANGIUM GLOBOSUM
CEDAR-HAWTHORN RUST

ERYSIPRE CICHORACEARUM
POWDERY MILDEW

CC, ELIM

TR419,TR438,QSH,CC,
SWF,TCF, ELI

TCF

RF,GIF,NF

RF, NF

CC

GIF

TR419, 8SH

OSH

TR419, QSH

TR438

TR438

QSH

RF

QSH, CC

CC

GIF

TR438,SWF,TCF

TR419,QSH,CC,
SWF,ELIM

TR438, TCF

TCF

TR419,OSH,CC

.1

1

1

0

0

1

0

1

5

1

1-5

1

DISEASE
FREQUENC%

4

4-5

4

4

3-4

2

2

3,

3

2

3'

5

4

1

1-3

3

4

3-5

3-5

13

0 2-3
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Table G-7 (cont.)

HOST SPECIES DISEASE TRANSECT DISEASE DISEASE
EFFECT FRE40UENCY

S. GIGANTEA COLEOSPORIUM ASTERUM RF, GIF 1 3-4
PINE-NEEDLE RUST

'S. GIGANTEA ERYSIPHE CICHORACEARUM GIF 0 3
POWDERY MILDEW

S. GRAMINIFOLIA PLACOSPHAERA HAYDENI RFTR419,TR438,QSH, 1 2-5
TAR SPOT. NFSWF,TCF,ELIM

S. JUNCEA COLEOSPORIUM ASTERUM TCF 1 3
PINE-NEEDLE RUST

S. RUGOSA COLEOSPORIUM ASTERUM GIF,TR419,TR438,QSH, 1 2-5
PINE-NEEDLE RUST NF,SWF,TCF,ELIM

S. RUGOSA ERYSIPHE CICHORACEARUM TR419,QSH,NF,ELIM 0 2-4
POWDERY MILDEW

TILIA AMERICANA GNOMONIA TILIAE RF 1 3
ANTHRACNOSE

TRIFOLIUM HYBRIDUM ERYSIPHE POLYGONI TCF 0 1
POWDERY MILDEW

T. PRATENSE E. POLYGONI TR438 0 3
POWDERY MILDREW

VERBENA URTICIFOLIA E. CICHORACEARUM GIF, TR419, 0SH 0 3-5
POWDERY MILDEW

VIOLA BLANDA SEPTORIA VERBENAE? ELIM' 1 4
LEAF SPOT

VITIS AESTIVALIS PHYLLOSTICTA VITICOLA TR419, QSH 1 2-5
LEAF SPOT

aDisease Effect Code

0 = No effect.
1 = Local necrosis in small areas only.
2 = More important necrosis in larger area.
3 - Important necrosis and minor defoliation or twig death.
4 = Important necrosis and more important defoliation or twig death.
5 = Major necrosis and defoliation or host death.

bDisease Frequency Code

1 = Rare -- one or two plants only (estimated at less than 5% of population affected).
2 = Uncommon -- a few plants, either scattered or clumped (estimated at less than 10% of population affected).
3 - Scattered -- several plants at different localities (estimated at 10-25% of population affected)
4 = Common -- many plants affected (estimated at 25-50% of population).
5 = Abundant -- more than half affected (estimated at 50-100% of population).



Table G-7 (cont.)

HOST SPECIES DISEASE TRANSECT DISEASE DISEASE
EFFECT FREQUENCY

FRAXINUS AMERICANA

FRAGARIA VIRGINIANA

IMPATIENS SP.

I KALMIA LATIFOLIA

LIRIODENDRON TULIPIFERA

MONARDA FISTULOSA

PANICUM LANUGINOSUM

PARTHENOCISSUS QUINQUEFOLIA

PODOPHYLLUM PELTATUM

PRUNUS SEROTINA

P. VIRGINIANA

QUERCUS BOREALIS

0. PALUSTRIS

0. PALUSTRIS

RHUS RADICANS

RUBUS ALLEGHENIENIS

R. ALLEGHENIENSIS

R. FLAGELLARIS

R. FLAGELLARIS

SASSAFRAS ALBIDUM

SOLIDAGO CAESIA

S. CAESIA

S. CANADENSIS

S. CANADENSIS

S. FLEXICAULIS

GLOEOSPORIUM ARIDUM
ANTHRACNOSE

CYLINDROSPORIUM SP.
LEAF SPOT

PUCCINA RECONDITA
RUST

PHYLLOSTICTA SP.
LEAF SPOT

MYCOSPHAERELLA LIRIODENDRI
LEAF SPOT

ERYSIPHE CICHORACEARUM
POWDERY MILDEW

BALANSIA STRANGULANS
BLACK RING

GUIGNARDII BIDWILLII
LEAF SPOT

PUCCINIA PODOPHYLLI
RUST

COCCOMYCES LUTESCENS
LEAF SPOT

C. LUTESCENS
LEAF SPOT

MICROSPHAERA ALNI
POWDERY MILDEW

ACTINOPELTE DRYINA
LEAF SPOT

MICROSPHAERA ALNI
POWDERY MILDEW

CERCOSPORA SP.? *

LEAF SPOT

GLOEOSPORIUM RUFOMACULANS
LEAF SPOT

GYMNOCONIA PECKIANA,
RUST

GLOEOSPORIUM RUFOMACULANS
LEAF SPOT

GYMNOCONIA PECKIANA
RUST

ACTINOPELTE DRYINA
LEAF SPOT

COLEOSPORIUM ASTERUM
PINE-NEEDLE RUST

ERYSIPHE CICHORACEARUM
POWDERY MILDEW

COLEOSPORIUM ASTERUM
PINE-NEEDLE RUST

ERYSIPHE CICHORACEARUM
POWDERY MILDEW

COLEOSPORIUM ASTERUM
PINE-NEEDLE RUST

I4F,GIF,TR419,TR438,. 1 374
QSH,CC,NF,SWF,ELIM

TR438, SWF, TCF

RF, GIF

cc

I

1

ELIM

NF 0

QSH

RF,TR419,TR438,
QSH,CCTCF

GIF, QSH

TR438, SWF, TCF

CC

TR419, CC

TR438

TR438

RF, QSH

NF

GIF

OSH, TCF

TCF

TR419,TR438,CC,
TCF,ELIM

TR419,QSH,CC

1

I0

1
0

.1

1

1

3-4

2

5

4

2'

2

2-4

2-4

2-3

5

4

3

3

4

2

2-3

2

2-4

CC

RF,TR419,TR438,QSH,.
NF,SWF,TCF,ELIM

RF,TR419,TR438,QSH,
NF,SWF,TCF,ELIM

RF, GIF

2-4

2-4

3
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Table G-8

Veqetation analysis for trees in the Council Cup Forest, 1984.

SPECIES COMMON NAME FREQUENCY RELATIVE DENSITY RELATIVE DOMINANCE RELATIVE IWORTANCE
FREQUENCY (NO./HA) DENSITY (HA/HA) DOMINANCE VALUE

BETULA LENTA SWEET BIRCK 0.70 24.6 225 36.6 60108 35.2 96.3
QUERCUS VELUTINA BLACK OAK 0.40 14.0 80 13.0 22223 .13.0 40.1
QUERCUS PRINUS CHESTNUT OAK 0.30 10.5 65 10.6 13363 7.8 28.9
OUERC.S BOREALIS RED OAK 0.30 10.5 60 9.8 11204 6.6 26.8
QUERCUS AI4BA WHITE OAK 0.15 5.3 20 3.3 24214. 14.2 22.7
ACER RUBPUM RED MPLE 0.30. 10.5 50 8.1 6181 3.6 22.3
PINUS VIRGINIANA VIRGINIA PINE 0.15 5.3.. 40 6.5 15237 8.9 20.7
PINUS STROBUS WHITE PINE 0.20 7.0 30 4.9 10560 6.2 18.1
POPULUS GRANDIDENTATA BIG-T'OOTHED ASPEN 0.05 1.8 10 1.6 2081 1.2 4.6
TSUGA CANADENSIS EASTERN HEMLOCK 0.05 1.8 10 1.6 1547 0.9 4.3
PYRUS MALUS APPLE 0.05 1.8 .5 0.8 1418 0.8 3.4
CARYA GLABRA PIGNUT HICKORY 0.05 1.8 5 0.8 1135 0.7 ?.2
SASSAFRAS ALBIDUM SASSAFRAS 0.05 1.8 5 0.8 664 0.4 3.0
PRUNUS PVISYLVANICA PIN CHERRY 0.05 1.8 5 0.8 475 0.3 2.8

,BETULA POPULIFOLIA GRAY BIRCH 0.05 1.8 5 • 0.8 393 0.2 2.8

TOTAL - 100.0 615 100.0 170795 100.0 300.0

Table G-9

Vegetation analysis for saplinqs in the Council Cup Forest, 1984.

SPECIES COM•3N NAME iRE.UeNCY RELATIvE oENSI'rY RELATIVE DOMINANCE" RELATIVE IMPORTANC
FREQUENCY (NO.AIA) DENSITY (3A/%1) OW INANCE VALUE

ACER RJBRUM RED MAPLE 0.80 17.2 525 33.8 7087 24.0 75.0
BETULA LENTA SWEET BIRCH 0.70 15.1 340 21.9 7975 27.0 63.9
QUERCUS 8OREALIS RED OAK 0.60 12.9 135 8.7 3161 10.7 32.3
QUERCUS PRIMUS CHESTNUT OAK 0.40 8.6 135 8.7 2478 8.4 25.7
PIWUS STFDBUS WHITE PINE 0.45 9.7 100 6.4 1528 5.2 21.3
QUERCUS VELUTI.A BLACK OAK 0.35 7.5 50 • 3.2 1626 5.5 16.3
QUERCUS ALBA WHITE OAK 0.20 4.3 40 2.6 7.97 2.7 9.6
CARYA GLABRA PIGNUT HICKORY 0.20 4.3 25 1.6 648 2.2 8.1
OLRYA TOMENTOSA NOCKERNUT HICKORY 0.20 4.3 20 1.3 668 2.3 7.8
BETULA POPJLIFOLIA GRAY BISCH 0.10 2.2 30 1.9 1111 3.8 7,8
CONIUS FLORIDA FLOWERING OG•OCOD 0.10 2.2 30 1.9 369 1.3 5.3
TSUGh CANADENSIS EASTERN HEMLOCK 0.05 1.1 25 1.6 585 2.0 4.7
SASSAFRAS ALBIDUM SASSAFRAS 0.05 1.1 15 1.0 734 2.5 4.5
AAELANCHIER ARBOREA SHAD-BUSB 0.10 2.2 20 1.3 137 0.5 3.9
CASTANEA DENTATA AMERICAN CHESTNUT 0.10 2.2 20 1.3 59 0.2 3.6
PRUNUS SERDTINA BLACK CHERRY 0.05 1.1 25 1.6 169 0.6 3.3
FRAXINUS AMERICANA WHITE ASH 0.10 2.2 10 0.6 51 0.2 3.0
PRUNUS PENSYLVANICA PIN CHERRY 0.05 1.1 5 0.3 318 1.1 2.5
ACER PENSYLVANIWM STRIPED MAPLE 0.05 1.1 5 0.3 16 0.1 1.5

'0TAL .... 100.0 1555 100.0 29516 100.0 300.0
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Table G-10
.

Vegetation analysis for tree seedlings in the Council Cup Forest, '1984.

SPECIES CO.940N NAE FREQUENCY RELATIVE DD4SITY RELATIVE DOMINANCE RELATIVE IMORTANCE
FREQUENCY (NO./HA) DENSITY (S COVER) DOMINANCE VALUE

ACER R8RI3M RED MAPLE 0.58 33.3 14000 45.5 2.00 22.5 101.4
PRUNUS SER3TINA BLACK CHERRY 0.18' 10.1 4000 13.0 1.03 11.5 34.7

SASSAFRAS ALBIDUM4 SASSAFRAS 0.13 7.2 2500 8.1 1.35 15.2 30.6
QUERF3S ALBA WHITE OAK 0.05 2.9 2250 7.3 1.58 17.7 28.0

,UERFIS BOREALIS RED OAK 0.20 11.6 1250 -4.1 0.63 7.0 22.7
QUERCUSi VELLTIIHA BLACK OAK 0.18 10.1 1500 4.9 0.60 6.8 21.8
0UERMS PRINUS CHESTNUT OAK 0.13 7.2 1250 4.1 0.38 4.2 15.5
BEIULA LEN7h SWEET BIRCH 0.08 4.3 1000 3.3 0.25 2.8 10.4

CASTANEA DENTATA AMERICAN CHESTNUT 0.03 1.4 250 0.8 0.38 4.2 6.5
C.RYA TOEN7IOSA MOCRERNUT HICIKRY 0.03 1.4 250 0.8 0.30 3.4 5.6
ACER PENSYVANICUM STRIPED MAPLE 0.05 2.9 500 1.6 0.05 0.6 5.1
POPULUS GRANDIDENTATA BIG-'/TOTHED ASPER 0.03 1.4 750 2.4 0.03 0.3 4.2
AMELANCHIER ARIOREA SHADBUSH 0.03 1.4 500 1;6 0.08 0.8 3:0

CARYA GLABRA PIGQT HICIDRY 0.03 14 250 0.8 0.13 1.4 3.7

PRAXINUS AMERICANA WHITE ASO 0.03 1.4 250 0.8 0.10 1.1 3.4

CRATAEGJS SP. HAWTHORNE 0.03 L14 250 0'8 0.03 0.3 2.5

TOTAL 100.0 30750 100.0 8.88 100.0 300.9

Table G-11

Vegetation analysis for shrubs, herbs, and ground cover in the Council Cup Forest, 1984.

SPECIES COMMOW NAME FREQUENCY RELATIVE DOMINANCE RELATIVE IMPORTANCE
FREQUENCY (% COVER) DOMINANCE VALUE

8m8S

VAaCINIUM VAOLLANS LOW-BUSH BLUEBERRY 0.50 36.4 5.13 20.5 56.8
KALMIA LATIFOLIA MOUNTAIN LAUREL 0.20 14.5 6.33 25.3 39.8
VAOCINIUM STAMINgUN DEERBERRY 0.18 12.7 6.10 24.4 37.1
RHOOODENDRON NUDIWLORUN PINxIER-FLOWER 0.15 10.9 2.90 11.6 22.5
RHUS RAOIO&NS POISON IVY 0.13 9.1 1.78 7.1 16.2
RUBUS ALLEGOENIENSIS BLACKBERRY 0.05 3.6 1.05 4.2 7.8
PARTHENOCISSUS QUINOUEFOLIA VIRGINIA CREEPER 0.08 5.5 0.35 1.4 6.9
QAYLUSSACIA BACCATA BLACK HCKLEBERRY 0.05 3.6 0.53 2.1 5.7
VIBURNUM ACERIPOLIUM MAPLE-LEAF VIBURNUM 0.03 1.8 0.45 1.8 3.6
KALMIA ANGJSTIFOLIA SHEEP LAUREL 0.03' 1.8 0.43 1.7 3.5

HERBS

LICOPODIUM FLABELLIFORME GROUND PINE 0.30 21.1 4.58 25.7 46.7
ARALIA NJDI(RULIS WILD SARSAPARILLA 0.25 .17.5 4.43 24.8 42.4
DENNSTAEaTIA PUNCTILOBULA HAY-SCENTED FERlN 0.13 8.8 3.90 21.9 30.7
MNIANTHEMUN CANADENSE WILD LILY-OF-THE-VALLEY 0.13 8.8 2.45 13.7 22.5
LYSIMACHIA OUADRIPOLIA WHORLED LOOSESTRIFE 0.15 10.5 0.65 3.6 14.2
DESCHAMPSIA FLEXUOSA HAIRGASS 0.05 3.5 0.70 3.9 7.4
VERONICA OFFICINALIS COKM0N SPEEDWELL 0.08 5.3 0.15 0.8 6.1
POLYGKLA PAUCIPOLIA FRINED POLYGALA 0.05 3.5 0.23 1.3 4.8
PYROLA ELLIPTICR SHINLEAF 0.05 3.5 0.15 0.8 4.4
CHIMAPHILIA MACULATA SPOTTED WINTERIREEN 0.05 3.5 0.05 0.3 3.8
MITCHELLA EPJENS PARTRIDGE-BERRY 0.03 1.8 0.30 1.7 3.4
PRENANTES ALBA TALL WHITE LETTUCE 0.03 1.8 0.05 0.3 2.0
SOLIDAGO JUNCEA EARLY GCLDENORD 0.03 1.8 0.05 0.3 2.0
MEEOLA VIRGINIANA INDIAN CJCJMER 0.03 1.8 0.05 0.3 2.0
GLIUM CIRCAEZANS BEDSTRAW 0.03 1.8 0.03 0.1 1.9
GAULTHERIA PROCJMDENS WINTERGREEN 0.03 1.8 0.03 0.1 1.9
SMILACINA RACEMOSA FALSE SOLOMAN'S SEAL 0.03 1.8 0.03 0.1 1.9
CAREX SWANNII SEOGE 0.03 1.8 0.03 0.1 1.9

GROUND COVER

LITTER 1.00 70.2 98.40 98.6 168.8
moSS 0.25 17.5 0.68 0.7 18.2
ROC1 0.18 12.3 0.70 0.7 13.0
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Table G-12

Comparison of trees (number of stems) in the Council Cup Forest, 1977-84.

KJUEER OF STEMS

SPECIES M40H HOE 1977 1978 1979 1960 1961 1982 1983 1964 F TR

BEJULA LDF SEEr BIRCH 45 41 40 45 40 43 44 45 0.51
OUERCUS VUJJrDa BLAC OAK 11 21 19 17 18 19 16 16 2.21w
GEUICPS IIMUS CHESTNU OAK 13 13 13 13 9 13 13 13 1.02
0mjs8OREALIS RO CAR. 9 6 5 5 9 5 8 12 1.02
AMR ,RJ, RED MkPLE 8 7 8 7 10 Ul 9 10 1.71
PINUSVIRSINIAaw VI.IDNIA PINE 8 11 10 9 10 9 a 8 1.40
PIDWS Mims•5z bIUTPINE 10 10 9 9 e 8 9 6 1.37
O(ECSALMA WHTE OAK 3 5 5 5 5 5 5 4 1.69
TSUDR CANMDENSIS EASTERN WEJU9 K 1 1 1 1 2 2 2 2 1.00
•Ju S GAN(DIDE"Ja. BIG-q'IOHDASE 3 3 2 3 2 2 2 2 0.74

3 PENSLVANIE PINCA CHR1RY 0 0 0 1 1 1 1 1 1.00
BEITA PCPULIUIA GRAY BIRCH 0 1 1 1 0 1 1 0.39.
PFRS mum APPLE 1 1. 1 1 1 1 1 1 0.00
SASSAFRAS ALSIDUM SASSARAIS 1 1 1 1 1 1 1 1 0.00
CARMX ABRA PIGNUTrClRt 1 1 1 1 -1 1 1 1 0.00
CORIJS FLORZDA FZAARWlG DOGWOO 3 2 3 .3 2 2 2 0 1.31

* -SIGNUFICANT AT PC-0.05
SIGINIFICA•A AT PO-0.01

Tab"e G-13

Comparison of saplings (number of stems) in the Council Cup Forest, 1977-84.

NUMBER O STEMS

SP=SC Cf•l90 NaME . 1977 1978 1979 1960 1981 1982 1963 1964 F TIMM

MAR RMMIRM MAPLE 133 114 98 100 97 99 93 105 .1.37
flt LELRM SWEET BIRCI 131 131 118 104 82 79 73 68 5.86*- -
QUERS BOREALIS RE OA1 57 38 47 33 36 36 29 27 2.47? -
OUEF] PmLo CESTIOT OAK 55 45 47 37 32 . 25 33 27 3.21-- -

PIEIO IBroos WI TE Pin 24 22 .22 24 21 23 20 20 0.52
QUERCIIS VE t BLACK OAK 36 36 35 25 28 19 16 10 4.44** -
OUERUS mak W9E7TZO O 20 11 is 16 4 13 8 8 2.05
CORMUS FWLORIDA PaWRING D 10 10 9 8 .8 9 8 6 1.20
BETLA PCPULIPCLIA .GRY BIRCH 27 16 16 18 11 7 6 6 5.620* -
CAMR GLAORA PlGvRT [CORtY is .6 7 6 5 5 3 5 4.20* -
TSUG. CMNWDEIS EASTlER tHEMLOC 4 4 4 6 6 5 5 5 0.99
PRUUS 1RA BLACK OCERRY 9 .7 2 4 3 1 5 5 2.18 -

AN4.AMOUI ER a•ARmE SLHD-BUS 3 4 3 3 3 3 3 4 0.87
CASTANK DIO TA AMERICAN CHEbS'NUT 2 4 3 2 1 2 6 4 0.93
CAM 7UKEN'Um I •IT HINORY 0 12 6 6 7 6 7. 4 4.01*
SASSAF1•AS AL]DUM SASSAFRAS 6 4 6 6 2 S .5 3 1.22
RAaNUS AMIA•,A WHITEZA A 3 0 0 3 4 4 4 2 2.23V

ACIR PENSYLVANICU STRIPED MAPLE 0 0 0 0 0 0 1 1 1.00
811UX PENSYVANICA PIN CHEM 3 2 2 1 1 1 1 1 1.00
P3CULUS GRANDIDEW , BSIC-071I9D ASPE 0 1 1 1 1 0 0 0 1.00
PMB VIxINIAW VIR'GINIA PINE . 3 0 1 0 0 0 0 0 1.70

* -SIGNtFICANT AT PO-0.05
***.EIGIFICANT AT P<-0.01
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Table G-14

Comparison of tree seedlings (number of stems) in the Council Cup Forest, 1977-84.

NUMBER OF STEMS

SP9CC ES C2 NAPE 1978 1979 1980 1981 1982 1983 1984 F TIED

ACZR RIBRNJ RED MAPLE 37 50 52 52 83 82 56 4.58'- +
PIUNUS SEROTINA LACI CHERRY 24 25 32 25 28 20 16 2.19 -
SASSAFRAS LB6I •U SASSAFMAS 4 2 4 4 12 11 10 1.96

XERODS ALAX ' MUTE CAR 0 1 2 1 1 1 9 1.87
oJaUES VEUrDINA 8LAC ORZ 8 7 1 6 6 3 6 2.34'
Q.ERWSBOncALIS RED OAK 6 4 7 5 9 4 5 1.22

RUOS PRIMUS CHESTNUT OK a 5 9 8 6 11 .5 1.09
BEVUIA I A SWEET BIRCH 5 6 5 2 3 3 4 1.65
pOPJJS GMDIDENTR71P BIG.TI ASPEN 0 0 0 .0 0 0 3 1.00
ANR PE?6.VANIajM STRIPED PRPLE 0 0 0 0 1 0 2 1.48
ApEIAHCEca AWOREA SHA)-'BUS 0 0 6 5 4 3 2 1.09
CA". GBRA PIGUT NICKD= 1 1 1 1 0 2 1 1.18
PwaNUS AMWJCA WRITE ASE 2 2 3 3 2 1 1.09
CARWA TCMhEm A MOCZENUT HICIORY 0 1 1 0 0 1 1 1.09
ChSTrAEA OEDHThM " ARIA CHESTNU 3 3 3 1 1 1 1 1.96
CPATREGS SP. KANrDRNIE 1 0 0 1 1 1 1 1.00
PRJTJS AVrUN SEG" CHERR 0 0 0 1 1 1 0 1.09
PIxS VIGINI4NA VIGI2NIA'PINE 0 0 1 0 0 0 0 1.00
P263S gT3uS WAITE PINE 1 0 1 1 0 0 0 1.09
Kanuws TjwVwLOIEs. CUAING ASPEN 3 9 1 1 0 0 0 1.89

* -SiG0iIICNTI AT P*-0.05
ESIGNIFICAT AT PVO0.01

Table G-15

Comparison of shrubs, herbs, and ground cover (6 cover) in the Council Cup Forest, 1977-84.

I COVER

SP=ES COIOI VANE 1918 1979 1960 1981 1982 1963 1984 F TMI0

RAL141A LATIPUAA A933NTKIPN LNJLM
VACC4INTM STAPSNEL4 OHIMBERRY
VAMNWUM VACILLANS UOW-GVSH SUEERRY
RHOODROIN 4 WUIPIOWJM PINXT0U-PIDW
RHUS MDIois POISON IVY
RUBUS ALLEGRENIENSIS BLPN3ERlr
PARTIU~ssus 0UrNQUFCLAA VIRGNIA CREEPER

LVOPOMlI4 F1)8fLLrF0RME GROUND PINE.
AMUIA NUDICNULIS WILD SARSAPAUILAA
oaNHT~sACDIA PUNjIcrIZU0A HAY-6CENTEZ F1W4
MAIANTEEMUM1 CAMADWESE . WILD LILY-CIP-THEIEVAMLEY
LJSIMKCIA QUADR[P.IA WHORLE8D II)O6ESTRIPE
PoLy.LA PMJaFU.I MRNGED P1.YICLA
VERNICA 09FICIMAXS COMMON SPEEDA96L
CaIMAPHILIA NkCULATA SP`0rFI W1W2UER 34I

GROUND COVJER

LITTER

-MCrIIFI OM AT P 0-0.01

4.28 3.30 4.93 4.23 5.75 5.93 6.33 2.43' +
0.00 0.00 0.00 1.28 4.75 7.60 6.10 3.95** -

10.28 9.93 9.83 6.38 6.90 4.96 5.13 2.1w"
2.00 2.40 2.65 1.90 3.08 2.96 2.90 1.54
1.08 1.10 1.20 1.15 1.55 1.56 1.78 0.78
0.45 0.25 0.58 0.33 1.68 1.40 1.05 1.35
0.18 0.10 0.15 0.18 0.20 0.25 0.35 1.49

6.75 6.08 6.38 4.13 4.85 4.75 4.58 1.97
3.90 3.65 2.40 3.00 4.15 3.88 4.43 1.42
2.48 3.18 2.15 2.30 5.03 4.85 3.90 3.35** +
0.50 1.05 1.43 2.13 2.63 2.96 2.45 3.38** +
0.53 0.33 0.38 0.43 1.23 0.95 0.65 3.27** +
0.55 0.43 0.35 0.35 0.33 0.45 0.23 0.73
0.03 0.05 0.15 0.45 1.18 1.23 0.15 1.95
0.09 0.03 0.03 0.05 0.08 0.08 0.05 1.94

97.35 97.75 97.48 98.23 97.60 96.30 98.40 1.09
1.18 1.18 1.38 0.88 1.28 0.90 0.70 2.90* -
0.63 0.53 0.58 0.65 0.85 0.48 0.68 2.38*
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Table G-16

Vegetation analysis for trees in the TR419 Forest, 1984.

SPECIES COK4ON NAME -FRQUE'NCY RELATIVE OENSITY RELATIVE OOMIS.NCE RELATIVE I' PORTANCE
FREQUENCY 013. AIA) DENSITY (BA/HA) DO/INANCE VALUE

'QUERCJS VVLUTI NA 3LACK 2A11 0.54 17.8 133 25.0 84855 37.4 .30.2
PIMUS VIRQINIANA VIRGINIA PINE 0.33 11.0 67 12.5 38805 17.1 40.6
COPt'JUS FLORIDA FLOWERING "JOG;OOO 0.54 17.8 79 14.8 10959 4.8 37.5
QUFRCUS PRINIUS CHESTNIUT OAK 0.29 9.6 46 8.6 13437 5.9 24.1
ACMR RUSRUM RED WMPLE 0.25 8.2 42 7.0 13885 6.1 22.2
PRUNUS SERITIHA BLACX CHERRY 0.21 6.8 38 7.0 14268 6.3 20.2
PINUS STR33US MNITE PINE 0.13 4.1 42 7.8 13587 6.0 17.9
FRAXIAPJS AMERICANA WHITE ASH 0.17 5.5 21' 3.9 7955 3.5 12.9
CARYA TO(MENIOSA IOCIMRNUT BICKORY 0.21 6.8 21 3.9 4683 2.1 12.8
OUERCJS ALBA W4ITE OAK 0.08 2.7 8 1.6 10138 4.5 8.8
PAUNUS AVIUN SWEET CHERRY •.08 2.7 8 1.6 4297 1.9 6.2
TSUGA CA,•-DIISIS EkSIERN HEM.OCK 0.04 1.4 8 1.6 4451 2.0 4.9
LIRIODENDRON TJLIPIFERA TUIIP-TREE 0.04 1.4 4 0.8 3145 1.4 3.5
CARYA GLA1RA PIGNUT HICKORY 0.04 1.4 8 1.6 723 0.3 3.3
2ASSAFRAS ALBIDUM 3ASSAFRAS 0.04 1.4 4 0.8 946 0.4 .2.6
PYRUS M, LUS APPLE 0.04 1.4 4 O.8. . • 641 0.3 2.4

l0TAL - 100.0 533 100.0 226768 100.0 300.0

Table G-17

Vegetation analysis for saplings in the TR419 Forest, 1984

SPECIES qON NANE FREUENCY RELATIVE DENSITY RELATIVE DO6I0NANC RELATIVE ImpORTANCE
FREQUENCY (NO.tA) DENSITY (SA/11) DMIIAMCE VALUE

COMBJS FLORIDA FLOWERING OOGOCO 0.75 20.7 342 33.6 11570 52.2 106.5
QiERCUS VELUTINA BLACK OAK 0.38 10.3 204 20.1 3092 13.9 44.4
AC•S R3UBJM RED MPLE 0.58 16.1 133 13.1 1564 7.1 36.3
CKRTh TOM8NOSA MOCUIRUT HICKORY 0.42 11.5 100 9.8 2392 10.8 32.1
CRATAEGUS SP. HAWTHORNE 0.25 6.9 38 3.7 403 1.8 12.4
CAR. G,.ABRA PIGQUT HICKIRY 0.13 3.4 38 3.7 743 3.3 10.5
QOERIMS BOREALIS RED OAK 0.17 4.6 21 2.0 278 1.3 7.9
OUEPIUS PRINIS CHESTNUT OAK 0.13 3.4, 33 3.3 137 0.6 7.3
BETULA POPULIFOLIA GRAY BIRCH 0.13 3.4 13 1. 2 295 1.3. 6.0
PRUI3N S ERTNA BLACK CwERM 0.13 3.4 13 1.2 281 1.3- 5.9
sAsSAFRAS A8IcUM! SASSAFRAS 0.13 3.4 13 1.2 59 0.3 4.9
FRMXI?8S ANERICANA WHITE ASB 0.13 3.4 13 1.2 46 0.2 4.9
QUERMS ALBA WRITE OAK 0.08 2.3 13 1.2 298 3.3 4.9
BErJLA LENT SWEIT BIRQC 0.08 2.3 17 1.6 S2 0.2 4.2
AmjELAN(IER ARBOR1EA SRAD-BUSB 0.04 1.1 13 1.2 324 1.5 3.8
FINoS STRIOUS WHITE PINE 0.04 1.1 a 0.8 383 1.7 3.7
PINUS. VI RGINIANA VIRGINIA PINE 0.04 1.1 4 0.4 209 0.9 2.5
FAGUS GRANIDLOLIA AMERICAN BEECH 0.04 1.1 .4 0.4 52 0.2 1.8

TO- 100.0 1017 100.0 22179 100.0 300.0



Table G-18

Vegetation analysis for tree seedlings in the TR419 Forest, '1984.

SPECIES COMMON NAME FREQUENCY RELATIVE- DWSITY RELATIVE DOMINANCE RELATIVE IMPORTANCE
FREQUENCY (NO./HA) DENSITY (% COVER) DOMINANCE VALUE

ACER EUBRUM RED MAPLE 0.65 20.4 11250 17.8 2.29 20.1 58.4
FRAXI NUS AMERI CNA
SASSAFRAS ALBSIIXM
PRUNUS SEROTINA
CORRUS FLORIDA
OUERCUS VE•0UTINA
P 3UWS AVIUM
QUERCUS PRIMUS
CRATAEGUS SP.
CELTIS OCCIDENTALIS
CARYA IOMENTOSA,
BETULA LENTA
POPULUS TREMULOIDES
&AMELANCHI ER ARBOREA
QUERCUS BOREALIS
PI•US VIRGINIANA

TOTAL

WHITE ASH
SASSAFRAS
BLACK CHEARY
FLOWERING DOGWOOD
BLACK OAK
SWEET CHERRY
CHESTNUT OAK
HAWTHORNE
H.CKBERRY
MOCKERNUT HICIORY
SWEET BIRCH
QUAKING ASPEN
SHAD-BUSH
RED OAK
VIRGINIA PINE

0.40
0.38
0.46
0.42,
0.17
0.17
0.08
0.10
0.08
0.08
0.02
0.02
0.02
0.02
0.02

15.1
11.8
14.5
13.2

5.3
.5.3
2.6
3.3
2.6
2.6
0.7
0.7
0.7
0.7
0.7

11042
10000
10625

8750
1875
3542

625
1458
1458

625
1042

208
208
208
208

17.5
15.8
16.8
13.9

3.0
5.6
1.0
2.3
2.3
1.0
1.7
0.3
0.3
0.3
0.3

2.17
1.92
1.35
0.63
0.71
0.40
0.88
0.35
0.21
0.13
0.13
0.13
0.04
0.04
0.02

19.0
16.9
11.9

5.5
6.2
3.5
7.7
3.1
1.8
1.:1
1. 1
1.1
0.4
0.4
0. 2

51.744.5
43.2
32.5
14.5
14.4
11.3

8.7
6.8
4.7
3.4
2.1
1.41
1.4
1.2

100.0 63125 100.0 11.37 100.0 300.0
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Table G-19

Vegetation analysis for shrubs, herbs, and ground cover in the TR419 Forest, 1984.

SPECIES COM*% NAME FREQUDiCY RELATIVE DOMINANCE RELATIVE IMPORTANCE
FRQUENCY (I COVER) , DOMINANCE VALUE

SHRUBS

RUBUS ALLEGIEM IENSIS
LINDERA BENZOIN
PARTHENOCISSUS QUINQUEFOLIA
VACCQNIUM STAMINEUM
VACa NIUm VACILLAN[S
RHUS RAD ICANS
VIITS AESwrIVALIS
VIBURNUM ACERI FOLIUM
RUBUS FLAGELLARIS
VITIS RIPARIA
HAMAMELIS VIRGIMNIANA

HERBS

CAREX SWhNNII
DEqNSTA0OTIA PUNCrI LO8ULA
ALLIARI A OFF! aNALIS
PILEA PUMILA
UVULARIA PERFOLIATA
EJPAIORIUK RUGOSUN
SOLIDAGO CAESIA
GEUM GANAOENSE
CIRCAEA QUADRISUJLCATA
PANICUM SPP.
VIOLA PUSESCENS
POLYGINUM VI RGINIANU M
ASTE DIVARICATUS
POLYSTICHUN ACROSTICHOIDES
MAI ANTHEMUM CANADENSE
OR1YOPTERI S SP INULOSA
SOLIDAGO RUG3SA
POLYGONUM PERSICARIA
DESKO UJM NUDIFWLORM
HACILIA VIRGINIANA
LYCOPODIUM FLABELLI FORME
GALION APARINE
SMILACINA RACEMOSA
ASPLI•NIUM PLATYNUWRON
VERON ICA SERPLLIFOLIA
ATHYRIUM FILIX-FEMINA
PANICJM C.ANDESTINU M
GALION CIRCREZANS
VIOLA PAP ILIONAOEA
POA COMPRESSA
VERONIO. OFPIaIIALIS
IMPATI ENS BIFLORA
ARISAEMW TRIPHYLUWM
POLYGN4ASUM 8 IFLORMU
LYS I MKCHI A 0UAORI FOLIA
VERBASQJM TkAP su
CUNILA ORIGANOIOES
CAREX SP.
UVULARIA SESSILIFOLIA
FRMGARIA VIRGINIANA
CAREX PENS'LVANICR
CAREX ROSPA
DANT1I3NZA SPICATA
CHI MAPHILIA MACU LATA
POA PRATENSIS
OXALIS STRICTA
BOTR. HIUH VIRGINIANU4M
ANTENNARIA 4EGLECTA
TARA) CI M OFFICI NALE

GROUND COVER

.LITTER
MOSS
ROCK
BARE SIL

BLACKBERRY
SPICEBUSH
VIRGINIA CREEPER
DEERBERRY
LOW-8USH BLUEBERRY
POISON IVY
SUMMER GRAPE
MAPLE-LEAP VIBURNUM
DEWBERRY
RIVERBANK GRAPE
WITCH HAZEL

SEDGE
HAY-SCENTED FERN
GARLIC IMUSTARD.
CLEARED
PERFOLIATE BELL608Rr
MiITE SNAKEROOT

WLUE-STEMMED GOLDENROD
AVENS
ENCHANTER NIGHTSHADE
PANIC-GRASS
DOWNY YELLOW VIOLET
VIIGINIA INOTWEiD
WHITE WOOD ASTER
CHRISTMAS FERN
WILD L ILY-OF-THE -VALLEY
SPIIKLOSE WOOD FERN
ROUGH GOLDENROD
SMARTWEED
TICK-TREFOIL
BEGGAR'S LICE

GROUND PINE
CLEAVERS
FALSE SOLOMAN 'S SEAL
EBONY SPLEEB4IORT
SPEEDELL
LADY F ERN
PANIC-GRASS
BEDSTRAW
COMMON BLUE VIOLET
CANADA BLUEGRASS
COA4CH SPEEDWELL
J EELWEED
JACK-I N-TRE-PULPIT
SOLOMAN'S SEAL
0HORLD) LOOSESrRIPE
COMMON MULLEIN
0 ITTAY
SEDGE
S ESSILE-LEAVED BELL3 HRT
WILD STRAWBERRY
SEDGE
SEDGE
POVERTY OATGRASS
SPOTTED WINTERGREEN
KENTUCKY BLUEGRASS
YELLOW WOOD0 SORREL
RATTLESNAKE FERN
PUSSYfOES
DNDELION

0.35
0.17
0.33
0.08
0.17
0.13
0.15
0.06
0402
0.02
0.02

0.44
0.13
0.02
0.04
0.10
0.06
0.13
0.10
0.10
0.10
0.02
0.06
0.06
0.04
0.06
0.04
0.04
0.06
0.06
0.02
0.04
0.04
0.04
0.04
0.04
0.02
0.04
0o04
0.04
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

23.6
11.1
22.2

5.6
11.1

8.3
9.7
4.2
1.4
1.4
1.4

17.6
5.0
0.8
1.7
4. 2
2.5
5.0
4.2
4.2
4.2
0.8
2.5
2.5
1.7
2.5
1.7
1. 7
2.5
2.5
0.8
1.7
1.7
1.7
1.7
1.7
0.8
1.7

*1.7
1.7
0.8
0.8
0.8
0.8.
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8

3.98
4.10
1.96
2.42
*0.96
1.25
0.31
0.96
0.06
0.06
0.04

2.13
3.42
1.67
1.46
0.73
1.00
0.54
0.42
0.38
0.35
0.73
0.42
0.31
0.44
0.27
0.42
0.33
0.17
0.13
0.42
0.19
0.15
0.15
0.13
0.10
0.25
0.06
0.06
0.06
0.15
0.13
0.13
0.08
0.08
0.08
0.08
0.06
0.04
0.04
0.04
0.04
0.04
0.04
0.02
0.02
0.02
0.02
0.02
0.02

94.06
2.52
0.90
1.10

24.7
25.5
12.2
15.0
6.0
7. 8
1.9
6.0
0.4
0.4
0.3

11.8
19.0

9.2
8.1
4.0
5.5
3.0
2.3
2.1
2.0
4.0
2.3
1.7
2.4
1.5
2.3
1.8
0.9
0.7
2.3
1.0
0.8
0.8
0.7
0.6
1.4
0.3
0.3
0.3
0.8
0.7
0.7
0.5
0.5
0.5
0.5
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1

95.4
2.6
0.9
1. 1

48.3
36.6
34.4
20.6
17.1
16.1
11.7
10.1

1.8
1.8
1.6

29.4
24.0
10.1

9.8
8.2
8.1
8.0
6.5
6.3
6.2
4.9
4.8
4.3
4.1

4.0
4.0
3.5
3.4
3.2
3.2
2.7
2.5
2.5
2.4.
2.3
2.2
2.0
2.0
2.0
1.6
1.5
1.5
1.3
1.3
1.3
1.3
1.2
1.1
1.1
1.1
1.1
1.1
1.1
1.0
1.0
1.0
1.0
1.0
1.0

147.6
25.4
16.1
10.*9

1.00 52.2
0.44 22.8
0.29 15.2
0.19 9.8
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Table G-20

Comparison of trees (number 6f stems) in the TR419 Forest, 1977-84.

O3ERMS VUJYIIMR BLACK OAK
*COmes FLDRORID FIacM NG

PINUS VIRMN1MAN VIRGINIA PINE
OZ=U PRINLIS CHESTNUT OAK

WiLliS SEMNA BLACK CHRR
PFMIUM AMRIM.M WHITE AM
CARIR 70OO42SK mp31 MCC"
TSU~h CA8WI0ENIS EA.STERN W.MLA
03ECU LBA MITEf Cam

PRLUIS AVIUIM SWEET CHERRY
CMRYA GLABRA PIG171 MCIORY
SASSAPPOS M.5IuI SAS9.PMS
fl98IS MAIM APPLE
LZR102CCEPO TULIPIFEAR 7JLIP-TRE.
QMB=i BOREALIS RE OAR
CRAVOEQM SP H AW1NDSE
BTULA PCPU8iLGIA I GRAY BIP40

* -SIGNIFICANT AT, PO-0.05
.. EIQNFlOWYT AT P0.0.01

1977

27
18
28
10
13
12

a
3
6
2
2
2

3
1

.0
0
2

'NU'ER C STEM

1978 1979 1980 1961

31 29 27 26
23 19 20 23
25 24 22 22

9 8 11 9
15 13 11 12
12 11 9 8
9 8 9 10
4 4 4 4
6 6 5 5
2 2 2 2
2 2 2 2
2 2 2 2
1 1 1 1
1 1 1 1
2 2 2 1
1 1 1 1
0 0 0 1
1 ,0 1 0
2 2 3 1

1982 1983 1984 F .TREN

31 32 32 2.19-
21 20 19 0.81
22 20 16 2.80* -

11 10 11 0.48
11 10 10 1.73
10 9 10 1.79
10 a 9. 0.46
5 5 5 1.fl
S S 5 0.50
2 3 2 1.00
2 2 2 0.00
2 2 2 0.00
2 2 2 1.00
1 1 1 0.00
2 1 1 1.31
1 1 1 0.00
1 0 0 1.00
0 0 0 1.00
2 0 0 1.22

Table G-21

Comparison of saplings (number of stems) in the TR419 Forest, 1977-84.

14.AUER ~ STIlE

SPECIESma eDM3N AM

CORmUS FLOID011 FLOWERIG D--
Wind VUMNRma MEJX Ow

AMR LNBUM RED NAPME
CAMR Tomat1m ~ MOCE r M cu
CRAVhEWS SP. HAVMPHEl
CAMT GLAB~ Plow H1 CM1RY
oziNCUS PEINlS CHE17QT6J OAK
WEZ~35 8OR12ALIS RED OAK
Bell" LamU SWEET DISC

BMUiA PGUMIU.MIA GRAYS 81M
SSMSAPRAS IL5ID(J SA00APMS
PPAXNNJ AMERICANN WHITE AS
QUERM ALBA WHITE GAS
PILUJS wRDTNA. BLCCE
AMLAWC4H[IR ARIMPA SHAD-BUSH
PDINU S1XW8 WHITE PINK
PIUlS VI13lNIAME VIRGINIA PINE
FAG[S GRANDIVU.IA AMERICAN HyM
WUUl ANMERCKHR ANKiUCN ELM

*-sIuFIpiNTw AT Poo.05O
-EGIGNIFICAIFT AT P*-0.01

NL~MBR CP STEMS

1977 1978 1979 1960 1981 1982 1983 1984 F TRED

136 128 137 127 132 112 118 82 4.07" -

50 47 48 42 51 41 42 49 0.39
16 25 25 18 25 22 23 32 1.62
19 20 22 23 25 23 20 24 1.29

6 10 8 8 8 7 9 9 1.42
9 9 9 7 8 7 10 9 0.72
6 5 8 6 4 4 6 a 1.40
2 2 4 3 3 3 4 5 1.65
0 0 0 0 0 2 2 4 1.48

11 16 9 9 7 9 2 3 2.35* -

1 0 5 4 4 5 3 3 1.36
1 S 3 2 0 3 3 3 1.23
5 5 2 4 0 2 1 ' 3 1.70
8 5 3 8 5 3 6 3 1.32
4 5 4 4 3 3 5 3 0.66
1 2 2 1 1 2 2 2 1.00,
7 4 3 1 1 1 1 1 1.66
2 2 1 1 1 0 1 1 1.10
0 0 0 1 0 0 0 0 1.00
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Table G-22

Comparison of tree seedlings (number of stems) in the TR419 Forest, 1§78-84.

MtJPEF OF ST.M.

SPEC ES OMON NAME 1978 1979 1980 1961 1982 1583 1984 F TREND

AM RBRUM REDW-PLE 45 48 32 41 82 91 54 5.35** +
FPA)aNUS AMERICMA WHITE AM 157 122 136 89 71 60 53 2.72* -
PRLIUS SERM11HA BLOCK CHEY 66 73 57 57 57 41 51 1.29
SASSAPPAS HeI5D SASSFIS 29 43 40 45 68 42 46 3.69*
CORMUS FLORIDA. FIDWERING DO3(OD 78 60 103 65 69 54 42 1.24
PRIKEAVnI. SWEET CHRY 15 35 *25 9 22 17 17 0.48
OEROJS VEJ1DTIA BLOCOAK 6 6 a 9 12 14 9 2.408 +
CE.TLS7 D CCD L1S BACKBERRY 0 2 0 4 2 2 7 1.97
CRATEWS SP. aAWImRDE 2 1 2 4 2 3 7 1.54

IVIALMM SEET MMB1 11 7 Is 3 4 5 1.00
OERCUS PRMnuS CHEST OAK 4 3 4 6 4 4 3 0.98
CAM • '3NIUSA M30liNUu HICIORY 1 1 1 0 0 1 3 1.27
POPUwS TREVL•OIDES WAKING ASEN 0 2 0 0 0 1 1 0.74
oLXmRIS BOREALIS RED OAK 0 0 1 1 2 2. 1 0.93
PIDS VIRGOINIMA VIRG•NIA PINE 1 1 0 0 1 2 1 0.60
AJELAR3EK AORA SW0-BUISH 6 2 1 1 2 1 1 1.47

GPU=WS GFANDIDftRA BIG-!ICOr APEN 0 0 0 2 0 1 0 1.67
PIS MUEDS APPLE 0 1 1 1 0 0 0 1.02
GM GLABRA PIGJT HICIDRY 0 0 1 1 1 0 0 0.74
BM1A POPULIPU.IA GRAY BIRM 4 2 1 0 3 1 0 0.93

* -61GMFICNU AT P4-0.05
.e-IGNIPIfNT AT P•O.01

Table G-23

Comparison of shrubs, herbs, and ground cover (I cover) in the TR419 Forest, 1978-84.

1 tOneR

SPEaES COVON NAME 1978 197 1980 1381 1982 1933 1904 P TREND

LtIM BENEOIN SPICEJUGH 1.17 2.65 3.19 3.04 3.02 3.83 4.10 1.33
RNEWS ALLEGiU4IESIS B ERR 3.06 4.13 5.63 5.60 5.73 6.54 3.98 1.93
VACMN1N 3TAINEXIM DOERBERRY 1.90- 1.96 2.19 1.77 2.21 2.46 2.42 0.72
PprN=3SSUS •UJD•rCLIA VIRGNIA CREEPER 2.27 2.65 2.10 2.67 2.00 L96 1.96 1.54

W iS WnI GS POISON IVY 0.94 1.42 0.92 0.75 1.00 1.17 1.25 0.57
VMJPHM AIRIPGLIUM MhPLE-L,? VLBUMM 0.58 0.71 0.75 0.50 0.75 0.81 0.96 1.26
VK3rNMIUN VAOAL.N IDW-BUS0 BLUEBE.RR 2.83 2.31 2.06 1.56 0.88 0.98 0.96 1.10
VMiS AETIVALIS SUMMER GRNPf 0.71 0.96 0.40 0.48 0.52 0.31 0.31 2.38 -

HERB

DNSIAEUM PNCTI7.IIUIA MAY-6C1R FM 3.60 3.67 5.27 3.38 3.52 3.65 3.42 0.57
CAREX SWMWI Sam 0.92 1.73 1.79 L35 3.08 3.06 2.13 3.64**
PILED PIJLA CLEANCED 1.25 1.04 1.38 0.00 0.50 1.08 1.46 1.39
ELPASORIUN KNIISLh WHITE SN9KEOT 0.44 1.08 1.40 1.02 0.81 0.88 . 00 0.70
LMOIARIA PERPOLIA PE.1LIA' B.ILL4" 0.13 0.17 0.44 0.17 0.35 0.46 0.73 2.31" +
SOLIDAGO CNSIA BWE-6TbE" D 'DWEW 0.33 0.35 0.46 0.35 0.58 0.50 0.54 0.32
PUOLWONVIN 17INIMiM VIRINIA MOTr. 0.27 0.46 0.25 0.31 0.56 0.56 0.42 0.90
GEUM CA•NMiSE AVENS 0.44 0.60 0.42 0.46 0.73 0.52 0.42 1.33
CIRCAFEA WDHISLU3R ENCHANTER UIGRrSMDE 0.63 0.44 0.29 0.17 0.46 0.60 0.38 0.43
PARIaM SP. PMIC-GRASS 0.33 0.27 0.27 0.19 0.29 0.54 0.35 0.79
SOLIDG31 FAXM RUGH GOLDRRD 0.25 0.60 0.40 0.21 0.29 0.31 0.33 0.65
ASTER OIVAMUCMUS WHITE NOW ASITER 0.40 0.44 0.29 0.19 0.38 0.31 0.31 1.11
NA1WZIAMM CAMAD1M WO LILDM-OP-M'f-WALLEY 0.13 0.15 0.10 0.08 0.17 0.25 0.27 1.08
LWOIP3OM FLA8ELLIFOME GROJND PINE 0.56 0.42 0.29 0.02 0.13 0.23 0.19 1.13
1IKI92U! PERSIGMUA SMARTWEED 0.15 0.04 0.15 0.23 0.15 0.10 0.17 1.01
GALOUM RAMINE CLAVERS 0.40 0.71 0.25 0.08 0.06 0.25 0.15 1.17
DE34,IUM tUDI•WOUM TICX-qREPOIL 0.06 0.25 0.19 0.13 0.17 0.13 0.13 1.55
VIOLA PWPILIOaA COM2W BUJE VIOLET 0.02 0.27 - 0.44 0.54 0.29 0.10 0.06 0.95
UV)ULARIA SSI.LIPOLIA SESSILE-LEAVED BELIUOR 0.35 0.38 0.17 0.21 0.02 0.21 0.04 1.76
CARE;X PDMVANPIC SEME 0.02 0.19 0.19 0.33 0.21 0.02 0.04 0.91

GROLM DMGV

LITTR - 91.96 93.96 93.31 94.38 91.83 93.67 94.06 1.85
MOSS 2.65 1.90 1.65 2.13 2.54 2.42- 2.52 1.58

Am SOIL - 2.21 1.25 2.08 1.48 2.60 2.04 1.10 1.43
-OML 1.40 1.29 1.21 0.83 1.35 1.10 0.90 1.22

* -SIGNIFIOANT AT P<-0.05
**-6IGNIFI OdT AT P &0..1M



J

Table G-24 I

Vegetation analysis for trees in the Quarry Hillside Forest, 1984.

SPECIES COMMON NAME FREQUENC"Y RELATIVE D''SITY RELATIVE DOMINANCE RELATIVE I'PORFrANCE
FREQUENCY (NO./HA) DENSITY (BA/HA) DOMINANCE VALUE

QUERCUS BOREALIS RED OAK 0.53 16.0 140 21.6 38740 18.7 56.4
OUERCUS VELUTINA BLACK OAK 0.40 12.0 73 11.3 39610 19.2 42.5
FRAXINJS AMEPICANA, WHITE ASH 0.40 12.0 107 16.5 25446 12.3 40.8

ACER R'BRUM RED MAPLE .0.40 12.0 93 14.4 17802 8.6 35.0
QUERCUS PRINUS CHESTNUT OAK 0.47 14.0. 67 10.3 18954 9.2 33.5
TILIA AMERICANA BASSWOOD 0.13 4.0 33 5.2 20792 10.1 19.2
ULMIS AMERICXNA AMERICAN ELM 0.13 4.0 27 4.1 13394 6.5 14.6
PINUS VIRQNIANA VIRGINIA PINE 0.13 4.0 27 4.1 11299 5.5 13.6
CARYA GLABRA PIGNUT HICKORY 0.13 4.0 13 2.1 3435 1.7 7.7
SASSAFRAS ALBIWNM SASSAFRAS 0.13 4.0 13 2.1 2644 1.3 7. 3
CARYA TOME4TOSA MXCKEMIUT HICHDRY 0.07 2.0 7 1.0 4712 *2.3 5.3
BETUA LENTA SWEET BIRCH 0.07 2.0 13 2.1 2063 1.0 5.1
PRUOUS SEROTINA BLACK CHERRY 0.07 2.0 7 1.0 3272 1.6 4.6
CELTIS OCCIDENTALIS HACKBERRY 0.07 2.0 .7 10 2094 1.0 4.0
POPULUS GRANDIDENTATA BIG-TOOTHED ASPE4 0.07 2.0 7 1.0 U 78 0.6 3.6
CORRUS FLORIDA FLOWERING DOGwO4D 0.07 2.0 7 1.0 .754 0.4 3.4
JUGLANS NIGRA BLACK WALNUT 0.07 2.0 7 1.0 634 0. 3 3.3

TOTAL - 100.0 647 100.0 206819 100.0 300.0

Table G-25

Vegetation analysis for saplings in the Ouarry Hillside Forest, 1984.

SPECIES COMMON NAME FREQUENCY RELATIVE DENSITY RELATIVE DOMINANCE RELATIVE IMPORTANCE
FREQUENCY (NO./RA) DENSITY.,. (BA/BA) DOMINANCE VALUE

W3I•US FLORIDA FLOWERING DOOWOD
QUEZRS BOREALIS RED OAK
ACER RUBRUN - RED MAPLE
PFHAXJIIS AMERICANA "WHITE ASH
QOERCUS PRInwS CHESTNUT OAK
TILIA AMERICANA BASSWOOD
CARYA TIMENTOSA MOCKE2T HICKORY
SASSAFIAS ALBIDUM SASSAFRAS
CAM GLABRA PIGNUT HICKORY
UIJES AMERICANA AMERICAN ELM
OUER= VELufnmA " BLACK OAK
PINUS VIRGINIANA VIRGINIA PINE
AMELANCHIER ARBORZA SHAD-BOSE.
PRUMUS AVIUM . SWEET CHERRY
CELTIS OCCIDENTALIS HACKBERRA
JOGLANS NIGRA BLACE WLJr
P1133S VIROINIANA CHOKE CHERRY

0.67 17.2 260 26.0 5487 20.6 63.8
0.53 13.8 193 19.3 6157 23.1 56.2'
0.40 10.3 147 14.7 3587 13.5 .38.5
0.47 12.1 120 12.0 3759 14.1 '38.2
0.40 10.3 80 8.0 3304 12.4 30.7
0.13 3.4 33 3.3 654 2.5 9.2
0.13 3.4 27 2.7 723 2.7 8.8
0.13 3.4 20 2.0 764 2.9 8.3
0.20 5.2 20 2.0 110 0.4 7.6
0.13 3.4 13 1.3 445 1.7 6.5
0.13 3.4 13 1.3 445 1.7 6.5
0.13 3.4 13 1. 3 319 1.2 6.0
0.13 3.4 20 2.0 126 0.5 5.9
0.07 1.7 13 1.3 382 1.4 4.5
0.07 1.7 13 1.3 105 0.4 3.5
0.07 1.7 7 0.7 257 L10 3.4
0.07 L 7 7 0.7 21 0.1 2.5

TOTAL - 100.0 1000 100.0 26645 100.0 300.0
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Table G-26

Vegetation analysis for tree seedlings in the Quarry Hillside Forest, 1984.

SPECIES COP41.40 NAME

FRAXIR8S AMERICANA WHITE ASH
ACER IUBRUM RED MAPLE
SASSAFRAS ALBIOUM SASSAFRAS
UUIUS AMERICANA AMERICAN ELM
PRUNUS SEROTINA BLACK CHERRY
AMELANCHOER AkRBORFA S HAD-BUSH
QUERJS VELUTINA BLACK OAK
OUERCIS BOREALIS RED OAK
CORRUS FLORIDA FLOWERING DOGWOOD
QUERCUS PRINUS CHESTNUT OAK
PRVNUS AVIUM SWEET CHERRY
TILIA AMERICANA BASSWOOD
CELTIS OCCIDE4TALIS• HACPBERRY
PINUS VIRGINIANA VIRGINIA PINE
CARYA GLABRA PIGNUT HiCKORY
PINUS STPOBUS WHITE PINE
PIUMUS VIR NIANA CHOKE CHERRY

FREQUENCY RELATIVE DENSITY RELATIVE DOHUNANCE RELATIVE IMPORTANCE
FREQUENCY (NO.AMA) DENSITY I % COVER) DOMINAWCE VALUE

0.60 24.0 37000 50.2 1.83 24.0 98.2
0.50 20.0 14000 19.0 0.67 8.7 47.7
0.37 14.7 5000 6.8 0.43 5.7 27.1
0.10 4.0 2667 3.6 0.93 12.2 19.8
0.17 6.7 3000 4.1 0.43 5.7 16.4
0.13 5.3 1667 2.3 0.67 8.7 16.3
0.07 2.7 0 0.0 0.97 12.7 .15.3
0.13 5.3 1333 1.8 0.53 7.0 14.1
0.07 2.7 4333 5.9 0.30 3.9 12.5
0.07 2.7 667 0.9 0.13 1.7 5.3
0.07 2.7 1000 1.4 0.07 0.9 4.9
0.03 '1.3 1333 1.8 0.13 1.7 4.9
0.07 2.7 667 0.9 0.07 0.9 4.4
0.03 1.3 333 0.5 0.13 1.7 3.5
0.03 1.3 0 0.0 0.17 2.2 3.5
0.03 1.3 333 0.5 0.10 1.3 3.1
0.03 1.3 333 0.5 0.07 0.9 2.7

70TAL 100.0 73666 100.0 7.63 100.0 300.0

A
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Table G-27

Vegetation analysis for shrubs, herbs, and ground cover in the Quarry Hillside Forest, 1984.

SPECIES COMMON NANE FREQUENCY RELATIVE DOMINANCE RELATIVE IMPORTAN,
FREQUENCY ( COVER) DOM NANCE VALUE

3 SHRUBS

LINDERA BENZOIN
PARTHENOCISSUS OUINOUTFOLIA

IAMAMELIS VI RGINIANA
VACCI NIUM VACILLANS
VITIS AESTIVALIS
RHUS RADICANS
RUBUS ALLEGHEN I ENSI S
VIBURNUM ACERIFOLIUM

HERBS

ASTER DIVARICATUS
DRYOPTERI S MARGINALIS
DESCHAMPSIA FLEXUOSh
EUPAIORIUM RUGOSUM
SOLIDAGO CAESIA
SOLIDAGO JUNCEA
POLYSTI CHUM ACROSTI CER IDES
ARALIA NUDICAULIS
POA COMPRESSA
DANTHONIA SPICATA
CAREX SWANNII
CAREX ROSEA
PARIETARIA PENSYLVANICA
CAREX LAX! FLORA
VIOLA PAPILICNACEA
CAREX PENSYLVANICA
GEUM CANADENSE
POLYGONUM VIRGINIANUM
POTENTILLA SIMPLEX
WOODSIA OBTUSA
SMILACINA RACEMOSA
PANICUM SPP.
ASPLENIUM PLATINEU RON
UVULARIA SESSI LIFOLIA
OXALIS STRICTA
GERANIUM MNCULATUM
SOLIDAGO BICOLOR
BARBAREA VULGARI S
GALIUM APARINE
GRASS (UNIDENTIFIED)
CAREX SP.
CIRCAEA QUADRISULCATA
POLYGONATUM B I FLORUM

BOTRYCHIUM DISSECNUM
VERONICA SERPILLIFQLIA
AR•ABIS LAEVIGATA
BOTRYCHIUM MATRICARI AEOLIUM

GROUND COVER

LITTER
ROCK
MOSS
BARE SOIL

SPICEBUSH
VIRGINIA CREEPER
WITCH HAZEL
LOW-BUSH BLUEBERRY
SUMMER GRAPE
POISON IVY
BLACKBERRY
MAPLE-LEAF VIBURNUM

WHITE WOOD ASTER
MARGINAL WOOD FERN
HAI RGRASS
WHITE SNAREROOT
BLUE-STEMMED GOLDENROD
EARLY GOLDENROD
CHRISTMAS FERN
WILD SARSAPARILLA
CANADA BLUEGRASS
POVERTY OATGRASS
SEDGE
SEDGE
PELLITORY
SEDGE
COMMON BLUE VIOILET
SEDGE
AVENS
VIRGINIA 4OTWEED
CI NQUEFOIL
BLUNT-LOBED WOODSIA
FALSE SOLOMAN'S SEAL
PANIC-GRASS
EBONy SPLEENwoRr
SESSILE-LEAVED BELLWORr
YELLOW WOOD SORREL
WILD GERANIUM
SILVERROD
WINTERCRESS
CLEAVERS

SEDGE
ENCHANTER NIGHTSHADE
SOLOM N 'S SEAL
GRAPE FERN
SPEEDWELL
ROCK CRESS
DAISY-LEAF GRAPE FERN

0.10
0.30
0.13
0.13
0.13
0.13
0.03
0.03

0.40
0.30
0.20
0.30
0.20
0.13
0.07
0.07
0.07
0.13
0.13
0.10
0.10
0.10
0.10
0.07

.0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0 03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

10.0
30.0

.13.3
13.3
13.3
13.3

3.3
3.3

11.5
8.7
5.8
8.7
5.8
3.9
1.9
1.9
1.9
3.8
3.8
2.9
2.9
2.9
2.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.0
1.0
1.0
1.0
1.0
1.0
1.0

4 1.0.
1.0
1.0
1.0
1.0

6.43
2.07
2.63
1.97

0.73
0. 13
0.30
0.17

9.90
4.20
4.53
1.20
0.77
,0.97
L20
1.20

.1.20

0.53
0.43
0.60
0.23
0.23
0.20
0.37
0.33
0.33
0.27
0.17
0; 13
0.13
0.13
0.o07
0.07
0.13
0.10
0.10
0..07
0.07
0.07
0.07
0. 07

0.03
0.03
0.03
0.03

44.6
14.3
18.2
13.6

5.1
0.9
2.1
1.2

32.8
13.9
15.0
4.0
2.5

'3.2
4.0
4.0
4.0
1.8
1.4
2.0
0.8
0'. 8
0.7
1.2
1.1
1.1
0.9
0.6
0.4
0.4
0.4
0.2
0.2
0.4
0.3
0.3
0.2
0.2
0.2
0.2
0.2
0.1
0.1
0.1
0.1

54.6
44.3
31.6
27.0
18.4
14.3

5.4
4.5

44.3
22.6
20.8
12.6
8.3
7.0
5.9
5.9
5.9
5.6
5.3
4.9
3.7
3.7
3.5
3.1
3.0
3.0
2.8
2.5
2.4
2.4
2.4
2.1
2.1
1.4
1.3
1.3
1.2
1.2
1.2
1.2
1.2
1.1
1.1
1.1
1.1

1.00
0.90
0.67
0.33

34.5 80.43
31.0 12.23
23.0 2.90
11.5 3. 93

80.8 115.3
12.3 43.3
2.9 25.9
4.0 15.4
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Table G-28

Comparison of trees (number pf stems) in the Quarry Hillside Forest, 1978-84.

NJBR CF STEMS

SPEIES CM.N NAM 1978 1979 1960 1981 '1982 1963 1984 F TRW

Q•RUS BORE.LIS RED OAK 8 7 8 12 17 20 21 5. 32-- +
FrPaNUS NMRICAW WH1TE ASH 15 12 .13 12 14 16 16 1.10
ACR K.BRUM RED .WPLE. 11 10 11 13 12 U 14 1.49
WEUS VEULiAM BLAK OAK 25 24 24 20 17 12 11 5.17.. -
OUEROJS PRINMS CHSTNIT OAK 12 12 11 12 12 14 10 0.98
TILIA AROAA BASIM 1 5. 5 6 6 5 S 5 0.53
IUJ(S AME4R•AAJ AMERICAN ELM 3 4 4 4 4 4 4 L.00
PDV9S VINSNIN6A VIRGINIA PINE 5 5 5 4 4 4 4 1.00
CAM G.ABRA PIGIUT WCNDRY 0 1 1 0 2 2 2 1.61
SASSWAS,.L•DUX sASSAFRAS 1 2 2 2 2 2 2 1.00
BERR LER sWEET SICH .2 2 2 2 2 2 2 0.00
,.JX.MES N1 . BLAC W.UV 0 1 1, 1 1 1 1 1.00
P B SUOTI'NA B c 1 1 1 • 1 1 1 1 0.00

CEWLTIS 1 ID84ThIS HAKME . 1 1 1 1 1 1 0.00
CAtMU TOB C ER 1 1 1 1 1 1 1 0.00

J]LA]S GRPlZ)DMl~ B9IG4l tIM ASPEN 2 1 2 2 1 1 1 1.00
cows nUIMD FL.AEmING DOGWOOD 4 3 4 3 3 3 1 1.36
PW•9KS AVMIN SVE? CHEM 1 0 0 0 0 0 0 1.00

CAM 0Vk SKO•WAfmCWR N Y I I1 1 1 0 .0 0 1.00

SSIGNIFICANT AT P*O0.05
"-SIGNIFICAMN AT P<.0.01

Table G-29

Comparison of saplings (number of stems) in the Quarry Hillside Forest, 1978-84..

NUWR orTE

SP•ECS COMMON NM 1978 1979- 1980 1981 1982 1963 1984 F 774M

cut= FLI•NA FU5 3NG DOM= 106 105 101 89 77 62 39 4.90.* -
0URORS BONEALIS RED OAK 27 29 29 33 31 29 29 0.92

R RmUJ RED MAPLE 30 29 27 23 24 24' 22 0.77
lMrn~JS NMEmOCa WHITE AM 27 25 20 25 24 23 is 1.37

PRINUS 0 OAK 15 16 17 13 U 13 12 1.61
TIU.A MERICANA BASWX 3 3 $ 4 3 3 5 1.29.
CARM 1O3IO MOCKERVT mcR .8 6 6 5 7 7 4 L.47
ANELANCHIcER AJVEA SH0D-BUSH 2 4 3 3 4 3 3 0.469
SASSrFS "MU ShSWAPS 3 3 . 3 :3 3 3 3 0.00
CARVA GLAR PICW B[CMI 0 1 1 2 1 0 3 1.75
CETIS OCCaIDER1 LIS HACKERY 3 0 1 2 2 2 2 1.22
WRUIlS AVIWI SWEET CROt 0 3 2 1 1 1 2 0.75
L4UiS AIChIMAER MICAI SM4 4 4 2 3 2 2 2 1.82
OMUS VEUun BLACK OAK 12 10 a 3 2 3 2 4.47? -
PWIuS VIAMNI4A VIRGINIA PIlE 4 - 2 2 2 .. 2 2 2 0.74

,GA4NS NIGRA BLACK iLf 0 1 1 0 1 1 1 1.00
PRUNUS VIRGINIAWR CH CERRY 2 4 1 4 2 2 1 0.81
P9wSEROTINA BLACK OMU 2 1 1 0 0 0 0 1.20
POPmWS. GRANDIDWTA'h BIG4qOTWD ASPE 1 1 1 0 0 0 0 1.00
CARM OVAI. SHAG1 R HIC1 1 0 0 0 0 0 0 1.00

* -SIGQIFICANT AT P o-0.05
-SIGNIFICANT AT P 00.01
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Table G-30

Comparison of tree seedlings (number of stems) in the O~larry Hillside Forest, 1978-84.

NUM£ER OF STEMS

SPIES O NAM 1978 1979 1980 1981 1982 1983 1984 F TIEMD

FMNEIS AMERICANA WHITE AN1
ACE RIHMN RED MJPL
SALSSAFRAS PL8IJK SASSAFRAS
CORM8 FU3RIDA FLOMMXNG DOGWDOD
PRINUS SER13FXNA BLACK CHERAY
ZILPEJS AMCRN~A APERICAM ELN
ANILANCHI ER AREIWA SBAD-B78
QtEJRS BREALIS KmD OAX
TILIA AMMCMR.c BKSSlO)D
PMlIJS AVIWE SWEET CHERRY
OJERMS PRDRS CHESTNUTI OAX
C3.T1 Dl1.IS b=Amjs MCPERMY
PDIJS ST~w8 MUITE PINE
PMJWS VIRMIIMIA CHM CHERRY
PSSJS VIRGlNIAA VIRGINIA PINE
P`MS NA.WS APPLE
CRTAMGUS SP. HANTMJIU6
qIMWS VE=YDI BLACK am

111
24
14
30
11
7
3
8
4
0
3
1
1
6
1
0
1
0

61 86
41 46

7 4
8 21

15 1U
6 9
6 4
3 3
2 10
0 0
4 2
0 0
1 1
1 0
1 1
0 0
0 0
0 0

32
64

5
23

7
9
5
3

11
5
1
b
1
0
1

0
0
0

28
80
10
10
7
9
6
3
6
0
0
0
1
0
1
0
0
1

,28
66
12
8
6

11
6
5
6
1
0
0
1
0
1
2
0
0

ill 8.17"
42 4.58" +
15 1.38
13 1.02

9 2.50* -
.8 0.74

5 1.01
4 1.61
4 0.44
3 1.92
2 2.33' -
2 1.70
1 0.03
1 2.16
1 0.00
0 1.0O
0 1.0D
0 1.00

* -SQIGIFIONT AT P-0.05
*"4GFiw CMT AT ir.0.01

Table G-31

Comparison of shrubs, herbs, and ground cover (0 cover) in the Ouarry Hillside Forest, 1978-84.

ePECMON HAM 1978 1979 1980 1981 1982 1983 1984 F TI

LINDEAR BENmOIN SPIEBLISH 2.43 2.97 4.53 .5.07 5.57 6.60 6.43 1.21
HAMAKIS Vxt=N. WICH SAZUEL 2.03 3.33 0.03 173 1.73 2.10 2.63 0.40
PAmRrs" SSus OuJhoAUJA VIRGINIA CREIER 6.27 5.80 4.53 5.60 5.30 3.30 2.07 1.50
%%=NIXW VACAIU ILM-B0SH BWP.RY 1.67 1.53 1.60 1.10 1.90 2.03 1.97 0.89
VMIS AESTIVALIS SUMMER GRAPE 0.27 0.43 0.47 00.30 0.43 0.50 0.73 0.47
RHMS ALLEGENIENSIS UASERW 0.17 0.23 0.20 0.27 0.60 0.53 0.30 1.3D
VIUF*M ACMIFaMZIJN MPPLE-LEAF VIBUNIM 0.07 0.00 0.20 0.10 0.13 0.13 0.17 0.89
MRS PADIMS POISON IVY 0.03 0.10 0.13 0.13 0.13 0.07 0.13 0.84

HEMS

ASTE DIVARICAWS *U TE ZDOD ASTE 7.50 8.80 9.80 7.30 10.13 9.80 9.90 1.20
DESCwSIA FLEI7A HAIRGRASS 4.33 4.57 6.30 2.83 7.20 5.10 4.53 2.14
DRYCPTEMS MKAGINALIS MARGIINAL WW FEW 3.63 3.00 3.47 3.27 3.73 4.70 4.20 2.52'
EtUPAIKRIU RMOUM WHITE S3AIIRO~T 0.77 0.80 2.10 2.17 3.00 2.03 1.20 2.291
FOR O CANADA BU,1EGRAS 0.33 0.53 0.83 0.13 0.67 1.50 1.20- 0.83
SaLIMDO JrNCEA EARLY G 0.63 0.47 0.43 0.43 0.67 0.97 0.97 1.41
SL/MAGD CAESIA B9E-6T/D@4D GLDEMM 0.90 0.83 0.90 0.93 1.30 1.00 0.77 1.29
CAMX RMEA SM 0.60 1.40 1.30 0.10 0.03 0.30 0.60 2.16
DANTBONIA SPIO POETY OA3PASS 0.20 0.27 0. 0 1.03 1.23 0.80 0.53 1.66
CAMEX SIUPMI SEDG 1.80 1.17 0.73 0.33 0.63 0.43 0.43 0.82
CAMEX PERSMNIC SEW 0.47 0.47 0.30 0.23 0.30 0.37 0.37 0.10
PARIEMA PEIISflVANICA PELLITORY 0.00 0.23 0.40 0.23 0.23 0.00 0.23 1.64
CAREX LAI" FWM SEDGE 0.00 0.07 0.07 0.07 0.10 0.23 0.23 0.64
VIOLA PPILIONAhA COMMON BILE VIOLEr 0.20 0.23 0.07 0.17 0.13 0.27 0.20 1.26
PNICW1 SPP. PANIC-RASS 0.10 0.20 0.07 0.10 0.30 0.30 0.13 0.57
ASPLENIUM PLATYNJIEN EBONY SPL 4WlOIE 0.13 0.20 0.10 0.17 0.13 0.20 0.13 0.47
CA.X SP. SEDGE 0.73 0.67 0.83 0.77 0.37 0.17 0.07 3.01'
UIUAIA SESSILIFCLIA SESSILE-LRVED BELL44OM 0.27 0.30 0.53 0.13 0.20 0.17 0.07 1.17
VERCHICK SEIHPJ.LPoIA SPEmEINL 0.03 0.00 0.00 0.23 0.00 0.00 0.03 2.66*

GFO, COVER

LUTTER - 75.97 80.17 76.23 82.80 81.17 81.93 80.43 1.52
RK - 19.33 14.10 16.87 13.00 13.30 12.70 12.23 3.30*"

AM SOIL - 5.20 3.90 4.50 1.67 2.53, 3.13 3.93 1.31
MOS - 1.33 1.23 1.50 2.13 2.40 1.50 2.90 2.460

.- SSNIIFILNT.AT P ,-0.05
"-S1GNIFICANT AT P*-0.M
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Table G-32

Vegetation analysis for trees in the Elimsport Substation Forest, 1984.

SPECIES COIMON NAME FREQUENCY RELATIVE DENSITY RELATIVE DOMINANCE RELATIVE IMPORTANCE
FREQUENCY (NO./HA) DENSITY (BA/HA) DOMINANCE VALUE

ACER RJBRUM RED MAPLE 0.75 23.1 165 29.2 34231 25.0 77.2
BETULA LENTA SWEET BIRCH 0.75 23.1 100 17.7 19870 14.5 55.3
LIRIODENDRON TULIPIFERA TULIP-TREE 0.45 13.8 115 20.4 14957 10.9 45.1
NYSSA SYLVATIfO BLACK GUM 0.45 13.8 55 9.7 19654 14.3 37.9
OUERCUS PRIMUS CHESTNUT OAK 0.30 9.2 50 8.8 19666 14.3 32.4
0UERCUS BOREALIS RED OAK 0.20 6.2 30 5.3 15358 11.2 22.7
PINUS STROBUS WEITE PINE 0.10 3.1 10 1.8 7811 5.7 10.5
ACER PENSYLVANICJM STRIPED MAPLE 0.05 1;5 15 2.7 1343 1.0 5.2
CARYR GLABRA PIGNUT HICKORY 0.05 X.5 10 1.8 1139 0.8 4.1
QUEROIS VE.UTINA BLACK OAK 0.05 1.5 5 0.9 1418 1.0 3.5
TSUSA CANADENSIS EASTERN HEMLOCK 0.05 1.5 5 0.9 1272 0.9 3.4
SASSAFRAS ALBIQUM SASSAFRAS 0.05 1.5 5 0.9 .475 0.3 2.8

TOTAL 100.0 565 100.0 137192 100.0 300.0

Table G-33

Vegetation analysis for saplings in the Elimsport Substation Forest, 1984.

SPECIES COMMON NAME PREQU84CY RELATIVE DENSITT RELATIVE DOINANCE RELATIVE IMPORTANCE
FREQUENCY (NO./HA) DENSITY (BA/BA) DOMI NANCE VALUE

SETUIA LRTA SWEE BIRCH 1.00 15.2 3385 63.2 42405 46.7 125.1
ACER RUBRUM RED MAPLE 1.00 15.2 645 12.0 18089 19.9 - 47.1
SASSAFRAS ALBIDUM SASSAFRAS 0.85 12.9 495 9.2 12298 13.5 35.7
LIRIODENDROII TULIPIFERA TULIP-TRE3 0.70 10.6 220 4.1 6793 7 5 22.2
QUERWS PRIMUS CHESTNUT OkK 0.65 9.8 145 2.7 4115 4.5 17.1
N7SSA SYLVATICR BLACK GUM 0.40, 6.1 125 2.3 2871 3.2 11.6
QUERCOS BOREALIS RED OAK 0.40 6.1 125 2.3 1716 1.9 10.3
O03NUS FLORIDA FLOWERING D&'W3OD 0.30 4.5 60 1.1 577 0.6 6.3
QUERCUS VELTIINA BLACK OAK 0.25 3.8 30 0.6 601 0.7 5.0
QIUEFS ALA WHITE OAK 0.25 3.8 30 0.6 137 .0.2 4.5
PFINS STWOBUS WEITZ PINE 0.15 2.3 20 0.4 106 0.1 2.8
BEIULA PAPYRIFERA PAPER BIRCH 0.10 1.5 10 0.2 444 0.5 2.2
PAGUS GRANDIFOLIA AMERICAN BEECH 0.10 1.5 15 0.3 67 0.1 1.9
ACER PENSiLVANICUM STRIPED MAPLE 0.10 1.5 10 0.2 114 0.1 1.8
PRUMnS PENMSVANICA PIN CHERRY 0.05 0.8 5 0.1 318 0.4 1.2
PRAXIUNS AMERICANA WHITE ASH 0.05 0.8 10 0.2 20 0.0 1.0
PRilNUS SEROTINA BLACK CHERRY 0.05 0.8 5 0.1 35 0.0 0.9
AMELANCHIER ARBOREA SHAD .- MSUS 0.05 0.8 5 0.1 16 0.0 0.9
TSUGA CAhNADENSIS EASTERN SEMLOCK 0.05 0.8 5 0.1 16 0.0 0.9
CARYA GLABRA PIGNUT BICKORY 0.05 0.8 5 0.1 16 0.0 0.9
CASTANEA DENTATA AMERICAN CHESTNUT 0.05 0.8 5 0.1 16 0.0 0.9

TOTAL - 100.0 5355 100.0 90768 100.0 300.0



Table G-34.

Vegetation analysis for tree seedlings in tie Elimsport Substation Forest, 1984.

SPECIES C144ON NAME FREQUENCY RELATIVE DENSITY RELATIVE DOMINANCE RELATIVE IMPORTANCE
FREOUENCY (NO./HA) DENSITY (% COVER) DOMINANCE VALUE

ACER RUBRUM RED MAPLE 0.68 32.5 22750 46.4 1.03 20.8 99.8
SASSAFRAS ALBIDUM SASSAFRAS 0.40 19.3 12250 25. ' 1.63 33.0 77.3
NYSSA SYLVATICA BLACK GUM 0.28 13.3 5000 10.2 .0.70 14.2 37.7
PRLUNUS SEROTINA BLACK CHERRY 0.20 9.6 2750 5.6 0.23 4.6 19.8
BETULA LENTA SWEET 8IRCH 0.13 6.0 1250 2.6 0.35 .7.1 15.7
FRAXINUS AMERICANA WHITE ASH 0.05 2.4 500 1.0. 0.30 6.1 9.5
LIRIODENDRDN TULIPIPER, TULIP-TRIE 0.10 4.8 1250 2.6. 0.10 2.0 9.4
CORNUS FLORIDA FLOWERING OOGbOOD 0.05 2.4 750 1.5 0.13 2.5 6.5
PINUS STROBUS WHITE PINE 0.05 2.4 250 0.5 0.18 3.6 6.5
ACER PENSILVANICUN STRIPED MAPLE 0.05 2.4 1250 2.6 0.05 1.0 6.0
GUERJS ALBA WHITE OAK 0.03 1.2 250 0.5 0.13 2.5 4.3
QUERCiS BOREALIS RED OAK 0.03 1.2 250 0.5 0.05 1.0 2.7
QUERCUS VELUTINA 8LACK OAK 0.03 1.2 250 0.5 0.05 1.0 2.7
CARYA GLABRA PIGNUTr HICKORY 0.03 1. 250 0.5 0.03 0.5 2.2

TOTAL - 100.0 49000 100.0 4.93 100.0 300.0

Table G-35

Vegetation analysis for shrubs, herbs, and ground cover in the Elimsport Substation Forest, 1984.

SPECIES . COMN NAME FREQUENCY RELATIVE DOMINANCE RELATIVE IMPORTANCE
FREQUENCY (I COVER) DOMINANCE VALUE

SHRUBS

SMILAX ROTUNDIPOLIA GREENBRIER .0.48 38.8 6.00 41.2 79.9
HAN MELIS VIRGINIANA WITCH HAZEL 0.15 12.2 3.70 25.4 37.6
LINDERA BENZOIN SPICEBUSH 0.10 8.2 1.73 11.8 20.0
VACCINIUM VACILLANS LOW-BUSH BLUEBERRY 0.15 12.2 0.83 S.) 17.9
RSUBS ALLEGRENIENSIS BLACKBERRY 0.15, 12.2 0.25 1.7 14.0
VACCINIUM CORYMBOSUM HIGH-BUSH BLUEBERRY 0.03 2.0 1.25 8.6 10.6
PARTHENOCISSUS QUINQUEQOLIA VIRGINIA CREEPER 0.08 6.1 0.20 1. 4 7.5
VITIS AESTIVALIS SUMMER GRAPE 0.08 6.1 0.13 0.9 7.0
RUBUS HISPIDUS £ DEWBERRY 0.03 2.0 0.50 .3.4 5.5

HERBS

DENNSTAEDTIA PUNCTILOBULA HAY-SCENTED FERN 0.53 44.7 5.30 56.1 100.8
THELYPTERIS NOVEBORACENSIS NEW YORK FERN 0.10 8.5 1.60 16.9 25.4
OSM•NDA CINNAMOMEA CINNAMON FERN 0.08 6.4 1.05 11.1 17.5

,ARALIA NUDICAULIS WILD SARSAPARILLA 0.05 4.3 0.28 2.9 7.2
LYSIMNCHIA OUADRIFOLIA WHORLED LOOSESTRIFE 0.05 4.3 0.13 1.3 5.6
MIITCHELLA REPElS PARMRIDGE-BERRY 0.03 2.1 0.20 2.1 4.2
ATHYRIUM FILIX-PEMIHA LADY FERN 0.03 2.1 0.20 2.1 4.2
OSMUNDA CLATYONIANA INTERRUPTED FERN .0.03 2.1 0.13 1.3 3.5
GLYCERIA STRIATA FOWL MANNAGRASS 0.03 2.1 0.13 1.3 3.5
POLYGONATUM BIFLORUM SOLOMAN'S SEAL 0.03 2.1 0.10 1. 1 3.2
LUDWIGIA ALTERNIPOLIA SEED-BOX 0.03 2.1 0.08 0.8 2.9
PANICaM SPP. PANIC-GRASS 0.03 2.1 0.05 0.5 2.7
SMILACINA RACEMOSA FALSE SOLOMN 'S SEAL 0.03 2.1 0.05 0.5 2.7
UVULARIA SESSILIFOLIA SESSILE-LEAVED BELLIORr 0.03 2.1 0.03 0.3 2.4
PRENANTR'S ALBA TALL WHITE LETTUCE 0.03 2.1 0.03 0.3 2.4
EUPATORIU4 RUGMSU4 WHITE SNAKEROOT 0.03 2.1 0.03 0.3 2.4
CAREX SP. SEDGE . 0.03 2.1 0.03 0.3 2.4
MEDEOLA VI RGINIANA INDIAN CUCUMBER 0.03 2.1 0.03 0.3 2.4
SOLIDAGO RUGOSA ROUGH GOLDENROD 0.03 2.1 0.03 0.3 2.4
MHNOTROPA UNIFLORA INDIAN PIPE 0.03 2.1 0.03 0.3 2.4

GROUND CDVER

LITTER 1.00 39.2 87.85 88.2 127.4
ROCK 0.80 31.4 7.78 7.8 39.2
mOSs 0.75 29.4 4.03 4.0 33.5
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Table G-36.

Comparison of trees (number of stems) in the Elimsport Substation F~rest, 1982-84.

NMB~ER 6F STEMS

SPECIES COMMN NAME 1982 1983 1984 P TRD

ACER R3RUN RED MAPLE 24 32 33 4.570 +
LIRIODNDIOFN TULIPIFEMR TULIP-TREE 12 i8 23 5.196 +
BEILA LENM , SVIET BIRCH 9 17 20 7. 04" +
NYSSA SLVATICA BLAC GUN 9 11 U 1.54
OUERCDS PrNUS CHMTNUT OAK 7 8 10 1.81
OERCUS BOREALIS RD OA 6 6 6 0.28
ACER PENS)LVA•NIOM STRIPE kAPLE 3 3 13 0.00
CAR. GQABRA PIGNUT HICIDRY 1 2 2 1.00
PINUS STraBUS WHITE PINE 2 2 2 0.00
QtURaUS VEUMTIt# BLC OAK 1 1 1 0.00
SASSAPPAS ALBIDMU SASSAFRAS 1 2 1 0. 49
TSUG CAMRSIS EAST'ERN HEMLK 1 1 1 0.00
CO s PLORIDA FLOWERING DOGWD 1 0 0 1.00

' -SIGNIFICA.NT AT P<-0.05
**-61GMPICANT AT P<-0.01

Table G-31

Comparison of saplings (number of stems) in the Elimsport Substation Forest, 1982-84.

NU]1fl OF STEM

.SPECIES cDmmN tamE 1982 1983 134 F" TrI

B81ULA LERM SHEEt BIRCH 853 791 677 a 12.95"* -
ACER RJUR4 RM MPPLE 176 163 129 11.50"* -
SASSA'RAS ALBIDUM SASSAFrAS 152 131 99 11.11" -
LIRIOD4DVN TULIPIFPES TULIP-qTR 60 51 44 2.39
QUEWs PRiMs CHESTNUT OAK 46 37 29 2.96
NYSSA SYLVATICA BLACK GUM 21 27 25 1.87
OJQJS BOWALIS RED OAK 30 26 25 0.81

COR3S FLORI•. FLOWEM G DOGWXD, 14 20 12 1.21
UE.'JS V JN lBLACK E OAK 4 11 6 1.00
UER•JS ALA WH1TE OAK 9 6 6 1.58

PfNUS STMBUS WHITE PINE 5 3 4 1.54
FAGWS GRANDIPILIA AMERICAN BEC 4 3 3 0.63
PFMINUS AMERICAIA WHITE ASH 1 2 2 1 00
ACER PE4SyavAnicJm STRIPED MAPLE 3 3 2 1.00
BEfI3IA PAPURIUPER PAPER BIRCH 2 1 2 1.00
TSUGA CANADENSS EASTERN HEE XI( 1 1 1 0.00
PREXUS SERW NA BLA CK RR 3 1 1 2'11
CARMQ GLA PIGUT HECHORY 1 1 1 0.:0
FRIE•ES PENSYVANICA PIN CEERR 1 1 1 0.00
AMELM•N ER AOIEA SkD-BUSH 1 3 1 0.85
CASTANFA DENTTA AMERICA CHESTNUT 1 1 1 0.00

* -SIGNIFICANT AT P <-0.05
**-SIGNIFICANT AT P <-0.01



Table G- 38

Comparisaon of tree seedlings (number of stemns) in the Elimsp.ort Subststion Folest, 1982- 84.

NIJMER OF 5=6B

SPEaS COMMO NHAM 198; 1963 1964 F T7ID

A RJ BRJM RED MPLE 100 117 91 2.15
Sk.SS•J•AS ALA ID4 SASSAPWS 52 47 49 0.18
Ny, SYVA7T7C BLACK GUM 10 13 20 1.95
PRWJS S:ROTIW A BLACK CHERY 10 11 11 0.01
LI EDIXM 4 '1VLIPIFEPA *ILW.qP-T 0 2 5 2.59

AM pENsvAmJm SrRIPWI MkPLE 4 4 5 1.W
BE1'JLA ALTA SWEETBSiam 5 7 5 0.02
CD)RAS FLWRI1 FLOERING D001C= 0 2 3 1.24
FiRAXwNS ApjNICMA WHUI7 ASH 1 2 2 0.16
PnUS STniBUS WITE PINE 1 1 1 0.00
CJERWS ALBA W7T2 chi 1 1' 1 0.w
gRJE S BOEAUIS RED OAK 2 .2 1 1.CD
CA]R G[0Ml PI•,67 mCKMi 1 0 1 1. C
OXRWs VEJTDIA, BLACK OAK 1 1 1 0.WD
CMkTAmJS SP. HAImO"IN 1 2 0 1.54
CUERJS PROIMS CSHEI OAK 4 2 0 1.54

* -SiGIFIZCFrN AT P<-0.05
**-SIGNIFICANT AT P00.01

Table G-39

Comparison of shrubs, herbs, and ground cover (I cover) in the Elimsport Substation Forest, 1982-84.

CcoVE

ShECIES CO N N U 1962 1963 1984 r 1H

SHRIS

SPULAX RO1UDIF•.•A GREEBRIER 5.40 5.03. 6.00 0.54
EAI."L1S VIRMNIMA WIIVB SUE 3.50 3.05 3.70 L30
LDIE.1 BEmNIO SPICESJUH 1.25 1.90 173 0.09
VWNIUM VXahaLM LD"U-U BLUEERRY 1.10 0.93 0.83 3.309
RUBUS ,EAZGBMIKSIS B 0.40 0.25 .0.25 0.17
PArWjh4SSUS QU•J•LWCLIA VI3NIA ClaimER 0.13 0.15 0.20 0.89
VlTIS PZSTrhJs SUMMER GRA 0.10 0.05 0.13 0.41

DSrpTm PC1rLCJIA iAY-6CEN1T0 fr 5.03 4.78 5.30 0.43
T ,InJpERIS NVN R M4SIS NEW R FERN 1.10 1.65 1.60 0.89

m cnm eaJamm CINNMWON FR 0.48 1.00 L 0S 1.72
A6ALIA N1JOWI0fS WILD SARSAPARILLA 0.18 0.23 0.26 0.64
LtIwcHI& uArcmWHORA LED )SET6RIFE 0.03 0.13 0.13 0.78
P(LXyomATWIBZFW3m S0LOM IS SEAL 0.15 0.13 0.10 L23
CPM.X SP. SIM 0.20 0.16 0.03 L 96

GWROW CNER

- 87.30 89.03 87.85 0.46
ROCK 8.40 8.48 7.78 0.29
VMS 2.18 2.18 4.03 2.44

" -EIGQ•UCQr AT P00.05
**-SIGIFI OiT AT P 00. M
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Table G-40

vegetation analysis for trees in the Gould Island Forest, 1984.

ýPECIES COMMON NAME FREQUENCY RELATIVE DENSITY RELATIVE DOMINANCE RELATIVE IMPORTANCE
FREQUENCY (NO./HA) DENSITY (BA/HA) DOMI NANCE VALUE

ACZR SACCHARINUM SILVER IPPLE 0.47 28.1 95 32.7 204327 57.2 118.0
CELTIS OCCIDEITALIS HhC5DERRY 0.37 21.9 58 20.0 78033 21.8 63.7
ULNUS AMERICANA A•ERICAN E.M 0.26 15.6 37 12.7 14220 4.0 32.3
TILIA AMERICANA BASSWOOD 0.05 3.1 37 12.7 19618 5.5 21.3
BE'I'ULA LENTA SWELT BIRCH 0.11 6.3 16 5.5 4121 1.2 12.9
FRAXINJS AMERICANA WHITE ASH 0.11 6.3 11 3.6 9495 2.7 12.5
CARD. COFDIPORMIS BITI'FirUT HICKORY 0.05 3.1 11 3.6 10657 3.0 9.7
LIRIODENDRON TULIPIFERA TULIP-TREE 0.05 3.1 5 1.8 11611 3.2 8.2
jUGLANS CINEREA BUTE!RlTy 0.05 3.1 5 1i.8 3476 1.0 5.9
PRUNUS SEROTINA SLACK CHERRY 0.05 3.1 5 1.8 810 0.2 5.2
CATALPA 8IGNONIOIDES CATALPA 0.05 3.1 5 1.8 595 0.2 5.1
FRAXINUS PENNSYLVANICA RED ASH 0.05 3.1 5 1.8 .500 0.1 5.1

5 ITAL 100.0 289 100.0 357461 100.0 300.,0

Table G-41

Vegetation anaiysis for saplings in the Gould Island Forest, 1984.

SPECIES C01M NAME FREQUENCY RELATIVE DENSITY RELATIVE DOMINANCE RELATIVE IMPOIrANCE
FREQUENCY (NO./UA) DENSITY (RA/HA) DOMINANCE VAILUE

FRXIINUS PENNSYLVANICA RED ASH 0,16 21.4 63 42.9 2174 48.4 112.7
ULMUJS AMERICANA AMERICAN ELM 0.26 35.7 .42 28.6 1682 37.5 101.8
FRAXIlUS AMERIOM.A WHITE ASH 0.16 21. 4 26 17.9 126. 2.9 42.1
CARYA CO3RIFORNIS SITrERIOT HICIORY 0.05 7.1 5 3.6 265 5.9 16.6
TILIA AJERICMA BASSMIO 0.05 7.1 5 3.6 203 4.5 15.2
CAThLPA BIGNONIOIDES CATALPA 0.05 7.1 5 3.6 37 0.8 11.5

1WTIAL - 100;0 147 100.0 4489 100.0 300.0



Table -G-42

Vegetation analysis for tree seedlings in the Gould Island Forest, 1984.

SPECIES COM40N NAME FREQUENCY RELATIVE DENSITY RELATIVE DOMINANCE RELATIVE IMPORTANCE
FREQUENCY (NO.IALA) DENSITY (%8 COVER) DOMINANCE VALUE

ULmUS AMERICANA AMERICAN ELM 0.26 47.6 5000 55.9 0.97 * 44.0 147.5
FPAXINUS AMERICANA WHITE ASH 0.11 19.0 1842 20.6 0.55 25.0 64.6
CARYA CORDIFORMIS BITrERIUT HICKORY 0.11 19.0 1053 11.8 0.58 26.2 57.0
ACER NIGRUM BLACK MAPLE 0.05 9.5 789 8.8 0.05 2.4 20.7
CELTIS OCCIDENTALIS -ACKBERRY 0.03 4.8 263 2.9 0.05 2.4 10.1

TOTAL 100.0 8947 100.0 2.21 100.0 300.0

I .

Table G-43

Vegetation analysis for shrubs, herbs, and ground cover in the Gould Island Forest, 1984.

SPECIES COMMON NAME FREQUENCY RELATIVE DOMINANCE RELATIVE IMPORTANCE
FREQUENCY (S COVER) DOMINANCE VALUE

SHUIBS

PApTBENO3oSSUSE QUINOUEFOIA VIRGINIA CREEPER 0.66 47.2 12.16 57.0 105.0
NIUS RADICANS POISON IVY 0.32 22.6 3.84 18.3 40.9
LINDERA BENZOIN SPICEBUISH 0.16 11.3 3.29 15.6 27.0
LIGJSTRUM VULGAR. COMMON PRIVET 0.08 5.7 0.61 2L9 8.5
RUBUS ALLEGRENIENSIS BLACKERRY 0.08 5.7 0.45 2.1 7.8
RUBUS FLAGELLARIS DEWBERRY 0.05 3.8 0.45 2.1 5.9
ROSA VIRGINIANA WILD ROSE 0.03 1.9 0.13 .0.6 2.5
STAPHYLEA TRIFOLIA BLADDER-NUT 0.03 1.9 0.11 0.5 2.4

HERBS

MATTEUCCIA STRUTHIOPTERIS OSTRICH FERN 0.63 10.3 57.71 51.4 61.7
VIOLA PAPILIONACEA COMMON BLUE VIOLET 0.84 13.8 12.66 11.3 25.1
PcLYGONUJMVIRGINIANUM VIRGINIA INOTNEE. 0.53 8.6 9.05 8.1 16.7
ALLIARIA OFFICINALIS GARLIC MUSTARD 0.58 9.5 3.42 3.0 12.5
EUPAIORIUM RUG)SUM WHITE SNAKEX)Or 0.37 6.0 5.00 4.5 10.5
POLYGONUN CILINODE BINDWE 0.39 6.5 4.45. 4.0 10.4
GEU4 CANADENSE AVEIS 0.32 5.2 3.26 2.9 8.1
LEERSIA VIRGINICA WHITE GRASS 0.29 4.7 3.05 2.7 7.5
ELYMUS RIPARIUS WILD RI 0.32 5.2 2.00 1.8 7.0
IMPATIENS BIPLORA JEWELWED 0.24 3.9 2.37 2.1 6.0
TEUCRIUN CANADENSE NOOD--SAGE 0.24 3.9 1.32 1.2 5.1
ARISAEMN TRIPrfLWNM JACK-IN-THE-PULPIT 0.16 2.6 0.95 0.08 3.4
PILEA PUMILA CLEARNEED 0.18 3.0 0.32 0.3 3.3
POLYGONUM PUNCTATUM SMARTW"E . 0.16 2.6 0.42 0.4 3.0
CIRCAEA OUADRISUJLATA ENCHANTER NIGHTSHADE 0.13 2.2 .0.47 0.4 2.6
POLYGONUM CUSPIDATUM MEXICaN BAMBOO 0.08 1.3 1.37 1.2 2.5
ELY?41S VIRGINICJS WILD RYE 0.08 1.3 1.03 0.9 2.2
BOENMERIA CYLUNRIG. FALSE NETTLE 0.08 1.3 0.63 0.6 1.9
URTICA DIOICA STINGING NETTLE 0.08 1.3 0.32 0.3 1.6
POOOPBYLLUM PELTATUM MAY APPLE 0.05 0.9 0.79 0.7 1.6
O)kLIS STRICTA YELLOW WOOD 0 DRRM 0.08 1.3 0.18 0.2 1.5
GLECOMA HEOERACEA GILL.OVER-THE-GROUND 0.05 0.9 0.24 0.2 1.1
BIDENS FRONDOSA BEGGAR-qICIS 0.05 0.9 0.16 0.1 1.0
LYSIMACHIA CILIATA FRINCED LOOSESTRIFE 0.05 0.9 0.16 0.1 1.0
SOLIVAGO FLEXICAULIS ZIGZAG GOLDENROD 0.03 0.4 0.45 0.4 0.8
CAERX SP. SEDGE 0.03 0.4 0.24 0.2 0.6
FESTUCA OBTUSA NODDING FESCUE 0.03 0.4 0.16 0.1 0.6
HESPERIS NATROMILIS DAWIC' ROCKET 0.03 0.4 0.11 0.1 0.5
ZIZEA AURSA GOLDEN ALEXRNDERS 0.03 0.4 0.05 0.0 0.5

GROUND COVER

BARE SOIL 1.00 42.7 77.34 78.1 120.8
LITTER 1.00 42.7 20.53 20.7 63.4
moss 0.34 14.6 1.21 1.2 15.8
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Table G-44

Comparison of trees (number of stems) in the Gould islan'd Forest, i979-84.

lUMUEi OF STM

SPIES C)OMMON M 1979 1980 1981 1982 1983 1984 F TIfl

AM SPH•RIUM SILVR MAPLE 17 18 18 17 18 18 0.80.
C.TIS 0cIDALIS BPAMBE U1 11 10 12 11 11 1.00
TILA NeUIMA BA•SI3O 7 7 7 7 7 7 0.00
UtIJ h',aJIO AmmICm EU, 8 a 5 6 7 7 0.35
aETULA LuNA swEET BIRA 3 3 3 3 3 3 0.00
PWWOUiS •Iem ,A MUTE ASS 7 4 2 2 2 2 1.24
C.AM COWIPO S Br1Ez 6T MCDRY 0 2 2 2 2 2 1.00
FRAXsWX tF LVANCR RmA 0 0 2, 1 2 1 1.00
CATALPA BIGIMIOIDoS CTALPA 0 1 0 1 1 1 1.00
PRUJIS S S3TINM B CI8 1 1 1 1 1 1 0.00
3KfL.M COEM wrTZR4O? 1 1 1 1 1 1 0.00
LIRICU1MFON TULIPIFM TULIP-.TRU 1 1 1 2 1 1 1.00
tCBrNIA P5HDOMMA BL4 LOCUsr 1 1 0 0 0 0 1.00

-6GNIQPIcANT AT P4-0.05
•*-6IGNIFIC1NT AT P4"0.01

Table G-45

Comparison of saplingg (number of stems) irn the Gould Island Forest, 1979-84.

NUMBER OF SrENS

SPO9IS " Wc 1979 -1980 1981 1982 1963 1984 F TWO

,MFff WXptEMLVAMCR MD AS 0 0 13 10 18 12 3.50'* +
UUES AH1WCMA AERI, E4 MX 10 8 9 9 8 8 1.27
PRAxIx3US AIRIMIA WHI ASH 17 18 6 14 5 5 1.35
CASLPA BIGNGIIOIDES CATALPA 3 1 1 1 1 1 1.00
TH.IA ANMOUR BA 0 1 0 1 1 1 . 1.00
CAM caIFc 8s BIT'MUT BICIORY 1 1 1 1 1 1 0.00
LIRIDWEW1NI ?ULPIFP TULIP-'TRC 0 0 1 1 0 0 1.00
PRUNE SEF02IN BLAC CERY 1 1 0 0 .0 0 1.00

* -"IGMIFICAT AT PO,0.05
-SIGIUFIflcI AT P40.01

. I
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Table G-46

Comparison of tree seedlings (number of stems) in the Gould Island Forest, 1979-84.

NUMBER OF STEW

SPE ES NAE 1979 1960 1981 1962 1963 1964 I TED

LnMJ AMERICANA AMERICAN CU 7 12 16 19 22 19 2.93" +

FRAXNuS MEICAA WHITE AS 6 5 4 3 7 1.31
cm cOR~Wa S BITZINRIU CIORY. 3 0 2 2 3 4 1.83

AC NIGRJM BL"K MRPLE 1 2 9 7 3 3 1.00

GITIS 0=CuDBIThLS 8ACOW 7 6 ),1 10 2 1 3.42" -

PpivS SEROTINA BLACK CHRY 0 0 0 1 0 0 1.00

OnERiS BOIzS REDMOAK 0 0 1 0 1 0 0.79
BER," NIGRA RrVR BIRH 0 3 0 0 0 0 2.00

AM SAO:3ARINM SILVER PLE 67 1 1 1 2 0 2.36* -

- .6IGICFICMT AT P4-0.05
*-,6IG FICAN• AT P4O0.01

Table G-47

Comparison of shrubs, herbs, and ground cover (% cover) in the Gould Island Forest, 1979-84.

t COVER

S NPEC 1979 1980 1981 1962 1963 1964 F TREND

PARTENMS2QSUS 0UINlUFOIW~A VIrINIA CF"E
mUs RDICAM POISON IVY

LINDEA BUE!HM SPICEUSH
UQJUSRM VILGLM. COMMON Plum1
RUMBAIS Z NI~ENSIS BLIC3RW

WLTrEWCIA OTPTERlIS OSTRXIC FRN
VICE^ PAP ILICNRCA COMMON4 BURE VIOLE
Pa.vomm v1N1111um VIRGNIA NIOrW ED
EUPATO~rUN NXIOU wUiTz SHAMW3=
POQIMN CILIIWE BNDNIEE

- MLIARI& ornamLIs GARLIC MISAR)
GEUM CANAD3EN AVDIS
LEERIA VIRGINIO.L WHITE GRASS
IMPATIEN SUWWWR 3JEAELM
tiYmiS RIWRRIUS WILD RYE
Pa.IWNU1 Ci5'MA'IU4 ME~Ua.J4 BA1Uoo
TEICRIUM ClIopem XESG
SLYMUS VIRG~iLUS WILD RVE
XRISAMR9 TRIPHYUXU4 JACK-IN-qIE-4UTIXT
BIEHMERA CILINDRICA FALSE N~rTLE
CIRO"S QWIDRSULIAO ENCHifANE NIGrSFPM
PGLGGtUM PUN="MI SPARIWEED
ULflCh DIOIM STUI N% iprTLE
PUI1A PUP<ELA LAWE
CAREX SP. SUEDG

GROM COVER

BARE MIL
LITTER
MOSS-

9.66
1.39
0.71
0.53
0.32

45.21
13.79
9.11
L.76

10.05
4.18
4.45
1.50
5.42
0.42
0.42
2.34
0.00
2.03
1.11
0.24
0.00
0.66
0.08
0.34

13.21
1.84
0.58
0.63
1.29

46.79
14. 34

7.45
3.00
8.11

14.00
3.24
1.95
6.16
0.79
1.11
1.74
0.00
1.84
L34
0.66
0.00
0.11
0.87
0.16

13.08 11.08
1.89 1.84
0.68 1.32
0.47 0.47
0.50 0.92

46.05 47.97
12.06 9.13

6.82 5.45
4.58 9.47

13.03 8.50
6.13 1.47
3.24 4.18
1.76 2.74
3.16 0.97
0.42 0.68
1.29 1.79
2.47 2.61
0.00 0.00
1.00 0.42
1.71 1.24
1.74 1.03
0.00 0.00
0.18 0.32
0.26 0.37
0.05 0.11

10.472.53
2.0S
0.74
0.66

52.79
12.74
8.21

12.03
9.29

11.63
3.24
3.92
2.89
1.39
2.84
1.21
0.58
0.84

.0.92
0.87
0.05
0.00
0.18
0.16

12.16
3.84
3.29
0.61
0.45

57.71
12.66
9.05
5.00
4.45
3.42
3.26
3.05
2.37
2.00
1.37
1.32
1.03
0.95
0.63
0.47
0.42
0.32
0.32
0.24

1.216.57"* +
1.81
1.49
0.55

3.21' +
1.3
1.13

Is. -8** +
4.72*" -

11.65**
1.25
2.00
5.82*" -
2.96' +
1.54
1.94
2.59* +
0.79
0.29
2.07
6.45** +
1.79
4. s**
0.87

70.19" +
71.72"* -

4.45"*

76.74 23.18 20.34 24.76
21.21 74.21 77.13 71.21
0.29 1.37 1.89 2.58

42.66 77.34
53.26 20.53

2.76 1.21

-eiQ4iFiaJIT AT P<-0. 05
**-IQUFIrINT AT P4.0. 01
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Table G-48 .

Estimated damage (% defoliation) by gypsy moth to trees'in thd Council Cup, TR419, and Quarry Hillside Forests
near the Susquehanna SES, and in the Elimsport Substation Forest, 1984.

SPECIES
SPECIES COUNCIL CUP TR419

NO. % DEF. NO. % DEF.
QUARRY HILLSIDE TOTAL SSES ELIMSPORT

NO. % DEF. NO. % DEF.a NO. % DEF.

QUERCUS PRINUS

TILIA AMERICANA

QUERCUS ALBA

Q. BOREALIS

Q. VELUTINA

FRAXINUS AMERICANA

ACER RUBRUM

AMELANCHIER ARBOREA

BETULA LENTA

B. POPULIFOLIA

CARYA GLABRA

C. TOMENTOSA

CASTANEA DENTATA

CELTIS OCCIDENTALIS

CORNUS FLORIDA

CRATAEGUS SP.

PINUS STROBUS

P. VIRGINIANA

POPULUS GRANDIDENTATA

PRUNUS AVIUM

P. SEROTINA
SASSAFRAS ALBIDUM

TSUGA CANADENSIS

ULMUS AMERICANA

NYSSA SYLVATICA

ACER PENSYLVANICUM

FAGUS GRANDIFOLIA

LIRIODENDRON TULIPIFERA

OTHER SPP. b

40 4.0
0 0

12 1.7

39 1.5

26 1.2

2 0

114 0

4 0

113, 0

7 0

6 0

4 0

4 0

0 0.

3 0

0 0

26 0

8 0

2 0

0 0

5 0

4 0

7 0

o 0

0 0

1 0

0 0

0 0

13 0

430 0 . 6 a

18 1.7
0 0

5 0

5 0

71 0

7 0

31 0

*3 0

2 0

2 0

11 0

28 0

0 0

0 0

72 0

8 0

12 0

14 0

0 0

2 0

10 0

2 0

2 0

0 0

0-- 0

0 0

1 0

1 0

1 0

308 0.1a

22 5.0
10 2.0

0 0

50 0

13 0

34 0.3

34 0

3 0

2 0

0 0

5 0

4 0

0 0

3 0

40 0

0 0

0 0

5 0,.

1 0

2 0

1 0

5 0

0 0

6 0

-0 0

0 0

0 0

0 0

3 0

80 3.8
10 2.0

17 1.2

94 0.6

110 0.3

43 0.2

179 0

10 0

117 0

9 '0

22 *0

36 0
4 0

3 0

115 0

8 0.

38 ,0

27 0

3 0

4 0

16 0
11 0

9 0

6 0

0 0

1 0

1 0

1 0

7 ' 0

39 6.9
0 0

6 0

31 1.3
7 0

2 0

.162 0

1 0

697 0

0 0

3 0,

0 0

1 0

0 0

12 ,0

0 0

6 0

0 0

0 0

0 0

1 0

100 0

2 0

0 0

36
5

3

66

3

0.3
0

0

0
0

243 0. 6 a 981 0. 4 aTOTAL 1,183 0.3a

aWeighted mean.

bSpecies with less than three individuals per plot.
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Table G-49

Vegetation analysis for tree seedlings, shrubs, and herbs in Switchyard Field, 1984.

SPECIES CO4R)N NAME FREQUENCY RELATIVE DOMINANCE OELATIVE IMPORTANCE
FREQUENCY (% COVER) DOMINANCE VALUE

TREE SEEDLINGS

cORNUS FLORIDA
BETULA POPULIFOLIA
FRAXINUS AMERICANA
ACER RUBRUM
pRFLS SEOrTINA

,SASSAFRAS ALB I DUM
FMA XNUS PEINSYLVANI4CA

SHRUBS

CMRNUS RACEMOSA
RUBUS ALLEGHENIENSIS
RHuS RADICANS
CORNUS AmOMJUM
RUBUS FLAGELLARIS
VIBUVM14 DENTATUM4
VITIS AESTIVALIS
ILEX VERTICELLATA
ROSA ImLTI FLORA
VITIS RIPARIA
SALIX JWIULIS
RUBUS HISPIDUS

HERBS

GRASS (UNIDENTI FT ED)
SOLIDAGO RUGOSA
SOLIDAGO CANADENSIS
pOTENTILLA SIMPLEX
SOLIDAGO GRAMINI POLIA
FRAGARIA VIRGINIANAA
RUMEX ACETOSELLA
HIERACIUM PRATENSE
SOLIDAGO 3UNCEA
TRIFOLIUM SP.
ONOCLEA SENSIBILIS
BOTRYCHIUM DISSECTUM
ASTER PILOSUS
SOLIDAGO GIGANTEA
O)RLIS STRICTA
DAUCUS CA RDTA
CAREX SP.
VIOLA PAPILIONACEA
VERONICA OFFICINALIS
ASTER LATERIFLORUS
APOCYNUM CANNABINUM
LYCOPOOIU M FLAB ELLI FORO
TARAACP M bFFICINALE
GhLIUM APARINE
HYPERICUM PUNCTATUM
LYSIMACHIA CILIATA
ACIILLEA MILLEFOLIUM
DESPODIUM DILLDEII
SOLIDAGO NEMORALIS
ASTER UMBELLATUS
CRYSANTBEMN LEUCANTHEMUM
TRIFOLrUM PRATENSE
TEUCRIUN CANADENSE
TRIODIA FLAVA
ANEMONE VIRGINIANA
ASCLEPIAS TUBZROSA
ASTER NOVAE-ANQIAE
RUDOECKIA HIRTA
GOODYEPA PUB ESCENS
JUNCUS TENUIS
pRUNELLA VULARIS
THELYPTERI S NOVEBORACENSIS
VERONICA SERPyLLIFOLIA
AMBROSIA ArTEMISIIFOLIA
HYPERICJM PERFORATUM
CN NVOLVULUS SEPIUM
POLYGONU N SCANDENS
PLAmTAGO LANCEOLATA

FLOWERING DOGW)OOD
GRAY BIRCB
WHITE ASS
RED MAPLE
BLACK CBERRY
SASSAFRAS
RED ASH

GRAY DOGWOOD
BLACKBERRY
POISON IVY
SILKY DOGWOOD
DEW8 ERRY
ARROWUOOD
SUMMIER GRAPE
WINTERBERRY
MULTIFLORA ROSE
RIVERBANK GRAPE
PRAIRIE WILLOW
DEW ERRY

0.61
0.12
0.27
0.14
0.08
0.06
0.02

0.

0.29
0.16
0.16
0.16
0.08
0.04
0.02
0.02
0.02
0.02

ROUGH GOLDENROD
CANADA GOLDENROD
CI QUEFOIL
FLAT-TOPPED GOLDENROD
WILD STRAWBERRY
SHEEP SORREL
HAWKWE ED
EARLY GOLDENROD
CLOVER
SENSITIVE FERN
GRAPE FERN
HEATH ASTER
LATE GODENROD
YELLOW WOOD SORREL
QUEEN ANNE'S LACE
S EDGE
COMMON BLUE. VIOLET
COMMON SPEEWELL
CALICO ASTER
INDIAN HEMP
GROUND PINE
ODA EL ION
CLEAVERS
SPOTTED ST. JOHN IS WORT
FRINGED LOOSESTRIFE
YARROW
TICK-TREFOIL
LITTLE GREY GOLDENROD
FLN-EOPPED MWITE ASTER
01-EYE DAISY
RED CLOVER
WO2D-6AGE
PORPLETOP
TNIMBLE EED
BUTTERFLY-HEED
NEW ENGLAND ASTER
BLACK-EYED SUSAN
RATTLESNAKE PLANTAIN
PATH RUSH
SELF-HEAL
NEW YORK FERN
SPEEDWELL
RAGWEED
COMMON ST. JON "S WORT
HEDGE BINDWEED
FALSE BUCKWHEAT
ENGLISH PLANTAIN

1.00
1.00
0.98
0.86
0.73
0.47
0•63
0.49

0.37
0.49
0.22
0.39
0.27
0.18
0.27
0.27
0.20
0.22
0.20
0.14
0.12
0.10
0.10
0.08
0.08
0.08
0.06
0.04
.0.06
0.04
0.04
0.04
0.04
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

46.9
9.4

20.3
10.9
6.3
4.7
1.6

40.6
14.2
13.2
7.5
7.5
7.5
3.8
1.9
0.9
0.9
0.9
0.9

9.4
9.4
9.2
0.1
6.9
4.4
6.0
4.6
3.5
4.6
2. 1
3.7
2.5
1.7
2.5
2.5
1.9
2.1
1.9
1.3
1. 2
1.0
1.0
0.8
0.8
0.8
0.6
0.4
0.6
0.4
0.4
0.4
0.4
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

20.29
5.25
1.22
1.52
0.20
0.16
0.31

18.60
3.14
2.29
2.52
1.14
1.04
0.15
0.38
0.33
0.15
0.13
0.04

49.26
39.67
23.22
9.30
5.59
6.55
1.79
1.80
2.90
0.70
4.39
0.64
0.64
1.62
0.35
0.33
0.71
0.21
0.22
0.54
0.44
0.61
0.13
0.22
0 11
0.06
0.33
0.48
0.12
0.19
0.07
0.06
0.04
0.32
0.08
0.07
0.05
0.04
0.03
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.00

70.118.1
4.2
5.3
0.7
0.5
1.1

62.2
10.5

7.7
8.4
3.8
3.5
0.5
1.3
1.1
0.5
0.4
0.1

32.0
25. 8
15.1
6.0
3.6
4.3
1.2
L2
1.9
0.5
2.8
0.4
0.4
1. 1
0.2
0.2
0.5
0.1
0.1
0.3
0.3
0.4
0.1
0.1
0.1
0.0
0.2
0.3
0.1
0.1
0.0
0.0
0.0
0.2
0.1
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

117.027.5
24. 5
16.2

6.9
5.2
2.6

102.7
24.6
20.9
16.0
11.4
11.0

4.3
3.1
2.1
1.4
1.4
1.1

41. 4
35.2
24.3
14.1
10.6
8.7
7.1
5.8
5.4
5.1
5.0
4.1
2.9
2.8
2.7
2.7
2. 4
2.3
2.1
1.7
1.4
1.4
1.1
0. 9
0.8
0.8
0.8
0.7
0.7
0.5
0.4
0.4
0.4
0.4
0. 2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
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Table G-50

Comparison of tree seedlinqs, shrubs, and herbs (% cover) in Switchyard Field, 1978-84.

, % COVER

SPEa " C:,-O, N 1978 1979 1981 1982 1983 1984 P TREND

TRESEEI•L qGS '

ORfUS FLORIDA FLWER174G )Q3OwD 1.% 4.40 6.93 13.04 1S.64 20.29 141.85*"' 4

BEfULA POPULIFCLIA GRAY 8IRCH 1.15 1.79 3.92 4.55 5.30 S.25 22.21"- +
AER RU•8RM RED APLE 0.31 0.22 1.05 1.18 1.04 L.52 9.54* +
FRAI08US AWERICYNA WEHITE ASH 0.69 0.51- 1.04 1.05 0.90 1.22 1.51
PUNUS SERTILACK CHERRY 0.06 0.07 0.08 0.20 0.19 0.20 1.10
SASSAFRAS ALB8IDM SASAFRAS 0.09 0.10 0.09 0.30 0.14 0.16 0.72

SHRBS

C3FJS PACElMM GR'Y Dom= 4.29 5.06 8.51 14.33 15.11 18.60 187.81" +
RUBUjS ApLLEr4IESIS BLACKERRY 0.56 0.62 1.04 2.38 2.09 3.14 34.011* +
COEr.S ANX04i SILU' fD:MOO 0.60 0.74 1.40 2.33 1.63 2.52 21.34"
R1JS RADIAINS POISON IVY 0.73 0.68 1.41 1.43 0.71 2.29 13.3"* +
RUBUS FLAG.ARIS DEWIBRY 0.89 0.76 1.33 0.89 0.31 1.14 1.71
VIBURNJM [ENT'ii AR104WOrO 0.00 0.11 0.31 0.51 0.73 1.04 19.02-* +
ILEX VERMICEL.ATA WIrNTERERRY 0.17 0.21 0.35 0.53 0.48 0.38 1.35

HERBS

GRASS(UNIDEOTIFIMD) - 13.15 20.94 26.90 33.37 36.56 49.26 123.41"- +
SOLIDAGO F0GOSA ROUGH 3LIDERO D 39.65 31.52 34.75 39.61 35.62 39.67 " 4.61* +
SOLIDAGO CD ADENSIS CANADA GOLDENOD 24.12 ;4.58 30.24 -28.09 23.44 23.22 2.72*
POrI'"It.LA Sx P'FX CIXVOIL 10.58 14.03 14.25 14.66 6.86 9.30 6.23**
FRPAGRIA VIRM4IMIA WILD SrlBERYR 3.46 5.50 4.18 3.80 5.10 6.55 29.390- +
SOLIDAGO. GMINIFUCIA fLAT1, PPI e"[ERO.D 4.29 4.77 5.25 5.34 4.34 5.59 1.48
SOLIDAGO JUHCR EAFLY GOLD04OO 2.82 2.66 3.22 3.72 2.83 2.90 1.53
HItRACIUM PRA1TES6 aAW4D 1.56 2.63 1.11 1.60 1.25 1.80 3.72**
RUMEX AC3SUEAJ SHEE SIM 5.09 9.68 9.71 6.17 2.63 1.79 67.54** -
CANEX SP. SEDGE 1.90 2.10 0.88 1.31 0.92 0.71 28.05* -
TRICLDIUM S. CLOER 0.20 0.76 0.74 0.07 0.27 -0.70 10.71"*
ASiT ms HEM'H ASTER 1.26 1.89 2.19. 1.33 0.59 0.64 13.82* -

cAUUSCRAM QUEEN ANNE'S LCE 1.45 1.15 0.53 0.46 0.31 0.33 48.28"* -

VEROMlC OtFICINLIS CORMQ SPEDE.LL 0.90 1.95 0.94 0.83 0.32 0.22 29.21"*
P PtENSIS KEmIUCKY BUGASS 6.27 5.54 0.00 0.54 0.00 0.00 13.90"*

• -SIGNIOFDI T )a P<00.05
*.-.IUFIcm r AT P0r0.01
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Table G-51

Vegetation analysis for tree seedlings, shrubs, and herbs in Transmission Corridor Field, 1984.

SPECI ES COMMON NAME FREQUENCY RELATIVE DOMINANCE RELATIVE IMPORTANCE
FREQUENCY (I COVER) DOMINANCE VALUE

TREE SEEDLIN•I

ACER RUBRUM
PR•NUS SER•1•'N
OUERCUS PALUSTRIS
POPUwS rREU'•IIDES
BerULA POPULIFOLIA
CRATAEGUS SP.

SHRUBS

RUBUS FLAGELLARIS
Co wqrJS RACEMDSA
RUSUS ALLE GHIENISIS
VITIS AESTIVALIS -
CELASTRUS SCM'DENMS
RHJS GLASRA
LONICERA TARTARICA

SRMUJS A'OI4JN
REDS RAOICANS
SALIX HUMILIS
SkAMUCUJ CANADENSIS

HEMS

GRASS (UNIOENTIFIED)
FPRhGARIA. VIRGINIXNA
SOLIDAGO JUNCrA
SOL DAGO RUGOSA

BOTRYCHIUM OISSECTUM
ASTER PILOSUS
SOL IDAGO NEMORALIS

I ERACIUM PRATEMSE
RUMEX ACETOSELLA
SOLIOAGO CANA0ENSIS
ASPLENIUM PLRTrNUJRON
POTENTI LLA SIMPLEX
SOLIDAM GRAMINIFOLIA
ACOILLEA 'IILLEFOLIUM
LINARIA VUL•ARIS
HYPERICUM PUNCTAIUM
LYMOPOOIUM FLASELLI FORNE
CAREX SP.
DESDDOXN DILLELI1
DAUWS CAN3TA
RUDECXIA HIRIA
TRIFGLIt34 SP.
ON2•CEA SENSI8ILIS
APCYN•M CANNABINUM
VER)NICA 3PFICINALIS
CIRSIUM PUMILU'I
PLANTAGO LANCOCkFA'
ANTENNARIA NEGLECTA
OEMOTHERA 81ENIS
CIRSIUM VULGhRE
CHRYSANTHEMIUK LEUCANThEUJI
PRUNELLA VULARIS
VIOLA PAP ILIONACEA
TAR .CUM OFFICINALE
IACTUCA CANADENSIS

RED 4kPLE
BLACK CHERRY
PIN OAK
WOAKING ASPEN

G•RY BIRCH
HAWrTHRNE

0.08
0.14
0.06
0.02.
0.02
0.02

DEWBERRY
GRAY DOGWOOD
BLACKERRY
SUM'ER GRAPE
BITTERSWEET
SMOOTH SUMAC
TARTARIAN mHNEYUCKLE
SILKY OOGCOOD
POISON IVY
PRAIRIE WILLOW
CIOMM ELDER

WILD STRAWBERRY
EARLY GOLDE490D
ROUM GOLDENROD

GRkPE FERN
HEATH ASTER
LITTLE GREY GOLDENODO
HAWMED
SHEEP SORREL
CANADA GOLDOWIOD
EBONY SPLEENICRT
CINOUEFOIL
FLAT-qOPPED GOLDEROD
YARROW
BUTTE R-AND-EGGS
SPOTT=3 ST. JOHN 's WORT
GROUND PINl
SEDGE
•ICK-,RE'OIL

UEEN ANNE'S LACE
BLACK-EYwD SUSAN
CLOVER
SENSITIVE FE0
INDIAN HEMP
COHRIN SPEE •nLL
PASTURE THISTLE
ENGLISE PLANTAIN
PUS SYMOES
EVENING-PRIMFSE
BULL THISTLE

I OX-EYE DAISY
SELF-HEAL
COMM404 BLUE VIOLET
DANDELION
WI LD LETTUCE

0.98
0.16
0.24
0.10
0.06
0.04
0.04
0.02
0.04
0.02
0.02

1.00
0.96
0.96
0.48
0.38
0.78
0.58
0.54
0.56
0.58
0.22
0o38
0.32
0.22
0.22
0.24
0.20
0.14
0.14
0.10
0.12
0.10
0.10
0.06
0.04
0.04
0.04
0.04
0.04
0.02
0.02
0.02
0.02
0.02
0.02
0.02

23.5
41.2
17.6

5.9
5.9
5.9

57.0
9.3

14.0
5. 8

3.5
2.3
2.3
1.2
2.3
1.2
1.2

10.3
9.9
9.9
4.9
3.9
8.0
6. 0
5. 6
5.8
6.0
2.3
3.9
3.3

.2.3
2.3
2.5
2.1
1.4
1.4
1.0
1.2
1.0
1.0
0.6
0.4
0.4
0.4
0.4
0.4
0.2
0.2
0.2
0.2
0.2
0.2
0.2

2.89
1.07
1.12
0.87
0.42
0.10

20.13
7.54
0.73
1.78
0.83
0.60
0.44
0.75
0.15
0.50
0.10

41.26
18.00
8.55
9.17
7.78
2.72
4.92

2.78
2.21
0.78
3.79
1.51
1.75
2.82
0.61
0.20
0.27
0.78
0.40
0.49
0.06
0.19
0.08
0.20
0.10
0.09
0.04
0.04
0.04
0.05
0.03
0.02
0.02
0.01
0.01
0.01

44.7
16.6
17.3
13.4
6.5
1.5

60.0
22.5

2.2
5.3
2.5
1.8
1.3
2.2
0.4
1.5-0.3-

36.9
16.1

7.6
8.2
7.0
2.4

4.4
2.5
2.0
0.7
3 4
1.4
1.6
2.5
0. 5
0. 2
0.2
0.7
0.4
0.4
0.1
0.2
0.1
0.2
0. 1
0.1
0.0
0.0
0.0

.0.0
0.0
0.0
0.0
0.0
0.0
0.0

• 68.2
57.8
35.0
19.3
12.4

7.4

117.0
31.8
16.1
11.1

6.0
4.1
3.6
3.4
2.8
2.6
1.4

47.2

26.0
17.5
13.1
10.9
10.5
10.4

8.0
7.7
6.7
5.7
5.3
4.9
4.8
2.8
2.7
2.3
2.1
1.8
1.5
1.3
1.2
1.1
0.8
0.5
0.5
0.5
0.4
0.4
0.2
0.2
0.2
0.2
0.2
0.2

.0.2
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Table G-52

Comparison of tree seedlings., shrubs, and herbs (% cover) in Transmission Corridor Field, 1979-84.

I %COVER

SPECIES CY44)N 1A1 1979 1981 1982 1983 1984 *" TRW40

TREE SEEDLINGS

AMR RU13M3
OCPFCJS PALLMT3S
PRWJS SeROINA
PMAM~ TPEKJL4IDES
BETMSA PWJLIFMLIA

UTAWJS WRIA

SASAMUS VM.BZDJN

PRUHS P874SYLVPKCR

RED MPL
PIN OAK

EACK CHERRY
,OJAENG ASPE
GRAY B1IRC

AMMCY.N ELM
SASSAPRhS
MW CHERRY

PIN CHCAY.

1.09 1.78 2.27
0.02 0.36 0.13
1.21 0.70 0.41
0.00 0.02 0.30
0.00 0.33 0.26
0.06 0.13 0.09
0.00 0.00 0.00
0.00 0.00 0.01
0.00 0.00 0.06
0.01 0.00 0.00
0.03 0.00 0.00

SHRUBS

RUBUS FLAG.JAM S DEW8ERRY
0154,5 RACZDsh GRAY Do(;,=
viTIS AESTIVALIS SL?.43R GRAPE
CU.A9RU SOMMEH4 BITflEbRSWE
RrMJS J4LULNIDISIS BLAMERRY

PIIIS RADICARS POL93) IVY
PAnrIII8CCSSS O(JP*15UAIA VIRGINIA CREEER

RuEM

FMGMIA VIRM2'IINA
SOL.IDAG RIGRSA
S'3.IDAGM JUNCEA.

kSTER PflUES
SOLIDAGD CANADENISX
SOLIDAGO GRAM! IFU.IA
SOLIDAGD 4EORALIS
SOThR1IUM OISSEC1¶J
HIERAOOUM PRATENSE
Aa'LWMIM PLATYREUV)4
RLSM ACETO-qLIA
HYWERIOJN PU?4CIAIuH

WIW STRsBE~RRY
ROUGHi GOLOENROD
EA.RLY 06DENR2O

MEATH A3MW
CANADA aGLDN0C
FLAT.4'OPPE GIOD!NFO
LrMXL GREY =04100
GRAMPEIN

EBONY SPLEEMOO1

SPOTTE ST. JOHN'S Wale
kn-=--wGs

29.80 23.19
2.39 2.75
1.17 2172
0.09 0.25
4.50 3.51
1.84 0.48
2.54 0.45
0.30 0.00

20.77 21.06
16.93 8.44
4.76 4.63

10.72 9.16
6.76 5.60,
1.70 3.30
3.00 4.13
2.94 2.90
2.80 8.73
0.91 L15
3.91 2.90
0.88 '0.63,
6.80 4.61
0.57 0.18
3.32 1.57

30.23
4.23
1.99
0.78
2.04
0.05
L32
0.00

31.58
10.09
7.16
9.42
6.50
6.39
3.43
2.58

10.28
2.09
3.35
1.12
4.74
1.61
0.80

2.86 2.89 9.60* +
0.92 1.12 1.78
0.73 1.07 1.42
0.67 0.87 1.00
0.34 0.42 1.11
0.07 0.10 1.00
0.06 0.00 1.00
0.00 0.00 1.00
0.08 0.00 1.00
0.00 0.00 1.00
0.00 0.00 1.00

24.47 20.13 6. 38** -
5.72 7.54 25. 49P* +
1.56 1.78 1.12
0.74 0.83. 7.97* +
1.94 0.73 48.78** -
0.37 0.50 .1.00
0.70 0.15 19.8"p* -
0.00 , 0.00 9.38"* -

32.40 41.26 96.57"A +
1.2.56 18.00, 7.05** +
.8.21 9.17 29. 24" +
8.18 8.55 L.06
7.38 7.78 9. 57*' +
6.02 4.92 33.06** +
3.49 3.79 1.60
2.71 2.82 0.42
4.93 2.78 22.94**
2.48 2.72 62. 56*" +
3.60 2.21 ' 6.38"**
1.86 1.51 11.16** +
2.60 0.78 105.60"* -
1.13 0.27 9.25**
0.50 0.20 79.92"* -

'-SIGNIFICANT AT P4-0.05
*"-IQIIFICA~r ATr'PO0.o1



Table G-53

Daily minimum, maximum, and mean air tem.perature (C) at the Susquehanna SES Biological Laboratory, 1984.

DATE MINIMUM

JAN1 J -14.5

2 -8.0
3 -2.5
4 0.0
5 1.0
6 2.0
7 -9.0
8 -12.0
9 -12.0

10 -6.0
11 -12.5
12 -19.0
13 -14.0
14 -4.5
15 -17.5
16 -21.0
17 -9.0
18 -12.5
19. -16.5
20 -22.5
21 -25.5
22 -28.0
23 -19.5
24 -8.0
25 -5.0
26 -6.5
27 -7.0
26 -7.5
29 -7.0
30 -5.5
31 -12.5

MEAN
So

MAR
1 -9.5
2 -10.0
3 -7.*0
4 -13.0
s -2.5
6 -3.5
7 -11.0 -
8 . -13.5

9 -15.0
10 -20.0
11 -11.5
12 -15.0
13 -4.5
14 -2.5
15 -7.0
16 2.5
17 -1.5
18 -1.0
19 1.5
20 2.5
21 0.0
22 -0.5
23 0.5
24 -3.0
25 0.5
26 -1.5
27 -3.5
28 3.0
29 2.0
30 2.5
31 0.5

MEAN
SBE

(TI E) MAXIMUM (TIME) MEAN DATE MINIMUM (TI ME) MAXIMUM (TIME) MEAN

FEB
0200
0100
0100
0300
0600
2000
2400
0800
0800
2300
2400
0600
0100
0400
2400
0500
0100
0400
2400
0700
0700
0600
0700
0100
2400
0500
0800
0700
0100
0600
2400

-2.0.0.0

2.0
4.0
5.5
5.0
2.5

-3.5
-1.0

1.5
-5.0
-7.5
-2.0

1.0
-4.5
-6.5

1.0
-5.5
-5.0

-10.0
-14.5

-9.0
-2.5

3.0
5.0
5.5
8.0

-2.0
0.0
2.0

-1.0

1500
1500
2400
1300
1300
1100
0100
1500
1400
1100
1200
1500
2000
1200
0100
1400
1500
2200
0200
1500
1500
1400
1500
1200
1200
1200
1400
1500
1300
1100
0100

-8.2
-4.0
-0.2

2.0
3.2
3.5

-3.2
-7.8
-6.5
-2.2
-8.8

-13.2
-8.0
-1.8

-11.0
-13.8

-4.0
-9.0

-10.8
-16.2
-20.0
-18.5
-11.0

-2. 5
0.0

-0.5
0.5

-4.8
-3.5
-1.8
-6.8

-6.1
1.11

-6.2
-4.8

* -3.5
-5.8
-1.2

0.0
-5.2
-9.2

-10.8
-10.8

-4.0
-8.0
-1.0

1.0
2.5
8.8
1.2
4,0
6.0

10.0
5.0
3.8
2.8

14.0
6.0
4.5
5.0
5.2
3.5
5.0
6.2

0.5
1.05

1
2
3
4
5

.6

.7
8
9

10
11
12
13
14
15

.16
17
18
19
20

'21
22
23
24
2526-

27

28
29

-19.0
-20.0

-7.0
-1.5
-2.5
-7.0
-7.0
-8.5
-6.5
-5.5

0.5
1.5
0.0
9.0
6.5
3.5
2.5
2.5
2.5.
2.0

-1.0
-4.0
-3.0

4.5
-1.0
-5.0
-7.5
-1.5

* -8.0

0700 -7.0
0400 2.0
0500 8.5
2400 2.5
0400 3.5
2400 0.-0
2400 -0.5
0400 0.0
0200 6.0
0700 9.0
0800 6.5
2400 12.A
0500 13.0
0100 15.5
0800 12.0
0600 12.0
0100 7.5
2400 .11.5
0100 .8.5
2400 7.5
0500 6.5
0700 9.0
0700 12.5
0800 18.0
2400 7.5
0600 3.5
0600 0.0
0100 4.5
2400 0.0

1300
1600
1400
1500
1400
1200
1400
1300
1300
1400
1500
1600
1500
1500
0100
1500
1100
1500
2100
0100
1300
1600
1500
1600
1200
1500
1500
1600
0100

-13.0
-9.0

0.8
0.5
0.5

-3.5
-3.8
-4.2
-0.2

1.8
3.0
6.8
6.5

12.2
9.2
7.8
5.0
7.0
5.5
4.8
2.8
2.5
4.8

11.2
3.2

-0.8
-3.8

1.5
-4.0

0500
0500
0700
0700
0100
2300
2400
0600
2400
0700
2300
0700
0500
2400
0600
0100
0800
0400
2300
0100
2300
0600
2400
0700
0100
2400
0500
2200
0600
2400
2400

-3.0
0.5
0.01.5.
0.0

3.5
0.5

-5.0
-6.5
-1.5

3.5
-1.0

2.5
4.5

12.0
15.0

4.0
9.0

10.5
17.5
10.0
8.0
5.0

11.0
11.5
10.5
15.0

7.5
5.0
7.5

12.0

1100
1100
1500
1700
1200
1400

1200
1500
1300
1500
1200
1300
1600
1400
1500
1100
1500
1600
1300
1400
1500
1300
1100
1500
1600
1400
1600
0100
1400
1400
1100

MEAN,
SE

APR
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

:25
26
27
28
29
30

MEAN
S .

1.9
1.06

-2.0
-2.0

1.0
5.5

12.0
8.0
6.0
4.0
0.S
0.5
1.5
3.5
8.0
9.0

10.0
10.0

7.5
4.0
8.0
7. 0
5.5
0.0
4.5
8.0
7. 5
5.0

10.0
10.0

7.5
9.5

0600
0600
0600
0400
2400
2400
2200.
24,00
0600
0500
0600
0600
0400
0700
0500
0200
0600
0600
2400
0800
0600
0600
0400
0100
2400
0400
0200
0400
0400
0200

13.5
S16.016.5
13.0
20.0
12.0
10.0
16.0
17.5
16.0
19.5
24.5
16.5
12.0
13.0
14.0
20.0
19.5
12.0
14.0
17.0
16.0

*10.0
11.0
14.0
26.0
28.0
21.0
26.0
20.0

1400
1300
1600
2400

.1300
0100
1400
1600
1500.
1600
1700
1500
1300
1600
1700
1800
1200
1400
1100
1400
1300
1500
1600
1400
1800
1400
1100
1300
1400
1600

5.8
7.0
8.2
9.2

16.0
10.0

8.0
10.0

9.0
8.2

10.5
14.0
12.2
10.5
11.5
12.0
13.8
11.8
10.0
10.5
11.2

8.0
7.2
9.5

10.8
15.5
19.0
15.5
16.8
14.8

11.2
0.59
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Table G-53 (cont.)

DATE MINIMUM (TIME) MAXIMUM (TIME)

KAY
1 8.0 2400 19.5 1400
2 5.5 0700 20.0 1600
3 S.5 0500 15.0 1300
4 11.0 2400 21.5 1300
5 9.0 2400 19.0 1100
6 4.2 0500 21.5 1600
7 6.0 0400. 18.0 1500
a 11.0 2400 23.0 1400
9 6.0 0500 15.0 1300

10 7.5 0200 19.5 1300
11 6.5 0400 '25.0 1500
12 13.0 2400 26.0 1500
13 6.5 0600 23.0 1400
14 5.0 2400 15.0 1600
15 3.2 0100 15.5 1300
16 4.0 0400 12.0 1600
17 0.0 0700 17.8 1600
18 3.5 0500 12.5 1900
19 10.0 0500 27.0 1900
20 13.0 0800 26.0 1700
21 12.8 0400 23.0 .1400
22 22.2 0100 30.0 1000
23 12.5 2400 28.0 0700
24 11.0 0200 28.0 1200
25 11.5 0200 31.8 0900
26 14.5 2400 34.5 1000
27 13.5 0200 24.0 1100
28 22.8 0200 23.0 0600
29 .-..

30 12.5 2400 19.8 0100
31 8.0 0600 18.0 1500

MEAN
SE

MEAN

17.8'
12.8
10.2
16.2
14.0
12.8
12.0
17.0
10.5
13.5
15.8
19.5
15.2
10.0

9.4
8.0
8.9
8.0

18.5
19.5
27.9
26.1
20.2
19.5
21.6
24.5
18.8
22.9

16.2
13.0

15.7
0.90

DATE MINIMUM

JUN
1 5.0
2 12.0
3 8.0
4 8.5
5 11.0
6 17.0
7 18.5
8. 19.0
9 20.0

10 20.0
11 19.0
12 15.0
13 20.0
14 20.0
15 11.0
16 7.0
17 17.0
18 17.0
19 19.0
20 15.0
21 10.5
22 11.0
13 15.0
24 19.0
25 15.0
26 13.5
27 12.0
28 19.0
,29 19.0
30 19.0

NEAN
as

(TIME) MAXI MUM (TIME) MEAN

0600' 22.5 1500 13.8
0400 23.5 .1600 17.8
0600 '23.0 1800 15.5
0600 31.0 1300 .19.8
0500 32.5 1300 21.8
0200 34.0 1300 25.5
0500 35.5 1400 27.0
0500 34.0 1300 26.5
0500 36.0 1200 28.0
0500 36.0 1300 28.0
2400 35.5 1300 27.3
0400 33.5 1400 24.3,
0200 37.0 1300 28.5
2400 32.5 1400 26.3
2400 23.0 1300 17.0
0500 26.0 1300 16.5
2200 19.5 1100 18.3
0100 23.5 1800 20.3'
2400 32.0 1200 25.5
2400 28.0 1200 21.5
0500 28.0 1300 19.3
0400 30.0 1500 20.5
0400 28.5 1700 21.8
0100 24.0 1200 21.5
2400 26.0 1400 21.5
0600 26.0 1400 19.8
0400 32.0 1200 -22.0
0400 32.0 1200 25.5
0400 31.5' 1100 25.3
0400 ;4.5 1500 21.8

22.3
0.74

JUL
.1

2
3
4
5
6

7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

MEAN
SE

19.5
19.0
18.0
16.0
21.5
20.5
15.0
11.0

9.5
14.0
19.0
19.0
17.0
18.0
20.5
18.5
12. 5
17.0

12.0
9.5

14.5
14.0
11.5
13.5
12.0

0200
0400
2400
0500
0400
0400
2400
0500
0500
0500
0600
0800
0700
0800
0800
2400
0800
2400

2400
0400
2400
0400
0500
0500
0500

22.5 1200
29.5 1500
29.0 1200
30.5 1200
30.5 1400
28.0 1500
28.5 1300
25.0 1500
23.5 1400
25.0 1800
33.0 1500
32.0 1700
32.0 1800
35.0 1600
35.0 1600
30.0 1500
28.0 1600
24.0 1700

24.5 1400
27.0 1300
22.0 1000
22.5 1400
24.0 1400
24.5 1300
28.0 1300

21.0
24.2
23.5
23.2.
26.0
24.2
21.8
18.0
16.5
19.5
26.0
25.5
24.5
26.5
27.8
24.2
20.2
20.5

18.2
18.2
18.2
18.2
17.8
19.0
20.0

21.7
0.67

AUG
1
2
3
4
5
6
7
80
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

MEAN
SE

14.5
18.0
17.5
18.0
16.0
16.0
17.5
16.5
16.5
20.5
19.5
19.0
17.5
18.5
17.0
14.5
13.0
10.0
12.0

8.5
4.0
7.5

15.5

11.0
15.5
17.5
11.5

0600
0500
0300
0300
2400
0100
0400
0500
0500
0100
2400
0200
0600
0300
0500
0300
0400
0700
0200
2400
0600
0200
.0700

0500
0500
2200
2400

30.0
28.5
23.5
26.0
21.0
28.0
29.0
27.5
30.0
24.0
25.0
26.0
26.5
29.0
27.0
29.0
22.5
22.0
23.0
19.0
21.5
26 *0
24.0

25.0
26.0
25.0
28.5
25.5

1400
1400
.1300
1400
1800
1400
1500
1300
1400
1400
1500
1400
1200
1500.
1500
1600
1400
1500
1700
1400
1500
1300
1400

1400
1200
1400
1300
1400

22.2
23.2
20.5
22.0
18.5
22.0
23.2
22.0
23.2
22.2
22.2
22.5
22.0
23.8.
22.0
21.8
17.8
16.0
17.5
13.8
12.8
16.0
19.8

18.5
20.2
23.0
18.5

20.3
0.57
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Table G-53 (cont.)

DATE MINIMUM (TI ME) MAXIMUM (TIME) MEAN

SEP
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

8.5
10.0
13.0
8.0
5.5
2.0
0.0
3.5
6.5

14.0
13.0
10.0
8.0

13.0
2.5
0.0

-1.0
1.0
1.0
6.0
6.5
4.0
9.0

16.0
15.0

5.5
1.5
0.5

0500
0100
2400
2400
2400
0400
0600
0600
0700
2400
0200
2400
0500
2400
2400
0400
0400
0600
0700
0700
0800
0600
0700
0400
0200
2300
0600
0300

23.5
24.0
25.5
18.0
17.0
14.5
18.0
20.0
21.0
23.0
26.0
21.5
24.5
19.5
13.5
14.0
16.S
18.5
20.0
24.5
20.0
23.0
26.0
23.0
26.5
16.0
17.5

6.0

1400 11.8
1500 17.0
1100 19.2
1200 13.0
1400 11.2
1300 8.2
1500 9.0
1200 11.8
1400 13.8
1200 18.5
1400 19.5
1400 15.8
1200 16.2
1200 16.2
1100 8.0
1300 7.0
1400 7.8
1400 9.8
1400 10.5
150.0 15.2
1400 13.2
1600 13.5
1400 17.5
1300 19.5
1300 20.8
0100 10.8
1500 9.5
1800 3.2

DATE MINIMUM

OCT
1 --

2 0.5
3 -3.0
4 1.5
5 0.0
6 -2.5
7 -2.0
8 7.0
9 10.0

10 8.5
11 4.0
12 3.0
13 4.0
14 1.0
15 0.0
16 8.0
17 9.0
18 15. 5
-19 13.5

'20 13.0
21 14.0
22 16.0
23 13.5
24 13.0
25 11.0
,26 13.0
27 16.0
28 15.5
29 7.5
30 3.0
31 7.0

(TI•E) MAXINUM1 (TIME) MEAN

2400 ' 10.0
0600 13.5
0900 14.0
0900 1440
0700 13.0
0800 , 14.0
0700 15.0
0100 18.5
2400 18.5
2400 17.0
0200 17.5
0200 18.5
0700 19.0
0500 22.0
0100 24.0

.0200 19.0
0100 25.5
0400 26.0
2300 26.5
0100 25.5
2400 24.5
0700 17.0
2400 17.0
0600 21.0
0100 20.0
0100 26.0
0400 27.5
2400 14.5
0600 19.0
2300 17.0

1600
1700

.1600
i700
1600
1300
1500
1500
1200
1300
1400
1500
1500
1400
1200
1400
1600
1400
1400
1500
1300
1100
1300
1300
1500
1300
1200
1500
1400
0900

5.2
5.2
7.8
7.0
5.2
6.0

11.0
14.2
13.5
10.5
10.2
11.2
10.0
11.0
16.0
14.0
20.5
19.8
19.8
19.8:
20.2
15.2
15.0
16.0
16.5
21.0
21.5
11.0
11.0
12.0

13.2
0.94MEAN

St
13.10.85

MEANSE

NOV
1 8.5 0100

2 -0.5 24.00
3 -4.5 0700
4 -1.5 0100
5 8.5 2200
6 2.5 2400
7 -3.5 2400
8 -6.0 0700
9 -1.5 0500
10 6.5 2400
11 6.5 OlOO
12 0.0 2200
13 0.0 0100
14 -3.5 2400
15 -4.5 D200
16 1.5 2400
17 -0.5 0800
18 0.0 0600
19 -3.5 2400
20 -6.0 0400
21 -3.5 0100
22 -4.0 2400
23 -6.0 0400
24 -3.0 0600
25 -3.0 0800
26 -3.5 0700
27 -1.5 0300
28 11.0 2400
29 4.0 2400
30 0.0 0700

16.5
17.0

9.0
12.0
15.0
10.0

6.5
9.0

11.5
16.0
14.0

6.5
3.5
9.0

12.0
8.0
8.0
8.0
2.5
1.0
5.0
6.0
6.5

10.5
11.5
13.0
15.5
20.0
11.0
12.0

24000200
1400
1800
1500
0100
1500
1400
2200
1300
1100
0100
1600
1400
1500
1000
1500
1400
0100
1400
1300
1400
1400
1500
1600
1500
1500
1600
0100
1400

12.58.2
2.2
5.2

11.8
6.2
1.5

.1.5
5.0.

11.2
10.2

3.2
1.8
2.8
3.8
4.8
3.8
4.0

-0.5
-2.5

0.8
1.0
0.2
3.8
4.2
4.8
7.0
4.5
7.0
6.0

DEC1
2
3
4

78

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
29
29
30
31

MEAN
SE

6.51.5
1.0

-1.5
-3.5

0.5
-5.0
-5.0
-6.5
-1.0

2.5
1.0
3.0
2.5
1.0
1.0
3.5

-1.0
-2.5
-3.0
-3.5

1.0
-4.0
-5.5
-6.0
-7.5
-3.5

0.0
0.5

-1.5
-6.5

24000700
0700
2300
0000
0100
1800
2400
0600
0100
0100
0300
0600
2000
2400
0100
2300
2400
0400
2200
0400
2400
0800
0800
2400
0300
0600
0100
0100
2400
0800

11.59.5
8.5
4.0
3.5
4.5
0.0
4.5
6.5
6.0
5.0
5.0
8.5
6.0
8.0
7.5

15.5
13.0

3.5
6.0
4.5

12.0
4 5
9.5
6.0
0.0
0.5
3.5

15.0
16.0

2.0

13001100
1400.
1400
1400
1400
0100
1400
1400

-1500
1200
1400
1600
0100
1600
2100
1400
1400
2300
1400
2400
1400
1600
1500
0400
1700
1500
1500
2400
0100
1800

9-.05.5
4.8
1.2
0.0
2.5

-2.5
-0.2

0.0
2.5
3.8
3.0
5.8
4.2
4.5
4.2
9.5
6.0
0.5
1.5
0.5
6.5
0.2
2.0
0.0

-3.8
-1.5

1.8
7.8
7.2

-2.2

2.7
0.61MEAN

SE
4.50.66
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Table G-54

Barometric pressure (in Hg) and direction of change at 1200 and 2400 hours daily at the Susquehanna

SES Biological Laboratory, 1984.

DATE 1200 CHANGE 2400 CHANGE DATE 1200 CHANGE 2400 CHANGE.

JAN
1 30.67 ÷ 30.56 - 1 30.16 30.26
2 30.38 - 30.32 2 30.33 30.19
3 30.33 - 30.14 - 3 29.9-S 29.80 -

4 29.96 - 29.92 4 29 75 - 29.66
5 29.95 - 29.77 - 5 29.54 " 29.65 4,

6 29.66 ÷ 29.74 * 6 29.83 + 29.96

7 29.93 * 30.00 7 30-.11 4 30.32
a 30.03 ÷ 30.18 ÷ 8 30.37 - 30.25
9 30.43 - 30.29 - 9 30.22 * 30.36

10 30.i7 0 30.12 ÷ 10 30.38 - 30.26 -

11 30.37 + 30.55 11 30.17 - 30.21
12 30.75 + 30.80 12 30.32 + 30.33
13 30.66 - 30.51 - 13 30.33 - 30.20
14 30.45 - 30.48 + 14 30.04 - 29.99
15 30.50 - 30.42 - 15 29.98 ÷ 30.13 .

16 30.27 - 30.26 16 30.15 - 30.12
17. 30.23 - 30.34 + 17 30.06 - 29.99
18 30.25 - 30.03 - 18 30.00 4+ 30.07 +
19 30.07 + 30.24 + 19 30.02 - 29.72 -

20 30.31 + 30.41 + 20 29.77 29.78
21 30.53 + 430.54- + 21 29.68 - 29.90
22 30.64 + 30.57 - 22 30.04 - 29.97
23 30.55 - 30.37 - 23 29.89 - 29.63
24 30.03 , " 29.87 - 24 29.67 - 29.62
25 29.75 - 29.90 + 25 29.45 4 29.889 +
26 30.07 - 29.99 - 26 30.13 + 30.26 +
27 29.80 - 29.83 + 27 30.27 - 29.91 -

28 29.98 - 29.84 - 28 29.31 29.11 +
29 29.78 - 29.86 + 29 29.47 + 29.70 +
30 29.81 - 29.63 -
31 29.83 * 30.03 +

MAR APR
1 29.79 + 29.96 + 1 30.05 + 30.10 +

2 29.95 + 30.06 + 2 30.12 ÷ 30.+18 4-

3 30.17 + 30.27 + 3 30.31 . 30.25 -
4 30.36. 30.23 - 4 30.17 - 29.78
5 29.95 29.74 - 5 29.50 - 29.47
6 29.81 + 29.89 + .6 29.57 + 29.66
7 30.01 + 30.17 + 7 29.834 + 30.09 +
8 30.14 - 29.97 + 8 30.22 + 30.34 4

9 30.19 + 30.30. + 9 30.36 0 30.36 -

10 30.31 - 30.11 - 10 30.13 - 30.05 -

11 29.86 + 30.32 ÷ 11 30.00 - 30.01 +
12 30.58 + 30.58 - 12 30.00 - 29.98 +
13 30.46 - 30.15 - 13 29.99 + 30.03 +
14 30.26 + 30.46 + 14 30.05 - 29.94
15 30.41 - 30.20 - 15 29.86 - 29.77
16 30.05 - 30.24 + 16 29.49 - 29.50 +
17 30.37 - 30.30 - 17 29.52 + 29.68 +
18 30.23 - 30.11 - 18 29.75 4 29.86 +
19 30.05 - 30.03 - 19 29.95 4 29.99 4
20 29.93 - 29.84 - 20 -- 30.00 + 30.02
.21 29.40 - 29.54 + 21 30.03 + 30.22

22 29.57 + 29.70 + 22 30.20 - 30.00 -

23 29.84 + 30.11 + 23 -- -- ..
24 .30.13 - 30.05 - 24 29.44 * 29.53 +
25 29.95 - 29.81 1 25 29.69 + 29.92 +
26 29.86 0. 29.96 + 26 29.99 - 30.02 +
27 29.78 - 29.81 - 27 30.06 + 30.12 +
28 29.70 - 29.35 - 28 30.22 4 30.29 0
29 29.09 + 29.48 + 29 30.28 - 30.10
30 29.66 + 29.84 + 30 29.93 - 29.82
31 29.94 * 30.01 +



Table G-54 (cont. ) 276

DATE 1200 CHANGE 2400 CHANGE DATE 1200 CHANGE 2400 CHANGE

A.Y i JUN

1 29.90 ÷ 29.92 + 1 29.85 - 29.80 -

2 29.98 - 29.90 0 2 29.73 - 29.84

3 29.87 - 29.55 - 3 29.82 - 29.88
4 29.31 - 29.57 + 4 29.97 - 30.01 +

5 29.84 + 30.00 + 5 30.08 - 30.03 +

6 30.08 - 30.08 + 6 30.07 - 30.06 4

7 30.06 - 29.97 - 7 30.08 - 30.05 +
8 29.63 - 29.69 + 8 30.07 - 29.98 +
9 29.72 + 29.84 + 9 30.00 30.00

10 29.95 + 30.02 + 10 30.03 - 29.99
11 29.93 - 29.82 - 11 30.00 - 30.09 +

12 29.79 - 29.97" + 12 30.17 - 30.08 -

13 29.99 - 29.80 + 13 30.00 - 29.96 -

14 29.96 + 30.00 + 14 29.92 - 30.03 +

15 30.00 0 30.07 + 15 30.22 + 30.30 +
16 30.08 + 30.17 + 16 30.32 - 30.23 -

17 30.21 - 30.22 + 17 30614 - 29.98 -

18 30.14 - 29.95 - 18 29.89 - 29.76 -

19 29.78 - 29.76 + 19 29.89 4 30.00 +

20 29.79 - :29.86 + 20 30.05 + 30.10 +

21 29.98 + 30.02 + 21 30.08 - 30.09 +

22 30.03 + 29.92 - 22 30.06 - 30.01 -

23. 29.90 0 29.90 0 23 30.01 - 29.98 -

24 29;88 - 29.89 + .24 29.89 - 29.84 -

25 29.87 - 29.86 0 25 29.87 - 29.86 +

26 29.89 + 30.18 4 26 29.87 - 29.83 +

27 30.17 - 30.14 - 27 29.80 - 29.81 +

28 30.03 - 29.88 28 29.89 + 29.90 +
29 -- -- 29.97 + 29 29.90 0 29.90 -

30 29.97 + 29.98 0 30 29.89 - 29.85 -

31 29.94 - 29.93 +

U., L '.AUG
1 29.04 + 29.96 4 1 30.10- 0 30.12 +

2 30.02 - 29.98 - 2 30.13 + 30.10 -

3 29.98 - 29.96 - 3 30.03 - 30.00 -

4 29.86 - 29.79 - 4 30.01 + 29.98 0
5 27.76 - 29.80 + 5 30.00 + 29.98 +

6 29.86 - 29.75 + 6 29.94 - 29.84 -

7 29.87 + 29.99 + 7 29.75 - 29.78 +
8 30.09 + 30.10 + 8 29.83 + 29.67 +

9 30.14 - 30.06 - . 9 29.92 + 29. 94 +

10 29.97 - 29.87 - 10 29.96 0 29.92 -

11 29.77 - 29.70 + 11 29.93 + 29.96 +

12 29.84 + 29.91 + 12 30.00 + 30.01 +

13 30.00 + 30.03 + 13 30.02 0 30.00 +
14 30.10 + 30.06 - 14 29.98 - 29.93 +

1s 30.01 - 29.87 - 15 29.99 + 29.97 +

16 29.79 - 29.77 + 16 29.98 + 29.92 +

17 29.66 + 29.77 17 29.93 + 29.96 +
18 29.72 - 29.84 + 18 29.90 + 29.83 -

19 30.06 + 30.08 0 19 29.82 + 29.86 +

20 30.17 + 30.09 - 20 29.97 + 30.07 +

21 30.15 + 30.17 + 21 30.14 - 30.12 +

22 30.22 + 30.16 - 22 30.00 - 29.81 -

23 30.17 0 30.00 - 23 29.81 + 29.90 +

24 29.95 - 29.97 4 24 29.98 + 30.08 +

25 30.10 + 30.13 + 25 30.16 + 30.16 +
26 30.10 - 30.01 - 26 30.17 - 30.11 -

27 29.85 - 30.03 + 27 30.05 - 30.02 +

28 30.18 + 30.24 + 28 29.95 - 29.93 +

29 30.29 + 30.27 - 29 29.89 - 29.87 +

30 30.23 - 30.20 - 30 29.75 - 29.72 +

31 30.16 - 30.12 + 31 29.80 + 29.90 +
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Table G-54 (cont.)

DATE 1200 CHANGE 2400 CHANGE DATE 1200 CHANGE 2400 CHANGE

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

.29
30

29.97
29.94
29.74
29.81
30.06-
30.22
30.39
30.40
30.22
29.97
29.90
30*13
30.08
29.88
29.82
30.23
30.40
30.29
29.95
29.72
29.96
30.22
30.16
30.07
29.97
30.01
30.36
30.26
30.14
30.15

+

S+

+
+

i .

+

+

+

.4

4.

30.01
29.82
29.73
29.96
30.13
30.29
30.37
30,32

30.07
29.92
29.91
.30.14
29.89
29.84
30.10

30.29
30.36
30.11
29.83
29.71
30.10
30.19
30.08
30.01
29.84
30.23
30.29
30.15
30.11
30.05

2
3
4
s
67

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

30.00
29.99
29.82
30.06
30.23
30.51
30.45
30.25
30.20
30.26
30.30,
30.13
29.98
29.82
29.94
30.07
30.17
30.10
29.94
30.02
30.00
30.03
30.20
30. 26
30.38
30.14
30.19
30.01
30.07
30.24
30.39

0

.4
+

+
0

4
+
4.

4
4.

4.

4,

4.
4.

4.

4.

4.

30.00
29.97
29.80
30.10
30.39
30.46
30.35
30.16
30.19
30.27
30.23
30.07
29.88
29.85
29.97
30.16
30.12
30.03
29.90
30.06
29.98
30.06
30.21
30.28
30.18
30.16
30.08
29.99
30.22
30.25
30.45

4.

4

4

4.
4.

0'
I--

+.
.4.
+.
0

4.

4.

,4

4

0
4
4,
4.

1
2
3
4
5
6
7

8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

30.34
30.08
30.34
30.11
29.69
29.92
30.32
30.43
30.27
29.94
29.71
29.84
29.96
30.20
30.20
29.95
30.13
30.17
30.01
30.30
30.54
30.60
30.28
30.17
30 26
30:30
30.37
29.98
29.80
29.91

q. 30.00
+ 30.37
- 30.28
- 29.83
- 29.77
* 30.12
* 30.40
- 30.35
- 30.10
- 29.83
- 29.77.
* 29.93
4 30.04
* 30.31
- 29.94
* 30.07
* 30.21
- 30.00
* 30.18
* 30.43
4 30.59
0 30.42
- 30.22
- 30.16
* 30.25
* 30.34
4 30.21
- 29.75
* 29.89
* 29.74

4.

4

4
4

4
4

4
4

+
4

4
4

4

4
+
4
+

4

DEC
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

29.92
30.29
29.94
30.27
30.49
29.68
30.10
29.99
30.30
29.99
30.08
29.96
30.01
30.47
30.39
30.45
30.14
30.12
29.93
30.04
30.23
29.79
30.29

30.06
30.38
30.62
30.44
30.13
29.94
30.26
30.36

30.13
30.24
30.16
30.40
30.03
29.84
30.04
30.19
.30.21
29.97
30.05
29.89
30.28
30.46
30.47
30.23
30.08
30.24
29.95
30.20
29.78
30.12
30.20
29.86
30.56
30.60
30.32
29.97-
29.88
30.43
30.21

4

+

4.

4

+

0
+

+
4.

4.

+

0

4.
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Table G-55

Daily precipitation (cm), weather conditions, and fog (0700-0800 h) at the
Susquehanna SES Biological Laboratory, 1984. Plume at Susquehanna SES cooling
towers I and 2 indicated as + present or - = absent; -- indicates data not
collected.

DATE PRECIPITATION WEATHER FOG PLUME
(CM) 1 2

JAN
1 R -I .. -- --
2 0.0 CLOUDY NONE - -
3 0.0 CLOUDY NONE - -
4 0.03 CLOUDY NONE - -
5 0.0 CLOUDY NONE . _
6 T CLOUDY NONE, -
7 R-...... ..
8 R -- -- .. .. ~
9 0.23 CLEAR NONE - -

10 0.10 CLOUDY NONE - -

11 0.81 PARTLY CLOUDY NONE - -

12 0.0 CLEAR NONE - -

13 0.0 CLOUDY - NONE - -
14 R ...... ..
15 R ...... ..
16 0.28 CLOUDY NONE - -
17 T SNOW NONE - -

19 0.10 CLOUDY NONE - .

19 0.38 CLOUDY NONE - -

20 0.0 CLEAR NONE - -
21 R ...... ..
22 R - ..... ..
23 0.0 CLEAR NONE - -

24 0.66 SLEET LIGHT - -

25 0.71 FOG DENSE - -
26 0.0 CLEAR NONE - -
27 0.0 CLEAR NONE - -
28 R ...... ..
29 R ....... ..
30 0.0 CLOUDY NONE - -

31 0.0 CLOUDY NONE - -

TOTAL 3.30

FEB
1 0.0 CLEAR NONE - -
2 0.0 CLEAR NONE - -
3 0.0 CLOUDY NONE - -

4 R ...... ..
5 R ...... --
6 1.02 CLEAR NONE - -
7 0.0 CLOUDY NONE - -
* 8 .0.0 CLOUDY NONE - -

9 0.0 PARTLY CLOUDY NONE - -

10 0.0 CLEAR NONE - -

11 R ...... ..
12 R ...... ..
13 0.41 FOG LIGHT - -

14 0.03 LIGHT RAIN NONE -

15 2.18 LIGHT RAIN NONE - -

16 0.25 PARTLY CLOUDY NONE - -

17 0.0 CLOUDY NONE - -

19 R ...... ..
19 R ...... ..
20 1.88 CLOUDY NONE - -

21 T CLOUDY NONE - -

22 0.03 CLEAR NONE + -
23 0.0 CLEAR NONE + -

24 0.84 CLOUDY LIGHT + -

25 R -.....
26 R ...... ..
27 1.04 CLOUDY NONE - -

28 0.36 HEAVY RAIN NONE - -

29 0.56 LIGHT RAIN NONE + -

TOTAL 8.60
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Table G-55 (cont.)

DATE PRECIPITATION WEATHER FOG PLUME
(CM) 1 2

MAR
l T PARTLY CLOUDY NONE + -

2 0.0 PARTLY CLOUDY NONE + -

3 R - ..... ..
4' R ...... --

5 0.05 SNOW NONE - -

6 0.81 CLOUDY NONE - -

7 0.0 CLEAR NONE - -
B. 0.0 CLEAR NONE - -

9 0.61 PARTLY CLOUDY NONE -

10 R .. .. ..
11 R ...... --

12 0.03 CLEAR NONE - -

13 0.33 SNOW NONE - -

14 0.61 CLOUDY NONE - -

15+ 0.0 CLEAR NONE - -

16 0.0 CLOUDY NONE - -

17 R ...... .
18 R -- .. -

'19 0.10 CLOUDY NONE - -

20 T CLOUDY NONE - -

21 0.0 CLOUDY NONE -

22 1.65 CLOUDY NONE - -

23 0.25 CLOUDY NONE + -

24 R .-
25 R ...... ..
26 T CLEAR NONE + -

27 0.0 PARTLY CLOUDY NONE + -

28 1.07 HEAVY RAIN NONE + -

29 2.49 SNOW NONE +
30 0.79 SNOW NONE +
31 R ....

TOTAL 8.79

APR
S. R ...... -- --

2 0.03 CLEAR NONE + -

3 0.0 CLEAR NONE + -

4 0.03 CLOUDY NONE , -

5 1.42 LIGHT RAIN NONE + -

6 4.22 CLOUDY NONE + -

7 R .. ....
8 R ..... - --
9 0.05 PARTLY CLOUDY NONE + -

10 0.0 CLEAR NONE + -

11 0.0 CLEAR NONE + -

12 0.0 CLEAR NONE + -

13 0.0 CLOUDY NONE + -

14 R ...... --

15 R ...... --

16 1.98 HEAVY RAIN NONE + -

17 0.91 LIGHT RAIN LIGHT + -

.18 0.03 FOG DENSE --

19 0.03 CLOUDY NONE + -

20 R -- .... .
21 R -- - ... ..
22 R ...... ..
23 1.22 CLOUDY NONE + -

24 0.53 RAIN, FOG DENSE - -

25 0.89 HEAVY RAIN NONE + -

26 0.03 CLEAR NONE + -

27 0.0 PARTLY CLOUDY NONE + -

28 R .. ....
29 R ...... ..
30 1.60 LIGHT RAIN NONE + -

TOTAL 12.97
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Table G-55 (cont.)

DATE PRECIPITATION WEATHER FOG PLUME
(CM) 1 1 2

MAY
1 0.15 CLEAR NONE + -

.2 0.0 CLEAR NONE +
3 0.0 PARTLY CLOUDY NONE 4 -
4 2.74 CLOUDY NONE, + -
5 R ..... - --
6 R ...... ..
7 0.05 PARTLY CLOUDY NONE + -
8 "0.43 LIGHT RAIN NONE + -
9 .1.30 CLEAR NONE + -

10 0.03 CLOUDY NONE + -
11 0.0 CLOUDY NONE + -

12 R -- -- - .. .
13 R ...... ..
14 1.45 CLOUDY NONE + -
15 0.05 CLOUDY NONE + -
16 0.10 PARTLY CLOUDY NONE + -
17 0.0 CLEAR NONE + -
18 0.0 CLOUDY NONE + -

19 R ...... ..
20 R -- ..... ..
21 2.95 CLOUDY NONE + -
22 0.0 CLEAR NONE + -

23 0.0 CLOUDY NONE +
24 1.19 FOG DENSE .. ..
25 0.0 CLEAR NONE + -

26 R ...... ..
27 R ...... ..
28 R ...... ..
29 6.05 HEAVY RAIN NONE + -

30 1.55 RAIN LIGHT + -

31 0.23 PARTLY CLOUDY NONE + -

TOTAL 18.27

JUN
1 0.0 FOG - DENSE -- --
2 R -- " ... ..
3 A ..... ... --
4 0.46 CLEAR NONE + -
5 0.0 PARTLY CLOUDY NONE +
6 T CLOUDY, HAZY NONE - -
7 T PARTLY CLOUDY LIGHT + -

8 0.0 PARTLY CLOUDY LIGHT + -
9 R ...... ..

10 R ...... ..
11 0.0 HAZY NONE + -
12 0.0 CLEAR NONE + -
13 0.0 HAZY NONE + -
14 .0.56 FOG LIGHT + -

15 0.0 CLOUDY NONE + +
16 R ...... ..
17 R ...... ..
18 3.68 LIGHT RAIN LIGHT + " -
19 2.51 CLOUDY LIGHT + -
20 0.0 PARTLY CLOUDY NONE + +
21 0.0 CLEAR NONE + +
22 0.0 CLEAR NONE + -
23 R ...... ..
24 R ...... ..
25 2.46 HAZY NONE + +
26 0.18 HAZY LIGHT + +
27 0.05 PARTLY CLOUDY NONE + +
28 0.05 FOG DENSE .. ..
29 0.0 HAZY NONE + +
30 R ...... ..

TOTAL 9.95
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Table. G-55 (cont.)

D-A~TE PRECIPITATION WEATHER FOG PLUME
(CM) 1 2

JUL
1 R LIGHT -- -- --

2 6.63 CLOUDY LIGHT + +
3 0.64 PARTLY CLOUDY -- + +
4 R -- -- -- __

5 0.03 CLOUDY, HAZY NONE + +

6 0.41 CLOUDY LIGHT + +
7 R

9 0.61 CLOUDY LIGHT + +
10 T CLOUDY NONE + +
11 0.64 HEAV'Y RAIN NONE + +
12 0.36 CLEAR NONE +
13 T FOG DENSE .. ..
14 R ...... .. .

15 R ....... ..
16 0.03 CLOUDY LIGHT + +
17 0.41 FOG DENSE .. ..
18 2.21 LIGHT RAIN NONE + +

19 0.10 CLEUR NONE + +
20 0.0 PARTLY CLOUDY NONE- -

21 R ... ... ..
22 R ..
23 0.20 CLOUDY NONE + +
24 0.03 LIGHT RAIN. NONE + +
25 0.0 PARTLY CLOUDY NONE + +

26 0.0 PARTLY CLOUDY NONE + -

27 2.79 CLOUDY NONE + -

28 R ......-- --

29 R - ..... ..
30 0.41 CLOUDY, HAZY LIGHT + -

31 0.03 CLOUDY LIGHT + -

TOTAL 15.53

AUG
1 0.0 HAZY NONE + -

2 0.18 HAZY NONE +
3 0.20 CLOUDY, FOG DENSE .. ..
4 R -- -- -- --
5 R .. --

6 1.22 CLOUDY, FOG DENSE .. ..
7 0.03 LIGHT RAIN LIGHT + -

8 0.38 FOG DENSE - -

9 0.0 CLOUDY LIGHT + +
10 3.89 HAZY NONE + +
11 R ....... .

12 R " ..... ..
13 0.43 CLEAR NONE . +
14 0.03 HAZY NONE + +
15 0.05 PARTLY CLOUDY NONE + -

16 0.0 PARTLY CLOUDY LIGHT .. ..

17 0.25 FOG DENSE .. ..

18 R -R ..... .

19 R .... " -- --

20 1.14 CLEAR NONE + +
21 0.0 FOG DENSE .. ..

22 T FOG DENSE -- --

23 2.03 CLOUDY NONE + +

24 0.0 PARTLY CLOUDY NONE + +

25 R " - ..... ..

26 R - ... .

27 0.0 FOG DENSE - -

28 0.0 CLEAR LIGHT + +
29 T CLOUDY, HAZY NONE + -

30 0.28 HAZY LIGHT + -

31 3.84 PARTLY CLOUDY DENSE + -

TOTAL 13.95
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DATE PRECIPITATION WEATHER FOG PLUME
(CM) 1 2

SEP
1
2
3',
4
5
6
7
8
9

10
11
12'
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

TOTAL

OCT
1
2

3
4
5
6
7
8
9.

10
11
12
13
14

.15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

TOTAL

R
R
R
0.23
0.0
0.0
0.0
R
R
0.0
0.0
0.050.0
T
R
R
0.46
T
T
T
0.0
R
R
0.03
0.0
0.20
0.25
0.38
R
R

1.60

CLOUDY
FOG.
FOG
FOG

PARTLY CLOUDY
CLOUDY
CLEAR
FOG
CLOUDY

FOG
FOG
FOG
FOG
CLEAR

HAZY
HAZY
LIGHT RAIN
PARTLY CLOUDY
CLOUDY

LIGHT RAIN
CLOUDY
FOG
CLEAR
FOG

CLOUDY
CLOUDY
CLOUDY
PARTLY CLOUDY
FOG

PARTLY CLOUDY
PARTLY CLOUDY
CLOUDY
CLOUDY
CLOUDY

LIGHT RAIN
CLOUDY
CLOUDY
FOG
LIGHT RAIN

CLOUDY
FOG
CLEAR

NONE
LIGHT
DENSE
DENSE

NONE
NONE
NONE
DENSE
NONE

DENSE
DENSE
DENSE
LIGHT
NONE

NONE
NONE
NONE
NONE
NONE

NONE
NONE
DENSE
NONE
DENSE

NONE
LIGHT
LIGHT
LIGHT
DENSE

NONE
NONE
NONE
NONE
LIGHT

LIGHT
NONE
NONE
DENSE
LIGHT

LIGHT
DENSE
NONE

4..
+

+

+
+

+

+

+
+

+

+
+

+

+

+

+

+

+

+

+
+
+

+

+

+

+

+

+

.9.

+

+

+

.4.
+

+

+

+

+
+

+

+

+

+.

+
+
'9.

+-

+

+

+

+

4.

4.

4.

4.

4.

0.89
0.53
T
0.03
0.0
R
R
0.03
T
0.03
0.0
T
R
R
0.03
0.0
0.0
0.0
0.0
R
R
1.12
2.16
T
0.05
0.15
R
R
1.24
0.20
0.0

6.46
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Table 'G-55 (cont.)

DATE PRECIPITATION WEATHER FOG PLUME
(CM) I 2

NOVI
1 0.0 -PARTLY CLOUDY NONE + -

2 0.28 CLOUDY NONE + -

3 R -- -- -- --
4 R ...... --

5 2.16 LIGHT RAIN LIGHT - -

6 0.03 PARTLY CLOUDY NONE + -

7 0.0 PARTLY CLOUDY NONE + -

8 0.0 CLEAR NONE + -

9, 0.03 PARTLY CLOUDY NONE + -

10 R " ... . .
11 R ...... ..
12 1.32 CLOUDY NONE + -

13 0.25 CLOUDY NONE + -

14 0.0 CLEAR NONE + -

15 0.0 PARTLY CLOUDY NONE +
16 0.10 CLEAR NONE + -

17 R " ....- --

18 R -- - ... .. -
19 0.0 CLOUDY NONE + -

20 0.0 CLEAR NONE + -

21 0.13 CLEAR NONE + -

22 R . - ..... ..
23 R
24 R -- .... ..
25 R ... .... .
26 0.0 CLEAR * NONE + -

27 0.0 PARTLY CLOUDY NONE + -

28 0.03 CLOUDY NONE + -

29 5.87 RAIN &SNOW NONE + -

30 T FOG DENSE + -

TOTAL 10.20

DEC
1 R .... .-R
2 R -- -... ..

,3 0.48 RAIN NONE + -

4 0.64 PARTLY CLOUDY NONE + -

5 0.0 PARTLY CLOUDY NONE + -

6 1.52 CLOUDY LIGHT -- --

7 0.03 PARTLY CLOUDY NONE + -

8 R .. ...
9 R ..... -

10 0.0 CLOUDY NONE + -

11 0.18 FOG DENSE -- --

12 0.0 CLOUDY NONE + -

13 0.03 PARTLY CLOUDY LIGHT + -

14 T CLOUDY NONE +
15 R
16 R .. -
17 0.28 CLOUDY LIGHT + -

18 0.0 CLEAR DENSE + -

19 0.10 RAIN & SLEET NONE +
20 0.. 38 - PARTLY CLOUDY NONE + -

*21 0.0 CLOUDY NONE +
22 R ...... ..
23 R ...... ..
24 R -- -- .. ..
25 R ...... ..
26 2.44 CLOUDY NONE - -

27 0.89 SNOW NONE - -

28 0.48 FOG DENSE - -

29 R ...... ..
30 R .. .. ..
31 0.23 PARTLY CLOUDY NONE + -

TOTAL 7.68

R = Rainfall amount accumulated into
T = Trace (<0.02 cm).

next reading.
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Fig. G-1

Location of vegetation and bird census plots and salt drift transects in the
vicinity of the Susquehanna SES site, 1984.
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ABSTRACT

Bird studies were conducted near the Susquehanna SES during 1984, the

second year of plant operation, in order to make comparisons with

preoperational data. There were 197 species and two hybrids observed in 1984.

An immature bald eagle, a species listed as endangered by the U.S. Department

of the Interior, was observed at Beach Haven in October. Breeding bird studies

in two forest 'and two abandoned field plots revealed that 57 species nested in

or adjacent to *the plots. Breeding bird studies and seasonal bird counts

conducted in the same plots showed that the densities of most species were

similar to past years; however, some significant density changes were found in

all plots. These changes can be attributed to natural causes rather than

operation of the Susquehanna SES. Most changes in bird densities in the field

plots were increasing trends associated with vegetational succession. Some

changes in bird densities in the forest plots appear to be associated with the

recent mild winters or changes in gypsy moth larvae abundance. River bird

counts were conducted during spring migration; an average of 198 water birds of

23 species and one hybrid was observed. In the bird impaction study of the

Unit 1 and 2 cooling towers, 24 birds of at least 11 species were collected

during spring and autumn migrations. Almost all of these birds were small

passerines known to be nocturnal migrants. Nearly all impactions occurred when

at least one of the cooling towers was operational. Fewer impacted birds were

collected in 1984 than in previous years, but it is uncertain if this was due

to operation of the towers or other factors.
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INTRODUCTION

Preliminary studies of birds at' the Suquehanna SES sit'e were conducted

from 1971 through 1974 and preoperational studies were conducted from January

1977 through August 1982 (Ichthyological Associates, Inc. 1973-74; Burton 1976;

Ruhe 1978; Ruhe and Montgomery 1979; Gross et al. 1980, 1982; Gross and

Montgomery 1981, 1983). During preoperational studies, data were collected on

bird populations near the Susquehanna SES (within 8 km) and bird impaction

mortality-at both cooling towers. Postoperational studies,, begun in September

1982 (Gross and Montgomery 1983) and conducted throughout 1983 (Gross and

Montgomery 198.4),, and 1984 were a continuation of the preoperational work with

the objectives of monitoring changes in bird populations and evaluating impact

mortality which might have been caused by operation of the power plant.

PROCEDURES

Seasonal Counts

In 1984, seasonal bird counts were conducted in four plots: Council Cup

Forest, Township Road 419 (TR419) Forest, Switchyard Field, and Transmission

Corridor Field (Fig. G-1). Each plot was selected because it 1) was relatively

,uniform in habitat, 2) contained vegetation representative of the Susquehanna

SES site, and 3) would remain relatively undisturbed during plant operation.

Council Cup Forest (6.00 hectares) and TR419 Forest (11.05 ha) were wooded, and

Switchyard Field (5.96 ha) and Transmission Corridor Field (4.34 ha) were

abandoned fields undergoing secondary vegetation succession. A series of

transect lines were surveyed in each plot and flagged at a distance dependent

upon vegetation density.
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Seven counts were done in each plot in winter (15 December - 28 February),

spring (1 March - 23 May), summer (24 May - 31 July), and autumn (22 August -

30 November). All winter, spring, and autumn counts were begun'prior to 0 900

hours, and each summer count was started within 30 minutes of sunrise. A route

along the transect lines was followed in such a way .as to cover all sections of

the plot without overlap. Each bird was counted and identified either visually

or aurally. Identifications were made in the field or in the laboratory, using

.the references listed in Gross and Montgomery (1984). Nomenclature follows the

American ornithologists' Union Checklist (1984). Time and weather conditions

were recorded at the start and end of each count. Counts were not conducted

.during periods of inclement weather, such as heavy rains or high winds. The

following were calculated for bird species in each plot:

number of counts in which a species occurs
Frequency = total number Of counts

M number of a species/kmn
Mean Density = total number of counts

density of a species
Relative D ensity =total density of all species X 100

The 1984 data were compared to data compiled since 1979 using two

nonparametric statistical tests: Friedman's two-way analysis of variance

,(Siegel 1956) and Page's distribution-free test for ordered alternatives

(Hollander and Wolfe 1973). Friedman's test (S) was used to detect significant

changes in the numbers of each species and Page's test (L) was used to detect

linear trends among years. In both tests, the 5% probability level was used to

determine significance.
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Breeding Bird Studies

Breeding bird counts were conducted simultaneously with seasonal counts.

In, each plot, twelve counts were made between 12 April and 31 July.

Observations of breeding bird activity began on 17 February and nest searches

continued until 14 September. Birds were counted by the spot-mapping method in

which each contact with a bird was located and registered on a daily count map

(Hall 1964, Robbins 1970). The species, sex, and behavioral activity (e.g.

singing, aggression, nest building) were noted for each bird.. Counts were

begun within 30 minutes of sunrise, when activity was greatest.

Data from the counts were analyzed to estimate the number ofbreeding

pairs of each species. Registered contacts on the daily count maps were

transferred to species maps for each plot. The number of breeding pairs (i.e.

home ranges or territories) was usually found by counting the number of

clusters formed by the registrations of conspicuous territorial males. The

number of breeding pairs was rounded to the nearest half number. The locations

of nests, female birds, contacts between pair members, and territorial

encounters provided supplemental data. Some birds were separable from their

neighbors because they were banded. For each species, the following were

calculated:

Density =number of breeding pairs
kmn?

number of breeding pairs of a species
Relative Density =total number of breeding pairs of all species

The Spearman's rank correlation coefficient was used to measure the degree

of association between breeding bird densities and the years those densities
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occurred from 1979 through 1984, (Siegel 1956); the 5% probability' level was

used to determine significance. This test can also be used in trend analysis

(Conover 1971) . In each plot testing was gonfined to species with a density of

at least two pairs in one of the years studied.

River Bird Counts

In spring, water birds were identified and counted from a boat on a 16-km

section of the Susquehanna River from the Shickshinny-Mocanaqua Bridge to the

Berwick-Nescopeck Bridge. Eight counts were made from 24 February through 25

April 1984. Each count was begun between 0800 and 1000 hours and lasted about

2.5 hours.

Bird Impaction

Collections of impacted birds were made at the Unit 1 and 2 cooling towers

during 1984 spring and autumn migrations. Each hyperbolic natural draft tower

is 165 m tall with diameters at the base, throat, and top of 128 m, 86 m, and

92 m, respectively. Both towers are illuminated with five, 480-volt aircraft

warning strobe lights on the top and seven, 480-volt high-intensity mercury

vapor lamps around the lintel, about 12 m above ground level. The towers are

about 100 m apart and aligned south to north, with Unit 1 the more northerly

(Fig. G-1). They are located approximately 1,400 m west of the Susquehanna

River and 650 m south of a ridge which extends east and west along the site

boundary. The top of the Unit 1 tower is 381 m above mean sea level, 6 m

higher than the top of the Unit 2 tower. Within 1 km of the towers, ground

elevations range from 160 m above msl near the river to approximately 325 m on

the ridge. Both towers exceed the highest point on the ridge by about 50 m.
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Systematic searches for impacted birds were begun prior to 0900 hours on:

weekdays, excluding holidays, from 19 March through 8 June and from 20 August

through 9 November. Each search included the tower base, cold water outlet,

basin interior, and an area extending at least 10 m out from the base.,

.Impacted birds were tagged to record date and point of discovery. Floating

specimens were collected with a dipnet and those, impinged on the trash screens

at the cold water outlet were removed using' a rake. Weather conditions were

noted daily at the Susquehanna SES site and augmented with data recorded at the

Biological Laboratory. (Tables G-53 through G-55); Susquehanna SES meteoro-

logical tower; at Avoca, Pennsylvania, by the National Oceanic and Atmospheric

Administration (NOAA 1984); and at locations in eastern Pennsylvania by Weather

Services Corporation.

.An attempt was made to collect.all impacted birds during each search;

however, specimens recovered from the turbulent, discolored water in the tower

basins were often in various stages of decay, indicating that they had probably.

impacted one or more days before collection. All data were, therefore,

tabulated in 5-day groups to reduce day-to-day carryover of impacted birds.

RESULTS AND DISCUSSION

From 1973-74 and 1977-84, 236 species and two hybrids have been observed

within 8 km of the Susquehanna SES (Table H-i). The phenological occurrence of

the 197 species and two hybrids observed near the Susquehanna SES in 1984 is

treated diagramatically in Fig. H-i. Of these, the common barn-owl and western

kingbird were observed here for the first time and 24 species were listed as
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Pennsylvania classified birds (Pennsylvania Game Commission 1983). An immature

bald eagle, a federally listed endangered species (U.S. Department of Interior

1979), was observed at Beach Haven in October. The status of all species on

these lists which have been observed near the Susquehanna SES since 1977 is

presented in Table H-2.

Seasonal Counts

The total mean densitie's of birds in each plot and in each season from

1979 through 1984 are presented in Figs. H-2 and H-3. The populations are

divided into two categories: permanent residents (Wood 1979) and migrants.

Permanent residents usually stay in the same area throughout the year while

migrants move from one region to another on a seasonal basis. Seasonal bird

count data, for 1984 are presented by plot in Tables H-3 through H-6:

Significant results of nonparametric statistical tests performed to detect

seasonal trends in species densities in each plot are presented in Table H-7.

Council Cup Forest

At. least 66 species were observed in Council Cup Forest during 1984 (Table

H-3). The number of species ranged from 11 in winter to at least 51 in spring.

The total mean density was higher than the average of the five previous years

in all seasons except autumn (Fig. H-2). Eleven species demonstrated

significantly increasing trends in density over the last four to six years,

while two species demonstrated decreasing trends (Table H-7). Permanent

residents as a group have increased significantly during the winter (Spearman's

rank correlation = 0.90, P<0.05). One of these, the black-capped chickadee was



295.

the most common species (highest mean density) in all seasons while another,

the tufted titmouse, showed significant increasing trends in'all seasons. More

migratory species showed trends than in past years. The wood thrush

demonstrated an increasing trend in spring over the past six years and in

summer over the past four years. Two other species which overwinter in the

American tropics, the eastern wood-pewee and ovenbird (American Ornithologist's

Union 1983), also showed increasing trends in summer while a third, the scarlet

tanager, decreased.

TR419 Forest

More species (76) were observed in .TR419 Forest in 1984 than in any other

plot (Table H-4). Seasonally, the number of species ranged from 15 in winter

to 58 in spring. The black-capped chickadee was the most common- species in

all seasons except spring when the yellow-rumped warbler was more common. More

yellow-rumped warblers were observed in the spring of 1984 than in any past

year. Overall, there have been fewer changes in bird densities in TR419 Forest

than in Council Cup Forest, with a nearly equal number of significant

increasing and decreasing trends. Nine of these trends were reported last year

(Gross and Montgomery 1984), but there were seven new trends in 1984. These

include five trends by species which did not demonstrate trends before 1984:

increases by the ovenbird in both spring and summer and decreases by the

brown-headed cowbird in summer and the American robin and rufous-sided towhee

in autumn. The black-capped chickadee demonstrated an increasing trend- in all

seasons but autumn and another hole-nesting permanent resident, the tufted

titmouse (Wood 1977), significantly increased from 1979 through 1984 in both

spring and summer. Similar increasing trends and relatively high densities by
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both species also occurred in Council Cup Forest. Three fruit-eating migrants,

the American robin, cedar waxwing, and white-throated sparrow comprised only

15% of the total autumn mean density. These low densities haVe occurred in

alternate years since. 1979. The decline of the American robin in autumn counts

coitcided with a decline in the percent cover by flowering dogwood saplings,

Cornzis florida, (Table G-21) the fruits of which have been observed to be a

major food item of migrating robins.

Switchyard Field

The number of bird species in Switchyard Field and their densities

continued to be higher than in the first years of this study. There were 64

species observed in 1984 (Table H-5), whereas in 1979 there were only 39

species (Gross et al. 1980) and in 1980 only 46 (Gross and Montgomery 1981).

In all seasons except winter, the total mean density of birds was higher than

the average of the prior five years; but, in all seasons except spring, density

was lower in 1984 than 1983 (Fig. H-3). The number of species observed in both

spring and summer were higher than in any previous year. Thirteen species

demonstrated significant trends in density from 1979 through 1984 and all but

one of these trends were increases (Table HI-7). Most species that increased

were foliage-gleaners, feeding on insects found on leaves, and many were

species associated with shrubby habitats. These birds have benefitted from the

increases in the cover provided by the saplings, shrubs, and vines in the plot

(Table G-50). Species which feed in grassy areas, such as sparrows, continued

to maintain fairly high densities because parts of the plot remained open.

Increased abundance of woody plants have also benefitted fruit-eating birds.
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Greater coverage, and hence, fruit production of dogwoods (Cornus spp.)

and arrowwood (Viburnum dentatum) accounted, at least in part, for the high

autumn densities of gray catbird and white-throated sparrow. The most common

bird in Switchyard Field varied seasonally with the black-capped chickadei in

winter, the field sparrow in both spring and summer, and the European starling

in autumn. As in previous years (Gross and Montgomery 1983), starlings roosted

and nested in the transmission structures in' and near the plot.

Transmission Corridor Field

As in Switchyard Field, the number of species and their densities have

increased in Transmission Corridor Field probably as a result of increased

shrub and sapling cover. More species were observed than in past years in all

seasons except winter. At least 53 species.were observed in 1984, 37 of these

in autumn counts (Table H-6). By contrast only 36 species were observed in

1980 (Gross and Montgomery 1981). The densities of nine species have shown

significant increasing trends from 1979 to 1984 in at' least one season (Table

H-7). The red-winged blackbird decreased in spring and summer; this change was

discussed previously (Gross and Montgomery 1984). Densities of five species

did not show trends previously: American robin, gray catbird, cedar waxwing,

'yellow warbler, and northern cardinal. Most of the increasing trends involved

species which nest and forage in the shrubby section of the plot where gray

dogwood (Cornus racemosa) has increased in percent cover since 1979 (Table

G-52). The field sparrow was the most common species in both spring and

summer, demonstrating increasing density trends since 1979 in both seasons, and

other sparrows (with similar habitat preferences), the American tree sparrow
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and song sparrow were the most commoii species in winter and autumn,

respectively. Much of the plot remains fairly open and grassy, accounting for

the density of these species.

Breeding Bird Studies

A total of 57 species of breeding birds occurred in the four study plots

(Table H-8). 'There were 36 species in TR419 Forest, 29 in Switchyard Field, 27

in Council Cup Forest, and 19 in Transmission Corridor Field. The ovenbird

was the most common breeding bird (highest breeding bird density) in Council

Cup Forest, and shared this designation in TR419 Forest with the black-capped

chickadee and scarlet tanager. The field sparrow was the most common breeding

species in both Switchyard Field and Transmission Corridor Field.

The total breeding bird density in Council Cup Forest was the highest

recorded in that plot, but only slightly higher than in 1983 (Fig. H-4). There

has been a tendency for the total breeding density to be greater in recent

years (Table H-9). As has been discussed' previously, the increases in

densities by some species, particularly the permanent residents, may be the

result of the fairly mild winters of recent years and a long-term effect of the

abundance of gypsy moth larvae and consequent tree defoliation in 1980-82

(Gross and Montgomery 1984). One of the permanent residents, the black-capped

chickadee, has increased significantly since 1979. Two limb-nesting species,

the eastern wood-pewee and chipping sparrow have also increased significantly.

The density of the eastern wood-pewee in 1984 was more than twice that of any

previous year. The increase by the chipping sparrow was more gradual,

resulting from chipping sparrows nesting in the pine-dominated areas of the
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plot in 1983 and 1984 rather than just outside the plot as they had previously.

The ovenbird, the most common breeding species, had a density in 1984 that was

higher than in the previous five years.

In TR41d Forest, the total breeding bird density has increased

significantly since 1979 (Table H-9) to 1984 when the highest density was

observed (Fig. H-4). More breeding species (36) were observed than in any

previous year except 1983 (37). Limb-nesting species continued to be the

largest group, having increased significantly since 1979. Two common

limb-nesters, the red-eyed vireo and scarlet tanager, have increased

significantly since 1979. Another group, the cavity-nesting species', have also

tended to have higher densities in recent years. Significant increasing trends,

by two permanent residents, the black-capped chickadee and tufted titmouse,

accounted for most of this change. As in Council Cup, the affects of recent

mild winters and the gypsy moth infestation in earlier years of this study may

have affected the breeding bird populations in this forest plot. The breeding

density of the ovenbird increased markedly in 1984 to a level more than twice

that of any of the previous five years.

The total breeding bird density in Switchyard Field continued to increase

in 1984 to a level over 2-fold greater than in 1979, probably as a consequence

of old field plant succession (Fig. H-4). The number of breeding species

increased from 14 in 1979 (Gross et al. 1980) to 29 in 1984 (Table H-8). Five

limb-nesting species demonstrated significant increasing trends since 1979:

willow flycatcher, gray catbirdi yellow warbler, prairie warbler, and American

goldfinch. Other species such as the cedar waxwing, have become relatively

common (high relative density) in the plot or appear to be invasive from nearby
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woodlots and hedgerows. Three speciesnew in 1984, the red-eye4 vireo,

American redstart, and rose-breasted grosbeak, are examples of 'the latter.

Since 1979, the breeding density of two groups; the ground-nesting species and

limb-nesting species, increased significantly. During this period, several

woody plant species increased significantly in percent cover (Table G-50) and

have formed a shrub and sapling canopy in some areas and dense thickets in

others. In addition to furnishing physical support for nests, woody plants

provided foraging habitat for birds which are insectivorous foliage-gleaners

(warblers), flycatchers (willow flycatcher), or fruit-eaters (cedar waxwing).

Parts of the plot remained open and grassy, providing a diversity of habitats

for other species. One of the species which prefer grassy areas, the field

sparrow, had the highest breeding density in the plot and has increased

significantly since 1979.

As in Switchyard Field, the breeding density in Transmission Corridor

Field increased significantly since 1979 (Table H-9) as a result of old field

plant succession. The breeding density in 1984 was nearly 2-fold greater than

in 1979 (Fig. H-4) and there were more than twice as many breeding species (19)

in 1984 (Table H-8) than in 1979 when there were only, nine (Gross et al. 1980).

Over this period, the density of limb-nesting species increased significantly

to a level 3-fold greater than in 1979. Two limb-nesting species, the willow

flycatcher and yellow warbler, demonstrated increasing trends in that time.

Although fewer significant increases were found in woody plant species in

Transmission Corridor-Field (Table G-52) than in Switchyard Field (Table G-50),

these changes were sufficient to affect the breeding densities of birds which

use shrubs and saplings for nesting and foraging. The field sparrow was the
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most common breeding species in 1984 and the densities of both it and the song

.sparrow increased significantly since 1979, Together these two species

comprised 54% of the breeding pairs in the plot. The 1984 total breeding bird

density was 18% lower than the 1983 density, but this change appeared to be due

to natural variation in nest-site selection by species such as the cedar

waxwing and northern cardinal, which also nest in the adjacent woodlot and

hedgerows.

In summary, changes in seasonal and breeding densities in each plot can be

attributed to natural causes rather than operation of the Susquehanna SES.

This is supported by noting that the changes in seasonal bird densities and

breeding bird densities in plots nearest the Susquehanna SES (TR419 Forest and

Transmission Corridor Field) are similar to Changes which occurred in plots

further away from the plant (Councij Cup Forest and Switchyard Field).

Although significant density trends occurred in each plot, those trends in the

forest plots were probably due to the effect of changing gypsy moth larvae

abundance and'recent mild winters while trends in the field plots were a result

of plant succession.

River Bird Counts

A mean of 198 water birds of 23 species and one hybrid was observed in

eight river bird counts conducted from 24 February through 25 April (Table

1H-10). This mean was 46% above the average number of water birds observed in

counts conducted from 1977 through 1983. The Canada goose, common merganser,

and mallard composed 69% of the total number observed in 1984 counts. Almost

all of the Canada geese were observed on either 2 or 19 March. Only the

mallard and common merganser was observed on all counts.
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* Bird Impaction

In 1984, 24 birds of at least 11 species tqeie collected during systematic

searches for impacted birds• at Unit 1 and 2 cooling towers 6f the Susquehanna-

SES. During spring migration in 1984, 11 birds of eight species were collected

from 19 March through 8 June (Table H-l1); one specimen was found at the Unit

1 tower and 10 specimens at the Unit 2. tower. During autumn migration, 13

birds of at least seven species were collected from 20 August through 9

November (Table H-12); nine specimens were found at the Unit 1 tower and four

specimens at the Unit 2 tower. In addition to these birds, three bats were

collected. A big brown bat (Eptesicus fuscus) and a little brown myotis

(Myotis Zucifugus) were found at the Unit 2 tower in the spring and a little

brown myotis was found in the autumn at the Unit I tower (Burt and

Grossenheider 1964, Hall anc Kelson 1959).

Almost all bird species were small passerines known to be nocturnal

migrants (Terres 1980).- Most of these birds migrate long distances to

wintering grounds in the American tropics. The three most commonly collected

species were the red-eyed vireo (5), Blackburnian warbler (4), and common

yellowthroat (4). Together they composed 54% of the birds collected. A

Cooper's hawk, a Pennsylvania "species of concern" (Pennsylvania Game

Commission 1983) was found on 4 April 1984, in the water of the Unit 2 cooling

tower basin adjacent to an impacted rock dove. Both birds had large cranial

bruises with crown feathers missing indicating that they probably impacted

head-on into the tower during a high-speed pursuit of the rock dove by the

Cooper's hawk. No federally listed threatened or endangered species were

collected in 1984, nor have any been found since the study began in 1978.
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The total number of spring impactions was less in 1984 than in any

previous year (Fig. H-5). No more than three birds were collected on au1y

morning and no more than three specimens were found of any species. Most

spring impactions were associated with warm fronts entering Pennsylvania from

the west or south. In spring, the northern movement of birds often follows a

warm front when warm moist air flows from the Gulf of Mexico and the Caribbean

accompanied by a falling barometer (Pettingill 1970). All spring impactions

.occurred when only the Unit 1 tower was operating with a visible plume.

Fewer birds impacted on the cooling towers in the autumn of 1984 than in

any previous year (Fig. H-5). No more than four specimens were collected on

any of the nine days birds were found. This contrasts markedly with the lirge

daily collections of 79 and 81 birds made in 1981 (Gross et al. 1982) and 26

and 34 birds in 1982 (Gross and Montgomery 1983). But similar to past years,

most autumn impactions were associated with the passage of cold fronts moving

through Pennsylvania from the northwest. South-bound migration is heavie~st in

this region during cold front movement (Pettingill 1970). All but one of the

autumn impactions at the Unit I tower occurred when the tower was functional,

but three of the four impactions at the Unit 2 tower apparently occurred when

it was not creating a plume.

The low numbers of bird impactions in the autumns af 1983 and 1984

occurred when at least one of the towers was operating throughout most of the

migration season. At least three factors associated with operation may warn

approaching birds of the towers: 1) visible plume, 2) air turbulence, and 3)

noise. The plume can be several hundred meters in length and is well-

illuminated by aircraft warning lights which make it visible for long



304,

distances, especially at the high altitudes where migrant birds usually fly,

(Bellrose 1971). Wind currents and the resulting air turbulence caused by the

operation of a natural draft tower probably make flight difficult for

lightweight birds and may discourage them from flying too close. Generally,

noise levels' near 'n operating medium or large cooling tower range from ý0 to

90 dBA and are caused principally by the resonance of air drafts and waterfalls

in the tower (Edmunds et al. 1975). This broad-band low-frequency noise is

within the hearing range of most birds (Terres 1980) and may alert them to the

presence of the towers.

The cooling tower lights may attract night-flying birds to the towers, but

apparently not from great distances. Night-flying* birds are sometimes

attracted to, then blinded by, bright lights, accounting for impactions on tall

buildings (Pettingill 1970). When cloud ceiling is low and birds tend to fly

below the clouds at low altitudes, nocturnal migrants are confused by tower

lights (Cochran and Graber 1958). However,' it seems that the. direction of

movement by nocturnally migrant birds flying at higher altitudes is not overtly

affected by nuclear power plant lights and -the birds are not.drawn to operating

towers from great distances (Marsden et al. 1980).

Although at this point, it might be concluded that operation of the

cooling towers deters bird impaction; the number-of impactions recorded during.

the preoperational phase showed high variability and operational phase data may

eventually demonstrate a similar pattern. Furthermore, this variability may be

caused by factors not associated with tower operation. For example, fewer bird

impactions may have occurred in the autumns of 1983 and 1984 because of the

lack of strong cold fronts normally associated with waves of nocturnal
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migrants. Limited additional data collection is planned, particularly when

both towers are commercially operational, before any conclusions are made about

the effect of tower operation on bird mortality.
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Table H-1

Species of birds observed near the Susquehanna SES,

observed in 1984.

1973-74 and 1977-84. An asterisk (*) denotes new species

• Caviidae
Gavia satelZata - red-throated loon
G. inmer- common loon

Podicipedidae
,PodilZymbu podiceps - pied-billed grebe
Podicepe auritus - horned grebe
P. grieegena - 'red-necked grebe

Phalacrocoracidae
Phalacrocorax auritu - double-crested cormorant

Ardeidae
Botaurus Zentiginosue - American bittern
Ixobrychue exilie - least bittern
Ardea herodias - great blue heron
Caamerodius albuw - great egret
Egretta thuZa - snowy egret
E. caerulea - little blue heron
Bubulcue ibis - cattle egret
Butoridee etriatue - green-backed heron
Nycticorax nycticorax - black-crowned night-heron

Threskiorhithidae
Plegadis.fal'cinellue glossy ibis

Anatidae
Cygnue colwnbianuze tundra swan
Chen caeruleece' -snow goose
Branta bernicla - brant
B. canadensis - Canada goose.
Aix sponsa - wood duck
Anas crecca - green-winged teal
A. rubripes - American black duck
A. pZatyrhynohoe - mallard
A. platyrhynchoe x A. rubripee - mallard-black duck
A. acuta - northern pintail
A.. diacore - blue-winged teal
A. etrepera.- gadwall
A. americana - American wigeon
Aythya valisineria - canvasback
A. wwricana - redhead
A. colZari8 - ring-necked duck
A. mariZa - greater scaup
A. affinie - lesser scaup
Clangula hyemulia - oldsquaw
Melawitta nigra - black scoter
M. perspicillata - surf scoter
N. fusca - white-winged scoter
Bucephala cZangula - common goldeneye
B. albeola - bufflehead
Lophodytes cuoulZatua - hooded merganser
Mergue merganser - common merganser
N. aerrator - red-breasted merganser
Oxyzua jamqiceneia - ruddy duck.

Accipitridae
Pandion haliaetue - osprey
Haliaeetus leucocephalus - bald eagle
Circus cyaneus, -'northern harrier
Accipiter striatue - sharp-shinned hawk
A. cooperii - Cooper's hawk
A.' gentilie - northern goshawk
Buteo Zineatue - red-shouldered hawk
8. pZatypterue - broad-winged hawk
B. ewaineoni - Swainson's hawk
B. jamaiceneie - red-tailed hawk
B. lagopue - rough-legged hawk.

. I

Falconidae
Falco aparve2-iue -American kestrel
F. colwnbariua - merlin
F. peregrinue - per~grine falcon

Phasianidae
Phaaianue OoZlhicue - ring-necked pheasant
Bonaea umbellue - ruffed grouse .

Meleagri8 gallopavo - wild turkey
Colinus virginianue northern bobwhite

Rallidae
Ralus ZrimicoZa - Virginia rail
Porzana carolina.- sore
GalZZiinuZa choropue - co on moorhen
Fulica americana - American coot

Charadrtidae
PZluvi aci equataroZ a - black-bellied plover
Churadrius semipalmatus - semipalmated plover
C. vociferue - killdeer

Scolopacidae
f'..nga melanoleucue- greater yellowlegs
T. favipee - lesser yellowlegs .
T. aolit.Ziat - solitary sandpiper
Actiti• macularia - spotted sandpiper
Calidrie pu•lZZue " semipalmated sandpiper
C. minutiZ7,a - least sandpiper
C. fuecicolZie - white-rumped sandpiper
*C. melanotoe - pectoral sandpiper
Limnodromue griaeua - short-billed dowitcher
GaUlinago galZinago - common snipe
S• Zopax minor - American woodcock
Phalaropua tricolor - Wilson's phalarope

Laridae
Laume atrici•Za - laughing gull
L. philadelphia - Bonaparte's gull
L. de•awr'eneie - ring-billed l gull
L. argentatus - herring gull
L. marinue - great black-backed gull
Sterna hirundo - common tern

Cathart idaeCathartes aura - turkey vulture
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Table H-i (conc.)

Columbidae
Co7zo.•,,•livia - rock dove
Zenaida macroura - mourning dove

Cuculidae
'Coca zus erythroptha•rmus - black-billed cuckoo
C. umericanus - yellow-billed cuckoo

Tytonidae
*2yto alba - common barn-owl

Strigidae
Otue aaio - eastern screech-owl
Bubo virginianus - great horned owl
Aeio otue - long-earned owl
A. flamneus - short-eared owl

Caprimulgidae
ChordeiZes minor - common nighthawk

Apodidae
Chaetura pelagica - chizmey swift

Trochilidae
Architochue cozubris - ruby-throated hummingbird

Alcedinidae
Cery•e alcyon - belted kingfisher

Picidae
Melanerpes ernuthrocephalus - red-headed woodpecker
M. carolinfu - red-bellied woodpecker
Sphyrapicus varius - yellow-bellied sapsucker

*Picoidee pubesecens - downy woodpecker
P. villoeue - hairy woodpecker
Colaptee auratus - northern flicker
Drjocopu8 piZeatus - pileated woodpecker

Tyrannidae
Contopue boreaZis - olive-sided flycatcher
C. viren8 - eastern wood-pewee
EnVitdonax f7aviventria - yellow-bellied flycatcher
E. vireecens - acadian flycatcher
E. traiZlii - willow flycatcher
E. minimus - least flycatcher
Sayornis phoebe - eastern phoebe
Mlyiarchus cri.nitu8 - great crested flycatcher

*•rannua verticatis - western kingbird
T. tyranmue - eastern kingbird

Hirundinidae
.Pro gne subis - purple martin

Tachycineta bicolor - tree swallow
• Stelgidopteryx serripennis - northern rough-winged -swallc
Ripazia riparia - bank swallo•
Hirundo pyrrhonota - cliff swallow
H. rustica - barn swallow

Corvidae
Camnocz~tta cristata - blue Jay
CorvuS brochyrhynchos - American crow_
C. oeq`ifr•gue - fish crow
C. cor 'common raven

Paridae
Paoru atricapiZus - black-capped chickadee
P. bicolor - tufted titmouse

Sittidae
Sitta ccnadenei8 red-breasted nuthatch
S. carolineneie -white-breasted *nuthatch

Certhiidae
Certhia americana - brown creeper

Troglodytidae
Thryothorus ludovicianue - Carolina wren
Troglodytes acdon - house wren
T. troglodyte8 - winter wren
Cistothoros palustri8 .- marsh wren

Muscicapidae
Regulus satra•pa - golden-crowned kinglet
R. calendula - ruby-crowned kinglet

. PolioptiZa caeru lea - blue-gray gnatcatcher
Sialia vialie - eastern bluebird
Cathants fuacescena - veery
C. minimue - gray-cheeked thrush
C. ustulata - Swainson's thrush
C. guttata - hermit thrush
Hylocichla mustelina - wood thrush
Turdus migratorius - American robin

NImidae
Dumetella carolinensie - gray catbird
Minus polyglottos - northern mockingbird
Toestonma rufum -brown thrasher

Motacillidae
Anthus spinoletta - water pipitAlaudidae

Ere --rphila aZpestrie - horned lark
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Table B-i (cont.)

Bomby.cillidae
BombYciZa cedr-oum - cedar waxwing

Laniidae
Laniua uvicianua - loggerhead shrike

Sturnidae
SturnB vuZgaria - European starling

Vireonidae
Vireo griseua - white-eyed vireo
V. eoZitaris - solitary vireo'
V. flavifrons - yellow-throated vireo
V. giZvua - warbling vireo
V. phidelphimcu - Philadelphia vireo
V. oZivaceue - red-eyed vireo

Emberizidae
Verweivorva pinu- blue-winged warbler
V. chreaoptera - golden-winged warbler
V. chryscptera x V. pinus - Brewster's warbler
V. peregrina - Tennessee warbler
V. ceZata - orange-crowned warbler
V. ruficapiZ~a - Nashville warbler
ParuZa americmna - northern parula
Dendroica petechia - yellow warbler
D. pensyZvanioa - chestnut-sided warbler
D. magnoZia - magnolia warbler
D. tigrina - Cape May warbler
D. caeruZescens - black-throated blue warbler
D. coronata - yellow-rumped warbler
D. viren - black-throated green warbler
D. fu• a - Blackburnian warbler
D. dominica - yellow-throated warbler
D. pinus - pine warbler
D. disoolor - prairie warbler
D. paZmarwm - palm warbler
D. oatanea - bay-breasted warbler
D. atriata - blackpoll warbler
D. cerudea - cerulean warbler
NniotiZta vara - black-and-white warbler
Setophaga ruticiZLa - American redstart
P-oonctao~ia citrea - prothonotary warbler
l Lmitheros vermvorua - worm-eating warbler
Seiurus aurocapiZZue - ovenbird
S. noveboracensia - northern waterthrush
S. motaciZZa - Louisiana waterthrush
OpororniS forivsus - Kentucky warbler
0. agiZie - Connecticut warbler
0. philadelphia - mourning warbler
Geoth~ypis trichas - common yellowthroat
Witsonia citrina - hooded warbler
W. pusiZza - Wilson's warbler
W. canadenais - Canada warbler
IOteria Viena - yellow-breasted chat
Piraega rubra - summer tanager
P. oZivacea - scarlet tanager
CardinaLia cardinatia - northern cardinal
Pheucticua Zudovicianus - rose-breasted grosbeak
Guiraca caerulea -: blue grosbeak
Paseerina cyanea - indigo bunting
Spiza amez-cana - dickcissel
Pipilo erythrophthaZue - rufous-sided towhee
SpizeZla arbores - American tree sparrow
S. passerlin - chipping sparrow
S. pusiZZa - field sparrow

Emberizidae (cont.)
P•ooeceteb• graineus - 'vesper sparrow
PaesercuZus santijchesis -savannah sparrow
Amnodramus savannarwn - grasshopper sparrow
A. caudacuta - sharptailed sparrow
PasserelZa iliaca - fox sparrow
Meleopiza melodia - song sparrow
M. Zincontii - Lincoln' sparrow
M. georgiana - swamp sparrow
Zonotzrichia albicoitie - white-throated sparrow
Z. leucOphrys - white-crowned sparrow
Junco hyemZie - dark-eyed junco
PZetrophena nivaZie - snow bunting
DoZichonyx oryzivorus - bobolink
Age Zaiu phoeniceue -- red-winged blackbird
SturnpZZa magna - eastern meadowlark
Ezqhague ccroZinui'- rusty blackbird
Quiecalue quiscuZa - common grackle
MoZothrus ater - brown-headed cowbird
.cterus epuriu - orchard oriole
I. gabuZa - northern oriole

Fringillidae
Pinicola enuclator - pine grosbeak
Carpodacus purpureus - purple 'finch
C. mexicanus - house finch
Lozia Zeucoptera - white-winged crossbill
CardueZis. fZ/mlea - common redpoll
C. pinus - pine siskin
C. tri•atie - American goldfinch
Coccothrau tea veapertinus - evening grosbeak

Passeridae
Passer doesrticus - house sparrow
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Pennsylvania classified birds observed near the Susquehanna SES site, 1977-84.

Category /Species 1984 Status Near Site'

Extirpated
Osprey.

t Peregrine falcon

Common tern

Loggerhead shrike

Endangered
t Bald eagle

Short-eared owl

Threatened
American bittern

Least bittern

Species of Concern
Great blue heron

Cooper's hawk

Red-shouldered hawk

Northern harrier

Northern bobwhite

Common barn-owl

Red-headed woodpecker

Purple martin

Marsh wren

Eastern bluebird

Grasshopper sparrow

Vesper sparrow

Status Undetermined
Sharp-shinned hawk

Northern goshawk

Long-eared owl

Yellow-bellied sapsucker

Least flycatcher

Common migrant along the Susquehanna River.

Not observed in 1984; last sighting, 3 October 1982.

Two observed along the Susquehanna River, 25 April 1984.

Not observed in 1984; last sighting, 23 April 1983.

An immature, banded in 1984 as a nestling at Tupper Lake, New York, was
observed along the Susquehanna River at Beach Haven, 5-10 October 1984.

Not observed in 1984; last sighting. 30 December 1977.

One observed inSusquehanna Riverlands, 26 Sep'tember. 1984.

Single birds observed in Susquehanna Riverlands, 22-26 May and
4 October 1984.

Common migrant at most bodies of water.

One impacted on Unit 2 cooling tower, 4 April 1984; uncommon in all
seasons; pairs apparently nested near TR419 Forest and Switchyard
Field.

None observed in 1984; last sighting, 14 October 1983.

Uncommon migrant and winter resident in Susquehanna Riverlands.

Not observed in 1984; last sighting, 30 January 197B.

A pair with young observed in Beach Haven, 6-11 July 1984.

An immature observed in Susquehanna Riverlands, 9-11 September 1984.

Several pairs nested in birdhouses located in Neacopeck.

Uncommon migrant in Susquehanna Riverlands.

Four pairs nested in Susquehanna Riverlands, others near Council Cup;
increasingly common migrant and winter resident.

Uncommon migrant in Transmission Corridor Field and Susquehanna
Riverlands; no evidence of nesting observed in 1984.

Uncommon migrant in Transmission Corridor Field and Susquehanna River-
lands; a pair apparently nested in a field near Council Cup Forest.

Most frequently observed migrant hawk at Council Cup Overlook; uncommon
elsewhere in all seasons.

None observed in 1984; last sighting, 30 April 1982.

None observed in 1984; last sighting, 4 October 1982.

Uncommon migrant in forested areas.

Uncommon migrant in open woods and field edges; a pair apparently
nested in Susquehanna Riverlands.

Uncommon migrant in open fields; no evidence of nesting in 1984.Bobolink



Table H-3

Frequency (F), mean density
winter, spring, summer, and

(MD), and relative density (RD) of birds observed in Council Cup Forest during
autumn counts, 1984.

WINTER SPRING SUMMER AUTUMN

SPECIES F MD RD F MD. RD F MD RD F MD RD

SHARP-SHINNED HAWK
RUFFED GROUSE
YELLOW-BILLED CUCIDO
YELLOW-BELLIED SAPSUCKER
DOWNY WOODPECKER
HAIRY WOODPECKER
NORTHERN FLICKER
PILEATED WOODPECKER
EASTERN WOOD-PEWEE
LEAST FLYCATCHER
EMPIDONAX FLYCATCHER SP.
EASTERN PHOEBE
GREAT CRESTED FLYCAICHER
EASTERN KINGBIRD
BLUE JAY
AMERICAN CROW
BLACK-CAPPED CHICKADEE
TUFTED TITMOUSE
RED-BREASTED NUTHATC1
WHITE-BREASTED NUTHATCH
BROWN CREEPER
HOUSE WREN
GOLDEN-CROWNED KINGL ET
RUBY-CROWNED KI NGLET
BLUE-GRAY GNATCATCHER
GRAY-CHEEKED THRUSH
SWAINSON'S THRUSH
HERMIT THRUSH
WOOD THRUSH
AMERICAN ROBIN
CEDAR WAXWING
SOLITARY VIREO
RED-EYED VIRBO
TENNESSEE WARBLER
ORANGE-CROWNED WARBLER
NASHVILLE WARBLER
CHESTNUT-SIDED WARBLER
MAGNOLIA WARBLER
CAPE MAY WARBLER
BLACK-THROATED BLUE WARBLER.
YE LLOW-RUMPED WARBLER
BLACR-THROATED GREEN WARBLER
BLACKBURNIAN WARBLER
PINE WARBLER
BAY-BREASTED WARBLER
BLACKPOLL WARBLER
BLACK-AND-WHITE WARBLER
AMERICAN REDSTART
WORM-EATING WARBLER
OVENBIRD
LOUISIANA WATERTHRUSH.
COMMON YE LLOWTHROAT
SCARLET TANAGER
NORTHERN CARDINAL
ROSE-BREASTED GROSBEAK
INDIGO BUNTING
RUFOUS-SIDED TOWHEE
CHIPPING SPARROW
FIELD SPARROW
DARK-EYED JUNCO
RED-WINGED BLACIBIRD
COMMON GRACKLE
BROWN-HEADED COWBIRD
NORTHERN ORIOLE
PURPLE PINCH
AMERICAN GOLDF INCH
EVENING GROSBEAK

0.00 0 0 0fl 0 VAA 0 0 LD '0 0l 14 2 A n I
0.29
0.00
0.00
1.00
0.43
0.00
0.14
0.00
0.00
0.00
0.00
0.00
0.00
0.29
0.00
1.00
0.71
0.29
0.86
0. 71
0.00
0.71
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0..00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4.8
0.0
0.0

35.7
11.9

0.0
2.4
0.0
0.0
0.0
0.0
0.0
0.0
4.8
0.0

78.6
38.1
4.8

31.0
23.8

0.0
57.1

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
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1.6
0.0
0.0

12.2
4.1
0.0
0.8
0.0
0.0
0.0
0.0
0.0
0.0
1.6
0.0

26.8
13;0

1.6
10.6

8.1
0.0

19.5
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
0.0

ý0.0
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.14
0.00
0.0.0
0.43
0.29
0.29
0.00
0.14
0.14
0.00
0.14
0.43
0.14
0.71
0.43
1.00
1.0'0
0.57
0.29
0.43
0.00
0.00
0.14
0.57
0.14
0.14
0.43
0 57
0.29
0.00
0.14
0.29
0.29
0.00
0.29
0.00
0.00
0.14
0.14
0.86
0.43
0.14
0.14

..0.00
0.14
0.57
0.14
0.00
0.57
0.14
0.00
0.43
0.00
0.43
0.14
0.14
0.29
0.14
0.29
0.14
0.14
0.86
0.43
0.00
0.29
0.14

2.4
0.0
0.0
7.1
7.1
4.8
0.0

114 9
4.8
0.0.
4.8

19.0
14.3
52.4

9.5
97.6
35.7
16.7
11.9
16.7

0.0
0.0

23,8
14.3

4.8
2.4

26.2
26.2

7.1
0.0
2.4

11.9
.9.5
0.0
9.5
0.0
0.0
-4.82.4

85.7
14.3

2.4
2.4
0.0;.4

21.4
4.8
0.0

31.0
2.4
0.0

16.7
0.0
9.5
4.8
2.4

11.9
2.4
4.8
2.4
2.4

38.1
7.1
0.0

11.9
2.4

0.3
0.. 0
0.0
1.0
1.0
0.6
0.0
1.6
0.6
0.0
0.6
2.6
1.9
7.0
1.3

13.1
4A8
2.2
1.6
2.2
0.0
0.0
3.2
1.9
0.6
0.3
3.5
3.5
1.0
0.0
0.3
1.6
1.3.
0.0
1.3
0.0
0.0
0.6
0.3

11.5
1.9
0.3
0.3
0.0
0.3
2.9
0.6
0.0
4.2
0.3
0.0
2.2
0.0
1.3
0.6
0.3
1.6
0.3
0.6
0.3
0.3
5.1
1.0
0.0
1.6
0.3

0. 00
0.14
0.00
0.86
0.71
0.86
0.14
0.86
0.00
0.00
0. 00
1.00
0. 00
0.86
0.00
1.00
0.86,
0.00
0.71
0.86
0.00
0.00
0.00
0.29
0.00
0. 00
0.00
1.00
0. 43
0.71
0. 00
1.00
0.00
0.00
0. 00
0.00
0.00.
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.86
0.00.
0.29
1.00
0..00
0.14
0.43
0.14
0.86
0.29
0.71
0.71
0.29
0.00
0.14
0.00
0.29
0.14
0.29
0.29
0.00

0.0
2.4
0.0

31.0
16.7
19.0

4.8
54.8
0. 0
0.0
0.0

40.5
0.0

71.4
0.0

145.2
38.1

0.0
11.9
21.4

0.0
0.0
0.0
9.5
0.0
0.0
0.0

59.5
9.5

26.2
0.0

66.7
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

2.1.4
0.0

4.8
78.6

0.0
2.4

14.3
4.8

26.2
4.8

14.3
23.8

7.1
0.0
2.4
0.0
9.5
7.1
4.8
4 8
0.0

0.0
0.3
0.0
3.6
1.9
2.2
0.6
6.4
0.0
0.0
0.0
4.7
0.0
8.3
0.0

16.9
4.4
0.0
1.4
2.5
0.0
0.0
0.0
1.1
0.0
0.0
0.0
6.9
1.1
3.0
0.0
7.7
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

'2.5
0.0
0.6
9.1
0.0
0.3
1.7
0.6
3.0
0.6
1.7
2.8
0.8
0.0
0.3
0.0
1.1
0.8
0.6
0.6
0.0

0.00
0.57
0.00
0.29
0.71
0.14
0.14
0.14
0.43
0.00
0.14
0.14,
0.29
0.00
0.86
0.00
1400
0.57
0.00
0.86
0.14
0.14
0.43
0.43
0.00
0.00
0.00
0.14
0.29
0.29
0.57
0.29:
0.57
0.29
0.14
.0.43

0.29
0.14
0.29
0.14
0.29
0.29
0.14
0.00
0.57
0.57
0.43
0.00
0.00
0.43
0.00
0.00
0.14
0.00
0.00
0.14,
0.29
0.14
0.00
0.43
0.00
0.00
0.00
0.00
0.00
0.29
0.00

0.0
28.6

0.0
4.8

21.4
2.4
4.8
2.4

42.9
0.0
2.4
4.8
4.8
0.0

38.1
0.0

173.8
42.9

0.0
33.3

2.4
2.4:

28.6
31.0

0.0
0.0
0.0
2.4
7.1
7.1

45.2
7.1

28.6
7.1
2.4

11.9
7.1
7.1

14.3
7.1

23.8
14.3

2.4
0.0

28.6
52.4

9.5
0.0
0.0

11. 9
0.0
0.0
4.8
0.0
0.0
7.1
4.8
4.8
0.0

19.0
0.0
0.0
0.0
0.0
0.0

11.9
0.0

t. A

3.5
0.0
0.6
2.6
0.3
0.6
0.3
5.2
0.0
0.3.
0.6
0.6
0.0

0.0
21.2
5.2'
0.0
4.1
0.3
0.3
3.5
3.8
0.0
0.0
0.0
0.3
0.9
0.9
5.5
0.9
3. 5
0.9
0.3
1.4
0.9.
0.9
1.7
0.9
2.9'
1.7
0.3
0.0
3.5
6.4
1.2
0.0
0.0
1.4
0.0
0.0'
0.6
0.0
0.0
0.9
0.6
0. 6
0.0
2.3
0.0
0.0
0.0
0.0
0.0
1.4
0.0

- 292.9 100.0 - 745.2 100.0 - 861.9 100.0 - 821.4 100.0
- 292.9 100.0 - . 745.2 100.0 - 861.9 100.0 - 921.4 100.0
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Table H-4

Frequency (F), mean density (t4D), and relative density (RD) of birds observed in TR419 Forest during winter,
spring, summer, and autumn Counts, 1984.

WINTER SPRING SUMMER AUTUMN

SPECIES F MD RD F MD .9D F MD RD F MD RD

TURKEY VULTURE 0.00 0.0 0.0 0.14 1,3 0.2 0.00 0.0 0.0 0.00 0.0 0.0
COOPER'S HAWK 0.00 0.0 0.0 0.00 0.0 0.0 0.29 2.6 0.5 0.00 0.0 '0.0
BROAD-WINGED HAWK 0.00 0.0. 0.0 0.29 3.9 0.7 0.00 0.0 0.0 0.00 0.0 0.0
RUFFED GROUSE 0.29 2.6 1.3 0.14 1.3 0.2 0.29 2.6 0.5 0.14 1.3 0.2
WILD TURKEY 0.14 3.9 1.9 0.00 0.0 0.0 0.00 0.0 . 0.0 0.00 0.0 0.0
YELLOW-BILLED CU C ROO 0.00 0.0 0.0 0.00 0.0 0.0 0.14 1.3. 0.2 0.00 0.0 0.0
GREAT HORNED OWL 0.00 0.0 0.0 0.00 0.0 0.0 0.14 1.3 0.2 0.14 1.3. 0.2
RUBY-THROATED HUMMINGBIRD 0.00 0.0 0.0 0.00 0.0 .0.0 0.14 1.3 0.2 0.00 0.0 0.0
DOWNY WOODPECKER 0.86 14.2 7.0 0.86 12.9 2.4 '1.00 22.0 3ý9 1.00 23.3 3.7
HAIRY WOODPECKER 0.43 3.9 1.9 0.43 5.2 1.0 0.00 0.0 0.0 0.71 7.8 1.2
NORTHERN FLICKER 0.00 0.0 0.0 0.71 10.3 1.9 0.71 10.3 1.8 0.43 5.2 0.8
PILEATED WOODPECKER 0.29 3.9 -1.9 0.00 0.0 .0.0 0.14 1.3 0.2 0.00 0.0 0.0
EASTERN WOOD-PEWEE 0.00 0.0 0.0 0.14 3.9 0.7 1.00 24.6 4.4 0.29 6.5 1.0
LEAST FLYCATCHER 0.00 0.0 0.0 0.00 0.0 0.0. 0.00 0.0 0.0 0.14 3.9 0.6
EASTERN PHOEBE 0.00 0.0- 0.0 0.43 5.2 1.0 0.00 0.0 0.0 0.00 0.0 0.0
GREAT CRESTED FLYCATCHER 0.00 0.0 0.0 0.29 5.2 1.0 0.14 1.3 0.2 0.14 1.3 0.2
EASTERN KINGBIRD 0.00 0.0 0,0 0.14 2.6 0.5 0.00 0.0 0.0 0.00 0.0 0.0
BARN SWALLOW 0.00 0.0 0.0 0.14 3.9 0.7 0.00 0.0 0.0 0.00 0.0 0.0
BLUE JAY 0.14 5.2 2.5 0.57 32.3 6.1 1.00 36.2 6.5 1.00 47.8 7.5
AMERICAN CROW 0.00 0.0 0.0 0.43 6.5 1.2 0.43 9.0 1.6 0.00 0.0 0.0
BLACK-CAPPED CHICKADEE 1.00 63.3 31.2 1.00 63.3 11.9 1.00 68.5 12.2 1.00 90.5 14.2
TUFTED TITIVUSE 0.86 20.7 10.2 1.00 29.7 5.6 1.00 40.1 7.1 1.00 28.4 4.5
RED-BREASTED NUTHATCH 0.86 7.8 3.8 0.29 3.9 0.7 0.00 0.0 0.0 0.00 0;0 0.0
WHITE-BREASTED NUTHATCH 0.57 7.8 3.8 0.14 1.3 0.2 0.29 3.9 0.7 0.86 10.3 1.6
BROWN CREEPER 0.57 7.8 3.8 0.71 16.8 3.1 0.14 1.3 0.2 0.57 7.8 1.2
CAROLINA WREN 0.14 1.3 0.6 0.00 0.0 0.0 0.00 0.0 0.0 0.00 . 0.0 0.0
HOUSE WREN 0.00 0.0 0.0 0.14 2.6 0.5 0.00 0.0 0.0 0.00 0.0 0.0

GOLDEN-CROWNED KINGLET 0.86 22.0 10.8 0.00 0.0 0.0 0.00 0.0 0.0 0.43 12.9 2.0.
RUBY-CROWNED KINGLET 0.00 0.0 0.0 0.14 5.2 1.0 0.00 0.0 0.0 0.43 3.9 0.6
BLUE-GRAY GNATCATCIIER 0.00 0.0 0.0 0.43 16.8 3.1 0.57 9.0 1.6 0.00 0.0 0.0
SWAINSON'S THRUSH 0.00 0.0 0.0 0.14 3ý9 0.7 0.00 0.0 0.0 0.00 0.0 0.0
WOOD THRUSH 0.00 0.0 0.0 0.43 11.6' 2.2 1.00 42.7 7.6 0.43 10.3 1.6

AMERICAN ROBIN 0.14 1.3 0.6 0.43 3.9 0.7 0.57 6.5 1.2 0.57 37.5 5.9
GRAY CATBIRD 0.00 0.0 0.0 0.14 1.3 0.2 0.86 23.3 4.1 0.14 1.3 0.2
CEDAR WAXWING 0.00 0.0 0.0 0.00 0.0 0.0 0.29 3.9 0.7 0.57 34.9 5.5
SOLITARY VIREO 0.00 0.0 0.0 '0.00 0.0 0.0 0.00 0.0 0.0 0.43 6.5 1.0
WARBLING VIREO 0.00 0.0 0.0 0.14 1.3 0.2 0.00 '0.0 0.0 0.00 0.0 0.0
RED-EYED VIREO 0.00 0.0 0.0 0.14 6.5 1.2 1.00 29.7 5.3 0.57 20.7 3.2
TENNESSEE WARBLER 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 3.9 0.6
NASHVILLE WARBLER 0.00 0.0. 0.0 0.14 5.2 1.0 0.00 0.0 0.0 0.14 2.6 0.4
NORTHERN PARULA 0.00 0.0 0.0 0.14 3.9 0.7 0.00 0.0 0.0 0.14 1.3 0.2
CHESTNUT-SIDED WARBLER 0.00 0.0 0.0 0.29 2.6 0.5 0.14 1.3 0.2 0.29 3.9 0.6
MAGNOLIA WARBLER 0.00 0.0 0.0 0.14 2.6 0;5 0.00 0.0 0.0 0.29 2.6 0.4
CAPE MAY WARBLER 0.00 0.0 0.0 0.29 3.9 0.7 0.00 0.0 0.0 0.57 9.0 1.4
BLACK-THROATED BLUE WARBLER 0.00 0.0 0.0 -0.14 2.6 0.5 0.00 0.0 0.0 0.14 2.6 0.4
YELLOW-RUIMED WARBLER 0.00 0.0 0.0 0.43 75.0 14.0 0.00 0.0 0.0 0.29 9.0 1.4

BLAC.r-THROATED GREEN WARBLER' 0.00 0.0 0.0 0.43 6.5 1.2 0.00 0.0 0.0 0.43 12.9 2.0

BLACKBURNIAN WARBLER 0.00 0.0 0.0 0.57 11.6 2.2 0.00 0.0 0.0 0.43 11.6 1.8

PINE WARBLER 0.00 0.0 0.0 0.14 1.3 0.2 0.00 0.0 0.0 0.14 1.3 0.2
PRAIRIE WARBLER 0.00 0.0 0.0 0.14 1.3 0.2 0.00 0.0 0.0 0.00 0.0 0.0
BAY-BREASTED WARBLER 0.00 0.0 0.0 0.14 1.3 0.2 0.00 0.0 0.0 0.43 10.3 1.6
BLACRPOLL WARBLER 0.00 0.0 0.0 0.14 2.6 0.5 0.00 0.0 0.0 0.71 16.8 2.6
CERULEAN WARBLER 0.00. 0.0 0.0 0.14 1.3 0.2 0.00 0.0 0.0 0.00 0.0 0.0
BLACK-AND-WE ITE WARBLER 0.00 0.0 0.0 0.57 15.5 2.9 1.00 18.1 3.2 0.57 11.6 1.8
AMERICAN REDSTART 0.00 0.0 0.0 0.57 16.8 3.1 0.71 12.9 2.3 0.43 6.5 1.0
WORM-EATING WARBLER 0.00 0.0 0.0 0.29 2.6 0.5 0.43 3.9 0.7 0.14 1.3 0.2
OVENBIRD 0.00 0.0 0.0 0.57 18.1 3.4 1.00 49.1 8.8 0.57 15.5 2.4
CONNECTICUT WARBLER 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 -1.3 0.2
COMMON YELLOWTHROAT 0.00 0.0 0.0 0.14 1.3 0.2 0.14 1.3 0.2 0.29 2.6 0.4
HOODED WARBLER 0.00 0.0 0.0 0.29 3.9 0.7 0.71 10.3 1.8 0.00 0.0 0.0
CANADA WARBLER 0.00 0.0 0.0 0.00 0.0 .0.0 0.00 0.0 0.0 0.29 2.6 0.4
SCARLET TANAGER 0.00 0.0 0.0 0.43 15.5 2.9 1.00 40.1 7.1 0.71 18.1 2.8
NORTHERN CARDINAL 0.00 0.0 0.0 0.86 14.2 2.7 1.00 33.6 6.0 0.71 20.7 3.2
ROSE-BREASTED GROSBEAK 0.00 0.0 0.0 0.29 7.8 1.5 1.00 19.4 3.5 0.29 3.9 0.6
INDIGO BUNTING 0.00 0.0 0.0 0.14' 1.3 0.2 0.29 7.8 1.4 0.14 2.6 0.4.
RUFOUS-SIDED TOWHEE 0.00 0.0 0.0 0.29 3.9 0.7 0.29 5.2 0.9 0.14 1.3 0.2
SONG SPARROW 0.00 .0.0 0.0 0.14 1.3 0.2 0.00 0.0 0.0 . 0.00 0.0 0.0
WHITE-TrHROATED SPARROW 0.00 0.0 0.0 . 0.00 0.0 0.0 0.00 0.0 0.0 0.29 20.7 3.2
DARK-EYED JUNCO 0.00 0.0 0.0 0.29 7.8 .1.5 0.00 0.0 0.0 0.29 5.2 0.8
COMMON GRACKLE 0.00 0.0 0.0 0.00 0.0 0.0 0.14 1.3 0.2 0.14 64.6 10.1
BROWN-HEADED COWBIRD 0.00 0.0 0.0 0.71 20.7 3.9 0.71 11.6 2.1 0.00 0.0 0.0
ORCHARD ORIOLE 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 1.3 0.2
NORTHERN ORIOLE 0.00 0.0 0.0 0.43 6.5 1.2 0.14 1.3 0.2 0.14 5.2 0.8
PURPLE FINCH 0.00 0.0 0.0 0.29 7.8 1.5 0.00 0.0 0.0 0.00 0.0 0.0
AMERICAN GOLDFINCH 0.00 0.0 0.0 0.29 5.2 1.0 0.14 1.3 0.2 0.14 1.3 0.2
EVENING GROSBEAK 0.29 37.5 18.5 0.00 0.0 0.0 0.00 0.0 0.0 0.00. 0.0 0.0

- 203.0 100.0 - 53 3.9 1100.10 - 561.1 100.0 . - 637.4 100.0



Table H-5

Frequency (F), mean density '(MD), and relative density (RD) of birds observed in Switchyard Field during winter,

spring, summer, and auttirdn counts, 1984.

WINTER SPRING SU*fER AUTUMN

SPECIES P MD. RD F ND RD F MD2 RD F MD RD

RING-NECKED PHEASANT 0.00 0.0 0.0 0.00 0.0 0.0 0.17 11.2 0.9 0.00 0.0 0.0

RUFFED GROUSE 0.00 0.0 0.0 0.00 0.0 0.0 0.17 5.6 0.4 0.00 0.0 0.0

AMERICAN WOODCOCK 0.00 0.0 0.0 0.00 0.0 0.0, 0.00 0.0 0.0 0.14 2.4 0.2

MOURNING DOVE 0.00 0.0 0.0 0.00 0.0 0.0 0.33 22.4 1.8 o.00 0.0 0.0

BLACk-BILLED CUCKOO 0.00 0.0 0.0 0.'00 0.0 0.0 0.00 0.0 0.0 0.14 2.4 0.2

RUBY-THROATED HUMMI4NGBIRD 0.00 0.0 0.0 0.2.9 4.8 0.6 0.17 5.6 0.4 0.00 0.0 0.0

DOWNY WOODPECKER 0.14 2.4 3.0 0.00 0.0. 0.0 0.17 2.8 0.2 0.00 0.0 0.0

NORTHERN FLICKER N0.00 0.0 0.0 0.29 24.0 3.1 0.33 5.6 0.4 0.57, 26.4 1.9

WOR FLYCA R 0.00 0.0 0.0 0.00 0.0 0.0 1.00 55.9 4.4 0.14 4.8 0.4

LEAST FLYCATCHER ' 0.00 0.0 0.0 0.29 9.6 1.2 0.00 0.0 0.0 0.00 0.0 0.0

EASTERN PHOEBE 0.00 0.0 0.0 0.14 2.4 0.3 0.50 8.4 0.7 0.29 12.0 0.9

GREAT CRESTED FLYCATCHER - 0.00 0.0 0.0 0.00 0.0 0.0 0.17 2.8 0.2 0.00 0.0 0.0

EASTERN KINGBIRD 0.00 0.0 0.0 0.43 9.6 1.2 0.83 14.0 1.1 0.00 0.0 0.0

BARN SWALLOW 0.00 0.0 0.0 0.00 0.0 0.0 0.17, 8.4 0.7 0.00 0.0 0.0.

BLUE JAY 0.00 0.0 0.0 0.14 4.8 0.6 0.00 0.0 0.0 0.43 9.6 0.7

ELACK-CAPPED CHIC KADEE 1.00 33.6 42i4 0.43 14.4 1.8 0.00 0.0 0.0 0.29 9.6 0.7

TUFTED TITMOUSE 0.43 7.2 9.1 0.00 0.0 0.0 0.00 0.0 0.0 0.14 2.4 0.2

HOUSE WREN 0.00 0.0 0.0 0.14 2.4 0.3 0.17 2.8 0.2 0.57 38.4 2.8

WINTER WREN 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 4.8 0.4

RUBY-CROWNED lI NGLET 0.00 0.0 0.0 0.14 4.8 0.6 0.00 0.0 0.0 0.14 4.8 0.4

BLWE-GRAY GNATCATCHER 0.00 0.0 0.0 0.14 2.4 0.3 0.00 0.0 0.0 0.14 2.4 0?2

EASTERN BLUEBIRD 0.14 4.6 6.1 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0

HERMIT THRUSH 0.00 0.0 0.0 0.00 0.0 0.0 0.00. 0.0 0.0 0.14 4.8 0.4

AMERICAN ROBIN 0.00 0.0 0.0 0.29 7.2 0.9 0.50 11.2 0.9 0.43 47. 3.5

GRAY CATBIRD 0.00 0.0 0.0 0.43 43.1 5.5 1.00 134.2 10.5 0.71. 67.1 4.9
NORTHERN MOCKINGBIRD 0.00 0.0 0.0 0.29 4.8 0.6 0.00 0.2 0.5 0.71.00 0.0 0.0

BROWN THRASHER 0.00 0.0 0.0 0.57 12.0 1.5 0.50 14.0 X.1 0.29 9.6 0.7

CEDAR WAXWING 0.14 2.4 3.0 0.14 4.8 0.6 0.33 16.8 1.3 0.57. 26.4 1.9

EUROPEAN STARLING 0.29 12.0 15.2 1.00 26.4 3.4 1.00 64.3 5.1 0.86 397.9 29.1

WRITE-EYED VIREO 0.00 0.0 0.0 0.29 4.8 0.6 0.00 0.0 0.0 0.00 0.0 0.0

SOLITARY VIREO 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.29 9.6 0.7

RED-EYED VIREO 0.00 0.0 0.0 0.00 0.0 0.0 0.17 2.8 0.2 0.29 7.2 0.5

BLUE-WINGED WARBLER 0.00 0.0 0.0 0.43 9.6 1.2 0.67 11.2 0.9 0.00 0.0 0.0

GOLDEN-WINGED WARBLER 0.00 0.0 0.0 0.43 9.6 1.2 0.83 22.4 1.8 0.00 0.0 0.0

TENNESSEE WARBLER 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 9.6 0.7

YELLOW N WARBLER 0.00 0.0 0.0 0.43 38.4 4.9 1.00 95.1 7.5 0.00 0.0 0.0

CHESTNUT-SIDED WARBLER 0.00 0.0 . 0.0 0.14 4.8 0.6 0.17 2.8 0.2 0.00 0.0 0.0

MAGNOLIA WARBLER 0.00 0.0 0.0 0.14 2.4 0.3 0.00 0.0 0.0 0.14 2.4 0.2

YELLOW-RUMPED WARBLER 0.00 0.0 0.0 0.29 7.2 0.9 0.00 0.0 0.0 0.29 36.0 2.6

PRAIRIE WARBLER 0.00 0.0 0.0 0.57 33.6 4.3 0.83 33.6 2.6 0.14 2.4 0.2

PALM WARBLER 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.29 7.2 0.5

AMERICAN REDSTART 0.00 0.0 0.0 "0.29 4.8 0.6 0.33 11.2 0.9 0.00 0.0 0.0.

WORM-EATING WARBLER 0.00 0.0 0.00 0.0 0.0 0.17 2.8 0.2 0.00 0.0 0.0

COMmON YELLOWTHROAT 0.00 0.0 0.0 0.43 83.9 10.7 1.00 151.0 11.9 0.57 71.9 5.3

WILSON S WARBLER 0.00 0.0 0.0 0.14 4.8 0.6 0.00 0.0 0.0 0.00 0.0 0.0

YELLOW-BREASTED CHAT 0.00 0.0 0.0 0.43 14.4 1.8 1.00 53.1 4.2 0.00 0.0 0.0

SCARLET TANAGER 0.00 0.0 0.0 0.00 0.0 0.0 0.50 8.4 0.7 0.00 0.0 0.0

NORTHERN CARDINAL 0.00 0.0 0.0 0.71 28.8 3.7 0.83 19.6 1.5 1.00 40.7 3.0

ROSE-BREASTED GROSBEAK 0.00 0.0 0.0 0.43 14.4 1.8 0.50 14.0 1.1 0.00 0.0 0.0

INDIGO BUNTING 0.00 0.0 0.0 0.00 0.0 0.0 1.00 30.8 2.4 0.00 0.0 0.0

RUPOUS-SIDED TOWHEE 0.00 0.0 0.0 0.57 31.2 4.0 1.00 39.1 3.1 0.71 59.9 4.4

AMERICAN TREE SPARROW 0.29 12.0 15.2 0.00 0.0 0.0 0.00 0.0 0.0 0.14 12.0 0.9

CHIPPING SPARROW 0.00 0.0 0.0 0.14 2.4 0.3 0.00 0.0 0.0 0.00 0.0 0.0

FIELD SPARROW 0.00 0.0 0.0 0.86 134.2 17.2 1.00 206.9 16.3 0.71 55.1 4.0

SONG SPARROW 0.00 0.0 0.0 1.00 88.7 11.3 1.00 86.7 6.1B 0.86 86.3 6.3

LINCOLN'S SPARROW 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.43 12.0 0.9

SWAMP SPARROW 0.00 0.0 0.0. 0.14 2.4 0.3 0.00 0.0 0.0 0.00 0.0 0.0

WHITE-THROATED SPARROW 0.00 0.0 0.0 0.14 2.4 0.3 0.00 0.0 0.0 0.43 182.2 13.3

WHITE-CROWNED SPARROW 0.00 0.0 0.0 0.14 . 2.4 0.3 0.00 0.0 0.0 0.29 14.4 1.1

DARK-EYED JUNCO 0.14 2.4 .3.0 0.00 0.0 0.0 0.00 0.0 0.0 0.29 33.6 2.5

RED-WINGED BLACKBIRD 0.14 2.4 3.0 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0

BROWN-HEADED COWBIRD 0.00 0.0 '0.0 0.57 31.2 4.0 0.67 11.2 0.9 0.00 0.0 0.0

NORTHERN ORIOLE 0.00 0.0 0.0 0.00 0.0 0.0 0.17 11.2 0.9 0.29 7.2 0.5

AMERICAN GOLDFINCH 0.00 0.0 0.0 0.43 47.9 6.1 1.00 72.7 5.7 0.71 43.1 3.2

- 79.1 100.0 - 781.4 100.0 - •1272.4 100.0 - 1366.3 100.0
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Table H-6

Frequency (F), mean density (MD), and relative density (RD) of birds observed in Transmission Corridor Field during
winter, spring, summer, and autumn counts, 1984.

WI NTER SPRING SUMMER AUTUMN

SPECIES F MD RD F'. MD RD F MD RD F M RD

MAL 4ARD 0.00 0.0 0.0 0.00 0.0 0.0 0.14 3.3 0.3 0.00 0.0 0.0
AMERICAN WOODCOCK 0.00 0.0 0.0 0.14 3.3 0.5 0.14 3.3 0.3 0.00 0.0 0.0
RUBY-THROATED HUMMINGBIRD 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 3.3 0.5
NORTHERN FLICKER 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 3.3 0.5
WILLOW FLYCATCHER 0.00 0.0 0.0 0.14 6.6 '1,0 1.00 88.9 7..3 0.00 0.0 0.0
EMPIDONAX FLYCATCHER SP. 0.00 0.0 0.0 0.14 3.3 0.5 0.00 0.0 0 0 0.00 0.0 0.0
EASTERN PHOEBE 0.00 0.0 0.0 0.00 0.0 0.0 0400 0.0 0.0 0.29 26.3 3.9
WESTERN KINGBIRD 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 6.6 1.0
EASTERN KINGBIRD 0.00 0.0 0.0 0.14 3.3 0.5 0.14 3.3 0.3 0.00 0.0 0.0
TREE SWALLOW 0.00 0.0 0.0 0.00 0.0 0.0 0.14 3.3 0.3 0.00 0.0 0.0
BANK SWALLOW 0.00 0.0 0.0 0.00 0.0 0.0 0.14 3.3 0.3 0.0.0 0.0 0.0
BARMSWALLOW 0.00 0.0 0.0 0.29 9.9 1.4 0.43 9.9 0.8 0.00 0.0 0.0
BLUE JAY 0.00 0.0 0.0 0.14 23.0 3.3 0.00 0.0 0.0 0.29 6.6 1.0
AMERICAN CROW 0.14 3.3 4.3 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0
BLACK-CAPPED CHICKADEE 0.14 3.3 4.3 0.43 19.7 2.9 0.29 13.2 1.1 0.14 3.3 0.5
TUFTED TITMOUSE 0.00 0.0 0.0 0.00 0.0 0.0 0.14 6.6 0.5 0.14 6.6 1.0
HOUSE WREN 0.00 0.0 0.0 0.00 0.0 0.0 0.100 0.0 0.0 0.43 19.7 2.9
RUBY-CROWNED KINGLET 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 6.6 1.0
BLUE-GRAY GNATCATCHER 0.00 0.0 0.0 0.14 3.3 0.5 0.00 0.0 0.0 0.14 3.3 0.5
EASTERN BLUEBIRD '0.00 0.0 0.0 0.14 6.6 1.0 0.00 0.0 0.0 . 0.71 59.2 8.7
AMERICAN ROBIN 0.00 0.0 0.0 0.43 29.6 4.3 0.71 75.7 6.2 0.29 9.9 1.4
GRAY CATBIRD 0.00 0.0 0.0 0.29 16.5 2.4 0.86 59.2 4.9 0.14 6.6 1.0
NORTHERN MOCKINGBIRD 0.00 0.0 0.0 .0.14 3.3 0.5 0.00 0.0 0.0 0.14 6.6 1.0
CEDAR WAXWING 0.00 0.0 0.0 0.00 0.0 0.0 0.71 59.2 4.9 0.14 9.9. 1.4
EUROPEAN STARLING 0.00 0.0 0.0 0.14 9.9 1.4 0.14 .;3.3 0.3 0.00 0.0 0.0
TENNESSEE WARBLER 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 3.3 0.5
NASHVILLE WARBLER 0.00 0.0 .0.0 0.00 0.0 :0.0 0.00 0.0 0.0 0.14 6.6 1.0
YELLOW WARBLER 0.00 0.0 0.0 0.29 13.2.- 1.9 0.86 42.8 3.5 0.00 0.0 0.0.
YELLOW-RUMPED WARBLER 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.29 82.3 12.1

-PRAIRIE WARBLER 0.00 0.0 0.0 0.29 6.6 1.0 0.00 0.0 0.0 0.00 0.0 0.0
PALM WARBLER. 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 6.6 1.0
COMMON YELLOWTHROAT 0.00 .0.0 0.0 0.43 16.5 2.4 1.00 65.8 5.4 0.43 59.2 8.7
NORTHERN CARDINAL 0.14 6.6 8.7 0.43 9.9 1.4 0.86 36.2 3.0 0.43 13.2 1.9
ROSE-BREASTED GROSBEAK 0.00 0.0 0.0 0.14 3.3 0.5 0.00 0.0 0.0 0.00 0.0 0.0
BLUE GROSBEAK 0.00 0.0 0.0 .0.00 0.0 0.0 0.00 0.0 0.0 0.14 3.3 0.5
INDIGO BUNTING 0.00 0.0 0.0 0.00 0.0 0.0 0.43 16.5 1.3 0.14 3.3 0.5
RUFOUS-SIDED TOWHEE 0.00 0.0 0.0 0.14 3.3 0.5 0.29 6.6 0.5 0.14 3.3 0.5
AMERICAN TREE SPARROW 0.43 32.9 43.5 0.14 9.9 1.4 0.00 0.0 0.0 0.14 36.2 5.3
FIELD SPARROW 0.00 0.0 0.0 0.71 240.3 34.9 -1.00 286.4 23.5 0.86 79.0 11.6
VESPER SPARROW 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 3.3 0.5
SAVANNAH SPARROW 0.00 0.0 0.0 .0.00 0.0 0.0 0.00 0.0 0.0 0.14 9.9 1.4
GRASSHOPPER SPARROW 0.00 0.0 0.0 0.14 3.3 0.5 0.00 0.0 0.0 0.14 6.6 1.0
SONG SPARROW 0.14 3.3. 4.3 1.00' 154.7 22.5 1.00 250.2 20.5 0.86 121.8 17.9
LINCOLN'S SPARROW 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.43 19.7 2.9
WHITE-THROATED SPARROW 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.14 6.6 1.0
WHITE-CROWNED SPARROW 0.00 0.0 0.0 0.00 0.0. 0.0 0.00 0.0 0.0 0.14 3.3 0.5
DARK-EYED JUNCO 0.14 26.3 34.8 0.00 0.0 0.0 0.00 0.0 0.0 0.14 9.9 1.4
RED-WINGED BLACKBIRD 0.00 0.0 0.0 0.29 9.9 1.4 0.57 13.2 1.1 0.00 0.0 0.0
EASTERN MEADOWLARK . 0.00 0.0 0.0 0.00 0.0 0.0 0.14 3.3 0.3 0.14 9.9 1.4
COMMON GRACKLE 0.00 0.0 0.0 0.43 56.0 8.1 0.57 65.8 5.4 0.00 0.0 0.0
BROWN-HEADED COWBIRD 0.00 0.0 0.0 0.14 6.6 1.0 0.29 6.6 0.5 0.14 3.3 0.5
ORCHARD ORIOLE 0.00 0.0 0.0 0.00 0.0 0.0 0.14 3.3 0.3 0.00 0.0 0.0
NORTHERN ORIOLE 0.00 0.0 0.0 0.00 0.0 0.0 0.29 9.9 0.8 0.00 0.0 0.0
AMERICAN GOLDFINCH 0.00 0.0 0.0 0.43 16.5 2.4 0.86 82.3 6.7 0.14 13.2 1.9

- 75.7 100.0 - 688.0 100.0 - 1221.2 100.0 '. - 681.4 100.0
- 75.7 100.0 - 688.0 100.0 - 1221.2 100.0 ' . - 681.4 100.0
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Table H-7

Significant results of Friedman's two-way analysis of variance test and Page's distribution-free test of ordered
alternatives of bird densities in different seasons in Council Cup and TR419 Forests, 1979-84, and Switchyard and
Transmission Corridor Fields, 1979-84 (' - P<0.05, * = P<0.01). DF for Friedman's statistic equals one less
than the number of years tested.

SPECIES SEASON YEARS FRIEDMAN'S PAGE'S 'L' TREND
STATISTIC (X

2) STATISTIC

COUNCIL CUP.FOREST

TUFTED TITMOUSE WINTER 5 6.600 338.5' +

WHITE-BREASTED NUTHATCH WINTER 5 8.029 340.5* +

BROWN CREEPER WINTER 5 4.000 338.5 * +

GOLDEN-CROWNED RINGLET WINTER 5 6.029 338.5' +

DOWNY WOODPECKER SPRING .6 6.980 556.0*

BLUE JAY SPRING 6 6.837 563.5*" +

TUFTED TITMOUSE SPRING 6 9.122 566.5** +

WOOD THRUSH SPRING . 6 61286 552.0' +

YELLOW-HUMPED WARBLER SPRING 6 6.551 564.0** +

NORTHERN FLICKER SUMMER 6 16.449* 565.5' ÷

EASTERN WOOD-PEWEE SUMMER 6 11.122 578.0"* +

BLACK-CAPPED CHICKADEE SUMMER 6 19.429"* 602.5"" +

TUFTED TITMOUSE SUMMER 6 7.408 560.5* +

WOOD THRUSH SUMMER 4 4.243 189.0'" +

OVENBIRD SUMMER 6 10.041 571.5"* +

SCARLET TANAGER SUMMER 6 15.653* 554.0*

TUFTED TITMOUSE AUTUMN 6 8.633 555.0' +

TR419 FOREST

BLACK-CAPPED CHICKADEE

GOLDEN-CROWNED KINGLET

BLACK-CAPPED CHICKADEE

TUFTED TITMOUSE

OVENBIRD

NORTHERN CARDINAL

BROWN-HEADED COWBIRD

EASTERN WOOD-PEWEE

GREAT CRESTED FLYCATCHER

BLACK-CAPPED CHICKADEE

TUFTED TITMOUSE

WOOD THRUSH

CEDAR WAXWING

BLACK-AND-WHITE WARBLER

OVENBIRD

HOODED WARBLER

ROSE-BREASTED GROSBEAK

RUFOUS-SIDED TOWHEE

BROWN-HEADED COWBIRD

BLUE JAY

AMERICAN ROBIN

RUFOUS-SIDED TOWHEE

WINTER

WINTER

SPRING

SPAING

SPRING

SPRING

SPRING

SUMMER

SUMMER

SUMMER

SIMMER

SUMMER

SUMMER

SUMMER

SUMMER

SUMMER

SUMMER

SUMMER

SUMMER

AUTUMN

AUTUMN

AUTUMN

11..857'

13.200*

7.449

17.673"*

5.449

11.673

15.143'

10.122

7.122

11.245

12.490

13.735'

13.959'

19.490"*

10.571'

15.673'

11.100'

16.429'

7.000

13.796'

4.122

9.653

342.5*
392.5

558.5*

591.0"*

552.0*

550.5*

525.5

555.5*

561.0'

569.5**

573.5**

545.5

517.5

517.0

94.0**

554.0'

189.0'

597.0"*

564.0**

508.5

550.5*

575.0**

+

+

4.

4.
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Table H-7 (cont.)

SPECIES SEASON YEARS FRIEDMAN'S PAGE'S 'L' TREND
STATISTIC (X2) 'STATISTIC

SWITCHYARD FIELD

BLACK-CAPPED CHICKADEE WINTER 5 6.600 347.0"* +

GRAY CATBIRD SPRING 6 5.000 551.5* +

EUROPEAN STARLING SPRING 6 14.592* 552.0* +

YELLOW WARBLER SPRING 6 4.714 555.0* +

PRAIRIE WARBLER SPRING 6 4.816 555.5* +

FIELD SPARROW SPRING 6 15.082- 554.0* +

SONG SPARROW SPRING 6 .15.878* 587.0** +

WILLOW FLYCATCHER SUMMER 6 21.796** 601.0"* +

GRAY CATBIRD SUMMER 6 27.082"* 619.0"* +

CEDAR WAXWING SUMMER 6 9.306 557.5*

EUROPEAN STARLING SUMMER 6 13.122" 532.0

YELLOW WARBLER SUMMER 6 24.367** 613.5** +

COMMON YELLOWTHROAT SUMMER 6 15.857* 531.5

YELLOW-BREASTED CHAT SUMMER 6 11.776 550.0o +

SONG SPARROW SUMMER 6 12.857* 530.0

AMERICAN GOLDFINCH SUMMER 6 . 13.000' 564.0"* +

COMMON YELLOWTHROAT AUTUMN 6 8.735 561.5*

NORTHERN CARDINAL AUTUMN 6 15.000'* 583.0** +

AMERICAN GOLDFINCH AUTUMN 6 18.796** 558.5* +

TRANSMISSION CORRIDOR FIELD

FIELD SPARROW SPRING 5 5.086 338.0' +

RED-WINGED BLACKBIRD SPRING 5 16.257** 365.5"*

WILLOW FLYCATCHER SUMMER 6 23.041** 600.5** +

AMERICAN ROBIN SUMMER :6 .9.898 569.0"* +

GRAY CATBIRD SUMMER 6 6.041 563.0** +

CEDAR WAXWING SUMMER 6 6.980 554.0* +

YELLOW WARBLER SUMMER 6 10.837 572.5** +

NORTHERN CARDINAL SUMMER 6 13.714' 583.5** "

RUFOUS-SIDED TOWHEE SUMMER 4 11.014" 187.5

RED-WINGED BLACKBIRD SUMMER 6 12.245 572.0"*

COMMON GRACKLE SUMMER 6 5.571 550o0** +

AMERICAN GOLDFINCH SUMMER 6 5.265 553.0* +
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Table H-8S

2Number, density (no./km2) , and relative density (RD) of breeding pairs observed in Council Cup and TR419
Forests and Switchyard and TranSmission Corridor Fields during the breeding bird studies, .17 February.
through 14 September 1984.

O dUP FORET TR419 FOREST . SITYARD FID TC FIEL

NEST LO=CN/SPECIES PAIRS DEN~SITY RD PAIRS DENSITY RD PA116 DENSITY RD, PAIRS DENSITY RD

GROND
.VI I1Lam 0 0 0

V RUFM" GRt3SE 0 0 0
IBIE-wom) w 0 0 0

GOfDLE-WINGE WARBLER 0 0 0
V/ BLACK-AND-.,E WARBLER 2.0 33 4.1

' iRR-EATING WRBLER 0 0 0
V OYMIRD '6.5. 108 13.3
V, c• 9C EYf .L,,fmT 0 0 0
I muiJS-SIDED 7WHEE 0.5 8 1.0

FIELD SPAR]W 0 0 0
SO N SPARRW 0 0 0

TOML .9.0 149 18.4

0 '0 0
+ 0 0
0 0 0
0 0 0
3.0 27 4.6
1.0 9 1.5
6.0 54 9.2
+ 0 0
4. 0 0

0 0 0
0 0 0

10.0 90 15.4

0
0
1.0
i!0
0
0
0
9.5
3.0

11.0
6.5

32.0

0
0

17
17
0
0
0

158
50

183
108

533

*0
0
1.4
1.4
0
0
0

13.6
4.3

15.7
9.3

45.7

1.0
0
0.
0
0
0
0
2.5

10.0

22.*0

23 2.9
0 0
0 0
0 0
0 0
0 0
0 0

SIB 7.2
0 0

230 29.0
196 24.6

507 63.8

vTITYW. PI~

BANN SWALLO

TOTAL

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

CAVITY
0 " DOWNY UIOOP 1.5 25 3.1.
V N R OODPME 0.5 8 1.0
/ NORT0i FLICKER + 0 0

PnI T W + 0 0
G GMT CMESD FLYO-UM 2.5 42 5.1

, L Z.-OLPO CHICKDE 6.0 100 12.2
TUTED TITHIZE 1.5 25 3.1
Wfr-BTMS NLt•HATCH 1.0 17 2.0
.BROWN CREE 1.0 17 .
Ha MXE ND 0 0 0

ELUPmNs STARLING 0 0 0

14.0 233 28.6

2.5 23 3.8
+ 0 0
1.0 9 1.5.

0 0
+ 0 •0
6.0 54 9.2
4.0 36 6.2
+ 0 0
1.0 9 1.5
+ 01 0
0 0 0

14.5 131 22.3

0
0
0
0
0

0
0

+

1.5

1.5

0
0
0
0
0
0
0
0
0
0

25

25

0
0
0
0
0
0
0
0
0
0
2.1

2.1

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 10
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0 0

COPE'S HAMtI 0 0
81()AD-WINGE HAM 0 0
GREA HONDW + 0
RZY-THRlAXE HUMKDKM3M .0 0
EkS"B WOOD--PEn 4.0 67

VI wimn~ F~m 0 0
EkS. K3NB32 0 0

VI m~ JAY 2.5. 42
VI CA CROW ~ 0 0
EE-GRAY GN4TA20.T 1.*0 17
WOW t T nixs 3.0 50
AMRIA ROBIN + 0

VIGRAY cimauo 0 0
BROW THRASHlERS 0 0
CEDA RXXWIN 2.0 33
WHITE-EYE VIRS 0 .0
R!VI EY vIRB 5.0 83
YVI U WARB 0 0
PRARI WARBLER 0 0

VI CAN~~?1 E=TAM 0 0
HODE WARBLE 0 0

VI CWBPM CHAT~ 0 0
VISC~zT rANAG .2.5 42

NV TH1 CADIA 0 0
VI WE-BRESM1 GROSEAK 1.5 25
VINDIGO B=INfG + 0

anTXPP SPAIUM 1.5 25
VI -WINGM EmCBIR 0 0

COMO GRCL 0 0
NMMM o~allCL 0.5 8
PURPLE FDINC + 0
AMRIA GOLDF~ x~INCH 0 . 0

0
0
0
0
8.2
0
0
5.1
0
2.0
6.1
0
0
0
4.1
0

10.2
0
-0
0.
0
0
5.1
0
3.1
0
3.1
0
0
1.0
0
0

+ 0
+ 0
+ 0
0 0
3.0 27
0 0
0 0
4.0 36
+ 0
0.5 5
5.0 45
1.0 9
2.5 23
0 0
1.0 9
o0 0
5.0 45
0 0
0 0
2.5 23
1.0 9
0 0
6.0 54
3.0 27
2.0 18
+ 0
0 0
0 0
0 0
0.5 5
0 0
0. 0

0

0.

0
4.6
0
0.
6.2
0
0.8
7.7
1.5
3.8
0
1.5
.0
7.7
0
0
3.8
1.5
0
9.2
4.6
3.1
0
0
0
0
0.8
0
0

.0 0
0 0
0 0
+ 0
0 0
2.5 42
0.5 8
0 0
0 0
0 0
0 0

.0.5 "8
6.0 100
1.0 17
2.0 33
+ 0
+ 0
6.0 100
3.5 .58
1.0 17
0 0
2.0 33
0 0

.2.0 33
1.0 17
2.5 42
0 0
0 0
0 0
0 0
0 .0
5.0 83

0
0
0
0

3.6
0.7
0'
0
0
0
0.7
8.6
1.4
2.9

.0
0
8.6
5.0
1.4
0
2.9
0
2.9.
1.4
3.6
0

0
0.
0

7.1

0
0
0
0
0
3.0

0
0
0
0
1.5
1.5
01

.
0
0
2.0
0
0
0
0
.0

0
0.5
0
0.5

0
0
3.0

0
0
0
0
0

69
0
0
0
0
0

34
34
0
0
0
0

46
0
0
0
0
0
0
0

12
0

12
0
0
0

69

0
0oj
0
0
8-.7
0
0
0~
0
0
4.3
4.3
0
0
0
0
5.8
01
0
0
0
.0
0
0
1.4
0
1.4
0
0
0
8.7

. 70MU. 23.5 392 48.0 37.0 335 56.9 35.5 591 50.7 12.0 276 34.8

SOCIAL PARASITE
BRONEDED COWIRD 2.5 42 5.1 3.5 32 5.4 1.0 23 1.4 . 0.5 8 1.4

TOTAL 49.0 817 - 65.0 588 70.0 1174 - 34.5 79.5

VI NEM OF' THESE SPECIES WAS oomm4 IN AT LEAST GN PLoT By oBSE~vDNG NEST OR FLEINGS0 .
* HE=D ON TRANSISSION 70WERS OR SWI fCHYAR ~UREcunr.
+ A PAIR HkINA134E) LESS THAN 0.-5 OF. A HCME RANG IN THE DESIGNAS= PLX.0
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Table H-9

Significant results of Spearman's rank correlation coefficient (rs) between

breeding bird densities and years observed, 1979-84 (* = P<0.05, *= P<0.01).

SPECIES OR GROUP r TREND

COUNCIL CUP FOREST
EASTERN WOOD-PEWEE 0,. 886* +
BLACK-CAPPED CHICKADEE 0.829* +
CHIPPING SPARROW 9.914* +
CAVITY-NESTING SPECIES 0.98** +
LIMB-NESTING SPECIES 0.886* +

TOTAL 0.943** +

TR419 FOREST
BLACK-CAPPED CHICKADEE 1.000** +
TUFTED TITMOUSE 0.957** +
RED-EYED VIREO 0.943** +
SCARLET TANAGER O.900tf +
CAVITY-NESTING SPECIES 0.971** +
LIMB-NESTING SPECIES 0.943** +

TOTAL .0.943** +

SWITCHYARD FIELD
WILLOW FLYCATCHER 0.886* +
GRAY CATBIRD 0.929* +

.YELLOW WARBLER 0.986** +
PRAIRIE WARBLER 0.986** +
FIELD SPARROW 0.971" +
AMERICAN GOLDFINCH 0.900* +
GROUND-NESTING SPECIES 0.943"* +
LIMB-NESTING SPECIES 1.000"* +

TOTAL 1.000** +

TRANSMISSION CORRIDOR FIELD
WILLOW FLYCATCHER 0.929*
YELLOW WARBLER 0.957** +
FIELD SPARROW 0.843* +
SONG SPARROW 0.843* +
GROUND-NESTING SPECIES 0.886*
LIMB-NESTING SPECIES 0.900* +

TOTAL 0.943** +
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Table H-10

Number of water birds observed during eight counts on the Susquehanna River, 24 February through 25 April 1984.

spea ES 24 FEB 2 MR. 19 M'R 27 MAR 3 APR U APR 18 APR 25 APR IEMN %3rum

QMT BLUE HERCH
BLCK-aROWNE NIGHT-4HEION
CANADA =VK

AMERICAN BLMM WXK

PJCRIORN WIGMN
RING-NEC3 DUCK'
GREATER SCLJP

COWCH MERGNSER

SPOITD SANPIPER
8O4APAM8'S MMl

HERING aixL

BETE SINGFISHER

0 0 0 1 0 0
5 5 ,3. 6 5 3
0 0 0 0 0 0

26 175 378 0 10 10
0 4 24 ,23 28 16

10 31 18 0 1 7
0. 1 0 0 0 0
4 103 15 16 18 .22
0 0 0 2 0 0
0 0 3 6 .0 0
0 0 6 1 6 4
0 0. 26 0 0 0
0 0 6 2 0 0
0 0 3 0 0 0
4 0 32 6 U 0

40 60 61 37 34 9
0 0 0 0 0. 0
0 1 0 0 0 0

00 0 0 0 0 0
0 0 0 0 1 0
0 0 71 6 0 0
0 0 22 0 0 0
0 0 0 0 0 0
2 0 1 2 ' 3 2

91 380 669 108 117 73

0 0 0.1 0.1
0 2 3.6 1.8
3 0 0.4. 0.2
8 8. 76.9 38.8

26 18 17.4 8.8
3 2 9.0 4.5
0 0 0.1 0.1

20 18 27.0 13.6
0 0 0.3 0.1
0 0 1.1 0.6
0 0 2.1 1.1
0 0 3.3 1.6
0 0 1.0 0.5
0 0 0.4 0.2
0 4 7.1 3.6
9 11 32.6 16.5
.0 3 0.4 0.2
0 0 0.1 0.1
1 0 0.1 0.1
0 0 0.1 0.1
o * 9.9 5.0

0 0 2.8 1.4
0 2 0.3 0.1
6 0 2.0 1.0

76 70 198.0

. I
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Table H-tl

Weekly bird impaction totals from Unit 1 and 2 -cooling towers, 19 March through 8 June 1914.

MAR APR MAY JUN

FAMILY/SPECIES 19-23 26-30 2-6 9-13 16-20 23-27 30-4 7-11 14-18 21-25 28-1 4-8 TOTA

UNIT l

VIREONIDAE
YELLOW-THROATED VIREO .. 0 0 0 . 0 0 .0 0 0 . 1 0 10 0 1

TOTAL INDIVIDUALS
TOTAL SPECIES

0 0 .0
0 0 0

0 0 0, 0 0
0 0 *0 0 0

1 0 0 0 1
1 0 0 0 1

UNIT?2

ACCIPITRIDAE
COOPER'S HAWK

COLUMBIDAE
ROCK. DOVE

VIREONIDAE
RED-EYED VIREO

EMBERIZIDAE
MAGNOLIA WARBLER
BL&CKBURNIAN WARBLER
COMMON YELLOWTHROAT

0

0

0

0
0
0

0 1

0 1

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

0 0

0 0

0 0

0 0
0 0
0 1

0

0

1

2
2
1

0

0

0

0
0
1

0 1

0 1

0 1

0 2
0 2
0 3

TOTAL INDIVIDUALS
TOTAL SPECIES

0 0 2
0 0 2

0 0 * 0 * 0 0 1 6 * * 1 * 0 10
0 0 0 0 .0 1 4 1 0 6



Table H-12

Weekly bird impaction totals from' Unit 1 and 2 cooling towers, 20 August through 9 November 1984.

AUG SEP OCT NOV -
FAMILY/SPECIES- 20-24 27-31 4-7 10-14 . 17-21 24-28 7-5 8-12 15-19 22-26 29-2 5-9

UNIT 1

MIMIDAE
GRAY CATBIRD 0 0 00 0 0 0

VIREONIDAE
RED-EYED VIREO 0 0 0 0 0 0 .0 3 0 0 0 0

EMBERIZIDAE
BLACKBURNIAN WA:RLER 0 1 1 0 0 0 0 0 0 0 0 0.
BLACKPOLL WARBLER 0 0 0 0 1 0 0 0 0 0 0 0
COMMON YELLOWTHROAT 0 0 0 0 1 0 0 0 0 0 0 0
UNIDENTIFIABLE WARBL:R 0 1 0 0 0 0 0 0 0 0 0 0

TOTAL INDIVIDUALS 0 2 1 0 3 0 0 3 0 0 0 0
TOTAL SPECIES 0 2 1 0 3 0 0 1 0 0 0 0,

UNIT 2

VIREONIDAE I

SOLITARY VIREO 0 0 0 0 0 0 1 0 0 0 0
RED-EYED VIREO 0 0 0 0 1 0 0 0 0 0 0 0

EMBERI Z IDAE
BLACKPOLL WARBLER . 0 0 0 0 0 0 0 0 1 .0 0 0
OVENBIRD 0 0 0 1 0 0 0 0 0 0

TOTAL INDIVIDUALS 0 0 0. 0 2 0 1 0 1 0 0 0
TOTAL SPECIES 0 0 0 0 2 0 0 1 0 0 0,
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PIED-BILLED GRESE

mnsZNEO GptRE

DOURLE-CRESTED CORMORANT

AMERICAN BITTERN

LEAST BITTERN

IREAT BLUE NERON

GREAT EGRET

GREEN-BACKED E•RON

a8LACI-CROWNED I OGHT-HERON

TUNDRA SWAN

SNOW GOOSE

CA14AOA GOOSE

WOOD DUCK

GREEN-WINGED TEAL

ASERICAM BLACK DUCI

KRLLARD-BLACR DUCK HYRSID

MALLARD

NORTHERN PINTAIL

SLUE-WINGED TEAL

GADWALL

AMERICAN WIGEON

RING-NECRD DUCK

GREATER SCAUP

OLDSOUAW

COMMON GO LDE4EE

BUFFLEREAD

HOODED MERGANSER

CO.PnIN CAEGANESR

LED-*SREA•rtToD MERGANSER

RUDDY DUCK

TURKEY VULTURE

OSPREY

BALD EAGLE

NORTHERN HARRIER
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324

RING-NeCImHE PHEAS?"IT -

RUP ED (MOUSE

WILD TURKEY

VIRGINIA PAIL

SOPA'

AMERICAN COOT

BLACI-BELLIED PLOVER

KILI.DEER

GREATER YE LLOWLEGS

LESSER YELLOWLEGS

SOLITARY SANDPIPER

SPOTTED SANDPIPER

LEAST SANDPIPER

PECTORAL SANDPIPER

COMMON SNIPE

AMERICAN WOODCOCK

BONAPARTE 'S GULL

RIG-NG LLED GULL

HEltPNG GULL

COMMON TERN

ROCK DOVE

NOUpINNG DOVE

BLACK-SILLeD CUCKO

YELLOW-BILLED CUCN0O

COMW3N BARN-OWL

EASTERN SCRErCH-IWL

GREAT HOPMED O(4,

COMMON NI GHTHAWK

CHIMNEY SWIFT

RUsy-THROATED HUMMI NG I RD

BELTED KINGFISHER

RED-READED WOODPECKER

BED-BELLIED WOODPECKER

YELLOW-BELLIED SAPSUCKER

DOWNY WOODPECKER

HAIRY NOOOPECKEP

NORTHERN PLICKER

PILEATED WOODPECKER

OLIVE-SIDEOD FLCATCHER

EASTERN NOGD-PEWEZ

UI

- U

II

i

• HI

nU

nMFB N AR A U U AUG SE C O E

, I

Fig. H-I (cont.)



325

YELLOW-BELLIED I LYCAT04ER

ACADIAN FLYCATCHER .

WILLOW FLYCATCHER

LEAST FLYCATCHER 3

EASTERN PHOEBE

GREAT CRESTED FLYCATCHER

WESTERN KING•IRD I

EASTERN KINGBIRD

PURPLE MARTIN-

TREE SWALLOW

WORTRERN ROUGM-WýIGED SWALLO*

BANE SWALLOW

CLIFF SWALLOW

BARN SWALLOWN

BLUE JAY.

AMERICAN CROW

FIRS CROW l

COM•,OP RAVEN U

BLACS-CA; PED CHICKA•EE

TUFTED TITNrJSE

REDO-REASTED NUTHATCH

WRI TE-BREASTED NUTHkTCH

BROWN CREEPER

CAROLINA WREN

ROUSE WREN

WINTER WREN

MRASE WREN n

GOLDEN-CROW ED I NG.ET

RUBY-CROWEO El NO.EI

BLUE-GRAY GNATCATCHER

EASTERN BLUEBIRD

VEERY

GRAY-CREERED THRUSR H 3

SWAINSOM S THRUSR * 3

HEREIT THRUSHN m

WOOD THRUSH

AMERICAN ROSIN I

GRAY CATBIRD

NORTRERN NOCEINWGIRD

BROWN THRASHER

JAW FES RAW APR MAY JUN JUL AUG SEP OCT NOV DEC

Fig. H-1 (cont.)



326
-1

CtI§AU WAX41'4G

EUROPEAN4 SrAIRL14

WHITE-EYED VIREO

SOLITAPY VIREO

YELLOW-THIwnArcO V!IRE9

WARLING VIREO

PHILADELPHIIA VIPC'7

RED-EYED VIREO

qtLUE!-WTIPJV WARBLERi

BREWSTER'S WIARBLER HYBRID

GO~LOR-W!NGt!) WARBLER

TEMNE55t WNRBLIRt

ORANGE-CROWNED WARBLER

%ASHVILLE WARBLER

WORTRE RM PARULA

YELLOW WAIRLIR

CtSINUT-SrOED WdARBLER?

14AGNOLIA HRROLER

CAPE WAY WARBRLER

BLACN-THROATED BLUE WAPBLEP

YELWW-RU40ED WARBLER

BLACK-THROAT.ED GREE'4 WABBLEP

*BLACIJURrNAN WARBLER

YELLOW-'rHROArED WARBLER

PIWE WARBLER

:PRAKIE 
WARBLER

PAL- WARBLER

BAY-GREASIEO WARBLEP

S LACKPOLL WARBLER

CEPULEJ6 WARBLER

SLACN-ARID-WAIE WARBLER

AMURICAN AEDSYART

PROT90RIOTARY WARBLER

WORMREAT1WG WARBLER

OelINBIRW

U

- m

-

0 I

- U U

m -

-

-

-

m U

U

U

U

*

U

NORTRERN WARTERTNUSW

LOUISIAA WhTZRIRRUSH

REHIYJCRY WARBLER

CONNECTICUT WARBLER

NO'JRNING WARBLER

a

a

a

JAN fe8 MAR APR MAY JUN JUL • AUG SeP OCT NOV DEC

Fig. H-i (cont.)



327 '

COMMON y• LLONffHROAT.

HOODED WARBtRP

WILSON' S WARBLER

CANADA WARBLER

YtLLOW-RRtASlrED CHAT'

SCARLET TANAGER

NORTHERN CARDINAL

ROSE-BREASTED GROSBEAK

suWE GuS•HIKr,

INDIGO BUWTIPG

RoPOUS-SIDeD' TOWHEE

AMERICAN TRPE SPARROW

CHIPPING. SPARROW

PZLD SPARROW

VESPER SPARROW

SAVANNAH SPARROW

GRASSHOPPER SPARROW

POE SPARROW

SONG SPARROW

LINCOLN'S SPARROW

SWAMP SPARROW

lHITE-4HROATED SPARROW

WH ITE-CROLKED SPARROW

DARE-EIO JU-16

SNOW SUNT1NG

SOBOLIWE

RED-WTIGSD BLAC I RD

P.ASTERN MEADOWLARK

RUSTY BLACINIRD

COMMON GRACKLE

fROII-fHADED' COWI [RD

ORCHARD ORhOLE

NORTHERN ORIOLE

PURPLE PINCH

HOUSE 11lMCR

PRima SISPIN

AMERICAN GDLDPI.%C

EVENING GROSSBAR

HOU4E SPARROW

U

U U

IU
ý I

U a

11110

EVEN

a

U

-,
I

- U ma

UI

jAN PER 1AR APR MAY JUN JUL AUG SEP OCT Nov DEC

Fig. H-1 (cont.)



328

15 COUNCIL CUP FOREST

14 1 MIGRANTS

13 U PERMANENT RESIDENTS

12-
II"

I0

9

8.

6.

5.

CJ)

" 0

m

LL
0

C,)o, II

Uw T R 419 FOREST
w0 0
Z 9
"Z 8

7
6

£

5-

3-

7 98081ý 82 83 84 7ý9808 82 83 84 79 80 81 82 8384. 78081 82-

WINTER SPRING SUMMER AUTU N

Fig. H-2

Total mean density of birds in each season in Council Cup Forest and

TR419 Forest, 1978-84.

83 84

AN



329

8

7-

6

5-

* 3- Cr n~ r

o

0
12 TRANSMISSION CORRIDOR FIELD'

w IO I
o 10-
z

S 9

8-

7-

5-6

4-

3-

79 8081 828ý384 79 80 81 82 83 84 79 80 81 8286384 79 808182 8'38ý4

WI NTER SPRING 'SUMMER, AUTUMN

Fig. H-3

Total mean density of birds in each season in Switchyard Field (1978-84)
and Transmission Corridor Field (1979-84). No counts were.conducted in

Transmission Corridor Field in the winter of 1979.



330 ,
ELIMB
'9 GROUND

El CAVITY
U PARASITE

9
8

Cr)

0,

0

F-

z
LdI1-

z

LUJ

WU

FORESTS
TR 419

FIELDS
12-

11- TRANSMISSION
CORRIDOR

9-

8-

7-

6-

5-
4-

3-

2-

I-
0-

79 80 81 82 83 84 79 80 81 82 83 84

Fig. H-4

Total breeding bird densities in Council Cup and TR419 Forests and Switchyard
and Transmission Corridor Fields, 1979-84.



331

450-

E UNIT I TOWER

1 UNIT 2 TOWER

PREOPERATION

- OPERATION

350-

bLJ

0- 25' o

C-)

i.M
0 250 400

UNI.T >

I.

LL • i L!

n 50- 300 0"

-LJ

I~ I o i<II IIII 1 1-

50 - I I200 L

0  T - T 0, .

SA S A S A SA SA S A S A

78 79 80 81 82 83 84

Fig. H-5

Total number of impacted birds collected at the Unit 1 and 2 cooling towers
of the Susquehanna SES during spring and autumn migrations from 1978 through
1984, with the elevation of each tower during the same period. No data were
collected at the Unit I tower before autumn 1978 and at the Unit 2 tower
before spring 1981.



332

ACKNOWLEDGMENTS

Special recognition is due Wayne B. Laubach and Linda S. lines for

computerization of data, statistical analyses, and assistance with

interpretation of the results. Sincere thanks are extended to Dr. Barry

Towers, Pennsylvania Department of Environmental Resources, for identification

of parasitic plant diseases. Credit is due to Harold W. Mohr, Jr. for

assistance with identification of larval fishes. Appreciation is extended to

Marion S. Hidlay who typed and collated the report and assured the uniformity

of its format. John Homa, Jr. is gratefully acknowledged for his constructive

review of this report. Jerome S. Fields, Pennsylvania Power and Light Company,

.also deserves credit for his guidance with various managerial aspects of the

project.



333

PERSONNEL INVOLVED IN THE PROJECT DURING 1984

Project Director
Theodore V. Jacobsen, A.A.S. Paul Smith's CollJege; A.S. Luzerne County

Community College; B.S. Cornell University; M.S. Iowa State University

Aquatic Research, Director
William F. Gale, B.A., M.S. Southern Illinois University; Ph.D. Iowa State

University

Terrestrial Research Director
James D. Montgomery, B.S. Bucknell University; M.S., Ph.D. Rutgers

University

Research Coordinator
William G. Deutsch, B.S. Houghton College; B.A. Bloomsburg University of

Pennsylvania; M.A. State University of New York at Binghamton

Research Biologists
Douglas A. Gross, B.S.. Pennsylvania State University; M.S. Bloomsburg

State College

Andrew J. Gurzynski, B.S. Bloomsburg State College

Linda S. Imes, B.S. Kutztown State College

Brian P. Mangan,, B.S. Pennsylvania State University; candidate for M.S.

Bloomsburg University of Pennsylvania

John L. Meyer, B.S. University of Connecticut; M.S. University of Hartford

Walter J. Soya, B.A. Hiram Scott College

David A. Stoner, B.S., Pennsylvania State University

Lynn S. Zelenak, B.A., M.A. Southern Illinois University

Research Assistants
John A. Breach, student at Columbia-Montour Area Vocational Technical

School

- Donald S. Karchner, candidate for B.S., Pennsylvania State University

Jami K. McGregor, candidate for B.S., Lycoming College



334

Research Assistants (cont..)
Mark A. Shelhamer, candidate for B.S., East Stroudsburg University of

Pennsylvania

Michael R. Shelhamer, candidate for BA., Bloomsburg University of

Pennsylvania

Theodore R. Smith, candidate for B.A., Bloomsburg University of

Pennsylvania

Ruth C. Sult, Berwick Area High School

Sharon A'. Wisniewski, student at Columbia-Montour Area Vocational Technical
School

Michael G. Wolf ord, candidate for B.S., Susquehanna University

Programmers
James M. Chance, B.A. Washington and Lee University; A.M. University of

Pennsylvania

Wayne B. Laubach, A.A.S. Luzerne County Community College; B.S. Bloomsburg
University of Pennsylvania

Executive Secretary
Marion S. Hidlay, CPS, Institute for Certifying Secretaries; A.S. Luzerne

CountyCommunity College

Draftsperson
Barbara L. Jacobsen, B.S. Iowa State University

Domestic
Catherine C. Barski



335
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Deutsch, W. G. 1984. Oviposition of Hydropsychidae (Trichoptera) in -a large
river. Can..J,. Zool. 62: 1988-1994.

Scuba observations in the Susquehanna River' revealed -that oviposition of

Cheumatopsyche speciosa and Hydropsyche phalerata began 26-44 min (mean, 33

min) after sunset and lasted for 19-30 min (mean, 24 min) Females oriented

into the current on acrylic plates and oviposited in 30-60 s. Cheumatopsycho

(probably C. speciosa) and H. phalerata egg 'masses contained a mean of 265

(134-504) and 367 (116-679) eggs, respectively; masses were largest and most

densely packed with eggs in mid-June. Cheumatopsyche egg masses (84% of' the

15,000 hydropsychid masses collected in 1981) were found from 21 May to 30

September; up to 980 egg masses/m2 /day occurred in mid-July. Hydropsyche

phalerata egg masses (15% of the total) were found from 22 May to 14

September.; up to 170 egg masses/m 2 /day occurred in early June. Both species

oviposited almost daily when river temperature exceeded 15 C. During a 30-day

period when river temperature and depth were stable, there was a highly

significant (P<0.01) positive correlation between- the number of Cheumatopsyche

egg masses and evening air temperature. Positive correlation between the

number of egg masses and river current (10-47 cm/s) at eight sites was highly

significant (P<0.01) for H. phalerata, but not for Cheumatopsyche (P>O.05).

Hydropsychid egg masses were widely distributed over an acrylic hemisphere in

a slow (15 cm/s) current, but were concentrated on the top, downstream portion

in a strong (58 cm/s) current.
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Deutsch, W. G. 1977. Fish parasites from the Susquehanna River in

Pennsylvania, with new host records. Proc. Pa. Acad. Sci. 51: 122-124.
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Va. Polytech. Inst. State Univ., Blacksburg, Va.
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a
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the Susquehanna Steam Electric Station - Progress Report for the Period
January-December 1974 (May 1976)

Ecological Studies of the North Branch Susquehanna River in. the Vicinity of
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