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CHAPTER 1.0

INTRODUCTION

Comprehensive aquatic studies were conducted in the Nine Mile Point
vicinity during the years 1973 through 1978. During these six
years, the major trophic levels of the aquatic ecosystem, as well
as water quality, were sampled extensively. Sampling of the nekton

community and impingement studies were continued through 1981 at
Nine Mile Point Unit 1, (Unit 1) and J.A. FitzPatrick (JAF) Power

Plant.

This 9-year data base has been used to monitor the aquatic ecosystem

during the operation of Unit 1 and JAF. The data are summarized in
this report as the preoperational condition for evaluating the

potential impact of the operation of Nine Mile Point Unit 2 (Unit
2). Entrainment, impingement, and the effect of thermal discharges
are the main concerns to aquatic biota from power plant operations.

Chapter 2.0 of this report discusses the general aquatic ecology of
the Nine Mile Point vicinity and the potential involvement of the
Unit 2 intake and dischar ge system within this environment. Chapter
3.0 describes the methods and materials used throughout the study.

1.0-1
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CHAPTER 2.0

BIOLOGICAL STUDIES

2.1 AQUATIC ECOLOGY

2.1. 1 Phytop1 ank ton

Phytopl ankton are microscopic aquatic pl ants that util ize sol ar

energy to convert inorganic matter to organic matter. This primary
activity provides food for planktonic benthic invertebrates and

constitutes the organic base of the Lake Ontario food web.

The abundance, distribution, and productivity of the phytoplankton
community in the Nine Nile Point vicinity have been examined through

the use of data collected between 1973 and 1978. Detailed descrip-
tions of the station locations, frequency of sampling, and method-

ologies employed are presented in Section 3.1.1.

Table 2.1.1-1 lists the genera identified during this survey period.
A total of 187 genera from seven divisions were identified. The

species assembl age remained consistent throughout the study er iod

and was similar to that described in previous studies
Among the dominant taxa are Scenedesmus, Oocystis, and Coelastrum,

p„„,tsi
reviewed the early phytopl ankton studies on Lake Ontario (as far
back as the 1930s), and most of the abundant species identified
since 1973 in the Nine Nile Point vicinity were also abundant during
the earlier years covered by his review.

The temporal distribution of phytoplankton is determined by such

biotic and abiotic factors as light intensity, turbidity, tempera-

ture, concentrations of organic and .inorganic nutrients, inter-
specific competition, and grazing pressure. These factors combine

2.0-1
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TABLE 2.1.1-1

PHYTOPLANKTON SPECIES INVENTORY
NINE MILE POINT VICINITY - 1973-1978

Taxon Taxon

C YANOPHYTA
Coccogoneae

Chroococcales
~Amene1 1um sp.
Anac st1s sp.

A hanothece sp.
hroococcus sp.

Dact ococco sis sp.

aGloeothece sp.
Gom hos haeria sp.

arson1e a sp.

Rabdoderma sp.

Chamaesiphonales

Kormogonae
Oscillatoriales

L n b a sp.
Osci atoria sp.
Phorm1d1um sp.

Ngstocales
Anabaena sp.

Nostoc sp.
Scytonematales

Plectonema sp.
St1g eonemat a 1 es

Stictonema sp.

CHLOROPHYTA
Chlorophyceae

Vo 1 vocale s
Carteria sp.

Eudorina sp.

Gonium sp.
Pandorina sp.
~~Pe Ino era sp.
Ped1nomonas sp.

Pleodorina sp.
Lobomonas sp.
~ppo toma sp.
G omitus sp.
Po tome la sp.

cour 1e 1a sp.
S ermatozoo sis sp.
Vo vox sp.

Tetraspor ales
~Aioc stis sp.
Asterococcus sp.
01s ora sp.
E akotothrix sp.
Gloeoc sti s sp.

c 1zoc am s sp.

St los haeridium sp.
Tetras ora sp.

Ulotr1c a es
Geminella sp.
~Goeo ita sp.
Uuuot II'Ix sP.
Uronema sp.

Microsporales
Micros ora sp.

Cy11n rocapsales

Chaetophorales
Chaeto hora sp.
St1 eoc on1um

Cl adop ora es
Clado hora sp.

1 zoc on1um sp ~

~0edo onium sp.

2.0-2a



TABLE 2.1.1-1 (Cont)

Taxon Taxon

Zygnematal es
Nou~eotia sp.
piro ra sp.

nema sp.
Oesmidia es

Closterium sp.
osmar>um sp.

Staurastrum sp.c~
Actinastrum sp.
Ankistrodesmus sp.

Characium sp.
~Ch orococcum sp.

p.
Chlorococcum sp.

Coelastrum sp.
Cruc> en>a sp.

Oesmatractum sp.

Oid oc stis sp.
O>mor ococcus sp.
Echinos haere la sp.
Errerella sp.
Trance>a sp.
Gloeoactinium sp.

Ne hroc ium sp.
~canis sp.
Paradoxia sp.
Pediastrum sp.

Po e drio sis sp.
Pseudoch ore la sp.

Radiococcus sp.

Scenedesmus sp.
p.

Selenastrum sp.
P.

Tetra esmus st
Tetraedron sp.
Tetrastrum sp.
Trrreeuuaria sp.
Trochiscia sp.
Zoranastrum sp.
Paramastix sp.
Westella sp.

EUGLENOPHYTA
Euglenophyceae

Euglenales
Eu lena sp.
P acus sp.
TTrac Tel omonas sp.

CHRYSOPHYTA
Xanthophyceae

Heterococcales
Perionella sp.

Chrysoapsyceae
Chrysomonodales

Aulomonas sp.
~0>nobr on sp.

~

~

E i xis sp.
a omonas sp.

Chr sochromulina sp.
Chromulina sp.

r sos aerella sp.
Ke son sp.
Pseu oke h ion sp.
Ste exomonas sp.

S nura sp.
Rhizoc rysidales

La nion sp.

~Sti itococcus sp.

2.0-2b



TABLE 2.1.1-1 (Cont)

Taxon Taxon

Chrysosph acr al es
~C

Ochromondales
Ochromonas sp.

Codonosi a sp.
scoeca sp.

Craspedomonadales
Codonosi o sis sp.

Mona a es
~Nonosi a sp.
Monas sp.
GoGOo sp.

Isochrysidales
Erkenia sp.

Gaci~ar>op yceae
Centrales

Actinoc clus sp.
acteriastrum sp.

C clotella sp.
e os>ra sp.

Rhtzoso fenia sp.

Ste hanodiscus sp.
Penna es

Am hora sp.
Achnant es sp.
Am hi rora sp.
Asterione la sp.

~Cato aura sp.
~Cbe la sp.
Diatoma sp.
Eunotia sp.
Fra ilaria sp.

~Gom honema sp.
Gyyros> ma sp.
Mersdion sp.
~av~cuH sp.
~N'I'tzsc z a sp.
~P>nnu ana sp.
Rhoicos henia sp.

ursre a sp.
~ne ra sp.
Tabe ari a sp.

RHOOOPHYTA
Nemalionales~h

CRYPTOPHYTA
Cryptophyceae

Cryptomonadales
Chroomonas sp.
Zr tomonas sp.

Rhodomonas sp.
Zennsa arvula
Cryrztau ax sp.
Monomastix sp.
'CKiiomonas sp.

PYRROPHYTA
Oinophyceae

Gymnodiniales

G odsnsum sp.
Per> >nba es

Ceratium hirundinella
~Beno |nium sp.

Species which occurred each year from 1973-1978

2.0-2c



to produce the seasonal patterns in species composition, abundance,
0

and primary activity observed in temperate waters. On Lake Ontar io,
upwell ing of cold, deep waters also influences phytopl ankton,
primarily through the influx of nutrients. The monthly abundances

of total phytoplankton from 1973-1978 are presented in Figure
2.1.1-1. The lower abundances exhibited in 1973 and 1974 relative
to the other years could be partially attributed to a change in.
analysis technique in 1975. Only the larger forms of the Chryso-

phyceae and none of the Cryptophyta were enumerated in 1973 and

1974. Phytoplankton abundance generally cycled two to four times
each year; maximum abundances generally occurred during the summer.

A plankton population succession typical of the six study years is
shown in Figure 2.1.1-2. Bacillariophyta (diatoms) bloomed in the

spring, then declined until late fall when they again became abun-

dant. Green algae were generally most abundant during the summer;

blue-green algae, during late summer and early fall. These trends
are characteristic of the study area(

Since chlorophyll a is common to all phytoplankton taxa, it is

regularly used as an indicator of phytoplankton standing crop
The mean monthly chlorophyll a, concentrations in the NNP vicinity
from 1973 through 1978 are presented in Figure 2.1.1-3. Generally,
values were higher during the spring and summer than during the

fall, but within each year the number of peaks varied. Chlorophyll
a was chosen for examination of long-term trends because the tech-

niques used to collect and analyze the data did not change signifi-
cantly over the six-year dur ation of the program; consequently, the

trends exhibited should be related to changes in the community

standing crop rather than to methodology.

The long-term trends, as indicated by chlorophyll a concentrations,
indicated a cyclic pattern, with low values occurring during 1975

and 1978 and highest values during 1974 (Figure 2.1.1-4). The

2. 0-3
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FIGURE 2.1.1-1

MONTHLY ABUNDANCE OF TOTAL PHYTOPLANKTON

Nine Mile Point Vicinity — 1973-197S
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FIGU .1.1-2

PHYTOPLANKTON COMMUNITY SUCCESSION

Nine Mile Paint Vicinity -1978
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FIGURE 2.1.1-3

MEAN CHLOROPHYLLa VALUES RECORDED

Nine Mile Point Vicinity- l973- l978
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FIGURE 2.1.1-4

YEARLY ME AN CHLOROPHYLL a AND TEMPERATURE VALUES

Nine Mile Point Vicinity-l973-l978
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remaining three years (1973, 1976, and 1977) demonstrated intermedi-

ate values. While the overall trend, based on the mean values,

indicates a reduction in phytoplankton standing crop (as chlorophyll
'a), the large variance of the mean attributable to the wide seasonal

vari ability (Figure 2.1.1-3) precludes demonstration of any sig-
nificance between the yearly means.

There are many water quality parameters that have been shown to
affect the phytoplankton standing crop; one of them, tempera-

ture, is commonly used to explain distributional patterns. Annual

temperature cycles, in combination with annual light cycles, have

been reported as being responsible for the gross seasonal changes in
phytoplankton communities . Figure 2.1. 1-4 indicates no con-

sistent relationship between water temperature and chlorophyll a

concentrations for the NMP vicinity.

Analysis of 'spatial distribution showed that chlorophyll a concen-

trations were generally lower offshore than onshore (Table 2.1.1-2).
This observation is supported by the results of other researchers on

Lake Ontario ). Longshore trends indicated a generally higher

phytoplankton standing crop at NMPW compared to other transects,
which is attributed to the influence of the Oswego River, which

affects NNPW more than the other stations

In conclusion, the phytoplankton community in the Nine Nile Point

vicinity is similar to that of other shoal areas in Lake Ontario

with regard to species composition and seasonal succession. Local

trends in phytoplankton abundance and distribution are largely
related to natural phenomena. Similar species and similar seasonal

patterns were observed each year, and no apparent changes have

occurred in the phytoplankton community during the six-year study

period.

2.0-8
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TABLE 2.1.1-2

YEARLY MEAN OF CHLOROPHYLL a

NINE MILE POINT VICINITY - 1973-1978

Transect
Year NMPW NMPP FI Z NMPE

Contour
0 20 40 60

1975 5.1

1976 7.0

1977 5.9

1978 5.1

4.5

6.2

5.6

4.6

4.7

6.3

6.1

4.1

1973 6.7 5.5 4.9

1974 7.2 5.8 6.1

6.1

6.3

4.8

6.6

5.0

4.0

5.1 5.0 4.6 4.3

68 66 66 61

5.8,5.7 5.7 5.4

5.1 5.0 4.5 3.2

6.5 5.9 6.2 4.6

6.6 6.6 6.2 6.0

b1973 Jun-Nov; 1974-1978 Apr-Dec; pg/1
Mean of all depth contours
Mean of all transects
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2.1.2 Microzooplankton

Lake zooplankton are separated into two groups based on size, with
microzooplankton ranging from 76 to 571 p m and macrozooplankton

larger than 571 q m. Microzooplankton have generally poor loco-
motive abilities, and their movement 'is largely dictated by water

movements. Some species are carnivorous, feeding on smaller zoo-

plankton; others consume detritus, bacteria, or phytoplankton

They serve as a link between primary producers and higher trophic
levels. The annual cycle of microzooplankton abundance and species

composition in lakes is determined by a number of biotic and abiotic
factors, such as temperature, light, food availability, predation,
and hydrodynamics.

A total of 51 genera were identified from the microzoopl ankton

sampling program conducted from 1973 to 1978 (Table 2.1.2-1). Four

phyl a - Protozoa, Coelenterata, Aschelminthes, and Arthropod a

contain all of the microzooplankton taxa identified; among these,

rotifers, copepods, and cl adocerans were the major components of
the comunity. Rotifers were the most numerous taxa. Many of the

same or similar species occurred each year, and the coomon genera

near Nine Mile Point were also reported to be common in Lake Ontario

and the Great Lakes in general ' . These are the rotifers(6,13,14)

Polyarthra, Keratella, Synchaeta; and Asplanchna; the cladocerans

Daphnia, Bosmina, and Diaphanosoma; and the copepods Diacyclops,~T, « ». h ki
Eurytemora affinis which has invaded all of the Great Lakes was also

identified.

This section di scusses the three major taxa present in the NMP

vicinity: rotifers, cladocerans, and copepods.

The maximum microzoopl ankton total abundance occurred in June or

July during each year, with secondary peaks either in the spring

2.0-10
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TABLE 2.1.2-1

MICROZOOPLANKTON SPECIES INVENTORY

NINE.MILE POINT VICINITY - 1973-1978

Taxon Taxon

PROTOZOA
Mastigophora
Ciliophor a
Sarcodina

~Difflu ia sp.
Suctor>a

Acineta sp.
W~o<oair a sp.
Thecacsneta sp.
Paracineta sp.

Cillata
Codonella sp.

~or >ce >dec
Vorticella sp.

~Hist lis sp.
Gymnostomata
Protozoa unid

COELENTERATA
~Hdra sp.

ASCHELMINTHES
Roti fera
Bdelloidea
$onogononta

Brachionidae
Brachionus sp.
Euchlanis sp.
Kexx>cottia sp.

n
~~Le a e a sp.
Notholca sp.~alas sp.

Lecan> ae
Lecane sp.

~pinnnPOS
'a Sp.

Notommat i d ae

Trichocercidae

Trichocerca sp.
Gastropidae
Ascomor ha sp.

a
gsplanchnidae

As lanchna sp.
ync ae i ae
Pleosoma sp.
Pol arthra sp.

~

~

nc ae a sp.
exart r> ae
Hexarthra sp.

Testudinellidae
Filinia sp.
TestuTeTnella sp.C~
Conochi loides sp.

Connothecaceae
Collotheca sp.

Nematoda
Nematoda unid

ARTHROPOOA
Crustacea
Cladocera

Holopedidae
~Hole edium sp.

faphnidae
Cerioda hnia sp.

a hnia sp.
IIosmin> ae

Bosmina sp.
CKyyorscfae
Along sp.
Ch dorus sp.

Lep o oridae
Le todora sp.

S» ae

2.0-1la



TABLE 2.1.2-1 (Cont)

Taxon

Copepoda
Copepoda nauplii

Calanoida unid
Eur emora sp.

~

~

Dia tomus sp.
imnoca anus macrarus

C

Acanthoc clo s sp.
~c~o)s sp.

'Genera

which occurred each year from 1974-1978.
Identified during 1974-1976: probably present during 1977-
1978, but identification was only to family level.
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or fall, depending on the year (Figure 2.1.2-1). A seasonal mi'cro-

zooplankton succession typical of the six study years is shown

in Figure 2. 1.2-2. Rotifers were typically the dominant group

except during the fall and early winter when copepods or cladocerans

sometimes dominated.

Microzooplankton abundances were typically lower at offshore sta-
tions than at nearshore stations (Table 2. 1.2-2).. A similar trend

was descried by Patalas( ) and Czaika( ) .for Lake Ontario. No

consistent longshore trends were evident for the major groups, i.e.,
over several years no one transect showed either higher or lower

abundance than any other (Table 2. 1.'2-1).

The microzooplankton community observed each year was similar,
with variations between years caused by a general reduction of all
components of the community rather than reduction of a specific
component (Figure 2. 1.2-3). The mean microzooplankton abundance

(indicative of the standing crop) increased throughout the first
four study years (1973-1976) but dropped significantly in 1977 and

1978 (Figure 2. 1.2-3). This corresponds to a general reduction in
water temperature (increased cloud cover, less solar, input), which

may have affected the microzooplankton standing crop by causing a

reduction in their reproduction and/or by affecting the quality or
quantity of their primary food source, the phytoplankton.

2.1. 3 Macrozoopl ankton

Macrozoopl ankton, defined as invertebrate animal pl ankton larger
than 571 p m, are important in the diet of planktivorous fish and

fish 1 arvae. Since macrozoopl ankton consume pel agic and benthic

organi sms of lower trophic levels, they are influent ial in both

2. 0-12
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FIGURE 2.1.2-1

SEASONAL SUCCESSION OF TOTAL MICROZOOPLANKTON

Nine Mi 1 e Point Vic inity — 1973-1978
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F IG .1. 2-2

SEASONAL SUCCESSION OF SELECTED MICROZOO TAXA

Nine- Mile Point Vicinity — 1975

COPEPODA CLADOCERA ROTIFER TOTAL
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TABLF. 2.1.2-2

YEARLY MEAN ABUNDANCE OF SELECTED MICROZOOPLANKTON

TEA BY TRANSECT AND DEPTH CONTOUR

NINE MILE POINT VICINITY - 1973-1978

Transect a De th Contour ft
Year Grou NM N Ni ' 20 0 60

1973 Rotifora
Cladocera
Copepoda
Total

1974 Rotifera
Cl adocer a
Copepoda
Total

1975 Rotifera
Cladocera
Copepoda
Total

1976 Rotifera
Cladocera
Copepoda
Total

1977 Rotifera
Cladocera
Copepoda
Total

)978 Total

2.0x)05
1 ~ 2x)04
6.4x)05
3.8x)0

3.0x)045

5.7x)04
3.5x)05
4.0x)0

3.6x)04
7.3x)04
4.7x)05
5.)x)0

3.)x)04
9.3x)04
1.0x)05
5.2x)0

5.0x)03
4 'x)03
9.4x)04
6.4x)0

4.8x)0

2.)x)05
1.2x)05
1.2x)05
4.6x)0 .

2.6x)04
3.5x)04
4.1x)05
3.5x)0

4.5x)04
8.6x)04
5.3x)05
6.4x)0

3.2x)05
1.3x)05
1.2x)05
5.9x)0

4 'x)03
3.)x)03
8.9x)04
6.)x)0

4.9x)0

2.6x105
1.0x)04
7.3x)05
4.3x)0

3.1x)04
4.6x)04
4.2x)05
4.2x)0

3.5x)04
6.5x)04
4.7x)05
5.)x)0

3.)x)05
).lx)05
1.4x)05
5.8x)0

4.4x)03
4.4x)03
9.3x)04
5.8x)0

5.3x)0

1.7x)05
1.2x)04
5.4x)05
3.9x)0

4.4x)04.
8.6x)04
4.8x)05
6.0x)0

4.0x)04
4.9x)04
4.9x)05
5.6x)0

4.3x)055

1.2x)05
1.2x)05
7 'x)0
3.7x)03
6.2x)04
1.4x)04
5.7x)0

5.4x)0

3.0x)05 2.2x)05
1.6x)05 1.4x)04
1.3x)05 6.)x)05
5.8x)0 4.3x)0

4.2x)04 4.)x)045 5

6.6x)04 5.8x)04
5.2x)05 4.4x)05
5.6x)0 5.3x)0

4.2x)04 4.4x)045 5

6.2x)04 8.4x)04
4.8x)05 5.)x)05
5.9x)0 6.2x)0

3.9x)05 4.2x)055 5

1.4x)05 1.4x)05
).lx)05 1.2x)05
6.9x)0 7.)x)0

6.5x)03 4.8x)03
5.0x)03 4.3x)03
8.3x)04 9.4x)04
7.9x)0 6.3x)0

5.3x)0 5.)x)0

1. 7x)04
5

8.7x)04
5.9x)05
3.2x)0

2.8x)04
5.8x)04
3.8x)05
3.9x)0

3.9x)04
6.9x)04
5.0x)05
5.6x)0

2.8x)045

9.8x)05
1.2x)05
5.2x)0

4.)x)03
4.6x)04
1.2x)04
5.6x)0

5.0x)0

1.5x)04
7.6x)04
6 5x)05
2.9x)0

1.9x)04
3.6x)04
3.0x)05
2.6x)0

3.)x)04
5.8x)04
4.5x)05
4.5x)0

2.8x)045

8.0x)05
1.2x)05
5.0x)0

2 'x)034
3.4x)04
1.2x)04
4.2x)0

4.9x)0

>Mean of all depth contours within each transect
Mean of all transects within each depth contour
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FIGURE 2.1. 2-3

ABUNDANCE AND PERCENT COMPOSITION OF MICROZOO
Nine Mile Point Vioinity — 1973-1978

YEARLY MEAN ABUNDANCE (No./1000m3)
.10E+07

.10E+06

.10E+05
1973 1974 1975 1976 1977 1978

lK&3
PERCENT

100

80

r rrr
rr rrr rrr rr rr rrrr rrrrrrrrr rr r

60

40

20

'1973 1974 1975 1976 1977 1978

2.0-16



s

lower and higher trophic levels. The community structure and

temporal/spatial distribution of macrozooplankton in the Nine Mile
Point vicinity were investigated during the 1973 through 1978 study

period.

A total of 26 genera from the phyla Coelenterata, Platyhelminthes,
Aschelminthes, Mollusca, Annelida, and Arthropoda were repre-
sented, with the arthropod classes Insecta and Crustacea con-
tributing the greatest number of genera (Table 2.1.3-1). The

macrozooplankton community in the Nine Mile Point vicinity is
composed of three numerically dominant groups: cladocerans, cope-

pods, and aophipods. The most abundant cladocerans recorded were

~Da hnia retrocurva, D. ~aleata mendotae, ~Le todora kindtii, and

Holopedium ~ibberum; the dominant copepods were Diaptomus sicilis,

'(juveniles). Amphipods, which were abundant at night, were dom-

inated by Ganearus fasciatus

The seasonal pattern of total macrozooplankton density (abundance)

reflected the combined seasonal patterns of the dominant groups

and species listed above and was essentially unimodal, with peak

numbers (-1-2 x 10 organisms/1000 m ) occurring in 1'ate summer.5 3

Numerous smal ler peaks and depressions in abundance were super-

imposed on the main seasonal pattern, reflecting temporal varia-
bility caused by both natural factors and the seasonal succession

of various taxa ' Copepods were dominant during the early10,11

spring, with cladocerans generally dominating the community during
the remainder of the sampling season. Amphipods reached their
seasonal peak during the late summer or fall ' This basic(10,11)

pattern was undoubtedly influenced by seasonal changes in tempera-

ture and food availability and probably by grazing pressure from

pl anktivorous fish and fish larvae and raptorial zooplankters (e.g.,
L. kindtii). Other groups important in seasonal succession included

Diptera and Hydroida.

2.0-17
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TABLE 2.1.3-1

SPECIES INVENTORY OF MACROZOOPLANKTON
NINE MILE POINT VICINITY - 1973-1978

Taxon

CNIDARIA(COELENTERATA)
Hydrozoa
Hydroida (Athecata)
Clavidae
,CClCh

Hydridae
~Hdra sp.

PLATYHELMINTHES
Turbellari a

ASCHELMINTHES
aNematoda

MOLLUSCA
Gastropoda
Bivalvia (Pelecypoda)

ANNELIDA
Po lych act a

S abel l ida
Sabellidae~ki

Oligochaeta
'irudinea

Naididae UID

ARTHROPODA

)rachnida
Hydracarina (Acarina)

Insecta
Odonata
Ephemeroptera
Hemiptera
Tricoptera
Diptera
Dipteran larvae
Dipteran pupae
Culicidae (Chaoboridae)

Chaoborus sp.
S~mu» ae
Chironomi dae (Tendi pedi dae)

Coleoptera

Taxon

Lepidoptera
Neuroptera

Climacia sp.
Crustacea
Cladocera

~Eur cereus sp.
Da hni a sp.

Cerioda hni a sp.
e o e sum sp.

~eto ora sp.
Il ocr tus sp.
Po hemus sp.

>ca sp.
Bosminidae UID

Copepoda
Calanoida

Dia tomus sp.
ssc ura sp.

~ur emura affiois
Limnocalanus sp.

co—-. ~

Cyclopoida
C clo s sp.

Harpactscoida
Branchiura
Argulidae

~Ar ulus sp.
Isopoda
Amphipoda

Gammaridae
Cran on x sp.

ammarus sp.

Ponto oreia sp.
a tri ae
~Halella sp.

Mysidacea
Mysidae
~Huis sp.

Ostracoda (Podocopa)

Taxon which occurred each year from 1973-1978.
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guantitative evaluation of the macrozooplankton community is
extremely difficult because of the nature of the species involved
and the ir normal temporal and spat i al cyc1 es. Macr ozoopl ankton

includes three groups of organisms whose existence can be classified
as holoplanktonic (spending their entire life cycle as plankton),
meroplanktonic (spending part of their l.ife cycle as plankton), or
tycoplanktonic (primarily benthic but swept into the water column by

water currents). Many of the collected macrozooplankton (Cordy-
lophora sp., Hydra sp., Gammarus sp., Pontoporeia sp.) are mero-

planktonic, and their respective distribution and abundance reflect
diel and seasonal behavior patterns.

guantitative estimates are further affected by retention of specific
organisms by the sampling gear. Only the larger copepods (Diaptomus

sp. and ~Cyclo s sp.) and cl adocerans (Daphnia sp. and ~Le todora sp.)
are retained in the 571 pm mesh, and even many of the young of these

species are not quantitatively retained by the net. To eval'uate the
trends over the six-year study period, three dominant taxa (Lepto-
dora sp., Rmphipoda [primarily Gammarus sp.], and Diptera) wi'll be

disc ussed.

L. kindtii, the only species of the genus Leptodora, is a common

freshwater cladoceran in the temperate zone of North America. A

typical annual cycle begins with the hatching of overwintering

eggs which mature as females within a few days. These and subse-

quent generations reproduce parthenogenetical ly through midsummer

peak(s) in abundance. Males begin to appear in late summer/early

fall as overall abundance levels decrease. Sexual reproduction then

results in the production of overwintering eggs
(23)

2

~Le todora is one of the few predaceous cl adocerans; mature indivi-
duals ()6 mm in length) consume other cl adocerans and copepods,
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while smaller individuals presumably feed on bacteria, algae, and

detritus particles.

I

In the Nine Mile Point vicinity, L. kindtii was more abundant

at night than during the day, and abundance increased with depth in
the water column ', indicating that this species, like many

(10,11)

zoopl ankters, migr ates vertically in the water column at night.
Abundance general ly decreased as distance from shore increased;
concentrations were greater on the average toward the western end of
the study area. However, differences in abundance among stations
varied from date to date and were significant on the average for
only a few stations (10,11

Seasonally, ~Le todora concentrations increased from May through

August or September and then decreased through December; the pat-
tern was unimodal during all years of study (Figure 2.1.3-1).

G. fasciatus is a widely distributed species of freshwater amphipod

ranging from the Mississippi River to the Atlantic coa t and from
the Great Lakes/St. Lawrence River to the northeastern shores of the
Gulf of Mexico. Although this amphipod is primarily epibenthic and

prefers areas of vegetation, it is a relatively strong swimmer

capable of active movement in the water column . G. fasciatus(24)

is omnivorous and consumes nonliving and living plant and animal

matter. Specific food limitation is therefore unlikely to be a

problem for this species.

Reproduction is sexual and occurs from spring through fall; a

variable number of individual broods are produced by each mature

female. Individual growth and reproduction rates increase with
temperature, but size at maturity and brood size (which is directly
related to the size of the female) decrease concomitantly.

2.0-20

Lawler, Matusky O'kelly Engineers



.=~ FIGURE 2.1.3-1

SEASONAL SUCCESSION OF LEPTODORA KINDTII

Nine Mile Point Vicinity — 1973-1978
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In the Nine Nile Point vicinity of Lake Ontario, G. fasciatus was

consistently more abundant at night than during the day; diurnal
differences were statistically significant when tested

,I

Abundance increased with depth in the water column; increases
were statistically significant for some transects. These two

findings indicate that near-bottom and epibenthic populations
migrate vertically at night. G. fasciatus densities tended to
increase from west to east in the study area and from offshore
to nearshore.

The east/west trend was probably the result of natural differences
in sediment type: the relatively unconsolidated sediments toward

the western end of the study area support higher densities of
epibenthic Gaanarus than the stones and cobbles of the western and

central portions.

Seasonally, Gammarus were recorded from April to Oecember, with
peak daylight concentrations during. July or August. However,
concentrations in the water column var ied considerably beween months

and depth contours, reflecting the primarily epibenthi c nature of
this species and its preference for near-bottom waters during the

day.

Aquatic dipterans represent the larval and pupal forms of flies and

gnats. As indicated earlier (Table 2.1.3-1), .the dipteran group is
highly diverse: more genera were identified than in any other
taxonomic group. In general, aquatic dipterans are most abundant

during the warmer months of the year. Oipterans are consumed by

fish; as predators, they consume other zooplankton.

Oipteran abundance was significantly greater at night than during
the day and .in mid-depth and bottom waters than in surface
waters ' Concentrations also decreased significantly as
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water depth (distance from shore) increased. As observed for
Gammarus, dipterans were generally more abundant toward the eastern

end of the study area.

Seasonal patterns of dipteran abundance were variable among both

years and depth contours. In general, the pattern was unimodal,

with maxima during April, Nay, June, July, August, or September, and

copepods and amphipods contributing substantial number s during early

spring and late summer/fall, respectively.

On a long-term basis (1973 through 1978), Gammarus and dipteran

concentrations in the water column consistently decreased from

year to year at all depth contours; by 1977 Gammarus had essentially

disappeared from the water column during the day (Figure 2.1.3-2).

However, Gammarus abundance in benthic collections showed no con-

sistent changes during the same time period (Section 2. la5).
Concentrations of ~Le todora consistently increased as Gammarus

declined.

The increase in ~Le todora concentrations possibly reflects a re-

duction in grazing pressure caused by locally reduced fish stocks

(see Section 2.1. 6) . Possibly, 1 ocal environmental changes were

selective against Gammarus, but benthic data show no consistent

reductions in Gammarus abundance. With reference to overall abun-

dance of macrozooplankton, these data do not support any consistent,

long-term changes attributable to power plant operation.

2.1e 4 Ichthyopl ankton

Ichthyoplankton are the vertebrate portion of the macrozooplankton

col 1 ection, and include eggs,. 1 arvae, and juvenil e fish. Fi sh

1 arvae and juveniles feed primarily on small invertebrates and

algae. Thus, the availability of these food items at this critical
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FIGURE .3-2

MEAN OF SELECTED MACROZOOPLANKTON

Nine Mi1e Point Vicinity — 1973-1978
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life stage is an important factor in fish recruitment. Conse-

quently, ichthyopl ankton abundance can affect both planktonic and

benthic communities. In turn, ichthyoplankton are preyed upon by

larger carnivores.

The species composition and spatial/temporal distribution of ich-
thyoplankton in the Nine Mile Point area were investigated from 1973

to 1978. A total of 31 species of ichthyoplankton (eggs and/or

larvae) were identified (Table 2.1.4-1). Eleven, including the

bluegill, smallmouth bass, white bass, and walleye, were rarely
recorded in the study area. Eleven of the 31 species were present

during at least five of the six years studied. The dominant species

in the area throughout the study period were alewife, rainbow smelt,

and, to a lesser degree, threespine stickleback and yellow perch.

Alewife spawning takes place after adults migrate from deep water

to gravelly or sandy shallow areas; in Lake Ontario, the inshore

migration begins sometime in April. Spawning'akes place primarily
at night, and adults then immediately leave inshore waters(

Broadcast at random, the eggs are demersal and essentially non-

adhesive. Hatching takes place in three to six days at water
temperatures of between approximately 16 and 22 C; development

proceeds rapidly thereafter( ). Studies in Lake Michigan in-
dicate that the first feeding of alewife larvae occurs when in-
dividuals are approximately 6 mm in length; the diet is primarily
copepods (Diac clo s), with greater percentages of cladocerans and

rotifers consumed as length increases(

The rainbow smelt migrate inshore to spawn in streams or near the

l ake ' shore; ev idence exi sts that some offshore spawning takes

pl ace over gravel shoal s. Spawning, which occurs primarily at

night, has been reported at water temperatures of approximately

9 18'C; peak spawning activity seldom persists for more than a
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TABLE 2.1.4-1

SPECIES INVENTORY OF ICHTHYOPLANk;TOH
NINE NILE POINT VICINITY - 1973-1978

~Fami1 Cordon Name Scientific kkame 1973 1974 1975 1976 1977 1978

Catostomidae White sucker Catostomus cotnaersoni

Centr archidae Bl ueg il1

Pumpkinseed
Smallmouth Bass
UIO Sunfish

Le omis macrochirus
e Iosll s ldllonus
cro terus do omieuiHi

epoml s sp ~

Um intr archidae

X X
X

X X X X

X

Cl upe id ae Alewife
Gizzard shad
Tessellated darter
UID kkerring

Alosa seudoharen us
Uorosoma ce e >anum

upe dae

X X X X X X
X X X X X

X

X X

Cottidae

Cyprinidae

Mottled sculpin
UID Sculpin

Bluntnose minnow
Carp
Common shiner
Emerald shiner
Fathead minnow
Goldfish
Spottail shiner
UIO Shiner

Gadidae Burbot

Cottus bairdi

Pime hales notatus

ykr nus ~ca~ro
o ro >s cornu us

Notre s aatIennotdes
Plea+age~aroma as

arasslus aura us
lloatro s huItuson us

otrop s sp.
11IKCyprinidae

Lota iota

X X X X

X X

X X

X X

X
X
X X X

X . X XX X

X
X X X X
X X X
X X X

X
X X
X X
X X X

X

Gasterosteidae Threespined
stickleback

Gasterosteus aculeatus X X X X X

Osmeridae Rainbow smelt Osmerus mordax X X X X X X

Percichthyidae White bass
White perch

Norone chryhso s
Horone amer>cana
Krone sp.

X

X X X X X X

X X

Percidae
Johnny darter
Logperch
Yellow perch
Walleye

Etheostoma sp.
~teostoma utttrruumn

Perctna ~ca rodes
~crea lavescens

X
X X X X X
X X
X X X X X X

X X

Salmonid ae Ci sco/Lake herring

Sci aenidae Freshwater drun

Percopsidae Trout-perch ~peroco sls ~omtscoma cus

Core onus a'rtedii
~ore onus sp.

~A lodlnotus Nrunntens

X X X X X

X X X X X
X

X X

Identified from eggs only
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week. Eggs. are demersal, adhesive, and hatch in two to three weeks,

after which growth is fairly rapid(

Unlike the carnivorous adults, rainbow smelt larvae are omnivorous.

According to studies in Ninnesota lakes, first feeding may occur

prior to yolk-sac absorption when the diet is composed of copepod

nauplii, cyclopoid copepods, and di atoms. In addition, post-larvae
consume green algae and add larger items to their diet - such as

calanoid copepods and cladocerans - as their size increases(

Hoth the threespine stickleback and yellow perch prefer shallow

waters. The latter spawns during spring, usually near rooted
aquatic vegetation to which the egg masses can adhere. The stickle-
back spawns later in shallow water, preferably over a sandy bottom.

A nest builder, this species guards newly hatched fish until they

can take care of themselves (

The seasonal pattern of ichthyoplankton involved the succession of
three groups of species: the earl'y spring group composed of burbot

(Lota iota) and ~Core onus sp.; the spring group dominated by rainbow

smelt (Osmerus mordax); and the late spring/summer group dominated

by alewife. Peak concentrations of eggs and larve coincided with
the occurrence of the late spring/summer group and consisted pri-
marily of alewife larvae (

Analyses of selected dominant taxa (alewife and rainbow smelt)

indicated that alewife eggs were most abundant in bottom samples

collected from nearshore waters at night. Rainbow smelt eggs were

rarely collected in the study area and occurred primarily in surface

waters (17-22)

The larvae of rainbow smelt and alewife, predominantly post-yolk-sac

phase, were more abundant at night than during the day. Alewife
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larvae were more abundant in surface waters; rainbow smelt larvae

were more abundant in mid-depth and bottom waters. There was no

consistent east/west pattern in the distribution of alewife or
(1-rainbow smelt larvae

'patialvariability for both the alewife and the rainbow smelt

was minimal between the 6-m, 12-m, and offshore contours (Figures

2. 1.4-1 and 2. 1.4-2). Seasonal distribution of alewife and smelt

remained similar in each of the six year s, with peak abundances in
June and July, respectively.

The yearly mean larval concentration reported in the NMP vicinity
from May through November increased throughout the study period

(Figure 2.1.4-3). Except for a slight decrease in smelt larval
abundance in 1975, both the alewife and smelt larvae showed in-
creasing abundances from 1974 through 1978 ( ). Thus, based

on the maintenance of a diverse species inventory and an increasing

stock of the two dominant larval species, the operation of the

generating stations has no- observable impact on the ichthyoplankton

community.

2.1.5 Benthic Organisms

Periphyton and invertebrate popul ations inhabit the Lake 'Ontario

bottom, residing either on (epi faunal/epi floral ) or wi thin (in-
faunal) the substratum. These populations include producers as well

as prima y and secondary consumers in the Lake Ontario food web,

and in turn become food for higher trophic levels. As prey for the

higher trophic levels, they provide essential support for the fi'sh

populations of the lake. Consequently, data on macrobenthos are

useful to indicate general lake
conditions'n

Lake Ontario, seasonal environmental changes influence the

deposition of bottom sediments. This in turn affects the spatial
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'IGURE 2.1.4-1

MONTHLY MEAN ABUNDANCE OF ALEItIIFE

Nine Mile Point Vicinity — 1974-1978
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FIGU .1.4-2

MONTHLY MEAN ABUNDANCE OF RAINBOW SMELT

Nine Mile Paint Vicinity — 1974-197S
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FIGURE 2.1.4-3

MEAN ABUNDANCE OF SELECTED ICHTHYOPLANKTON

Nine Mile Point Vicinity — 1974-1978
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distribution of infaunal and epifaunal organisms that have specific
substrate requirements for burrowing or feeding activities. Litera-
tur e has also shown that distribution of macrobenthos will occur

according to substrate composition ' The bottom in the

study area is characteristically bedrock with varying amounts of

rubble and sand and silt. Sand and silt typically represented less

than 10K of the bottom substrate of the NMPW and NMPP transects

while it often represented 80-90K of the substrate at the NMPE and

FITZ transects

A cumul ative macroinvertebr ate speci es inventory for the period

1973 to 1978 (Table 2.1.5-1) showed the large diversity of benthic

invertebrates. The greatest diversity (largest number of genera)

was among the oligochaete worms and dipteran larvae. The studies do

not indicate a decrease in benthic taxa over the six-year period.

The major taxa identified throughout the studies were Amphipoda,

Platyhelminthes, Nematoda, Gastropoda, Pelecypoda, Di ptera, Poly-

chaeta, and Oligochaeta. Some taxa were represented by numerous

genera (Diptera, with 44 genera), while others were represented

by a limited number (Polychaeta, with a single genus). Although the

number of gener a differed widely between the taxa Diptera and

Polychaeta, total abundances (No;/m ) over the duration of the2

study were similar.

The amphipoda identified in the samples were predominantly of the

p. 9 «. pi

in density with depth . As previously mentioned, the Poly-

seemed to prefer the shal low water stations along the 3, 6, and

9-m (10, 20, and 30-ft) depth contour s( . 01 igochaeta abun-(20)
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TABLE 2.1.5-1

OCCURRENCE OF MACROINVERTEBRATES
IiN BENTHIC COLLECTIONS

NINE MILE POINT VICINITY - 1973-1978

Taxon

COELENTERATA

Hy)rozoa
Cord lo hora sp.~ra sp.

RHYNCHOCOELA

)LATYHELMINTHES
Turbellaria

NEMERTEA
Prostoma sp.
Nemertea sp.

)SCHELMINTHES
Nematoda

Chromadoroidea
Anonchus sp.

Enoplida
Alaimus sp.

peery a>m>da
Dorylaimidae

Dor laimus sp.
Rha i i a
Rhabditidae
Butlerius sp.

8astianiistae

MOLLUSCA
Gastropoda

/alvatidae
Valvata sp.
u hami ae
Amnicol a sp.lilslllla sp.

Peuroceridae
Goniobasis sp.

eurocera sp.
Physthyae

Taxon

a
~ph sa sp.

fyms naeidae
L naca sp.

f anor idae
G aulus sp.
He >soma sp.
~~am e orna sp.

)ncylidae
Ferrissia sp.
Caaeva ex sp.

Bivalvi a Pelecypoda)
Margaritifaridae

Adadonta sp.

Elli to sp.
~Lam si is sp.

Sphaeriidae
Nusculium sp.

. Pisidium sp.
~~haerlum sp.

ANNEL IDA
Polychaeta

)abel 1 id ae

Mana unkia sp.
Oligoc ae a

Lumbr icul idae
~5

Tubificidae
Aulodri lus sp.
~~lo rs us sp.
Limnodri lus sp.

Potamothrix sp.
Tub~fex sp.

a
Enncnytraeidae
Naididae
Arcteonais sp.
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TABLE 2.1.5-1 (Cont)

Taxon Taxon

Nais sp.
~0i d
Paranais sp.lt
Pristina sp.
~ecar>a sp.
~tan a sp.
Uncinais sp.
Ve~<eVovs ella sp.

Hiru snea
Glossiphoniidae
Helobdella sp.

p nn
Piscicola sp.

ARTHROPODA

Acari (Hydracarina)
Limnesiidae
Limnesia sp.

Kygrobatidae
H robates sp.

Union>co s ae
Huitfeldtia sp.~P.
Neoeanla sp.
Unionicola spp.

Forel i a sp.
P>ona sp.

Lebertiidae
Labor tia sp.

Torrent>colidae
Torrenticola spp.

I)SECTA
Ephemeroptera
Caenis sp.
Heptageniidae

Stenonema sp.
Beet i ae ae

aHemiptera
Trichoptera

Psychomyiidae
Hydroptilidae

~Ara lea sp.

$eptoceridae
Arthri osodes sp.

P.
Oecetis sp.

H~y ropsychidae
h p.~ 'P.

Dipter a
Tendipedidae

Ablabesm ia sp.

Chironomus sp.
a o an arsus sp.

Cricoto us sp.
r tochsronomus sp.

Dem>rcr tochsronomus sp.
Dicrotendi es sp.

n oc sronomus sp.

Gl totendi es sp.
Heterotrissoc adius sp.

P

Kiefferules sp.

Hicrotendi es sp.
annoc a ius sp.

Parachironomus sp.

Para auter pm>ella sp.

Pentaneura sp.
Phaeno sectra sp.

0 e 1 Um sp.
o as >a sp.

Procladius sp.

Pseudochironomus sp.
Rheotan arsus sp.
Stictochironomus sp.l~
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TABLE 2.1.5-1 (Cont)

Taxon

Trissocl adius sp.
Xenochironomus sp.nnwa
Tan arsus sp.
Paratan tarsus sp.
r>c oc a >us sp.

Anato is sp.
ar ioc a ius sp.

Ceratopogonidae
Empi did ae
Str atiomyidea.
Chironomidae

Leidoptera
Neuroptera

Si syr idae
Climacia sp.

Isopoda
Asellidae
Erichsonella sp.
Asellus sp.

nmp~hipo a
Gammaridae
~Cnan on x sp.

Taxon which occurred each year from 1973-1978.
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waters and Limnodrilus sp. and Potamothrix sp. in deep waters

J ~h~ « « i i~ l1

tion in their studies.

~Gastrodo a distribution was also related to depth. Goniobasis sp.

and Physa sp. showed a preference for shallow depths, while the

genus Valvata sp. exhibited higher abundances at greater depths.

Amnicola sp. appeared slightly more ubiquitous in its distribution
across all depths ). Pelecypoda distribution has been related
to specific substrate requirements . In general, greater abun-

dances of Pisidium sp. and ~S haerium sp. were found further off-
shore, associated with localized areas of available sand or silt.

Spatial variability between transects differed by taxon. Amphipoda

and Pl atyhelminthes abundances .(Figures 2.1.5-1 and 2.1.5-2)
were simil ar for each transect each year, while Nematoda (Figure
2.1.5-3), Gastropoda (Figure 2.1.5-4), and Pelecypoda (Figure
2.1.5-5) abundances were consistently highest and lowest at the

NMPE and NMPP transects, respectively. Diptera (Figure 2.1.5-6),
Polychaeta (Figure 2.1.5-7), and Oligochaeta (Figure 2.1.5-8)
showed variable spatial distribution over the six-year study. The

increased abundances, particul arly of Nematoda, Gastropoda, and

Pel ecypoda, at the easternmost transect (NMPE), probably rel ate

to.the predominantly soft substrate, which is more suitable than the

hard substr ate characteristic of the NMPP transect for supporting
the infaunal forms These benthic dynamics indicate viable and

persistent communities, with no trend toward anomalous declines or
increases in densities.

Seasonally, benthos abundances peaked generally in the summer period

(June or August collections), but occasionally in the spring. This
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FIGURE 2.1 .5-1

MEAN ABUNDANCE OF AMPHIPODA

Nine Mi1e Point Vicinity — 1973-1978
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FIGURE 2.1.5-2

MEAN ABUNDANCE OF PLATYHELMINTHES

Nine Mi 1 e Point Vicinity — 1973-1978
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— FIGURE 2.1.5-3

MEAN ABUNDANCE OF NEMATODA

Nine Mile Point Vicinity — 1973-1978
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FIGURE 2.1.5-4

MEAN ABUNDANCE OF GASTROPODA

Nine Mi le Point Vicinity — 1973-1978
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FIGURE 2.1.5-5

MEAN ABUNDANCE OF PELECYPODA

Nine Mile Point Vicinity — 1973-1978
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FIGUR 2.1.5-6

MEAN ABUNDANCE OF DIPTERA

Nine Mi le Point Vicinity — 1973-197S
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FIGURE 2.1.5-7

MEAN ABUNDANCE OF POLYCHAETA

Nine Mile Point Vicinity — 1973-1978
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FI4URE 2.1.5-8

MEAN ABUNDANCE OF OLIGOCHAETA

Nine Mile Point Vicinity — 1973-1978
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pattern was correlated to the presence of actively growing Clado-

phora, which provide food and refuge for many invertebrate popul a-

tions.

Taxon-specific long-term (1973-1978) trends were demonstrated.

Except for an increased abundance in 1974, 01 igochaeta abundances

remained simil ar throughout the study period. Amphipoda abundances

also remained constant. Gastropoda, Nematoda, Oiptera, and Platy-
helmi'nthes varied, but demonstrated no singular trend or population
shift. Mean Pelecypoda abundance decreased throughout the, study;
the most radical change, however, occurred at the NMPP transect and

was most likely attributable to the loss of suitable habitat for
this infaunal taxon. The bottom substrate (predominantly bedrock)
at the NMPP transect was not capable of supporting the burrowing

Pel ecypod a.

Sampling of the periphyton community was conducted from 1973 through

1978. Species assemblages attached to glass or plexiglass sub-

strates located near the surface and at the bottom were identified
and enumerated. Complete collection and analysis methodology is
presented in Section 3.1.5.

The periphyton species inventory (Table 2.1.5-2) is large, in-
dicating a diverse and viable assemblage of periphytic algae in
the Nine Mile Point vicinity. The periphyton coomunity was composed

primarily of diatoms in the spring, green and/or blue-green algae

during the warm months, and diatoms again in the fal l. While
not identified and enumerated, protozoa, primarily ciliates and

suctorians, were commonly associated with the periphyton comunity,
particularly at the greater depths where light intensity was lower.

The pattern of algal succession was similar for both the phytoperi-
phyton and the phytoplankton communities and typical of conditions
in temperate water bodies . The presence of a rel atively large(8)

2.0-43

Lawler, Matusky R Skelly Engineers



TABLE 2.1. 5-2

OCCURRENCE Of PERIPHYTON IN ARTIFICIAL SUBSTRATE COLLECTIONS
NINE MILE POINT VICINITY - 1974, 1976-1978

Taxon Taxon

CHLOROPHYTA
Chlorophyceae

Vo 1 vocales
aCarteria sp.

Chlam domonas sp.
a

u oriana sp.
Pandorina sp.

TeGrraspora es
Chaeto eltis sp.
Ch oran io oea sp.
C >ndroca sa sp.
E akotot rex sp.

t os aeridium sp.
Tetras ora sp.

Ch orococca es
Actinastrum sp.

~Ank a sp.

Characium sp.
'CElorococcum sp.

Coe astrum sp.

0>ct os haerium sp.

Echinos haerella sp.
E akatothrix sp.
Franceia sp.

~G oeoactinium sp.
W
Kirchneriella sp.
Nlcractlnlum st
~OOC skis sp.
Ped>astrum sp.

Chlorococcal es (Cont)
Phacotus sp.

~P anktos haeria sp.
~

~

~

ua r> u a sp.
cene esmus sp.

Schroederia sp.

Sorastrum sp.
S haeroc stis sp.
etra esmus sp.

Tetraedron sp.
Tetrastum sp.
Trreu aria sp.
%caste a sp.

Geminella sp.
~Micros ora sp.
Schizomeris sp.

Chaetophor ales
~C

~Gon rostra sp.

Le tos>ra sp.
Proto erma sp.
Pseudulvella sp.

Bulbochaeta sp.

Cladoporales
~

~

Clado hora sp.
Rh>zoc onium sp.

Zygnematales
Closterium sp.
tosmar>um sp.
~Mou eotia sp.
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TABLE 2.1.5-2 (Cont)

Taxon Taxon

Zygnematales (Cont)
~Sero onium sp.
S pro ra sp.

Staurastrum sp.
EUGLENOPHYTA

Euglenophyceae
Euglenales

~Eu lena sp.

Phacus sp.
Trrac elomonas sp.

CHRYSOPHYTA
Xanthophyceae (Chrysophyceae)

Chr sochromulina sp.

Codosi a sp.

Diceras sp.
~~0>no on sp.

~Ke h r>on sp.
Lacalrn>on sp.
Iiallamonas sp.
I'Ionosl a sp.

Ste exomonas sp.

~

~

~

S nura sp.
ri onema sp.

BAC ILLARIOPHYTA
Centrales

Bacteriastrum sp.

C clotella sp.
e os~ra sp.

'SEeeetonema sp.

Pennates
Achnanthes sp.
~Am

V" rora sp.

Pennates (Cont)
~Am hora sp.
Asterionella sp.

C ato leura sp.
e a sp.

Diatoma sp.
~D> oneis sp.
~E>t em>a sp.
Eunotia sp.
l~lra i aria sp.
~Gom honema sp.

~

~

~

G osi ma sp.
er»on sp.

~Nav>cu a sp.
Nitzschia sp.
~Pinnu arsa sp.

Rhoicos henia sp.
ursre a sp.

Snesnra sp.
Tabe laria sp.

PYRRHOPHYTA
Dinophyceae

Ceratium sp.
~eno snium sp.

Peridinium sp.
CRYPYOPPHY P

Cryptophyceae
Chroomonas sp.

Rhodomonas sp.
CYANOPHYTA

Myxophyceae
~Amenel lem sp.
Anabaena sp.

~Anac stis sp.
A hanizomenon sp.

A hanothece sp.
Ca othrix sp.
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TABLE 2.1.5-2 (Cont)

Taxon Taxon

Nyxophyceae (Cont)
~Ch

Chroococcus sp.'

Ento h sa is sp.
G oeoca sa sp.

~Ln~~ba sp.

Nyxophyceae (Cont)
Microc stis sp.
Osci atoria sp.
Phormidium sp.
Pleuroca sa sp.
Po c stis

sp.'seu

oana aena sp.
S irulina sp.
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blue-green algal component is consistent with reports of increasing
eutrophication of Lake Ontario, particularly in the nearshore
waters . Numerical densities were greater near the surface
than on the bottom, probably because of lower siltation and higher
light levels near the surface. Temperature and light intensity have

been cited as the most important factors affecting production

Seasonal growth patterns of the bottom periphyton community indi-
cated peak biomass during July or August, depending on water temper-

ature and depth. 8ottom periphyton biomass and chlorophyll a values
decreased as the depth contours increased, but no consistent pattern
was discernible among the four transects tested

The species composition and standing crop (biomass and chlorophyll)
of the bottom periphyton have remained relatively constant over

the six-year study period. No consistent trends were observed

among years for bottom periphyton. An increased biomass on .sur-
face substrates during 1975, 1976, and 1977 at the NMPP and FITZ

transects may have resulted from either the thermal discharge or
increased light penetration at these stations

The various groups of peri phyton showed some spatial variability
among the transects; however, the seasonal fluctuations far exceeded

the spatial variability and were typical of those described in other
long-term studies . Thus, the periphyton community was com-

posed of a diverse assemblage of organisms with a dynamic seasonal

distribution that"was much more extensive than the spatial distribu-
tions observed.

2.1.6 Fi sh

The fish community of Lake Ontario has undergone major changes,

beginning before 1850 and continuing to the present. The community
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can be described as unstable and dominated by exotic species which
were accidental ly or purposeful ly introduced. The commerci al ly
important deep-water assemblage of salmonids has been lost and many

other species are greatly reduced in abundance. Pesticides have

entered the lake and have been identified in a number of commerci al-
ly and recreationally important species. In recent years, large
numbers of salmonids have been stocked in the lake to prey upon the
abundant alewives and produce a sport fishery.

Table 2.1.6-1 lists 82 species collected from Lake Ontario during
aquatic surveillance programs conducted from 1972 to 1981. Chris-
tie presented a list of fishes of Lake Ontario that included

. (34)

extinct species as well as species of uncertain status. Most of the
common species listed by Christie also occur in Table 2.1.6-1, but
many rare species or species of uncertain status have not been

observed in the Nine Mile Point vicinity. The relative abundance

and distribution of the important species and the occurrence of
endangered and threatened species will be discussed in detail in
subsequent sections.

Sampling and analysis procedures utilized .during these studies are
presented in Section 3.1.6.

Life Histories of Im ortant S ecies

The following information represents a summary of the results of
site-specific life history studies made on the five dominant spe-
cies: alewife, rainbow smelt, yellow perch, white perch, and

smallmouth bass. Limited data were obtained on spottail shiner,
threespine stickleback, brown trout, and coho salmon because
few specimens of these species were collected. This summary will
concentrate on the relative abundance and temporal and spatial
distribution of the aforementioned species in the vicinity of Nine
Mi le Point.
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TABLE 2.1.6-1

LIST OF FISHES COLLECTED FRO'i LAKE AND IMPINGEMENT SAHPLING
NINE NILE POINT NUCLEAR STATION UNIT 1,

JAMES A. FITZPATRICK NUCLEAR POMER PLANT, AND OShEGO STEAN STATION - 1972-1981

Co1nlon Name Scientific Name 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

Alewife
American eel
Banded k il 1 ifi sh
8 I ack bul lhead
Black crappie
Bloater
Bluegill
Bluntnose minnow
Boff In
Brassy minnow
Bridal shiner
Brook silverside
Brook stickleback
Brook trout
Brown bullhead
Brown trout
Burbot
Cal p
Central mudminnow
Chain pickerel
Channel catfish
Chinook salmon
CIsco
Coho salmon
Corlmon shiner

Creek chub
D larf longnose sucker
En:k'.raid Shiner
Fathead minnow
Fresi:water drum
Gizzard shad
Golden shiner
Goldfish
Johnny darter
Lake chub
Lake chubsucker
Lake trout
Lake whitefish
Largeaouth bass

Alosa seudoharen us
'nouIa ros rata

ruuoun «nsaria hanus
Tuna urus me as
Pomoxts nigromaculatus
Coreaonus ~ho i
~te outs macrochirus
~ptma hales notatus

H o nant lus hankinsoni
uotropts tirenatus
Lahtdesth~es stccu us
~naca mconstans
Wa~ve inus fontlnalis
~cta urus ~oe u osus
~a mo trutta

'otaiota
C rinus ~car io

lbra I"rll
Esox ~ni er
lctalurus punctatus
Oncorh chus tshadl tscha

oreqonus artie tt
Pncorh nchus kisutch

'atrots cornutus
~Core oaus sp.
Semot i lus atromacul atus
~aos onus cuuaauos amus

Pare ha.e~s rome as2~omotus ~runntens
Oorosoma ce edlanum
Notemiaonus cr so eucas
Carcasses auratus
Ptheostoma m rum
Zoiestus pta. eus
X?'I~ala Zon Sucetta
Mavel lnus ~na;na cush
Core< onus clu eaformis
Hetero erus sa motdes

X X

X X

X

X X

X X
X X

X X

X X
X X

X X X

X X

X X

X

X X

X X
X X

X X

X X

X

X
X

X

X.

X X

X X
X X

X

X X

X
X X

X

X

X X X
X X, X
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TABLE 2.1.6-1 (Cont)

Common Name Scientific Name 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

Logperch
Longnose dace
Longnos gar
Had toms
ipo inn ows

Nosquito fish
SPX1ttled sculpin
Northern hogsucker
Northern pike
Pearl dace
Pirate perch
Pugnose minnow
Pumpkinseed
Rainbo:v smelt
Rainbow trout
Redfin pickerel
Qedfin shiner
Rock bass
Salmon
Sauger
Sculpin
Sea lamprey
Shorthead redhorse
Silvery minnow
Smallmouth bass
Splake
Spottai 1 shiner
Stonecat
Sunfishes
Tadpole madtom
Temperate bass
Tessellated darter
Threespine stickleback
Trout
Trout-perch
Mal leye
PAhite bass
Mhite crappie
H'nite perch
Mhite sucker
Yellow bass
Yel low perch

Pereina ~ca rodes
Rhinichth s cataractae
~e 1sosteus osseus
Soturus sp.

GamPbusia affinis
ZODttUS laltd1
H~entolfun ~ni rlcans
E'sox luc1us
Spent~fun ~mar trito
A hredoderus ~sa anus
~votre vs emvlvae
Lepomis vbbos s

Osmerus mnrdax
'amoHa~sr neri

Zsox amer1canus americanus
hotropis umbrattlus
iten~op at~~seas~ru es

ris'ncorh

nchus sp.
St1zoste 1on canadense
Zoonttv ae

Petrolzon marinus
Sloxostoma m~acro epidotum

f~tvcro torus 'ifon ueveui
Salvelinus f~ontinal s x S. ~name cush
Wtoirr~ois iuilsomus
lloturus flavus
~te 0'.Ills xp.
Noturus vLvrinus

Etheostomya olmstedi
Hasterosteu~s acu cetus
Stave anus sp.
parce svs ~oniscoma us

t1zoste ion v1tre1xn vitreum
Horone chr so s
Povoxvs ~annu ari
Farone amer1cana

'atostomusconnersoni
Yfolone mlsslss'I lensis
Verca avescens

X X

X X
X X

X

X X
X

X X
X X

X

X
X.

X

X
X
X
X"

X X

X X X

X X

X X
X X

X

X
X

X

. X

X
X

X

X
X X

X

X X
X X

X ~ X

X X
X X

X X
X

X X

X
X

X
X

X X X

X X X

X X

bRecent additions to the Lake Ontario fish fauna; some may not
a

important species.
Taxononic status of these species is unknown .

be persisting.
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ii (1 ~i i 1 ii
species that spends most of its adult life in marine waters and

returns to fr esh water to spawn. If occurs from New Foundland to
North Carolina, and is landlocked in many lakes along its
range, including Lake Ontario.

In Lake Ontario, adult alewives reside in the open lake and migrate

inshore during the spring and summer to spawn in streams or in

nearshore shallow water areas with sand and gravel bottoms. During

the spring spawning season, alewives move inshore in greatest
numbers at night; a decrease in alewife abundance in the spawning

areas during the day indicates the occurrence of short diurnal
migrations near the spawning grounds.

Alewife in Lake Michigan occupy all depth contours as well as all
vertical depths, depending on life stage and time of year (35)

The inshore spawning migration of adults was reported to occur as

early as 11 March. By 15 April, the largest concentration of adults

was observed in the shallow areas of Lake Michigan ). In the

Bay of guinte, Lake Ontario, the inshore migration of alewife
reached a maximum in late June and ended in late July . The(36)

inshore movement of adult alewife in the NMP vicinity was observed

to take place during April . Like the adults, juvenile alewife
initiated their inshore movements in the spring; they tended to

group in shallow areas at dark'nd to remain at depths of 2 to 3 m

(6 to 10 ft) during daylight hours.

Gill net sampling at four transects in the vicinity of Nine Mile

Point provides a basis for examining the trend in relative abundance

of al ewi fe from 1973 through 1981 ' Table 2.1. 6-2

summarizes these data.
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TABLE 2.1.6-2

ANNUAL MEAN CATCH PER EFFORT FOR ALEWIFE
IN BOTTOM GILL HET COLLECTIOHS

HIiiE MILE POINT ViCINITY - 1973-1981

5-m Contour 9-m Contour 12-m Contour
Year NY W NYP I NY RH NivZP I Z NYd'MP HMPP NMP NYIW

18-m Contour
NMPP ITZ NfiP

1973 30 103 40
l974 96 268 154
1975 19 7 12
1976 49 25 17
1977 7 8 11
1978 8 10 7

1979 NS NS NS

1980c NS NS NS

1981 NS NS HS

58
108

29
35
13

9
NS

NS

NS

18
40
11

3
3

15
39

138

41
116

5

7
3

12
36

138

34
133

5

6
1

25
41

107

37 ll
98 76

6 23
22

10 4
3 2

12 NS

35 NS

143 HS

21 20 22 5 8
137 216 101 52 39

24 111 16 - 10 13
37 30 17

6 8 8 1 1

2 2 2 1 1

NS NS NS NS NS

HS NS NS NS NS

NS NS NS NS NS

16
87
13

2
2

NS

NS

NS

14
98
12

6
1

NS

HS

NS

fO
C>
I

bCatch per 12-hour net set; mean
Sampling June through November.
Sampled at 9-m contour only.

HS - Hot sampled.

of all samples collected Apr-Dec.



There was a decline in alewife abundance at Nine Nile Point after
a peak in 1974. This decrease is reported to be a lakewide phenom-

enon as a result of heavy alewife mortality during the winter of
1974-1975. Abundances picked up slightly in 1976 but were followed

by another massive alewife dieoff during the winter of 1976-1977 (40)

Gill net catches from 1980 and 1981 indicate that the population has

recovered.

The bottom gill nets indicate that alewife are least abundant at

the 18-m contour, which suggests that the alewife remains inshore of
this depth during its spring/early summer spawning period.

Coefficient of maturity values calculated from specimens collected

in 1973 and 1974 indicate that gonadal development peaked in mid-

June for males and in early July for females in both years. Addi-

tional sampling in 1976 further supported these findings

Fecundity data for alewives were collected in 1974 and 1976. In 1974

the total number of mature eggs ranged from 7364 to 36,574 with a

mean of 21,378 for a sample of 38 alewives . A sample of 19

fish in 1976 had a mean fecundity of mature eggs of 18,263 . A

range in total egg production of 11,147 to 22,407 eggs per female

was reported for alewives of simil ar size in Lake Michigan (41)

Since only mature eggs are spawned during a season, total egg count

may overestimate the actual fecundity of freshwater alewives.
Fecundity of alewives does not seem correlated with age, fish
weight, ovary weight, or fish length

Growth rate of alewife is characterized as rapid during the first
two years of life. After the first and second years, alewife were

54 and 67K, respectively, of the length achieved after six years.

Growth rates of male and female alewives were similar for age

groups I and II, after which females exhibited a relatively faster

growth rate.
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Alewives are size-selective zoopl ankton feeders, preferring large
cl adocerans and cal anoid and cyclopoid copepods . Information

on the feeding habits of alewives in the vicinity of Nine Mile Point

is not currently available. All of the food items reported for
alewives are abundant in the Nine Mile Point area.

Rainbow Smelt (Osmerus mordax) The original range of the rainbow

smelt in eastern North America was the Atlantic coastal drainage

from New Jersey to Labrador. Whether the smelt is native to
Lake Ontario is uncertain; Hubbs and Lag 1 er ) believe that it
is, whereas Scott and Crossman do not. In either case, the

first report of rainbow smelt taken from Lake Ontario was in 1931 by

Mason although they now occur in all of the Great Lakes and in

many Canadian and United States lakes. The smelt is an anadromous

species, leaving the sea or large lakes in spring to spawn in
freshwater streams or along the lake shore.

The majority of adult rainbow smelt from the Nine Mile Point area

were collected by surface and bottom gill nets '
. Few

were collected by trawl and seine nets. The very low abundance

of this species in seine collections may indicate that there is no

spawning in the littoral area near Nine Mile Point. Scott and

Crossman reported that rainbow smelt in the Great Lakes spawn

in streams or, under adverse weather conditions, in the offshore
areas on gravel shoals.

The bottom gill nets fished consistently from 1973 to 1981 indicate
peaks in abundance in 1974 and 1981, with low abundances in 1975

and 1980 (Table 2.1.6-'3). The peaks in 1974 and 1981 coincide with

the peaks in alewife abundance dur'ing this nine-year period. There

is no consistent pattern in the catch rate between depth contours or
transects.
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TABLE 2.1.6-3

AHHUAL HEAN CATCH PER EFFORT FOR RAINBOM SHELT
IN BOTTOM GILL HET COLLECTIOHS

NINE NILE POINT VICINITY - 1973-1981

5-m Contour 9-m Contour 12-m Contour 18-m Contour

1973 1 d d
1974 5 5 ll
1975 d 0 1

1976 1 1 1
1977 3 3 1
1978 d 1 3
1979 NS NS HS

1980 NS HS NS

1981 NS NS NS

d
20

d
2
2
2

NS

HS

NS

1
5
0

3
1
1

1

8

1

2
d

1
1
1

d
10

1 2 1 1 1

18 8 9 3 10
d d d d 1

4 10 10
4 - 3 2 2 5

=2 . 3 1 1 4
3 2 HS NS NS

1 2 HS NS NS

8 10 HS NS NS

1

28
1

2
5'3

NS

NS

NS

1

10
1

3
1

NS

NS

NS

1
6
1

3
1

NS

NS

NS

2
17

2

5
3

NS

NS

NS

1

65
1

2
2

NS

NS

hS

>Catch per 12-hour net set; mean
a

Sampling Jun through Hov.
dSampled at 9-m contour only.
<I fish per 12-hour set

HS - Hot sampled.

of all samples collected Apr-Dec.



Adult rainbow smelt migr ate from deep offshore waters to the
nearshore area in late winter/early spring in preparation for
spawning in tributary streams and along the lake shore . Coef-

'I

ficient of maturity values were calculated for samples collected
in 1973, 1974,. and 1976. The values for females indicate a yearly
peak in maturity in late April, which corresponds to the reported
time of spawning and the first occurrence of eggs in samples from

Nine Nile Point.

The fecundity of r ainbow smelt was investigated in 1974 and 1976.

In 1974 the mean number of eggs per female was 17,002 . This is
the lowest average egg production of the Great Lakes populations
that have been studied. In a larger sample of rainbow smelt col-
lected in 1976 the mean number of eggs per female was greater(2O)

than in 1974 (18,962) but still less than values reported for Lake

Huron and Lake Michigan

/
Male and female rainbow smelt grew quickly in their early years,
slowing down with age. Both sexes exhibited similar growth rates
during the first year of life, after which females grew signifi-
cantly faster than males. This characteristic has been observed for
female rainbow smelt in other waters as well. The growth of rainbow
smelt from the Nine Nile Point vicinity is greater than or similar
to that of smelt collected from other areas in the vicinity of Lake

Ontario(

Smelt are carnivorous and prey upon a variety of organisms, in-
cluding insects, oligochaetes, crustaceans, and other fish. They

are in turn preyed upon by lake trout, walleye, perch, and salmon.

The common invertebrate organisms observed in, smelt stomachs were

dipterans, primarily Chaoborus, copepods, and cladocerans, all of
which are abundant in the Nine Mile Point area.
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~Yl 1

a wide variety of environmental conditions and are a commercially

valuable species in the Great Lakes and elsewhere. They are gener-

ally found in water less than 9.2 m and aggre ate in schools of
50-200 individuals of approximately the same size

Gill net sampling in the Nine Mile Point vicinity indicated peaks

in abundance of yellow perch in 1974 and 1981 and particularly
low abundance in 1977, except for the 5-m depth contour (Table

2.1.6-4). The 5- and 9-m depth stations showed the greatest
abundance of yellow perch, which reflects their preference for
shallow water. There was no consistent pattern in the abundance

of yellow perch among all transects and all depth contours, but

the highest abundances recorded during the studies were at the

shallow depth contour (5 m) along the NMPP and FITZ transects
(Table 2. 1.6-4). This is in agreement with studies conducted by

Everest« ), which reported yellow perch concentrations in the

vicinity of the Hearn Generating Station thermal plume in north-
western Lake Ontario. The absence of yellow perch in the surface

waters associated with the surface NMP and FITZ plume suggests that
those present in the area were responding to some other stimuli,
i.e., physical structure, current, food, etc.

II

The majority of yellow perch collected from the vicinity of Nine

Mile Point in 1973, 1974, and 1975 were obtained in bottom gill
nets . Yellow perch collected in 1974 were abundant in bot-

tom gill nets during both day and night, and did not exhibit the

diel vertical migration reported by Scott and Crossman . Yel-

low perch were abundant in the vicinity of NMP and FITZ in July-

August 1973 (highest catch per effort) and in July-September 1974

and 1975. The timing of yellow perch abundance in the study area

does not coincide with the timing of their reproductive behavior

(April). This suggests that spawning does not take place in the

area.
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'ABLE 2.1.6-4

ANNUAL HEAN CATCH PER EFFORT FCii YELLOW PERCH
IN BOTTOH GILL HET COLLECTIONS

NINE NILE POINT YICINITY - 1973-1981

5-m Contour 9-m Contour 12-m Contour 18-m Contour
H t

12
16

7
3
3
3

HS

NS

NS

1973 4 15
1974 7 19
1975 5 6
1976 2 5
1977 2 3
1978 3 4
1979 HS NS

198O HS NS

'981 NS NS

hCatch per 12-hour net set, mean
Sampling Jun-Nov.

dSampled at 9-m contour only.
<I fish per 12-hour net set.

HS - Hot sampled.

3
8
2
3
4
4

NS

HS

HS

of all samples collected Apr-Dec.

4ll
1

1

1

3
3
3

1

3
1

2
d
1

NS

NS

NS

2
4
d
2
d
d

HS

HS

NS

3
5
2
8
1
d

NS

NS

NS

d d
4 2
1 1

2
1 d
1 d

NS NS

HS
"

NS

NS NS

d
3
2

d
d

NS

NS

NS

1 I
5 4
2 3'

d
1 d

HS NS

NS NS

NS NS



Between 1972 and 1976, 4107 yellow perch were tagged in the vicin-
ity of Nine Mile Point to determine the distribution and movements

of this species ). Returns showed regular seasonal movements

between the Nine Mile Point area and the eastern end of Lake On-

tario. Ouring fall, yellow perch moved eastward from Nine Mile

Point and concentrated in the area of Sandy Pond where they over-

wintered and probably spawned the following spring. In spring they

moved westward along the south shore of the lake and were recaptured

in the Nine Mile Point area in greatest numbers from June through

October.

0

Coefficient of maturity values calculated for samples taken in 1974

(the year of most intensive sampl ing) show gonadal development

peaked during the first two weeks of April when water tempera-

tures were 0.7-6.2'C (33.3-43.2 F). The ovaries had total egg

counts ranging from 4840 eggs to 50,000 eggs, with a mean of 25,077
(18)

The growth patterns for male and female yellow perch are similar;
females appeared to be larger than males, but the differences in

annual mean calculated lengths were not statistically significant.
The growth rate of both male and female yellow perch from the Nine

Mile Point vicinity is characterized as being rapid through the

fourth year of life, after which it slows

Back-calculated growth of male and female yellow perch show that
female yellow perch growth for the first three years of life has

been similar for the past nine years. Females that spawned between

1966 and 1968 exhibited a progressively slower growth rate after age

4, while those that spawned in 1969 showed an increased rate. Male

yellow perch .appear to have grown uniformly from 1968 to 1972. No

1973 year class fish were collected .during 1974 because of the

selectivity of gill nets for larger fish (10,11)
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The yellow perch larvae feed. on zooplankton and insect larvae, and

as they grow to a length of 5.0 to 7.5 cm, their diet changes to
larger zooplankton, insects, crayfish; snails, and small fish, in-cludingg

their own species . Stomach contents of adul t yel low

perch analyzed in 1974 and 1975 indicated that perch consumed mostly
fishes and decapods ' Oipterans were the only insects recov-18,19

ered from the stomachs; fish eggs, Gammarus, and oligochaetes were

also found . Adult'culpins were also preferred food items
These results agreed with those reported by Scott and Crossman

White Perch (Morone americana) . White perch are a common bracki sh-

water species in the northeastern coastal area of North America.
Not a native of the Great Lakes, this species presumably gained
access to Lake Ontario via the Oswego River from Hudson River
populations moving northward and westward through the Mohawk River
and Erie Barge Canal

Gill net sampling from 1973 through 1981 showed a peak in abundance

in 1974 and substantially lower abundance in the following years
(Table 2. 1.6-5). White perch were generally more abundant at the
5- and 9-m stations than at the deeper stations. White perch
were abundant in the east side of the study area, particularly in
1973 and 1974 when overall abundance was high. White perch were

more abundant near the bottom than at the surface throughout a diel
cycle. Night collections were larger during summer than in the
spring and fall, but day collections did not show a seasonal pat-
tern.

White perch coefficient of maturity values (based on samples col-
lected in 1974) peaked in mid-May. The water temperature at this
time varied from 5.5 to 13.0'C (41.9 to 55.4'F), averaging 10.8'C
(51.4'F) on the surface and 7.2'C (45.0'F) on the bottom. In 1974
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TASLE 2.1.6-5

Year

ANNUAL MEAN CATCH PER EFFORT FOR WHITE PERCH

IH BOTTOH GILL NET COLLECTIOtiS
NINE WILE POINT VICINITY - 1973-1981

/
5-m Contour 9-m Contour 12-m Contour

tiH tiYi HPPV HY NY tiYiP NHP I HYPE

18-m Contour
ttt P NY

1973
1974
1975
1976
1977
1978
1979
1980
1981

3 7
14 '4

5 4
7 10
4 10
2 7

NS tiS
NS HS

tiS NS

12
33

3
3
6
3

NS

NS

NS

24
34

5
8

10
6

NS

NS

NS

5
10

3

3
1

1

1

1

12 d
24 1

6 1
d

3 1
1 d
1 HS

1 HS

1 NS

1

2
1

1

2
1

NS

NS

HS

1

6
2
1

3
d

NS

HS
i"iS ~

5
13

3
1

4
d

NS

NS

NS

d
1

d

d
d

MS

NS

NS

d
2
1

1
d

NS

NS

NS

1

3
1

2
d

NS

NS

NS

1
9
2

2
d

HS

NS

ris

t4

I

hCatch per 12-hour net set; mean
a

Sampling Jun-Nov.
dSampled at 9-n contour only.

'I

fish per 12-hour net set.
tiS - ttot sampled.

of all samples collected Apr-0ec.



the first white perch larvae were collected on 22 May, which con-

firms the time of spawning as mid-May

The fecundity of mature female white perch was determined by ex-
amining the ovaries of fish collected'n 1974 and 1977. In 1974

there was an average of 117,789 eggs per female for fish ranging. in
length from 192 to 249 m. In 1977 the fish sampled had a larger
range of lengths, 141 to 320 mm, and there was an average of 105,239

eggs per female )

The growth curves for male and female white perch had approximately
the same form; however, females appeared larger after the second and

subsequent years of life. The faster growth of female white perch
has been reported in Lake Ontario and throughout the range of the
species . The maximum growth of Nine Nile Point white perch

(49-52)

occurred during the first two years of life. At the end of the
first and second years, white perch were 25 and 48K, respectively,
of the length attained after 10 years

The white perch diet changes with growth, from a predominance of
microzooplankton, to aquatic insect larvae, and then to fish,
including yel low perch, smelt, johnny darters, and other white
perch ' The white perch analyzed had consumed a larger
variety of food items during the spring than the fall; amphipods

were most frequently consumed in the spring, and they were the
dominant food item during the fall. Stomachs of white perch larger
than 21. 1 cm in total length contained primarily fish ( alewives)
during both seasons

S 11 h

distributed in North America from southern Canada to Alabama and

west to Oklahoma . It is an important sport fish and piscivore(43)

in the nearshore waters of Lake Ontario.
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In the Nine Mile Point area, smallmouth bass were collected almost

exclusively with bottom gill nets. The sampling from 1973 to 1981

indicates a trend of decreasing abundance through 1979, with in-
creasing abundances r ecorded for 1980 and 1981 (Table 2.1.6-6) .

Compared to other abundant species, the catch rate of smal lmouth

bass .has always been quite low, although they were found in the

nearshore area and in impingement collections. Catches at the

5-, 9-, and 12-m contours were consistently greater than at the

18-m contour, which reflects the nearshore distribution of this
species. There was no consistent pattern in the catch rate when

transects were compared. Gill net catches were consistently higher

during the summer than during spring and fall

Spawning occurs in streams or shallow bays from May through July,
usually over a period of 6-10 days. Spawning activities commence

when temperature is in the range of 12.8-20.0'C (55.0-68.0'F); egg

deposition occurs primarily at 16.1-18.3'C (61.0-65.0'F). The male

builds a nest on a gravel or rocky bottom, usually near the protec-
tion of rocks or dense vegetation. The number of eggs, which are

demersal and adhesive and are attached to stones in the nest,
varies with the size of the female, ranging from 5000-14,000 (25)

Fecundity data obtained in the NMP vicinity indicated an average of

8516 and 8163 eggs per female in 1973 and 1977, respec-

tively. Coefficient of maturity values calculated for specimens

col lected in 1973 and 1976 indicate that gonadal development in

females appeared to peak in the first half of June. Coefficient of

maturity values for males were relatively consistent from April
through the first of July

The diet of smallmouth bass varies with age. Young bass prey upon

plankton and immature insects, whereas adult bass include crayfish
and a variety of fish in their diet. Rather than ingesting a wide
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'TABLE 2.1.6-6

AtiHUAL HEAN CATCH PER EFFORT FOR SHALLHiOUTH BASS
IN BOTTM GiLL HET COLLECTIOHS

NINE NILE POINT VICINITY - 1973-1981

5-m Contour
Y.ir lit'al

9-m Contour 12-m Contour 18-m Contour
Ni HY la 'i MY HHP

1973
1974
1975
1975
1977
1978
'9 9
1983„
Iogl

1. 75 3.40
1.38 3.00
1.22 2.18
0.22 1.63
0.13 0.28
0.06 0.18

NS HS

NS HS

HS HS

1.61
1.60
0.99
0.50
0.27
0.03

HS

HS

NS

3.23
2.10
2.30
0.92
0.17
0.15

NS

NS

NS

0.30 1.14 1.33
1.34 1.68 2.15
1.22 1.62 2.48

0.14 0.20 0.10
0.07 0.06 0.15
0.08 0.08 0.15
0.12 0.62 0.38
0.5 0.25 2.0

0.97
0.73
0.89

0.07'.15

0.08
0.12
0.5

0.70
1.07
1.29
1.01
0.10
0.09

NS

NS

NS

0.85 2.23
1.16 1.41
1.87 2.69
0.53 0.29
0.10 0.10
0.12 0.09

NS NS

HiS NS

NS NS

0.58 0.17
0.59 0.17
1.46 0.16
0.48
0.10 0.03
0.12 0.05

NS NS

NS NS

NS HS

0.22 0.06 0.06
0.12 0 0.06
0.73 0.07 0.92

0.10 0.05 0
0 0.05 0.06

HS NS NS

NS HS HS

NS HS iiS

>aCatch per 12-hour net set; mean of
Sampling Jun-hov.
Su:.pled at 9-m contour only.

HS - Noi sampled ~

all samples collected Apr-Dec.

CP
I

Ch



variety of organisms from their habitat, large bass limit their
feeding to two types of prey: small fishes and decapod crustaceans.

North America from Canada south to Georgia and west to Iowa and

Missouri in the United States. It is most abundant in large bodies

of water.

The total numbers of spottail shi ners collected at Nine Mile Point

by various fishery gear from 1973-1981 are presented in Table

2.1.6-7. Spottails were most abundant in collections made with

gear fished on the bottom, indicating their preference for this
habitat. The largest numbers were collected in 1975 and 1976 but

these years also represented the highest amount of effort (Section

3. 1.7). Catch/effort data indicate a predominance of spottai ls to

the east of Nine Mile Point, with the greatest abundance at the FITZ

transect(

Spawning reportedly occurs over sandy substrates( ), which are

not found in the area around Nine Mile Point but do exist toward

the east( ). The absence of eggs and very small numbers of larvae

collected suggests that Nine Mile Point is not a preferred spawning

or nursery area for this species.

Threes ine stickleback (Gasterosteus aculeatus) The threespine

stickleback is widely distributed in fresh and marine waters of

North America. It ranges from Chesapeake Bay north to the Hudson

Bay region. Although threespine stickleback are relatively abundant

in impingement samples, they are not collected in large numbers with

the fishing gear employed at Nine Mile Point; therefore, there are

very limited life history data available for the NMP vicinity.

The total numbers of threespine stickleback collected by var-
ious fishery gear at Nine Mile Point from 1973 through 1981 are
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TABLE 2.1.6-7

TOTAL NUMBER OF SPOTTAIL SHINER
COLLECTED BY VARIOUS FISHING GEAR

NINE MILE POINT VICINITY - 1973-1981

Samplin Gear
ur ace

Year Seine Trawl

1973 470 5
1974 14 4
1975 51 0
1976 30 NS

1977 18 NS

1978 192 NS

1979 NS NS

1980 NS NS

1981 NS NS

ot tom
Trawl

99
13
43

1364
21
12
NS

NS

NS

ur ace
Gill Net

180
50

147
17
NS

NS

NS

NS

NS

ottom
Gill Net

2,363
5,377
8,652
8,112„
6,602
5,777

692
767
817

NS - Not sampled.
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presented in Table 2.1.6-8., The greatest numbers of stickleback
were collected in 1976 and 1978; however, there was no discernible
trend in abundance over the years of sampling~

No data are available on the time of spawning or the fecundity of
the threespine sticklebacks in the vicinity of Nine Nile Point.
Their eggs and larvae were among the ichthyoplankton collections in
1975, but were few in number. Eggs were not collected in either
1973 or 1974, and very few larvae were found in 1973 collections.

C 1

species which occurs naturally in the Pacific Ocean and in rivers
that drain northwestern North America. Attempts to establish the

coho salmon in the Great Lakes were unsuccessful until the 1960s~

NYSDEC annually stocks coho salmon in New York State tributary
streams of Lake Ontario.

The total numbers of coho salmon collected at Nine Nile
various fishery gear from 1973 through 1981 are presented

2. 1.6-9. Coho salmon were most abundant in 1975; however,

no discernible trend in abundance over the years of study.
catch since 1977 is attributable to reduced sampling

Point in
in Table

there is
The zero

effort.

The spawning runs of the coho in the Great Lakes takes pl ace from

September to ear ly October, although actual time of the spawning

occurs from October to January, depending upon the run~ ~. Swift-
running tributaries with gravel bottoms are selected as the spawning

site. Populations of salmon in the Lake Ontario area are maintained

through stocking of hatchery-reared fingerlings.

The number of eggs deposited by the female varies with the size of
the female, location, and year. The adults die shortly after they
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TABLE 2. 1. 6-8

TOTAL NUMBER OF THREESPINE STICKLEBACK
COLLECTED BY VARIOUS FISHING GEAR

NINE MILE POINT VICINITY - 1973-1981

- Sampl in Gear

Year Seine
ur ace
Trawl

Bottom
Trawl

ur ace
Gill Net

ottom
'illNet

1973
1974
1975.
1976
1977
1978
1979
1980
1981

23 50
6 16

65 46
446 NS

6 NS

72 NS

NS
-

NS

NS NS

NS NS

5
5

48
213

62
894

NS

NS

NS

0
0
0
0

NS

NS

NS

NS

NS

NS - Not sampl ed.
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TABLE 2.1.6-9

TOTAL NUMBER OF COHO SALMON
COLLECTED BY VARIOUS FISHING GEAR

NINE MILE POINT VICINITY - 1973-1981

Sam 1 in Gear
ur ace

Year Seine Trawl

1973 0 0
1974 0 0
1975 12 0
1976 20 NS

1977 0 NS

1978 0 'S
1979 NS NS

1980 NS NS

1981 NS NS

ottom
Trawl

0
0
00-
0
0

NS

NS

NS

ur ace
Gill Net

0
10
31

8
NS

NS

NS

NS

NS

ottom
Gill Net

0
3

14
13

9
0
0
0
0

NS - Not sampled.
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spawn, and eggs hatch during the early spring in 35-50 days, depend-

ing upon the water temperature. The yolk sac is absorbed by the

alevins during a 2-3 week period, while 'he eggs remain on the

gravelly stream bottom. When fry emerge, which may occur from March

to July, some individuals will migrate to the sea or open lake,
although most remain in freshwater streams or tributaries for a

one-year period.

No data are available on the time'f spawning or the fecundity
of'oho

salmon in the vicinity of Nine Mile Point. Lake Ontario stocks

of the coho salmon first introduced in 1968-1969 are currently
being maintained through extensive stocking programs. At present
no information is available on any natural reproduction by the

introduced fish. Coho are riverine spawners and would not be

expected to spawn in the Nine Mile Point vicinity.

Because of the scarcity of coho salmon in the study 'area, age and

growth of that species were not analyzed.

In fresh water, young cohos feed upon aquatic insects and oligo-
chaetes. Schools of salmon migrate to the ocean or lake during the
spring of the year following emergence. The majority of the migra-
tory'population spends about 18 months in the lake or at sea, and

returns to spawn at age 3 or age 4 during the fall~ ~. Large coho

salmon pr ey primarily upon rainbow smelt and alewives. Information
on coho salmon feeding in the Nine Mile Point vicinity is not
available at present.

Brown trout (Salmo trutta) The total numbers of brown trout
collected at Nine Mile Point by various fishery gear from 1973

through 1981 are presented in Table 2.1.6-10. Yearly abundance of
brown trout is a reflection of the sampling effort and stocking
rate. There is no obvious trend in the abundance of brown trout
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TABLE 2.1.6-10

TOTAL NUMBER OF BROWN TROUT

COLLECTEO BY VARIOUS FISHING GEAR

NINE MILE POINT VICINITY - 1973-1981

Sam 1 in Gear
ur ace

Year Seine Trawl

1973 0 0
1974 0 0
1975 0 0
1976 5 NS

1977 8 NS

1978 11 NS

1979 NS NS

1980 NS NS

1981 NS NS

ottom
Trawl

0
0
0
1

1

1

NS

NS

NS

ur face
Gill Net

21
60

116
19
NS

NS

NS

NS

NS

ottom
Gill Net

10
15
66

113
50

117

6
14

NS - Not sampled.
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over the years of study. The low abundances in 1979-1981 are the

result of reduced sampling effort.

Brown trout usually spawn during late autumn/early winter; in
one study, Mansell~ ~ noted that brown trout spawned during
mid-October through early November in Ontario Province when water

temperatures ranged from 6.7-8.9 C (44. 1-48.0'F). Spawning usually
'akes place i'n the shallow headwaters of streams over a gravel

bottom, although Eddy and Surber.,~ j observed that many trout
spawned on rocky reefs along the shore of Lake Superior. The number

of eggs deposited by a spawning female brown trout is proportional
to her size: the larger females deposit more eggs.

No data are available on the fecundity or time of spawning of brown

trout in the vicinity of Nine Mile Point, and no eggs or larvae
have been collected.

Existing and Planned Man-Induced Manipulations
Affectin Fish Po ulation

There are a number of factors that may 'ignificantly affect the

aquatic biota of Lake Ontario through trophic interactions. Past

species composition changes are attributed to the destabilizing
influence of overfishing. Commercial fishing is now greatly re-
duced from past levels, but in conjunction with other factors it
apparently has produced some irreversible effects. Although these

changes have been occurring over a long period of time, there is no

indication that the fish community has stabilized. A number of
exotic species have been so successful that they now dominate the

fish community.

The reintroduction of salmonids has produced a highly successful

sport fishery and should help control alewife abundance, which has
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sometimes been a problem. Ecological succession in the fish com-

munity of Lake Ontario has been altered by man. The water quality
of Lake Ontario is generally good and apparently adequate to sup-

port the original fish stocks if they were still abundant. There

are, however, localized areas of pollution; the discovery of con-

centrations of mirex in fish indicates that water quality may be

influencing the fish community in unknown ways.

Based on the long-term trends established over the nine year s of
study presented in the preceding sections, power plants represent a

minor influence on the lake aquatic community. Thermal discharges

are a highly localized effect that may affect localized seasonal

fish distribution but no consistent species-specific distribution
was identified with the thermal discharges. Direct mortality as a

result of impingement and, entrainment has had no appreciable effect
on the fish populations as demonstrated by long-term abundance.

Naturally occurring seasonal and yearly cycles account for most

of the variability observed in the monitored aquatic communities.

Endan ered S ecies

Table 2. 1.6-11 provides a list of the fish species classified by the

NYSDEC as endangered or threatened. Only three species (longjaw

cisco, shortnose sturgeon, and blue pike) reported at one time in

New York State or the Great Lakes were listed by the U.S. Fish and

Wildlife Service as endangered or threatened. These three were also

present on the New York State list. Of th'e 15 species listed on the

N.Y. State list, eight are located in areas outside of Lake Ontario.

While the remaining seven species have been reported from Lake

Ontario by various researchers over the years, either their behavior

or low numbers have precluded their occurrence from the nine-year

lake sampling program or the impingement sampling at Unit 1 or the

JAF plant.
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TABLE 2.1.6-11

LIST OF NEW YORK STATE
ENDANGERED AND THREATENED FISH SPECIES*

Common Name Scientific Name

eported
presence

in the site
vicinit

ENDANGERED

LongJaw c)sco
Blue pike
Shortnose sturgeon
Round whitefish
Pugnose shiner
Eastern sand darter
Bluebreast darter
Gilt darter
Spoonhead sculpin
Deepwater sculpin

THREATENED
Lake sturgeon
Mooneye
Lake chubsucker
Mud sunfish
Longear sunfish

Core onus ~al enae
t>zostedion v>treum ~laucuml~l « ~

Notro is ano enus
mmocr ta pe ucida
theostoma camurum

P~ ~h

Aci enser fulvescens
i d n ter isus0 0

E~r>m zon sucetta
Acantharchus ~omotis
~Le amis ~me alotis

NO

YES
NO

YES
NO

NO

NO

NO

YES
NO

YES
YES
YES
NO

YES

* ource: ew or tate egi ster; e ruary 9, 98 p. -9.

Listed by the U.S. Fish and Wildlife Service as an endangered
or threatened species (Federal Register, 2-25-83).

\

NOTE: All fish species listed by the U.S. Fish and Wildlife
Service as endangered or threatened and at one time
reported in New York or the Great Lakes are included
in the N.Y. State 1 i st.
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The literature on the general biology of the endangered species in

Lake Ontario and the fishery sampl.ing at Nine Nile Point indicate
that this area is not of unique importance to these species. 'A

recovery of the populations now in low abundance may be possible in
the future for some species. The biological requirements of these

species are such that the effects of power plant operation at Nine

Nile Point would not prevent the recovery of these species if other
conditions were favorable.

Commercial and S ort Fisheries of Lake Ontario

Commercial and sport fishing in Lake Ontario has undergone ma-

jor changes with the reduction in abundance (and, in some cases,

extinction) of many important species and the introduction of exotic
game species~ j. The species composition changes have shifted
the emphasis of the commercial fishery from one that relied on

relatively small numbers of large, valuable fish to a fishery
that captures large numbers of small, lower value fish.

The formerly important commercial species which have been greatly
reduced in abundance include the lake trout, blackfin cisco, short-
nose cisco, bloater, kiyi, lake herring, lake whitefish, blue pike,
white bass, and northern pike. The native species important in the

commercial fishery include American eel, yellow perch, catfish, and

bullheads. Other species which contribute to the commercial fishery
include the white perch, carp, and rainbow smelt.

The, important species in the sport fishery are less well defined

than commercial species, but many species are probably taken at

various times and locations around the lake. Centrarchids, es-

pecially the smallmouth bass, as well as yellow perch, catfish,
bullheads, and white perch are taken by sport fishermen over a broad

area. Rainbow trout, northern pike, and muskellunge are important
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in restricted areas. Walleye,.an abundant and popular sport fish
in the 1950s, decreased in abundance after 1959-and is only now

returning to its previous levels.

Recently, large numbers of salmonids, including lake trout, splake,
coho salmon, chinook salmon, Atlantic salmon, steelhead trout, and

brown trout have been stocked in the lake to take advantage of the
food base provided by the alewife and to create recreational fish-
eries. The coho, chinook, and brown trout have survived well and an

important sport fishery on these species has developed. New York

State has recently constructed a large hatchery for salmon produc-

tion on the Salmon River and large numbers of coho, chinook, and

steelhead trout will be stocked in the futur e.
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2.2 POTENTIAL INTAKE IMPACTS

The intake sytem for Nine Mile Point Unit 2 consists of two hexa-

gonal intake structures located at lake bottom contour, el 68.43 m

(224.5 ft). The west intake will be approximately 290 m (950 ft)
offshore and the east intake, approximately 320 m (1050 ft) offshore.
The two intakes will be approximately 120 m (400 ft) apart and

located on the'ame bottom coritour. Each intake structure will have

six intake openings 2.3 m (7.5 ft) wide by 0.9 m (3 ft) high. The

total area of the 12 openings is designed to provide a combined

maximum intake velocity of 0.15,m/s (0.5 fps). During normal plant
operation, an average of 3380 1/s (53,600 gpm) of lake water will be

withdrawn from Lake Ontario and utilized mostly as cooling water.
I

The. flow enters the onshore screenwell, passes through the trash
racks, and approaches the vertical traveling screens. The screens

are angled to the flow with a fish bypass and return system located
at the downstream end of the screens. Under average operating
conditions, approximately 27K of the total intake flow is returned
to the lake via this system.

The circulation and subsequent entrainment of ambient water into the
intake exposes some organisms from each biotic group to plant
effects. Since Unit 2 utilizes a closed-cycle cooling system, only
the organisms diverted by the fish collection system will survive
entrainment into the power plant's intake. The estimated impacts of
entrainment on each of the major biotic groups are discussed in
subsequent sections.

2.2.1 Phytoplankton

The impact of entrainment cropping on the phytoplankton community

is different for Unit 2 than it is for either Nine Mile Point Unit 1
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or the James A. FitzPatrick plant. Since Unit 2 will utilize a

closed-cycle cooling system, the entrained flow rate is substantial-
ly smaller; however, 1005 mortality of all entrained organisms is
assumed. This provides a conservative estimate because some sur-
vival of organisms entrained in the bypass flow is anticipated.

The evaluation of the impact of entrainment cropping is based on

projected water flow into Unit 2, general water circulation in Lake

Ontario, and reproduction times for plankton populations in lakes.
Since Unit 2 will withdraw considerably less water from Lake

Ontario than either Unit 1 or JAF (approximately 18 and 14K of the
latter plants'lows, respectively), its effect on the phytoplankton
portion of the aquatic community will most likely be immeasurable,

particularly since no substantial impacts from the operation of
either Unit 1 or JAF have been noted

The general circulation patterns in Lake Ontario have been document-

ed and were reviewed by LMS . While the predominant currents
in L'ake Ontario are alongshore, onshore and offshore currents also

occur. Mean alongshore currents averaged 9 cm/s (0.3 fps), while
onshore and offshore currents averaged 3 and 6 cm/s (0.09 and 0.2

fps), respectively. Therefore, no parcel of water will be subject
to entrainment for any length of time and no portion of the plankton
community will be continuously cropped.

Based on marine data, it can be assumed that typical growth rates
for phytoplankton species in lakes range from 0.15-4.1 doublings/
day, with most values near one doubling/day . At one doubling/
day, if one-half the population is entrained in a day, which is
considerably higher than expected, the remaining population would

replace the number entrained in one day; at four doublings/day,
approximately 6 hrs would be required for comparable production.
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This is a simplified approach, since it considers neither species
interactions nor the fact that all phytoplankton do not grow at the
same rate. Consequently, the change in relative proportions of
species cannot be predicted. However, it is a reasonable

approach'ince

no major shifts in community composition of the phytoplankton
have been seen from the operation of Unit 1 and JAF

If a waterbody segment is assumed to extend just east of Nine Mile
Point and west of the Oswego Steam Station (OSS), as described in
LMS , the cropping resulting from either„ Unit 2 alone or Unit 2

(4)

in conjunction with the other plants located within this seg-
ment ( JAF, Unit 1, and OSS) can be examined. Thi s segment con-
tains approximately 9.6 x 10 m (3.4 x 10 ft ) of water.9 3

The daily water intake for Unit 2 is approximately 2.9 x 10

m /day (1.0 x 10 ft /day) or 0.00335 of the volume of the waterbody
3 7 3

segment per day. In one year's time, Unit 2 would withdraw only lX
of the volume of the segment if the segment were not being naturally
flushed by lake circulation and dispersion. When the turnover time
of organisms in the waterbody segment is considered, the effect of
entrainment cropping becomes negligible.

Data col 1 ected in the Nine Mile Point vicinity, as reported in
Section 2.1, have indicated no long-term changes in the abundance or
species composition of the plankton community attributable to the
operation of the existing stations. The influence of Unit 2 is
projected to be minimal because of its use of closed-cycle cooling.
On an annual basis, the plant will withdraw less than lg of the
volume of the surrounding water body for cooling; this small with-
drawal rate, coupled with the potential for regeneration, leads to
the conclusion that Unit 2 will have negligible impact on the
p)ytoplankton community.
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2.2.2 Microzoopl ankton

As indicated in Section 2..1.2, seasonal abundance and species
composition have been similar for microzooplankton for the last six
years. No major shifts in this community have been noted. In
addition, anal ys i s of spat i al trends has revealed no cons i stent
patterns in the abundance of zooplankters. Temporal patterns have
far outweighed any differences in abundance among stations.

Based on the same rationale developed for phytoplankton in Section
2.2.1, the impact on microzoopl ankton wil 1 be smal 1 and probably
not distinguishable from natural variability.

2.2.3 Macrozooplankton

To assess the projected impact of macrozooplankton entrainment
by Unit 2, impact on Gammarus fasciatus, an amphipod selected
as a Representative Important Species in the Nine Mile Point
vicinity 'Section 2.1.3) is discussed. While numerically(4,9)

more abundant in the benthic collections, this epibenthic organism
will be subject to entrainment when present in the water column.
Therefore, for discussion purposes, Gammarus is classified as a

macrozooplankton.

To assess the impact of plant entrainment on this species, estimates
were made of the total number entrained into the plant. These
estimates were compared to the calculated standing stock of Gammarus

in the lake in the vicinity of the plant. Since Unit 2 will have
closed-cycle cooling, 100K mortality through the plant was assumed .

Oata collected during the 1976 JAF plant entrainment studies
were used to estimate the numbers entrained per unit volume.

The total number of Gammarus entrained by the JAF plant was cal-
culated from the monthly entrainment abundance (Table 2.2.3-1) and
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TABLE 2.2.3-1

MEAN ABUNDANCE OF GAMMARUS FASCIATUS
IN ENTRAINMENT COLLECTIONS

JAMES A. FITZPATRICK NUCLEAR POWER PLANT - 1976-1977

Date

14 Jan 1976
18 Feb
17 Mar
14 Apr
12 May
16 Jun
14 Jul
18 Aug

8 Sep
6 Oct
3 Nov

15 Dec
1 Jan 1977
2 Feb
7 Mar

un ance>
No./1000 m

9,675
541
264
357
153
330
246
377
147
287
301
252
281
465
194

Mean of four daily intake collections taken at
two depths from January through September 1976
and mean of two daily intake collections taken
at two depths from October 1976 through March 1977.

Source: 10
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plant circulating water flow data. Two-month totals for the number

of Gammarus entrained were computed (three months were computed for
the period January to March 1977) to coincide with the standing
stock estimates (see below). Projections of the number of total
organisms entrained at Unit 2 dur ing the two-month periods (based on

the 1976 JAF entrainment data) were made for both projected mean and

maximum plant flow conditions and are presented in Table 2.2.3-2.
The maximum flow results represent a worst case condition, with the

plant pumping at its maximum rate every day during the period.

To evaluate the effects of entrainment on the Gammarus community,

estimates were made of the number of Gamarus present in the lake
during the entrainment studies. Results of both the macrozooplank-

ton lake collections and the benthic collections were examined for
use in estimating the standing stock since G. fasciatus is present
in both plankton and benthic collections( ). Since both data sets
showed maximum abundance of Gammarus in August 1976, that month's

data were selected to compare the number of Gammarus in the water

column with those found on the bottom. The maximum observed
abundance in the water column during 1976 was 9.2 organisms/m in
a bottom night collection (sample collected approximately 1 m above

the lake bottom) on 18 August along the 6.1-m =(20-ft) contour. The

mean benthic abundance of Gammarus observed along this contour in
August collections was 2999 organisms/m of bottom area. Even if
one assumed that the maximum observed concentration was actually
distributed equally throughout the water column, it would represent
only 56 organisms (9.2 organisms/m x 6.1 m depth). This number3

represents approximately 1.9X of the observed mean benthic abundance

of Gammarus. This example indicates that the main portion of the
Gammarus community is benthic; therefore, standing stock estimates
were made from the benthic abundance data. The estimates are
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TABLE 2.2.3-2

PROJECTEO TOTAL ENTRAINEO, TOTAL IN HATERBOOY SEGNENT ANO PERCENT
CROPPING OF GANESRUS FASCIATUS

IllllE IIILrEIKHH E~
Sampling
Period

Pro ecte Volume~ ~ m

ean x ax x
Est(mated~ j~trainme~t
Abundance No./m

Estimated ntrainment N .
ean x ax. x

Estimated
Standing7Crop~xle

Estimated Percent
Cro in

ean tax .

Jan-Feb
Har-Apr
Nay-Jun
Jul-Aug
Sep-Oct
hov-Oec

~Source: ll
~ ~Source: 10

16.468
17.490
18.178
18.178
18.147
18.128

17.825
18.137
18.178
19.300
18.147
18.128

2.740
0.272
0.242
0.312
0.217
0.276

45.12
4.76

. 4.40
5.67
3. 94
5.00

48.84
4.93
4.40
6.02
3.94
5.00

864.9
269.8
601.3

1840.5
1459.9
1459.9

0.52 0.56
0.18 0.18
0.07 0.07
0.03 0.03
0.03 0.03
0.03 0.03



conservatively low in that they do not include the percentage of the
population in the water column.

The estimates of standing stock were made for each seasonal set of
benthic collections; for purposes of impact assessment, each

population was assumed to be independent in terms of the effect of
entrainment cropping during each period (Table 2.2.3-2). That is,
it was assumed that the population does not undergo extensive
immigration or emigration and that natural reproductive cycles take

place during this period. Since no benthic collections were made

outside the April-October period, November-December standing
stocks were estimated from the October data and both 1976 and 1977

winter (January-February 1976 and January-March 1977) estimates were

taken as the mean of the early spring and late fall estimates.

Standing stock
collections in
mi]) and to the
area contained

acres) .=-

was estimated for the area bounded by the benthic
the longshore direction (approximately 5.6 km L3.5
19.8-m (65-ft) depth in the lake. The total benthic
in the segment is approximately 6.8 x 10 m (1680 0

Table 2.2.3-2 gives the results of two cropping calculations, one

for each of the plant flow conditions evaluated. Estimated percent
cropping during either projected mean or maximum'lant flow- con-
ditions was less than 0.25 of the population throughout each sam-

pl ing period, except during January-February (Table 2.2.3-2) . At
this time, the increase in the estimated percent cropping resulted
from the high January entrainment abundance. Since similarly high
abund ances were not detected during ei ther the summer period of
naturally high lake abundance or the following winter period, it is
probable that the January 1976 estimate was an anomaly in the data,
not representative of actual entrainment cropping during the month.
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The results of the Gammarus entrainment cropping analysis clearly
indicate that the numbers of Gammarus removed by entrainment
at Unit 2 represent an extremely small percentage of the local
population and, that such mortalities would have a negligible effect
on the population.

2.2.4 Ichthyoplankton

To assess the projected impact of plant entrainment on the ichthyo-
plankton community, data collected during entrainment studies at
Unit 1 and JAF have been utilized in conjunction with the results of
the aquatic ecology studies presented in Section 2.1.4.

This analysis utilizes the data collected during 1976 since that
was the first year that both Unit 1 and JAF were fully operational;
data collected during other years are discussed qualitatively. The

techniques used to collect these data are described in Section
3.1.4. For the cropping estimates, 100$ mortality of entrapped
organisms is assumed.

2.2.4.1 Species Present

Nearly all species identified from the lake collections (Section
2.1.4) were also found during entr ainment sampling at either Unit 1

or JAF, and their temporal occurrence in the entrainment collections
coincided with their occurrence in the lake ' During the
early spring, burbot and ~Core onus sp. were present, followed by
rainbow smelt during midspring and alewife during the late spring/
summer period. Peak concentrations of eggs and larvae in the lake
occurred during the late spring/ summer period, dominated by ale-
wives (Section 2.1.4); peak entrainment also occurred during this
period. As with the lake collections, the most abundant species in
entrainment collections were alewife and rainbow smelt
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Rainbow smelt and alewife are the only two Representative Important

Species of fish' 'ollected in sufficient numbers during(9,10)

ichthyopl ankton entrainment surveys to al low impact assessment.

2.2.4.2 Estimated Entrainment of Selected Species

The projected total numbers of alewife eggs and alewife and rainbow

smelt larvae entrained at Unit 2 were computed from the day/night

abundance data amassed during the regular 1976 entrainment sampling

program at Unit 1 and JAF. Ouring the summer of 1977, JAF was shut

down for refueling, and only limited analyses were conducted on 1978

data. The Unit 1 and JAF data are considered to be representative

of the intake abundance that will occur at Unit 2 =since all the

intakes are at approximately the same depth contour. Since 100|i

mortality is assumed for the Unit 2 closed-cycle cooling system, no

adjustment has been made for the fish diversion system flow. This

flow normally represents 27K of the total flow withdrawn and would

not be expected to incur 100$ mortality to organisms entrained in

it. However, since no studies have been made, the conservative

approach, assumption of 1005 mortality, has been taken.

The concentrations of eggs and larvae collected at the intake
forebays 'were averaged to give a mean concentration per sample date

(Table 2.2.4-1). This mean concentration by date was considered

representative of the weekly abundance. Incubation time for alewife

,eggs is approximately six days at the water temperature in Lake

Ontario during peak spawning activity( ) . Meekly cropping esti-
mates can therefore be viewed as independent losses to the annual

egg production. Rainbow smelt egg incubation time was reported to

be 19 days at 9-10'C (48-50 F) for a population in the Niramichi

River, New Brunswick( . Thus, contiguous weekly cropping esti-
mates for rainbow smelt may not be independent estimates of

losses,'ut

rather may be replicate estimates of the loss from a fixed group

of cohorts.
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TABLE 2.2.4-1

MEAti ABUtiDANCE* OF FGGS AtiD LARVAE FOR RAINBOW St1ELT AND ALEWIFE
IN ENTRAINMEtiT COLLECTIONS

JAMES A. FITZPATRICK NUCLEAR POWER PLANT AtiD NINE MILE POINT UNIT 1 - 1976

Date
a>now et ew> e

arvae
a>now et

RtPI=FITZ
ew e

14 Apr
28 Apr

5 Hay
12 May
19 Hay
26 Hay

0
145

50
25

1
4

0
834

177
41

0
9

0 0
0 0

0 0
0 0
0 0
0 0

2 0 0
0 0 0

0 0
0 22
0 7
0 7

2 Jun
9 Jun

16 Jun
23 Jun
30 Jun

7 Jul
14 Jul
21 Jul
28 Jul

'7
38

0
0
0

2 2 0
0 3 00, 18 9
0 1026 3060
0 34412 '057

4421 9807
791 3786

1393 1435
481 80

6
2
1
0
0

6 0 0
21 0 0

5 0 0
0 0 6
0 4 71

1 13 15
7 54 137
2 8 20
0 14 300

4 Augll Aug
18 Aug
25 Aug

1 Sep
8 Sep

22 Sep

6 Oct
20 Oct

270
68

0
0

867
562

0
0

1
3
4

20

0 481 2524
1 115 527
1 .372 612
0 135 438

1 116 32
0 4 2
1 12 9

0 1 2
0 -1 2

*Mean of all samples on each sampltng date; nuaber of organisms/1000 m .
Source: 1
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The estimated weekly entrainment concentrations are then mul ti-
plied by projected weekly plant flows to produce a projected weekly
entrainment total. The projected weekly entrainment for alewife
eggs and larvae is presented in Tables 2.2.4-2 and 2.2.4-3. Table
2.2.4-4 shows similar data for rainbow smelt larvae. The greatest
projected entrainment is for alewife eggs, while the least is for
rainbow smelt larvae.

2.2.4.3 Cropping Estimates for Eggs

The estimated total number of alewife eggs entrained per week under

projected mean flow conditions was compared with the estimated total
present in the adjacent segment of the lake during the same week and

with fecundity of spawning adults. The area of the lake chosen for
comparison was a waterbody segment bounded by the extent of sampling

(i.e., larval tows). This segment covered approximately 5.6 km (3.5
mi) of shoreline and extended outward to the 33.5-m (110-ft) depth
contour, which is approximately 1.6 km (1 mi) offshore.

The estimate of lake standing crop in the segment is based on the
collections made with towed plankton nets and therefore represents
the abundance of eggs in the water column at the time of sampling.
Alewife eggs are demersal and can be sampled by plankton nets only
for a short time immediately after being spawned in the water
column. Most of the eggs present in the area of interest at any

given time would be on the bottom; therefore, estimates based on

towed net samples alone would grossly underestimate the total
present.

Only some of the benthic samples from Nine Nile Point were analyzed
for fish egg abundance by species. Although the data were not
quantified, significantly more alewife eggs were reported in the
benthic samples than in the concurrent plankton collections.
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TABLE 2.2.4-2

PROJECTED TOTAL ENTRAINED AND PERCENT CROPPING
OF ALEWIFE EGGS AT NINE MILE POINT UNIT 2

Unit 2 Proj~qted
Sampling

3
Flow6

Period m x10

1976 Entrainment
No./m

Unit JA

Projected Unit 26
Entrainment (X 10 )

Based On
Unit

Estimated
Total in Water

Segment
X 10 Unit JAF

Estimated Percent
Cro in Based On

Jun 6-12
Jun 13-19
Jun 20-26
Jun 27-Jul 3
Jul 4-10
Jul 11-17
Jul 18-24
Jul 25-31
Aug 1- 7

Aug 8-14
Aug 15-21

2.084
2.084
2.084
2.084
2.084
2.084
2.084
2.084
2.083
2.083
2.083

0.0025
0.018
1.026

34.412
4.421
0.791
1.393
0.481
0.270
0.068
0.0

0.0
0. 009
3.060
8.057
9.807
3.786
1.435
0.080
0.867
0.562
0.0

0.005
0.038
2.138

71.715
9.213
1.648
1.999
1.002
0.562
0.142
0.0

0.0
0.019
6.377

16.791
20.438
7.890
2.991
0.167
1.806
1.171
0.0

9.1
190.8

23,943.9
9,100.1

197,257.5
332,552.4
149,800.3
62,646.2
10,317.8

443.4
0

0.06
0.02
0.01
0.79

<0.01
<0.01
<0.01
<0.01
<0.01
0.03
0.0

0.00
0.01
0.03
0.18
0.01

<0.01
<0.01
<0.01
0.02
0.26
0.0

Total (Jun 6-Aug 21)
Mean (Jun 6-Aug 21)

88.462
8.042

57.650
5.241 71,508.3 0.01 0.01

Source: 11



TABLE 2.2.4-3

PROJECTED TOTAL ENTRAINED AND PERCENT CROPPING
OF ALEWIFE LARVAE AT NINE MILE POINT UNIT 2

Sampling
Period

Unit 2 Projy~ted
Floh

m x10

1976 Entrainment
(No./m

nl

Projected Unit 26
Entrainment (X 10 )

Based On
nl

Estimated
Total in Water

Segmen)
X 10

Estimated Percent
Croppin Based On

Unl

Jun 13-19
Jun 20-26
Jul 27-Jun 3
Jul 4-10
Jul 11-17
Jul 18-24
Jul 25-31
Aug 1- 7

Aug 8-14
Aug 15-21
Aug 22-28
Aug 29-Sep 4
Sep 5-11
Sep 12-18
Sep 19-25
Sep 26-Oct 2
Oct 3- 9
Oct 10-16
Oct 17-23

2.084
2.084
2.084
2.084
2.084
2.084
2.084
2.083
2.083
2.083
2.083
2.082
2.081
2.081
2.081
2.081
2.079
2.079
2.079

0.0
0.0
0.004
0.013
0.054
0.008
0.014
0.481
0.015
0.372
0.135
0.116
0.004
0.008
0.012
0.006
0.001
0.001
0.001

0.0
0.006
0.071
0.015
0.137
0.020
0.300
2.524
0.527
0.612
0.438
0.032
0.002
0.005
0.009
0.006
0.003
0.002
0.002

0.0
0.0
0.008
0.027
0.113
0.017
0.029
1.002
0.031
0.775
0.281
0.242
0.008
0.017
0.025
0.012
0.002
0.002
0.002

0.0
0.012
0.148
0.031
0.286
0.042
0.625
5.257
1.098
1.275
0.912
0.067
0.004
0.010
0.019
0.012
0.006
0.004
0.004

0.14
0.85
3.61

14.54
17.57
32.74
30.38

320.64
133.84
160.90
36.59
60.77

1.18
7.03

NS

NS

NS

NS

NS

0.0
0.0
0.22
0.19
0.64
0.05
0.10
3.13
0.02
0.48
0.77
0.40
0.68
0.22

0.0
1.41
4.10
0.21
1.63
0.13
2.06
1.64
0.82
0.79
2.49
0.11
0.34
0.14

Total (Jun 13-Oct 23)
Mean (Aug 1-Sep 4)

2.593
0.466

9.812
1.722 142. 55 0.33 1.21

~Source: 11
KEY: NS = Not sampled.



TABLE 2.2.4-4

PROJECTED TOTAL ENTRAINED AND PERCENT CROPPING
OF RAINBOW SMELT LARVAE AT NINE MILE POINT UNIT 2

Sampl ing
Period

Unit 2

Projec)[j
3F1 ow

6
(m x 10

1976
Entrainment
(No./m

nl

Projected Unit 26 Estimated
Entrainment (X 10 ) Total in Water

Based On Segment
(X 10

Estimated Percent
Croppin Based On

ns

May 2- 8
May 9-15
May 16-22
May 23-29
Nay 30-Jun 5
Jun 6-12
Jun 13-19
Jun 20-26
Jun 27-Jul 3
Jul 4-10
Jul 11-17
Jul 18-24
Jul 25-31
Aug 1- 7

Aug 8-14
Aug 15-21
Aug 22-28
Aug 29-Sep 4
Sep 5-11
Sep 12-18
Sep 19-25

2.083
2.083
2.083
2.083
2.084
2.084
2.084
2.084
2.084
2.084
2.084
2.084
2.084
2.083
2.083
2.083
2.083
2.082
2.081
2.081
2.081

0.006
0
0.008
0
0.006
0.002
0.001
0
0
0.001
0.004
0
0
0.001
0.003
0.004
0.020
0
0
0
0

0.012 0
0 0.002
0.017 0.035
0 0.008
0.012 0.012
0.004 0.044
0.002 0.010
0 0
0 0
0.002 0.002
0.008 0.015
0 0.004
0 0
0.002 0
0.006 0.002
0.008 0.002
0.042 0
0 0.002
0 0
0 0.002
0 0.002

0 NS
0.001 NS
0.006 NS
0.004 NS
0.006 9.46
0.021 2.23
0.005 3.04
0 2.84
0 0.35
0.001 2.30
0.007 3.00
0.002 1.12
0 0.11
0 0.970.001'.54
0.001 0.45
0.000 0.42
0.001 0.13
0 0
0.001 0.43
0.001 NS

0.13
0.18
0.07
0
0
0.09
0.27
0
0
0.21
1.11
1.78

10.0
0
0
0

0.13
. 1.97

0.33
0
0
0.09
0.50
0.36
0
0
0.37
0.44
0
1.5
0
0.46

Total (May 2-Sep 25)
Mean (May 30-Jul 17)

0.115 0.142
0.004 0.012 3.32 0.12 0.36

~Source: 11
KEY: NS = Not sampled.



Studies in Lake Michigan in the vicinity of the Zion and Wauke-

gan Generating Stations included both net sampling and benthic
sampling of alewife eggs with a suction pump . Two transects
were sampled intensively with the pump during the period of peak

alewife spawning, revealing large numbers of eggs present on

the bottom. The Lake Michigan data indicate that only 0.431
of the total eggs present were in the water column for the dates
with concurrent sampling.

In Table 2.2.4-2 the total number of eggs present in the waterbody
segment was thus computed by adjusting the mean concentration
(No./1000 m ) from night tows for each depth contour range (e.g.,3

0-9, 9-15, 15-21, 21-27, and 27-33 m [0-30, 30-50, 50-70, 70-90, and

90-110 ftj) by the factor 0.0043 and then multiplying by the volume
for that depth range in the segment. The totals for each depth
range were summed to produce a waterbody segment total from the
stratified estimates.

Table 2.2.4-2 shows that the percentages of the weekly standing
crops of alewife eggs removed by entrainment are extremely low. The

overall seasonal cropping rates, based on Unit 1 and JAF data,
are both 0.01K.

Since rainbow smelt eggs are demersal and adhesive, and spawning in
the Great lakes occurs on stream bottoms or, under adverse weather
conditions, in the offshore areas on gravel shoals (Section 2.1.4),
these eggs are not usually subject to entrainment. Because the eggs
are attached to the bottom, plankton tows or entrainment collections
are not representative of the actual numbers available.

To attain a better concept of the entrainment egg abundances, the
estimated total number of alewife and .rainbow smelt eggs entrained
was compared with the average fecundity of these species in Lake

Ontario.
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The average total number of eggs per female by size group is pre-
sented in Tables 2.2.4-5 and 2.2.4-6. The fecundity data for
the control and experimental sites and for the different size
groups were combined to produce a mean total number of eggs per
female for each species. For alewife, the mean total number of
eggs was 26,272 and for rainbow smelt, 24,288.

The estimated total number of eggs entrained for each species was

divided by the mean number of total eggs per female to determine the
/'veragenumber of females required to produce the total eggs lost to

entrainment. The results of these calculations indicate that the
entrainment rate for Unit 2, based on the Unit 1 or JAF results,
is equivalent to the fecundity of 2200 to 3400 alewives and about
23 to 91 smelt, a small fraction of the population estimates
(Section 2.2.6).

2.2.4.4 Cropping Estimates for Larvae

Plant cropping estimates for alewife and rainbow smelt larvae were
based on the same waterbody segment described for eggs and also on

an estimate of the lakewide larval standing crops of these species
from night collections. A lakewide cropping estimate was developed
because alewife and rainbow smelt are distributed throughout the
lake and apparently use the entire shoreline for spawning. Fishery
and impingement sampling at widely spaced locations on Lake Ont'ario
on both the United States and Canadian sides has shown these species
to be abundant at all locations. CDM/Limnetics summarized

entrainment and impingement studies at power plants on Lake Michigan
and found all life stages of alewife and rainbow smelt to be widely
distributed in that lake. Wells'studied the distribution of(>5 ,

fish fry along the shores of central and southern Lake Michigan and

found alewife larvae distributed throughout this area (approximately
two-thirds of Lake Michigan) . Alewife larvae were more abundant
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TABLE 2.2.4-5

FECUNDITY OF ALEWIFE

NINE MILE POINT VICINITY - JUNE-JULY 1976

I. Control Site
o a s vary a ure s vary

Number of Total Len th (mm Stan ar Standard
A e Fish ean an e Mean Devi ation Mean Deviation

II
I I I

IV
V

15 156 145 - 170 23435 7309 12052 3243
15 157 129 - 179 28779 8199 14329 3776
15 170 157 - 181 27211 6713 15333 2905

6 168 156 - 180 26914 6662 13750 3114
'

I. Experimental Site
o a s vary a ure s vary

Number of Total Length (mm) tan ar tan ar
A e Fish ean an e Mean Deviation Mean Devi ation

II
III

IV
V

15 157 129 - 168 21756 5889 11763 2840
15 152 130 - 172 24653 8253 13547 4216
15 166 137 - 180 27333 8367 14740 3917
11 167 137 - 184 30097 9144 16429 4469

Bottom Gill Net: NMPW, NMPE

bSurface Gill Net: NMPW, NMPE
Bottom Gill Net: NMPP, FITZ
Surface Gill Net: NMPP, FITZ
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TABLE 2.2.4-6

FECUNDITY OF RAINBOW SMELT

NINE MILE POINT VICINITY - APRIL-MAY 1976

I. Control Site

Number of Total Len th (mm)
A e Fish ean an e

o a s vary
tan ard

Mean Deviation

I I, 7 144 137 - 154 9041 1688III .15 153 142 - 172 11764 3558
IV 14 168 145 - 209 16261 6398

V 12 207 163 - 248 36895 20105
VI 5 231 211 - 264 55477 20241

II. Experimental Site

133 - 162
137 - 215
146 - 193
158 - 250
222 228

I I 10 10049 1876
I I I 15 13949 7092

IV 16 15614 4408
V 15 33490 15030

VI 3 40344 4885

o a s vary
Number of Total Len th mm) an ar

A e Fish ean an e Mean Deviation

Bottom Gill Net: NMPW, NMPE
Surface Gill Net: NMPW, NMPE

bBottom Trawl: NMPW, NMPE
Bottom Gill Net: NMPP
Surface Gill Net: NMPP, FITZ
Bottom Trawl: NMPP/FITZ
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on the east shore than the west shore, but this difference was

probably caused by upwellings on the west shore which carried larvae

out of the study area. Rainbow smelt larvae were less abundant than

alewife larvae, but they were also distributed throughout the study

area.

Hecause the larval stage lasts more than one week, both weekly

cropping estimates and total entrainment are compared with an

average standing crop during the peak of larval abundance. This

approach is conservative because the actual population present

in the waterbody'egment throughout the larval period is greater

than the number present during the peak abundance period. Further-

more, an additional conservative factor was added to the estimate

because larvae living in the deeper portions of the lake were

not accounted for in the computation of cropping rate.

"en

The weekly cropping estimates for alewife larvae in the water-

body segment of interest ranged from 0 to approximately 4X (Table

2.2.4-3). Weekly cropping estimates for rainbow smelt larvae ranged

from 0 to 10K (Table 2.2.4-4). While these estimates cannot be

summed to produce a seasonal cropping percentage, they do indicate

the projected rate of loss of larvae for weekly time units in the

vicinity of Unit 2.

Ouring their period of maximum abundance in the vicinity of Nine

Mile Point (1 August to 4 September), alewife larvae had a mean

weekly abundance of 143 x 10 . Cropping percentages based on

total alewife larvae entrained in 1976 were approximately 0.3

and 1.2X based on Unit 1 and JAF data, respectively (Table 2.2.4-3).
R~inbow smelt larvae had a mean weekly abundance of 3 x 10 during6

the period of peak abundance (30 May to 17 July) in the vicinity of
Nine Mile Point. Annual cropping percentages of approximately
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O.l and 0.4X based on Unit 1 and JAF data, respectively, were

obtained from the estimated total number entrained during 1976

(Table 2.2.4-4). The conservative nature of this calculation
should be emphasized in that the standing stock estimates do not

account for the immigration and emigration of larvae to and from the

waterbody segment.

A lakewide standing crop estimate of alewife larvae was computed

from the mean abundance of larvae during the period of peak abun-

dance (143 x 10 ) at Nine Mile Point and the ratio of the water-

body segment shoreline length (5.6 km L'3.5 mij) to the total shore-

line length for Lake Ontario (1371 km )857 mi.])
1

An estimated total of 3.5 x 10 alewife larvae were present in
Lake Ontario in an area around the entire perimeter of the lake and

extending outward to the 33-m (110-ft) depth contour. Lakewide

cropping estimates are based on the projected number of larvae
entrained by all units at the Nine Mile Point site, i.e., by JAF,

Unit 1, and Unit 2 combined. ~ A similar calculation was performed

for rainbow smelt larvae, and a lakewide estimate of 8.1 x 10

larvae was obtained. Entrainment estimates for alewife and rainbow

smelt larvae at Unit 1 and JAF were taken from LMS

Lakewide cropping estimates for alewife and rainbow smelt larvae
are low for both Unit 2 alone and JAF and Units 1 and 2 combined,

(Table 2.2.4-7). The contribution of Unit 2 to larval cropping in
Lake Ontario will be practically immeasurable.

2.2.4.5 Impact of Egg and Larval Cropping

Considering the demersal nature of the eggs of both alewife and

rainbow smelt, a low percentage of cropping ( less than 1$ ) of eggs

is indicated. The egg cropping estimate, in terms of the number of
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=TABLE 2.2.4-7

ESTIMATED LAKEWIDE CROPPING OF ALEWIFE ANO RAINBOW SMELT lARVAE

JAMES A. FITlPATRICK POWER PLANT AND NINE MILE POINT UNITS 1 AND 2

I. Alewife
Total Number Entrained X 10 Lakewide Percenta e Cro ed

5* 83 88 34,905 0.02 0.24 0.25

II. Rainbow Smelt

Total Number Entrained X 10

UNIT 2

Lakewide Percenta e Cro ed

11* 191 202 81,149 0.01 0.24 0.25

*Total entrained by UNIT 2 based on mean of FITZ and UNIT 1 data (see Tables 2.2.4-3 and 2.2.4-4).



average mature females required to produce the eggs lost (2200 to
3400 alewife and 23 to 91 smelt), indicates that this loss repre-
sents only a small fraction of the spawning potential of these

populations, which certainly have the ability to offset the small

egg losses.

Waterbody segment cropping of larvae, based on an average maximum

standing crop and conservative estimates of the population size,
produced percentages cropped ranging up to 10$ . The most important
factor, which would reduce the cropping percentage substantially, is
the inclusion of the larvae that were not accounted for in the
average standing crop. The total actually present would certainly
be greater than the average. In addition, only those larvae inside
the 33-m (110-ft) depth contour were included. The assumption of
100K plant mortality also increases the estimated cropping over what

actually occurs.

The projection of plant cropping on a lakewide larval population
basis is a rough estimate, because it is based on an average
standing crop for only a small portion of the total potential
spawning area. The actual larval population density would be

expected to vary significantly from place to place along the shore-
line. However, the 1 akewide cropping estimates provide a rough
estimate for the lake as a whole, which is an important perspective
for impact assessment. These estimates are low (0.02K) and con-

servative because the same factors that affected the standing crop
estimate for the waterbody segment apply to the lakewide estimate.

In Section 2.2.6 the 1akewide abundance of alewife, as determined
from Yankee trawl data, is given as 2.3 x 10 (adjusted) . When

this is compared with the lakewide abundance of larvae estimated
in this section (3.5 x 10 ), it is apparent that the number of
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larvae in the lake is grossly underestimated. It would be expected

that a much greater number of larvae would be produced if the
lakewide abundance of older age groups were reasonably accurate. If
larval abundance has been underestimated, as suggested here, the

larval cropping percentages would actually be much lower.

The combined cropping of eggs and larvae of alewife and rainbow

smelt by JAf and Units 1 and 2 will remove an extremely small
percentage of the reproductive potential of these popul ations,
and the impact of Unit 2 alone will be immeasurable since projected
cropping is more than an order of magnitude lower than cropping by

the existing plants, whose effects have been undetectable.

2.2.5 Benthos

/

The degree to which the Unit 2 intake system interacts with the

adjacent invertebrate communities is a function not only of flow
rate and design characteristics of the plant but also of the nature

of the organisms themselves. Of significance is the life history of
each taxon under consideration. Some benthic forms, for example,

pass their entire lives closely associated with the bottom, moving

within (infauna) or upon (epifauna) the lake bottom. Others make

transient use of the water column for breeding, feeding, active
swimming, or drifting with water currents. Benthic species that
utilize the water column are susceptible to power plant entrainment.

During these life stages, their degree of susceptibility depends

mainly upon their pelagic movement (near the surface, on the
bottom, or throughout the entire water column) and swimming ability.

In considering intake system impacts, both direct and indirect
effects are evaluated. The former include entrainment of all
life stages. Indirect effects may occur via attraction of nektonic

predators to the intake area. If either type of interaction occurs,
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it is l'ikely to be discernible near the existing Unit 1 intake where

long-term monitoring at near- and farfiel d stations has continued
over a six-year study period.

The resiliency of benthic populations has been documented in several
studies of benthic estuarine communities, marine communities

and freshwater communities

Similar studies conducted in the vicinity of power generating
stations indicate that, in general, the intake areas for each of the
sites studied contain benthic communities that would be considered
"typical" or unaltered for the ecosystem under consideration. The

common conclusion is that the major potential for impact would arise
from the discharge of warm water, and the significance of this
impact is dependent upon a number of site-specific factors (see

Section 2.3.2).

As shown in Section 2.1.5, the benthic organisms near the intake
of Unit 1 have undergone a variety of natural changes since the
initial sampling in 1968 and during the six years of intensive
study. The key factors involved in these fluctuations, however,
were natural environmental changes over time, climate, substrate
nature, and organic content of the sediment . Similar benthic
variability has been documented in a 16-year study of the lower York

River Estuary, where Boesch et al. found that few common

benthic species were persistent and most were either irruptive,
annuals, or euryhaline opportunists responding to habitat change.

The data base described in Section 2. 1.5 indicates typical benthic
patterns over time and does not suggest adverse processes that were

identifiable with the operation of the Unit 1 intake system.

Because the large data base shows no impact on the benthic communi-

ties from the operation of the Unit 1 intake, it is reasonable
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to expect no impact from the withdrawal of a lesser amount of water

for Unit 2.

2.2.6 Fi sh

The impingement sampling data for Unit 1 and the JAF plant provide a

basis for estimating the total annual impingement by species at the

Unit 2 intake. Because a fish diversion and return system was

incorporated into the Unit 2 intake, only a fraction of the fish
entrapped in the offshore intake will be impinged. The majo'r

portion of these fish will be returned to the lake. The studies of
fish protection systems for Unit 2 and ongoing studies on a similar
system at the OSS Unit 6 provide estimates of survival subsequent to

passage through the diversion system. This information was used to

estimate the mortality expected for selected species at Unit 2. A

description of the diversion system is provided in NMPC-EROLS
'11)

The impingement rate for Unit 2 was estimated by the extrapolation

of the impingement rates of Unit 1 to Unit 2 by the ratio of the

plant flows. This method assumes that the impingement rate is
directly proportional to plant flow rate.

The Unit 1 impingement data were selected as the primary bases for
extrapolation because there are nine years of continuous sampling

as opposed to only six years at JAF. The trend in both fishery and

impingement sampling has indicated cyclic trends in abundance of
some species. Because the Unit 1 data cover a longer time than the

JAF data, they better reflect the changing abundances of these

species in the Nine Mile Point vicinity. In addition, the Unit 2

intake design is similar to that of Unit 1, but differs substantial-

ly from the JAF design.
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The impingement rate of some abundant fishes has been somewhat

higher at JAF than at Unit 1; however, there is no consistent
pattern in month by month comparisons except for rainbow smelt. A

large number of potential factors could account for this difference,
but how they may interact to control the impingement rate at the

two plants is unknown at present. Because the Unit 2 intake is
located between the Unit 1 and JAF intakes, its impingement rate
(adjusted for flow differences) may fall 'between the other two.

However, because the initial extrapolation is not based on a

knowledge of the factors influencing impingement, this refinement is
not justified.

Because it is impossible to predict when plant outages will occur,

the estimated impingement rate for Unit 2 assumes that the plant
will operate all days of the year. This assumption will therefore
produce an estimated total annual mortality greater than the actual

one. The difference between the two will depend on the duration and

seasonal occurrences of unit downtime. An extended period of
downtime in early spring would have the most pronounced effect on

the annual total because the spring peaks in alewife and rainbow

smelt impingement would be eliminated.

The Unit 2 intake structure will incorporate a diversion system to
return entrapped fish to the lake. This system was designed by

Stone and Webster Engineering Corporation (SWEC), which conducted

laboratory tests of diversion efficiency and survival of alewife
after passage through the system. These tests indicated an overall
test mortality rate of 11.8X and a control mortality of 7.8X(

Preliminary studies conducted .by LMS on the OSS Unit 6 diversion
system, similar in design to the Unit 2 diversion system, have

demonstrated substantially lower alewife survival following passage
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through the system. The results of the Oswego studies indicate

alewife survivals between 2 and 34K, with an estimated yearly
survival rate of 9.6X . The rainbow smelt, white perch, and

spottail shiner estimated yearly survival rates were 13.1, 41.1, and

85.1X, respectively. The major game fish (brown trout, smallmouth

bass, lake trout) collected from the system all demonstrated greater
than 95K survival.

Since the LNS studies are being conducted on an operating system

(as opposed to the SWEC studies, which were conducted on a laboratory

,scale), the results from the LNS Oswego studies will be used for
this assessment. These results are believed to be conservative

(effects are overestimated) because no adjustments were made for
control or handling mortality.

Table 2.2.6-1 contains the estimated monthly impingement and esti-
mated yearly total impingement for selected species at Unit 1.

Table 2.2.6-2 provides an estimate of Unit 2 entrapment (obtained

by multiplying the Unit 1 total by 0.20, the ratio of Unit 2 to Unit

1 design plant flows) and mortality (obtained by multiplying the

number entrapped by the mortality observed from the Oswego diversion

system).

The estimated mortality is low for all species except alewife,and

when the alewife total is compared with the annual impingement rates

at other Lake Ontario power plants, the mortality at Unit 2 is seen

to be a small contribution. The effects of impingement cropping at

power plants on Lake Ontario were evaluated in the 316(b) demonstra-

tion for the JAF plant( . That evaluation is presented here in

slightly modified form to show the relative magnitude of impingement

effects at Unit 2.
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TABLE 2.2.6-1

ESTIHATEO HEAN HONTHLY* ANO TOTAL YEARLY IHPINGEHENT
FOR SELECTEO SPECIES

NINE NILE POINT UNIT 1

Species
Yearly
Total . ~danuar ~gebruar March ~Arit ~Ma June ~Jul Adust ~Se tember October November Oecember

Alewi fe
Rainbow smelt
'Nhite perch
Yellow perch
Smallmouth bass
Coho salmon
Threespine stickleback
Brown trout
Spottail shiner

1,261,910
79,939
6,666
2,817

223
<6

45,589
12

3,298

1,301
13,988

1,099
579

35
<1

1,253
2

300

284
5,377

628
198

26
0

2,071
0

112

60,504
6,957
1,613

102
11
<1

4,872
<1

231

631,964
11,981

918
128

5
<1

20,044
0

260

399,278
10,798

221
912

24
<1

14,645
<1

1,252

44,670
1,571

44
42
30

0
1,171

1
268

28,440
357

37
113

13
<1

961
3

185

33,61&
536
166

78
15
<1

2
1

107

9,7?8 20,049
1,435 962

377 116
36 77

7 13
0 0

33 34
<1 0
84 51

17,050 14,974
3,698 22,279583,863

202 '50
16 2&
0 0

95 106
1 . 1

136 3)2

gleaa estsmated impsngemest based on monthly collection irma 1973 through 1931.
Sources: 1-3,6-8,28-30



TABLE 2.2.6-2

ESTIMATED TOTAL ENTRAPMENT AND MORTALITY
FOR SELECTED SPECIES
NINE MILE POINT UNIT 2

Species

Al ewi fe
Rainbow smelt
White perch
Yellow perch
Smallmouth bass
Coho salmon
Threespine stickleback
Brown trout

Annual Total
Unit 1

1,261,910
79,939

6,666
2,817

223
6

45,589
12

Annual Total
Entrapm~~)
Unit 2

252,382
15,988

1,333
563

45
1

9,118
2

Annual Total

Mortality~Unit 2

228,153
13,590

785
28

2
<1

456
<1

Obtained by multiplying Unit 1 total by 0.20, the ratio of
design plant flows.
Obtained by multiplying Unit 2 total by the estimated mortality
rate in the fish diversion system based on the OSS Unit 6

diversion results.
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The impact of removing a number of fish from a population can be

addressed in many different ways. In this analysis, the removal of
fish is related to such measures of population size as (1) lake
standing stock estimates, (2) commercial fishing removals, (3)
stocking statistics for the species, and (4) exploitation rates
based on tagging studies.

In 1976, the New York State Department of Environmental Conser-
vation (NYSDEC) conducted a forage fish stock estimate for the(31)

demersal portion of the alewife and rainbow smelt populations in the
New York waters of L'ake Ontario, which was divided into four sectors:
(1) the Eastern Outlet Basin Sector, extending from Stony Point
Light north to the Cape Vincent Laboratory; (2) the Oswego Sector,
centered approximately at Oswego, NY, and extending east to the
eastern shore and approximately the same distance west; (3) the
Rochester Sector, centered on Rochester, NY, and extending from
Sodus Bay to approximately Thirty Nile Point; and (4) the Hilson-
Olcott Sector, extending from Thirty Mile Point to just west of the
Niagara River.

< Within each sector, replicate trawls were conducted
at the following depths: 5, 7, 10, 12, 15, 17, 20, 25, 30, 35, 40,
and 50 fathoms; in addition, sector acreage estimates were made for
each depth sampled. A 12-m (39-ft) headrope Yankee trawl was used,
with the following fishing dimensions: 6.4 m (21 ft) for the sweep

and 2.1 m (7 ft) for the maximum vertical opening. A standard
10-min tow covered approximately 0.49 ha (1.2 acres) of bottom
Trawl catches for each sector were separated into two or three depth
strata and average catch rates were calculated for each stratum. The

NYSDEC devel oped the standing stock estimates by expanding the
average catch per tow to total fish per stratum (average catch x

stratum acreage/1.2). The average weight of each species was then
expanded to a total weight per depth stratum, and summations were
made for the depth strata and sector to give- a total biomass
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For this analysis, the biomass values were converted to numbers of
fish by dividing the biomass by the average weight of the fish
caught by NYSDEC. This was done for the Oswego Sector alone and for
the total estimate for the four sectors combined, which represent

18K of the total New York State surface acreage of the lake. The

standing stock estimates were divided by 0.18 for extrapolation to
the total New York State lake area.

Storr has conducted mark-recapture experiments along the
southern shore of Lake Ontario since 1972, marking and recapturing
fish from North Sandy Pond on the eastern shore to Oswego. Tag

returns were also obtained by giving a one dollar reward to commer-

cial and sport fishermen. In addition, as part of the impinge-

ment monitoring programs at JAF and Unit 1, impinged fish were

examined for tags.

A total of 20,897 fish representing 26 species were tagged and

released in the program through 1976, and 1517 tags were returned.
All fish tagged during 1972 and 1973 were tagged in the immediate

Nine Mile Point vicinity, while from 1974 on, fish were tagged at

four locations in the study area. During 1974, approximately 83K of
the fish tagged were released in the Nine Mile Point vicinity where

they would be exposed to potential impingement at the Nine Mile

Point plant. While no breakdown of the percentage of fish tagged at

each location is available for the 1975 or 1976 data, the percent-

ages can be assumed to be similar to 1974 since the major tagging
effort was again in the Nine Mile Point vicinity.

Storr has shown that of all the species studied, only yellow
perch demonstrate a true migratory pattern, a movement toward the

eastern end of the lake during winter with spawning in the spring in
North Sandy Pond. The other species appear to move back and forth
along the shore with little predictability. Rock bass, pumpkinseed,
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yellow perch, and brown bullhead ranged long distances, up to 112 km

(70 mi), while smallmouth bass appeared to be territorial, generally
remaining in a small area near the shoreline. White perch were

observed to move moderately long distances, ranging 32 km (20 mi)

east and west of Nine Mile Point.

The data presented by Storr ) are used in several ways: (1) to
estimate a species domain, (2) to estimate annual mortality, and (3)
to approximate a power plant exploitation rate. In the analysis of
the tag return data from impingement collections, reference is made

to Unit 1 since this plant has been in operation since the beginning
of the tagging program and impingement collections have been examin-

ed for tag returns. The analyses of impingement cropping are

presented separately for the important species below.

2.2.6.1 Alewife

The NYSDEC data were used as described above and the resul ting
alewife standing stock estimates are presented in Table 2.2.6-3.
These estimates are only for the near-bottom water s where the trawl
fished and are based on the assumption of 100$ trawl efficiency.
Edsall et al. , in an analysis of the standing stock of ale-
wives in Lake Michigan, concluded that only 3X of the fish (80-139

mm I.3-5.5 -in.] long) taken in gill nets fished from surface to
bottom in 26 fathoms were in the lower 12 m (40 ft) of water. They

therefore used a factor of 10 to expand standing stock estimates,
based on the assumption that only 10$ of the fish were in the lower

1.2-2.4 m (4-8 ft) of the water column where the trawl fishes. In

,the results presented, the alewife standing stock is estimated with
and without the factor of 10 to show bottom-trawled standing stocks
and the full water column estimate (adjusted standing stock).

This analysis is open to two possible sources of error in addition
to fish distribution in the water column and the assumption of 100K
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TABLE 2.2.6-3

STANDING STOCK ESTIHATES FOR ALEWIFE AND RAINBOW SitiELT IN THE NYSDEC
OSWEGO SECTOR, ALL OF NEW YORK STATE'S WATER TO 110 m (360 ft) At(0 THE TOTAL U.S. LAKE AREA

Species

Alewife

Rainbow
smelt

Location

Number
Impinged
at Unit 1

Estimated
Hortality
at Unit 2

Oswego Sector
New York State
Waters to 110 m (360 $ t)

Lake-Wide (U.S. Only}

79,939 130590

Oswego Sector le261 ~ 910 228s153
Hew York State
Waters to 110 m (360 $))

Lake-wide (U.S. Only) (

Standin Stock

122,998,300

226,083,000
1,256,021,000

11,703,510

17,902,650
99,459,000

Adjusted
Standin Stock

1,?29,983,000

2,260,830,000
12,560,210,000

117,035,100

179,026,500
994,590,000

1.03

0.56
0.10

0.68

0.44
0'.08

0.10

0.06
0.01

0.07

0.04
0.01

Percent Cropped
at Unit 1

an )ng gus e

0.10
0.02

0.010
0.002

0.12 0.012

0.08
0.01

0.008
0.001

Percent Cropped
at Unit 2

tan >ng juste

0.20 0.019

~0ata from Reference 31.
(2) .Standing stock from bottom trawl collections multiplied by 10 for upper water column fish.

'Represents 18 percent of U.S,. lake surface area.(3)
(4) Extrapolated to 100 percent of U.S. lake surface area.



gear efficiency. First, the NYSDEC estimates extended only to the
110-m (360-ft) depth contour. Since the NYSDEC estimates represent
185 of the total New York State lake area, the standing stock
estimates were divided by 0.18 for extrapolation to the total New

York State lake area. This may result in an error if the total
population estimate of the alewife is not uniformly distributed from
shore to midlake.

Second, the average weight of the alewives collected by the NYSDEC

was 27.2 g (0.06 lb), while the average weight of impinged fish was

18.0 g (0.04 lb), indicating that a greater percentage of younger

fish were present in impingement collections than were sampled by
the trawl. The trawling program conducted by the NYSDEC either did
not collect young fish (young-of-the-year and yearlings) or natural
mortality of these ages had occurred by the time of the trawling,
and the average weight reflects the true average weight/individual
of the remaining, stock. The NYSDEC trawling program was conducted

between 18 October and 12 November 1976, late enough in the year so

that mortality of young fish could have occurred, whereas impinge-
ment collections were conducted throughout the year. Thus, the
NYSDEC stock estimate may not be representative of the populations
affected, by impingement; however, no stock estimates are available
for other times of the year.

The former hypothesis, that the NYSDEC simply did not collect young

fish, is supported by several observations. Smith stated that
young alewives reside in the water column off the bottom for at
least the first year of life. The NYSDEC stated that many targets
were observed with hydroacoustic equipment in the upper water column

at the time of the surveys in the Rochester area. Wells found

alewives in the water column throughout the year in Lake Michigan.
It appears, therefore, that the trawling conducted by NYSDEC would
result in an underestimate of the true standing stock since a large
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portion of the population would be above the bottom waters sampled

by the trawl. This is additional evidence supporting the use of the

multiplier to estimate total standing stock from bottom trawls. The

evidence on alewife distribution in the water column, the weight

differential between impinged and netted fish, and the assumption of
1005 gear efficiency all support the use of the stock adjust-
ment. The adjusted stocks are still considered conservative esti-
mates of the true standing stock.

The estimated yearly impingement mortality at Unit 2 was divided by

the NYSDEC standing stock estimates to determine alewife impingement

cropping. The cropping effect of Unit 2 (0.20K) is extremely
small for the Oswego sector and other designated areas of the U.S.

waters of Lake Ontario (Table 2.2.6-3). The cropping estimates for
Unit 1 are included in this table to contrast Unit 2 with a once-

through cooling system that does not incorporate a fish diversion
system. For the preceding reasons, these estimates of cropping are

considered conservative.

2.2.6.2 Rainbow Smelt

The NYSOEC forage fish standing stock estimate included an estimate

of the rainbow smelt stock. The standing stock data derived 'in this
section were calculated in the same manner as the alewife data. The

results, therefore, may be subject to the same conservative error as

the alewife results. As with alewife, the rainbow smelt mortality
at Unit 2 was estimated to represent 0.12K, an extremely small

percentage of the estimated standing stock in the Oswego sector and

other designated areas of the U.S. waters of Lake Ontario (Table

2.2.6-3).
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2.2.6:3 White Perch

Storr tagged a total of 1421 white perch in the Nine Mile(32)

Point vicinity from 1972 to 1976, of which 488 were tagged in 1976.

Only one tagged white perch was recovered in the JAF plant impinge-
ment collections (April 1977), with no tag returns observed at the
Nine Mile Point plant. Since annual mortality rates for tagged
white perch were not computed, it is impossible to determine the
total number of tags available at the time of the recovery in 1977.
But with an assumed 505 mortality rate and only those fish tagged
during 1976 considered, an exploitation rate of 0.82'4 would result
after adjustment for impingement sampl ing freguency. The 1 ack of
any tagged fish in the Unit 1 impingement studies, which have been

ongoing since 1973, indicates that impingement cropping of white
perch is negligible.

A total of 20,525 kg (45,249 lb) of white perch were harvested by
commercial fishermen from New York State waters of Lake Ontario
during 1976 . If an average weight of 32.4 g/fish (0.07(36)

lb/ fish) (from 1976 impingement data at the JAF plant )) is
assumed, a total of 633,487 fish were harvested. The average Unit 1

impingement during the period 1973 through 1981 amounted to 6666

fish. Thus, impingement was 1.05 of commercial fishing exploitation.
The Unit 2 mortality rate is projected to be 0.12K of the commercial
catch in 1976. The available data indicate that impingement crop-
ping is minimal when compared with available fish in the area or
commercial fishing pressure.

2.2.6.4 Yel low Perch

An exploitation rate was calculated based on the number of tagged
fish recovered in impingement collections compared to the number of
tagged fish available in the lake. Although yellow perch tagging
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began in 1972, no tagged yellow perch were recovered in impingement

collections at either the JAF plant or Unit 1 prior to 1976. During

1976, two tagged fish were recovered at Unit 1 and one at the OAF

plant. Since sampling at both plants took place on 43K of the days

during 1976, the total estimated number of returns is calculated to
be five fish and two fish at Unit 1 and the JAF plant, respectively.

An estimated 1232 tagged yellow perch were available in 1976. The

seven-fish impingement estimate for Unit 1 and the JAF plant com-

bined then represents an exploitation rate of 0.57K of the available

tagged yellow perch. When compared to. an average exploitation rate
of 7.415( ), based on other fishing efforts (total tag returns),
the impact of impingement is negligible. Based on the total number

of yellow perch impinged during 1976 (3695) and the New York State

commercial catch of 23,841 kg (52,560 lb) ) (which represents(36

478,000 fish, based on an average weight of 49.8 g/fish [O.ll
lb/fish]), impingement at Unit 1 and the JAF plant during 1976

represented 0.77K of the commercial harvest. Compared to other

sources of mortality, impingement at Unit 1 and the JAF plant is
insignificant. The Unit 2 impingement, based on 1976 statistics,
would represent less than 0.01K of the commercial harvest.

2.2.6.5 Smallmouth Bass

Storr has tagged 126 smallmouth bass since 1972 but none were

collected from the traveling screens at Unit 1 or the JAF plant
through December 1981. Since the majority of these fish were tagged

and released in the immediate vicinity of the two intakes, the lack

of any recoveries in impingement collections would indicate that the

plants do not have a significant effect on the local smallmouth bass

population.

No commercial catch statistics are available for smallmouth bass, so

comparisons to commercial harvest were not possible; however, Storr
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had 19 tags returned of the total of 126 smallmouth bass tagged.
For the most part, these tags were returned by commercial and sport
fishermen, and an exploitation rate of 15.1$ can thus be attributed
to commercial and sport fishing combined. Therefore, based on the
lack of any tag returns in impingement collections, cropping by the
power plants would be at least an order of magnitude less than that
by fishing mortality. /

2.2.6.6 Coho Salmon

Cohoisalmon do not occur naturally in Lake Ontario, but are stocked

by various state and Federal agencies. Thus, the only population
size data available are from stocking statistics. Impingement at
Unit 1 and the JAF plant and estimated impingement at Unit 2 are

therefore compared to stocking conducted by NYSDEC.

The estimated total impingement of coho salmon from 1976 through
1981 at Unit 1 and the JAF plant was 10 fish
NYSDEC stocked approximately 1,753,000 coho from 1975 through
1980 . The 10 fish impinged at the two plants represent an

(37)

insignificant portion of the fish stocked during this period and the
fish return system on Unit 2 will return any salmon inadvertently
entrapped in its cooling water flow.

2.2.6.7 Threespine Stickleback

Since no standing stock or tagging data are available for threespine
stickleback, impingement cropping rates cannot be calculated.
However, the large cycles of population abundances exhibited by this
species, noted in Section 2.1.4 and indicated in the impingement

data, demonstrate that the population is regulated by some other
factors (weather, predation, fecundity, or inherent behavior) that
far override the localized effect of impingement cropping.
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2.2.6.8 Brown Trout

The brown trout is not native to North America but was introduced

into New York during the 19th century. Recently, Lake Ontario

stocks have been maintained by New York and Canadian stocking
programs. Therefore, cropping at Unit 1, the JAF plant, and Unit 2

is compared to New York State stocking statistics.

An estimated 256 brown trout were. impinged from 1976 through 1981 at
Unit 1 and the JAF plant ' .. NYSOEC stocked 1,881,000

brown trout from 1975 through 1980 , and impingement cropping
therefore represents less than 0.02K of the stocked fish. Unit 2

represents a small addition to this estimated cropping.

2.2.6.9 Endangered Species

" The species currently listed by the NYSDEC and U.S. Fish and Wild-
life Service as endangered or threatened are presented and discussed

in Section 2.1.6 of this report. None of these species have been

collected in impingement at Unit 1 or the JAF plant nor are any

anticipated to be collected at Unit 2.

2.2.6.10 Summary of Impingement Impact

The preceding analyses indicate that the total annual mortality at

Unit 2 is expected to be low for all species. This mortality,
relative to various measures of abundance in the vicinity of Nine

Nile Point, indicates that plant effects will be insignificant at

the population level. Previous analyses ' have indicated
that the impingement cropping caused by the operation of three major

power plants at the eastern end of Lake Ontario has a minimal effect
on fish populations. Because the cropping at Unit 2 is an extremely

small increment of mortality, the conclusions of the previous
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analyses are not changed when Unit 2 mortality is added to the

existing effect. This is also true for the conclusions of an

analysis of lakewide effects of cropping that included all operating
power plants on Lake Ontario~
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2.3 POTENTIAL DISCHARGE IMPACTS

The Unit 2 discharge structure is a submerged diffuser located in
approximately 10.7 m (35 ft) of water. Its two ports are angled

slightly upward to minimize plume contact with the bottom, which

causes scouring. The plume is predicted to be diluted 3:1 with
ambient lake water in the first 6 m and 6:1 in 11 m. In the worst

case, surface temperature rises are expected to be less than 1.7'C

(3'F).

As the water exits from the discharge ports at high velocity,
surrounding lake water is drawn into the stream and is mixed with
the discharge water. Organisms with limited motility present in the
nearfield vicinity of the discharge are subject to entrainment into
the discharge plume. Actively swimming organisms will also be

entrained if they do not or cannot resist the flow.

Plume entrainment can result'in a broad spectrum of time/temperature

exposures. Because of the complex hydraulics associated with the

mixing of the jet and the surrounding water, it is difficult to
define the thermal regime that a plume-entrained organism might

experience. If an organism were entr'ained next to the discharge

nozzle and entered the core of the jet, it would theoretically
experience the time/temperature relationship of a water particle
exiting from the discharge ports. This, would represent the worst

situation for a plume-entrained organism since the temperature

increase and exposure time are both maximized. An organism en-

countering the periphery of the plume would experience a smaller

temperature increase for a shorter time.

2.3.1 Benthos

Interactions between benthic organisms and the intake system were

discussed in Section 2.2.5; some of these concepts are germane to
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the interactions between benthos and the discharge. Potential

sources for impacts caused by the cooling water discharge include:

temperature-induced mortality of sessile organisms, plume entrain-

ment of semi-planktonic forms, and scouring of the bottom habitat.
Of significance, therefore, is the life mode of each species,

particularly the degree to which the organism utilizes the water

column for di spersal, breeding, 1 arval development, or feeding.

The meropl anktonic forms, including the Representative Important

Species Gammarus, are discussed under zooplankton (Section 2.3.2.2).
Other similar forms include certain insect groups (dipterans,
tricopterans, and ephemeropterans), which are terrestrial as adults

but metamorphose in the aquatic medium. Abundance of ithe aquatic

phase of these insects is prone to considerable fluctuation as a

result of variability in the terrestrial environment.

For the most part, benthic organisms remain closely associated with

the lake substrate and, as evidenced by temperature patterns near

the bottom, are not usually subjected to thermal elevations result-
ing from the plume. This occurs because the plume is buoyant,

except on sporadic occasions during winter months. In addition,

many benthic species - for example, annelids and snails - burrow

into and live in the sediments, which act as a buffer against
temperature change. Studies at other power plants have shown that
plume-induced elevations in water temperature near the substrate are

not transmitted through the sediment (>)

Another potential source of impact on benthos could occur through

scouring of sediments by a high-velocity bottom diffuser and, to a

lesser extent, through redepositing of these particles in quiescent

areas. Studies at JAF concluded that the high-velocity jet dis-
charge created some scour near the center of the diffuser( ). The

scouring in the vicinity of'he discharge caused substrate particles
to be transported from an area approximately 15 m (49 ft) from the
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center of the'iffuser and extending up to 55 m (180 ft) lake-
ward. This scouring process probably displaced part of the benthic
community (e.g., Yalvata, Amnicola, ~Shaerium, and various oligo-
chaete species) occupying an area less than 500 by 100 m (164 x 328

ft) adjacent to the discharge ports. However, this phenomenon is
clearly localized and of negligible effect in relation to benthic
production in the Nine Nile Point vicinity . Oesign character-
istics of the Unit 2 discharge structure are expected to result in a

greatly reduced scouring effect, since the flow rate is much smaller

(about 135 of the OAF flows).

Based on the analysis of six years of benthic data (Section 2.1.5)
collected near the Unit 1 discharge. and at a control transect, no

measurable effect was demonstrated on either species assemblages or
abundances as a result of Unit 1 operation. For each group of
organisms studied, the population changes between years usually
followed parallel patterns in nearfield and .control areas. Since

there was no'iscernible impact detected at Unit 1, none would be

expected at Unit 2, which has a lower potential for causing impact.

2.3.2 Plankton

2.3.2.1 Phytoplankton

Within the immediate vicinity of the plume, some reduction in
phytoplankton standing stock may be noted since the discharge waters

will be devoid (or nearly so) of viable phytoplankton (100K mortal-
ity through the closed cooling system is assumed). As a result of
the mixing of discharge waters with lake water and the patchy nature

of planktonic populations, this localized reduction will probably
not be observable in the discharge area of the lake.

The effect the discharge will have on phytoplankton entrained into
the plume will most likely be an alteration in metabolic processes
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observable as a change in primary productivity. A localized reduc-

tion in standing stock may occur as a combination of entrained

subsurface water, which generally has lower levels of phytoplankton

than the surface waters, and the discharge water (devoid of phyto-

plankton) is carried up in the buoyant plume.

Studies to determine the effect of plume entrainment on phytoplank-
ton were conducted at JAF from 1976 through 1979 . During the

first year, phytoplankton productivity in the plume (as measured by

C uptake after 4 hrs of incubation) was consistently higher than

that measured outside the plume. Results following a 7-hr incuba-

tion were more variable, particularly for the night samples, and

some inhibition was noted. Recycling of carbon was cited as a

possible cause of the observed results '. The phytoplankton

plume entrainment studies conducted during 1977-1979 did not show

the consistent increased productivity that was observed during
1976 . During these later studies the 4-hr incubation period
was omitted, so the results are not entirely comparable to the 1976

data. With the exception of a few samples each year that showed

either significant stimulation or inhibition when compared to the

intake sample, most values fell near unity, indicating little or no

effect of plume entrainment on the phytoplankton. The data for
1979 were collected only from January to March so the greater
number of samples exhibiting stimulation is probably a seasonal

response of the cold-water phytoplankton species to the warmer

temperatures in the plume during this time of year. This finding
was expected, and similar observations have been made at a number of
other power plants

In the worst case, the initial discharge temperature rise at Unit 2

will be approximately 15.6 C (28.0 F); however, this temperature

differential will be diluted to 5.2'C (9.4'F) within 6 m (20 ft) and

t'o 2.6'C (4.7'F) within 11 m (35 ft). These temperature differen-
tials are not sufficient to cause significant alteration to the
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phytoplankton community in light of the rapid dilution of the plume

with ambient lake water. Depending upon season or ambient tempera-

tures, individual species may be either stimulated or inhibited, but
the overall effect will be small and, in light of the small volume

discharged by Unit 2, probably "immeasurable.

2.3.2.2 Zooplankton

As discussed for the phytoplankton, a localized reduction in zoo-

plankton standing crop near the discharge may be expected due to the
mixing of lake water with discharge water that is devoid of viable
zooplankton. Depending on the degree of mixing, this reduction
would be difficult to measure because of the patchy nature of the

planktonic community. Species living in the deeper water layers
may be, displaced in the immediate vicinity of the discharge due to
turbulent mixing. Species such as Gammarus, which use both the
bottom substrate and .the water column, may be displaced slightly
because of bottom scour but this is expected to be minimal at
Unit 2.

Studies conducted by LNS and TI at JAF to determine the
effects of plume entrainment, on zoopl ankton survival indicated
little or no effect. In general the survival of zooplankton col-
lected in the intake and subjected to plume simulation*studies in
the laboratory and those collected at the 1.1 and 1.7'C (2 and

3'F) isotherms in the lake was within the range observed for intake
organisms. This indicates that the greatest mortality was probably
a result of collection and handling procedures.

Markowski observed no'effects on zooplankton as a result of the
thermal discharges of several. power generating stations located on

marine waters. Whitehouse found no significant effect on the

composition, abundance, or seasonal fluctuations of resident
zooplankton populations in a cooling pond receiving the thermal
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discharge from a small generating station. WAPORA, Inc. (10)

evaluated the thermal discharge of four power stations along the

Ohio River and concluded that the zooplankton popul ations were

not altered as a result of the thermal discharges. Davies and

Jensen , in an extensive survey at three power plants situated

on different types of water bodies, concluded that there was no

lasting or permanent effect on resident populations of zooplankton

in the receiving waters.

Specific studies on Gammarus sp., the only invertebrate among the

Representative Important species for Unit 2, also indicate a small

potential impact by the Unit 2 discharge. NYU studied zooplankton

plume entrainment by drifting Gammarus spp., the dominant zooplank-

ton group in the vicinity of the Indian Point plant, through the

thermal plume for a one-hour exposure period . They observed(12)

1005 survival on two separate occasions following the exposure to
the elevated plume temperatures and to the additional stress of

chlorine. In laboratory thermal tolerance studies, Sprague (13)

determined the ultimate 24- and 48-hr Lethal Temperature for 50K of
the test organisms (LT50s) for G. fasciatus to be 34.6'C (94.3'F)

and 33'C (91.4 F), respectively. Thibault and Couture' found(14)

the ultimate 24-hr LT50 for G. fasci atus to be 33.8'C (92.8'F),
similar to Sprague's results. When acclimated to 10 and 20'C (50

and 68 F), the 24-hr LT50s for G. fasciatus were approximately 31

(87.8'F) and 32 C (89.6'F) . As shown by these results, thermal

tolerance in Gammarus is related to acclimation temperature.

As a result of the rapid dilution of the thermal plume, Gammarus

will not be exposed to lethal temperatures for the extended periods

that organisms were in the laboratory. In those cases where

Gammarus is entrained i,nto the plume near the discharge port,
C

exposure to potentially lethal temperatures is possible, but only

for a short time. The maximum ambient temperature in the NMP

vicinity of Lake Ontario is estimated to be 25.6'C (78'F). With a
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maximum discharge temperature rise of 15.6 C (28'F), exposure to a

maximum of 41.2 C (106'F) is possible; however, the duration will be

on the order of seconds. In a study by New York University Medical

Center Gammarus from the Hudson River were exposed to 6 Ts

ranging from 0-19'C (0-34.2 F) for 10 min when ambient conditions
were 22'C (71.6'F). At a hT of 15'C (26.8'F), survival after 24

hrs was the same as for controls; at a aT of 17 C (30.6 F), sur-
vival was still not significantly different from control survival.
At a zT of 19'C (34.2'F), on the other hand, mortality was 100K

after 24 hrs. Based on these studies, even if Gammarus is entrained
near the discharge port during high ambient temperatures, survival
is expected to be high.

2.3.2.3 Ichthyoplankton

As stated for both phytoplankton and zooplankton, blowdown from the
closed-cycle cooling system will be devoid of viable fish larvae.
This will create a localized reduction in ichthyoplankton abundance,

but will be a localized phenomenon that probably will not be observ-
able above natural variation.

Laboratory studies simulating the temperature effects of plant
entrainment may be used for evaluating plume entrainment of larvae
and early life stages of fish. The time/temperature exposures

incurred during passage through the entire cooling system are

considerably more severe than the worst case of time/temperature
exposures in the Unit 2 plume; 'therefore, these studies provide a

conservative estimate.

The effects of plume entrainment on ichthyoplankton were studied at
JAF during 1976, 1977, and 1978 by laboratory simulation oF the

time/temperature regime to which larvae would be exposed in the

plume . Because of initial high mortality in. the intake
samples, apparently due to the collection process, and very low
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numbers of larvae available for testing, no conclusions could be

drawn from these data. On a few occasions, live larvae were ob-

tained and survived the simulation process, demonstrating that
larvae can survive plume entrainment.

Because few data are available on the representative species, data

from a few closely related species are included to provide a general

picture of the effect of thermal shock on early life stages of
fish.

Barker et al. exposed rainbow smelt larvae acclimated to 13'C

(55.4'F) to abrupt temperature changes for durations of 5, 30, and

60 min, after which they were observed for 24 hrs. The LT50s

for the three exposure periods were >30.6 <32.4 C (>87. 1 <90.3'F),

>28.8 <30.8'C (>83.8 <87.4 F), and >26.8 <28.8'C (>80.2 <83.8'F),

respectively. Schubel et al.( ) exposed larvae of blueback
i i (A1 i ii l, i i « t ~i~ «i
striped bass (Morone saxatilis) to time/temperature histories
typical of currently operating power plants at acclimation tempera-

tures of 20 C (68 F). In this study, eggs and larvae were exposed

to temperature increases and subsequent decreases, representing
plant passage and thermal decay in the plume. As with Barker et

al. , thei.r time/temperature combinations were longer than
those predicted for Unit 2. For eggs of the three selected species,

Schubel et al. found no significant increase in mortality for
temperature increases of 10'C (17.9'F) for 20-min exposure. Eggs of
striped bass survived temperature increases of 15'C (26.8 F) for
3-min, but eggs of the other two species exhibited a significant
increase in mortality (percentage not stated) for the same tempera-

ture increase and exposure.

Similar results were found for larvae, in that no significant
increase in mortality occurred for increased temperatures of 10'C

(17.9'F) for 20-min exposures for striped bass and blueback herring.
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There was a small but statistically significant increase in mortal-

ity of 3X for American shad. For a 3-min exposure to a 15 C (26.8'F)

increase there was no significant increase in mortality for blueback

herring. For striped bass and shad the increase in mortality was

less than 50K.

Chadwick( ) obtained high survival of striped bass larvae after
exposure to 10 C (17.9'F) temperature shocks for up to 6 min at
acclimation temperatures of 15.5 and 21.1 C (56.0 and 70.0'F).
Temperature increases that brought the maximum to 32 C (89.6'F) or
above resulted in significant mortality, regardless of exposure time

for this species.

The foregoing results from laboratory studies indicate that the

worst case of plume entrainment at Unit 2 is far less severe than

the time/temperature regimes for which there was substantial sur-

vival for a variety of species. 'hese studies exposed eggs and

larvae to temperature increases for a minimum of 3 min. At JAF
'n

organism entrained exactly at the point of discharge is at a

temperature 5 C (8.9 F) above ambient in less than 2 sec for the

worst case condition. This duration would be even less at Unit 2.

In general, the cited studies found that a 10 C (17.9 F) increase

did not affect survival, while a 15'C (26.8'F) increase resulted in

less than 505 mortality. Since these studies were done for exposure

periods that were substantially longer than comparable exposure at

Unit 2, it is expected that plume entrainment at Unit 2 will have a

minimal effect on survival of eggs and larvae.

This conclusion is further supported by the aquatic ecology studies

conducted for Unit 1 and JAF from 1972 to 1978, which showed no

measurable reductions in ichthyoplankton numbers or alterations in

temporal patterns in the thermally influenced area as compared to
the control areas. Based on this six-year data base and the rela-
tively small volume being discharged by Unit 2, plume entrainment is
expected to have a minimal impact on the ichthyoplankton community.
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2.3.3 Nekton

The response of an organism to temperature can be divided into two

zones: the zone of tolerance and the zone of resistance. An

organism may live indefinitely in the zone of tolerance because the

temperature level does not exceed the upper (or lower) incipient
lethal temperature (UILT) for that species. The UILT depends on

acclimation temperature and, according to Coutant, is defined as

that temperature which when a fish is brought rapidly to it from a

different temperature wi 11 kill a stated fraction of the population

(gener ally 505) with an indefinitely prolonged exposure ). The

lower incipient lethal level is correspondingly defined. The higher
the acclimation temperature, the higher the UILT, until the ultimate
UILT is reached. At this level, an increase in acclimation tempera-

ture will not raise the incipient lethal level.

In the zone of resistance, an organism's survival is time-dependent.

At temperatures well above the UILT, resistance time is short,
while at temperatures close to the UILT, resistance times are

greater. A temperature can ultimately be reached that produces

death instantaneously.

Another important concept related to the thermal responses of fish
is the Critical Thermal Maximum (CTM), which is the temperature,
determined in controlled laboratory studies, at which locomotor

activity becomes disorganized and the fish loses its ability to
escape from potentially dangerous conditions. The point of equi li-
brium loss is of particular importance in evaluating the effects of
exposure to thermal plumes in the natural environment (the CTM is
also dependent on acclimation temperature).

While ctandard thermal bioassays provide a fairly precise demar-

cation of lethal temperature, they do not permit evaluation of
sublethal effects on behavior. For example, Coutant( ) has shown
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that exposure to sublethal temperatures resulted in increased
predation on juvenile salmonids in controlled laboratory experi-
ments. Increases in predation rate occurred at thermal elevations
well below those causing'equilibrium loss visible to the experi-
menter.

Fish can also respond behaviorally to temperature changes by

avoiding or gravitating to the change. For example, when presented

with a temperature gr'adient in the laboratory, fish will show a

preference for a particular temperature regime while avoiding
others, the response being related to acclimation temperature and

season. Preferred and avoidance temperatures are important in
assessing thermal plume effects because they permit an evaluation of
fish behavior in relation to the thermal gradient of the plume.

Over the years there has been a considerable amount of experi-
mentation done to determine the thermal tolerances of fish using

laboratory studies; however, care must be taken in extrapolation.
In nature, fish respond to many abiotic and biotic factors, while in
the laboratory conditions are simplified and, to a large extent,
controlled. Therefore, predictions of fish behavior from laboratory
results must be made with care.

2.3.3.1 Lethal Thermal Effects

The evaluation of potential effects is based on thermal data for
each species, field data collected in the vicinity of Nine Mile

Point, and literature concerning the effect of thermal discharges.

Appendix A contains a tabulation of thermal data for selected
Lake Ontario fish species. Oata on other Great Lakes species are

presented to show representative analysis of thermal effects.
Thermal data of Otto et al. ~ ~ are particularly useful because

they are based: on specimens from the Great Lakes and provide thermal

characteristics relative to an acclimation temperature in each case ~
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Fish can interact with the thermal plume in two ways: they can swim

voluntarily into the plume or they can be entrained into it. The

temperature distributions in the Unit 1 or JAF plume provide a very
sharp gradient. of temperature as a result of the rapid dilution pro-
duced by the high-velocity discharge. 8ecause of the high velocity
and rapid dilution, the likelihood of a fish's intentionally ex-
periencing the full temperature increase by swimming into the plume

is remote. Only those few fish entrained into the plume near the
discharge ports will experience the highest temperatures, and the
exposure period will be on the order of only a few seconds.

Otto et al. studied the swimming ability of yellow perch,(20)

rainbow smelt, and other species from Lake Michigan. The maximum

sustained swimming speeds (speeds which a fish can maintain for
up to 45 min) over a range of acclimation temperatures from 5 to
20'C (41 to 68 F) were 14-28 cm/s (0.5-1.0 fps) for yellow perch and

34-45 cm/s (1.1-1.5 fps) for rainbow smelt. Their ranges of sus-
tained swim speeds probably encompass the capabilities of the other
important species.

The predicted velocity of water exiting from the discharge ports is
approximately 140 cm/s (4.6 fps) at a distance of 10.7 m (35 ft)

1

from the ports. Over this same distance dilution of the discharge
water has reduced the temperature increase from 15.6 C (27.9'F) to

. approximately 2. 4'C (4. 3'F ) above ambi ent. It i s cl ear from a

comparison of discharge velocities and maximum sustained swim speeds

that it is impossible for any of the important species to swim

against the discharge flow and maintain themselves in the hottest
portion of the plume. Therefore, the evaluation of lethal effects
resulting from voluntary exposure to the plume should be based on

the temperatures that exist in the area of the velocity field where

a fish could theoret'ically maintain itself.

Studies indicated that most of the important species could maintain
themselves in water with a 30 cm/s (1.0 fps) velocity during the
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summer months when their swimming ability is at a maximum, particu-
larly specimens larger than those tested. Temperature increases of
1.5'C (2.7 F) above ambient are expected in this area. UILT levels
for the selected important species (Table 2.3.3-1) at low to mode-

, rate ambient lake temperatures are well above temperatures in the
30 cm/s (1.0 fps) area of the plume. Summer lethal thresholds (UILT
levels based, on the highest acclimation temperatures) for smallmouth
bass, yellow perch, white perch, and spottai 1 shiner are above the

C

plume temperatures under consideration (Table 2.3.3-2). Although
the lethal thresholds for the threespine stickleback are lower than
for the species discussed above, it does not appear that the 1.5'C
(2.7'F) above ambient will cause mortality, based on the available
data. At acclimation temperatures of 19 and 20'C (66.2 and 68'F),
lethal thresholds were 25.8 (78.4'F) and 27.2 C (81 F), respective-
1 y ( 2 1, 2 2 )

Behavioral characteristics of other selected species will tend to
keep them away from the discharge area during the period of warm

ambient temperatures. Brown trout, coho salmon, and rainbow smelt
are cold water species which normally leave the warm surface waters
of the lake during the summer months to reside in the cool waters of
the lake depths, and are thus removed from potential exposure to
lethal temperatures.

Adult alewives are less tolerant of high temperatures than young-
of-the-year and move to the cool depths of Lake Ontario following
spawning in the spring . While the UILT level may be exceeded(3)

for adult alewives during the summer, young-of-the-year can appar-
ently tolerate these conditions.

Another behavioral characteristic that reduces the potential for
adverse interaction between the fish populations and the thermal
plume is avoidance. It has been demonstrated in the laboratory that
fish will avoid potentially harmful temperatures. In nature this is
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TABLE 2.3.3-1

A SUMMARY OF UPPER INCIPIENT LETHAL TEi1PERATURES FOR FISH

S ecies
Acclimation Tem erature C

20 2

Alewife (Adult)
Alewifeb(Yo ung-o f-the- Year )
Blo ater 22.6.
Brook trout 23. 7

Chinopk salon 21.5
Ci sco 21. 6
Coho salon 21. 3
Emerald shinerf 23.2
Fathead minnow
Go iden shinerg
Largeaouth bass
Rainbow trout (Yearling) 23.4
Slimy sculpin 18.5
Yel low perch 22.2

23.3
26.3
23.8
24.4
24.3
24.3
22.5
26.7
28.2
29.3

24.7
22.5
24.7

23.8 24.5
30.3

24.8 26.6
25.0 25.3
25.0 25.1

26.6
23.1 23.9
28.9 30.7

31.7
30.5 31.8

32.5
25.7 25.7
23.5
27.7 29.8

32.1
27.0
25.3

26.0

30.7
33.2
32.2
34.5

31.2

bReference 20
Reference 23

d
Reference 24
Reference 25

fReference 26
Reference 27

gReference 28
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TABLE 2.3.3-2

SUMMER LETHAL THRESHOLD TEMPERATURES fOR IMPORTANT SPECIES

S ecies

Alewife
Brown trout
Coho salren
Rainbow smelt
Smallreuth bass
Threespine stickleback
Yellow perch
White perch
Spottail shiner

Summer Lethal Threshold 'C *

23.0-32.2
23.5-25.0
24.0-25.0
21.5-28.5

36.0
25.8-33.0
29.0-30.0

34.7
30.8

*Upper lethal threshold temperatures based on the highest
acclimation temperatures presented in Appendix A.

2. 0-139



confirmed by seasonal changes in distribution of most species.

Table 2.3.3-3 lists laboratory-determined avoidance temperatures for
some Lake Michigan fishes( ). Table 2.3.3-4 gives the CTM re-
lated to acclimation temperature. There is a trend through the

range of acclimation temperatures available that. shows the avoidance

temperature to be below the CTM and below or nearly equal to the

UILT. The CTMs are substantially greater than the UILT.

The one exception to this is yellow perch. Based on the data at

hand, this species may not avoid potentially lethal temperatures at
acclimation temperatures of 5, 10, and 15'C (41, 50, and 59'F). The

data in Tables 2.3.3-2, 2.3.3-3, and 2.3.3-4 show that at acclima-

tion temperatures from 5-15'C (41-59'F) the UILT is lower than the
avoidance temperature and the CTM at 10 and 15 C (50 and 59'F)is
lower than the avoidance temperature at those acclimation levels.
However, if ambient lake conditions are 15'C (59 F) and fish are

exposed to the full temperature rise of 15.6 C (27.9 F), the expo-

sure temperature will be 30.6'C (87.1'F). While this temperature is
nearly identical to the CTM, it has already been concluded that
because of the exit velocities there is practically no chance of
organisms'eing exposed to the maximum discharge temperatures.

A second mode of contact of fish with the thermal plume is through
entrainment with the surrounding water mass.

Analyzing plume entrainment of juvenile and adult fish is more

complex than it is for eggs and larvae because these life stages

have the ability to resist entrainment into the plume or to leave

the plume if they encounter unsuitable temperatures. The velocity
component of the discharge will help entrained organisms escape

potentially harmful temperatures because the plume momentum carries
organisms away from the warmest temperatures. It has already been

concluded that the fish will be unable to maintain themselves in an

area where the velocity is greater than 30 cm/s (1.0 fps) and that
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TABLE 2.3.3-3

AVOIDANCE TEMPERATURES OF FISH AS DETERMINED IN A CHOICE APPARATUS

S ecies
Acclimation Tem erature 'C

0 2

Brook trout
Brown trout
Chinook salon
Coho salaon
Lake trout
Rainbow smelt
Rainbow trout
Slimy sculpin
Yellow perch

20.0

20.0
19.5
17.5
10.5
20.5
15.0
26.0

22.0
21.5
21.5
22.0
18.0
16.0
21.5
19.0
30.0

23.5
24.5
22.0

23.5
23.0
31.0

23.5

24.5

31.0 33.0

21.5 24.0

Reference 20
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TABLE 2.3.3-4

A SUMMARY OF CRITICAL THERMAL MAXIMA FgR FISH ACCLIMATED
TO CONSTANT TEMPERATURES

S ecies
Accl imat ion Tem er ature 'C)

Alewife (Adult) 24.7
Alewife (Young-o f-the-Year) 24.7
Brook trout (Yearling) 27. 5
Brown trout (Yearling)
Chinook saloon (Yearling) 26.4
Coho saloon (Yearling) 26.1
Fathead minnow 28.5
Go iden shiner 27.9
Lake trout (Yearling) 26. 3

Longnose dace 28.4
Rainbow smelt 23.5
Rainbow trout (Yearling) 27.9
Slimy sculpin 23.4
Spottail shiner 27.7
White sucker 27.8
Yellow perch (Adult) 26.6
Yellow perch (Yo ung-o f-the-Year) 27.5

28.7
26.7
28. 8
27.8
28.5
27.3
31.9
30.3
25.9
30.5
24.4
28.4
25.0
30.2
28.7
29.3
28.6

29.9
29.5
30.0

29.5
28.2
32.7
33.0
27.9
31.4

29.7
27.1
31.2
30.5
31.6
30.3

31. 9 32.8
31.9 34.3 36.7

30.2
29.9
35.7 36.7 38.5
35.0 37.6 39.0

33.9 35.4 36.7

31.1
29.4
33.3 35.5 37.7
32.9
33.8 35.4
32.6 35.1

Reference 20
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the temperature rise in this area is approximately 1.5 C (2.7 F)
above ambient. Thus the exposure period for organisms entrained
near the discharge ports and subject to higher temperatures will be

of short duration, probably less than 1 min.

Since little temperature tolerance information exists for short
exposure times, CTN data will be used as an indication of survival
for plume-entrained nekton. CTNs, as pointed out previously, are

determined by exposing a fish to gradually increasing temperatures
until there is an equilibrium loss. The situation at Unit 2 is
reversed; once entrained in the plume, the fish will be exposed to
an abrupt temperature increase followed by a decline to ambient

conditions. The CTMs in Table 2.3.3-4 can be used as a conservative
indication of the temperature increase that a species can survive
for short exposure periods.

The maximum temperature rise of 15.6'C (27.9 F) will be at or near
the CTM for a few species at 10-15'C (50-59 F) acclimation. At a

water temperature of 20'C (68'F), it is expected that the salmonids
and rainbow smelt would have migrated from the area and only the
warm water species wi 11 be present. At ambient temperatures of
20'C (68'F) and greater, with the maximum aT of 15.6'C (27.9'F),
the CTNs of all the species in Table 2.3.3-4 are exceeded. However,

at a LT of 10 C (18 F) the only Representative Important Species

whose CTM is exceeded are coho salmon, at 20'C (68 F) ambient,
and alewife, at 25 C (77'F) ambient. As discussed previously, these
species will have left the area by the time these ambient tempera-
tures have been reached. Limited data on spottail shiner (Appendix

A) indicate that a ~T of 15.6'C (27.9'F) at 20'C (68'F) acclimation
may be harmful. while a ~T. of 10'C (18'F) is not. There are no data
for white perch or threespine stickleback.

While the above analysis suggests that some mortality may occur for
the worst-case condition, particularly ht 20 and 25'C (68-77'F)
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acclimation temperatures, it should be emphasized again that the

thermal limits used in this analysis are based on durations that far
exceed the conditions that exist for plume entrainment. At Unit 2,

the worst-case condition occurs at 25'C (77'F) acclimation, which is
the maximum intake temperature recorded in 1976 at the JAF plant.
In the plume, entrained organisms experience temperatures more than
10'C (18'F) above ambient for less than 1 sec. It takes another

second to traverse to the 7.5 C (13.5 F) isotherm. 8eyond this
point, plume-related mortality is not expected.

In summary, it appears that fish will avoid lethal areas of the

plume and that any plume-entrained mortality will be minimal, if it
occurs at all, because of the short exposure time to the warmest

plume temperatures.

2.3.3.2 Sublethal Thermal Effects

Sublethal effects may manifest themselves as changes in the behavior
I .

or physiology of the organism. The former involve almost immediate

responses by fish, while the latter require an extended period of
exposure to increased water temperatures. Some examples of physio-

logical effects are alterations in the reproductive cycle, changes

in growth, and changes. in feeding patterns. Alterations to the

reproductive cycle could be manifested as delays in spawning or

reduced numbers of eggs. Changes in growth and feeding could affect
one another and both could precipitate changes in the reproductive
cycle.

Sublethal effects involving a physiological response are precluded

because of the exclusionary effect of the high plume velocity. The

time required for a fish to acclimate to a change in water tempera-

ture is days or weeks, depending on the magnitude of change. 8ased

on maximum sustained swim speeds, fish can maintain themselves only
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on the periphery of the plume and then only for short periods of
time.

The potential for a sublethal effect caused by a brief exposure

to an elevated temperature, such as would occur in the worst-case

entrainment situation, has not been studied exclusively. The

results of Hoss et al.~ ~ indicated no persistent effects on

oxygen consumption or growth rate for thermally shocked fish larvae.

The ecological studies conducted in the vicinity of Nine Mile Point

and Oswego provide a base for assessing the effect of thermal
effluents on the fish community in the Nine Mile Point vicinity.
Studies were conducted from 1969 through 1978 and included analyses

of abundance and taxonomic composition, fecundity and time of
spawning, annulus formation as an indirect measure of growth, and

feeding patterns. The overall results of this work are described

briefly below. More detailed analyses are presented in Section

2.1.6.

Work conducted by Storr~ ~ indicates the extent of movement of
fish in the Nine Mile Point vicinity. Almost 10,000 individuals of
22 species of fish were tagged from 1972 to 1974. Tag returns were

obtained primarily from anglers, so there was a differential rate of
return depending on the popularity of a species and the relative
ease of capture for each species. Yellow perch and smallmouth bass,

two important species, were among those whose tags were returned in

greatest numbers.

The continuous dispersal of fish from the tagging area suggests

that there may not be long-term residence in the vicinity of the

discharge. Tagged fish were recovered from a wide area, indicating
an approximate 112-km (70-mi) range of movement around Nine Mile

Point. There was a general pattern of movement to the east of Nine

Mile Point during the summer and fall and to the west in the spring.
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Storr's findings are supported by the results of the ecological
studies that found that normal onshore-offshore seasonal migrations
are unaffected by the presence of thermal discharges.

In general, no alterations in the fish community have been detected.
There have been some cycles demonstrated in the long-term data base.

Alewife abundances in the Nine Mile Point vicinity peaked during the
early 1970s, declined during the late 1970s, and are showing a

rebound to previous high abundances during the early 1980s. Three-

spine stickleback also ave some wide variation in abundances over

the duration of the study (Section 2.1.6).

Analyses to ascertain the effect of Unit 1 and JAF on reproduction
showed that reproductive activity proceeds normally near the exist-
ing discharges and is similar to that in, other habitats for the same

species . Time of annulus formation was analyzed for rainbow

smelt, yellow perch, alewife, and smallmouth bass ' The

results indicated no detectable impacts on the time of annulus

formation using the same species. Studies on feeding preferences
l

showed that feeding patterns of these fish have not been altered by

the operation of the plants ' In. conclusion, the data

indicate that operation of existing plants has not measurably
affected the fish populations of Lake Ontario and the relatively
small addition of heat by Unit 2 is not expected to have a signifi-
cant impact.
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CHAPTER 3.0

METHODS AND MATERIALS

3.1 BIOLOGICAL PROGRAMS

The data base of the preoperational monitoring program at Unit 2

accrued mainly from studies of the Nine Mile Point vicinity con-

ducted by LMS from 1972-1977* and by TI during 1977-1981

Other studies in the immediate vicinity of the study area have been

conducted by the Lake Ontario Environmental Laboratory (LOTEL)

McNaught and Fenlon , McNaught and Buzzard . , and Storr

The objective of the aquatic ecology monitoring programs was to
determine the taxonomic composition of the biota and characterize
the temporal/spatial abundance distribution of major groups and

selected species in the Nine Mile Point vicinity of Lake Ontario.
The biotic groups studied included phytoplankton, microzooplankton,
macrozooplankton, ichthyoplankton, benthic invertebrates, periphyton,
and nekton (fish).

Other variables were monitored for some biota to obtain additional
information on the ecology of the area. For example, primary
productivi ty, chl orophyl 1 a and phaeopigments, and biovolume were

measured as part of the phytopl ankton study; length-frequency
or developmental stage was determined for ichthyopl ankton; and

data on reproduction, age, growth, and food habits were obtained for
fish. Supporting data (e.g. water temperature, light intensity,
sediment characteristics) were obtained as necessary to aid in
interpretation of. the biological data.

*First three months of 1977 - entrainment and impingement only.
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I
Final ly, entrainment and impingement studies conducted at Unit 1

and the JAF plant provided information necessary to estimate intake
effects for Unit 2.

3.1.1 Phytopl ankton

3.1.1.1 Fi eld Methods

Lake Studies

Plankton studies were initiated in 1963 and 1964 by Mirza and

Storr . Samples were collected with a 23-cm (9-in.) plankton
net by means of timed tows at transects corresponding to NMPW and

NMPE (6.1-m [20-ft] depth) and at a station 3.2 km (2 mi) offshore.

A summary of the field procedures used to collect phytoplankton

in the Nine Mile Point vicinity of Lake Ontario from 1973 to 1978 is
provided in Table 3.1.1-1, and includes stations, frequency,
and techniques. Detail s of the program are found in LMS and

TI(5,6)

Phytoplankton samples were collected in the Nine Mile Point vicinity
along four transects (NMPE, NMPP, NMPW, and FITZ) approximately 4.0

km (2.5 mi) along the lake shore at four depth contours (3, 6, 12,

and 18 m [10, 20, 40 and 60 ft]), as depicted in Figure 3.1.1-1.
These sampling locations, established in 1973, were used throughout

the program without further modification.—

The frequency of sample collection varied from every two to every

four weeks, depending on year and season. During 1973-1975,

samples were taken twice a month during the summer; all other
sampling was conducted on a monthly basis.

3.0-2
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TABLE 3.1.1-1

SiiPiHARY OF FIELD NLTERIALS AND HETHODS FOR PHYTOPLANKTON COLLECTIONS
NINE NILE POINT VICINITY - 1973-1978

Field Nethods Sam le Treatment

Year Stations
Samoling
Fre uenc

Collection Nethod
and De th

axonomy,
Biovoluae

Replicates l Enumeration

orophy a
and Primary

Phaeo h tin Productivit
'ater

ualit
1973 3,6,12, and 18-m

depth contours a-
long 4 transects
i'."iPW, NHPP, FITZ,
hHPE

Chlorophyll a
monthly except
twice monthly
JUL-AUG, NS-DEC.
Net - APR-SEP
monthly except
twice monthly
during JUL I
AUG.
Whole water-
JUN-NOV fre-
quency as
above

Whole water 5
chlorophyll a-
0.5 m below sur-
face by filling
a polyethylene
container
Net - 20-liter
~o surface water
(0.5 m below
surface) through
28 p m mesh Wis-
consin net

Not collected 1-liter sn-
ples preserved
with 5g form-
aldehyde (buf-
fered)

1-liter bottle Not conducted
stored on ice (in
opaque black plas-
tic bags)

1974 Same as during
1973

C primary14

productivity
and chloro-
phyll a - 2
times- biay,
I/month- JUN-
DEC, NS-NOV

Whole water
monthly - APR 5
SEP-DEC, twice-
monthly-i'1AY-AUG

PVC Van Dorn
water bottle
0.5 m below sur-
face for enu-
meration and tax-
oneny f chloro-
phyll a; I m

beloy4surface
for C pro-
ductivity
arid chloro-
phyll a

1-liter sam-
ple preserved
with Lugol's
solution or
Weber's solu-
tion (after 28
June)

Same as during
1973.

Procedures of Temperatur e
Vol lp~4~ider et light pene-
al. ,15)and . tration at
APHA ' 2 1 m inter-
light, 1 dark vals in con-
bottle; 1 sample j~nction with
for TIC; 4-hr C

>ncubat>on in situ
at colle"tion
depth (1 m).

Inoculated with
ls gj C as
NaH'03

(1 of 2)



TABLE 3.1.1-1 (Cont)

Field Hethods Sam le Treatment

Year Stations
Sampling
Fre uenc

Collection Hethod
and Depth

axonomy, orop y a
Biovolume ard Primary Mater

Re licates & Enumeration Phaeophytin Productivit ualit

1975 Same as during
1973-1974

Chlorophyll a
and enumer a-
tion and taxo-
nomy- monthly
APR, SEP, OEC

twice mo~)hly-
YAY-AUu C

Primary Prod-
uctivity
monthly-
APR-OEC

PVC Van Oorn
water bottle
surface (5X)
all stations,
3 depths composi-
ted for enumera-
tion and chloro-
phyll a; 3 de~)hs
separate for C

and chlorophyll a

2-composited
immediately
after collec-
tion and prior
to splitting
for various
treatments

1-liter sample
preserved with
Lugol's solu-
tion

2-liter bottle
treated as during
1973-1974

Same as during
1974

Temperature
at surface
and at bot-
tom as w 11
as 50% (surface),
25$ arid 1% light
levels at t".4PE

Light penetr ation-
50,25, E 1%

levels at t~<lPE

1976 Same as during
1973-1975

Yionthly
APR-DEC

all sam-
ples col-
lected dur-
ing day

PVC Van Dorn water
bottle; just below
surface; also 50,
25, and 1X light
transmittance levels
at NHPE-12 m

Same as
during 1975

350 ml sub-
sample pre-
served with
Lugo( 1$ )

so 1 u-
tion

2 1-liter bottles-
treated as during
1973-1975

Same as during Same as during
1974-1975 except 1975
incubated in
laboratory at
1000 f.c. Trans-
ported immedi-
ately in dark box.

1977 Same as during
1973-1976

1973 S:mie as during
1973-1977

Yionthly
'PR-OEC

Honthly
APR-DEC

Same as during 1976

Same as during
1976-1977

Same as during
1975-1976

Same as dur ing
1975-1977

2-3.8-liter sub-
samples pre-
served with
acid Lugol's
Same as during
1977

Same as during
1973-1976

Same as during
1973-1977

Same as during
1976.

Same as during
1976-1977,
except incubated
at 200 f.c.

Same as during
1975-1976

Light penetration
temperature,
1 100-ml sample
collected at each
location for alka-
linity; two smples
at each 6-m contour
for background
prima y productivity

eo - po people.
f.c. - Foot candles.
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3.1.1.2 Laboratory Methods

Lake Studies

A summary of the laboratory methods used to analyze phytoplankton

samples in the Nine Nile Point vicinity from 1973 through 1978 is
presented in Table 3.1.1-2. Details of these procedures are

presented in the annual reports(

Identification and Enumeration To facilitate analysis, the pre-

served whole water samples were concentrated by allowing the phyto-

plankton to settle. The phytoplankton present in. two subsamples

were then enumerated and identified to the lowest possible taxonomic

level.

Phytoplankton abundance was calculated using equations described in

the annual reports( '.
Biovolume was estimated by calculating an average cell volume for

. individuals of a speci es( ). In order to facilitate these esti-
mates, each species was represented by a specific geometric shape

(e.g ., cylinders and spheres), and a minimum of 20 individuals

per species per sampling date was measured. Biovolume was expressed

as mg/m unpreserved weight, assuming a specific gravity of 1.0

for algal cells.

Photos nthetic Pi ments Samples for pigment analysis were filtered
onto either 0.45 um pore size membrane filters (1973) or glass

fiber fi 1 ters (1974-1978) with subsequent extr acti on in acetone.

Spectrophotometric measurements of the extract were made on either a

Spectronic 20 or a Beckman Model 26 spectrophotometer. Phaeopigment

concentrations were obtained by acidifying the acetone extract with

dilute HC1 and determining the absorbance at 663 nm. Chlorophyll a

3. 0-5
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,TABLE 3. . -2

SOL%lRY OF LABORATORY HATERIALS AND HETHODS FOR PHYTOPLANKTON COLLECTIONS
NINE NILE POINT VICINITY - 1973-1978

Year Chloro hyll a C Prima Productivit Enumeration and Taxonom Biovolume

1973 0.5 liter filtered Not analyzed in 1973
through Hillipore
(0.45 p m) filter
Analyzed ace~~)jng
to Golte~y~a~
and APHA

5-day settling period in
acid-cleaned separatory
funnel

Oupl icate aliquots counted,
and identified in a Palmer-
Haloney counting chamber
at 200x mag. 3-10 mm strips
analyzed, counted as either
cells or clasps/1

Not analyzed during 1973

1974 2 1-liter whole water
samples filtered
through separate
Mhatman GF/C glass
fiber filters.
Analyzed acco~)j~g

and APHA~

Inoculated with 1 ml NaH C03
(h Ci/ml). Inoculated and
incubated in situ at 1 m.
At termina7ion, filtered
through 0.45-pn membrane
filters, placed in vial
with fluor and read on
Teledyne Liquid Scintillation
Counter - Hodel 360.

Concentration by 7-day
settling period in acid-
cleaned separatory funnels

Two O.l-ml subsmnples of
concentrate analyzed in
Palmer-Haloney nanoplank-
ton counting chamber; 200x
magnification; 3 strips
the width of a Hhipple
grid 10 rrn long analyzed
from each subsample
enumeration as cells/ml,
except for A hanizomenon
and Oscillatoria s a-
aent7s~S

Not analyzed during 1974

1975 Same as during
1974

Inoculated in field, laboratory.
methods same as during 1974.

Two 10-50 ml aliquots (de-
pending on density) were
placed in settling tubes
for at least. 24 hr.
Analysis accpgin~ )o Uter-
mohl method '

maximun of 300 units (single
cells, filaments, or colonies)
enumerated as cells/ml

Minimum 20 measurements/
dominant species/date,
standard geometric shapes
assumed; biovoly~e ex-
pressed as mg/m unpreserved
weight (sp. grav. as~gad ~

1.0 for algal cells)

(1 of 2)



TABLE 3.1.1-2 (Cont)

Year Chloroph ll- a C Primar Productivit Enumeration and Taxoncn Biovolume

1977 500-2000 ml
filtered through
hhatman GF/A at

-15 psi,
V@CO added,
frozen until
analysis.

Used Beckman
I'eodel 26 spec.
only read 665
5 750 nm

197G Same as during
1974-1975

Incubated at enbient lake'emp.
at constant 1000 f .c. for 4 hrs
Laboratory methods same as
during 1974-1975

Inoculated gath 5> Ci C in
form of NaH CO

incubated at lake surface
temp. and 2CO f.c. for 4 hr
at end-fixed with 1 ml neutral
full strength formalin, filtered
through membrane filters placed
into scintillation vial - added
fluor and used Beckman LS-250
scintillation counter

Same as during 1975

Se tied in glass settling
chamber 24 hr with 1 drop
dishwashing detergent. Brew
off supernatant leaving

-200 ml centrifuged at 2000 rpm
for 12 min.; drew off supernatant
leaving 10 ml. Enumeration
and IO of 2 subsamples at
400x on Palmer-tialoney cell
using 10 randan fields/aliquot

Same as during 1975

Hot analyzed in 1977

1978 Same as during
1977

Same as 1977, but used
Beckman LS-100 scintillation
counter

Same as during 1977 Hot analyzed in 1978

~t.c. - oot candles

(2 of 2)



and phaeopigments were calculated according to the methods described

by Go 1 terman

14Primar Production The C labeled samples were analyzed accord-

ing to the Mi 1 1 i pore fi 1 trat ion-1 i qui d sc int i 1 1 ati on techni que,

similar to that described by Vollenweider

After correction for background radiation, C-uptake/unit volume/14

unit time was calculated for light and dark bottles. Primary
production (generally considered to approximate net production using

14the C-uptake method) was calcul ated by subtracting C-uptake

in the dark bottle from the mean of C-uptake in the light bottle.

From 1974 through 1976, total inorganic carbon was determined by

titration according to the method described by Golterman
During 1977 and 1978, alkalinity was measured and available
inorganic carbon was calculated from these measurements.

Entrainment Studies Laboratory analyses of entrainment samples
were generally the same as those described for lake studies for
corresponding years of study (Table 3.1.1-2).

3.1. 2 Microzoopl ankton

3.1.2.1 Field Methods

Lake Studies

A summary of the field and laboratory procedures used to study
microzooplankton in the Nine Mile Point vicinity from 1973 through
1978 is provided in Table 3.1.2-1. A more detailed description of
the program is found in the annual reports

3.0-7
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TAUt.E 3.1.2-1

SUNNY OF FIELD ANO LABORATORY HATFRIALS ANU HETNOUS FOR HICROZOOPLAirTON COLLECTIONS
NINE s'IILE POINT VICINITY - 1973-1978

Year Stations

Field Hethods
Sampling Cottection netho Preser- Laboratory
Fre uenc and Oe th Re licates vative dvaethods

1973 3,6,12,18 m

depth contours
at 4 transects
NHPW,NHPP,FITZ
and NHPE

NY-DEC Double 12 cm dia-
meter Wisconsin-
type plankton
net with 76-wm
mesh netting
vertical tows-
bottom-surface
- double nets
beginning in
JUN single
net - APR-HAY

JUN to end of year- 5% buffered
2 reps. formal in

2 1-ml aliquots of
a well-mixed sample

. in a Sedgwick-Rafter
counting chamber;
3 strips 0.5 cm in
width were analyzed.
Identified to lowest
possible taxon.
Level of IO roti-
fers-genus, except
Keratella to species;
~c adocerans-genus,
except ~te todora
kindtii; copepods-
~adu ts or naupiii;
selected protozoa-
order or genus

1974 Same as during Honthly APR, Same as during
1973 SEP-OEC; 1973 except only

twice month- double nets used.
ly NY-AUG

0.06K neo-
synephrine
followed by
5tl buffered
formalin

Same as during 1973.
except 10-20 strips
the width of a Whipple
grid and the length
of the Sedgwick-
Rafter cell here
analyzed. Level of
IO same as during
1973-plus juveniles

.for copepods.

(I of 2)
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TC~ELE 3.1.2- Cont)

Yoar Stations
Sampling
Frenuenc

Field Yethods
CoOection t~athod

and Depth Re licates
Preser-
vative

Laboratory
Yiethods

1975 S-."..e as during Same as Clarke-Bumpus-76 r m Wo replicates
1973-1974 during 1974 mesh net; oblique

tow-bottom to surface,
2-4 min. duration;
neter readings before
and a. ter each tow.

5~ buffered
formalin

Samples were split
into 2 equal fractions
with a Folsom plankton
splitter. 2 1-ml frac-
tions analyzed using
Sedgwick-Rafter count-
ing chamber - 100x mag-
nification, minimrmr
of 10 horizontal strips
as defined by a Whipple
grid. Ninimun 200 or-
ganisms enumerated; 10 to
species level whenever
possible.

1976 Same as during
1973-1975

Monthly Same as during 1975
IQY-OEC except tows 2-4 min.
with phyto-
plankton

2-taken simul-
taneously

6X conc.
neosynephrine

-30 nin. later-
adjusted to 5g
buffered forna-
lin.

Same as during 1975

1977 . Same as during
1973-1976

Honthly
APR-OEC

12 cm Wisconsin 2-crxrrposited
net; Length:mouth before lab
3.1; oblique tow- processing
2 nets simultaneously;
flowmeter towed
alorgside boat to
measure towing speed
2-4 nin tora, 1-1.5
m/sec

Rose bengal
stain/acid
Lugol's then
formalin (buf-
fered) to 1(C

2 subsampl es
analyzed; Sedg-
wick-Rafter
cel 1-100x mag-
nification; 5
Whipple strips/
chamber-3 Sedg-
wick-Rafter
cha:nbers/sub-
sample; ninimum
200 organisms

1978 Same as during
1973-1977

Same as Same as during 1977
during 1977

Same as during
1977

Same as
during 1977

Same as during
1977

$ 2 of 2)



Microzooplankton samples were collected in the Nine Mile Point

vicinity along four transects (NMPW, NMPP, FITZ, and NMPE) encom-

passing approximately 4.0 km (2.5 mi) at four'epth contours (3,

6, 12, and 18-m [10, 20, 40, and 60-ftj), as depicted in Figure

3. 1.1-1. The same sampling locations were used throughout the

program without modification. The frequency with which samples were

collected varied from two to four weeks, depending on year and

season. From 1973 to 1975 samples were taken twice monthly during

the summer; all other sampling was conducted on a monthly basis.

All surveys were conducted during the day. Samples were collected

with 76 p m mesh nets towed vertically or obliquely through the

water column. Either a Wisconsin-type net or Clarke-Humpus quanti-

tative plankton sampler was used, both with mouth diameters of

approximately 12 cm (9 in.).

Entrainment Studies

For the microzooplankton entrainment program at the'Unit 1 and JAF

plants, samples were generally collected from the intake forebay,

discharge bay, and sometimes (1976-1979) the discharge areas in the

lake, and analyzed for viability and/or abundance and species

composition. The methods used and frequency of sampling are sum=
I

marized in Table 3.1.2-2. As in the lake, microzooplankton were

collected on a 76 pm mesh for all years of study. Collection
techniques were designed to minimize collection-induced mortality.

3.1.2.2 Laboratory Methods

Lake Studies

The following procedure was used for analyses for enumeration

and taxonomy. A 1-ml (0.3-oz) aliquot of a measured, well-mixed

sample was pipetted into a Sedgwick-Rafter cell and all organisms in

a specified number of horizontal strips the length of the cell were

3. 0-9
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TABLE 3.1~2-2

SUN>QRY OF N""THODS AND NATERIALS FOR HICROZOOPLANKTON EHTRAINNENT COLLECTIOHS
liINE NILE POINT AND JAMES A FITZPATRICK NUCLEAR GENERATING STATIONS - 1973-1979

Year Stations
Sawpl ing
Fre uenc

Collection
Nethod Anal sis

1973 Intake forebay, dis-
charge aftbay.
(NNPI)

1-2/month
JUL-DEC

Bucket collection
of 20-50 liters of
surface water; sieved
through 76 ~m net;
sieved material
resuspended in 50 ml
of filtered water

Immediate counts of
dead organisms in two
1-ml aliquots; examina-
tion for motility at
100x. Sealed counting
chamber returned to
laboratory for taxoneny
and enuneration of all
organisms.

1974 Same as during
1973

1975 No collections

2/month;- day Special sampling gear:
and night drum containing 76 um
JAH-OEC plankton net.

Same as during 1973

1976 Intake forebay,
discharge aftbay,
+3'F mixing zone,
+2'F area
(JAF)

1977 Same as during
1976

2/month; day
and night
APR-DEC

Same as
during 1976

Centrifugal pump/
76 pm mesh net sus-
pended in water.
Volume sampled
varied with or-
ganism concentation;
surface (0.5 m)
samples.

Same as during
1976 except
samples from
1.5 m depth

Samples incubated 8-10
hours prior to viability
analysis; discharge
samples diluted to an-
bient temperature with
filtered intake water.

Simulation samples:
intake samples mixed
with filtered discharge
water to +3 F and +2'F.

Viability analysis:
The same during 1974
except one 1-ml aliquot
analyzed.

Sane as during 1976
except identification
to major group level only.

1978 Same as during
1976-1977

1979 Same as during
1975-1978

2/month; day Same as during
and night 1977

'AH-DEC

2/month; day Same as during
and night 1977-1978
JAN-i"AR

Swe as during 1977

Same as during
1977-1978



counted and identified. The number of strips and the number of 1-ml

(0.3-oz) aliquots that were analyzed are indicated in Table 3.1.2-1.

Entr ainment Studies

The methods used for identification and enumeration of microzoo-

plankton in entrainment samples were basically the same as those

applied to lake samples (Table 3.1.2-2). However, dead organisms in
unpreserved samples were counted and identified immediately after
collection or incubation. These numbers were then compared to the
total count after preservation to determine the plant-induced
mortality

3.1.3 Macrozoopl ankton

3.1.3.1 Field Methods

Lake Studies

Macrozooplankton sampling was conducted at the 'same 15 stations
in the Nine Mile Point vicinity from 1973 through 1978 (Table
3.1.3-1). The stations were located at the 6 and 12-m (20 and 40-

ft) depth contours east and west of the Unit 1 plant and at the 18,

24, and 30-m (60, 80, and 100-ft) depth contours directly offshore.
The stations were arranged to permit samples to be obtained within
concentric arcs 4.8, 1.6, and 0.8 km (3, 1, and 0.5 mi) from the

plant (Figure 3.1.1-1).

Samples were collected weekly from April through Oecember with a

„1.0-m (3.3-ft) mouth diameter Hensen-type plankton net of 571 s m

mesh from just below the surface, at mid-depth, and near the bottom.

A single TSK flowmeter was mounted in the net mouth to permit the

volume of water sampled to be calculated.

3.0-11
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Year

TABLE 3.1.3-1

SUMMARY OF FIELO AND LABORATORY MATERIALS AND HETHOOS FOR NACROZOOPLANKTON COLLECTIONS
NINE NILE POINT VICINITY - 1973-1978

Sampling
Stations Oe ths Fre uenc . Gear Preservative Anal sis

1973 15: Nine Nile
Point vicinity
O.B-M-6,0.8-E-6,
0.8-M-12,0.8-E-12,
O.B-P-18,1.6-M-6,
1.6-E-6,1.6-W-12,
1.6-E-12,1.6-P-18,
4.8-M-6s4.8-E-6,
4.8-M-12,4.8-E-12,
4.8-P-30

1974 Same as during
1973

1975 Same as during
1973-1974

Surf ace
i<id-depth
Bottom
(iiid and
bottom tows
oblique)

Surf ace
Hid-depth
Bottom

Sam as
during 1974

Meekly; day
and night
late JUN-
early SEP;
day only
on other
dates
APR-OEC

Same as 1973,
but day and
night late
JUii-mid-
SEP

Same as
during 1974

1.0-m Hensen net
571-pm mesh,
TSK flow meter,
5-min tow
duration

Same as during
1973

Same as during
1973-1974

Formal in

5-8Ã buffered
formalin

5C buffered
formalin

Enumeration,
identification
of major groups
and selected
species.

Same as during
1973, but for
selected major
groups and
species.

Same as during
1974, but one
survey per month
analyzed.

1976 Same as during Same as Same as during Same as during
1973-1975 during 1974-1975 1973-1975

1974-1975

Same as during
1975

Same as during 1975,
but only Gmnnarus,
Pontonore~a, an
~nests counted and
Tdentified.

1977

1978

Same as during
1973-1976

Same as during
1973-1977

Same as
during
1976, but
three
depths
composited
prior to
analysis

Salle as
during 1977

Yanthly Same as during
1973-1977

Same as during Same as during
1974-1976 1973-1976

Unreported

Unreported

Same as during 1976,
but only day sanples
analyzed and identi-
fication to lowest
taxonomic level
possible.

Same as during
1977



Entrainment Studies

Macrozooplankton entrainment studies were conducted from 1973

through 1976 at Unit 1 and from 1975 through 1979 at the JAF plant.
Details were presented by LMS and TI

The basic program at Unit 1 consisted of sample collection at the

intake and discharge to determine organism density and viability at
both locations (Table 3.1.3-2).

The study at the JAF pl ant- was similar to that at Unit 1; how-

ever, density measurements were obtained only at the intake, and

viability analyses were limited to a dominant organism, the amphipod

Gammarus. In addition to investigation of plant entrainment effects
on viabi lity, laboratory simulations of plume entrainment were

conducted and samples in the discharge plume were obtained to
investigate the effects of plume entrainment on Gamarus viability
(Table 3.1.3-3) .

Samples were collected with 0.5-m (1.6-ft) mouth diameter conical
plankton nets of 571 pm mesh or a 0.05 m /s (13 gal/s) centrifu-3

gal water pump with a 571 um mesh screen (net). A single TSK or

digital flowmeter was used to monitor flow through the plankton

nets, and the pump was calibrated. prior to use to determine volume

sampled per unit time.

Plume entrainment was simulated by adding filtered discharge water

(at discharge temperature) to intake collections and then ambient

temperature intake water at rates that approximated temperature

decay in the plume (to +1.1'C and 1.7 C [+2'F and +3'F]). Temper-

ature decay (to 1.1'C [+2'F]) was also simulated for all discharge

samples collected after June 1976.

3.0-13
P

Lawlcr, Matusky 67 Skelly Engineers



TABLE 3.1.3-2

SUM!QRY OF FIELD AND LABORATORY HATERIALS AND HETHODS FOR HACROZOOPLANKTON Et!TRAINHENT COLLECTIONS
NINE NILE POINT AND JA!4:S A. FITZPATRICK GE!iERATING STATIONS - 1973-1978

Year Stations De ths
Sampling
Freuuenc Gear Anal sis

1973 Intake, Bay 1 Surface
Bay 2 Hid-depth

Discharge Hid-depth

1974 Same as during Same as
1973 during

1973

i!eekly; day
and night
JUL-OCT,
DEC

Twice monthly;
day and night
JAN-DEC

0.5-m mouth dia.
conical net; 4:1
open area to mouth
ratio; 571 pm mesh;
single TSK flowmeter;
15 min. and 60 min.
collections.

Same as during
1973, but all
collections were
5 min.

Enumeration,
identification
of major groups
and selected
species.

Viability (live/
dead) for selected-
taxa; enume! ation,
identification of
selected major
groups and species.

1975 Sa~e as during
1974, but
Disch. omitted
and Intake at
JAF added

Same as
during
1973-1974
(NHPI)
Surface and
Hid-depth
(JAF)

Sane as during
1974, but APR-
OCT (NHP1)
KT-DEC
(JAc)

Same as during
1974, but all
collections were
30 min.

Enumeration, identi-
fication of selected
major groups and
species. One sur-
vey/month analyzed.

1976 Same as during
1975. (For
viability pro-
gr an see Table
3.1.3-3)

Same as
during
1975

Meekly HAY-SEP;
twice monthly
JA!i-HAY and
SEP-DEC; day
and night
APR-OCT (NHP1)
JAN-DEC (JAF)

Same as during
1975

Identification and
enumeration of Gaz-
marus only in J)(F
coCCections; one
survey/month analyzed.
(For viability program
see Table 3.1.3-3)

1977 No program

1978 No progrmn



TABLE 3.1.3-3

SUGARY OF FIELD AND LABORATORY IIATERIALS AND NETNODS FOR

MCROZOOPLAHKTOH AND ICHTNYOPLANKTOH VIABILITYSTUDY

JAILS A. FITZPATRICK GENERATING STATION- 1976-1979

Stations

Intake (4,6 m)

Discharge (2 m)

Dates

APR-DEC 1976

JAH-DEC 1977

JAH-DEC 1978

Szmpl ing
Fre uenc

1-2 tines/month;
day and night for
ichthyoplankton;

Night only for
macrozooplankton

Gear

Intake and discharge
plume: 0.5-m conical
nets of 571-pm mesh;
single fin:meters;
5-15 min. collections

Anal sis

Gamarus analyzed during
T<VE; ~cthyopl ank ton ana iyzed
by species and life stage
during 1976, 1977, and 1978.,
and 1978.

Discharge
Plume (Surface)

Discharge: 0.05 m /s
centrifugal pump/571-pm Live/dead determined for:
mesh; 5 min. collections 1) cross-plant, 2) simulated

plume entrainm nt, 3) actual
discharge plume.

Intake,
discharge,
2 and 3'FAT

JAN-MAR 2/month;day and
night; ichthyo-
plankton

Drift nets Same as during 1978



3.1.3.2 Laboratory Methods

Lake Studies

After fish larvae and eggs were sorted and removed from the ichthyo-
plankton samples, macrozooplankton from the same samples were

counted and identified. Details were presented by LNS and

TI ' Several subsampling schemes were used, with the choice

dependent on organism density.

Entrainment Studies

Viability was estimated on the basis of motility; samples were

examined as soon as possible following collection. Analyses to
determine macrozooplankton density were as described for lake
samples.

3.1.4 Benthos

3.1.4.1 Field Methods

Benthos surveys were conducted in the Nine Nile Point vicinity
from 1968-1978. Storr reported the results of four years of
sampling in the area ( 1968-1972); his studies were concerned mainly

1 11 1 ~CC d

mining the abundance of benthic organisms, especially gammarid

amphipods, associated with those beds.

The 1973-1978 surveys are summari zed in Table 3.1.4-1. Benthic

macroinvertebrate samples were collected along four transects
perpendicular to the shoreline (Figure 3.1.4-1) ~ From 1973 through

1

-~C1

depth contours.
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TABLE 3.1.4-1

SOvi~iARY GF FIELD AND LABORATORY MATERIALS AND METHODS FOR MACROBENTHOS

NINE MILE POINT VICIHITY - 1973-1978

Year
Collection

Metnod Preservative Sediment
Laboratory
Anal sis

1973 Diver-operated pump;
0.39 m diameter ring

1974 Same as during 1973
except 0.50 m dia-

2meter ring (0.196 m )

1975 Same as during 1974

1976 Same as during
1974-1975

1977 Self-contained
diver-operate]
pump (0.166 m )

1978 Sme as during
1977

7» formalin or ice
and menthol

Ice and menthol

Same as during
1974

Same as during
1974-1975

Sieved through
590 sm mesh;
buffered formalin

Sme as during
1977

Visual observation

Same as during 1973;
plus samples for lab
analysis

Same as durirg
1973-1974

Sme as during
1973-1975

Hone

Hone

Sieved through 420 pm screen; pre-
served in 70" ethanol and Phloxine-B;
Abundance and biomass (wet weight).

Same as 1973 plus sediment analysis
(chemistry)

Same as 1973-1974 plus sediment
grain size analysis

Same as 1973-1975 except sediment
chenistry limited to determination
of organic carbon

Sieved through 500 s m screen;
preserved in 70» ethanol. Abundance
and biomass (wet might).

Szme as during 1977
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Benthos samples were collected with a diver-operated pump. A metal

ring was used to define the bounds of the sampling area at each

station. Following the June 1973 survey, all benthos samples were

chilled on ice. The organisms were anesthetized with menthol and

returned to the laboratory for analysis preparation..

Sediment analyses were carried out as part of the 1973-1976 ben-

thos studies. These involved visual analyses by divers; defini-
tions applied are shown in Table 3.1.4-2. Ouring 1974, chemical

analyses were performed on the silt-sand sediment type and super-

natant (September survey). Ouring 1975 and 1976, grain size
analyses and sediment accumulation experiments were conducted (at
buoy periphyton sites); organic carbon concentration in the sedi-
ments at selected sites was measured during 1976.

3.1.4.2 Laboratory Methods

Analysis preparation involved sieving, to separate organisms and

sediment, followed by preservation (70K ethanol) of the material on

the sieve. A 420 pm sieve was used from 1973-1976; a 500 wm sieve

was employed during 1977 and 1978. A stain, Phloxine-B, was added

to the preservative from 1973-1976 to aid in organism recognition
(21)

0

Organisms were identified to the lowest feasible taxonomic level
using a dissecting microscope or, for diptera larvae and oligo-
chaetes, slide mounts and a light microscope. Subsampling generally
was not reguired.

Biomass estimates were based on wet weight, measured on a Mettler
balance after washing and removal of interstitial water by blot-
ting or by drying 30 min over desiccant.
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TABLE 3.1. 4-2

DEFINITIONS OF SUBSTRATE TYPE
NINE MILE POINT VICINITY - 1973-1976

Ty e Observation

Bedrock

Boul der

Rub bl e

Gravel

Large flat rock

256 mm rounded rock

64 to 256 mm - mixture of flat and rounded rock of
cobblestone si ze

2 to 64 mm rock

Mixed Rock = Bedrock predominant with pieces of rubble between

Sand 5 Silt = Mask of sand less than 5 cm over bedrock
Over Bedrock

Sand 5 Silt = Sand deeper than 5 cm
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3.1. 5 Peri phyton

3.1.5.1 Field Methods

Bottom Peri h on

Bottom periphyton studies were carried out in the Nine Mile Point

vicinity from 1973-1978. Field procedures for each year are summar-

ized in Table 3.1.5-1. Four transects (NMPW, NMPP, FITZ, and NMPE)

'were established perpendicular to the shoreline in the vicinity of
Unit 1. Each transect was the same as defined for benthic sampling

(Section 3.1.4. 1). Sampling locations were established at the 2, 3,

6, 10, and 12-m (7, 10, 20, 30, and 4g-ft) depth contours.

The duration of these studies varied among years, but generally
samples representative of spring, summer, and fall conditions
were obtained. Exposure periods al so varied among years; four-
week exposures were common to 1975-1978 programs and were used

for some periods during earlier years.

In 1973 glass slides were used as the substrates. The artificial
substrates used from 1974-1978 were doubled Plexiglas plates.
On each collection date, scuba divers collected the exposed sub-

strates and replaced them with cleaned plates. Exposed substrates

were returned to the laboratory for analysis preparation.

Buo Peri h on

Buoy periphyton studies were conducted from 1973-1978; a summary

of these studies is presented in Table 3.1.5-2. Three stations were

used for buoy periphyton collections: NMPE, NMPP, and NMPW. Each

buoy was anchored at the 12-m (40-ft) depth contour (Figure 3.1.4-1).
A structure extended below each buoy to a depth of 5 m (16 ft), and
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TABLE 3.1.5-1

SUNDRY OF FIELD NETiiODS ANO i.'ATERlALS FOR BOTTG< IERIPHYTO;I COLLECTIOiiS
NltiE NILE POINT VICI "iITY - 1973-1978

Year Stations Duration
Exposure
Periods Substrate Anal sis

1973 20:4 Transects
(NN>Pii> NNPP> FIT2,
I'>APE) by 5 depth
contours (2,3,6, 10,
12 m)

JUL-OCT 2-16 wks 8 glass slides; Taxonomy and abundance;
diver retrieval dry weight and ash weight;

chlorophyll a

1974
"

Same as during
1973

NY-NOV 2-4,wks Double Plex ig 1 as
plates; diver
retrieval

Same as during 1973

1975 Same as during
1973-1974

1976 Same as during
1973-1975

APR-DEC 4 wks

iiAY-DEC 4 wks Same as during
1974

Same as during
1974-1975

Same as during 1973-
1974

Same as dur ing 1973-
1975 except chloro-
piiyll a not analyzed

1977 Same as during MAY-DEC 4 wks
1973-1976

1978 Same as during APR-OEC 4 wks
1973-1977

Same as during
1974-1976

Sme as during
1974-1977

Same as during 1976

Same as during 1977
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TABLE 3.1.5-2

SUHHARY OF fIELD O'IETHODS AND HATERIALS FOR BUOY PERIPHYTON COLLECTIONS
NINE HILE POINT VICINITY - 1973-1978

Year Stations
Exposure

Duration Periods Substrate Anal sis

1973 NNPE, NHPP, NHPW AUG-NOV 2-16 wks
all at 12-m
depth contour

Glass slides;
styrofoam
blocks; diver
retrieval

Taxonomy and abundance;
dry weight and ash weight;
chlorophyll a

1974 Same as du> ing HAY-NOV

1973

1975 Same as during tQY-DEC
1973-1974

1976 Same as during APR-DEC

1973-1975

1977 lINPW, NHPP, FITZ IiAY-SEP
all at 12-n
depth contour

1978 Same as during ICILY-SEP

1977

2-4 wks

4 wks

4 wks

4 wks

4 wks

Plexiglas
plates; diver
retrieval

Same as during
1974

Same as during
1974-1975

Same as during
1974-1976 except
some samples re-
trieved by winch

Sane as during
1977

Sane as during 1973

Same as during 1973-
1974

Same as during 1973-
1975 except chloro-
phyll a not analyzed

Same as during 1976

Same as during 1977
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samples were collected from the 1, 2, 4, 5-m (3, 7, 13, and 16-ft)
depths (Figure 3.1.5-1). The same sampling locations were used from

1973-1976. In 1977 and 1978, the transects used were NMPW, NMPP,

and FITZ (Figure 3.1.4-1).

In 1973, glass slides and polystyrene blocks were used as the sub-

strates. From 1974-1978 doubled Plexiglas plates were used. On

each collection date, scuba divers retrieved the exposed substrates
and replaced them with clean ones. Exposed substrates were returned

to the laboratory for analysis.

3.1.5.2 Laboratory Methods

Methods of periphyton analysis were essentially the same for bottom

and buoy collections and were basically similar among the years of
study. Details were presented in annual reports

- )

Taxonom and Abundance

Material was scraped from glass slides or sections of Plexiglas
plates, agitated to break up algal films and clumps, and preserved

in 5X formalin. Basically the same procedure was followed for
polystyrene substrates except that the surfaces of the blocks were

sliced off and homogenized in a blender at low speed to separate the
substrate from sample mater ial.

A Palmer-Maloney and/or Sedgwick Rafter counting chamber and light
microscope were used for analyses. Counts were expressed as clumps,

algal cells, and organisms (for zooperiphyton) per square decimeter
or centimeter. Taxonomic identifications were to the lowest feasi-
ble level.
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FIGURE 3.1.5-1
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Biomass

Biomass determinations used either entire glass slides or scrapings
from sections of Plexiglas plates. In both cases, samples were

dried in a hot air oven, cooled, weighed, ashed in a muffle furnace
for 30 min, cooled, and reweighed. Dry weight, ash weight, or
ash-free dry weight were computed as appropropriate for the two

drying techniques.

The trichromatic method was used for chlorophyll a analyses during
1973 through 1975

3.1. 6 Ichthyopl ankton

3.1.6.1 Field Methods

Lake Studies

Following a preliminary survey during the late summer/early fall
of 1972, ichthyoplankton samples were collected at the same stations
in the Nine Mile Point vicinity from 1973 through 1978 (Table
3.1.6-1) . The stations were 1 ocated at the 6 and 12-m (20 and

40-ft) depth contours east and west of Unit 1 and at the 18, 24,

and 30-m (60, 80, and 100-ft) depth contours directly offshore from

the pl ant. The stations were arranged to permit sampl es to be

obtained within concentric arcs 4.8, 1.6, and 0.8 km (2, 1, and 0.5

mi) from the power plant (Figure 3.1. 1-1).

Samples were collected weekly at all stations from April through
December during all years of study except 1973 when sampling was

conducted from May through December and 1977 and 1978 when sampling
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TABLE 3.1.6-1

SUIMRY OF FIELD AND LABORATORY HATERIALS AND HETHODS FOR ICHTHYOPLANKTON COLLECTIONS
NINE MILE POINT VICINITY - 1973-1978

Year Stations De ths
Sanpl ing
Fre uenc Gear Preservative Anal sis

1972 7: Oswego
vicinity
6: Hexico
Bay (Pre-
liminary
survey)

1973 15: Nine Nile
Point vicinity
O.B-M-6,0.8-E-6,
O.B-M-I2,0.8-E-12,
O.B-P-IS,I.6

M-6,'.6-E-6,1.6-M-12,

1. 6-E-12, 1.6-P -18,
4.8-M-6,4.8-E-6,
4.8-M-12,4.8-E-I2,
4.8-P-30

1974 Sane as during
1973

Surface
Hid-depth

Surface
Hid-depth
Bottom
(Hid and
bottofn toNs
oblique)

Surface
Hid-depth
Bottom

I/mo; day
and night
(OCT);
evening
(SEP)
SEP-XT

Meekly; day
and night
late JUN-
early SEP;
day only
on other
dates
YiAY-OEC

Same as
during
1973, but
day and
night late
JUN-Qid-
SEP
APR-OEC

Hensen-type net,
1-rn n!outh dia.
571 > m mesh, single
TSK flowmeter; 10-
15 min. tow.

Same as during
1972, but 5 min.
tows

Same as during
1973

I(5 formalin

Same as during
1972

5-BX buffered
formalin

Enumeration, identi-
fication of major
species.

Enumeration of eggs
and larvae; identi-
fication of larvae to
species where possible;
length of larvae.

Sane as during 1973;
in addition, eggs
identified to species
where'possible.

1975 Sane as during Sere as
1973-1974 during

1974

Sa:ne as
during 1974

Sane as during
1973-1974

5% buffered
formal in

Sane as during 1974;
in addition, larvae
identified according
to life stage.

1976 Sane as during Sane as
1973-1975 during

1974-1975

1977 ~ Same as during Sane as
1973-1976 during

1974-1976

1978 Same as during Same as
1973-1977 during

1974-1977

Sane as
during 1974-
1975

Sane as
during 1974-
1976, but 2/mo.
in DEC

Sane as
during 1977

i

Sane is during
1973-1975

Same as during
1973-1976

Sane as during
1973-1977

Same as during
1975

Unreported

Unreported

Sane as durin9
1975

Sane as during
1975-1976, but
juveniles omitted
and measuring for
length omitted.

Same as during
1977



was conducted only twice during Oecember. The samples were col-
lected with a 1.0-m (3.3 ft) mouth diameter Hensen-type plankton net

of 571 pm mesh from just below the surface, at mid-depth, and near

the bottom. A single TSK flowmeter was mounted in the net mouth to
permit the volume of water sampled to be computed.

Entrainment Studies

Ichthyoplankton entrainment studies were conducted from 1973 through
1978 at Unit 1 and from 1975 through 1979 at JAF. Oetails were

presented by LMS( ) and TI(

The basic program at Unit 1 consisted of sample collection at the
intake and discharge to determine organism density at these loca-
tions and changes in viability after plant entrainment. Samples

were collected at least twice per month during the day and at night.
Discharge collections were omitted after 1974 (Table 3.1.6-2).

The entrainment study at JAF was similar to that at Unit l. In
addition to investigating organism density and plant entrainment
effects on viability, laboratory simulations of plume entrainment
were conducted and samples from the discharge plume were obtained to
investigate the effects of plume entrainment on ichthyoplankton
vi abil ity.

Samples were collected with 0.5-m (1.6-ft) mouth diameter conical
plankton nets of 571 pm mesh or a 0.05 m /s .(13 gal/s) centrifu-
gal water pump with a 571 pm mesh screen (net). A single TSK

flowmeter was used to monitor flow through the plankton nets, or the

pump was calibrated prior to use to determine volume sampled per
unit time.

Plume entrainment was simulated by adding filtered discharge water

(at discharge temperature) to intake collections and then ambient
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TABLE 3.1.6-2

SUN''ARY OF FIELD AND LABORATORY HATERIALS AND HETHODS FOR ICHTHYOPLANKTON ENTRAINHENT COLLECTIONS
NINE HILE POINT AND JAHES A FITZPATRICK GENERATING STATION 1973 197g

Year Stations De ths
Sampl ing
Fre uenc Gear

1973 Intake, Bay 1 Surface
Bay 2 Hid-depth

Discharge Hid-depth

1974 Same as during 'ame as
1973 during

1973

Weekly;day
and night
JUL-OCT,
OEC

Twice monthly;
day and night
JAN-DEC

0.5-m mouth dia.
conical net; 4:1
open area to routh
ratio; 571 pm mesh;
single TSK flowneter;
15 min. and 60 min.
collections.

Same as during
1973, but 5 min.
collections

Viability ( l ive/
dead), enumeration,
identification,
"lengthing" of
fish larvae, enum-
eration of fish
eggs.

Viability ( live/
dead), enumeration,
identification
of fish larvae;
eneneration and
identification of
fish eggs

1975

1976

1977

197B

Same as during
1973-1974, but
Oisch. omitted
and Intake at
JAF added

Same as during
1975. (For
viability pro-
gran, see Table
3.1.3-3)

Same as during
1976, but In-
take, Bay 2

(NYCTI)

Same as during
1977

Same as
during 1973-
1974 tNHPI)
Surface and
Hid-depth
(JA~)

Same as
during
1975

Same as
during
1975-1976

Same as
during
1975-1977

Same as during
1974
APR-OCT (NHP1)
OCT-DEC (JAF)

Weekly tiAY-SEP;
twice monthly
JAN-PIAY and
SEP-DEC; hay
and nig'ht
APR-OCT (N!IPI)
JAN-OEC (JAF)

Twice monthly;
day (NHP1);
day and niqht
(JAF)
APR-OCT (tP!PI)
JAN-DEC (JAF)

Same as during
1977

Same as during
1974, but 30 min.
collections.

Same as during
1975

Same as during
1975-1976, but
15-30 min. col-
lections (NHPI);
5-15 min. col-
lections (JAF)

Same as during
1977

Enumeration,
identification
of fish larvae
and eggs

Enumeration,
identification
of fish larvae
and eggs; larval
life stages
identification
(For viability
program, see
Table 3.1.3-3)

Sme as
during
1976

Same as
during
1975-1977

1979 Intake (JAF) 4 and 6-m 2/month day and Sme as du~ing
night, JAN-HAR 1977-1978

Enumeration;
identification



temperature intake water at rates that approximate temperature

decay in the plume [to +1.1'C and +1.7'C (+2'F and +3'F)]. Temper-

ature decay [to +1.1 C (+2'F)] was also simulated for all discharge

samples collected after June 1976.

3.1.6.2 Laboratory Methods

Lake Studies

After sorting and transfer to 70K alcohol, i chthyopl ankton were

counted, identified, and measured for total length. All fish
larvae were identified to species where possible from 1973 on; fish
eggs were identified to species where possible from 1974 on; larvae
were identified according to life stage (prolarvae, postlarvae,
juveniles) from 1975 on. Details of analysis were presented by

LMS ) and TI

Entrainment Studie's

Viability was estimated on the basis of motility; samples were

examined as soon as possible following collection. Methods and

procedures for identification by species and life stage, enumera-

tion, and length measurements were as for lake studies.

3.1.7 Fish

3.1.7.1 Field Methods

Lake Studies

Early in the design-construction phase of Unit 1, Dr. Storr assessed

Lake Ontario fish populations near the Nine Mile Point area.
Abundance and distribution of fish stocks were determined by fatho-
metri c surveys and by g i 1 1 net col lect ions . Addit ion al(23-37)
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studies were conducted to determine the food preferences of yellow
perch 'nd other fishes . Storr's work provides a

description of the fish communities prior to full-scale operation of
the power station.

LNS (gLN prior to 1975) conducted additional studies on the distri-
bution and abundance of fishes in the Nine Mile Point area from.

1972 to 1977 ' . TI conducted additional studies from

1977 to 1981 . Fish populations were sampled periodically by
surface and bottom trawling, surface, bottom, and mid-depth gill
netting, and beach seining. Anatomical and meristic data from these

fish were used to determine population characteristics, i.e.,
length-weight relationship, condition factors, length-frequency
distributions, coefficients of maturity, and sex ratios for selected
species.

The gear used to sample fishes in the vicinity of Nine Nile Point
from 1972 through 1981 are listed in Table 3.1.7-1 which also
gives the dimensions for each gear type. Trawl runs (Otter and

Yankee) were made parallel to shore along the selected depth con-

tour for 15 min in an east to west direction at each sampling
site. Gill nets were set parallel to shore at the specified depth
contours. Trap nets were set at sunset and retrieved shortly after
sunrise on each sampling date. All fishes collected with each

type of gear were preserved in 105 buffered formalin for later
processing. Fish collected for food habit studies were injected in
the body cavity and the stomach (through the pharynx) with 10%

formalin.

Table 3. 1.7-2 summarizes the sampling schedule, including sampling

location and frequency for the period from 1972 through 1981. The

basic program was to sample fishes with a variety of gear from four
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TABLE 3.1.7-1

SAMPLING GEAR USED DURING FISH COLLECTIONS
NINE MILE POINT VICINITY - 1972-1981

Gear Year Dimensions

Otter Trawl

Yankee Trawl
(Three-quarter
standard)

Gill Net
(Experimental)

1972 - 1978

1976 and 1977

1972 - 1981

7-m long; 5-cm stretched mesh
in wing and body, 3.8-cm stretched
mesh liner; net equipped with floats
for surface trawling.

8.9-cm stretched mesh in wings,
6.4-cm stretched mesh in body,
1.3-cm strecthed mesh in cod end

46-m long, 2.4-m deep (1.8-m deep
in 1972 only). 6 panels each 7.6-m
long; each panel had a different mesh:
1.3, 2.5, 3.8, 5.1 and 6.4-cm bar mesh.
From Apr through Oct 1973 nets were
made of monofilament; from Nov 1973
to end of 1981 nets were made of nylon
multifilament.

Trap Net
(Box trap)

Beach Seine

1977-1978

1972 and 1973

1974 - 1978

0.9 x 0.9 x 1.8-m aluminum pipe frame
box covered with 0.6-cm nylon bar mesh,
a 15-m center lead, and two 7.6-m wings.

30-m long, 2.4-m deep, 2.4-m deep pocket;
1.3-cm stretched mesh in wings and pocket.

15-m long, 2.4-m deep, 2.4-m deep pocket;
1.3-cm stretched mesh in wings and pocket;
0.6-cm stretched mesh used in 1978.

1975 (only) 61-m long, 2.4-m deep, 2.4-m deep pocket;
1.3-cm stretched mesh in wings and pocket.
Fished at special sites only (see text).
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TABLE 3.1.7-2

SUi"WRY OF FIELD HATERIALS AND HETHODS FOR FISH COLLECTIONS
ttIttE HILE POINT VICIttITY - 1972-1981

Year Gear

1972 Otter trawl

Gill net

Fre uenc

Honthly (O&N)
Apr, Oct

Honthly (0)
Sep, Oct

Transect

tÃPW h"IPP

ttHPW, t8PP

De th Contour m ft
6, 12

(20, 40)

5, 9, 12
(15, 30, 40)

Sam le De th

Surface & botten

Hid-depth at 5 m;
surface & botten
at 9 and 12m

Cernents

Floats were attached to
trawl for surface sampling.
Botten trawls were made with
net slightly above bottom
to avoid net fouling.

Beach seine Honthly (D)
Sep

1973 Otter trawl Honthly (0&N) tNPM, g4PP,
Har-Hay, Dec t~tPE

6, 12, 18
(20, 40, 60)

Shoreline to 2.5 m

Surface & bottom Trawling at tNPP crossed
the FI1Z transect elimina-
ting the need for trawling
at the FITL transect (cen-
ments for 1972 apply)

Gill net Semi-n:onthl y
(0&N)-
Jun-Dec

VlPW, tHPP,
FITZ, NHPE

5, 9, 12, 18
(15, 30, 40, 60)

Botten at 5 m;
sur face and bot tom
at9, 12&18m

ttets set for 48 hours and
harvested every 12 hours
at dawn and dusk approxi-
mately

Beach seine Semi-monthly (0) ttHPW, tSPP,
Jun-Nov FIlZ, ttHPE

Shoreline to 2.5 m

at end of each
transect

Gil 1 net Apr, Hay and
Jul - 3 samples;
Jun - 4 samples;
Aug-Nov-
2 samples;
Oec - 1 sample
(0&N for all
months)

Beach seine Semi-monthly
Apr-Nov, 1

senple in Oec

1974 Otter trawl Semi-monthly
(D&N) Apr-Nov

QtPW, ttviPP,
NHPE

NHPM, NHPP,
FITL, KtPE

ttHPM, NHPP,
FITL, APE

6, 12, 18
(20, 40,

60)',

9, 12, 18
(15, 30, 40, 60)

Surface and botten

Bottom at 5 m;
Surface and bottom
at 9, 12 and 18 ft

Shoreline to 2.5 m

at end of each transect

Comments for 1972 & 1973
appl y

Comments for 1973 apply.
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TABLE 3.1.7-2 ( )

Year Gear

1975 Otter trawl

Gill net

Fre uenc

Apr, Aug, Sep-
3 samples;
Hay, Jun, Jul,
Oct - 2 samples;
Nov - 4 samples;
Dec - I sample
(Dftt for all
months)

Apr 5 Oec-
I sample;
Semi-monthly Way-
thv (OItH)

Transect

h"viPW, NPP
h~tPE

tC<PW, taRPP,
FITZ, tJlPE

De th Contour m ft
6, 12, 18

(20, 40, 60)

5, 9, 12, 18
(15, 30, 40, 60)

Sam le Oe th

Surface and bottom

Surface at 5 m;
Surface and botten
at 9, 12 and 18 n

Conments

Comments frau 1972 and
1973 apply.

Comments for 1974 apply.

Beach seine Apr, Jul, Oct,
Hov, Dec - I
sample; ttay tt

Jun - 2 samples;
Aug t Sep - 3
samples

tNPW, tNPP,
F ITL

Shoreline to 2.5 m See text for special
at end of each. seine sampling progran
transect in 1975.

1976 Otter trawl Seni-monthly
(OtlH) Apr-Dec
(12 and 20 n
contours at HNPE
from Apr-Jun only)

klPW, NPP,
IC<PE

6, 12, 18
(20, 40, 60)

Bottom Comments for 1972 and
1973 apply.

Yankee trawl Semi-monthly
(OLtt) Jun-Oec

OPE 12, 18
(40, 60)

Bottom See text for trawl
comparison study in 1976.

Gill net Seni-monthly
(DKH), Apr-Dec

tPPW, tPiPP,
FITL, HWPE

5, 9, 12, 18
(15, 30, 40, 60)

Bottom only at
5, 9and18m;
sur face and bot tom
at 12m

Comments for 1973 apply;
Surface at 12 m contour
was a night collection only
and bottom net was for day
collection only

Beach seine Semi-monthly HWPW, tÃPP,
(D) Apr-Dec FITL, t~~lPE

Shoreline to 2.5 m

at end of each
transect
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Year Gear

1977 Otter trawl

Yankee trawl

Fre uenc

Semi-monthly
(0&N) Apr-Oec

Semi-monthly
(O&N) Apr-Oec

Transect

tÃiPM ~ h, IPP,
O'IPE

NNPE

TABLE 3.1.7-2 (Cont)

De th Contour m ft
6, 12, 18

(20, 40, 60)

12, 18
(40, 60)

Sam le Oe th

Bottom

Comments

Comments for 1972 and
1973 apply.

Gill net Semi-monthly
(0&H) Apr-Oec

tNPW, t8PP,
FITZ, RIPE

5, 6, 9, 12, 18 Bottom
(15, 20, 30, 40, 60)

Comments for 1973 apply.
No samplirg at 6-m
contour for tNPP.

Beach seine Semi-monthly (D) NIIPM, tÃPP,
Apr-Dec FITZ, RIPE

Shoreline to 2.5 m

at end of each
transect

Trap net

1978 Otter trawl

Gil 1 net

Semi-monthly (N)
Apr-Dec

Semi-monthly
(0&W) Apr-Oec

Semi-monthly
(0&tt) Apr-Dec

tIHPM, QIPP,
FITZ, APE

tPAPtt, tuIPP,
tNPE/F ilZ

k~IPM, tNPP,
FITZ, APE

6
(20)

6, 12, 18
(20, 40, 60)

5, 6, 9, 12, 18
(15, 20, 30, 40, 60)

Bottom

Bottom

Bottom

Comments for 1972 and 1973
apply.

Comments for 1973 apply.
tto sampling at 6-m
contour for tNPP.

Beach seine Semi-monthly (D) tIHPM, VlPP,
Apr-Dec FITL, tNPE

Shoreline to 2 ' m

at end of each
transect

Trap net

1979 Gill net

Semi-monthly (tt)
Apr-Oec

Semi-monthly (H)
Apr-Aug
monthly (N)
Sep-Cec

tLIPM, QIPP,
FITL, APE

tlPM, tPiPP,
FITZ, RIPE

6
(20)

9
(30)

Bottom

Bottom

1980 Gi 1 1 - net

1981 Gill net

Same as during
1979

Same as during
1979-1980

Same as during
1979

Same as during
1979-1980

Same as during
1979-1980

Same as during
1979-1980

Same as during 1979 Same as during 1979

KEY: tIA = Not available
0 ~ day sampling
ti = night sampling
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transects distributed around Unit 1 and JAF. Figure 3.1.7-1 in-
dicates the transects sampled from 1969 through 1971 and Figure
3.1.7-2 gives the transects sampled from 1972 through 1981.

In addition to the fishery sampling program summarized in Tables
3.1.7-1 and 3.1.7-2, special sampling was conducted during a number

of years. From 1973 through 1978 special gill net sampling was

employed to obtain specimens. for food habit studies. From 1973

through 1975 these gill nets were fished on the bottom at the 5- and

10-m (15- and 30-ft) contours at all transects. In 1976 and 1978

they were fished only at the 5-m (15-ft) contour of each transect.
From 1973 through 1975 the gill nets were harvested eve'ry 4 hrs and

in 1976 and 1977 they were harvested every 2 hrs.

In 1975 a special seine sampling program was conducted at 10

sites from April through December. 'wo sites were located at
the end of transect NMPW and eight sites were distributed along
the shore east of Nine Mile Point to the mouth of the Salmon

River (Figure 3.1.7-3). This program employed both a 61-m (200 ft)
beach seine of 1.3 cm (0.5 in.) stretched mesh in the wings and the
bag or the 15-m (50-ft) seine described in Table 3.1.7-1. The

purpose of this program was to collect as large a number and variety
of species as possible, particularly young-of-the-year.

From 1972 through 1978, fishes, were sampled in a consistent manner

from year to year with few changes in the program. The reduced

sampling program after 1978 reflects changes in the Unit 1 and JAF

technical specifications.

The principal problem encountered. was weather severe enough to
prevent sampling on a scheduled date; however, missed samples were

generally obtained at the earliest possible date thereafter.

3.0-34

Lawler, Matusky P'kelly Engineers



FIGURE 3.1.7-1

SAMPLING TRANSECTS FOR Fl SH COLLECTIONS
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FIGU .1.7-2

SAMP LI N G TRANSECTS FOR F I S H COLLECTIONS
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FIGURE 3.1.7-3

REGULAR AND SPECIAL SEINE SAMPLING LOCATIONS
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Im in ement Studies

Impinged fishes were sampled at Unit 1 from 1973 through 1981 and at
JAF from September 1975 through 1981. The gear used to collect fish
and the sampling frequency are summarized in Table 3.1.7-3. Before
each 24-hr sampling period the bar racks and traveling screens were

cleaned to r'emove accumulated fish so that each collection represent-
ed exactly 24 hrs of impingement.

When impingement rate was high (more than 20,000 fish in a 24-hr

period), daily sampling was conducted until the rate dropped below

20,000 fish/day. The fish collected during the additional sampling
were identified and enumerated only.

All fish were identified to the species level and enumer ated at
the collection site except when the traveling screens were continu-

1 ~gd
numbers of impinged fish; During these periods the following
sampling scheme was instituted:

No. Fish
Im in ed/hr

Less than 2,000

2,000 - 8,000

8,000 - 40,000

More than 40,000

Samp'ling Duration
at the Fish Basket

1 hr

15 min

3 min

1 min

The samples were preserved in 10K buffered formalin and returned to
the laboratory for analysis and species verification.

In most cases the collections were made from all three traveling
screens. However, if one or two of the screens were not in opera-
tion, the numbers of fish collected were extrapolated, assuming
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TABLE 3.1.7-3

SUMIARY OF METHODS FOR IMPIHGFiiEttT COLLECTIOttS
HlttE MILE POIHT AttD JAMES A. FITZPATRICK NUCLEAR GEitERATIttG STATIONS - 1973-1981

I. ttINE MILE POIttT UttlT 1

Yei-

1973

1974-1978

1979

1980

1931

Gear

0.64-cm nesh
basket at
sluiceway
discharge

Same as during
1973 except 0.95-
cn ash collect-
tion basket during
1977

Same as during
1978

Same as during
1978-1979

Same as during
1978 1980

requency o
San lin

I day per week
fr om APR through
DEC; JAH 3 dates
for a total of 25
hours; FEB 2 dates
for a total of 28
hours; MAR 3 dates for
24 hours on each date

3 days per week

3 days per week
JAN-i<N
4-20 days per month
APR-D~C

4-20 days per month
JN-DEC

Same as during 1980

Da s of Sam linn

APR-DEC 1200 hours
on Wednesday to 1200
hours on Thursday;
JAN 1/2, I/16, 1/29;
FEB 2/12, 2/28;
YAW sane as APR-
DEC except one date
not sampled

Yionday, Wednesday
and Friday of each
week, JAN-DEC

Sarre as during 1978

Randomly selected

Sarre as durino 1980

Corrnents

Sarrples on Monday and Friday
were for 24 hours. On Wednes-
day samples were collected
every hour over a 24 hour
period. Sampling began at
1000 hours on each day and
ended at 1000 hours on the
following day

Sarre as during 1978

Composite 24-hr sarrples

Same as during 1980

(I of 2)



TABLE 3.1.7-3 (Cont.)

I I . JAlKS A. FIT2PATRICK tiUCLEAR PO'ntR PLANT

Year Gear
requency o
Sam linn Oa s of Sam lin Comments

SFPT 1975-
1978

1979

0.64-cm mesh 3 days per week
basket at sluice-
way discharge

3 days per week (O/N)
JAN-ILAY
4-6 days per month
JUN-OEC

Honday, 1.'ednesday 5
Friday of each week

Sam as during 1978

Samples on i'londay and Friday
were for 24 hours. Sampling
began at 1000 hours on mondays
and Fridays and ended at 1000
hours on the following day.

In 1976 Mednesday samples were
collected every hour over a 24-
hour period.

In 1977 and 1978 2 samples
corresponding to daylight and
darkness were collected every
Mednesday.

1980 .

1981

Same as during
1978 1979

Same as during
1978-1980

4-20 days per month
JA!I-OEC

Same as during 1980

Randomly.selected

Sane as during 1980

Composite 24-hr samples

Same as during 1980
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uniform impingement among screens. Similarly, during the continuous

wash sampling program when subsampling was necessary, the numbers of
fish impinged were extrapolated according to the hourly rate. These

adjustments are incorporated into the estimates of the total annual

number impinged.

3.1.7.2 Laboratory Methods

Fish were identified to the species level and enumerated where

possible. Total length and weight were determined for all indi-
viduals (up to 40) per net catch. For gill nets, which were set for
48 hrs and harvested every 12 hrs, each harvest was considered a net
catch. From 1972 through 1976 the sex and gonadal development of
each fish (up to 40 individuals for abundant species) were deter-
mined, while in 1977 and 1978 these characteristics were determined

for only three key species (white perch, yellow perch, and small-
mouth bass).

For fishes collected in 1972, condition factor (K = W x 10 /L ,
5 3

where W = weight in grams, L = length in millimeters) and coeffi-
cient of maturity were determined for al 1 species col lected in
substantial abundance. The studies were expanded from years 1973

through 1976 to include age and growth, fecundity, coefficient of
maturity, and food habits of five important species: alewife (Alosa

americana), yel low perch (Perca flavescens), and smal lmouth bass

19» 19

conducted for white perch and smallmouth bass only. In addition,
fecundity was determined for alewife and rainbow smelt in 1977. The

techniques used for these studies are discussed below and apply to
work done from 1973 through 1978.

3.0-40

Lawlor, Matusky K Skelly Engineers



A e and Growth

Age and growth were determined for the selected species as follows:
Alewife scales were removed from the left side of the fish below the
lateral line at the level of the vent' Rainbow smelt scales~4S

were taken from a mid-lateral posterior position approximately even

with the adipose fin on the left side . White perch scales
were taken from the left side midway between the lateral line and

dorsal fin, between the spiny and soft rayed dorsal fins 0)

Yellow perch scales were taken from immediately behind the left
pectoral fin . Smal lmouth bass seal es were removed from the(51)

'rea

near the tip of the left pectoral fin . Scales were
washed with a solution of liquid detergent and water and mounted

between glass microscope slides. A Bausch and Lomb tri-simplex
projector was used to facilitate counting and measuring of annuli.

The body length-scale relationship (L/Sc) for all sizes and age

classes of fish was determined in order to select the proper method

. of back-calcul ating growth ' Regression techniques 'ere(53,54)

used to determine the L'/Sc relationship or 'line of best fit to the
body length-scale length data. A Bartlett's test of homogeneity of
v'ariances ( a = .05) was conducted prior to the ANOVA on the regres-
sion. Tests of significance of a linear regression and devi ation
from linearity were made at a = .05.

All fish were considered to have been born on 1 January. There-

fore, fish caught between 1 January and the current year's annulus
. l

formation were aged as the number of annuli plus one year. After
annulus formation for the current year, the age of the fish was

equal to the number of annuli.
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~Fecuudit

During the spring spawning season (April through June), gonads were

collected from gravid females of the selected species for estimating
fecundity. Up to 40 females for all age classes for each species
were collected where possible from 1973 through 1976. In 1977 and

1978, 25 females per species were collected where possible. Females

of several different sizes were used so results would not be biased

toward larger or smaller fish. After removal from the fish, the
ovaries were preserved in modified Gilson's fluid.

Fecundity, defined as the number of ripening ova in a female prior
to spawning , was determined using 'a gravimetric (for yellow
perch, white perch, and smallmouth bass) or volumetric (for rainbow

smelt and alewife) procedure. The eggs within a subsample removed

from the middle of the ovary were counted (both immature and matur e

eggs were counted for alewife and white perch). This number was

then multiplied by a factor representing the ratio of total gonad

volume (or weight) to subsample volume (or weight).

Coefficient of Maturit Gonads (ovaries or testes) were excised
from fish chosen at random from each collection for each of the five
selected species and weighed to the nearest 0.01 g . Coefficient
of maturity was determined by the following formula:

Coefficient of maturity = x 100Gonad wt

Approximate spawning time was determined by graphing the seasonal

change in the coefficient of maturity

Food Habit Studies Fish-for stomach-contents analysis were cap-

tured in gill nets at sampling stations along the 5 and 10-m
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(15 and 30-ft) contours. The number of specimens avail able for
analysis was dependent upon the success of sampling. Where pos-

sible, the analyses were done by size groups to determine how food

habits change with growth.

Stomach contents were identified to the lowest practical taxon

and enumerated. 'uantitative data were used to determined each

taxon's frequency and percentage with respect to total number of
organisms counted. gualitative estimates of stomach fullness and

degree of digestion were also recorded for each fish examined. To

represent each food item's importance more accurately, food items .

were "weighted" by multiplying the individual percentage volume of
each food item by the- percent stomach fullness of each individual
stomach. Thus, a food organism representing 50K of the volume in a

stomach would be rated 37.5X in a 755 full stomach (i.e., 0.50 x

0.75 = 0.375).

3.1.8 Data Analysis Procedures and Statistical Methods

Data analysi s procedures included some methodologies conducted in
the field or laboratory in conjunction with routine data accumula-

tion. Those procedures are explained in individual sections earlier
in this chapter.

Data for each biotic group and for water quality were presented in
the annual reports in either graphic or tabular form but do not
necessarily represent all the data analyzed. When a single year or
event was representative of several, a representative unit may be

shown and reference made to the total data set. The taxonomic level
for data interpretation varied with sampling program (e.g., fish at
species level, phytoplankton at class level).
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Data were compared wi thin and between sampl ing programs wherever

such comparisons were biologically meaningful; parameters monitored
in the water quality program were also discussed in relation to
biotic groups where appropriate.

Various statistical tests were conducted, using both original and

replicate samples wherever possible, to increase the sensitivity
of the test and to determine levels of significance for spatial/
temporal distribution patterns.

The statistical tests used are described and referenced in detail in
the annual reports ). The tests used included Bartlett's test
for homogeneity of variance, T-tests, paired T-tests, least signifi-
cant difference test, analysis of variance, analysis of covariance,
Student-Newman-Keuls procedure, and simple linear regresssion.

Specific tests were chosen after each individual data base was

reviewed to ensure correct .application of the statistic being used.

For example, to analyze the impingement data collected in 1975,

parametric techniques, following the method of Steel and Torrie
and Sokal and Rohlf , were used because of the large sample

sizes and the high sensitivity of the tests. The analysis of
variance and the correlation analysis techniques were used whenever

their application was meaningful; an a = .05 was chosen for the
significance level for all correlations. Statistical techniques
for stratified sampling and the optimum allocation procedures
were applied to the impingement data analyzed.

To facilitate handling the extensive data base, cluster analyses
were used where applicable . Two measures of association
have been used with Nine Nile Point data: Gower's similarity
coefficent for 'quantitative data and the Per Cent Similarity(59)

(PS) measure given by Haedrich (60)
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The clustering strategy chosen was the group average, also known

as the unweighted pair-group average( ). This strategy has

proved generally satisfactory in many ecological studies and, since

it gives only moderately sharp clustering (i.e., it is a relatively
conservative strategy), it has the advantage of being relatively
immune to mi scl assi ficati on and i s general ly not group-s i ze de-

pendent(61)
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3.2 CHEMICAL PROGRAMS

3.2.1 Field Sampling

A number of comprehensive studies of the water quality in Lake

Ontario were undertaken during the late 1960s. These surveys were

performed under the'uspices of several state, national, and inter-
national agencies and include IJC( ', Weiler and Chawla , and(]) (2)

Chau et al.( ). A review of these water quality surveys, along

with a review of surveys conducted in the subject area during
1970-1972, was included in a report by gui'rk, Lawler 5 Matusky

Engineers (ELM) ) to Niagara Mohawk. Several other studies were

conducted in the ar ea during 1968-1972 by Storr ) and concerned

nitrate and phosphate concentrations.

Since 1970, LMS and TI~ have been surveying the water chemistry of
the nearshore waters and sediments in the general area of Oswego and

Nine Mile Point. The early (1970-1972) studies are summarized in

the 1974 ELM report . Details of the 1973-1980 water quality
sampling programs are given below.r

0
1973

Water quality sampling conducted during 1973 in the Nine Mile Point

vicinity included weekly field measurements, bimonthly (twice per

month) collections in conjunction with biological sampling, and

monthly collections for extensive water quality analyses. Special

studies were conducted to characterize the bottom sediment and

storm drain and sanitary effluent. The specific locations of lake

sampling stations are shown in Figure 3.2.1-1 and described in

Table 3.2.1-1. The'ater quality parameters measured are pre-

sented in Table 3.2.1-2.
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FIGURE 3.2.1-1

WATER SAMPLING STATIONS
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TABLE 3.2.1-1

WATER QUALITY SAMPLING LOCATIONS ON LAKE ONTARIO

NMPW

NMPC (NMPP/FITZ)

F ITZ

NMPE

NMPP

NMPI

NMPD

OSWP

OSWI

OSWD

Nine Mile Point West Transect

Nine Mile Point Center Transect

J.A. FitzPatrick Power Plant

Nine Mile Point East Transect

Nine Mile Point Power plant

Nine Mile Point Intake

Nine Mile Point Discharge

In Front of Oswego Steam Station

Oswego Steam Station Intake

Oswego Steam Station Discharge

NOTE: At each sampling site along a given transect, a sample
was collected 0.5 m (1.5 ft) below the surface and 0.5 m

(1.5 ft) off the bottom.
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TABLE 3.2.1-2

WATER QUALITY PARNfETERS HEASURED IN THE HONTHLY AHD BIHONTHLY SAf~iPLIHG PROGRAI15
NINE NILE POINT VICINITY

Parameter
1973

8) I1
1974

PaaT 1975
P001

1976
POD I

1977-1978 1979-1900
RDD

pH
Temperature
Specific Conductance
Turbidity
Color
Alkalinity
Carbon dioxide
Oissolved oxygen
Biological oxygen demand
Chemical oxygen demand
Chlorophyll a
Total solids

- Total dissolved solids
Total suspended solids
Total volatile solids
Settleable solids
Total coliforms
Fecal colfforms
Phenols
Surfactants
Nitrate nitrogen
Ammonia nitrogen
Total Kgeldahl nitrogen
Orthophosphate
Total phosphorus
Silicate
Sul fate
Alunf nun
Arsenic
Barium
Beryllium
Cadmfun
Calcfun
Chloride
Chromiun
Copper
Cyanide
Fluoride
Iron
Lead
Hagnesf um
Hanganese
Hercury
Nickel
Potassium
Silver
Sodiun
Vanadium
Zinc
Total organic carbon
Selenium
Organic nitrogen
Radiological
Carbon chloroform extract

X
X

X

X
X
X

X
X

X

X

X
X

X
X
X
X
X

X

X
X
X

X
X
X
X

X
X
X
X
X

X

X
X

X

X

X

X'

X

X
X

X
X

X

X
X

X
X
X

X
X
X

X

X
X

X
X
X
X

X
X

X
X
X

X
X

X
X

X

X
X
X
X

X
X

X
X

X

X
X

X

X

X
X

X

X

X
X

X

X

X
X

X

X

X

X

X
X

X

X

X

X

X
X

X
X

X

X
X

X
X

X

X
X
X

X
X

X

X
X

X

X
X
X
X

X

X

X
X

X

X

X

X

X

X X
X. X
X X

X

X

X

X

X
X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X
X

X
X

X
X
X

X

X
X

X

X

X
X
X

X
X
X
X

X

X

X

X
X

X

X

X

X

X

X
X

X

X

X

X

X
X

X

X

X

X

X

X
X

X

X

X

X
X

X

X
X

X

X
X
X

X
X

X

X
X

X

X

X

X

X

Ho - Honthly.
Bi - Bimonthly.
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Weekly temperature surveys were conducted from April through No-

vember at the NMPC, NMPE, and NMPW transects at the 6, 12, 15,

18, and 30-m (20, 40, 50, 60 and 100-ft) depth contours (Figure
3.2.1-1). Bimonthly chemistry collections were made from June

through December at the same three transects, but only at the 6 and

18-m (20 and 60-ft) depth contours. Monthly collections were made

from March through November at the Unit 1 intake and discharge and

at the NMPC tr ansect at the 6 and 14-m (20 and 45-ft) contours.

The Unit 1 sanitary sewage treatment plant effluent was monitored
monthly from August through November 1973. A separate 1.2-m (4-ft)
storm drain located at the edge of the lake on the west side of Unit
1 was also sampled monthly from August through November. Additional
sampling was conducted in the Oswego vicinity( ).

1974

The 1974 water quality sampling program was similar to the 1973

program (Tables 3.2.1-2 and 3.2.1-3). The analyses were designed to
supplement the 1973 study and to determine which parameters should
continue to be monitored.

Thermal profiles were conducted weekly during 1974 at the 15 and

30-m (50 and 100-ft) depth contours at NMPW, NMPP/FITZ (formerly
NMPC), and NMPE (Figure 3.2.1-1). Bimonthly monitoring of 17

parameters was conducted at the 6 and 18-m (20 and 60-ft) contours
at the NMPW, NMPP/FITZ, and NMPE transects and monthly for 48

parameters at NMPP/FITZ at the 6 and 14-m (20 and 45-ft) contours
and at the Unit 1 intake and discharge. Specific parameters were

monitored in-plant either weekly (temperature and dissolved oxygen

in conjunction with the impingement sampling progr am) or monthly
(water quality sampling program) at Unit 1 and monthly at the Nine

Mile Point sanitary sewage treatment plant( ).
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1975

Temperature measurements were taken weekly from April through

December 1975 at the 30-m (100- ft) contour at three transect s:

NMPW, NMPP/FITZ, and NMPE (Figure 3.2.1-1).

Surface and bottom water quality samples were taken bimonthly along

three transects (NMPW, NMPP/FITZ, NMPE) at three depth contours (6,
12, and 18 m )20, 40, and 60 ft]) from April through December. In

December, weather conditions limited the usual bimonthly sampling

efforts to a single collection. The 1975 bimonthly water quality
sampling program included a 12-m [40-ft] depth contour station at

each transect; this had not been a part of the 1974 program.

Surface and bottom water quality sampling was conducted monthly at

the 6 and 14-m (20 and 45-ft) depth contours along the NMPP/FITZ

transect only. Samples were collected approximately 30 days apart

from April through December.

Sediment samples were collected once per year at the 6 and 12-m (20

and 40-ft) depth contours along NMPW, NMPP, FITZ, and NMPE tran-
sects

1976

Three water quality sampling programs were conducted during 1976:

the NMP monthly water quality program, the JAF monthly water quality
program, and the JAF twice-monthly water quality program

The NMP water quality program consisted of monthly surface sampling

at the 6 and 12-m (20 and 40-ft) depth contours of three transects
(NMPW, NMPP/FITZ, and NMPE). For the JAF monthly water quality
program, surface and bottom samples were collected at the 6 and 14-m
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(20 and 45-ft) depth contours along the NMPP/FITZ transect, while
for the twice-monthly program, surface samples only were collected
at the 6 and 18-m (20 and 60-ft) depth contours along three tran-
sects (NMPW, NMPP/FITZ, and NMPE). Selenium and total organic
carbon were added to the list of parameters measured in the JAF

monthly water quality program in 1976 (Table 3.2.1-2).

Temperature was measured for the 1976 thermal profile programs

approximately weekly at the 30-m (100-ft) contour of three transects
(NMPW, NMPP/FITZ, and NMPE). Temperature measurements were also
made in conjunction with each of the biological sampling programs(

1977 and 1978

The water quality programs for these years were essentially the
same as the 1976 program ' Locations and frequencies remained(9,10)

the same; some parameters were added and some deleted (Tables
3.Z .1-2 abd 3.2.1-3).

1979 and 1980

For these two years, the water quality program was designed to
provide environmental information (dissolved oxygen and water
temperature) in the vicinity of the gill net sampling locations.
Water samples were collected from the bottom at the 9-m (30-ft)
contour of the NMPW, NMPP, FITZ, and NMPE transects. Collections
were made twice per month from April through August and once per
month from September through December

3.2.2 Laboratory Procedures

From 1973 through 1980, most temperature measurements were made

with a Martek Mark II multiprobe analyzer or Y.S. I. Model 57 DO
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TABLE 3.2.1-3

SAMPLING LOCATIONS USED IN THE MONTHLY AND BI MONTHY
WATER (UALITY PROGRAMS

NINE MILE POINT VICINITY: 1973-1980

Station
Depth

Contour (m) 1973 1974 1975 1976 1977 1978 . 1979 1980

Monthly
NMP I
NMPI
NMPC

NMPP/FITZ

NMPW

NMPE

Intake
Di scharge

6 (20
14 (45

6 (20
12 (40
14 (45

6 (20
12 (40

6 (20
12 (40

ft)
ft)
ft)ft
ft)
ft)
ft)
ft)

X

X

X

X

X

X

X

Bimonthly
NMPE

NMPW

NMPC

NMP P/F ITZ

NMPP

FITZ

6 (20 ft)
9 (30 ft)

12 (40 ft)
18 (60 ft)

6 (20 ft)
9 (30 ft)

12 (40 tt)
18 (60 ft)

6 (20 ft)
12 (40 ft)
18 (60 ft)

6 (20 ft)
12 (40 ft)
18 (60 ft)

9 (30 ft)
9 (30 ft)

X

X

.X

X

X



meter, in which cases pH, DO, and specific conductivity were also

measured. On occasion, thermal stratification measurements were

made with a Montedoro Whitney Model TF-20 thermistor or a GM model

OC-1/S bathythermograph.

For the bimonthly and monthly water collections, samples were

taken with a 4- or 9-liter (1- or 2-gal) PVC Van Dorn sampler and

were dispensed into 4-liter (1-gal) polyethylene bottles for im-

mediate transport to the laboratory; sterile 300-ml (0.3-qt) Pyrex

BOD bottles were used for bacteriological and DO analyses. Free

CO was determined in the field by titration.

Bottom sediment collections were performed by scuba divers. The

samples were placed in ice chests and returned to the laboratory
for analysis. Effluent samples of the sewage treatment plant were

24-hr composites of the oxidation pond influent and effluent.
Sampling at the 1.2-m (4-ft) storm drains was carried out by grab

samples taken every 6 hrs for 24 hrs.

The EPA has promulgated mandatory guidelines establishing test
procedures for the analysis of pollutants ' All analyses

conformed either to these guidelines or, by permission of the EPA

Region II laboratory, to current standard methods . The

orthotolidine field measurement technique for total chlorine re-
sidual was used at Nine Mile Point . Details of specific analy-
tical procedures are avail able in the annual reports

3.2.3 Data-Analysis Procedure's and Statistical Methods

Data reduction procedures'are included in the annual reports

Concentrations of most water quality parameters were usually dis-
played graphically or in tables, and visual comparisons were made

between stations. In some instances, analysis of vari ance was
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conducted to test for possible differences among dates of collec-
tion, stations, and sample depth means. Biological ly significant
water quality parameters received special attention to aid in
interpreting certain biological patterns i
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3.3 THERMAL PROGRAMS

Temperature measurements have been conducted at the Nine Mile Point
site since 1969. Temperature profiles were conducted at the site
by Stone 8 Webster Engineering Corp. in 1969 and 1970 as part of the

design studies for JAF and Unit 2. During 1970, Dr. J.F. Storr
commenced routine monitoring of the Unit 1 thermal plume. During

1972, discussions with the NRC staff led to an ETS (issued for Unit
1) requiring aquatic studies and thermal monitoring for the site. A

similar ETS is part of the JAF operating license. These ETSs (and

their revisions) for the two licenses (Unit 1 and JAF) are the basis
for most of the thermal and aquatic ecology studies conducted at the
site. From 1973 through 1978, temperature measurements to determine
the movement and timing of natural lake thermal stratification were

taken weekly from April through December. These data, describing
thermal structure at the site, fulfilled requirements of the Unit 1

and JAF operating license ETSs..

In the fall of 1975 the JAF plant went into commercial oper ation.
As required by the ETS, triaxial thermal plume and dye measurements

were made in 1976 and 1977.

The sections below provide further details of the thermal monitoring
conducted in the Nine Mile Point vicinity.

3.3.1 Measurements of Vertical Temperature Profiles

Each year from 1973 through 1978 weekly surveys were conducted from

April through December at various water depths at three transects:
directly off Unit 1 (NMPP), east of the plant (NMPE), and west of
the plant (NMPW). The east or west transects act as controls,
depending on the ambient lake current, while the plant transect is

3.0-64

La~vier, Matusky R Skelly Engineers



at the Unit 1 outfall. The study area includes the existing Unit 1

plume and the area potentially affected by Unit 2. Some data were

also collected near the Oswego Plant, 11 km (7 mi) west of Nine Nile
Point.

Temperature measurements were made at 1-m (3-ft) intervals to
define the seasonal progression of thermal stratification at the
30-m (100-ft) depth contour from 1973 through 1978, and at the 15-m

(50-ft) depth contour in 1973 and 1974. Measurements were made with
a Martek Mark II multiprobe analyzer, a Nontedoro Whitney Model

TF-20 thermistor, or a GM Model OC-1/S bathythermograph. Tempera-

tures were also measured with most biological. collections and water
quality sampling; these data are consistent with the Unit 1 and JAF

plume survey data. The profile data were evaluated to identify
when and where thermal stratification existed in the lake. Strati-
fication is defined as a vertical temperature gradient in excess of
1'C/m (1.8'F/3.3 ft).

3.3.2 Nine Nile Point Unit 1 Plume Surveys

The Unit 1 plume surveys were conducted by Dr. J.F. Storr(
The area surveyed varied among dates in response to the Unit 1

thermal configuration. The western boundary was commonly 1 km

(0.6 mi) west of Unit 1 while the eastern boundary of the surveyed
area occasionally extended 1 km (0.6 mi) east of the JAF plant.

Instrumentation used in .the surveys consisted of four thermistors
spaced to measure the temperature at desired depths below the lake
surface. The thermistor "string" was attached to a weighted line
suspended from the side of the boat, with the topmost detector
within the upper 0.3 m (1 ft) of water as the boat followed the
transect course.
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Four Rustrak recorders, Model 2133, and four Gul ton Industries
thermistor probes, Model 133, were used in each survey. In com-

bination, the recording range is 0-40 C (32-104 F), accuracy is
+ 0.5X of the scale, and response time is 905 in 5 sec. A Taylor
precision thermometer (mercury) with an accuracy of + 0.1'C
(0.18 F) was used to calibrate the recorders before each thermal

run. Later, the recorders were r echecked at ambient temperatures on

the lake and in the discharge plume. Periodic checks of equipment

were made throughout the study.

Temperature at the four detector depths was continuously recorded by

a four-pen strip chart recorder. As the preselected transect was

followed, the recorder chart was marked when the traverse inter-
sected another transect as sighted against a shoreline marker.

Temperatures recorded at this time were plotted later as depth and

isothermal points for that particular grid location. The course

along each transect was maintained and temperatures were r ecorded

until the temperature was within about 0.5'C (1'F) of ambient.

To allow the determination and reproduction of boat location in the

water, shoreline markers, in the form of triangular arrays of poles,
were installed to form a base for each lakeward transect. The

arrays were spaced at approximately 305-m (1000-ft) intervals along

the entire site shoreline. While one pair of poles was used to
traverse a course along a 45 degree angle to the shore, a pair of
poles at each shore base of successive transects was used to mark

boat position along the cour se. Runs were made at speeds generally
between 0.3 and 1.0 m/s (1 and 3 fps). Meteorological data were

recorded during each survey.

A complete survey was performed each day. Daily surveys were plot-
ted as tri axial isotherm contours at 0.5'C (1'F) or 1.0'C (1.8'F)
intervals on a grid map of the survey area. Ambient temperatures,
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meteorological conditions, and plant operating parameters are listed
on each map.

3.3.3 J.A. FitzPatrick (JAF) Plume Surveys

The JAF plume surveys, which included dye and temperature measure-

ments, were conducted by Aquatec, Inc., under the direction of Stone

5 Webster Engineering Corp.( ). The study area included the JAF

plume, the Unit 1 plume, and farfield ambient monitoring locations.
The data acquisition system used in the surveys included a data
logger that records on magnetic tape. This system was used to
collect data in two sampling modes during the JAF hydrothermal
surveys. In the first mode, horizontal sampling, the tracking boat
traveled along a transect while water was pumped at a constant rate
from selected depth(s) and passed through the fluorometer cell(s)
where its dye content was continuously measured. Water temperature
was measured with a thermistor probe near the pump intake. In the
second mode, vertical sampling, the boat remained stationary at a

buoy and a hose was raised from the bottom to the surface at a

constant rate while the sample was continuously pumped through the
sensing units.

On those surveys when dye was used, Rhodamine WT dye was injected
into the JAF circulating water system upstream of the center circu-
lating water pump in the screenhouse, using an FNI positive dis-
placement fluid metering pump. The weight of the dye was recorded
each hour as a check on the rate of dye release.

Circulating water intake and discharge dye concentrations were

measured at the intake and discharge shafts inside the pump house.

Measurements of dye scale readings and temperature, used for dye

correction, were recorded on analog strip chart recorders. Back-

ground fluorescence was determined before each survey.
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Fol lowing the survey, the dye concentrations were converted to
equivalent temperature rises, neglecting atmospheric heat exchange

and plotted as a calculated "thermal plume."

Temperature measurements were converted to temperature rise by
subtracting an ambient surface temperature for each survey. The

resulting triaxial plume was then compared with the calculated
"thermal plumes," based on dye results, for surveys that included
the dye release.
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APPENDIX

THERMAL LIMITS
FOR SELECTED SPECIES





FISH THERMAL LIMITS

I. Lethal threshold:
Upper

Lower

cc matron

10
14-15
15
20
16.2
10
15
20
25

21
15
10

5

Tem erature C

arvae uveni e
'RR

2
31

30-31
26.5

30.3
32.1

du t
20

23
23

23.5
23.5
24.5

6-8
<6
<6
<6

Data
Source

3
9
3
3
5
8
8
8
8

II. Growth

Optimu8 and
[range ]

Larvae

26

Juvenile
Data

Adult Source

ttl. Reproducttoo: ~0 timum

Migration
Spawning

Incubation
and hatch

~Ran e

15.6-27.7
13-16

15.5-22 for 6 to 2 days
17.2*
20.8*

Maximum hatching success

Data
Months Source

IV. Preferred: Acclimation

5.5-20
NA

10-11 Jun
10-18 (Aug-Sep)
24-25
5-9 (Nov)
1-4 (Oec-Jan)

Data
Larvae Juvenile Adult Source

21.3 7
926.3 (larvae 5

early
juveniles)

21
19

24-25 16
25
21 16
19 (Oec) 11-12

As reported or net growth (growth in weight minus weight of mortality).
As reported or to 504 of optimum if data permit.

Data sources:
1. Rounsefell and Stringer 1943
2. Threinen 1958
3. Graham 1956
4. U.S. Dept. of Interior 1970
5. Stanley and Colby 1971

cited in Kellogg 1982.

6. Edsall 1970
7. Reutter and Herdendorf 1974
8. Otto et al. 1976
9. Kellogg 1982



FISH THERMAL LIMITS

SPECIES: Brown trout (Salmo trutta)

I. Lethal threshold: cc ma on
Tem erature 'C

arvae uven e u t
Data
Source

Upper

Lower

14-18
5-6
20
26

10
20

22.5
23

29
30

25

26

II. Growth

Optimu8 and
[range j

Larvae Juvenile
Data

Adult Source

18.3-23.9 2

8-17 4
12 5

III. Reproducttou: ~0 t<mum ~Ran e
Data

Months Source

Migration
Spawning
Incubation
and hatch

6.7-8.9
7.3 for 64 days

10.0 for 41 days

Oct-Nov 1

IV. Preferred: Acclimation Larvae Juvenile Adult
Data

Source

12
15
18
21
23

Final preferendum NA
Final preferendum NA

11.7
15.5
17.9
18.8
18.5

12.4-17.6
14.3-17.8 t

9
9
9
9
9
7

9

6. Bardach et al. 1972
7. Tait 1956, cited in Ferguson 1958
8. Lee and Rinne 1980
9. Cherry et al. 1977

As reported or net growth (growth in weight minus weight of mortality).
As reported or to 50K of optimum if data permit.

Data sources:
1. Mansell 1966
2. Brynildson et al. 1963
3. Klein 1962
4. Brett 1970
5. Swift 1961
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FISH THERMAL LIMITS

SPECIES: Coho salmon (~Oncorh nchus ktsutch)

I. Lethal threshold:
Uppe'r

cc mat on

5
10
15
20
23

Tem erature C

arvae uven e

23
24
24
25
25

Data
Source

1

1

1
1
1

Lower 5
10
15
20
23

0.2
2
3
5
6

II. Growth

Dptimui and
[range ]

Larvae Juvenile

15
(5-17)

Data
Adult Source

III. Reproduction: ~0 timum

Migration
Spawning
Incubation
and hatch

~Ran e

7-16

Data
Months Source

Fall 3

IV. Preferred: Acclimation

(5.5-20)

Data
Larvae Juvenile Adult Source

11.4

bAs reported or net growth (growth in weight minus weight of mortality).
As reported or to 50$ of optimum if data permit.

Data sources:
1. Brett 1952 3. Burrows 1963
2. Great Lakes Research Laboratory 1973 4. Averett 1968

5. Reutter and Herdendorf 1974
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Upper

Lower

10.2-15
13

13

13

>-30.6<32.4
(5 min exposure)
>-28.8<30.8
(30 min exposure)
>-26.8<28.8
(60 min exposure)

FISH THERMAL LIMITS

SPECIES: Rainbow smelt (Osmerus mordax)

Tem erature 'C

I. Lethal threshold: cc ma >on arvae uven e, u t
21.5-28.5

Data
Source

II. Growth

OptimuIn and
[range ]

Larvae Juvenile
Data

Adult Source

ttl. Reproductton: ~0 timum

Migration
Spawning
Incubation
and hatch

~Ran e

8.9-18.3
11-15

6-10 for 29 to 19 days

Data
Months Source

March-April 5
2

June 4
3

IV. Preferred: Acclimation

NA
NA

Data
Larvae Juvenile Adult Source

7.2 6
6-14 8

As reported or net growth (growth in weight minus weight of mortality).
As reported or to 50% of optimum if data permit.

NA - Not available.

Data sources:
1. Huntsman and Sparks 1924

cited in Brown 1974.
2. Scott and Crossman 1973
3. McKenzle 1964
4. Sheri and Power 1968

5. FILM 1975
6. Hart and Ferguson 1966
7. Barker et al. 1981
8. Wells 1968

A-4



FISH THERMAL LIMITS

SPECIES: Smallmouth bass (~Micro terus dolomieut)

I. Lethal threshold: cc mat on
Tem erature C

arvae uven e u
Data
Source

Upper

Lower

NA

UUILT

15
18
22
26

38
35

2
4
7

'10

9
15

3,9
3
3
3

II. Growth

OptimuH and
[range ]

Lar vae

28-29(2)

'uvenile

26(3)
[<20<323

Data
Adult Source

2,3
14

III. Reproductioo: ~0 timum ~Ran e
Data

Months Source

Migration
Spawning

Incubation
and hatch

17-18(5)
16.1-18.3

13(8)-21(7)
12 '-20.0

May-July(8) 5,7,8
11

May-July

IV. Preferred: Acc1 imat ion Larvae
Data

Juvenile Adult Source

15
18
24
30

Sumer
Winter
NA

Winter
Spring
Suamer
Fall
Fall (20.0-5.5)

Final preferenda
NA
NA

NA

20.2
25.5
28.2
30.9

18.0
19-24
31.0
24-27
26.6

21-27
)8*
20-30**
12-13
15-16
30.0
21-23

15
15
15
15

6
1

10
12
12
12
12
13

30.3-31.5 15
28.0 4
31.0 12
*Life stage unknown

~Avoidance

As reported or net growth (growth in weight minus weight of mortality).
As reported or to 5(5 of optimum if data permit.
Ultimate upper incipient lethal temperature.

NA - Not available.

Data sources:
1. Munther 1968
2. Peek 1965
3. Horning and Pearson 1973
4 ~ Fry 1950, cited in

Ferguson 1958
5. Breder and Rosen 1966
6. Emig 1966
7. Hubbs and Bai ly 1938

8. Surber 1943
9. Larimore and Duever 1968

10. Cherry et al. 1975ll. Scott and Crossman 1973
12 'arans and Tubb 1973
13. Reutter and Herdendorf 1974
14. Wrenn 1980
15. Cherry et al. 1977
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FISH THERMAL LIMITS

SPECIES: Spottaii shiner (~notre is hudsontus)

I. Lethal threshold: cc mat on
Tem erature 'C

arvae uven e Adult
Data
Source

Upper 11.1
7.2

1.1
30.6

Lower

II. Growth

Optimu8 and
[range j

Larvae Juvenile
Data

Adult Source

III. Reproduction: ~0 timum

Migration
Spawning
Incubation
and hatch

~Ran e.
Data

Months Source

May-August 3,4

IV. Preferred: Acclimation Larvae Juvenile Adult
jh T4

Winter (<5.5) 10. 2
Spring (5.5-20.0) 14.3

Data
Source

5
5

aAs reported or net growth (growth in weight minus weight of mortality).
As reported or to 50$ of optimum if data permit.

NA - Not available.

Data sources:
1. Trembley 1961 for LD 50
2. Meldrim and Gift 1971
3. Peer 1961
4. Car l ander 1969
5. Reutter and Herdendorf 1974
6. Reutter and Herdendorf 1976

A-6



FISH THERMAL LIMITS

SPECIES: Threespine stickl eback (Gasterosteus aculeatus)

I. Lethal threshold: cc ma on
Tem erature 'C

uvens e uarvae
Oata

Source

Upper 19
10
20

25.8
25.7
27.2

31.7-33

Lower

II. Growth Larvae Juvenile
Oata

Adult Source

Optimua and
[range j <37e1 3

III. RepoouuctIou: ~0 tImum

Migration

Spawning
Incubation
and hatch

~Ran e

19 for 7 days

Oata
Months Source

Jun-Jul 5

(generally)

IV. Preferred: Acclimation
Oata

Larvae Juvenile Adult Source

As reported or 'net growth (growth in weight minus weight of mortality).
As reported or to 50K of optimum if data permit.

Data sources:
1. 'Blahm and Parente 1970
2. Jordon and Garside 1972
3. Altman and Oittmer 1966

4. Breder and Rosen 1966
5. Scott and Crossman 1973
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FISH THERMAL LIMITS

SPECIES: Mhite perch (Morone americana)

I. Lethal threshold: cc mat on
Tem erature 'C

arvae uven e du t
Data
Source

Upper 1.1
24.8

6.6
34 F 7

I*
1*

Lower
*Minimum avoidance temperature

II. Growth

Optimua and
[range ]

Larvae Juvenile
Data

Adult Source

23.9 1

ttt. Reproducttoo: ~0 t1mum

Migration
Spawning

Incubation
and hatch

~Ran e

11-15
10-15

15-20 for 4.5-1.2 days

Months

Hay-Jun
Har-Hay
Mar-May

Data
Source

IV. Preferred: Acclimation Larvae Juvenile Adult
Data

Source

6
12
18
24
30
33

Final preferenda
NA

15.2-16.9
19-21.4
22-24.7

26.3-30
29.3-31

30-32.6
31.6-32.4

(North Carolina)
29.3-30.6

(Maryland)
29.2-29.6

(New Jersey)

bAs reported or net growth (growth in weight minus weight of mortality).
As reported or to 50$ of optimum if data permit.
Patuxent Estuary, Maryland.

Data sources:
l. Heldrim and Gift 1971
2. Scott and Crossman 1973
3. Sheri and Power 1968

4. Hall et al. 1978
5. Hansuetti 1961
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FISH THERMAL LIMITS

SPECIES: Yellow perch (Perca flavescens)

I. Lethal threshold: cc >mation
Tem erature 'C

arvae uven e u t
Data
Source

Upper

Lower

5
9-18
18
10

22-24
25

UUILT

25
18

3-28

9.8

26

21.3
13-22,

25
29-30
29.7

1
12
15

1

2
3

19

1
15

II. Growth

Optimua and
[range ]

Larvae Juvenile

22

Adult

13-20

Data
Source

T6
18

5

iii. Reproduction: ~0 timum ~Ran e Months
ata

Source

Migration
Spawning

Incubation
and hatch

12(11)
8(11)

10.1-18

7.2-12.8(9)
8. 9-18.

6(Lab�)

5-10II,10)
3.7-21

7-22.9

9,11
14

March-June(11) 10,11
15
15

IV. Preferred: Acclimation Larvae Juvenile Adult
Data

Source

NA

5
10
10

"

15
15
20
NA
20
20
Winter
Winter
Spring
Surmiser

Final preferenda Winter
Spring
Suraner
NA
NA

24

19. 3

23.0

23.1

24
10-13

18.0
25-27

21.4-22.2
24.2

13
11
17.0
16
20.0
19
20. 5
10-29
20
18-24
7-12

14 F 1

13-16
27 '
25-30
21
17-18

21.0
18-24

17,
4
4

17
4

17
4
7

17
8
7

13
7
7

17
17
17
19

4
8

As 'reported or net growth (growth in weight minus weight of mortality).
As reported or to 50% of optimum if data permit.

dRange tolerated for 24 hrs.
For production of swim-up larvae.

fTL50 for early stage ~

TL for 1 ater stage.
gUltkate upper incipient lethal temperature

Data sources:
1. Hart 1947
2. Black 1953
3. Brett 1956
4. Ferguson 1958
5 ~ Coble 1966
6. Weatherley 1963
7. Barans and Tubb 1973
8. McCauley and Read 1973
9. Breder and Rosen 1966

10. i|LM 1975

11. Jones et al. 1973
12. Everest 1973
13. Reutter and Herdendorf 1974,
14. Hokanson 1977
15. Hokansen and Kleiner 1974
16 ~ McCormick 1976
17. McCaul ey 1977
18. Huh et al. 1976
19. Cherry et al. 1977
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