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FOREWORD

The research reported herein is part of the larger
_program of studies of the ﬁudson River estuary ecosystem
| begun by Consolidated Edison Company of New York, Inc.
(Con Edison) in June 1969 under the supervision of the
Hudson River Policy Committee. The initial data-base
survey was performed by the Raytheon Company, which iden-
tified life forms in the river, compiled quantitative data
on abundances through 1970, and monitored basic river
chemistry. Based on this information, Con Edison contracted
for a broad research program that includes diredt empirical/
eexperimental evaluation of ecological effects of the Indian
Point plant, as well as a mathematical-modeling approaéﬁ.

Three major research organizations are involved in the
overall study program: The New York University Medical
Center Laboratory for Environmental Studies is investigating
plant~-operation effects .on nonscreenable organisms; Texas
Instruments Incorporated is studying plant-operation ef-
fects on screenable organisms; Lawler, Matusky and Skelly
Engineers is résponsible for the development and use of a
mathematical model to predict entrainment and impingement.
effects on striped bass populations in light of present
and future water use.

This progress report to Con Edison documents the re-
sults of research carried out by'the New York University
Medical Center Laboratory for Environmental Studies during

197s6.
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The report summary is organized accordihg to the types
of stresses encountered by entrained organisms. The body
of the report, other than the introduction and the chapter
on physical/chemicél studies; is organized according to
the major biological groups studied (e.g. phytoplankton,
macrozooplankton; etc.). There is a chapter on each group,
the first part of which is devoted to studies of river
populations and the éecond to studies of entrainment effects
'conducted~(lf in the laboratory and (2) in the plant intake
and discharge canal and, occasionally, at other points in
the plant's cooling water system and at other locations.
The numbering of the chapter headings-and major subheadings
has been consistent throughout this series of progress
reports, even though not all subjects were covered in each
" report.

The personnel who pafticipated.in the research program
and the preparation of this rebort are listed below. The
abbreviations in parentheses indicate graduate degree programs

in progress.

Joseph M. O'Connor, Ph.D. Program Director
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SUMMARY

This report summarizes the progress of studies conducted
in 1976 to determine the effects of pump entrainment'by the
Indian Point nuclear power station on Hudson River organisms.
As in the four previous years' of study, emphasis was placed
on the potential effects of entrainment on organisms passing
through the plant's condenser cooling system.

In 1976 the Indian Point station included three completed
units (Unit 1, Unit 2 and Unit 3). Unit 1 was inoperative
the entire year. Unit 2‘was functional, but because of
scheduled and unscheduled plant shutdowns for maintenance
and repairs it operated sporadically during the year. None
of this operational.time'occurred during the "striped bass
season" from May through July. Unit 3 was operational with
at least three circulator pumps for the entire sampling
season. However, some samples (those for May 18 and 25)
were not taken at-the Unit 3 intake because the intake
structures were obstructed by the deployment of a wave-
-deflector.

River population sampling for all planktonic forms
except phytoplankton wés carried out in 1976 as in 1971
through 1975. Comparisons of abundance and physiology of
river populations will be limited to the years 1971, 1972,

and 1974 through 1976 because during the 1973 sampling
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season, Units 1 and 2 were off-line much of the time. The
baéic sampling program during 1976 focused on spatial and
temporal distribution of organisms entrained in the Unit 3
intakes.

As Unit 2 was inoperative for the major portion of the
~sample year, studies were limited to entrainment at Unit 3.
In addition, the in-plant studies Qere modified to include
the collection of river samples along a north-south station
parallel to the plant intakes simultaneous with each plant
sample. It was hoped that this sampling regime would provide
a better estimate of river populations susceptible to entrain-
ment. The velociﬁy-reduction cones employed on all sampling:
nets in the plant during 1974 and 1975 were removed because
they were considered ineffective in reducing net mortalitieé
by not reducing.the velocity of water flow écross the net
surface. The cones were replaced with flow-meters in order

to obtain better volume estimates during sample collection.

POPULATION STUDIES

The river biota population studies conducted in 1976
were designed to: 1l)measure the temporal and spatial distri-
bution of species susceptible to entrainment by the Indian
Point facility; and 2) determine whether observed damage to
entrained organisms adversely affected populations of those
organisms in the river. The results of population studies

completed in previous years are presented in our preceding
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progress reports (New York University Medical Center, 1973,

1975, 1976a).

Microzooplankton River Populations

River microzooplankton populations were dominated in
1976 by crustaceans (Phylum Arthropoda), rotifers (Phylum
Rotatoria) and protozbans (Phylum Protozoa). The most
abundant species‘were the estuarine copepods Eurytemora

affinis and Acartia tonsa. Subdominant species occurring in

the study area were the cyclopoid copepods Diacyclops bicus-

pidatus and Halicyclops fosteri, the cladocerans Bosmina

longirostris and Diaphanosoma brachyurum, the rotifer Keratella

cochlearis and the protozoans Centropyxis sp. and Carchesium
SP. « . |

The species list of microzooplankton observed in river
samples collected from 1971 tprough 1976 has shown little
change from year to year. The yearly appearance of the most
frequently occurring copepods and cladocerans (A. tonsa, E.

affinis, B. longirostris and D. brachyurum) was consistent

for all years. The most common rotifer in 1971 was Brachionus

angularis, while in 1974 and 1975 it was Nothalca accuminata.

In 1976 Keratella cochlearis was the dominant species. Two

protozoa Centropyxis sp. and Difflugia sp. were the dominant

species thrdughout 1971-1975. 1In 1976 Centropyxis sp. and

Carchesium sp. were the protozoa most frequehtly observed.

However, because of periodic blooms in 1976, the phytoflagel-
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lates Ceratium hirudinella and Eudorina sp. were the most

abundant protozoa.

The abundance of dominant and subdominant forms, as
well as less common species) varied significantly with
season andlwas correlated with the seasonal progression of
temperature in the ri&er and varying salinity in the vicinity
of the Indian Point plant. 'The microzooplankton community
was composed exclusively of estuarine and euryhaline freshwater
forms, with the species inventory for any sampling date
reflecting the typical microzooplankton successional pheno4
menon characteristic of Atlantic coastal estuaries.

River microzooplankton populations were greatest in the
late spring and summer months (June, July and.August),
reaching concentrationé of more than 200 organisms per liter
in late August. Copepods accounted for the majority of
microzooplankters collected throughout the year and reflected,
in general, microzooplankton abundance in this sector of the
Hudson River.

A»éomparison of microzooplankton data collected in 1976
with those from studies done in 1971-1975 .shows the magnitude‘
of peak abundances and seasonal patterns of abundance to be
similar. Also, the species composition as well as dominant
species within aﬁd among years have remained essentially
unchanged. There are no indications in our data to‘suggest
that river populations of microiooplankton have been affected

by the operation of the Indian Point power station.
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Macrozooplankton River Populations

A total of 27 macroinvertebrate groups were identified
from 1976 samples; this includes two taxa of invertebrates

not previously seen in our samples from the vicinity of

Indian Point, the isopod Cassidinidea lunifrons and a number
of trichopteran nymphs. Nonetheless, this species‘in§entory
resembles closely those for the.preceding study years, 1971-
1975. Through all the years of this study, macrozooplankton
samples have been dominated by three taxa of macroinvertebrates,

Gammarus spp. (mostly G. daiberi), Ménoculodes edwardsi and

Neomysis americana. Because of the relatively‘high numbers
of Chaoborus spp. seen in the 1976 samples, thef are being
considered as one of the dominant taxa for the year. Together
these forms accounted for nearly 60% of the total macrozoo-
plankton collected in daylight as well as nighttime samples.
The seasonal occurrences of N. americana ét Indian
Point were found to coincide with salinity pulses in the
river. The occurrence of other species, including M.
edwardsi, also appears related to the salinity of the river
water. Several other ﬁaxa (e.g., Gammarus spp.) were present
through nearly all of the sampling season. However, Gammarus
was most abundant when the water was fresh or nearly so.
This pattern of seasonal occurrence for various of the
macroinvertebrates has been observed throughout the study
and constitutes an aspect of Hudson River ecology critical

to the understanding of system function in the vicinity of




Indian Point. Basically, it may be stated that discrete
epibenthic species having similar roles in the macrozooplankton
community do not overlap extensively in salt preference or
tolerance, and replace one another as hydrologic factors
reiated to salt intrusion vary at specific locations.

Total abundances of macrozooplankton were highest in
late summer and occurred in lower numbers in mid to late
fall. There was noticeable diurnal variation; macrozooplank-
ton abundances in 1976 were much greater at night than
during the day and much greater towaras the bottom than near
the surface. This confirms the patterns observed 15-1971
through 1975.

Studies of macrozooplanktoh populations in the Hudson
River in the vicinity of Indian Point from 1971 thfouéh 1976
show the populations to be rather constant. There is little
to suggest that the river's populations of macrozooplankton
have been affected by the operation of the Indian Point
power plant. Although a large number of Neomysis may be
killed from passage through the'cooling'system of the power
plant, we do not believe that their population in the river
is impacted. Neomysis is transitory and is at the northern
fringe of their distribution when observed at the Indian
Point area.

Ichthyoplankton River Populations

Of the more than 50 species of fish known to occur in

the mid-portion of the Hudson River--i.e., from the Tappan
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Zee Bridge to Cementon--life stages of 22 species were found
in the 1976 ichthyoplankton collection. Of these 22 species,
18 have been collected each year from 1971 to the present.
The species composition and the overall abundance of the
ichthyoplankton in the river were similar to that found in
1971 through 1975.

Seasonal comparisons of abundance show that the life

stages of the bay anchovy (Anchoa mitchilli) are the most

abundant. They were followed, in descending order, by life

stages of the striped bass (Morone saxatilis); white perch

(M. americana) and clupeids of the Alosa spp. complex.
Further, the results show that the seasonal occurrences for
the various species appear to be ‘dependent upon temperature
and water salinity rather than calendar daﬁe. ' oo
The abundance of Striped bass life-history stages from
river samples was compared to the abundance in the power
plant. With the exception of eggs, which wereyhigher in the
plant, the abundances of the other life-history stages of
striped‘bass collected at night in the river were egual to
'or higher in number than that collected in the plant. This
result has been observed in all of the previous years'

studies.

Physical/Chemical Data

Physical/chemical data from 1972 to 1976 were analyzed
and compared to identify trends of change in various parameters

throughout the study period. Mean air temperatures in 1976
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were measurably higher than in 1974, but Qere similar to
those in 1973 énd 1975. Water temperature and dissolved
~oxygen profiles were generally similar for 1972, 1974, 1975
and 1976. The maximum mean water temperature recorded in
1976 of 26.0°C (78.8°F) was slightly.less than the 26.8°C
(80.2°F) recorded in 1974, but it was similar to those
recorded for 1973 and 1975 and greater than that recorded in
1972.
Secchi disc readings, used as an index of water clarity,

were not substantially different from thosé recorded in

l97é, 1974 and 1975, varying without trend from 1.1 to 4.4
ft. No secchi disc readings were taken in 1971 or 1973.
‘The salinity profile for 1976 followed a trend similar to
thét recorded in previous years; salinity was highest in
mid-to late-summer, and generally occurred as pulses rather
than as a gradual increase. 'Major differences in the salinity
profiles from 1971 to the present appear to be in the time
of earliest salt intrusion at Indian Point and in the magni-
tude of the salinity increase. Measurements of pH in the
Ihdian Point vicinity ranged from 7.2 to 7.6; this has shown

little change over the previous years' sampling efforts.

In-plant Studies

The in-plant studies were limited to abundance sampling
for macrozooplankton and ichthyoplankton. As there was no

apparent effect from the operation of the Indian Point
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facility on river phytoplankton and river microzooplankton
(New York University Medical Center, 1975, 1976a), these
organisms were deleted from further consideration. Initi-
ally, the in-plant studies were to be a comparison of entrain-
ment (e.g., numbers of organisms entrained and the effects
of enérainment on organism survival) between Unit 2 and
Unit 3. Unit 2 was down almost all of 1976, therefore all
efforts were directed to the Unit 3 intékes and to the
discharge canal station at D-2 for cross-plant survival of
entrained organisms. With Unit 2 down, cooling water from
the Unit 3 discharge flowed primarily dowﬁ one side of the
discha;ge canal only, completely by-passing the sampling

. rigs emplaced within the center of the discharge canal.
Sampling procedure &as modified to sample from the side of
the discharge canal within the flow with nets suspended from
the railing on the discharge canal platform. However,
current f£low was of such intensity (often at 3 ft/sec or
greater) that it was impossible to collect any but surface
samples. No cross-plant viability or latent mortality
studies were done as there would be few Qiable organisms in
the samples. It would be impossible to differentiate mortality
resulting from cross-plant effects from collection damage.
O'Connor and Schaffer (1977) have demonstrated in a test
flume that, at collection velocities exceeding 1.5 ff/sec,,
net colleétion alone may account for the majority of latent

mortalities in‘pre-juvenile,striped bass.

xxiii
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It is difficult to generalize as to the potential
impact of the operation of the Indian Point power station on
riverine populations of striped bass frbm plant abundances.
Althoﬁgh five to six years of plant abundance data have been
accumulated to date, operating conditions were never the
same from one year to the next. However, data derived from
river samples taken in the vicinity of Indian Point show
that the populations of pre-juvenile stripedibass life

stages have changed little since this work began in 1971.




1. INTRODUCTION
The objective of this research program is to determine
the effects of entrainment by the Indian Point power plant
on Hudson River biota.
The operation of steam electric power plants involves

two types of organism entrainment, pumped entrainment and

"plume entrainment. In pumped entrainment, the organisms are

suspended in Qater that is pumped through the cooling system
of a power plant. Only organisms small enough to pass
through the intake screens (3/8 inch square mesh) are subject
to pumped entrainment. In plume entrainment, organisms are
brought into contact with the cooling-water discharge plume
by’tufbulent mixing of the discharge and the receiving

water. | |

During the first 3 years (1971-1973) of the scheduled
5-year study program research had concentrated on the effects
of pump entrainment, although much of the information obtained
was relevant to plume entrainment. Preliminary studies of
plume entrainment were begun in the fourth year (1974), and
completed in 1975.

Pump-entraiﬁed organisms are exposed to potential
stresses that include: abrupt changes in temperature and
pressure; mechanical buffeting and velocity-induced shear‘
forces; and the introduction of chemicals into the cooling
water system. Plume-entrained organiéms a#e exposed to

elevated temperature, discharged chemical residuals, and



velocity-induced shear; these potential stresses are reduced
as dilution progresses.  The stresses imposed on organisms -
entrained in the Indian Point power plant cooling water

system are described in detail on the following pages.

1.1 ORGANISMS SUBJECT TO ENTRAINMENT

The groups of organisms potentially subject to entrain-
ment by the Indian Point power plant include suspended
bacteria, phytoplankton, zooplankton, and the planktonic
eggs and larvae of invertebrates, invertebrate. adults, and
.~ fish. These groups differ greatly with respect to abundance,
| reproductive processes, generation time, trophic or food-chain
function, and other life processes.

Bacteria play an indispensable role in the aquatic eco-
systeﬁ. They are the decomposers that break down the litter
and wastes produced by other living organisms (including
‘man) into their mineral components. These components then
become fertilizer for a new cycle of élant growth.

Planktonic algae, or phytoplankton, use energy from the
sun to convert carbon dioxide, mineral nutrients and water
into organic matter (including more algal cells) that con-
tribute to the food supply for the other trophic levels in
the ecosystem. For this reason, the phytoplankton are often
referred to as the primary producers.

The consumers are the,zéoplankton, which include a

variety of species'bflsmall animals which, during most of




their existence, remain suspended or swim feebly in the
water column. Zooplankton "graze" on phytoplankton, bacteria,
other zooplankton, and detritus. They, in turn, are eaten
by larger invertebrates and fish. Zooplankton also include
a "non-consuming” segment comprised of eggs and various life
stages of the consumer group which do not feed actively.

The zooplankton may be divided into ﬁwo groups based
upon their life-history and the proportion of time they are

truly planktonic. The first group, the holoplankton or

euplankton are forms which remain planktonic throughout
their entire life-history (e.g. copepods, many species of

rotifers, cladocerans etc.). The meroplankton are organisms

which spend only a portion of their lives suspended or swimming
in the water column. They may be epibenthic organisms, such

as Neomysis, which undertake diurnal vertical migrations

into the water column, or organisms which, like many fishes,
palychaete worms, and bivalves, may spend their egg and
larvae stages in the plankton community.

The planktonic life stages of fish are collectively

referred to as ichthyoplankton. They include eggs, yolk-sac
larvae, larvae, and young up to about 30 mm long. (Althoughv
not actually planktonic forms, young fish up to 30 mm long
have been included in our ichthyoplankton studies since they
are of entrainable size and are captured in the plankton
nets.) The probability of their being entrained is related

to the reproductive and developmental strateéies of the



species in question. The eggs of such species as striped

bass (Morone saxatilis), which depend on a planktonic mode

for their development, are. far more subject to entrainment
than-demersal (non-buoyant) eggs (e.g. white perch, M.
americana) or the eggs of nest-building species such as the
centrarchids. |

The spatial distribution of these potentially entrainable
organisms is notably uneven. Distributions are clumped and
aie subject to change on diel, seasonal, and yearly cycles.
Life stages critical to population maintenance may be subject
to entrainment only for short periods of the year, periods
that may or may not coincide with operating conditions that
could caﬁse substantial damage to that life stage. This is
true for striped bass eggs and various life stages of other
species that move with the salt front. Actual liability to
entrainment may vary considerably from one life stage to
another, at different ages within a life stage, or among
species, depending on location in the river and the water
colﬁmn relative to the cooling-water intake and the discharge

phme.b

1.2 THE INDIAN POINT FACILITY

The Indian Point facility consists of three nuclear-
fueled electric generating units with a combined capacity of
2103 MWe; All three units are designed to use Hudson River

Water>for once-through condenser cooling. Unit 1, initially



placed in operation in October 1962 and taken out of opera-

tion in October 1974, uses 318,000 gallons of water per

minute (gpm) at maximum flow (708 cfs); Unit 2, which went
operational in 1974, and Unit 3, which became operational in
1976, requires 870,000 gpm, each, at full flow, bringing the
total maximum operational demand of the staﬁion to 2,058,000 gpm
or 4,586 cubic feet per second (cfs).

Each of the three uniﬁs has a separate shoreline inﬁake
structure for withdrawal of water from the Hudson River
(Figure 1-1). There are four re;tangular intake openings at
Unit 1 and six each at Units 2 and 3. The openings e#teﬁd
26 feet (8;0 m) below mean low water (MLW) at Unit 1 and 27
feet (8.2 m) below MLW at Units 2 and 3. The approximate
relationship of the infake openings to the river cross-
section at Indian point is shown in Figure 1-2. The water
from all three units flows throudh a single discharge canal,
and is returned. to the river through a series of submerged
discharge ports in a 250-foot (76.2 m) length of the canal

wall near the downstream end of the canal (Figure 1-1).

1.2.1 Passage Times

The total time required for water to pass from the
intakes through a given unit, and then through the discharge
canal to the discharge ports depends on the individual and

combined operational flow rates of the three units (Table 1-1).

~
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~ At full flow, the total time for passage is estimated to
'range frbm a minimum of 5.2 minutes for Unit 3, during
simultaﬁeCus operation of all three units, up to 33.2
minutes for Unit 1 oéerating alone.

The facility is operated at a reduced flow rate (at 60%
of design flow) from approximately November through March of
each year to reduge intake flow velocities and impingement
of fish on intake trash screens. This reduced-flow opera-
tion increases the calculated passage times (Table 1-1).

The actual passage times for the more motile species of
organisms pumped through the Indian Point plant may differ
from the calculated values due to the behavior of the or-
ganisms while in the cooling water systems. As the velocity
of flow through the discharge canal is increased by multi-
‘unit operation, the effect of passage time on organism
behavior is likely to be reduced.

The exposure times of organisms entrained in the cooling-
water plume at Indian Point, from entrainment until they
reach near-ambient river water conditions (i.e. ambient plus
4 F (2.2 C isotherm), are not precisely known but are not
expected to exceed a few hours. The 4° F isotherm example
was selected as a result of New York State's thermal criteria
for effluents as regardinglthe cross-sectional area and
surface width of the recéiving waters (New York State Depart-

ment of Environmental Conservation, 1973, 1975). The time




Table 1-1. Average transit times and AT for cooling water during full and reduced-flow (60%)
operation of Indian Point Units 1, 2, and 3 operating individually and simultaneously.
Source: Consolidated Edison Electric Company of New York.

INDIVIDUAL UNITS~ : INDIVIDUAL UNITS-
Single Operation Simultaneous Operation

A. FULL FLOW 1 2 3 1 2 3 MEAN

INTAKE TO CONDENSER 1.16 1.52 1.52 1.16 1.52 1.52 1.46
TIME - CONDENSER TRANSIT 0.08 0.14 0.14 0.08 0.14  0.14 0.13
MINUTES : '

CONDENSER TO EFFLUENT 31.99 11.19 7.11 5.96 6.84 3.54 5.30

TOTAL 33.23  12.85 8.77 7.20 8.50 5.20 6.90

AT - CONDENSER RISE (1) 12.6° 15.9° 17.2° 12.6° 15.9°° 17.2° 15.9°
o :

CONDENSER + SERVICE .

WATER | 12.0° 15.6° 16.8° 15.5°

B. REDUCED FLOW

INTAKE TO CONDENSER ~1.93 2.53 2.53 1.93 2.53 2.53 2.44
TIME -~ CONDENSER TRANSIT 0.14 0.23 0.23 0.14 0.23 0.23 0.22
MINUTES '

CONDENSER TO EFFLUENT 53.32 18.65 11.85 9.93 11.40 5.90  8.83

TOTAL 55.39 21.41 14.61 12.00 14.16 8.66 11.49

AT - CONDENSER (2) 21.0° 26.2° 28.8° 21.0° 26.2° 28.8° 26.6°
°oF . CONDENSER + SERVICE .
: WATER 18.6° 25.1 27.6° 25.1°

(1) River Temperature 60°F
(2) River Temperature 40°F
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for passage of plankton organisms through the plume would
vary depending on where the organisms enter the plume, the
flow-velocity component moving them through the plume, and

the distance traversed through the plume.

1.2.2 Temperature EXposure

The temperature rise (AT) encountered by organisms
passing through the Indian Point plant.depends on the cooling-
water flow rates and levels of power output. At full flow and
100% of rated generating capacity, the design AT across the
condensers is 12.6 F for Unit 1, 15.9 F for Unitv2, 17.2 F
for Unit 3, and 15.9 F for the combination of all three units
(Table i-l). The amount of time organisms will be exposed
to these maximum temperature elevations depends on which unit
withdraws the organisms from the river, and'on the individual
and combined flow raﬁes of water through the units. Very little
| temperature reduction occﬁrs as the wéter passes from the
condensers to the discharge ports, except when the units are
operating at substantially unequal AT's (New York University
Medical Center, 1975, 1976a). Under such circumstances the
higher AT output will be diluted by the lower during passage
down the discharge canal. Calculated exposure times (i.e. from
the'§ondenser to the discharge ports) for full-flow operation
range from 5.20 minutes for Unit 3, during simultaneous
opefation of all three units, to 32.23 minutes for Unit 1

operating alone (Table 1-1).




The AT encountered by pump-entrained organisms increases
in the winter, when cooling water circulation is reduced to
60% of full flow. The maximum temperature rise at 60%
design flow is expected to rangé from 21.0 to 28.8 F.
Calculated exposure times also increase with the reduced
flows. The relationships of AT to calculated exposure time
for individual and combined-unit operation-at 60% flow are
given in Table 1l-1.

The maximum possible time/temperature combinations
encountered by organisms during passage through the Indian
Point facility are shown diagramatically in Figure 1-3.
Figure 1l-4 shows the mean maximum ambient temperatures
expected throughoﬁt the year at Indian Point. These were
obtained by adding the maximum temperature rise projected to

occur at rated-capacity operation to the mean river-water

temperatures recorded by the U.S. Geological Survey at Peekskill

from 1959 to 1969. This information and recent data collected
by Consolidated Edison in 1974, 1975 and 1976 (Dames and Moore
and Con E4d, 1974-75, 1976; Con Ed, 1977) indicate that the
average ambient temperature in the vicinity of Indian Point
did not exceed 78.9° F. Maximum temperatures in the con-
densers will exceed those shown in Figure 1-4 only when the

intake water temperature exceeds the mean values plotted.

1.2.3 Pressure Exposure

Organisms pumped through the Indian Point facility are

exposed to rapid increases and decreases in hydrostatic

11
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pressure. The degree and rate of such pressuré changes
depend on the location of the organism in the water column -
prior to being drawn into the.pumps, the design and height
of the pipes through which the cooling water passes, the
velocity of the flow through component parﬁs of the system,
and the depth at which the organisms are-discharged.
Schematics of the upper, lower and average pressure
changes experienced by pump-entrained organisms as they pass
Afrom the discharge side of the circulating water pumps
through the condensers of the Indian Point plant are shown
in Figures 1-5 and 1-6. These range from a minimum of 12.1
to a maximum of 33.3 psia within a 75 second span (Cohsolidated
Edison, 1977). ~New York University Medical Center (1976b)
has reported on the effects of pressure changé on entrained
Hudson River organiams and discussed the poteﬁtial adverse
efchts of pressure on survival of several river organisms,

including striped bass.

1.2.4 Velocity Shear Exposure

Organisms pumped throughbthe Indian Point facility are
exposed to rapid increases and decreases in velocity. The
>degree and rate of the velocity change experienced depend on -
the location of the organism in the water column prior to
being drawn into the pumps, the design and diameter of the
pipes through which the cooling water passes, surface irregu-.

larities within the pipes, and the design and number of
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circulating pumps in operation. Figu;es 1-5 and 1-6 show
the absolute head encountered by organisms entrained in
Units 1 and 2, respectively. The resulting velocities
within the condenser are in the range of 5.5 to 8.1 feet per
'second (FPS = 168 to 247 centimeters per second; CPS) for
Unit 1 and 6.0 to 8.1 FPS (183 to 247 CPS) for Unit 2.
Pressures and velocities in Unit 3 are similar to Unit 2.
Table»l-z shows the estimated cross-sectional flow velocities
‘at other selected points in the Indian Point cooling water
system under various operating conditions at 100% design
£low. |

For most forms, the velocities af which organisms are
moved through the system seem to be of little importance in
themselves. For example, in two independent studies of the
effects of condenser passage and related velocity-induced
hydraulic stress Coutant and Kedl, 1974 (see also Kedl and
Coutant, 1974) demonstrated that neither AT nor velocity-
induced.étress factors alone or in comﬁination had a signifi-
cant lethal effect on a variety of entrainable organisms.
Tests included striped bass larvae, ffog tadpoles and Daphnia.
The authors concluded that the condenser was probably not
the locus of significant entrainment mortality in power
stations. The effects of shear forces within power plants
have not been studied as an independent stress, and therefore
have not been included in most evaluations of entrainment.
effects. The results of our studies at Indian Point suggest

that shear and/or abrasion do not contribute substantially

17
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Sampling Geherating units operational
location 1 2 3 1+2 1+3 2+3 1+2+3
Intakes velocities (feet per second)

Unit 1 0.57 - - |

Unit 2 - 0.84 -

Unit 3 - - 0.84%*
Discharge canal

Station D-1 1.03 2.82 - 3.85

Station D-2 0.79 2.17 2.17 2.97 2.97 4,35 5.14

Station 10.0 10.0 10.0- 10.0 10.0 16.0 10.0
Table 1-2. Estimated cross-sectional flow velocities (feet

per second) at existing sampling points in the
Indian Point plant cooling water system when

. operating at 100% of design flow and at mean tide

level in the Hudson River. The numbers decrease by
40% when the system is operating at 60% of design
flow. * At Units 1 and 2 the sampling rigs are
positioned between the trash bars and the travelling
screens within an enclosed bay, as shown in Figure
1-11. The sampling rigs at Unit 3 are positioned

in the river in front of the bar racks with no
enclosed forebay as at Unit 2. Hence intake samples
at Unit 3 may be influenced by normal tidal currents
running along the face of the unit.
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to mortality of entrained organisms, since little or no
deformation of specimens is observed in live samples (New

York University Medical Center, 1974).

1.2.5 Mechaniqal Buffeting Exposure

Mechanical buffeting that organisms experience during
passage through the Indian Point facility cooling water has
not been quantitatively determined. While mechanical buffet-
ing effects cannot be isolated and evaluated directly, we
.have evaluated them in conjunction‘with velocity-shear
effects and pressure by observing the condition of orgaﬁisms
passed through the condensers when there was no AT>and no

' chlorination (New York University Medical Center, 1974).

1.3 DESIGN OF THE RESEARCH PROGRAM

The initial design of the research program was based on
information available in 1970 on the variables described
above. Appropriate changes in design were made as new in-
formation became available and portions of the Indian Point
complex were completed (e.g. the discharge ports in 1972,

and Unit 3 in 1976).

1.3.1 Objectives

The specific objectives of the research program are to:
1) Determine the species composition, abundance, and
temporal and spatial distribution of organisms in the Hudson

River that are subject to entrainment by the Indian Point plant.



2) Determine to what extent the temporal and spatial
distribution of organisms in the Hudson River ‘affects the
rate of entrainment by statistical.comparison of the con-
centrations of biota in river and plant samples.

3) Determine to what extent organisms are affected by
entrainment at the Indian Point plant. This is done by
comparing the conditioné of organisms coilected in the
plant's intake bays with those. collected in the discharge
canal.

4) Evaluate whether ana to what extent damage to or-
ganisms entrained by the plant adversely affects populations
of fhose species in the Hudson River. This is done by the

same river population studies noted for objective 1. -

1.3.2 Sampling Stations and Gear

1.3.2.1 Stations Used in Samplihg River Populations

River populations are sampled for objectives 1, 2 and
4. Seven stations, designated A through G, are used in
basic sampling design (Figure 1-7 and Table 1-3). Staticns
A and B, north of Indién Point, and stations F and G, south
of Indian Point, provide informétion on the types and quantities
of planktonic ofganisms entering and leaving the Vicinity»of
the Indian Point facility. Stations C and D provide the
same types of information on planktonic organismé passing in

front of the Indian Point cooling-water intake bays. They

are also used for'monitoring effects of entrainment and the

20
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Table 1-3. Location and river depth at New York University

Hudson River sampling stations, 1976.

General - Letter River River
Location Designation mile-point depth (ft)
Jones Point A ' 42.7 50
Peekskill Bay B 42.7 50
Reserve Fleet C 41.7 4 50
Indian Point D 41.7 50
Power-line Crossing E' 41.0 50
Stony Point F 39.0 50
Montrose Point G’ 39.0 50

22




effects of plant dischargeé on river populations. Station E
is within the thermal plume, c¢lose to the discharge ports.

In addition, the 1976 river program was hodified to
include the collection of river samples from an added station
(D-S), located in front of and parallel to the plant intakes
(similar to Station D of the.seven standard river stations).
However, this station was sampled simultaneously with each.
plant sample. It was hoped that this sampling regime would
provide a better estimate of river populations for plant/river
comparisons of entrainment than that derived from the seven
river stations, from which samples are collected only once
during the day and once at night each week during the sampling
period. The intent was to sample from three stations on a
east-west transect across the river in frqnt of the plant
intakes (Figure 1-8) simultaneously with the collection of
plant samples. As the numbers of boats required to perform
this effort were unavailable until late in the year, only
the eastern-most station was sampled.

1.3.2.2 Stations Used in Studies of Pumped
Entrainment Effects

Figure 1-9 shows the locations of the proposed sampling
stations at the Indian Point plant. The effects of pumped
entrainment were determined by comparing data from Statioﬁs
D-1, D-2 with data from thé intake stations II-5 and III-5
(the number after the hyphen refers to the'specific'lbcation

of the sampling rig at the intakes or the discharge canal).

23
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However, as Unit 2 was down for most of the year, entrainment

sampling was confined to III-5, D-2 and the river simultaneous

station.

1.3.2.3 Sampling Gear

Depending on conditions and the kinds of organiéms to
be sampled, various collection nets were used. These are |
shown in Table 1-4.

. Water passing through each net was recorded by either a
TSK digital flowmeter or a General Oceanics digital flow-
meter mounted in the net mouth. All nets were provided with
cbd—end buckets, 5 cm in diameter and 10 cm long, with a
seive window of the same mesh as the net.

Sampling‘from surface to bottom was needed at iﬁtake
-and diséharge-canal stations to obtain estimates of ﬁhe
species and‘numberé of macrozooplankton and ichthyoplanktoh
passing through the system. The vertiéal distribution of
‘macrozooplankton and ichthyoplankton in the water column
varied markedly; dependent upon the time of day, phytoplankton
and microzooplankton showed little difference in vertical
diel distribution.

Sampling rigs capable of gimultaneous sampling at three
water depths were devised (Figures 1-10 and 1-11), and were in-
stalled at the Unit 2 intakes and at D-1 and D-2 stationms.
Such a sampling rig wés not constructed for Unit 3 in time
for the 1976 study. Instead, samples at this station_were

collected with nets suspended from a bcat anchored near the




Table 1-4. Nets used in sampling for river-population and entrainment-effects studies.
SS = stainless steel, PVC =

polyvinyl chloride.

Net dimensions

. Mesh Diameter Length Net-opening
Biological group Study Net Type (m) (m) retainer Bucket
Microzooplankton, all population,
entrainment No. 20 mesh 76u 0.5 1.9 brass ring . 88§

Macrozooplankton-and

Ichthyoplankton population No. 0 mesh 571u 0.5 3.8 brass ring PVC
Macrozooplankton and

Ichthyoplankton entrainment No. 0 mesh 571u 0.5 1.9* SS ring PVC

1.2

* 1.9-meter nets were used in Unit 3 intakes and in the discharge canal; the l.2-meter nets
were used in Unit 2 intakes where space limitations precluded the use of the longer nets.

Lz
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intake strﬁcture (Figure 1-12). This presented the obvious
problem of being too far away from our desired position,
close to the intake structure itself. The fact that the
intake samples at Unit 3 are coliected in front of the bar
racks in the river, and not within enclosed forebays (as for
Units 1 and 2), may affect the'estimates of abundance of the

organisms drawn into the plant with the cooling water.
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2. PHYSICAL/CHEMICAL STUDIES

2.1 METHODS

Physical measurements {(air and water temperatures,
water clarity and pH) were taken and water samples were
collected for subsequent analysis of salinity and dissolved
oxygen content at river sampling sites A through G (Figure
" 1-7). Physical and chemical samples were taken simultaneously
with the biological collections. The procedures used were
those employed by the American Public Heaith Association-
(1971) for the examination of water and wastewater. Ai;
temperatures were taken with a standard mercury thermometer.
Water temperature and salinity ﬁeasurements were made with a
G.M. Industrial Instruments portable induction salinometer.
Water clarity was estimated using a Secchi disc and pH was
measured with a Hellige color comparator. Dissolved-oxygen
levels.were détermined using the Winkler iodometric method

(azide modification).

2.2 RESULTS AND DISCUSSION

The general similarity among data trends for each
parameter investigated at each depth and station on each
sample date permitted the calculaﬁion of mean values based
on all depths and stations by'sample date.

The observed air temperatures during 1976 ranged from

3.0 to 31.2°C (34.7 to 88.1°F; Figure 2-1). Water tempera-
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tures were highest in July and August and the dissolved

oxygen content was the lowest in July and August (Figﬁres 2=

2 and 2-3) maintaining an association with high air-tgmperature
regimes. Mean water temperatures recorded for 1976 ranged

from 6.2 to 26.0°C (43.1 to 78.8°F). Dissolved oxygen
concentrations which varied inversely with water temperature,
ranged from 6.0 to 12.1 mg/%.

Secchi-disc readings give a rough index of water clarity;
low readings are indicative of turbid conditions. Mean
Secchi-disc readings ranged from 1.1 to 4.4 feet (0.4 to 1.4
'm) with no trends, ihdicating'the water in the study area
was.well mixed (Figure 2-2). The low values result primarily
from suspended particulate matter, made up of inorganic
suspended matter, suspended detritus and algal cells.

"Mean pH values for each date of the study was 7.2 with
little variation throughout the Indian Point study area.
o The mean salinity in the Indian Point region remained
low until late in July (Figure 2-4), at which time the
salinity rose sharply to more than 3 parts per thousand
(ppt).. Prior to the maximum level of 3.7 ppt in late August,
the salinity decreased slightly as a result of heavy summer
rains. From September to the end of the sampling year,
salinity values did not exceed 1 ppPt.

The physical“measurements (air and water témperaﬁures
and salinity) measured at the éimultaneous river station (D-

S) at the time of plant sampling revealed the same trends as




30 -

20 -

10

Water Temperature °C)
|

u.

o Temperature
® Secchi Disc
A Dissolved Oxygen

A °
®
A
A" aaat
o
o ® 4
.f' “‘V“L A A

6 [ |
. N
@ 3E s b gUaggfy . )
|

|
Dissolved Oxygen (mg/liter)

. R L | | |
Mar, April May June July Aug. Sept. Oct. Nov. Dec.

Figure 2-2. Water temperature, dissolved oxygen, secchi disc, profiles for Hudson
River in the vicinity of Indian Point, 1976.

middle, and bottom for all stations.

Values are mean day surface,

w
w



30

20

Water Temperature (°C) |

107

o Temperature
A Dissolved Oxygen

Dissolved Oxygen (mg/liter)*

‘ I | } | | | | | |
Mar. April May June July Aug. Sept. Oct Nov. Dec.

Figure 2-3. Water temperature and dissolved oxygen profiles for Hudson River in the

vicinity of Indian Point, 1976. Shown are mean night, surface, middle,
and bottom values for all stations.

9¢



Salinity (ppt)

N
T

oW i 1 !

Figure 2-4.

L | -G
Mar. April M

July Aug. Sept. Oct. Nov.

Salinity for Hudson River in the vicinity of Indian Point,
are mean surface and bottom for all stations on each date.

Dec.

1976.

Values

LE



those of the normél river study (FigﬁreVZ—S). The highest
-mean values for each of these parameters occurred_du:ing
July and August;. lower mean values were during the spring
and fall. | |

A comparison of physical/chemical data from 1972 to
1976 shows that there has been little to no change during
the years of this study. This is of utmost importance as
these parameters, or the variations thereof, influence.the
breeding, spawning and migratory behavior éf many of the
major species of organisms in the aquatic ecosystem (Rowan,
1926; Harrington, 1959; Collins, 1952; Haslexr, 1966). To
the extent that water temperature is critical for the.migratory
behavior and spawning of species such as striped bass, white
perch, and various clupeid species, the data on Hudson River
water temperature in the vicinity of the Indian Point station
show that'dperation of the Indian.Point station and nearby
power plants has not altered seasonal temperature regimes

and, consequently, has not altered temperature as an environ-

mental cue critical to spawning.

The most variable environmental parameter in the Indian
Point study area is salinity. The salinity at Indian Point
is related primarily to freshwater dischafge, and, as such,
is affected profoundly by precipitation in the watershed,
snowmelt, and the regulation of river flow at thé Federal

dam at Green Island in Troy.
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Salinity variations in the Hudson between Haverstraw
Bay and‘Storm King Mountain, particularly in the spring, may
well be an important density—independent factor in popu-
lation control of some anadromous forms, such as striped
bass. It may, in part, be responsible for the phenomenon of
variability in &ear-class strength (Texas Instruments, Inc.,
1975) and as a determinant of the major sites of striped
bass spéwning in a given year.

The more predictable pattern of salinity increase in
the late summer and fall also serves an important function,
making possible thé upstréam penetration of marine forms
{(bluefish, crevallé jack, Neomysis, etc.) to the extensive
shoal water nursery grounds of the Tappan Zee, Haverstraw
Bay areas and possibly to areas within the influgnce of the

Indian Point station.

40
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3. BACTERIA
Bacteriological studies have been discontinued since
1973. The section designation for bacteria has been included
so that the section numbering for each biological group will
be consistent throughout this series of progress reports.
The 1971-72 progress report éontains results of studies
done in those years (New York University Medical Center,

1973).
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4. PHYTOPLANKTON
No phytoplankton studies were done in 1976. The section
designatibn for pﬁytoplankton has been included so that
the éection numbering for each biological group will be
conSiétent throughout this series of progress reports.
See studies done for the years 1971-1975 (New York University
Medical Center, 1973, 19753, 1976a) for a full repdrt of phyto-

plankton studies.
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5. MICROZOOPLANKTON

5.1 RIVER POPULATION STUDIES
5.1.1 Methaods

Day and night microzooplankton samples were collectéd
15 times during- the May.through November sampling period at
each of the seven Hudson River stations (Figure 1-7). Sample
collections were made at two week intervals from the beginning
of May through the third week in November. Microzooplankton
were collected and preserved following the methods used in
previous years (see e.g.} New York University Medical Center,
1976a). A No. 20-mesh (76u) conical ‘plankton net (0.5 meter
diameter mouth opening) was drawn vertic#lly through 10
meters of water; the plankton collected was washed into
a jar and preserved with 10% formalin.

Replicate l-mf aliquots from each sample were placed in
a Sedgwick-Rafter cell; the organisms were identified and
enumerated by scanning with a microscope at a magnification
of 100x (American Public Health Association, 1971). The
concentration of organisms in the river was calculated using
. the following formula:

number of organisms per liter = AV
RC

Where:

A average of two 1-mg counts

]

v

volume of sample



R

revolutions recorded on flowmeter

C Volume correction factor for flowmeter and,
(R) (C) = volume of water filtered by the net.
'~ Microzooplankton data were analyzed by a two-way,
factorial analysis of variance (ANOVA) for differences
between stations. Where ANOVA indicated significant differences,

a Scheffé test (o = 0.10) was performed to locate the difference

{(Sokal and Rohlf, 1969).

5.1.2 Results-

- The major microzooplankton taxa collected in 1976 were
the classes Crustacea and Rotifera and ﬁhe phylum Protozoa
(Table 5~1). The Crustacea, primarily the Copepoda and the
Cladocera, were the most abundant constituents of the micro-
zboplankton collected from the Hudson River near Indian
Point. .The Crustacea accounted for'nearly 75% of the micro-
zooplankton observed in samples collected in 1976. The
Rotifera and Protozoa constituted 20% and less than 5%
respectively.

Mean day and night abundances of total microzooplankton
were generally between 10 and 100 organisms per liter (Figure
5-1; Table 5-2). Three peaks of approximately 200 organisms
per liter were observed at monthly intervals in late June,
late July and late August. Spring and fall abundances were

similar.




Table 5-1. Microzooplankton Species List.

Crustacea
Copepoda

Acartia tonsa Dana
Canthocamptid
Canuella sp.
Diacyclops bicuspidatus Claus
Ectinosoma curticorne (Boeck)
Ergasilus sp.
Eurvtemora affinis (Poppe)
Halicyclops fosteri M.S. Wilson
Mesocyclops edax
Copepodid
Nauplii

Cladocera
Bosmina longirostris (O0.F. Muller)
Chydorid :
Daphnia pulex Leydig
Diaphanosoma brachyurum (Lieven)
Leptodora kindtii (Focke)

Ostracoda (no further identification)

Cirripedia
Nauplii

Rotifera

Asplanchna sp.
Brachionus angularis Grosse
Brachionus calciflorus Pallas
Brachionus quadridentata Herman
Filinia longiseta (Ehrenberg)
Kellicottia longispina (XKellicott)
Keratella cochlearis {(Grosse)
Keratella gquadrata (Muller)
Notholca accuminata (Ehrenberg)
Philodina sp.

. Platyias patulus Ahlstrom

- Pleosoma Etruncatum (Levander)
Polyarthra sp.
Trichocerca sp. :
Miscellaneous rotifer
Unidentified rotifer #1
Unidentified rotifer #3

45



Table 5-1 (cont.)

Protozoa
Plasmodroma
Mastigophora
Ceratium hirudinella

Eudorina sp.
Pleodorina sp.
Volvox sp.

Sarcodina
Centropyxis sp.
Difflugia sp.

Ciliophora

Ciliata
Carchesium sp.
Eplstylis sp.

Miscellaneous
Annelid larvae
Gastropod veliger
Nematode
Pelecypod veliger
Tardigrade

(Muller)
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Table 5-2.. Day and night abundances of total Microzooplankton,
1976. Number per liter. '

Day
Station
Date A B C D E F G Mean
5/05 24.5 25.6 19.2 14.8 22.9 24.5 15.4 21.0
5/20 33.0 51.9 68.1 39.7 34.2 33.1 * . 43.4
6/03 107.1 51.7 75.2 37.8 35.8 40.6 * 58.0
- 6/16 60.2 52.3 48.6 63.2 85.6 58.7 * 61.4

6/29 277.0 138.7 148.3 180.3 244.7 103.7 170.1 180.4
7/15 40.0 28.3 24.8 49.1 56.1 53.1 39.8 41.6
. 7/27 113.9 121.7 90.3 188.5  94.5  466.4 350.3 203.7
- 8/12 - 78.8 1l48.1 57.9 50.2 55.0 23.7 98.1 73.1
8/23 468.0 106.0 208.3 72.9 112.0 269.9 302.8 220.0
9/14 44.5 38.7 38.2 41.4 34.2 43.0 30.8 38.7
9/29 14.8 23.0 17.7 25.6 25.6 35.9 26.1 24.1
10/13 25.1 41.3 . 42.2 42.1 44.1 30.3 63.5 41.2
10/26 33.3 67.9 51.1 50.7 52.2 49.9 53.0 51.2
11/09 11.3 18.2 - 30.3 29.3 . 19.0 11.3 7.3 18.1
11/22 62.6 37.0 53.8 34.3 34.4 26.1 40.6 41.3

Night
5/05 36.9 27.5 15.6 34.0 18.3 26.2 * 26.4
5/20 30.1 37.3 38.2 27.3 55.6 40.6 * 38.2
6/03 75.3 51.9 84.5 42.2 53.1 29.9 * 56.1
6/16 31.9 47.8 36.9 48.8 75.7 39.1 * 46.7

7/01 45.2 38.9 103.1 145.4 69.5 99.6 92.9 85.0
7/14 28.5 38.8 36.2 35.7 45.9 23.9 44.5 36.2
7/28 88.8 100.5 133.5 1ll6.3 123.4 120.6 159.2 120.3
8/12 45.7 55.1 35.6 53.7 48.4 141.6 54.2 62.0
8/25 117.7 240.1 109.8 109.5 78.0 128.2 150.3 133.4
9/15 46.5 86.7 110.3 50.2 32.5 59.5 61.5 63.9
9/28 34.9 32.0 37.1 17.1 16.9 35.4 20.1 27.6
10/21 15.7 43.4 43.7 37.8 27.2 21.9 52.4. 34.6
10/27 26.4 36.7 71.5 58.3 41.7 42.4 67.8 49.3
11/10 17.9 12.5 23.1 8.6 15.4 25.5 10.8 16.2
11/22 33.0 13.1 60.0 23.6 12.3 23.2  39.2 29.2

*  gample missing due to loss or breakage



The seasonal pattern and the magnitude of the mean day
and night abundances of Crustacea (Figure 5-2, Table 5-3)
reflect those of the total microzooplankton. The periods of
peak crustacean abundance during the summer months correspond
to the periods of maximum copepod feproduction as shown by
the large numbers of nauplii observed at that time (Figures
5-3 and.5-4; Tables 5-4 through 5-6}.

Peak mean abundances of Rotifera of approximately 30
organisms per liter occurred on May 20, June 16 and October
26 (Figure 5-5; Table 5-7). Intermediate rotifer abundances
(1-10 organisms/liter) were observed in July, August and
early September and decreased to é lo@ concentration valﬁe
of 0.2 rotifers per liter in the September 28 night/sample
(Figure 5-5; Table 5-7). Intermediate abundances were also
observed in November.

The most abundant rotifers observed in 1976 samples

were Keratella cochlearis and an unidentified rotifer.

Mean day and night abundances of Protozoa in the Hudson
River ranged from 0.3 to 16.0 organisms per liter (Figure 5=~
6; Table 5-8). During the remainder of the sampling pe:iod
protozoan mean abundances ranged from. 0.7 to 3.0 organisms
per liter with the exceptions of a 0.4 organism/liter value
on July 27 and the higher wvalue observed on August 12 (Figure
‘5—6; Table 5-8).

" The most frequently observed protozoan species were the

shelled amoeba Centropyxis sp., and the colonial peritrich,
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Table 5-3. Day and night abundances of Crustacea, 1976.
Number per liter.

- Day

Station
Date A B C D 7 E F G’ Mean
5/05 4.20 4.88 6.31 3.88 6.57 4.98 4.12 5.0
5/20 10.16 8.90 22.07 5.29 11.53 8.24 * 11.0
6/03 98.87 41.24 65.95 32.62 30.01 33.73 * 50.4
6/16 33.44 28.72  24.57 26.38 42.81 31.64 * 31.3

6/29 250.68 123.02 128.36 159.35 212.07 86.39 153.77 159.1
7/15 33.23 22.70 23.32 41.17 _39.72 40.56 33.42 33.4
7/27 95.19 105.21 79.87 178.56 73.31 453.33 327.40 187.6
8/12 51.96 112.44 39.28 36.71 34.99 12.35 65.12 50.4
8/23 446.26 98.71 195.80 59.82 101.31 257.98 280.89 205.8
9/14 37.49 31.55 32.25 38.45 31.36 41.43 25.01 33.9
9/29 12.42 21.79 16.09 22.70 24.42 34.59 25.02 22.4
10/13 21.33 30.37 32.29 36.78 37.88 16.68 35.78 30.2
10/26 19.01 26.40 16.35 38.12 31.66 11.35 23.61 23.8
11/09 4,26 6.26 14.41 10.33 9.73 5.71 5.28 8.0
11/22 57.26 32.15 49.74 31.66 31.76 24.29 39.14 38.0

Night
5/05 8.6 7.1 3.6 7.1 4.3 6.4 * 6.2
5/20 8.8 7.7 5.7 5.8 10.8 12.0 * 8.5
6/03 6.56 46.5 74.4 38.3 45.3 22.4 * 48.8
6/16 23.3 32.2 27.7 36.3 54.5 26.8 * 33.5

7/01 40.1 33.1 93.3 119.2 60.5 82.7 82.0Q 73.0
7/14 22.2 32.3 24.9 27.0 36.2 18.5 _41.1L 28.9
7/28 85.7 97.2 122.3 111.3 115.9 112.5 140.3 112.2
8/12 31.2 - 39.5 26.6 40.3 39.9 123.4 _41.5 48.9
8/25 113.6 205.5 105.4 93.0 68.7 108.0 146.6 120.1
9/15 35.3 83.3 101.4 40.7 30.9 57.4 50.0 57.0
9/28 33.7 31.4 36.3 14.7 15.7 33.0 19.4 26.3
10/12 14.5 36.5 37.2 29.8 21.8 16.1 46.8 29.0
10/27 ~ 15.4 11.3 ' 20.0 12.4 10.7 9.6 40.8 17.2
11/10 12.8 4.7 17.2 5.3 8.9 17.1 . 6.6 10.4
11/22 31.1 9.9 49.4 16.5 10.6 21.3 32.9 24.5

* samples missing due to loss or breakage
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Table

Date

5/05
5/20
6/03
6/16
6/29
7/15
7/27
8/12
8/23
9/14
9/29
10/13
10/26
11/09
11/22

5/05
5/20
6/03
6/16
7/01
7/14
7/28
8/12
8/25
9/15
9/28
10/12
10/27
11/10
11/22

* Samples missing due

to loss or breakage

5-4., Day and night abundances of Copepoda, Nauplii,
1976. - Number per liter.
Day
Station
A B - C D " E F G Mean
2.72 3.40 3.49 2.56 5.05 4.80 1.94 3.4
5.76 5.29 9.66 3.48 7.40 6.15 * 6.3
40.07 28.27 35.13 21.07 21.44 26.44 * 28.7
21.37 15.73 13.65 13.28 22.38 21.04 * 17.9
104.45 62.87 50.66 63.38 95.07 58.12 72.01 72.4
16.05 10.69 6.43 29.53 23.64 22.94 11.57 17.3
18.24 59.13 46.23 167.23 59.26 441.00 302.47 156.2
43,10 61.98 13.68 8.84 - 23.68 4.17 51.45 29.6
. 436.36 86.13 181.67 23.97 81.16 255.40 254.12 188.4
32.22 22.43 12.87 36.51 29.89 34.30 15.66 26.3
6.52 13.80 9.38 18.70 21.89 28.17 13.61 16.0
10.10 8.44 8.29 5.85 5.87 5.82 22.99 9.6
13.07 5.50  5.15 13.16 16.16 4.05 9.04 9.4
1.84 2.24 2.55 2.35 1.03 1.71 3.37 2.2
25.87 20.04 26.05 g8.31 17.15 12.18 31.33 20.1
Night

5.65 - 4.58 2.05 4.97 2.22 3.46 * 3.8
4.00 5.23 4.34 2.67 6.98 7.13 Sk 5.1
53.87 30.08 47.68 19.30 19.62 15.46 * 31.0
13.09 19.16 18.37 23.57 37.54 20.12 * 22.0
18.38 19.67 26.50 40.94 34.35 45.06 34.71 31.4
5.29 9.64 9.95 12.49 17.57 8.75 6.06 10.0
79.59 83.59 97.23 86.19 97.94 93.32 113.21 93.0
15.85 28.16 15.72 29.68 29.92 97.34 20.63 33.9
99.89 151.29 87.97 59.38 42.37 92.33 128.80 94.6
27.79 53.58 86.33 27.78 15.96 25.77 38.93 39.4
21.68 18.17 22.44 12.01 12.27 13.77 1l4.69 16.4
5.41 14.45 15.68 6.69 4.77 5.16 13.70 9.4
7.70 5.88 8.88 3.28 4.29 6.21 13.61 7.1
4.38 1.21 7.04 1.65 1.11 6.31 2.21 3.4
11.17 3.11 21.18 7.24 5.22 10.63 17.41 0.9
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Table 5-5. Day and night abundances of Copepodlds, 1976.
' Number per liter.

Day
Station
Date A B C D E F G Mean
5/05 .59 .57 1.34 .81 1.01 .18 1.33 .8
5/20 1.69 1.44 6.34 .91 2.31 .55 * 2.2
6/03 34.64 8.09 20.44 8.18 6.12 5.92 * 13.9
- 6/16 4,34 3.87 3.99 5.24 6.95 5.16 * 4.9
6/29 42.69 24.67 24.48 33.92' 32.18 17.32 27.67 29.0
7/15 4.29 4.28 5.95 3.88 4.39 4.48 7.71 5.0
7/27 43.15 23.81 23.58 4.99 6.39 6.34 12.87 17.3
8/12 3.35 6.86 6.33 7.07 5.03 3.19 3.62 5.1
8/23 4.29 8.06 8.67 14.95 10.07 1.93 10.71 8.4
9/14 2.38 3.51 7.05 .45 .49 5.04 4.91 3.4
9/29 4,04 4.84 3.71 3.45 1.52 3.46 7.46 4.1
10/13 6.55 7.21 5.12 15.83 12.27 3.37 3.50 7.7
10/26 4.46 6.05 4.26 19 06 " 11.45 3.65 6.28 7.9
11/09 .72 .60 3.10 .47 1.44 1.43 .56 1.2
11/22 4.24 .31 2.05 3.49 1.23 2.35 2.18 2.3
Night
5/05 1.66 1.60 1.02 1.22 .87 .62 * 1.2
5/20 2.95 .56 .17 .70 1.44 2.70 * 1.4
6/03 0.00 11.71 20.55 14.78 18.46 5.31 * 11.8
6/16 5.39 3.22 2.55 3.91 8.16 1.79 * 4.2
7/01 7.90 4.14 14.57 12.14 7.09 11.07 12.35 9.9
7/14 5.88 8.81 5.57 5.17 3.51 4.03 8.09 5.9
7/28 2.55 4.79. 5.18 15.50 6.57 8.45 - 10.61 7.7
8/12 4.83 3.61 5.60 2.95 2.43 5.31 4.58 4.2
8/25 6.43 14.41 5.20 21.46 15.66 11.65 5.30 11.4
9/15 4.37 11.69 8.90 4.09 4.79 19.47 5.65 8.4
9/28 7.85 6.54 5.01 2.40- 2.54 7.87 2.00 4.9
10/12 5.95 6.88 8.36 5.35 2.58° 3.50 11.81 6.3
10/27 5.10 2.01 6.06 3.03 1.72 2.35 18.69 5.6
11/10 4.05 .87 5.87 1.49 .37 4.44 1.41 2.6
11/22 8.02 .28 7.65 .74 2.41 1.94 4.43 3.6

* samples missing due to loss or breakage



Table 5-6. Day and night abundances of adult Copepods,
1976. Number per liter.

Day
Station
Date A B () D E F G Mean
5/05 .71 .79 1.34 .51 .51 0.00 .73 .7
5/20 1.36 .96 3.31 .15 .61 .33 * 1.1
6/03 20.60 2.66 7.19 1.35 .77 .55 * 5.5
6/16 .46 .34 .74 2.27 4.35 .84 * 1.5
6/29 13.17 10.23 12.52 19.64 17.06 4.38 12.89 12.8
7/15 3.84 .49 3.22 .65 .73 1.40 4.93 2.2
7/27 - 33.36 21.12 9.75 4.99 6.90 5.99 5.23 12.5
8/12 .48 2.19 2.51 5.17 .74 4.74 3.42 2.8
8/23 2.64 2.90 3.85 19.56 9.18 .64 14.60 7.6
9/14 1.13 .53 10.57 1.04 .73  1.60 3.51 2.7
9/29 1.09 2.42 2.43 .54 1.01 2.80 3.95 . 2.0
10/13 .94 2.15 2.56 12.42 14.76 2.45 .46 5.1
10/26 .30 6.88 2.46 4.30 3.03 .81 1.26 2.7
11/09 .13 .89 1.46 1.25 .96 .14 .56 .8
11/22 3.39 1.71 3.55 .48 1.02 4.20 2.41 2.4
Night
5/05 1.33 .92 .51 .77 1.24 2.35 * 1.2
5/20 1.24 .22 .33 .70 1.93 .49 * .8
6/03 1.58 2.44 3.08 3.56 5.94 .99 * 2.9
6/16 .38 .81 2.04 1.30 1.63 .56 * 1.1
7/01 5.33 3.73 12.98 9.04 3.00 10.28 7.92 7.5
7/14 3.38 5.03 1.73 1.72 1.32 1.67 11.19 3.7
7/28 3.32 8.84 19.93 9.30 10.96 10.70 16.51 11.4
8/12 - 3.49 2.89 1.99 2.72 1.78 1.77 5.73 2.9
8/25 5.84 36.71 11.00 10.73 8.57 4.03 12.16 12.7
- 9/15 2.78 17.54 5.42 7.54 9.57 11l.10 5.45 8.5
9/28 4.13 6.40 8.72 .30 .42 10.93 1.81 4.7
10/12 - 2.07 7.57 5.43 6.88 3.77 3.21 '11.34 5.8
10/27 .54 .46 1.01 1.01 .43 .43 2.77 .9
11/10 .67 .69 .59 .17 1.48 .93 .40 .7
11/22 .49 .28 .59 1.11 .40 1.30 1.58 .8

* Samples missing due to loss or breakage
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Day and night abundances of Rotifera, 1976.
Day

Number per liter.

Table 5-7.
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Table

Date

5/05
5/20
6/03
6/16
6/29
7/15
7/27
8/12
8/23
9/14
9/29
10/13
10/26
11/09
11/22

5/05
5/20
6/03
6/16
7/01
7/14
7/28
8/12
8/25
9/15
9/28
10/12
10/27
11/10
11/22

1.94

1.11

* samplesbmissing due to loss or breakage

5-8. Day and night abundances. of Protozoa, 1976.
Number per liter.
Day
Station
. A B C D’ E F G Mean
.95 .79 .87 .37 .51 1.42 .48 8
1.36 .48 0.00 .30 .97 - .33 * .6
.37 .55 0.00 .22 .46 .14 * .3
1.55 .68 .95 1.57 .87 2.51 * 1.4
3.63 .90 1.42 2.68 3.90 1.99 .63 2.2
3.84 2.96 1.45 3.45 5.85 5.04 1.93 3.5
1.33 0.00 0.00 . 0.00 - .51 .35 .40 - .4
18.91 23.86 12.94 8.70 - 14.11 8.02 25.73 16.0
2.97 .32 1.60 .77 1.18 .97 1.46 1.3
5.14 5.26 4.58 1.70 1.59 1.35 1.40 3.0
1.86 1.Q9 1.39 2.54 .67 1.15 .22 1.3
.94 1.23 1.66 1.22 1.24 1.07 2.28 1.4
1.78 .83 1.34 1.07 1.35 .81 .25 1.1
1.05 2.09 '3.83 3.76 2.26 2.29 .45 2.2
2.54 2.80 2.05 .60 1.12 .71 .69 1.5
Night
3.65 .23 1.28 .55 .62 1.36 * 1.3
.10 .11 .33. 0.00 .48 .49 * .3
.20 © 1.79 .62 .27 .33 .53 * .6-
.77 .64 1.40 .39 1.31 .45 * .8
.74 .41 1.32 6.49 .55 1.05 .93 1.6
3.09 3.14 5.31 5.17 4,39 1.11 1.35 3.4
0.00 0.00 .80 .31 .88 .19 .2 .4
. 7.79 9.87 5.60- 8.16 4.04 10.62 7.45 7.6
.58 1.37 .59 " .95 1.48 2.69 .31 1.1
1.59 1l.46 .39 1.29 .40 .96 .20 .9
.83 .58 .56 2.10 .42 .22 0.00 - .7
.72 1.72 1.88 2.29 1.99 1.17 2.83 1.8
.72 .62 1.82 1.26 1.14 1.50 .69 1.1
1.85 2.94 2.15 1.32 1.86 2.57 .80 1.9
1.69 3.53 1.34 1.17 2.85 1.9
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Carchesium sp. The most abundant protozoans observed during;

the period of peak protozoan concentrations were the dino-

flagellate, Ceratium hirudinella and the colonial phytomonad,
Eudorina sp.

The occurrence of the calanoid copepod, Acartia tonsa

in the Indian Point vicinity was limited to the summer
months (Figure 5-7; Table 5-9). Peak concentrations of A.

tonsa were between 5 and 6 per liter. Eurytemora affinis,

the other abundant calanoid copepod, occurred from May 20 to
the end of the sampling period with the exéeptionlof October
12-13 when no E. affinis were observed in either day or
night samples (Figu;e 5-8; Table 5-10). Mean abundance of
E. affinis was generally between one and five organisms pef
liter through the summer and soméwﬂat less than one in the

spring and fall (Figure 5-8; Table 5-10). The cyclopoid

copepods, Diacyclops bicuspidatus (Figure 5-9; Table 5-11)

and Halicyclops fosteri (Figure 5-10; Table 5-12) were ob-

served in either a day or night sample during the entire May

through November sampling period. The peak mean abundance

of D. bicuspidatus occurred in late "June while that of H.
fosteri occurred in October. Peak mean abundance values of

D. bicuspidatus and H. fosteri were comparable to the peak

values for the calanoid copepods, A. tonsa and E. affinis
however, cyclopoid abundances were generally lower (between
0.1 and 1.0 organisms per liter) throughout the sampling

period.
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Day and night abundances of Acartia tonsa, 1976.

* samples missing due to loss or breakage

Table 5-9 .
' Number per liter.
Day

Stations
Date A B C - D E F G Mean
5/05 .06 0.00 0.00 0.00 0.00 0.00 0.00 .0
5/20 . 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
6/03 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
6/16 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
6/29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
7/15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
7/27 9.79 9.60 6.92 .91 2.30 3.17 2.82 5.1
8/12 0.00 . 0.00 0.00 0.00 0.00 0.00 - 0.00 0.0
8/23 .66 1.61 1.60 12.08 5.92 .32 9.25 4.5
9/14 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
9/29 0.00 0.00 .12 0.00 0.00 2.64 - .66 .5
10/13 0.00 0.00 0.00 0.00 0.00 .31 0.00 .0
10/26 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.0
11/09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
11/22 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.0

Night
5/05 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
5/20 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
6/03 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
6/16 0.00 0.00 - .13 0.00 0.00 0.00 * .0
7/01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
7/14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
7/28 0.00 1.47 4.78 1.55 3.29 - 7.32 8.25 3.8
8/12 0.00 0.00 0.00 0.00 0.00 0.44 0.00 .1
8/25 3.21 '17.15 4.16 1.91 3.63 2.24 8.73 5.9
9/15 0.00 1.46 1.16 0.65 0.20 5.89 3.63 1.9
9/28 2.48 4.65 6.86 0.00 0.00 7.65 .36 3.1
10/12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
10/27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
11/10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
11/22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0



Table 5-10.

1976. Number per liter.

Day and night abundances of Eurytemora affinis,

11/22

.24

*.sample‘missing due to loss or breakage

Day
Stations
Date A B C D E F G Mean
5/05 .06 0.00 .07 0.00 0.00 -0.00 0.00 .0
5/20 .17 .48 2.48 0.00 .12 0.00 * .5
6/03 17.60 2.00 ~5.43 .45 .15 .28 * 4.3
6/16 .31 .11 .32 .70 1.96 0.00 * .6
6/29 5.00. 5.72 5.69 5.80 6.34 1.39 8.18 5.4
- 7/15 3.39 .16 1.77 .65 .24 .84 4.28 1.6
7/27 18.24 9.98 2.20 .91 2.30 0.00 .80 4.9
8/12 .24 - - 1.10 1.02 1.63 .17 3.44 2.61 1.5
8/23 0.00 0.00 0.00 3.45 1.78 0.00 1.46 1.0
9/14 .75 .18 6.52 .15 0.00 1.11 2.57 1.6
9/29 .47 1.45 1.16 0.00 .17 .16 2.63 .9
10/13 0.00 .15 0.00 0.00 .18 0.00 0.00 .0
10/26 0.00 3.58 .22 1.34 1.01 .20 .25 .9
11/09 . 0.00 0.00 .36 .16 .14 0.00 0.00 .1
11/22 0.00 .16 2.58 .24 .31 3.28 1.95 1.2
Night

5/05 0.00 0.00 0.00 -0.00 0.00 0.00 * 0.0
5/20 .19 0.00 .17 .28 .24 .49 * .2
6/03 .59 .98 .41 2.46 3.30 .23 * 1.3
6/16 0.00 0.00 .26 0.00 0.00 .22 * .1
7/01 3.49 1.24 5.03 .85 .55 1.84 3.03 2.3
7/14 3.09 4.19 1.59 .72 .44 1.11 9.43 2.9
. 7/28 2.81 6.26 10.36 4.34  4.38 2.82 6.19 5.3
8/12 . 1.34 .24 .18 .68 0.00  0.00 2.29 .7
8/25 2.04 13.72 3.42 6.44 1.65 0.00 1.25 4.1
9/15 1.99 14.13 3.48 3.88 6.38 4.93 1.01 5.1
9/28 .1.65 1.45 1.48 .30 .21 3.28 1.27 1.4
10/12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
10/27 .09 0.00 .20 0.00 0.00 .21 .23 .1
11/10 .17 0.00 .39 .08 .19 0.00 .20 .1
.14 .59 .19 .13 .26 .95 .4
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Figure 5-9. Mean day and night abundance of Diacyclops
bicuspidatus, 1976.
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Figure 5-10. Mean day and night abundance of Halicyclops

fosteri, 1976 .



Table 5-11.

Day and night abundances of Diacyclops
bicuspidatus, 1976. Number per liter.

* Samples miésing due to loss or breakage

Day
Stations
Date A B C D E F G Mean
5/05 .30 .45 .81 .15 .13 0.00 .48 .3
5/20 1.02 0.00 .83 .15 .36 .22 * .4
6/03 2.43 .44 1.28 .56 .61 .14 * .9
6/16 0.00 .11 .21 .52 1.30 .42 * .4
6/29 5.45 3.91 5.12 9.82 8.78 . 1.99 3.46 5.5
7/15 .45 0.00 1.45 0.00 .24 0.00 .64 .4
7/27 0.00 .38 0.00 0.00 0.00 0.00 0.00 .1
8/12 0.00 .55 .56 2.18 .08 .49 .60 6
8/23 0.00 .32 0.00 0.00 0.00 0.00 0.00 .0
9/14 0.00 0.00 0.00 .15 0.00 .37 .47 .1
9/29 .16 .24 .58 0.00 0.00 0.00 .22 .2
10/13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
10/26 0.00 0.00 0.00 .27 0.00 0.00 0.00 .0
11/09. .13 .45 .36 .31 .14 .14 0.00 .2
11/22 .64 .62 .32 0.00 0.00 0.00 0.00 .2
Night
5/05 1.00 .23 .26 .33 .37 .74 * .5
5/20 .95 0.00  0.00 .28 1.20 0.00 * .4
6/03 .59 1.14 2.26 .96 2.14 .30 * 1.2
6/16 .19 .64 .89 .52 .98 .34 * .6
7/01 .92 .62 2.65 5.08 1.91 3.95 1.63 2.4
7/14 0.00 0.00 0.00 0.00 .44 .28 1.08 .3
7/28 0.00. .74 .40 0.00 0.00 0.00 0.00 .2
8/12 1.61 1.68 .90 1.13 .49 1.33 2.01 1.3
8/25 0.00 2.40 1.78 .72 0.00 0.00 .62 .8
9/15 0.00 1.46 .39 .65 .80 .14 0.00 .5
9/28 0.00 0.00 .37 0.00 -0.00 0.00 0.00 .1
10/12 0.00 0.00 0.00 0.00 0.00 0.00 4.25 .6
10/27 .27 0.00 .20 .25 .14 0.00 0.00 .1
11/10 0.00 0.00 0.00 0.00 .56 0.00 0.00 .1
11/22 .24 0.00 0.00 " .19 0.00 0.00 0.00 .1



Table 5-12. Day and night abﬁndances of Halicyclops
fosteri, 1976. Number per liter..

Day
Stations
Date A B C , D E F G Mean
5/05 .12 .23 .34 .22 .13 0.00 .24 .2
5/20 0.00 .48 0.00 0.00 .12 0.00 * .1
6/03 .56 .22 .48 .34 0.00 .14 * .3
6/16 .15 L11 .21 .70 .43 .14 * .3
6/29 .91 .60 1.14 1.79  1l.4e6 .80 .94 1.1
7/15 0.00 .33- 0.00 0.00 .24 0.00 0.00 .1
7/27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
8/12 .24 .55 .84 1.22 .41 .74  0.00 .6
8/23 .66 0.00 .32 .38 .89 -0.00 .49 .4
9/14 . <25 .35 1.59 .45 .73 0.00 .23 .5
9/29 .31 .61 .23 .54 .34 0.00 0.00 - .3
10/13 .94 1.38 2.26 11.21 11.20 1.53 .46 4.1
10/26 .30 3.03 2.02 2.42 2.02 .41 1.00 1.6
11/09 . 0.00 .15 .55 .63 ..69 0.00 .56 .4
11/22 2.33 .78 .65 0.00 .61 .57 .23 .7
Night
5/05 .33 .46 .26 .33 .87 1.48 * 6
5/20 .10 11 .17 .14 .48 0.00 * .2
6/03 .20 .16 0.00 .14 .49 .38 * .2
6/16 0.00 .16 .38 - .52 .33 0.00 * .2
7/01 0.00 .83 1.32 .85 .27 .53 .23 .6
7/14 .15 .84 .13 .72 .44 0.00 .54 Y
7/28 0.00 0.00 .40 .31 0.00 .19 0.00 .1
8/12 .27 .48 .18 0.00 .32 0.00 .57 .3
8/25 .29 0.00 .15 .24 .16 1.34 .31 .4
9/15 0.00 0.00 0.00 1.51 .40 .14 0.00 .3
9/28 0.0q 0.00 0.00 0.00 0.00 0.00 - .18 .0
10/12 1.26 4.13 1.88 4.01 1.79 . 2.04 5.20 2.9
10/27 .18 .15 .40 .25 .14 .21 2.08 .5
11/10 .34 .35 +20 .08 .56 .47 .20 .3
11/22 0.00 .14 0.00 .74 .13 .52 0.00 .2

* Samples missing due to loss or breakage
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The most abundant Cladocera collected in 1976 were

Diaphanosoma brachyurum (Figure 5-11; Table 5-13) and Bosmina

longirostris (Figure 5-12; Table 5-14). D. brachyurum oc-

curred only during the summer months at concentrations below
one per liter except on July 27 when a peak abundance of 3.7
per liter was observed (Figure 5-11; Table 5-13). Bosmina

longirostris (Figure 5-12; Table 5-14) occurred throughout

the sampling period generally in concentrations between 1

and 10 organisms per liter. Peak mean abundance of B.

longirostris was observed on June 29 at greater than 40
organisms per liter (Figure 5-12; Table 5-14).

The results of 36 ANOVA indicate no effect of station
location on abundance in all but four analyses (Table 5-13
and 5-16). Significant station effects are shown for day

-abundances of Halicyclops fosteri, total Cyclopoida, Bosmina

longiroétris and total cladocera (Table 5-15). 1In all four

cases where ANOVA indicates a significant station effect,
Scheffé tests (a = 0.10) showed that abundances at station F
were less than those at all other stations (Table 5-15). In

addition, abundances of Halicyclops fosteri at stations D

and E were greater‘than'at,all other stations and greater at
station C than at station A.- The Scheffé test showed that
abundances of total cyclopoids at stations D and E were

greater than at staiions A and B (Table 5-15).
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Table 5-13. Day and night abundances of Diaphanosoma
brachyurum, 1976.

Number per liter.

0.00

* Sample missing due to loss or breakage

Day
Stations
Date A B C D E P G Mean
5/05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
5/20 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
6/03 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
6/16 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
6/29 0.00 0.00 0.00 0.00 .49 .20 .31 .1
7/15 4.29 5.59 4.66 .43 l.46 5.87 3.43 3.7
7/27 0.00 0.00 0.00 0.00 .26 0.00 .40 .1
8/12 0.00 .27 .56 .14 .17 .16 .20 .2
8/23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
9/14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
9/29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
10/13 0.00 0.00 0.00- 0.00 0.00 0.00 0.00 0.0
10/26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
11/909 0.00 0.00 0.00 0.00 .21 0.00 0.00 0.0
11/22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Night
5/05 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
5/20 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
6/03 0.00 0.00 0.00 0.00 0.00 0.00 * 0.0
. 6/16 0.00 0.00 - 0.00 0.00 0.00 0.00 * 0.0
7/01 0.00 .21 0.00 0.00 0.00 .79 .23 .2
7/14 3.82 2.52 3.32 3.59 4.17 1.94 1.62 3.0
_ 7/28 0.00 0.00 0.00 .31 0.00 0.00- 0.00 .0
8/12 0.00 0.00 .18 .45 0.00 0.00 1.15 .3
8/25 0.00 .69 0.00 0.00 0.00 0.00 0.00 Wl
9/15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
9/28 0.00 .15 0.00 0.00 0.00 0.00 0.00 .0
10/12 0.00 - 0.00 0.00 0.00 0.00 .10 0.00 .0
10/27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
11/10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
11/22 0.00 0.00 0.00 0.00 0.00 0.00 0.0
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* Samples missing due to loss or breakage

10.93 6.21 19.42 7.24

Table 5-14. Day and night abundances of Bosmina longirostris,
) 1976. Number per liter.
Day
Stations
Date A B C - D E F G Mean
5/05 .18 .11 .07 0.00 0.00 0.00 .12 .1
5/20 l1.36 1.20 2.76 .76 1.21 1.21 * 1.4
6/03 - 3.56 2.22 3.19 1.91 1.68 .83 * 2.2
6/16 7.28 8.77 6.09 5.59 8.69 4.60 * 6.8
6/29 90.37 24.36 39.56 40.62 65.82 5.97 40.25 43.9-
7/15 4.29 1.48 3.06 6.68 9.50 5.87 5.57 5.2
7/27 .44 .38 .31 .45 0.00 0.00 .40 .3
8/12 5.03 41.14 16.20 15.50 5.36 .08 6.43 12.8
8/23 2.97 1.61 1.60 1.34 . .89 0.00 1.46 1.4
9/14 1.76 5.08 1.76 .45 .24 .49 .93 1.5
9/29 .78 .73 .58 0.00 0.00 0.00 0.00 .3
10/13 3.74 12.58 16.27 2.44 4.98 5.05 8.83 7.7
10/26 1.19 7.98 4.483 1.34 1.01 2.84 7.03 3.7
11/09 1.51 2.39  7.12 6.26 5.96 2.43 .79 3.8
-11/22 23.12 10.10 18.09 19.26. 12.36 5.34 3.21 13.1
Night
5/05 0.00 0.00 0.00 L11 0.00 0.00 * 20
5/20 .67 1.67 .83 1.41 .48 1.72 * 1.1
6/03 2.97 2.28 3.08 .68 1.32 .68 * 1.8
6/16 4.43 9.02 4.72 7.55 6.85 4.36 * 6.2
7/01 8.45 4.97 36.57 56.47 16.09 15.55 25.86 23.4
7/14 3.53 6.08 4,11 4.02 9.23 1.81 14.15 6.1
7/28 .26 0.00 0.00 0.00 .44 0.00 0.00 .1
8/12 6.98 4.81 3.07 4,53 5.82 19.03 9.45 7.7
8/25 1.46 2.40 1.19 1.43 2.14 0.00 .31 1.3
9/15 .40 .49 .77 1.29 .60 .96 0.00 .6
9/28 0.00 0.00 .19 0.00 .42 0.00 .18 .1
10/12 1.08 7.57 7.73 10.89 10.72 4.09 9.92 7.4
10/27 1.70 2.94 4.04 5.05 4,29 .64 5.77 3.5
11/10 3.37 1.56 3.52 1.99 5.94 5.37 2.61 3.5
11/22 2.54 7.39 © 9.18 9.0



Table ‘5-15. Results of analysis of variance of day abundances
of microzooplankton, 1976. N.S.=not significant,

* denotes statistical significance.
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Station Scheffe Test
Analysis "F" Effect (=<0.10)
All species 0.15 N.S.
Crustacea 0.33 N.S.
Rotifera 0.32 N.S.
Protozoa ' 1.98 N.S.
Copepoda-Adults _ 1.39 N.S.
Copepoda-Copepodids - 2.07 N.S.
Copepoda-Nauplii 0.63 N.é.
Acartia tonsa 0.01 N.S.
 Eurytem§ra affinis 1.25 N.S.
Diacyclops bicuspidatus 1.60 N.S.
Halicyclops fosteri 2.95 * | D,E>All; C>A; All>F
Total Copepoda 0.39 N.S. |
Total Calanoida 0.95 N.S.
Total‘Cyclopoida 3.41 * D,E>A,B; All>F
Total Harpacticoida 1.39 N.S. A
Bosmina longirostris 4.17 * All>F
Diaphanosoma brachyurum 0.93 ‘N.S.

Total Cladocera ' 5.01 * All>F




73

Table 5-16. Results of analysis of variance of night
abundances of microzooplankton, 1976.

Station Scheffe Test

Analysis "p" Effect (=<0.10)
All species 1.31 N.S.
Crustacea 1.06 N.S.
Rotifera. 1;49 N.S.
Protozoa _ 0.46 N.S.
Copepcda-Adults | 1.02 N.S.
Copepoda-Copepodids 0.56 N.S.
Copepoda-Nauplii 1.54 N.S.
Acartia tonsa 2.32 N.S.
Eurytemora affinis 1.18 N.S.‘
Diacyclops bicuspidatus 0.76 N.S.
Halicyclops fosteri 1.99 N.S.
Total Copepoda 0.56 N.S.
Total Calanoida 1.38 N.S.
Total Cyclopoida 1.50 N.S.
Total Harpacticoida 2.07 N.S.
Bosmina longirostris 1.02, ~ N.s.
Diaphanosoma brachyurum 1.02 N.S.
Total Cladocera N.S.

0.36



5;1.3 Discussion

Comparisons of microzooplankton abundance wi;hin sampling
yéars éeldom show differences attributable to factors other
than season. The few differences in abﬁndance between
stations are probably the result of random factors associ-
ated with the characteristically patchy distribution of
plankton (Wiebe and Holland, 1968; Fleminger and Clutter,
1965). For this reason and additiocnal consideratibns, e.g.
year-to-year variations in river flow, tidal exchange and
mixing (Abood, 1974), quantitative comparisons bétween and
among years are probably best executed in non-dimensional
terms, such as diversity components and cémmunity structure
(Pielou, 1975) rather than abundance.

A comparison of microzooplankton data collected in 1976
with those of previous years (New York University Mgdical
Center, 1975, 1976a) shows the magnitude of peak abundancés
and seasonal patterns of abundance to be similar. Species
composition between and among years of the dominant species
also, has remained essentiallyAunchanged (Table 5~17). The
absence of some of the less abundant rotifers and protozoané .
from year-to-year samples (Table 5-17) are not considered
significant. Their presence or absence in a giveﬁ year's
samples may reflect errors inherent in the ﬁethodology
(the inabi;ity to collect and preServe‘evérything), and the
absence of thé rare or unéommon forms in field samples,.dées

not necessarily indicate their absence in the environment
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Table 5-17. List of microzooplankton species collected in Hudson
River samples for 1971-1976.

Crustacea ' _ 1971 1972 1973 1974 1975 1976
Copepoda .
Acartia tonsa + + + +
Canthocamptid + + + +
Canuella sp. o+ + + +
Copepodids + + + +
Diacyclops bicuspidatus + + + T+
Ectinosoma curticorne + + + +
Epischura sp. + + + -
Ergasilus sp. + + + +
Eurytemora affinis + + + +
Halicyclops fosteri + + + +
Mesocyclops edax + - - +
Nauplii + + + +
Cladocera
Bosmina longirostris + + + +
Chydorid + + + +
Daphnia pulex e + + +
Diaphanosoma brachyurum + + + +
Leptodora kindtii + + + +
Moina sp. + + + -
Ostracoda
(no further identification) + + + +
Cirripedia
Nauplii + + + +
Rotifera
Asplancha sp. , + + + +
Brachionus angularis + + + +
B. calciflorus + + + +
B. quadridentata - + + +
Collotheca sp + - - -
Felina longiseta + + + +
Kellicottia longispina + + + +
Keratella cochlearis + + + +
K. quadrata + + + +
K. serrulata - + + -
K. taurocephla + - - -
Lecane sp. - + + -
Monostyla sp. + - - -



Table 5-17 (cont.)

Rotifera {cont.)

76

Notholca accuminata

" Philodina sp
Platyias patulus
P. gquadricornis

Pleosoma truncatum

Polyarthra sp.
Synchaeta sp.
Trichocerca sp.

Unidentified rotifers

Protozoa
Mastigophora
Ceratium hirudinella

Dinobryon sp.
Eudorina sp.
Pandorina sSp.
Pleodorina sp.
Volvox sp.

Sarcodina

Arcella sp.
Centropyxis sp.
Difflugia sp.

Euglypha sp.

Ciliophora

Carchesium sp.
Codonella cratera

Epistylis sp.
Eutintinnus sp.
Tintinnopsis sp.
vorticella sp.

Suctoria

Metacineta ép.
Staurophrya sp.

Miscellaneous -

Annelid larvae
Gastropod veliger
Pelecypod veliger
Nematodes :
Tardigrades

1971 1972 1973 1974 1975 1976
+ + + +
+ + + +
- + + +
- + + -
+ + + +
+ + + +
- + + -
+ + + +
+ + + +
+ + + +
+ + + -
+ 4 + +
+ + + -
+ + + +
+ + + +
+ + + -
+ + + +
+ + + +
+ + + -
+ + + +
+ + + -
+ + + +
+ - - -
+ + + -
+ + + -
+ + -
+ + -
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +



(Cairns, Lanza and Parker, 1972). Where dominant species
within taxa have been found to differ (e.g., the change from

the dominance of Branchionus in 1971, to Nothalca in 1974

and 1975 to Keratella in 1976) it should be noted that year-
to-year and station-to-station shifts in dominance are a
natural occurrence and may stem from the fact that certain
micrbzooplankton, such as rotifers, are characterized by
peak abundances of extremely short duration, not all of
which will have been sampled. These shifts have been noted
in various taxa throughout the lower Hudson since intensive
écologiéal studies began (see e.g., New York Univeréity
Medical Center, 1973, 1975; Lawler, Matusky and Skelly

Engineers, 1974, 19753).

As the near field data (this report and New York Univer-

sity Medical Center, 1975, 1976a; Lawler, Matusky and Skelly ‘

Engineers, 1975, 1976) and far field data (Lawler, Matusky
and Skelly Engineers, 1974) indicate similar patterns in
seasonal variability of species composition, species numbérs,
abundance and areal distribution of microzooplankton in the
Hudson River from Indian Point to Haverstraw Bay for the
years 1971-1976, we conclude thét the river populations of
microzooplankton have not been affected by the operatién of

the Indian Point power station.
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6. MACROZOOPLANKTON

6.1 RIVER POPULATION STUDIES
6.1.1 Methods

Macrozooplankton and ichthyoplankton were collected as
one sample. Organisms of these two major biological groups,
which were obtained in collections at all seven standard
sﬁations (Figure 1-7) and at three different depths, were
then separated for detailed analysis.

Metered 0.5 m-diameter, 57lu-mesh plankton nets, similar
to those used in the intakes and discharge canal were used
to sample in the river for macrozooplankton. These nets
were towed-simultaneously against the prevailing curren£ for
ten minutes at each of three depths (6-12 inches below the
surface, at mid-depth and at approximately 1 foot off the
bottom). Replicate samples were taken at all seven stations.

After mid April, day and night river samples were col-
lected each'week throughout the "striped bass season" (from
the'firs£ week in May to the end of July). 1In August samples
were collected every other week, and then once per month
until the end of December, so as to'eﬁcompass the season for
othef fish species.

~All macroinvertebrates were sorted from the samples,
identified to species (when possible) and enumerated. The
data were examined by analysis of variance‘to determine

whether significant differences existed. in the temporal and
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spatial distribution of river macrozooplankton. Catch per
unit effort (CPUE) analysis was compared to the catch per
1000 m3 as an estimate of the consistency of volumes sampled.
CPUE was time-related, expressed simply as the number of
organisms céught per 10-min sampling event. The comparison
of results derived from abundance (#/1000 m3) with CPUE was
considered critical as a technique for identifying abnormally
high or abnormally low flows which may hgve occurfed and

otherwise been discarded as outliers.

6.1.2 Results and Discussion

6.1.2.1 Species Composition

A total of 826 macrozooplankton samplesrwere collected
and analyzed in 1976. These incluae 413 samples takeh
during the daylight hours from April 12 to December 7, and
413 samples taken at night from April 13 to December 2.

Twenty-seven invertebrate forms were identified from
these samples (Table 6-1). This number is one less than the
inventory for 1975, and includes two taxa not previously
identified in our samples from the vicinity of Indian Point:

the isopod Cassidinidea lunifrons and a number of trichopteran

nymphs. Nonetheless, the species inventory in 1976 resembles
closely those for the preceding years, beginning in 1971.
Numerical abundances were determined for 13 of the 27

taxa collected in 1976 (Tables 6-9 through 6-12). The



Table 6-1 .

Taxa

Macrozooplankton taxa in Indian Point collections,
1971, 1972, 1974, 1975 and 1976. X denotes the

presence of that organism for the given year.

1971

1972

1974

1975

80

1976

Annelida

Oligochaeta
Polychaeta
Hirudinea:

Arthrophoda

Crustacea
Copepoda

Caligus sp.

Branchyura

Argulus sp.

Malacostraca

Cumacea
Mysidacea
Neomysis americana -
Isopoda
Chiridotea almyra
Cvathura polita
Edotea sp.
Cirolana sp.
Cassidinidea lunifrons
Amphipoda
Gammarus spp.
Monoculodes edwardsi
Leptocheirus plumulosus

- Corophium sp.

Decapoda
Crangon septemspinosa
Decapod larva (zocea)
Palaemonetes sp.

Insecta

Odonata (nymph)
Odonata (adult)
Diptera  (larvae)
Chackorus sp.
Chironomus sp.
Diptera (pupae)

" Diptera (adult)

Plecoptera (nymph)

_Tricoptera (larva)
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Table 6-1 (cont.).
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Pelecypoda

~ Taxa 1971 1972 1974 1975 1976
Arachnida
Hydracarina X X X X X
Coelenterata
Medusae X _X X X X
Ctenophora X X X
.Mollusca
Gastropoda X X
X X X
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remaining taxa were not enumerated either because they were
difficult to sample accurately (e.g. jellyfish medusae and
ctenophores), or because they were not considered part of

the plankton community (e.g. Argulus, Cirolana, Cumacea and

some insect life stages). Decapod larvae were not enumerated
because they were too small to be retained consistently in
the 571uy-mesh nets.

As in previous years, the macrozooplankton community

was dominated by three taxa, Gammarus spp., Monoculodes

edwardsi, and Neomysis americana (New York University Medical

Center, 1975, 1976a; Ginn, 1977). Because of the relatively
high constant concentrations of Chaoborus spp. larvae this‘
taxonomic group was also considered a dominant taxa (Table
6-2) - Together these four groups accoﬁnted for 57% of the
total daytime macrozooplankton catch and 60% of the total
nighttime catch (Table 6-2). On a station-by-station basis,

Gammarus, Monoculodes, Neomysis, and Chaoborus accounted for.

between 54% and 81% of ﬁhe total macrozooplankton daytime
catch, and between 63% and 97% of the nighttime catch.

The proportional representation of the four dominant
forms at Station A through G varied (Tables 6~3 and 6-4).
Gammarus was dominant at 6 stations (A, B, C, D, E, G)
during the daytime, while Neomysis was dominant at one
. station (F). Nighttime samples atlstaﬁion a, B,'D,'E, and G.
were predominantly Gammarus, while stations C and F were |
- predominantly Neomysis. Of the four dominant forms, Mono-

culodes was the least abundant.



Table 6~2. Percent composition of macrozooplankton species
collected in the vicinity of Indian Point, 1976.

Percent of total

Day . Night
Species : collections collections
Gammarus Spp. 38.31% 35.60%
Monoculodes edwardsi 2.23% 3.71%
Neom?sis'americana 8.88% 14.16%
Chaoborus sp. {larvae) 7.79% 6.86%

"others" 42.79% - 39.67%
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Table 6-3. Total macrozooplankton river abundance and abundance
by major groups in day/night collections, 1976.
Data shown are mean numbers caught per 1000 m3 by
station +95% confidence intervals. n = number of
samples in which the particular species was ob-
served. '

Stations

Day A B C D E F G

. 8577 4421 11511 6815 5446 5201 3912
Total +5004 +6890 +6890 +1759 +3893 +2930 2749
n=60 n=60 n=60 n=60 n=59 n=60 n=54

4016 1446 4352 2592 2206 1533 1353 .
Gammarus +2536° % 653 +2925 +1799 +1877 + 959 1103
n=60 n=60 ) n=60 n=60 n=58 n=60 n=53

189 99 216 142 69 181 194
Monoculodes ¢ 154 + 110 + 170 + 113 + 45 + 202 + 215
n=57 n=57 n=57 n=57 n=56 n=57 n=51

4

1286 . 662 1015 700 774 1872 1061
Neomysis +2012 +1038 +1161 + 669 + 950 +1698 *1817
n=33 n=33 n=33 n=33 n=32 n=33 n=33’

438 412 597 661 535 603 342
Chaoborus + 376 % 463 + 470 + 584 + 725 + 725 & 287
n=60 n=60 n=60 n=60 n=59 n=60 n=54

Night

20883 19201 17850 23852 23839 22836 19095
Total +5520 #5043 £4443 +7378 +5490 +8856 £5206
n=60" n=60 n=60 n=60 n=59 n=60 n=54

8206 6884 5102 9180 8502 | 9809 6885
Gammarus +2491 +1998 +1364 +3380 +2684 5170 *2635
n=60 n=60 n=60 n=60 n=59 n=60 n=54

855 762 - 902 424 965 945 598
Monoculodes + 424 + 501 . + 503 + 185 + 491 + 519 % 263
. ‘n=60 n=60 n=60 n=60 n=59 n=60 n=54

: ) 2866 2845 : 7734 5957 _6354 110436 4965
NeomzsiS"~ +1842 .+2002 #5193 #4511 +£3647 +10754 #3511
n=30 | n=30 n=30 . n=30 n=30 n=30 n=30_

| 1345 1585 1542 1458 1893 910 1378
Chaoborus -~ + 619 #+ 841 & 760 + 778 * 956 % 572 % 771
n=60 - n=60 ~ .n=60 n=60 n=60 n=59 n=54



Table 6-4. Total hacrozooplankton river abundance and abundance
by major groups in day/night collections, 1976.
Data shown are mean number/catch per unit effort by
station $95% confidence intervals. n=Number of
samples in which the particular species was ob-
served.: .
Day A B c D E F G
983 567 1246 760 658 669 461
Total +567 +294 +682 +398 +503 +374 +322
n=60 n=60 n=60 - n=60 n=59% n=60 n=54
452 171 468 287 266 195 160
Gammarus +284 77 +296 +182 £243 +122 $128
n=60 n=60  n=60 n=60 n=58 n=60 n=53
20 20 26 23 18 25 26
Monoculodes + 15 + 17 + 18 + 11 £ 5 t 23 + 25
‘ n=57 n=57 n=57 n=57 n=>56 n=57 n=51
147 101 114 78 96 230 130
Neomysis +209 +160 +138 + 71 114 +209 +217
n=33 n=33 n=33 n=33 n=32 n=33 n=33
63 64 73 76 66 83 42
Chaoborus + 53 + 21 + 56 t 69 + 68 + 96 + 33
n=60 n=60 n=60 n=60 n=59- n=60 n=54
Night
2325 2236' 2076 2619 2635 2296 2193
Total +642 607 | +542 +817 +581 +781 +594
: n=60 n=60 n=60 n=60 n=59 n=60 n=54
908 782 581 1013 939 885 779
Gammarus +283 +230 +154 +372 +293 +350 +283
n=60 n=60 n=60 n=60 n=59 n=60 n=54
- 94 92 109 49 102 93 71
Monoculodes t 47 + 62 + 61 £ 20 + 48 + 47 + 31
~ n=60 n=60 . n=60 n=60 n=59 n=¢0 n=54
. 330 378 946 663 666 693 598
Neomysis +210 +288 +654 1466 +361 1669 +438
n=30 n=30 n=30 n=30 n=30 n=30 n=30
153 191 177 165 215 75 162
Chaoborus + 76  t107 + 88 + 85 +113 * 44 + 89
n=60 n=60 n=60 n=60 n=59 n=60 n=54
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6.1.2.2 Day Versus Night Comparisons

Macrozooplankton abundance was significantly greater
vduring the night than during the day (Tables 6-5 through 6-

f); total macrozooplanktoh nighttime catches exceeded day-

time catches_by a factor of 3.7 (Tables 6-3 through 6-6).

The -abundance of Gammarus spp. was greatest in nighttime
samples, exceeding daytimé sahples by a factor of approximately
three. Gammarus spp. were present in 411 out of 413 daytime
samples and in each of the 413 nighttime éamples collected;
they comprised 38% of all macrozooplankton in the daytime

and were nearly 36% of all those collected at night.

Although Neomysis was found in only 51% of the daytime
samples, its numbers, surpassed only by Gammarus, accounted
for 9% of the total macrozooplankton cbllected during the
day. At night Neomzsis again occurred in 51% of the samples
collected, and its numbers were 14% of the total collected.
Day versus night differences in abundance (Tables 6-3 through
6-6).were'more than thaﬁ fbr Gammarus spp., M. edwardsi and
Chaoborus spp. larvae differing by a factor of 6 during the
sample periocd.

The amphipod g.'edwardsi was present in 392 out of 413
sampleé collected in the daytime and in all of the nighttime
samples collected in the vicinity of Indian Point power
plantf. Its abundance atAnight was significantly greater
than during the day (Tables 6-3 through 6-6); the nﬁmbers aﬁ

night were 5 times greater than during the day.



Table 6~5. Macrozooplankton abundance in pooled river samples,
1976. Data are mean numbers caught per 1000m3 with
95% confidence intervals. N= number of samples in
which species was observed.

Mean » 95% C.I. n

Day

Total 6611 + 760 413
Gammarus _ 2545 £ 173 411
Monoculodes 155 t 1 392
Neomysis 1160 + 146 : 209
Chaoborus . 440 + 14 413
Night

Total 21112 +1567 413
Gammarus : 7517 + 259 , 413
Monoculodes 782 9 413
Neomysis 5879 1217 210

Chaoborus 1448 + 14 413
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Table 6-6. Macrozooplankton abundance in pooled river samples,
1976. Data are mean numbers caught per unit effort
with 95% confidence intervals. N = number of samples
in which species was observed.

Mean 95% C.I. - n
Day
Total ‘ 768 +9664 413
Gammarus 287 - +1985 411
Monoculodes 18 £ 19 392
.Neomysis 137 +2048 209 .
Chaoborus 65 + 262 413
Night
Total 2343 +15505 413
Gammarus 842 + 3042 413
Monoculodes 86 + 105 413
Neomysis 611 + 7266 210
Chaoborus 163 + 186 413



Table 6-7. Comparison of macrozooplankton abundance in day vs.
night river sampling, 1976.

Species Day and Night

Total Night > Day

Gammarus . Night > Day

Monoculodes o Night > Day .
Neomysis | Night > Day .

Chaoborus Night > Day
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The insect Chaoborus spp. larvae was present in all

daytime and nighttime samples. Although its abundance was

less than Gammarus spp. and N. americ;na, Chaobqrus larvae
abundance was greater than than of M. edwardsi (Tables 6-5
and 6-6). Chaoborus larvae concentrations at night were

significantly greater than during the day, differing by a

factor of 3 (Tables 6-3 through'G-G).

6.1.2.3 Depth Distribution of Macrozooplankton

The abundance of macrozooplankton in river samples was
the greatest at the bottom of the water column. Since the
depths of>sampling stations differed, the "bottom" sampies_
from the différent stations were, of necessity, from different
depths. Nevertheless, samples from the 5ottom strata yielded |
98% of the mécrozooplankton in the daytime samples and 50% |
of the macrozooplankton in nighttime samples.

The relative abundance of macrozooplankton at the
various depths differed‘significantly between day and night
sampleé (Table 6-8; and Figures 6-1 through 6-5). Surface
and mid-depth abundances at night were gréater than in the
day by a factor of approximately 12. Nighttime bottom
samples were about 55% greater than daytime bottom samples.
Populations of macrozooplankton susceptible to net capture
at night, but not during the day, may be aésumed to occupy a
daytime habitat not sampled byvﬁhe gear cﬁrrently in‘use.

Data from other investigations in the Hudson River (Texas



Table 6=-8. Macrozooplankton river abundance in mean numbers
: caught per 1000m3 by depth #95% confidence interval
for total macrozooplankton and dominant groups.
N = number of samples in which particular species
was observed.

Day Surface Middle Bottom
: - 133 2453 17323
Total ' $2285 . 2285 _ +2301
n=138 n=138 n=137
28 1091 6563
Gammarus » + 518 + 522 + 526
' n=138 =137 n=136
0 51 416
Monoculodes * 4 + 4 + 4
n=131 ‘n=131 =130
1 187 3322
Neomysis + 439 + 439 + 446
= 70 n= 70 " n= 69
16 226 . 1309
Chaoborus : + 45 t 45 + 45
n=138 n=138 n=137

Night

6111 25654 31646
Total 4713 4713 : +4747
n=138 n=138 n=137
1559 , 10335 : 10678
Gammarus + 778 ‘ + 778 + 783
. n=138 n=138 n=137
154 839 1358
Monoculodes : + 26 + 26 + 26
n=138 _ n=138 n=137
. ‘ 3054 3512 11072
Neomysis _ 3706 +3706 +3706
‘ n= 70 n= 70 n=-70
774 1793 : 1778
Chaoborus + 43 + 43 + 43

n=138 n=138 : n=137
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Figure 6-1. Depth distribution for total macrozooplankton in day and night samples from 9
_ the Hudson River at Indian Point, 1976.
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Figuré 6-3. Depth distribution for Monoculodes in day and night samples from the Hudson
River at Indian Point, 1976.
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Figure 6-4. Depth distribution for Neomysis americana in day and night samoles from the
Hudson River at Indian Point, 1976.
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" Figure 6-5. Depth distribution for Chaoborus in day a:nd night samples from the Hudson
: River at Indian Point, 1976.
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Instruments, 1975; Lawler, Matusky and Skelly Engineérs,
1975) identify the surficial bottom deposits of the river as
an important habitat for many of the species which are
collected regularly in plankton nets. As none of our gear
are éesigned to sample this habitat, it must be assumed that
the increased abundance Qf macrozooplankton at night is due
to the nocturnal emergence of epibenthic forms from the
sediments to assumé a planktonic existence (Bousfield, 1973;
Muller, 1963).

The distribution of the major macrozooplankton components

(Gammarus, Neomysis, Monoculodes and Chaoborus) during the

day was similar; less than 1% of the totals for each group
occurred in the surface samples, while 84-94% were found in
the bottom samples (Figures 6-2 through 6-5). .0f these four
groups, Neomysis had the sharpest distribution profile with
depth, in which, approximately 94% of the individuals recorded
were from the bottom stratum.

Depth distribution was more even for nighttime samples
of the dominant forms. For Gammarus spp. and Chaoborus the
nighttime abundance at mid-depth and in bottom samples ex-
ceeded that of the surface, but did not differ much from
each other (Table 6-8; Figures 6~2, 6-5). The profile for
Neomysis showed the bottom strata to have the greateét
abundance with eésentially no difference.between the mid and

surface depths (Table 6-8; Figure 6-4). With a gradient of

increasing abundance from bottom to the surface Monoculodes



showed differences among all strata (Table 6-8; Figure 6-3).
Vast differences in depth distribution between day and night
wére observed for Neomysis, whose surface abundances at
night were over 3000 times that for the day. Although in-

creased numbers of Gammarus, Monoculodes, and Chaoborus were

observed for surface samples collected at night over those
collected during the day, the differences were not as great

(approximatély 56%, 154%, and 48%, respectively).

6.1.2.4 Seasonal Abundance

The abundance of macrozooplankton varied significantly
with season (Tables 6-9 through 6-12; Figures 6-6, 6-7).
The total for daytime samples ranged from a mean of 1,250 .

organisms.per 1000m3-(June 8) to 15,604 organisms per 1000

m3 (November 9; Table 6-9). Nighttime abundance was greater

3

overall, ranging between 3,550 organisms per 1000 m~ (May

6) to 34,658 organisms per 1000 m3

(August 2; Table 6-

10). In general, the pattern of macrozooplankton abundance
was similar for daytime and nighttime samples, showing major
peaks in summer and fewer organisms in late fall (Figure 6-6
and 6-7). Given the pronounced tendency toward diel vertical
migration in the zooplankton as a whole, the variability in
daytime samples could be attributed to différencés in cloud
cover .on the various dates, thus leading to greater or

lesser éongregations‘of the zooplankters at the mud-water

interface.
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Table 6-9 . Daytime abundance in mean numbers per 1000m3 of individual macrozooplankton
taxa by date for all stations, 1976. Percent of total represents the abund-
ance of the major species (Gammarus, Monoculodes, Neomysis and Chaoborus) to
the abundance for all species of macrozooplankton observed.
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Table 6-10. Nighttime abundance in mean numbers per 1000m3 of individual macrozooplankton
taxa by date for all stations, 1976. Percent of total represents the abundance
of the major species (Gammarus, Monoculodes, Neomysis and Chaoborus) to the
abundance for all species of macrozooplankton observed.
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Table 6-11. Daytime abundance in mean number, catch per unit effort of individual
macrozooplankton taxa by date for all stations, 1976. Percent of total
represents abundance of major species (Gammarus, Monoculodes, Neomysis
and Chaoborus) to the abundance for all species of macrozooplankton

observed.
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5/17 21 90 2838 0 14 29 10 - 0 0 0 0 279 0 25 9
5/24 21 80 2217 0 1 12 31 0 1 0 2 473 0 38 3
6/01 21 60 916 0 4 16 13 0 0 0 0 575 1 26 15
6/08 21 71 364 0 2 6 33 0 2 0 1 100 1 8 4
6/15 21 86 1138 0 20 6 9 0 0 0 1 168 0 7 4
6/22 21 48 299 "0 1 2 8 0 0 0 2 309 0 7 1
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Table 6-12.

Nighttime abundance in mean number, catch per unit effort of individual
macrozooplankton taxa by date for all stations, 1976.
represents abundance of major species (Gammarus, Neomysis, Monoculodes

Percent of total

and Chaoborus) to abundance for all species of macrozooplankton observed.

u )
0 i ﬁ 3 i) & 0}

Yy ' ‘S % 0 ] 5 - I L 3 o)

own 7] 0 0 fa} M o © (0] ] [aH =

‘@ P 3 - — (" o} - o g v S o o

Mo g o M 7} d o 4o ¥l 3] of fai 3] o 1) a

O oL o 0 Q - e} = o 3] 0 o

) = 00 E E{ o 0 H 5} ] 21 P o D>y Q Y
] g [ oy 0 o I - Y nJ I o] - — 0n -
o 0 o o ] 0 o el o) ) N —~ o) e £
a 2z (¥ U] z = O o .0 ] &) O (o) (W H 3]
4/13 21 92 2632 1 757 37 65 0 82 0 0 98 27 0 12
5/06 18 94 1096 0 124 - 52 7 0 0 0 2 58 2 11 2
5/13 18 - 94 5623 0 67 147 11 0 1 0 1 296 0 56 9
5/20 - 21 97 4872 0 19 71 115 0 1 0 0 27 2 19 7
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7/08 21 83 3349 0 33 194 95 0 0 0 2 8 1] 645 7
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10/12 21 - 95 989 0 193 37 1 -3 0 0 1 62 0 0 0
11/11 21 95 3351 0 7 35 74 20 0 0 0 - 82 1 0 1
12/02 21 74 1011 . 60 80 21 -1 0 0 0 3 380 0 0 20

¢0T



Mean Number /1000m?

N
o

N
O
o

Salinity (ppt)

O O

o

Water Temperature (°C)
_ |

20,000 - g — Gammarus
—— Monoculodes

*— Neomysis ! |
i ¢+— Chaoborus

15000 |-

i
!
!
!
|

10000 -

5000 |

O al H .4 et o Az I\ q- . -‘. A&AII’Q}:&
So2bdcolddel0dugT 52y
T OO0 PO NKE~NRNOoo @ -d

Figure 6-6. Seasonal distribution of Gammarus, Neomysis, Monoculodes and Chaoborus

relative to temperature and salinity for daytime samples in the Hudson

River at Indian Point, 1976.

€01



301

Temperature

20

1
.ES '

Salinity (ppt)

10t

Water Temperature (°C)

25000 - ¢—— Gammarus

Mean Number/1000m®

- | 4+ — Monoculodes '
20000 . i T——- Neomysis |
| - | 11 Chaoborus |
: )
= |
15000 i, | ! ?
' ‘ F ! | v
P4
10,000 - ' ! P !
" e
5000 - o[de de !
ik : N
0 Loy s sl i i gl
LD M O = O M~ 0N NO O —
— O 2 A NN = — N — O~ NN~ T
PR R R R DL L
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River at Indian Point, 1976.




Variation in abundance on a date-to-date basis may be
accounted for primarily by variation in the abundance of the

four dominant macrozooplankters, Gammarus spp., Monoculodes,

Neomysis and Chaoborus larvae. On one sampling date (June

22) Gammérus, Monoculodes, Neomysis and Chaoborus failed to

~account for at least half the macrozoopiankton collected
(Table 6-9). On this date, oligochaeta, Chiridotea, and
insect pupae.were abundant and accounted fér a large percent-
age of the total. There were no nighttime samples in thch
the four dominant macrozooplankters failed to account for at
least half the total collected (Table 6-10 and 6-12).

The abundance and proportional representation of the
various macrozooplankton taxe on a seasonal basis are attri-
butable directly to two factors; 1) salt intrusion in the
vicinity of Indian Point, and 2) the life history of the
species present. During periods of'high salinity at Indian

Point an abundance of Neomzsis and Monoculodes was observed,

while during low salinity and freshwater periods, the amphipod
Gammarus and annelid worms (Oligochaeta and Polychaeta) became
dominant (Tables 6-9 through 6-12; Figures 6~6 and 6-7).

In mid summer Chaoborus spp. and other juvenile insect
forms were abundant (Tables 6-9 through 6-12) primarily as
aquatic stages preparing for metamorphosis to a terrestrial
life. '

An analysis of variance (ANOVA) of the data revealed.

significant differences in numbers by station, by depth and
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by date (Tables 6-13 through 6-20). There was a significant
interaction of station and date in both daytime and nighttime

samples for total species and for Gammarus, Monoculodes,

Neomysis and Chaoborus which substantiates the seasonal re-
lationship_of Gammarus with freshwater periods and of Monocu-
lodes and'Neomzsis with salt water intrusion (Tables 6-15
through 6-22).

It is fair to assume that holoplanktonic organisms in
the viéinity of the Indian Point nuclear generating station
will be subject to entrainment in the cooling water flow of
the power étation. River population studies conducted over
a period of several years have had as their objective to
determine if this entrainment will have any qualitatiﬁe 6rA
quantitative impact upon the river populations.

As repdrted in our earlier reports kNew York University
Medical‘Center, 1975, 1976a) comparisons of macrdzooplanktdn
abundance within sampling years seldom show differences due
to factors other than season; any differences found between
stations are probably due té random factors since plankton
distribution is characteristically patchy (Wiebe and Holland,
1968; Fleminger and Clutter, 19653). .For the same reasons,
and additional ones such as year-to-year variation in river
flow, tidal exchange and mixing (Abood, 1974), quantitative
comparisons of zooplankton populations between years is
probab}y best executed iﬁ ndn—dimensional terms, such as
componénfs and community structure (Pielou, 1975) rather

than abundance.
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Tabje 6-13. Differences in macrozooplankton river abundance
among stations in 1976. Letters refer to the
respective river station locations.

Day
Total _ C>G
Gammarus A>G
Monoculodes nonel
Neomysis none
Chaoborus none
Night
Total ' ) nonel
1l
Gammarus none
Monoculodes ~none
Neomysis s nonel
Chaoborus E>F
1

The analysis of variance (=<.05) indicated a difference
among stations. However, the Scheffé test (=<0.10) was
unable to locate the difference.



' Table 6-14.

‘Day

.Total

Gammarus

Monoculodes

Differences in macrozooplankton river abundance
among depths in 1976. Depths refer to sample
depths from surface to 50 feet for bottom

Neomysis

Chaoborus

Night

Total

Gammarus

Monoculodes

Neomysis

Chaoborus

samples.

mid>sur; bot>sur; bot>mid

mid>sur; bot>sur; bot>mid
bot>sur; bot>mid
bot>sur; bot>mid

mid>sur; bot>sur; bot>mid

nonel

nonel

mid>sur; bot>sur; bot>mid

mid>sur; bot>sur; bot>mid

mid>sur; bot>sur

1 The analysis of variance (=<.05) indicated a difference
among depths. However, the Scheffé test (=<0.10) was
unable to locate the difference.
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Table 6-15. Analysis of variance for all species of macro-
zooplankton collected during the day in 1976,
listed as log.. (catch/m3 +1). (A=station;
B=depth:; C=da%8: Asterisk (*)= significant at
.05 level).
Degrees Sum of , Mean
Source of freedom sguares square F-value
A 6 1.3318 .2220 2.8066*
B/A 14 78.8906 5.6350 71.2539*
C 19 11.7157 .6166 7.7970%
AXC 112 9.5688 .0854 1.0803
Error 261 20.6409 .0791 -
Total 412 122.1478
Contrast Scheffé test! log ;4 (catch/m3+1)
among :
Stations Critical value. Contrast wvalue
Cvs G 0.1719 » 0.2066

lonly significant contrasts are shown here.



- Table 6-16.
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'

Analysis of variance for all species of macro-
zooplankton collected during the night in 1976,
listed as log;, (catch/m3 +1). (A=station; B=
depth; C=date; Asterisk (*)=significant at .05
level).

Degrees Sum of | Mean .

Source of freedom sguares - sgquare F-value
A 6 2.1104 . 3517 4.1331*
B/A 14 53.4463 3.8176 44.8597*
c Vl9 21.2269 1.1172 13.1280%*
AXC 112 19.3190 .1725 2.0269%*
Error 261 _ 22.2113 . .0851

Total

412 118.3139
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~ Table 6-17. Analysis of variance for Gammarus collected
~during the day in 1976, listed as logjg
(catch/m3 +1). (A=station; B=depth; C=date;
Asterisk (*)=significant at .05 level).
Degrees Sum of Mean
Source of freedom squares sgquare F-value
A 6 1.1047 .1841 2.7661*
B/A 14 30.8494 2.2035 33.1047~*
C 19 10.4315 .5490 8.2483%
AXC 112 5.9231 .0529 . 7945
. Exror 259 17.2396 .0666
Total 410 65.5483
Contrast Scheffé test! logjy (catch/m+1)
- among
Stations Critical value Contrast value
A vs G 0.1585 0.1704

lonly significant contrasts are shown here.
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Table 6-18. Analysis of variance for Gammarus collected

during the night in 1976, listed as logjg
(catch/m3 +1). (A=station; B=depth; C=date;
Asterisk (*)=significant at .05 level).

Degrees Sum of Mean

Source of freedom squares sguare F-value

A 6 1.2011 ©.2002 2.9711*
B/A 14 ' 41.3903 2.9564 43,8793*
c 19 15.3858 .8098 12.0187*
AXC 112 14.5557 .1300 1.9289%*
Error 261 17.5854 L0674 '

Total 412 90.1182
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Table 6-19. Analysis of variance for Monoculodes collected
at day and night during 1976 and listed as logjg
(catch/m3 +1). (A=station; B=depth; C=date;
Asterisk (*)=significant at .05 level).

Degrees Sum of Mean

Source of freedom squares . square F-value
Day

A 6 .0488 .Q081 .8830
B/A 14 .9582 .0684 7.4324%*
cC 18 1.1294 .0627 6.8132*
AXC 106 .4376 .0041 .4483
Error 247 2.2746 .0092

Total 391 4,8;86

Night

A 6 .2235 : .0373 1.3642
B/A : - 14 3.3741 .2410 8.8249*%
c ' 19 10.0381 . +5283 19.3456*
AXC 112 ' 2.5695 .0229 .8401
Error 261 | | 7.1278 .0273

Total 412 23.3330



Table 6-20.

Analysis of variance for Necmysis collected at day
and night during 1976 and listed as loglo (catch/
m3 +1). (A=station; B=depth; C=date; Asterisk (*)=
significant at .05 level).

Degrees Sum of Mean _

Source of freedom ___squares sguare F-value

Day

a 6. 3911 .0652 .9570

B/A 14 y 5.2167 .3726 5.4716%

C 9 3.9226 .4358 . 6.3998*
 AXC 54 1.8332 .0339 .4985

Error 125 8.5128 .0681

Total 208 19.8763

Night

a 6 | 1.1839 .1973 2.8966%

B/A 14 4.7520 .3394 4.9829*

c 9 40.4535 4.4948 65.9860*

AXC 54 | 5.9894 .1109 1.6283*

Error 126 8.5829 .0681

Total 209 © 60.9615
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Table 6-21. Analysis of variance for Chaoborus collected _during
the day in 1976 and listed as loglg (catch/m3 +1).
(A=stations; B=depth; C=date; Asterisk (*)=significant
at .05 level). '

Degrees Sum of Mean
Source of fregdom squares square F=-value
A 6 .0572 .0095 .3046
B/A 14 3.1868 .2276 7.2754%
C - 19 5.3351° .. .2808 8.9747"
AXC 112 2.1178 " o189 .6044
Error 261 8.1660 .0313

Total 412 18.8628
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-Table 6-22. Analysis of variance for Chaoborus collected
- at nighthuring 1976 and listed as logjp
(catch/m” +1). (A=station; B=depth; C=date;
Asterisk (*)=significant at .05 level).

Degrees Sum of Mean

Source of freedom squares square F-value
A 6 .3878 .0646 2.9050*
'B/A 14 2.4223 .1730 7.7766%
C 19 29.3747 1.5460 69.4876%
AXC 112 3.2460 .0290 1.3026*%
Error 261 5.8070 .0222
Total 412 41.2379
Contrast Scheffé test! logj, (catch/m3+1)

among _ ' ‘

Stations ' Critical value ' _Contrast value

E vs F .0890 .1088

!only significant contrasts are shown here.
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Qualitative comparisoh'of macrozooplankton within and
between years indicates that species composition of the
plankton has remained eésentially the same for the duration
of the study (1971-1976). Although there are differences in
the number of individual species observed from 1971-13976,
many of these are of little consequence; they are marine
forms and their abundance depends upon the extent of saltwater
intrusion into the area. |

Althoughﬂa relatively large number of Neomysis may be
killed at the Indian Point plant (New York University Medical-
Center, 1976a; Ginn, 1977), it is our opinion that the
Neomysis population in the rive; is not iﬁpacted. Since Neomzéis
is at the northern fringe of distribution, and is transitory
at the plant site (Tattersall, 1951; Wigley and Burns, 1971;
New York University Medical Center,.l975, 1976a and this
report), the impact from plant-related mortalities on the
river population have not been observed.

Thus, it is our opinion that the.river‘populations of
macrozooplankton have not been affected by the operation bf

the Indian Point station.’
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7. ICHTHYOPLANKTON

7.1 RIVER POPULATION STUDIES.
7.1.1 Methods |

Ichthyoplahkton was collected in samples with macrozoo-
plankton. Organisms of these two major.biological groups,
which were obtained from three depths in collections at éll
seven river stations and from one station used for simultaneous
river and plant sampling'(Figure 1-7; 1l976a) were then
separated for detailed analysis. The methods and gear used
are-described in Section 6-1 (New York University Medical
Center, l976a). .

' The river day and.night sampling, as well as the river/
plant simultaneous sampiing was done each week throughout
the striped bass "larvae season" (from the last week in
April to the end of_July).- After July, éll sampling was
ddne evefy other week throuéh August, and then once per
month until the end of December, so as to encompass the
season for other fish species. The sampling schedule was
staggered so that déy samples and night samples were collected
on différent days. Consequently, there may be differences,
both in the numbers of samples and in the time period chosen
for the.calculationé'of-abundances bétween day and night
| distributions. |

Metered OQS'm-diéﬁeter, 571 ﬁ4mesh'plankton nets,
similar to those used in the intakés and discharge canal,

were used to sample in the river for fish eggs and larvae.
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These nets were towed simultaneously at each of three depths
(6 to~12 inches below the surface, at mid-depth and approxi-
mately 1 foot off the bottoﬁ). Replicate samples were taken
at all seven river stations, plﬁs the one station used for
river/plaht comparisons.

Fish eggs and larvae were sorted from the samples,
identified to species (when possible; see identification
methods employed in New York‘University Medical Center 1971-
72 report) and enumerated té determine abundance. Abundance
is reported both as numbers per 1000 m3 of water sampled as
well as numbers per sampling effort (10-min tow). All .
abundance data were examined by analysis of>variance (ANOVA)
and by a posteriori tests (Sokal and Rohlf, 1969) to determine
if significant differencés exist in the temporal and spatial
distribution of river ichthyoplankton relative to ichthyoplank-
ton sampled at the plant intakes. To stabilize the variances,
the data analyzed were transformed by the formula: log(% + 1),
where N is the actual number caught and V the volume of
water filtered. Adjustments were made in the degrees of
freedom where appropriate. The data (for each’ life history
stage) used in the comparisons were derived from all the
samples'collected within the period of initial appearance to
final observation for a particular life stage. For example,
for striped bass eggs, if only one egg was found in one
sample from one station for a given date, all the samples

for that date were included in the analysis; even though all
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but one would be zeros; Data for that_life history stage
would continue to accumulate until such time that they were
nd longer.ébserved in any of the samples. As we are unable
'to predict when a certain life history stage will appear or
- be absent in thé river, this method of data selection may
approximate the actual presence of each ichthyoblankton life

history stage in the river.

7.1.2 Results and Discussion

A total of 2226 ichthyoplankton samples were collected
_ from the Hudson River in .1976. One-half (1113 samples) was
sorted and anaiyzed, the other half (replicate samples) was
not examined, and was kept for reference purposes,.or was
used if difficuities in analyzing the primary samples became
evident. The species and life stages identified in these
collections are listed in Table 7-1l. Twenty-four possible
species were observed, (Table 7-2), 16 of which have been
caught in each sampling year since 1971. The life stages
and relative abundance for the'seaéon, of fish species taken
in these samples are shown in Table 7-3; 5ay anchovy (Anchoa
mitchilli) eggs, larvae and juveniles were again the most
abundant. Yolk-sac larvae of anchovies, however, were not
as abundant as for the oiher life stagesvof‘the species.
This has been true for anchovy yolk-sac larvae éince we were
first able to’iééntify them in 1974. vAnchovy'yolk-sac ' |
Vlarvae'are thread-thin and are betweén'2—3’mm long, and may
be easily overlooked even with very careful examination in
.'sorting or. some may be lost.through the mesh of our sampiing

nets.
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Table 7-1. Ichthyoplankton species and life stages in the river
population samples, 1976. YSL=yolk-sac larvae, Juv=
juveniles, Older=older fish. :

Species Eggs. ¥YSL Larvae Juv Older

Percichthyidae (temperate basses)

Morone saxétilis (striped bass) + + + +

Morone americana . (white perch) + + + + +
Clupeidae (herrings) +

Alosa aestivalis (blueback herring) + + +

Alosa pseudoharengus (alewife) + 0+ . + +

Alosa sapidissima (American shad) _ + +

Engraulidae (anchovies)

Anchoa mitchilli + + + + +

‘Osmeridae (smelts)

Osmerus mordax (rainbow smelt + + +

Cyprinidae (minnows and carps)

Notropis hudsonius (spottail shiner) + + + .

Unknown cyprinid species o + +
Percidae (perches)

Etheostoma olmstedi (tessellated darter) + o+

Perca flavescens (yellow perch) » + +

Sciaenidae (drums)

Cynoscion regalis (weakfish) + +




Table 7-1 (cont.)

Species ) Eggs
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YSL Larvae Juv Older

Atherinidae (silversides)
Menidia spp.
Soleidae (soles)

Trinectes maculatus (hogchoker)

Anguillidae (freshwater eels)

Anguilla rostrata (American eel)
Syngnathidae (pipefishes and sea horses)

Syngnathus fuscus (northern pipefish)

Centrarchidae (sunfishes)
Lepomis sp.
Gadidae (codfishes)

Microgadus tomcod (Atlantic tomcod)

Ictaluridae (freshwater catfishes)

Ictalurus catus (white catfish)

Acipenseridae (sturgeons)

Acipénservoxyrhynchus,(Atlantic stdrgeon)
Cyprinodontidae (killifishes)

Fundulus_épp.
Gobiidae (gobies)

Gobiosoma‘bosci (naked goby)

+ +
+ + +
+ +
+ +
.+
+ + + +
+ +
+
+ +



Table 7-2. Species comparisons from 1971 to 1976.

Species 1971 1972 1973 1974 1975 1976
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Anchovy
Clupeids!
Striped bass
White perch
Tomcod
Darters
Cyprinids
Hogchoker
Yellow perch

Smelt

Silversides?
American eel
Pipefish
Killifish?
Crevalle jack
Menhaden

Weakfish

Atlantic Sturgeond
Sunfish

Silver perch

7hite catfish -
Stickleback - -
Goby ' - -
Windowpane flounder - -

2

I R I L I o
s

O
T e

I S R e T Tk A i i S o I
r+ o+
1+ 1+

1

]
L+ 4+ + 4+ 0+
U+ L+ + + 8

+ |
1

TOTALS 21 19 23 20 23

The clupeids included alewife, blueback herring and
American shad. ’

2 The cyprinids included Spottail shiner and an unknown
cyprinid species.

The silversides included Atlantic silverside and Tidewater
silverside.

4 The killifish included banded killifish and mummichog
during 1976. ‘

5 fThe sturgeon shown for 1972, 1975 and 1976 may include
Atlantic sturgeon or shortnose sturgeon oOr both.

L+ +++++ ++++++++

L+ L+ b+

24



Percent relative abundance of fish eggs,

present in larval and juvenile stages for years 1971 and 1972.
stage for shad is easily identified due to its size in the sample (9 to 10 mm) for all

years from 1971 to 1975.

For years 1974 and 1975 shad were present only as yolk-sac
larvae and larvae fish in the samples.

The clupeids included alewife, blueback herring and American shad.
to be alewife because of time of occurrence and size.

Table 7-3. larvae and juveniles occurring in
' the Hudson River between mile 39.0 and mile 47.0 for 1971 to 1976. Data
for 1973 were not available for all species.
Eggs Yolk-sac Larvae
Species 1971 1972 1974 1975 1976 1971 1972 1974 1975 1976
- Anchovy -—=-- ---- 95,9 98.7 94.0 —~—>= ——=- 16.3 35.5 25.8
Clupeids*™ 7.2 1.1 + -+ + 16.6 6.8 3.9 2.6 5.0
Striped bass 92.7 87.2 3.1 1.2 5.6 55.6 65.6 54.8 43.3 51.6
White perch + 0.8 0.5 0.1 0.3 22.2 6.6 22.7 15.3 7.7
Tomcod ———— e mmem mmem e -———- 13.1 ---- + 0.1
Darter ——mm mmmm meem —omm e 4.0 4.9 1.7 1.6 7.0
Cyprinids? ——— + 0.5 + + 1.6 1.9 0.6 0.9 2.6
Hogchoker - ———— 10.9 === === - ——— 0.1 0.1 + ———
Yellow pexrch ———m meee e e e ——— + ———— + 0.1
Weakfish ———— e mmme e —eee ——ee mmem mmmm e e
Smelt ——— e mmmm e o mm—— —m== —==— 0.7 0.1
SilVersides3' ———m mmmm e mmmm e ———— mmmm mmme e e
American eel ———m mmmm mmem e e ———— mmem e s meee
Pipefish ———— mmee memm mmem - cmmm mmmm —mmm mmem e
Sunfish ———— mmmm mmem e e ———— mm—— e —mee e
Goby -sp. 5 —m—— mmm— e ——me —ee— ———m s e —mmm e
Atlantic sturgeon ———— e meem —mem —eem e e e e e
Windowpane flounder ———— mmem mmmm mmmm e ———— emem e e —ee
Killifish4 ———e mmme mmme mmmm mee mmme e e e e
White catfish e it Rttt et e
Shadl ———— mmmm mmem —em e + + + + +
Menhaden ———— e mmem e e e e e e e
Speciés present 3 5 5 5 8 11 10 12 11

The shad are presumed to be

The yolk-sac larvae

The eggs are presumed

1
N
o



Table 7-3 (cont'd)

Larvae Juveniles

Species 1971 1972 1974 1975 1976 1971 1972 1974 1975 1976
Anchovy 51.2 30.8 69.8 42.1 39.4 99.8 57.4 68.7 49.0 44.9
Clupeids1 10.7 47.8 7.9 10.9 40.8 + 3.4 1.4 2.2 6.1
Striped bass 14.3 7.1 12,2 21.8 8.1 + 7.3 0.4 0.2 4.6
White perch 21.8 8.0 9.4 23.6 8.1 + 30.1 0.1 1.2 3.5
Tomcod -—— 5.2 ==—- + 2.4 + —— 9.6 16.0 9.8
Darter _ 0.1 0.4 0.1 0.3 0.2 —_—— + ———— 0.5 =——-
Cyprinids? + 0.4 0.2 0.3 0.3 _— + + e —mee
Hogchoker + 0.3 0.1 0.2 + + 1.7 2.0 2.5 0.8
Yellow perch + 0.8 + + + ——m— mmme mmem s e
Weakfish —— + 0.1 + 0.1 ———— + 2.7 0.5 1.4
Smelt 1.2 —=—- 0.1 0.4 0.4 + + 2.7 4.8 2.6
Silversides3 0.2 + 0.1 + + ———— - 0.2 —=-c —=—=
American eel ———— e e —mem ——ee + + 12.9 20.5 25.4
Pipefish ' B I e + === 0.4 1.2 +

Sunfish ~——— === + .+ + ettt Tt
Goby sp. . ———— ———— + —_——— + mm—— mmmm e —mem e
Atlantic stu_rgeon5 ——— + -—— + @+ + = e e —eee
Windowpani flounder ———— m——— ———— + ———— ———— mmmm mmem e e
Killifish ———— s e emee + B ———— ———— 1.0 +

Crevalle jack m——— mmem mmmm mmee —me + m_——— mmmm mmmm —mm
White catfish e e T e B ittt 0.2 0.5
shadl ———— ———— + + 0.1 ———— mm—m— e ——ee 0.4
Menhaden + e e e e et e e mmm e
Species present 14 16 17 20 22 13 11 13 14 14

+ indicates less than 0.1 percent.

2 the cyprinids included spottail shiner and an unknown cyprinid species.
3 The silversides included Atlantic silverside and Tidewater silverside.
4 The killifish included banded killifish and mummichog during 1976.

5

The sturgeon shown for 1972, 1975 and 1976 may include Atlantic sturgeon or shortnose
sturgeon or both. ‘ : ' .

SZT



The seasonal distribution of fish species in 1976 and
their occurrence relative to ambient water temperature and

salinity at Indian Point are shown in Figure 7-1. As ob-

served in previous years the seasonal presence of the various

specieé identified appears to be dependent upon temperature
and salinity.

The relative frequency of occurrence for the various
.life stages of the more abundant species are shown in Figure

7-2 through 7-5. Striped bass (Morone saxatilis) eggs first

appeared in the Indian Point region during the month of May.

They were followed seéuentially by the eggs of white perch,

(Morone americana) clupeids (Alosa sp.) and cyprinid fishes,
during a time of low salinity (< 1.0 ppt) that lasted until
_the end of June. Thé appearance of anchovy eggs coincided -
with the first major influx of salt water into the Indian
Point region on July 22. Large numbers of4anchOVy eggs
remained in the Indian Point region until the end of August,
at which time the salinity dropped below 3.0 ppt, énd the
spawning season was ending for this species.

Sfriped bass eggs were first collected on May 3 and
were last seen on June 17:(Figure 7-6 and 7-7). This was
one week earlier; and extended two weekstlater than in 1975;
Peak méan abundance (260/1000 m3) occurred on May 13 (Figure
- 7-7) . | ‘

White perch eggS‘wére encountéred»in the samples from
May 17 until June 29; peak mean abundance (20/1000 nd) was

on June 24 (Figures' 7-8 and 7-9).
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1976.
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Figure 7-2. Seasonal occurrence and percentiabuﬁdance for f£ish eggs
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Clupeld eégs were present in samples taken from May 20
to June 1 (Flgures 7-10 and 7-11); peak mean abundance
(l.O/lOOO\m ) was recorded on May 27. ’

Anchovy eggs were first observed on June 24, with 3.0/
1000 m3 and were not encountered again until July 22. vPeak :
mean abundance (4800/1000 m3) occurred at this time (Figures
7-12 and 7-13).

The abnndance.of yolk-sac larvae of each species collected
occurred either simultaneously with egg occurrence; or was
displaced to the right, showing indications of having been
derived from the previous egg populations.

As in previous years, the first yolk—sac.larvae to
occur in the Indian Point region were those of the ﬁomcod

(Microgadus tomcod); and then those. of the rainbow smelt

- (Osmerous mordax) Figure 7-3. Tomcod yolk-sac larvae were

collected on April 12_(1.0/1000,m3), and smelt were first
‘collected on May 3 (1.0/1000 m3)

Clupeid yolk-sac larvae occurred in the samples from
May 3 to June 17. -Peak mean abundance (15/1000 m3) occurred

on May 24 (Figure 7-10). ©No shad (Alosa sapidissima) yolk-

sac larvae were observed in 1976.

White perch yolk-sac larvae occurred from May 6 untill
June 24. Peak mean abundance'(12/1000 m3) was observed on
May 24 (Figure 7-8). |
Striped.bass yolk-sac lafvae were first observed on. May

3;-(same time as observed for l975)~and;their occurrence in
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the samples lasted until July 1. Peak mean abundance (154/1000
m3) occurred on June 15 (Figure 7-6).

The occurrence of the anchovy yolk-sac larvae followed
closely the peak égg abundance during July and August
(July 22 to August 26; Figure 7-12 and 7-13). Peak mean
abundance (144/1000 m3) for yolk-sac larvae occurred on July
29 (Figure 7-13).

Other yolk-sac larvae seen in our colleétions were

those of the darter (Etheostoma olmstedi) and two cyprinid

fishes (Figure 7-3). Darters were present from May 13
through July 1l; peak mean abundance (20/1000 m3) occurred on
May 20.‘ The cyprinids occurred from May 20 to July 1 (Figure
7-3), with a peak mean abundance of 9/1000 m3 on May 27.
Similar abundances were observed when compared to 1975 for
both the aarter (19/1000 m3) and cyprinids (7/1000 m3); as
well as time of occurrence for the cyprinids (May 20).

As observed from 1974 to 1976, larvae collected prior
to the salt water influx into the Indian Point region were
predominatelylclupeids, striped bass and white perch. These
were preceded in time by those of tomcod and smelt. The
tomcod occurred at a time when salinity was recorded in the
Indian Point.region. They move with this salt front as it

is pushed downriver by the freshwater runoff. Other species

occurring during this freshWater period are the smelt,

Yellow perch (Perca flavescens),’sturgedn (Acipenser spp.)

and the centrachids (Lepomis sp.). After salt water intrusion,

141



142

the dominant larval species collected was the bay anchovy.
Incidental épecieS»occurrinq along with the anchovies, as
seen in previous years, were the Atlantic silversides

(Menidia spp.), weakfish (Cynoscion regalis), American sole

ror hogchoker (Trinectes magulatus)iand the naked goby (QQEEQT
soma EEESE)' Since the larvéi numbers occurring in the
samples for these incidental species are diluted by the
dominant four species, they are grouped together under the
heading of "other marine species" and "othef freshwater"
species (Figure 7-4).

Tomcod larvée were encountered in samples collected on
April 12 and 13, with mean abundancesbof 194/1000 m> énd
105/1000 m3, respéctivelyﬁ This was the only species collected
during this sampling period-(Figﬁre 7-4). |

Rainbow smelt larvae occurred in pur‘samples from May 3
until June 24, Peak mean abundance for this species (22/1000
m3) was on May 6. - |

Clupeid larvae appeared in the samples from May 3 until
July 8 (Figures 7-10 and 7-11). Peak mean - abundance (1465/1000
m3) was recorded on May 27. A similar peak occuifence was
observed for this date durihg 1975. sShad larvae were observed
in the samples from May 13 to June 10, with a sqasonal
relative -abundance of 0.1 percent (Table 7-3).

Whiﬁe perch larvae occu?fed‘app26xim3tely a full month
in'advancé’of the striped bass larvae (May-6)nand were

" present until July 20 (Figufev7—4). This was two weeks




earlier than they occurred for 1975. Peak mean abundances
occurred on May 24 (242/1000 m3) and on June 24 (215/1000
m3; Figure 7-8 and 7-9).

Striped bass larvae occurred in the samples from May 27
to July 13, and showed a peak mean abundance of 305/1000 m3
on June 17 (Figure 7-7). Similar larval occurrence was
observed during 1975. HQwever, peak abundance was one week
later, with a 20 percent decrease from the previous vyear.

Anchovy larvée first appeared in the collections on
June 24 and were collected in the samples until October 12.
Anchovy larvae dominated in our samples from the second week
in July until the middle of OctoberA(Figure 7-4) . Peak mean
abundance for this spécies occurred on July 29 wiﬁh’2780/1000
m3 (Figure 7-13). As in previous years this species occurs
simultaneously Qith the intrusion of salinity into the
Indian Point region.

Juvenile life stage occﬁrrence for the various species
found in our collections are represented in Figure 7-5. The

dominant species was the anchovy, followed by the american

eel (Anguilla rostrata), and the Atlantic tomcod.® Juvenile

stages of the tomcod and eel were the first to be seen in
the samples; and continued to be represented sporadically
until the end of summer. Peak mean abundance (6/1000 m3)
for tomcod, and 24/1000 m3 for eels was observed on April
13. The smelt juveniie stage occurred during the first week

of June and were last seen during October. ‘A peak mean
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abundancé (/1000 m3).was observed on June lO. The same can
be said for the clupéids,.except their occurrence in the
collecﬁions was apprbximately three weeks laﬁer,'with a peak
~mean abundance (3/1000 m3) on October 12 (Figure 7-11) . ‘
Juvenilé striped bass were observed in the samples from July
| 6 until August 2, with a peak mean abundancé (2/1000 m3)
occurring on July 8 (figure 7-7) . White perch juveniles
were seen in the samples from July 15 to December 7. ‘Peak
mean abundance (1/1000 m3) was observed for July 15 and
November 11 (Figure 7-9).

Anchovy juveniles were fifst collected on July lS‘and
were last seen by September 14. A peak mé&h abundance of
39/1006 m3 was observed on July 22 (Figure 7-13).

Overall the species composition of the ichthyoplankton
collected in 1976 is éimilar to that found for pre&ious
years (Table 7-2). The depth distribution patterns observed
for the striped bass and white perch life stages are distri-

buted towards the bottom during the day (Figures 7-14 to 7-

17). During the night there is still a downward distribution,

~but thére'are»increased numbers at the surface relétive ﬁo
daytime concentrations, indicating some did change. in depth
(Figures 7-15 and 7fl7)' Depth profiles for these two
species were comparable to previous years daté (New York
University‘Medical Centei, 1975, 1976a).

| The”distributidn of clupeid‘egés and.yolk-séc»larvae‘
withfdépth is towards the bottom for both‘day“and night.

Larval distribution is towards the surface during day, and
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distributed towarde the bottom, with increased numbers, at
night (Figures 7-13 and 7-19). This was similar to data
taken from 1971 to 1975.

Anchovy eggs and yolkrsac larvae were more abundant
near the bottom during the day and night for 1974 and 1975.
.The larvae of this species during 1976 were distributed
towards the bottom in depth (Figures 7-20 and 7-21) and
compared favorably with previous years data (New York Univer-
sity Medical Center, 1975 and 1976a).

Striped bess yolk-sac larvae, larvae and jﬁvenile life
stages were measured for total length (mm). Specimens were
selected from samples taken between May 13 to July 15. ' The
length frequency curves are shown in Figures 7-22 through 7-
24. Yolk-sac larvae ranged in'size from 1.0 mm to 7.0 mm.
Average peak frequencies in size occurred at 4.0 mm during
May, and at 5.0 mm for June. The small size of 1.0 mm
observed on May 20 could be attributed to pre-yolk sac
larvae that should have been counted as eggs, but were not
since the chorion had separated from the yolk-sae larvae
during Sampling. The time of occurrence for this size
coincides with the peak egg abundances observed in the river
(Figure 7-6 and 7-7). High frequencies for smaller sized
fish usually occurred immediately after an abundance in eggs
(May 20; Figure 7-22).

Striped bass.larvae ranged in size from 4.0 mm to 14.0

mm. Peak frequency occurred on June 15, with a size of 6.0
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{

mm, (Figure 7-23). The juvenile striped bass weré found to
range between 12.0 mm and 36.0 mm. Peak frequency occurred
at 15.0 mm in size on July 6 (Figure 7-24).

Total length measurements were also taken for white
perch yolk-sac larvae, larvae and juveniles. Spécimens
measured were collected from May 13 to July 20 (Figures 7-25 .
through 7-29). White perch yolk-sac larvae ranged between
3.0 mm and 4.0 mm in size, and showed a peak frequency at
3.0 mm in length. It appears from the length frequency
curves that the white perch spawned continuously from May 13
to June 1, due to the fluctuation in the frequency peaks
(Figurés 7-25 and 7-26). The larvae ranged in size from 3.0
mm to 13.0 mm, with the peak frequency occurring at 4.0 mm
prior.to June 29 when 6 mm iﬁ size was observed. Juveniles
ranged in size from 16.0 mm to 28.0 mm, with peak frequencies
occurring at 17.0 and 18.0 mm in size during July 6 to 13
(Figure 7-29).

Differences in striped bass abundance at the seven
river stations were tested for by analysis of variance
(ANOVA) ; separate_aﬁalees were done for day and night
samples and for each life stage. Analyses were run based on
catch/unit effort and No./m3 (seven stations; A-G), depth
(three levels; surfaée, middle, and bottom) and date (changed
with apbearance in the river of a particular life stage).
Depth was considered nested within stations and date was

crossed with stations (Tables 7~4 through 7-9). Whenever
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Table 7- 4. Analysis of variance for striped bass eggs
collected during the day and night in the river
in 1976 and listed as logjg (catch/effort + 1).
(A = stations; B = depths; C = dates; DF =
degrees of freedom; SS = sums of sgquares; MS =
Mean Square; F = F-value for analysis of variance;
asterisk (*) denotes a significant F-value,
a <0.05, for the test).

Source DF SS MS P

Day (5/03 - 6/08)

A 6 2.4751 .4125 3.3373*

B/A 14 2.9328 .2095 1.6948

C 5 14.1028 2.8206 22.8190*%

AXC 28 7.7712 .2775 2.2454*

Exrror 65 8.0344 .1236

Total 118 '35.3163

Night (5/06 - 6/10)

A 6 4.0154 .6692 4.3413%

B/A 14 6.8551 .4896 ° 3.1763%*

C 5 9.0884 1.8177 11.7913*

AXC 28 6.6868 .2388 1.5492

Error 66 10.1742 .1542

Total 36.8199
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Analy51s of variance for strlped bass yolk sac

A

‘Table 7- 5..
: larvae collected during the day and night in the
river in 1976 and listed as. 1og (catch/effort +1).
(A = stations; B = depths; C es; DF = degrees
of freedom; SS = sum of squares; MS = Mean square;
F = F-value for analysis of variance; asterisk
denotes a 51gn1f1cant F-value, a <0.05, for the
test) . :
Source DF SS MS F
Day (5/17 - 6/22)
6 1.5273 .2545 1.9123*
B/A 14 8.3816 .5987 4.4977*
C 5 2.6688 .5338 4.0100*
AXC 30 3.9492 .1316 .9890
Error 70 9.3176 .1331
Total - 125 25.8445
Night (5/13 - 7/01).
A 6 .6068 .1011 .9020
‘B/A 14 3.3670 .2405 2.1450%*
C 5 7.1590 1.4318 - 12.7700%*
" AXC 29 7.2439 .2498" 2.2278*
Error 68 . 7.6243 .1121
Total 122 26.0010
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Table 7- 6. Analysis of variance for striped bass larvae
: collected during the day and night in the ,

river in 1976 and listed as loglg (catch/effort
+ 1). stations; depths; = dates;
DF = degrees of freedom; SS = sum of squares;
MS = Mean square; F F-value for analysis of
variance; asterisk (*) denotes a significant
F-vlaue, a <0.05, for the test).

Source DF SS. MS F

Day (6/01 - 7/13)

A 6 1.7792 .2965 1.6110°

B/A 14 10.6326 .7595 4.1260*

C 6 15.8328 2.6388 - 14.3360%

AXC 36 5.8276 .1619 .8794

Error 84 15.4617 .1841

Total 146 49.5339

Night (5/27 - 6/08)

A 6 .6943 .1157 .6552

B/A 14 4.0032 .2859 1.6192

C 6 22.9434 3.8239 21.6536*

AXC 36 6.5797 .1828 1.0350

Error 84 14.8339 .1766.

Total 146 49.0544
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" Analysis of variance for striped bass eggs

Table
' collected during the day and night in the river

.in 1976 and listed as loglo.(catch/m3_+1).
(A = stations; B = depths; C = dates; DF =
degrees of freedom; SS = sums of squares; MS =
Mean square; F = F-value for analysis of variance;
asterisk (*) denotes a significant F-value,
@ <0.05, ‘for the test). :

Source DF Ss MS _ F

pay (5/03 - 6/08)

A 6 .0246 .0041 1.8065

B/A 14 .0423  .0030 1.3284

5 .1307 .0261 11.5027%
AXC 28 .0951 .0034 1.4939
Error 65 - .1477 .0023
“rotal 118 .4404

Night (5/06 - 6/10)

A 6 .0504 -.0084 1.4847

B/A 14 - .1580 .0113 . 1.9941*

c 5 .0758 . .0152 -2.6795%*

axc 28 .1483  .0053  .936l

Error 66 .3734 - .0057

Total" 119 © .8059
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Analysis of variance for striped bass yolk-sac

Table 7- 8.
larvae collected during the day and night in the
river in 1976 and listed as logjg (catch/m3 +1).
(A = stations; B = depths; C = dates; DF = degrees
of freedom; SS = sums of squares; MS = Mean Square;
F = F-value for analysis of variance; asterisk (*)
denotes a significant F-value, o <0.05, for the
test) .

Source DF SS MS F

Day (5/17 - 6/22)

A 6 .0142 .0024 1.5239

B/A 14 .0318 .0023 1.4624

C 5 .0331 .0066 4.2684%*

AXC 30 .0469° .0016 1.0075

Error 70 . .1087 A .0016

Total 125 .2348

Night (5/13 - 7/01)

A 6 .0028 .0005 1.4844

B/A 14 .0075 .0005 1.7387

C 5 .0152 .0030 9.8010%

AXC 30 .0206 .0007 2.2163*

Error 70 .0217 .0003

Total 125 .0678



Table 7- 9.

Analysis of variance for striped bass larvae

‘collected during the day and night 1n the river
in 1976 and listed as logjg (catch/m3.+1). A =
stations; . depths; dates; = degrees of
freedom; | sums of sguares; = Mean square;
F = F-value for analysis of variance; asterisk (*)
denotes a SLgnlflcant F-value, a <0.05, for the:
test). .

Source DF SS MS F

Day (6/01 - 7/13)

A 6 - .0245 .0041 1.5422

B/A 14 .0737 .0053 1.9875*

C 6 .0970. .0162 6.1048*

AXC 36 .0856 .0024 .8979

Error -84 .2224 - .0026

Total 146 .5032

Night (5/27 - 6/08)

a 6 .0142 .0024 .7632

B/A ‘14 .0632 .0045 1.4528

6 .1422 .0237 .7.6219*

AXC 36 .0991 .0028 .8852

Error 84 .2612 .0031

Total 146 .5799
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the ANOVA resulted in a significant difference among stations
or depth, a Scheffé test (o < 0.10) was done to find where
the difference lay. |

For the analysis based on No./m3 and for the analysis
based'en catch/unit effor£ there were differences in abundance
among dates for the daytime and nighttime analysis of eggs,
yolk-sac larvae, and larvae‘(Tables 7-4 through 7-9).
Abundance differences by station kTable 7-10) were not
detected by ANOVA based on No./m> (Table 7-11). When the
data were analyzed in terms of catch/unit effort, differences
between some of the stations were found for egg abundances
during both the day and night (Table 7-12). Differences
with depth were found in two instances in the analysis based
on No./m3 (Tables 7-13 and 7-14). Daytime abundances of
larvae and nighttime abundances of eggs were greater in the
bottom samples than either the surface or mid samples. The
analysis based on catch/unit effort showed similar significant
differences in depth distribution except in the case of
yolk-sac larvae; both daytime and nighttime abundances of
yolk-sac larvae were greater in the mid and bottom samples
ﬁhan in the surface samples (Table 7-15).

ANOVA was not applied to the abundances of juveniles
because insufficient numbers were caught.

Observed differences in abundance among dates for the
different life stages of striped bass are not unexpected for
the same reasons mentioned in 1974 and 1975 (New Yofk Univer-

'sity Medical Center, 1975, 1976a).



Table 7;10', River abundance of striped bass life history stages in day ang night col-
. ' Data shown are mean numbers caught per 1000m™~ with 95%
n = Number of samples in which the

- lections,
confidence intervals at each station.

1976.

particular life stage was observed.

Stations

Collections" A B C D E F G
Day |
Eggs 1464172 70107 16% 28 = 27 24 43t 53 4+ 6 113+242
5/03-6/08 n=18 n=18 _ n=18 "n=18 =~ n=18 n=18 n=12
Yolk-sac larvae 125:192 35t 39 16+ 18 14% 13  22% 21 45t 56 10¢ 8
5/l?f6/22 . n=18 n=18 n=18" n=18 n=18 n=18. n=18
Larvae . 83+ 90 ~ 34t 38 65t 67 24t 19 133£122 110148 . 17+ 23
6/01-7/13 n=21 n=21 n=21 "n=21 n=21 n=21 n=21
Night
Eggs 297:482 59t 84 21+ 19 74t 72  2¢ 3 9t 17 131#250
5/06-6/10 n=18 n=18 n=18 n=18 n=18 n=18 n=12
Yolk-sac larvae 47t 31 33t 28 35t 23 33t 20 24t 18 17+ 10 31t 27
5/13—7/01 n=24 n=24 n=24 n=24 n=24 n=24 n=24
Larvae 74t 54 58+ 53 32t 20 75+ 84 182%266 76t 77 57t 59

n=21 n=21 n=21 ~n=21 n=21 n=21

5/27-7/08

n=21

‘OLI'_
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Table 7-11. Differences in striped bass river abundance
among stations in logjg (catch/m3 +1).

Life Stage Day Night
Eggs _ none none
Yolk-sac larvae none none
Larvae none none



Table 7-12. Differences in striped bass rivér.abundanceA

among stations in logjg (catch/effort +1).

Life Stage Day Night

Eggs ASF \a,D>E
D>F

Yolk=-sac larvae none none

Larvae

none : none
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Table 7-13. Day and night striped bass abundance in the

Hudson River by depth, 1976.
numbers collected per 1000 m
fidence intervals.

3

Data are mean
, with 95% con-
(n=number of samples).

Collections Surface Middle Bottom
Day

Eggs 15+19 7776 79+81
5/03-6/08 n=40 n=40 n=40
Yolk-sac larvae 1+0.5 39+26 7580
5/17-6/22 n=42 n=42 n=42
Larvae 1+ .7 101:71 30+64
6/01-7/13 n=49 _n=49 n=49
Night

Eggs 9+ 8 30+30 208+219
5/06-6/10 n=40 n=40 n=40
Yolk-sac larvae 17211 34+13 40%18
5/13-7/01 n=55 n=55 n=55
Larvae 44+38 72+39 121+112
5/27-6/08 n=49 n=49 n=49



Tabie 7-14. Differences in striped bass river'abundance
among depths. in loglg (catch/m3 + 1).

Life Stage. Day Night
Eggs none B>S,M
Yolk-sac larvae none none
Larvae B>S,M none
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Table 7-I5. Differences in striped bass river abundance
among depths in logig (catch/effort + 1).

Life Stage Day Night
Eggs none B>5,M
Yolk-sac larvae M,B>S M,B>S

Larvae . M,B>S none
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The dates included in:the'daytime analysis of eggs are
from May 3 to June 8, foriyolkésac'larvae from May 17 to
‘June 22, for larvae from June 1 to July l3,f The dates‘.
included in the nighttime analysis of eggs are froﬁ May 6 to
June 10;‘f¢r yolk-sac larvae, from May 13 to June 17, for
'larvae‘from;May 27 to July 8. '

A "t" test (Natrella, 1963) was carried out to test for
differences between mean day and mean night abundances for
each life stage. Variability was unknown and assumed unequal.
- Unlike 1974 and 1975 (New York University Medical Center,
1975, and 1976a) there was no-difference betWeen daytime.and'
.nighttime<striped bassvabundance (Tahles'7-l6 and 7-17).

. A total of 285 ichthyoplankton samples were collected
simultaneous with plant collections during a 6-7 hour period»
from river site D'(designated as D-S for this purpose)

_during 1976. ThesspeCies and life stages identified in
.'these'collections are listed in Table 7-3. A total of 18‘
species were identified, 7 species less than was observed
'for.thezseven_standard river stations. These included the
sturgeon,’Acigenser 5pp.;‘silversides,»Menidia_sppé; killif
'fish, Fundulus_spp;'and northernrpipefish, Szngnathﬁs.'
fuscus. | N |

, Striped ‘bass eggs were first collected ‘on May 11 at D—S
and were observed in the collections until June 22.: The .
Cinitial occurrence was one week later than was observed for

thevseven’river.day samples,iand'continued at least one week




Table 7-16. Day abundance of striped bass in the vicinity
: of Indian Point, 1976. Data are mean numbers
collected per 1000m3 with 95% confidence inter-
vals. - (C.I. = confidence intervals; n = number
of samples).
Mean. cC.I. n
Eggs 57 +37 120
Yolk-sac larvae 38 +28 126
Larvae 67 131 126
Jﬁveniles 1 + 1 63
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Tab;e 7-17;

Juveniles

‘Night abundanceiofgstripéd bass in the vicinity
of Indian Point, 1976. Data are mean numbers
~collected per 1000m> with 95% confidence inter-
vals. (C.I. = confidence intervals; n = number
of samplgs). o :
‘Mean c.I. "~ n
Eggs - 82 . v +£79 120 -
Yolk-sac larvae ' 31 ’ + 8 165
Larvae 79 +41 | 147
1 o + 1 105
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later than wés observed for both the seven river day and
night collections. The peak mean abundance of 90/1000 m3
occurred on May 1l (Figure 7-30). However when compared
with the river abundance figures, this number was on the
increase and the "true" peak was not observed until May 13
(Figure 7-7). Striped bass eggs were not observed in samples
from the standard river stations after June 15, but were
observed in samples from the D-S station. At this late date
in the striped bass spawning season, the abundance of striped
bass eggs in the river is on the decline. The probability
of collecting striped baés eggs is likely to be a function
of the sampling effort. As D-S was sampled more intensely
(once every hour over a 6-7 hour period) than the seven
river stations (once at each station at night and once at
each station during the day), chances are better for‘egg
collection at the D-S station than for any of the seven
river stations.

| Yolk-sac larvae of striped bass were first observed on
May 25 and occurred in the samples until June 22. DPeak mean
abundance of 110/1000 m3 occurred oh June 15 (Figure 7-30).
Similar findings were observed for the seven fiver collections
(Figures 7-6 and 7-7). -

Striped bass larvae occurred in the D-S samples frbm

June 8 to July 6, and showed a peak mean abuﬁdance of 298/1000
m3'on June 15. This péak'mean abundance was similar to the

305/1000 m3 observed for the seven river stations (Figures
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7 6 and 7- 7). 'However, the . seasonal oCCUIrence wasfobserﬁed
- to be much shorter in duratlon for D-S than was ‘observed for
the seven rlver statlons | |

Juvenlle strlped bass were observed in the D—S samples
from July 6 to July 27, w1th a. peak mean abundance of lS/lOOO
m3 occurrlng‘on July 6 (Figure 7-30). Mean abundances
observed for life stages of the white perch, clupeids and
'anchovy are shown in Flgures 7- 31 to 7-33.

The depth dlstrlbutlon pattern observed for the strlped
bass llfe_stages_are»shown ;nvFlgure 7-34. .According to
-this figure, the mean.abundances are greatest.at the'mid—_
"depth for eggs;-yolk-sac larvae and larvae. This does not
. compare with the vertical distribution of these life stages
at the seven riuer,stations (Figures'74l4 and. 7-15); they
should be near'the bottom. " Thus some factor or factors may
be‘raising the striped.bass life stages from the bottom at
D-S. ‘We noticed; too} that all the samples collected at
'this station during flood. tide were heavily laden with
detritus,'while_those collected at ebb tide were free of
»detritus.' We know that floOdotfde currents in the river are
able to. move partlcles from off the river bottom (Halrr, o
_1973) and that station D-S (located along the 50 ft depth
'contour) lies ‘directly in the m1x1ng zone’ of the river and
' the Indian’ P01nt dlscharge plume at flood tide, - but not
‘durlng‘ebbptlde (Lasalle, 1976). jThls“leads uS'tovconclude.

l'that.thepdistribution of striped bass eggs, yolk-sac larvae -



. 181

*—= Eggs

1,000 a-—--a Yolk-sac Larvae

B—-—=a | qrvge
&—--—& Juveniles

l | ILL l1lll

100

T | L Illll

O

1 i llTll

Number/1000m’

10

o4

May ~ June July August
Figure 7-30. Mean abundanée_of striped bass life stages o
collected at site "D-S", 1876.



o 1000

Number/1000m*

10

- 182

3 o 'H:Eggs o
- - a——4& Yolk-sac Larvae
i b =——a |arvae o
E R &—--—# Juveniles -~

100

10

1 T 11 lllll

T T TTTIT0]

Moy | June | July Augus’f
F igure 7-31. Mean abundance of ’wH ite perch life stages
: collected at 51te "D-S5", 1976.




~ Number /1000m’

1000

100

10

10

0.1

o—=n Eggs o
4-—-4 Yolk-sac Larvae
- @—-—a | grvage

| B

7\ *—--9 Juveniles
= g
- 7\
A .
. ./ K :
C A v
oy \ o
- | R 1y
C /o d i
T |
| ' \.
A |
q‘ /,/ \\ *
N '\
1/ A | %
N \ A
i %\ iy
% ) *
i R

I\ v
May June July  Aug.
Figure 7-32. Mean abundance of clupeld life stages collected
' - site "D-S", 1976



184

s——a larvae
. =9 Juveniles

~ a——-a Yolk-sac Larvae

oo * )
) ———T
s X
oo
- -

___,______,_.,:_____i_ r___.__,_.___ _..A__..____,A_ ! ._r_____,_. !

O O - Q
O - -

~WQ0OI/MequnN

1000

Colb—

Mean abundance of anchovy life stages collected at

. site - "D-S"

S Figure_7§33.

, 1976.




\ e——9 [£qgs

Surface ¢
| \ a-——-& Yolk-sac Larvae
\, u— —4=8 | qrvae |
,\-\ $—--—¢ Juveniles |
\
: \
Mid-depth e
| - /
/
7/
_./
S
/
7
B/' |

Bottom

1 1 [ I 1
-0 25 50 75 100 125 150 175 200
Mean Abundance (1000m’)

Figure 7-34. Nighttime pattern of vertical distribution for striped bass at site "D-S",
1976.

S81



186

and larvae'near'mid;depth at D-S may. be the:effect of turbu- :
lence resultlng from ‘either tldal actlon, plant dlscharge or
pa'comblnatlon-of‘bothr However, thls may be true just for
the larvae,vas the ANOVA.of the abundance data,at D-S (Tables 7-
18 to 7= 21) lndlcate a depth dlfference for larvae only. |
| Possible - tldal effects were examined by comparlng the
numbers of each life stage of striped bass caught on the
flood tide with those caught on the ebb tlde (Figures 7- 35-
and -7-36)." On the flood tlde egg. and yolk-sac larvae were
dlstrlbuted up in the water column as would be expected |
because of the natural buoyancy of the .eggs and the llmlted '
mobility‘of the yolk-sac larvae'andvbecause of the ability_'
of flood tide -currents to move particles from off the river
bottom (Hairr, 1973). This was not true for larvae as they
were distributed more near the bottom;.‘Larvaevare highly
mobile . and théy may seek‘tofavoid.the current and the turbu-
lence by‘moving'to the bottom where turbulence iS‘less, and
also as a natural response to disturbance by soundlng (Harvey
et al., '1968; Halnes and Butler, 1969)(F1gure 7-35 and Table
7-22). | " |
| Although striped bassveggs will float in turbulence,
they tend to 51nk and float at a level more near their
den51ty when currents and' turbulence are slack and low; this
is usually,near the bottom. - At ebblng tldes the eggs - at D-S
-are'dlstributed towards the bottom., Although the yolk-sac
- larvae show a 51mllar tendency .for the bottom, thelr llmlted

‘.moblllty affords them slight diel movement in the water
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column. At ebb tide striped bass larvae mové from off the
bottom, possibly due to decreased turbulence in the water
column (Figure 7-36). The data in Table 7-22 indicate that
larvae appear more susceptible to net capturé on an ebb tide

than on a flooding tide.
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Table 7-18. Analysis of variancé.for striped bass eggs collected
' ~at 'station D-S in the river in 1976. (A = time;
B = depths; C = dates; DF = degrees of freedom; Ss =
sums of squares; MS = mean square; F = F-value for
. analysis of variance at a = 0.05).
Source DF - MS ' : F
A 5 . 1.0260  .2052 - 1l.1081
" B/A 12 .9893 0824 .4452
c 3 2.4338 .8113  4.3810*
Axc 15 ©3.0075 © .2005 1.0827
Error 36 - -6.6665 .1852

Total

71 14.1230




Table 7-19.
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Analysis of variance for striped bass yolk-sac

larvae collected at station D-S in the river in

1976. (A = time; B = depths; C = dates; DF = degrees
of freedom; SS = sums of sguares; MS = mean square;

F = F-value for analysis of variance at o = 0.05).

Source DF sS MS F

A 5 .1693 .0339 .3347

B/A 12 2.3848 .1987 1.9646"
c 4 7.1790 1.7948 17.7423%
AxcC 20 3.8712 .1936 1.9134*
Error 48 4.8556 .1012

Total’ 89 18.4598

(*) denotes a significant F-value for the test.
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Table 7-20. Analysis of variance for striped bass larvae
-~ collected at station D-S in the river in 1976.
(A = time; B = depths; C = dates; DF = degrees of
freedom; SS = sums Of squares; MS = mean square;
F = F-value for analysis of variance at o = 0.03).

Source DF u SS _us - F

A . 5 .4930 0986 ~ .6871
B/A | _ 12 5.3641 - .4470 3.1153 *
c 4 18.4003  4.6001 32,0585
axc - 20 4.1283 .2064 - 1.4385
Error | 48 6.8875  .1435 |
‘Total 89 35.2733

(*) denotes a significant F-value for the test.




Table 7-21.
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Analysis of variance for striped bass juveniles
collected at station D-s in the river in 1976.

(A = time; B = depths; C = dates; DF= degrees of
freedom; SS = sums of squares; MS = mean sguare;

F = F-value for analysis of variance at o = 0.05).

DF - SS MS - F

“Source

A 5 .1865 .0373 .6704
B/A 12 .6980 .0582 1.0452
c 2 .6173 .3087 5.5468*
AXC 10 .4105 .0410 .7376
Error . 24 1.3355 .0556

Total 53 3.2478
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Table 7- 22. Mean abundance in numbers/1000m3 with 95% confidence intervéls for

striped bass life history stages at station D-S with tide and
depth, 1976. -

Tide . Deépth

YSL

n=13

n=14

- Eggs Larvae ‘Juveniles
Surface  20.95+21.31 5.75¢ 5.40  15.21:13.08 0.0t 0.0
o S . n=21 n=16 n=14 n=13
Flood = Middle = 62.05$51.86  21.56£23.52 48.79£38.06 1.77¢ 2.64
SR : n=21 ’ n=16 : n=14 n=13
Bottom ~ 25.48$30.36 13.88111.07 62.07£37.89 6.08t 8.35
: n=21 n=16 " n=14 ' - n=13
- Surface 0.0 £ 0.0 40.46148.56  175.14:180.58 0.0 £ 0.0
- n=14 n=13 ‘ n=14 n=9
Ebb Middle 0.0 + 0.0 63.62458.91  231.36%124.85 4.56% 8.24
: » n=14 . n=13 n=14 n=9
Bottom  17.50£27.83 55.54160.10 88.21£49.42 5.67t10.95
n=14 :

n=9

76T
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7.2 ENTRAINMENT EFFECTS STUDIES

7.2.1 Plant Abundance

7.2.1.1 Methods

The abundance of ichthyoplankton in the intakes and
discharge canal of the Indian Point facility was determined
by weekly sampling from May through July 27. Sampling
- prior to May and after July 27 was done once-per-month,
weather permitting. éamples wére taken using 0.5 m plankton
nets with a 571 u mesh in the net and cod-end bucket. All
nets were equipped with flowmeters for the determination of
the volumes of water filtered. Inéake'nets contained Generél
Oceanic's digital flowmeters fitted with the R-2 rotor,
sensititve to low velocity flows (0.2 ft/sec). Those at the
discharge canal were fitted with General Oceanic'é“digital.
flowmeter with the standard rotor. As a check, the net used
to collect the duplicate sample was fitted with a TSK flow="
meter. The volume filtered for each sample was calculated
from the net diameter, flowmeter readings and a meter constant
supplied by the manufacturer.

Another set of samples (D-S) were collected from the
river at a site approximately 200 ft in front of the plant
intakes simultaneously with the plant samples for plant/river
comparisons. Although this sample is a river sample, it will
be discussed, in this insﬁance, with the plant samples.

The inventory of ichthyoplankton species and life-history
stages captured.at the plant was similar to that documented

previously (see Section 7.1 of this report). However, the
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uanalysis contained.in this section istlimited.to-Stripedf‘
bass." | . ’ . | N

The data were tested by analy51s of varlance (ANOVA)
.uslng loglO (catch/m +1) per. sample as’ the numerlc lnput
'TThe log—transform was used: to satlsfy the major assumptlon
of ANOVA, that the variance of thevdata was homogeneous.‘
Catch‘per unit effort (CPUE) analysis was compared‘to thel
catch per lOOO-:Im3 as an estimate of theqconsistency of'volumes'

sampled.' CPUE was tlme-related, expressed 51mply as the number

- . of organisms caught per lO—mlnute sampling event. The data

(for each life history.stage) used in the'comparlsons were
'derlved from all the samples collected within the perlod

of initial appearance to flnal observatlon for 'a giyen llfe_
stage. For example, for strlped bass eggs, "if only one egg
was found in one sample from one station for a given date, all
the samples for that date'werevincluded in the analysis,‘

even though’all but one would be zeros. .Data forvthat life
_history‘stage would continue to“accumulate until such time
hthat it was no- longer observed ln any of the samples belng
.compared.; Where 51gn1f1cant dlfferences among main effects
and/or 1nteractlons were detected (a0 = 0 05), an a posterlorl
test (Scheffé test) was employed (a = 0 lO) to determlnel
prec15ely-where the difference occurredT

’7 2 1.2 Results. and Dlscu551on

3

The abundances (ln catch per 1000 m and in- catch per

>hun1t effort) for the varlous llfe hlstory stages of strlped
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bass saﬁpled during the 1976 entrainment studies are shown
in Tables 7-23 and 7-24. These were tested to determine
differenceé between the intake and discharge station, the
intake and the river station (D-S) and the discharge station
and D-S; the results are shown in Tables 7-25 and 7-26. As
was the case in 1974 and 1975, the abundance of eggs at the
intake was nearly twice that in the discharge canal. There
was no difference in the concentration of yolk-sac larvae
between the intake and the discharge canal in 1976; this too
was as observed in previous years' studies. Few,yolk—éac
larvae are ever caught in the plant (refer to prdgress
reports from New York University Medical Center). 1In 1976
larvae (post-yolk-sac) were more abundant in the discharge
canal sampléé than in intake samples; this was true for 1974
but was the opposite of that seen in 1975. Juveniles will
not be discussed as there were too few.collected.

Some of these differences among the years between the
intake and the discharge canal samples may bé the result of
difference in the sampling done at the Unit 2 and Unit 3
intakes. . In years 1974 and 1975, samples were collected
from Unit 2, while in 1976 the samples were collected from
Unit 3. At Unit 2 the intake samples were collected within
an enclosed forebay; those at Unit 3 , because of the location
of the travelling screen, were collected in the river in

front of the intake. The intake samples at Unit 3 were col-



‘Table 7-23.
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leferences in. strlped bass’ abundance in logjg -
(catch/1000 m3 + 1). for intake (III), discharge

(D-2) and river simultaneous (D= S) stations.

’Eggs
.5/11=~ 6/22

Yolk-sac larvae

5/25=-6/22

Larvae

. 6/8-7/13

'Intake-III-5

159.8+.03

= 83

18.1+.004

n = 55

70.7+.009

n = 64

D-=S

19.6+.02

n:s 105

30.5+.002

n = 90

91.6+.006
n = 96 .




Table 7-24.

Eggs
- 5/11-6/22
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Mean abundance of life history stages of striped
bass in numbers/unit effort at the 95% confidence
level for night collection at the Unit 3 intake,
discharge canal station D-2 and the river simul-
taneous station D=-S. n = number of samples in-
cluded in the analysis.

Intake-IIIS ‘ D-2 D-S
0.881+.002 4.031+.004 2.048+.002
n = 101 : n = 65 n = 105

Yolk-sac larvae 0.116+.002 1.418t.003 3.444+.002

5/25-6/22

Larvae
6/8-7/13

n = 86 n = 55 n = 90

0.295+.002 6.563+.003 10.833+.002
n = 95 n = 64 n = 96



Table 7-25. . Differences in striped bass abundance in log;g

(catch/m3 + 1) for intake (III), discharge
(D-2) and river simultaneous (D-S) stations.

III vs. D=2
Eggs. - III > D-2
5/11-6/22
Yolk-sac larvae N.S.
5/25-6/22
'Larvae . III < D=2
6/8~7/13 |

N;S, = not significant

III vs D-S

III > D-S
N.S.

III < D=5

D=2 vs D-S

D=2 > D=S

D-2 ¢ D-5

N.S.
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Table 7-26. Differences in striped bass abundance in log
{catch/effort + 1) for intake (III), discharge
(D-2). and river simultaneous {(D-S) stations.

IIT vs D=2 III vs D-S D-2 vs D-S
Eggs : III < D=2 III < D-S D-2 > D-S
5/11-6/22
Yolk=sac larvae IITI < D-2 III < D=-S D-2 < D=S
5/25-6/22
Larvae ' IIT < D=2 III < D=-S : N.S.
6/8-7/13 .

N.S. = not significant
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‘lected w1th nets suspended on’ llnes from a boat (see Sec-
‘ tlon 1 of thlS report) moored 1n front of the lntake struce
ture in the river, whlle the- samples-collectedaat Unit 2:
‘were collected w1th nets mounted in. rlgld frames. : |
In 1976 all volume comparlsons are’ based upon volumes

derlved from the use of flowmeters.irln 1947 and 1375,
'volumes were derived from calculations based upon plant>
operating capacities for that partlcular sampllng perlod
The calculated volumes for ‘those years, which were based
' upon the use of veloc1ty—reductlon cones, -and which were
‘later judged to be- non—functlonal, may have been under-
estimated. and thus elevated the abundance (see New York
'University Medical Center,.1975 and 1976a). Flowmeters
hav1ng a rated sen51t1v1ty of 0.2 ft/sec were used in all
the nets at;the'Unlt 3 intake station, but because of its
location (see Fig..l-lZ)lthe'measured flows, the resulting

- volumes and,  hence, the abundances for the Unit 3 intake
samples were extremely variable. Accordingly, statistical .
confidence limits about' the data would be quite broad.
| Ideally the abundance -of organisms collected*fromlthe
plant 1ntakes should ‘equal the" abundance of organisms re-
_turned to the river v1a the dlscharge canal, assuming organ-
ism concentratlons remaln:constant-durlng plant transit. 1In
this- lnstance for 1976, the dlscharge canal samples may
reflect, better, ‘the" abundance of" organlsms entralned 1nto
‘-the plant S coollng water system.g;'
The abundance, on a catch per effortvba51s, is shown and

compared ln Tables 7 24 and 7- 26.« Because of - the more rapid
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water flow at the discharge canal station, a sampling effort
at the discharge cénal will sample a much larger volume of
water. As expected, the abundance per unit effort at the
discharge station is greater than that at the intake for all
striped bass life stages caught.

7.2.2 Plant and River Comparisons

The abundance of the pre-juvenile life history stages of
striped bass in plaht and in river samples (from D-S) is
shown and compared in Tables (7-23 to 7-26). Egg abundance
was higher in plant samples than in river sampies, differing
by a factor of approximately 3-5. This difference was ob-
served in 1974 and 1975, and by essentially the same factors.
Yolk-sac larvae were more numerous in river sampfes in 1976;
this was true for 1974 and'1975, also. There was no difference
in the abundance of larvae (post yolk-sac) between plant and‘
river samples examined in 1976. This is different than wa;
observed for either 1974 or 1975; in 1974 river samples were
more abundant, while in 1975 piant samples were more abundant.

One-way analyses of variance were made comparing the
abundance of these life history stages for the dates of
their appearance in plant samples, simultaneous river samples
and in each of the seven standard river statiéns sampled
at night. The analyses showed no significant difference for
all life stages énd samples examined. This differs from that
observed above for the comparison between plant and river

samples as represented by D-S. Some of the discrepancy
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may. result from the dlfference in the statlons themselves, -
1wh1cn are. selected for comparlson.r Rlver values for plant-l
rlver comparlsons in prev1ous years studleSwwere.based upon
‘_a river-wide mean from the seven standard statlons.»"n'ligh+
"of - the concept of -.patchy. dlstrlbutlon for zooplankton (Wlebe :
and Holland, 1968), a r1ver—w1de mean may not be the value

to use. Further, the use of any values derived from the seven
standard stations~for.plant—rivervcomparisons may:be con-
'fused by the fact that the rlver samples are collected once
durlng the day and once at nlght on separate days, whlle plant
samples are sampled several tlmes during a tidal cycle. The
- use of calculated volumes in abundance estimates in 1974

and 1975 instead of volumes based upon measured values in -
-1976 may tendfto over-estimate the plant'abundance in 1974
and 1975. | |

7 While itvis expected that.the plant whlch draws water
from all depths-and directionsvinna‘cone-like fashion will
.collectvmore-organisms'than river*tows,'which'sample only
‘from discrete depths, the.difference for eggs is more
conspicuous;,'The'differences for yolk-sac;larvae:and’larvae’
are not”so'evident, since they are‘mObile and their mobility
may allow then to move.away from areas within the influence
of the plant intake pumps.: |

leen thlS observed fact that the Indlan P01nt fac111ty

COn51stently draws a large number of eggs lnto the plant, the

"abundance -of the pre—juvenlle llfe stages of strlped ‘bass .
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in the river in the vicinity of Indian Point has remained
relatively constant for the duration of our studies. To
date, there is little evidence to show that the operation of
the Indian Point nuclear facility has affected the abundance
of striped bass eggs, yolk-sac larvae and larvée in the

river.



REFERENCES

Abood, K.A. 1974. ‘Circulation in the Hudson River Estuary.
Ann. N.¥. Acad. Sci. 250: 29-111.

American Public Health Association. 1971. Standard Methods
for the Examination of Water and Wastewater. 12th
Edition, Amer. Public Health Association, N.Y.

Bousfield, E.L. 1973. Shallow-water Gammaridean Amphigpds
of New England. Cornell Univ. Press. Ithaca, New
York. 312 pp.

Cairns, J. Jr., G. Lanza and B. Parker. 1972. Pollution
related structural and functional changes in aquatic
communities with emphasis on freshwater algae and pro-
tozoa. Proc. Acad. of Nat. Sci. of Philadelphia
124: 79-127.

Collins, G.B. 1952. Factors influencing the orientation
of migrating anadromous fishes. U.S. Fish. Bull.
52: 375.

Consolidated Edison Company of New York, Inc. 1974. Economic
and environmental impacts of alternative closed cycle
cooling systems for Indian Point Unit No. 2.

. 197s. Report in compliance with
conditions A4, CS5 and C6 of the Indian Point Unit No. 3
FWPCA section 401 water quality certificate.

1976. Plan for operation of Indian
Point Unit Nos. 1, 2 and 3 with once-through cooling
system.

and Power Authority of New York. 1977.
Near-field effects of once-through cooling system opera-
tion on Hudson River biota.

Coutant, C. and R.J. Kedl. 1974. Survival of larval striped
bass exposed to fluid induced and thermal stresses in a
simulated condenser tube. Oak Ridge National Laboratory,
ORNL-TM-4695, ESO. No. 637, 37 pp.

Dames and Moore and Consclidated Edison Company of New York,
Inc. 1974-1975. 1Indian Point No. 2 routine monthly
thermal monitoring reports for: May 1974, June 1974,
July 1974, September 1974, November 1974, April 1975,
May 1975.

206



. 1976, Indian Point nuclear genera-
~ ting station lnten51ve thermal survey program.. August
.and October l974

‘rFlemlnger, A. and R. Clutter..l965. AVoidance ofAtowed‘nets
: by zooplankton, lenol and Oceanogr. 20: 981-987.

7«Ginn; T. 1977: ~An Ecologlcal Investigation of Hudson River

' Macrozooplankton in the Vicinity of a Nuclear Power
Plant. -Ph.D. Thesis, New York University Medical Center.
272 pp.: ' : :

Haines, T. and R. Butler. 1969. Response of yearling small-
~mouth bass (Micropterus dolomieui) to artificial shelter
'in a stream agquarium, J. FlSh Res. Bd. Canad. 26: 21-31.

Hairr, L. 1973. An Investlgatlon of Factors Influenc1ng
Radiocesium Cycling in Estuarine Sediments. Ph.D. .
fThesis, New York University Medical Center.

Harrlngton, R.W. 1959. Photoperlodlsm in flshes. In: -
Photoperiodism and Related Phenomena in Plants and
Animals. R. Withrow (ed.). Pub. 55, Amer. Assn. Adv.
Sci. R -

Harvey, H.H., W.S. Hoar and C.R. Bothem. 1968.-»Sounding
response of the kokanee and sockeye salmon, J. Fish.
Res. Bd. Canad. 25: 1115-1131.

Hasler, A.D. 1966. Underwater Guideposts. University of
- Wisconsin: Press. Madison, Wisconsin. 155 pp.

. Kedl, R:J. and C.C. Coutant. 1974. Survival of juvenlle

: fishes receiving thermal and mechanical stresses in
‘a:simulated power plant condenser. Pub. Oak Ridge
‘National Labor. 17 pp.

LaSalle Hydraulic Laboratory, ‘Ltd. 1976. Indian Point genera-
ting plants. Hydraulic model study of Hudson River . a
flows around cooling water intakes. Report prepared
.for Consolidated Edison Company of New York, Inc.

- Lawler, Matusky and Skelly Engineers. 1974. 1973 Hudson
" River-aquatic ecology studies in the vicinity of
. Danskammer Point. A report to the Central Hudson Gas
- .-and- Electrlc Corp. , ' ST e

s : EE 1975 1974 Hudson River aquatlc ecology
studles Bowline Point .and Lovett. generatlng statlons..
A report to. Orange and Rockland Utllltles.“

207




208

, 1976. 1975 Hudson River agquatic ecology
studies Bowline Point and Lovett generating stations.
A report to Orange and Rockland Utilities.

Muller, K. 1963. Diurnal rhythm in "organic drift" of Gammarus
pulex. Nature 198: 806-807.

Natrella, M. 1963. Experimental Statistics. National Bureau
of Standards Handbook 91, U.S. Dept. Commerce, National
Bureau of Standards, Washington, D.C.

New York State Department of Environmental Conservation.
1973. Section 401 certification for Indian Point
Unit 2.

1975. Section 401 certification for
Indian Point Unit 3.

New York University Medical Center. 1973. Effects of entrain-
ment by the Indian Point Power plant on Hudson River
biota: a progress report for 1971 and 1972 to the Con-
solidated Edison Co. of New York, Inc.

. 1974. Effects of entrainment by

the Indlan Point power plant on Hudson River biota:

a progress report for 1973 to the Consolidated Edison
Co. of New York, Inc.

. 1975. Effects of entrainment by
the Indian Point power plant on Hudson River biota: a
progress report for 1974 to the Consolidated Edison
Co. of New York, Inc.

. 1976a. Effects of entrainment by
the Indian Point power plant on Hudson River biota: a
progress report for 1975 to the Consolidated Edison
Co. of New York, Inc.

. 1976b. The effects of changes in
hydrostatic pressure on some Hudson River biota: a
progress report for 1975 to the Consolidated Edison Co.
of New York, Inc.

O'Connor, J.M. and S. Schaffer. 1977. Survival of striped
bass ichthyoplankton in nets. Chesapeake Sci. 18:
312-315.

Pielou, E.C. 1975. Ecological Dlver51ty. John Wiley and
Sons, New York, New York.

Rowan, W. 1926. On photoperiodism, reproductive photo-
periodicity and the annual migration of birds and
certain fishes. Proc. Boston Soc. Nat. Hist. 38: 147-189.



©209:

iSokal,.R.’and J;~Rohlf 11969. Blometrx Freeman Publ, Co.,
San Francisco, Callfornla : R C

, Tettersell, W.M. 1951 A review of the Mysmdacea of he‘U,S;
- National Museum. U. S. Nat. Mus. Bull 201 292. :

‘Texas Instruments, Ine.tl975.= Flrst annual report. for the
multi-plant impact study of the Hudson River estuary:
a report to the. Consolldated Edlson Co. of New York, 1Inc.

United. States Department of the Interior Geological Survey.
l957. Survey of Peeksklll (N Y.) Quadrangle.

, 1959-1969. Mean river-water tempera-
tures recorded by the U.S. Geologlcal Survey at Peekskill
from 1959 1969.

Wiebe, P.H. and W.R. Holland. 1968. Plankton patchiness
effects on repeated net tows. Limnol. -and Oceanogr.
13. 315. : . : :

Wigley, R.L. and B.R. Burns. .1971. Distribution and biology
of mysids (Crustacea, Mysidacea) from the Atlantic.
Coast of the U.S. in the N.M.F.S. Woodshole collec-
tions. Fish. Bull. U.S. 69: 717.




|
|
THE ATTACHED FILES ARE OFFICIAL RECORDS OF THE \
DIVISION OF DOCUMENT CONTROL. THEY HAVE BEEN. |
CHARGED TO YOU FOR A LIMITED TIME PERIOD AND |
MUST BE RETURNED TO THE RECORDS FACILITY ’
BRANCH 016. PLEASE DO _NOT SEND DOCUMENTS \
CHARGED OUT THROUGH THE MAIL. REMOVAL OF ANY
. PAGE(S) FROM DOCUMENT FOR REPRODUCTION MUST
. BE REFERRED TO FILE PERSONNEL . ) :

|

DEADLINE RETpRN DATE SO’Z‘LF}/ 286 “
Chkedd A
] |
i |
|

i

|

RETURM T0 REACTOR BOGHET
SYaE 13 LB o204

. RECORDS FACILITY B8RANCH
\ 1Soved S .

¥

New York University Medical Center
Institute of Environmental Medicine

550 FIRST AVENUE  NEW YORK, N.Y. 10016 o .(212) 679-3200

§

T




