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EXECUTIVE SUMMARY

Aquatic monitoring was conducted at the Oyster Creek Nuclear Generating
Station (OCNGS) and vicinity from September 1980 - August 1981, The
program comprised four discipline elements: studies of fish and macro-
fnvertebrates at four stations in Barnegat Bay, impingerent of fish and
macroinvertebrates on the OCNGS traveling screens, entrainment of ichthy-
oplankton and marroinvertebrates into the OCNCGS cooling system, and com-
mercial fish landings in Atlantic and Ocean counties. The monitoring
prograns were carried out pursuant to Appendix B Oyster Creek Nuclear
Generating Station Technical Specifications, issued to Jersey Central
Power & Light Company by the U.S. Nuclear Regulatory Commission, effec-
tive 6 June 1979, This is the fourth in a series of reports prepared by
Ecological Analysts, Inc. for fulfillment of aquatic monitoring require-
ments of the OCNGS Technical Specifications,

Sampl ing in Barnegat Bay was carried out monthly, with each station
sanpled twice during day and twice uwuring night with each of three gears:
45,7-m seine, 12,2-m seine, and 4,9-m otter trawl. Impingement collect-
fons were made for a 24-hour period once each week by securing all or
known portions of the screenwash from all operating screens. Paired
entraimment samples were taken two hours after sunset at both intake and
discharge weekly in September and Octcber 1980 and March through August
1981 and every other week from November 1980 through february 1981, Once
each month a 24-hour entrainment study was conducted, Collections were
made with 36-cm diameter bcngo nets with 505-ym mesh netting., In Septem-
ter and October 1980 and March through August 1981, entrainment samples
were examined for live and dead fish larvae immediately cfter collection,
Commercial fish landing data for the OCNGS environs were obtained from
the Mational Marine Fisheries Service, Water quality measurements (water
temperature, dissolved oxygen, pH, and salinity) were made in conjunction
with ail biological sampling.

All field collections were processed as dictated by the OQuality Assurance
Procedures Manual for the Oyster Creek Project and the Technical Specifi-
cacfons, Data were entered on field data sheets and subsequently key-
punched and entered onto a PDP-11/70 computer system. Summary programs
were run and the output from many of those are incorporated in this
report, In addition, total impingement and entrainment abundance esti-
mates were computed with 80 percent confidence intervals. The 12-month
database was converted and appended to the previous data on GPU's data
management system (OCEAN) in Reading, Pennsylvania, This system wa~ then
accessed via a Hewlett-Packard teminal to produce six-year abundance
plots and a multiple regression analysis.

The najority of organisms captured in Barnegat Ray were macroinverte-
brates, primarily sand shrimp, grass shrimp, hlue crab, and xanthid crab
juveniles, The most abundant finfish were Atlantic silverside, bay
anchovy, and fourspine stickleback, Most spe.:es were captured in
greater nunters in the warmer spring through call period, but a few,
e.9., sand shrimp, winter flounder and grass shrimp, were more abundant
from late fall through early spring. Oroanism abundance varied among
stations, bhut overal? was highest at Oyster Creek and lowest at Cedar
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Creek. Total catches were consistently qgreater at night at all stations,
but certain species, e.g., Atlantic silverside and bay anchovy, were more
abundant in day samples., Length-frequency analysis revealed that most
organisms oc...red in the catches as a mixture of young and adult forms,
although the young frequently predominated. No evidence of serious
parasitism or disease of fish or macroinvertebrates was noted. Water
quality measurements provided typical seasonal ranges: water temperature
1-29 C, dissolved ocygen 3.8-15.5 mg/liter, pH 7.5-8.3, and salnity 14.9-
28.0 ppt.

The analysis of catch data for key species during the September 1975 -
August 1981 period revealed a variety of distributional patterns. Bay
anchovy abundance declined from 1975 through 1981, but increased again
in 1981, Catches of Atlantic silverside, sumner flounder, sand shrimp,
and blue crab were clearly greater during the second half of the six-year
period, Annual catches were variable with no noticeable pattern for
winter flounder, bluefish, weakfish, northern pipefish, and northern
puffer, Annual catch variation was attributed to normal population
cycles, response to envirommental conditions, or unknown reasons. The
increased catches of winter flounder young in 1977 and the decreased
abundance of blue crab in that year were described as opposite responses
to the severe winter of 1976-1977,

The multiple regresssion analysis of field-fisheries data invelved
testing the relationship of various environmental and plant-operating
variables to catch rates. The regression coefficients were low, sug-
gesting that the model explained little of the variation in the field-
fisheries catches; thus the possibility of a strong relationship between
abundance and plant-operating characteristics was ruled out.

Using 12.2-m seine data, an analysis was made of catches prior to OCNGS
operation (1966-1970) and after operation began (1975-1981). Tabulations
and plots of abundance data and Spearmans Rank Correlation procedure
revealed some differences in abundance and composition at near-field
éOyster Creek and Forked River) and far-field (Cedar Creek and NDouble
reek) locations between preoperational and operational years. Decreases
in abundance of some species, e.q9., silver perch, blueback herring, and
northern puffer, occurred both in Barnegat Bay and other nearby estuaries
and were attributed to natural phenomena. Some changes occurred only at
Oyster Creek and Forked River, such as reduction of northern pipefish
nunbers, and this probably was related to construction and operation of
OCNGS., These changes were not unexpected because the near-field areas
sampled form a part of the OCNGS cooling water canal system.

The impingement of organisms on the OCNGS traveling screens followed a
pattern similar to the Barnegat Ray catches. The dominant organisms were
macroinvertebrates with sand shrimp, blue crab, and grass shrimp consti-
tuting 90,1 percent of impinged organisms., Atlantic silverside and naked
goby were the most abundant finfish impinced. Peak impingement catches
occurred in November 1980 and April 1981, For some species, high
impingement catches occurred at approximately the same time as high-field
catches: weakfish, sand shrimp, and Atlantic menhaden, For others, peak
periods of impingement did not always coincide wtih peak field catches,
e.9., hay anchovy, blue cradb, Atlantic silverside, northern pipefish, and
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summer flounder, The latter condition was attributed to differences in
inpingement and field-gear vulnerability within a species related to
swimming ability, habitat preferences or unknown facters., Night impinge-
ment catches were about five times higher than day catches, It was esti-
mated that 10,3 million or?anisws were impinged from September 1980 -
August 1981; 6.8 million of these were sand shrimp. Water quality data
for impingement were similar to those described above for Barnegat Bay.

Comparison of annual impingement estimates over the last six years
revealed patterns generally similar to those described above for most key
species taken in Barnegat Bay, except for blue crab, bluefish, northern
pipefish, and bay anchovy. Field and impingement catch discrepancies for
the latter species were attributed generally to differing organism vul-
nerabilties and to the effect of plant shutdown at times when impingement
of a given species is nomally high,

In the multiple regression analysis of impingement data, variations in
screen catch rates were primarily correlated with seasons, day-n.ght
period, field abundance and, in some cases, high winds. To a large
extent, the statistical analysis confirmed that impingement rates are
generain a function of abundance of organisms in the vicnity of OCNGS.

Ichthyoplankton entrainment samples were dominated by bay anchovy eggs
and larvae, winter flounder eggs and larvae, unidentified eags, goby
1arvae, American sand lance larvae, and labrid eggs. These forms
accounted for 95.6 percent of all entrained ichthyoplankton, Bay anchovy
eggs were most abundant (65.2 percent). Seasonal peaks in abundance of
eggs were seen in February 1981, due to winter flounder spawning, and
early June 1921, due largely to bay anchovy spawning, Peaks of larvae
abundance occurred in March (winter flounder, American sand lance), and
again through the summer 1981 (bay anchovy, silversides, and gobies).
Little day-night difference in ichthyoplankton was evident, except for
winter flounder eggs and larvae in January and February (greater at
night) and bay anchovy eggs (greater at night during June, greater in day
during July and August). Mortality of passage through the cooling system
was determmined for bay anchovy larvae and juveniles, northern pipefish
juveniles, qoby larvae, winter flounder larvae, sand lance larvae, and
silverside larvae. Percent entrainment mortality ranged from 21.2 for
sand lance larvae to 96,2 for bay anchovy juveniles. The estimated total
nugber of entrained ichthyoplankton for the study period was 13,930.61 x
107, Water quality patterns are described above.

Comparison of ichthyoplankton entrainment data over the 1975-19°1 period
revealed different patterns of abundance for important species. Some
forms, such as bay anchovy eggs and sand lance larvae, had one year of
high density with the other five years having relatively low densities.
Several forms (bay anchovy larvae and juveniles, winter flounder larvae,
and northern pipefish juveniles) had two or more years of high densities
interspersed with years of low density. Goby larvae showed a general
decline in abundance over the years, whereas silverside larvae showed a
general increase in abundance, The relationship of these year-to-year
fluctuations with environmental data such as physical/chemical factors,
meteorological phenomena, and NCNGS plant-operation parameters is not
clear from the available data.






fish., Hard clam (meats) produced the greatest dollar value ($1,020,020),
followed by summer flounder and weakfish ($717,779 and $208,649, respec-
tively). The top three species in Atlantic County, in terms of both
1anded weight and dollar value, were hard clan meats ($809,806), blue
crab ($46,301), and sunmer flounder ($32,674), The total weight and
value of all landings was 1,282,277 kg and $2,266,166 for Ocean County
and 278,473 kg and $906,956 for Atlantic County. Separate Barnegat Bay
data are no longer compiled, but based on data from previous years, it
can be estimated that all of the blue crab and white perch, ani substan-
tial portions of the winter flounder and, to a lesser extent, hard clam
landings for Ocean County, originated in Barnegat Pay.

The commercial landing data for 1975-1981 were compared to OCNGS impinge-
ment and entrainment aata for several key species that are connercially
important, The general analysis indicates that the effect of impingement
and entrainment cropping of the various species cannot be identified *n
the commercial landings data, Rather, the year-to-year fluctuations in
both impingement/entrainment and commercial fishing success appear to be
controlled by those factors that bring about natural variation in the
size of species populations,



1. INTRODUCTION

This report presents the results of the prescribed Non-Radiological
Environmental Technical Specifications monitoring at Cyster Creek Nuclear
Generating Station (OCNGS) for the period 1 September 1920 - 31 August
1981, This is the second annual report of aquatic hiological monitoring
conducted by Ecological Analysts, Inc. (EA) pursuant to Appendix B Oyster
Creek Myclear Generating Station Technical Specifications, issued to
Jersey Central Power & Light Company (JCP&L) by the U.S. Nuc1ear Fequl a-
tory Commission (U.S. MRC 1978) to be effective 6 June 1979,

The generating station and surrounding area were described by Danila et
al., (1979), based on literature reviews and their own studies. OCNCS is
a 620-Mie boiling-water reactor, located 3.2 kilometers west of Barnegat
Bay in Lacey Township, New Jersey (Figure 1-1). During station opera-
tion, cooling water is withdrawn from Parnegat Bay through the lower part
of the south branch of Forked River, then into the dredged intake canal
and into the plant. Heated water is discharged into a dredged canal and
flows into lower Oyster Creek and ints Barnegat Bay.

Barnegat Bay is a 'arge, shallow estuary created by offshore barrier
beaches. A limited exchange of bay and ocean water occurs through narrow
Barnegat Inlet and the Manasquan Canal,

The interaction of OCNGS and Barnegat Ray has been under study since 1966
(Danila et al, 1979), Early, preoperational studies were conducted by
Rutgers University and concentrated on benthic invertebrutes, algae, and
fish. These studies continued, with the inclusion of plankton, after
commercial operation of OCNGS began in December 1969; most were carried
out under the auspices of either Rutgers University or the New Jersey
Division of Fish, Game, and Shellfish., The results of these studies were
evaluated in the Finagl Environmental Statement published by the U.S.
Atomic Energy Commission (U.S. AEC) in 1974, In 1978, Jersey Central
Power & Liaght Company produced 316(a) and (b) denonstrations (JCP&L 1978)
which evaluated the previous studies, including the first two years of
aquatic monitoring studies done by Ichthyological Associates (IA) (Tatham
et al, 1977), The IA studies continued until June 1979 when EA assumed
the monitcring studies, both as a continuation of previous programs and
as the first Enviromental Technical Specifications aquatic monitoring.
Data from April and May 1979 (IA collections) and June, July, and August
1979 were reported by FA (1980),

This report consists of data descriptions and interpretive discussions of
each of the disciplines studied by EA for the 12 months ending 31 August
1981, After the description of field and laboratory methodelogies in
Chapter 2, Chapters 2 through 7 treat, in turn, the results of Barnegat
Bay fishery studies, impingement, entrainment, and commercial catch data.
A combined reference section is presented at the end of the report.
Tabular presentations associated with each discipline are in consecutive
arder at the end of the appropriate chapter. Water quality data are
presented for each appropriate discipline.
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Figure 1-1. Map of the middle portion of Barnegat Bay showing trawling and seining
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locations (adapted from Tatham et al. 1978




2. METHODS

2.1 RARNEGAT BAY FISHERIES

Sampling of finfish and shellfish was carried out once per month at the
mouths of Cedar Creek, Forked River, Oyster Creek, and Double Creek
(Figure 1-1). No samples were collected at Cedar or Double creeks in
January due to ice cover, Three gears were employed: a 45.7-m x 2.4-m
bag seine with 2.5-cm stretched mesh; a 12.2-m x 1.8-m straight seine
with 0.6-cm stretched mesh; and a 4,9-m semiballoon otter trawl with a
1.3-cm stretched mesh codend liner, With each gear, two samples were
taken once during the day and once during the night at each sampling
station, The 45.,7-m seine was deployed in a semicircle from a boat and
pulled by hand. The 12.2-n seine was extended parallel to shore with one
pole onshore and pulled in a semicircle. Trawl hauls were standardized
at S-minute tows at approximately 1,200 rpm.

After each sample, the catch was sorted and all organisms enumerated and
identified. Key species, i.e., Atlantic menhaden, bay anchovy, Atlantic
silverside, northern pipefish, striped bass, bluefish, weakfish, northern
kingfish, summer flounder, winter flounder, northern puffer, sand shrimp
(12.2-m seine only), and blue crab were measured to the nearest milli-
meter fork length (finfish), carapace width (blue crab), or tip of telson
to tip of antenna scale (sand shrimp). A representative selection of 50
specimens of an individual species 1ife stage was measured, if more than
50 were caught. If the same species 1ife stage was encountered in the
second haul, up to 50 were again measured. When large numbers of organ-
isms, such as shrimp, small crabs, or anchovies, or large amounts of
debris were encountered, subsampling was done and total counts were
extrapolated, Any organism of questionable identity was preserved and
returned to the laboratory for examination., Records were kept of

any organisms that had external parasites, disease, or morphological
abnormalities.

The American Fisheries Society recently published the fourth edition
(1980) of A List of Common and Scientific Names of Fishes from the
United States and Canada. In that work, the names of three species col-
Tected at ULNGS have been revised. However, to remain consistent with
previous CCNGS reports, and thus avoid confusion in year-to-year compari-
sons of data, the present study continues to use the names provided in
the third edition (1970): (Alectis crinitus, Pissola marginata, and
Urophycis regius).

2.2 [MPINGEMENT

Impingement sampling was performed in the sluiceway pit, an open cuboid
area downstrean of all intake screens, at the point in the sluiceway
where the screenwash conduit leads under the adjacent roadway to the
adjacent discharge area (Figure 2-1). Samples were collected in a
101.6-cm x 101.6-cm x 121,9-cm wire basket with 10.7-mm mesh, When the
larger basket was ramoved for emptying, a smaller basket with identical
mesh was placed in Lhe sluiceway pit.

2-1



Impingement collections were made over a 24-hour period once per week.
Each collection consisted of a 2-hour time period in which

1. all organisms were collected (2-hour collection and screenwash
cycle),

2. sample duration was reduced to one hour and the number of
organisms caught was doubled to represent the 2-hour period, or

3. some fraction of organisms less than one-half were collected
(continuous screenwash mode).

In the latter two cases, the total catch for the 2-hour time period was
an estimate based on the ratio of the time period sampled to the entire
2-hour period.

This sampling approach was necessitated by the variation in the amount of
organisms and debris encountered. Case 1 usually held for day!ight hours
when organism and debris 'cads were relatively light, and screens were
routinely washed every two hours. Because of greater debris and organism
loads at night, the screens normally were washed once per hour. Only

one of the two screenwashes was collected in any nighttime 2-hour block
(Case 2), because of the physical limitations of the sampling system.

The Case 3 approach was necessary at times when the debris load was so
great that the screens were operated continuously. At these times,
attempts were made to obtain at least 1/2-hour subsamples for each

2-hour sample block.

Impingement catches were processed in a manner similar to that described
for field fisheries in Section 2.1, except that no length measurements
were taken., Also, the total weight of each species was recorded.
Subsampling of shrimp was carried out when large amounts of debris were
present, Any organisms of questionable identity were preserved for
subsequent laboratory examination,

2.3 ENTRAIMMENT

Entrainment samples were ccllected at both the intake and discharge
(Figure 2-1). During September - October 1920 and June - August 1981,
two samples were collected at each location two hours after su-set once
each week. During November and December 1980, these samples were taken
once every two weeks. Once each month, 24-hour sampling was conducted
with four pairs of samples being collected--two during the night and two
during the day.

Samples were collected with a frame-mounted pair of 36-cm diameter bongo
nets of 505-ym mesh. A General Oceanics flowmeter was secured in the
mouth of each net and to the frame outside the nets. The year was sus-
pended by wire from a boom and operated by hand winch. Two consecutive
oblique tows were made; each tow sampled the entire (discharge) or part
{intake) of the water column. The recirculation tunnel blocked part of
the water column at the intake; however, a minimun of two cubic meters of
water was filtered at both locations. Discharge samples were collected
1-5 minutes after the intake samples to ensure that the same water mass
was sampled. After each collection, the nets were carefully washed to
concentrate the sample in the codend jars.

2-2




After collection, the samples were transported to the 1ab trailer where
each sanple was sorted in a water bath of the same temperature as the
water from which the collection was made, All fish larvae were classi-
fied as either live, stunned, or dead and placed in labeled vials in 5
percent buffered formalin, After viability examination, the vials were
placed in the jar with the remainder of the sample from which the larvae
ca?ﬁ. C*enophores from the intake samples were counted prior to preser-
vation,

In the laboratory, all samples were sorted under a dissecting stereo-
microscope. Macrozooplankton and fish eggs and larvae were removed

and placed in labeled vials according to gross taxonomic groups, e.d.,
Amphipoda, Annelida, Mysidacea, and fish larvae and eggs. When the
number of organisms was large, subsampling was carried out using a Folsom
plankton splitter. Sample fractions were sorted until 50 specimens of
each major (abundant) macroinvertebrate group, and 100 specimens each of
fish eqgs and larvae, if present, were found. Intake samples were iden-
tified to the lowest practical taxon for ichthyoplankten. Crustacean
zoeae were identified to species level with the exception of mud crab,
which was identified to family. Other invertebrates were identified to
major taxonomic groups, i.e., amphipods, mysids, isopods, cumaceans, and
polychaetes. All organisms in discharge samples were identified to the
lowest possible taxa.

2.4 COMMERCIAL CATCH DATA

The commercial landing data for finfish and shellfish in Barnegat Ray,
Ocean County, and Atlantic County, New Jersey, were obtained from

Mr. Eugene LoVerde of the National Marine Fisheries Service office at
Toms River, New Jersey.

2.5 FISH-KILL MONITORING

No fish kills were reported or observed in the vicinity of the plant from
September 1980 through August 1981; therefore, this aspect of the study
was precluded.

2.6 WATER QUALITY MEASUREMENTS

water quality measurements were made in conjunction with routine biologi-
cal sampling, and included water temperature, pH, salinity, dissolved
oxygen (D0), and chlorine (the latter during entrainment sampling only).
A Yellow Springs Instrument Company (YSI) Model 57 DO meter was used to
measure dissolved oxygen; the instrument was calibrated weekly before
each use. Water temperature and salinity were measured with a YSI

Model 33 Salinity-Conductivity-Temperature (S-C-T) meter which was cali-
brated semimonthly. Measurements of pH were made with a Corning 610A
meter, calibrated at least once per week. Chlorine concentrations were
determined using a Fi~ -Porter amperometric titrator,

During Barnega s fisherias surveys, water quality measurements were
made once at eacn seining station 0.5 meters below the surface; at each
trawl ing station, they were made both before and after sampling just
above the bottom. Measurerents were made at the surface and bottom in
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the OCMGS intake dur'ng each impingement collection. The entrainment
sanpl ing included sur face and bottom water quality measurements between
each oblique tow at the intake and surface measurements only at the
discharge. Chlorine data were taken only at the discharge.

2.7 DATA PROCESSING

All field and laboratory data were recorded on standard data sheets and
checked for accuracy. Data then were punched onto cards, entered on
magnetic tape, and loaded into a PDP-11/70 computer. An initial data
verification program was run and the output checked against the original
data sheets., Various summary programs were then run to reduce the data
for exanination. Primary among these were a percentage abundance program
and a station-date catch matrix.

2.7.1 Impingement Estimates

The impingemenrt sampling program at OCNGS employed a multistage sampling
design. In the first stage, sampling days were selected once a week and
these sampling days were sequentially grouped into strata so that no
stratun had fewer than two sample days. In the second stage, the sample
day was partitioned into two 12-hour periods roughly representing day and
night, In a third stage, the 12-hour periods were furtner subdivided
into six 2-hour periods. In some cases, all fish impinged in the 2-hour
period were collected and counted giving an exact count for impingement.
During periods of heavy impincement, a fourth stage was employed whereby
a subinterval of the 2-hour period was sampled.

Using data collected by this sampling design, impingement estimates were
computed with the following formulas:

. L
I[= ¢ N

v (Equation 2-1)
jup 11

i

where

—
"

estimated total number (or weight) of organisms impinged
L = total number of strata
ordinal number for strata

-t
]

th
Ny = nunber of days in the i stratum

1 " Tk
?1 == j:l Yij (Equation 2-2)

average daily impingement for ith stratum
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where

ng = runber of sample days in 1th stratum
Jj = ordinal number for sample day

- 2 -
YU = kfl Yijk (Equation 2-3)

= estimated impingement for jth sample day of ith stratum

where

2 = nunber of diel periods
k = ordinal number for diel period

6
- T d
Y1Jk B ]fl Bijkl Yijkl (Equation 2-4)

sijkl

= estimated impingement of the kth diel period

of the Jth sanple day of the ith stratum

where
6 = number of blocks within diel periods
1 = ordinal number for block
TB?jk] = length (in minutes) of block
Tsijk1 = time sampled (in minutes) in block
vijkl = count of organisms for the sample collected in

the 1jklth block

The estimated variance of I that was used for computing confidence
intervals was computed by the formula

(Equation 2-5)

1

F AR
z ‘-ar(.uk])‘l

\ = ey -
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i
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where

2 i s 2

511 = 1 L (Y. = VY.)
n1 ‘IJ'I

1] i

. 2
Var(Y;5) = Tgijkl - "Bigk1 Tsikl
7

Tsijk

ijkl

The 80 percent confidence intervals then were computed using the normal
approximation

I+ 1.685 Yvar(l)

The weekly impingement estimates were computed by multiplying the esti-
. th
mated impingement for the jth sample day of the i~ stratum by seven.

Iij - Yij ol (Equation 2-6)

where

th

iij = estimated impingement for jth week of i stratum

Yij = a3s defined above

2.7.2 Entrainment Estimates

The entrainment sampling program at OCNGS employs two-way stratification
with subsampling of experimental units as a sampling frame. The period
of collection was stratified into months to allow for seasonal variations
n abundances. The collections were further stratified into periods of
day and night to allow for diel trends in abundance of some organisms.

Time delimiters for diel stratification were determined by the average
sunrise and sunset times for latitude 40° N during each stratum. Each
diel period (day or night) was divided into two equal sampling units, and
the samples from a unit were considered representative of the entire
unit.

Recause entrainment is known to be greater at night, the night stratum of
each month was allocated a greater number of samples to improve the pre-
cision of the estimate. In general, two samples were collected furing
the day stratum and six were collected at night., Each sample consisted
of two sequential replicates to ensure that a sample of adequate duration
was collected,
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Using the data collected according tc this sampling plan, entrainment
estimates were computed for each species with the formula

. L
E = 151 Nf Y.' (EQU&tiOﬂ 2'7)
where
£ = estimated entrainment for period of collection
L = total number of strata
i = ordinal nunber for strata th
N, = number of sampling units in the i~ stratum
1 Mg
71 . & ] YU (Equation 2-8)
i j=1
where
Y, = estimated average daily entraiment for ith stratum

i
j = ordinal number for sample within stratum
th

n, = number of sampling units sampled in the i~ stratum
- T.. v
Yij = [ "yi ij Y1j (Equation 2-9)
1440/ \V
sij
where

: .th .th

Yij = estimated entrainment for j~ day of i stratumh

Tui = duration in minutes of a sampling unit in the 1t stratun

vij = volume pumped through plant (cooling water and dilution water)

on jth sample day of ith stratum
1440 = nunber of minutes in 24 hours
= volume sampled on jth sample day of ith stratum

v
sij
= count of organisms collected in a sample

Yij

The variance of E waE computed as

: L . (Equation 2-10)
Var(E) = £ N i 2 3 ST
j=1 Fl (N "i) S11 + jfl Var(Yij)

i
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where

"
2 o I (Y
14 " j=1

n."1

and assuming Yij Poisson distribution

\ 12
7 2B T v
var(y = i i Y.. (Equation 2-11)
= ”) (quﬂ>( Vsij ) N

2.7.3 Ichthyoplankton Entrainment Mortality Estimates

Di fferences between ichthyoplankton mortality at the intake and discharge
were statistically tested using the binomial proportion test (Downie and
Heath 1965) when the number at each station was greater than 25. Effects
of condenser passage were assessed in two ways. First, condenser passage
percentage mortality was calculated by the formula

Mo(%) = (Mg = My) (Equation 2-12)
where

My = condenser passage mortality
My = percentage dead at the discharge
Mj = percentage dead at the intake

Second, percentage entrainment survival was calculated by the formula
Se(®) = §4/8; x 100 (Equation 2-13)
and percentage entrainment mortality by the formula
Me =100 - S, (Equation 2-14)
where

M, = entrainment mortality

entrainment survival
percentage surviving at the discharge
percentage surviving at the intake

S
3
S

- m®

2.7.4 Myltiple Regression Model

The Envirommental Technical Specifications require statistical analysis
of the effects of various environmental and plant-operating characteris-
tics on the impingement, entrainment, and field-fisheries catch rates.
Various statistical options were reviewed and it was ultimately deter-
mined that a multiple regression analysis was the appropriate approach
to meet the requirement. Accordingly, a generic model was developed,
refined, and applied to each discipline, with minor modifications as
necessary.
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The model was run using six years of data (September 1975 - August 1921)
for each discipline. This is considerably more than required by the
Technical Specifications which stipulate the current study year (in this
case September 1980 - August 1981) for the statistical analysis. The
decision to expand the analysis was based on two considerations:

1. It was hoped that the increased number of observations would
strengthen the model and the resulting conclusions.

2. The 1980-1981 data sets were limited. There were no entrainment
sanples during November and December (not required).

The sequence of mode! development and the various parameters included are
characterized below. For each discipline, catch rates and densities were
exanined quantitatively relative to changes in date, time of day, water
quality, tide, atmospheric conditions, OCMGS cooling water flow, and heat
rejection, These parameters were defined:

Date The Julian date from 8 September 1975 was
used to qroup data and define seasons

Time of Day The day was divided by sunset into day and
night groups which were compared

Water Quality The parameters used to define water quality
were: water temperature, salinity,
dissolved oxygen, pH, and Secchi depth
(day only)

Tide Midtide was used to apportion time between
high and low cateqgories

Atmospheric Conditions The parameters used as indicators of condi-
tions were: wind direction, wind speed,
and air temperature

Cooling Water Flow This was broken down into its components:
circulation flow, dilution flow, and nunber
of traveling screens operating

Heat Pejection Heat rejection (Q), in BTUs per day, was
calculated from delta temperature (AT) and
cooling water flow (F) using the equation

Q =aAT *F * 3,966
A multiple regression was run using the SAS-GLM procedure and the model:
Catch = water temperature + salinity + dissclved oxygen + pH + Secchi
+ wind speed + wind direction + total flow + heat rejection

+ number screens running + air temperature + day-night + tide
+ season + delta-T + pumps



Models of this type were generated for

10 impingement species

12 field-fisheries species

7 ichthyoplankton species/1ife stage combinations
9 zooplankton species/1ife stage combinations

Subsequently, due to lack of data or very low abundance, some species
were dropped from the analysis and the final models were generated for

9 impingement species

8 field-fisheries species

6 ichthyoplankton species/1ife stage combinations
6 zooplankton species/1ife stage combinations

Catch was expressed as number per hour for impingement, number per
collection for fisheries, and number per cubic meters for plankton
(entrainment),

Contrast coding and separate models were run to minimize the number of
discrete variables (season, tide, day-night period, wind direction, and
screens) in any one model run. Separate models were run with and without
Secchi data to include or exclude the night data.

The distribution of six years data for mean daily wind speed and median
daily wind direction was examined and group: suspected of influencing
catch rates were identified. Two groups, wind speed greater than 16.1
kph and wind specd greater than 16.1 kph with direction between 15° and
90°, were contrasted with prevailing weather conditions. These groups
were designated Wind 1 and Wind 2 and compoced 22.4 and 2.7 percent,
respectively, of the total number of days in the six-year period.

The type [V sum of squares (variable of interest added to the model last)
was examined using an F-ratio, and a = 0,05 was chosen to indicate
statistical significance.

The field-fisheries data were included in one set of models to help
explain impingement catches. In this case, monthly mean impingement
rates were used because fisheries data were only taken rmonthly (in all
other cases impingement catch per hour was used).

In the entrainment models, both intake and discharge data were used if
the level of taxonomy was the same in both; otherwise, only the appro-
priate location was used (see Section 2.3 for differences in taxonormy
between the two locations).

In the field-fisheries models, location was not used as a variable, and
the data from all sampling stations wers pooled by gear. The gear with
the most consistent catches for a given species was used in the species
mede!l run.

As used in the various runs, seasons were defined as follows, based on
ambient water temperature (C):
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Winter Summer Spring and Fall

Fisheries/impingement £10.0 221.9 >10.1 <21.9
[chthyoplankton <4.0 >20.0 >4.0  <20.0
Macroinvertebrates <6.0 >24.0 >6.0 <24.0

The temperature ranges that describe the seasons were selected by exam-
ining abundance plots with water temperature overlayed, and choosing the
best match of organism abundance and water temperature. Thus, because
times of organism abundance differ among the disciplines, the within-
season temperature ranges also differ.

The advantage of constructing and running Lhese models is viewed to be
in the assignment of degrees of statistical correlation that might not
otherwise be evident by simple data inspection. The coefficients of
determination derived from the computational exercise of the models are
valuable as quides to the prominent factors (independent variables) that
have coincident trends with selected (or presumed) dependent variables
that deserve interpretation., Cause-effect relationships are not defi-
nitely established when high coefficients of determination result from a
model run., PRather, they indicate the existence of direct (positive) or
inverse (negative) associations of data trends. Any inference of causal
relationships between the dependent and independent variables must be
based on the identification and logical explanation of biological,
chemical, and physical mechanisms that link or affect a quantitative
change. Functional relationships can be substantiated by statistically
significant correlations but such correlations do not necessarily imply
predictive capability in a quantitative sense. The results of the model
runs are therefore considered exploratory and indicative of potential
areas warranting further investigation.
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ChAPTER 3. COMPOSITION AND ABUNDANCE TRENDS OF FINFISH
AND MACROINVERTEBRATES IN BARNEGAT BAY

Twelve monthly surveys (September 1980 - August 1981) were conducted with
45,7-m and 12.2-m seines and a 4,9-n trawl in the vicinity of the Oyster
Creek Nuclear Generating Station. All surveys were completed, except in

ganu:ry when surface ice precluded sampling at Cedar Creek and Double
reek,

This results section addresses species composition and abundance, first
in general terms, then in relation to key and abundant species. Length-
distribution, parasite-disease, and water quality data are presented.
The last section concludes with a statistical analysis of the relation-
ships among catch data, meterological phenomena, and plant-operating
characteristics. The results then are discussed in terms of possible
short- and long-tem effects of OCNGS and meteorological phenomena on
annua! abundance and growth cycles of finfish and shellfish in Barnegat
Bay.

3.1 RESULTS

3.1.1 General Species Composition and Abundance

3.1.1.1 Trawl Data (4.9-m)

A total of 114,385 specimens comprising 43 finfish species and 18 macro-
invertebrate taxa were collected by trawling (Table 3-1). The sand
shrimp (Crangon septemspinosa) composed 80.1 percent of the catch.
Individuals of the mud crab family Xanthidae (unidentified juvenile and
adult Xanthids, Neopanope texana sayi, and Panopeus herbstii) comprised
6.1 percent of the total, followed by grass shrimp (Palaemonetes vulgaris
and unidentified specimens, 4.3 percent), and juvenile and adult blue
crabs (Callinectes sapidus, 2.2 percent)., The two prominent finfish were
bay anchovy (Anchoa mitchilli, 3.1 percent) and fourspine stickleback
(Apeltes quadracus, 1.5 percent).

The annual otter traw! catch is presented by sampling station and diurnal
period in Table 3-2. Oyster Creek produced the largest catch (52,036
organisms), followed by Double Creek (31,419), Forked River (18,625), and
Cedar Creek (12,305). Night catches of sand shrimp largely determined
these ranks. Annual night catches were larger than day catches by
factors ranging from 2.2 at Cedar Creek to 5.0 at Oyster Creek., Addi-
tional information on day-night catch differences is presented in Section
3.1.2.

Traw! catches are presented by sampling date in Appendix C. Catches

ranged from about 3,500 organisms in September 1980 and August 1981 to

25,600 organisms in December 1980, The monthly fluctuations in total

catch were influenced by the size of sand shrimp collections. Seasonal

ghan es in abundance of key species are presented in detail in Section
.l. .






The monthly cdistribution of catches made with the 12,2-m seine was
distinguished by an extremely large catch in June of 44,580 juvenile
Atlantic silversides (Appendix E). The total catch for June comprised
almost half (49,8 percent) of the annual catch. Excluding this unique
monthly value, catches fluctuated in no discernable pattern over the
year; the highest catch was cbtained in December 1980 (9,069 organisms)
and the lowest catch in January 1981 (186 organisms, but only Forked
River and Oyster Creek were sampled). During months other than June,
the total catch primarily reflected the relative abundance of sand shrimp
and, to a lesser extent, the abundance of Atiantic silverside and bay
anchovy.

3.1.2 Key and Abundant Species

Key species, as designated in the Nuclear Regulatory Commission Technical
Specifications are: sunmer flounder, winter flounder, Atlantic menhaden,
Atlantic silverside, bay anchovy, bluefish, weakfish, striped bass,
northern pipefish, northern kingfish, northern puffer, blue crab, and
sand shrimp. Lata were scarce or lacking for three species--Atlantic
menhaden (only 23 specimens), northern kingfish (18 specimens), and
striped bass (none caught)--so no presentation is made for these species.
Some data are presented in Chapter 4 (impingement) for the Atlantic
menhaden and northern puffer,

Two species, grass shrimp and fourspine stickleback, although not desig-
nated as key species, are included in the presentation because of th>ir
relatively high abundance.

3,1.2.1 Sand Shrimp (Crangon septemspinosa)

Sand shrimp were collected with each gear in each month of the study
(Table 3-7). The largest catch2s were obtained in winter (December

1980 - March 1981) and usually peaked early and late in this period.
Midwinter catches with each gear were often much smaller, approaching the
seasonal low levels of abundance observed in September 1980 and August
1981, The seasonal catch of sand shrimp by traw! was strongly influenced
by the results obtained at Oyster Creek; 51.7 percent of all specimens
were obtained at that station., Seasonal catches at individual stations
sanpled with the 12.2-m and 45,7-m seines, by contrast, were more similar
to the seasonal patterns exhibited by the combined catch of each gear.

The percentage of the total sand shrimp catch obtained at each station
(Table 3-7) 1s shown by gear,

Rank Traw! 45.,7-mn Seine 12.2-m Seine
First 0YC (46%) 0YC (40%) DBC (31’)
Second DBC (25%) cpC (31%) ChC (26%)
Third FKR flelz FeR 516%% 0YC {ZZ%g
Fourth cnC (11%] DBC (13% FKR (20%

These calculations exclude January data, when only Forked River and
Oyster Creek were sampled, to remove the bias of unequal effort. The
station rank order obtained for the trawl catch is the same as was found
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for the previous year (Ecological Analysts 1981), but a comparison of
each seine gear shows a virtual reversal of station ranks. In addition,
as in the previous year, there was little similarity between the station
abundance ranks of the two seine gears. These data indicate that in the
shore zone there is no strong trend in the spatial distribution of sand
shrimp, but in deeper water specimens seem to be concentrated near the
mouth of Oyster Creek relative to other creek stations,

On an annua! basis, night catches of sand shrimp at each station were
always much larger than day catches (Table 3-7). The total night catch
was larger than the day catch by a factor of 5.8 with the trawl, 7.4 with
the 12.2-m seine, and 13.0 with the 45.7-m seine. The trend for larger
catches at night is consistent with the observation of Danila (1979) that
the sand shrimp is less active during the day, often burrowing into the
substrate, and thus is less vulnerable to fishing gear.

Only those sand shrimp collected with the 12.2-m seine were measured for
subsequent lenagth-frequency analysis (Table 3-8). Juvenile shrimp, com-
prising specimens 20 millimeters or less in length (Modlin 1980), were
not an important component of the population until June 1981. Small
adults (20-40 mm) usually dominated catches and were most abundant from
February through April, Adults larger than 40 millimeters were numerous
during all months except September 1930 and July and August 1981.

3.1.2.2 Blue Crab (Callinectes sapidus)

Catches of blue crab with each gear reflected a bimodal seasonal pattern
of abundance of this species (Tab.e 3-9). The initial peak was observed
in September or October 1980 followed by another peak in April 1981.
Catches were much lower during the interim cold-weather months, usually
prevailing at a moderately high level after April.

The spatial distribution of the annual catch with each gear suggests that
blue crabs were concentrated near the mouth of Oyster Creek, relative to
other stations. The catch at Oyster Creek was largest by traw! (43.0
percent of the total) and by the 12,2-m seire (35.2 percent) and second
largest by the 45.,7-m seine (30.1 percent; the Cedar Creek station ranked
highest with 32,6 percent of the total). Excluding Oyster Creek, annual
catches by trawl were very similar at the three other stations (each was
about 19 percent of the catch), although differences were observed in the
seine catches, Overall, catches at Forked River were lowest.

dlue crabs were more abundant in the catches at night than during day-
1ight, as revealed by the total catch during each period with each gear.
Nocturnal catches were larger by a factor of 3.7 with the trawl, 3.6 with
the 12,2-m seine, and 2.8 with the 45.7-m seine. The same trend was
evident at each station (Table 3-9). There were, of course, sampling
dates during which day catches were larger at particular stations; this
occurred most frequently when seiring at Double Creek during June through
August. Large day catches were made with the 45,7-m seine at each sta-
tion in July. These catches were also the largest made during the year
in daylight at each station with this gear.

3.4



The size distribution of blue crabs collected with each gear is shown

in Table 3-10. Specimens ranged in size (carapace width) fron 5 to 197
millimeters. For each gear, immature organisms (<120 mm in width) con-
stituted more than 94 percent of those measured. The average size of
specimens was largest in the trawl catches, followed by those collected
with Lhe 45,7-m and 12,2-m seines, respectively. The monthly size
distribetions of specimens collected by trawl and the larger seine were
quite similar relative to those of the smaller seine. Apparently crabs
larger than 40 millimeters either were not present in the nearshore zone
or were able to avoid capture by the smaller net.

3.1.2.3 Grass Shrimg (Palaemonetes spp.)

Although not a key species as designated by the Technical Specifications,
the grass shrimp was abundant in all three gear collections, and thus an
important biotic component of the Barnegat Gay ecosystem. Three species
of grass shrimp were identified (P. vulgaris, P. intermedius, and

P. pugio) and are combined here to display temporal and spatial patterns
of distribution.

Grass shrimp (Palaemonetes spp.) were collected throughout the year with
each gear (Table 3-11); major peaks of abundance cccurred in late fall
(November - December) and late spring - early summer (April and Jure).
Mean monthly catches were often much lower in September and October 1980
and ‘ugust 1981. In addition, seine catches declined during midwinter
whervas traw! catches remained at relatively high levels suggesting an
offshore movement of grass shrimp during periods of extreme cold.

The only consistent ranking of stations, based on the size of annual
catches with each gear, was the low catch at Cedar Creek (Table 3-11).
Double Creek was the site of largest catches with the trawl and 12.2-m
seine; Forked River ranked highest with the 45.,7-m seine. Overall
catches (sum of all gears) were highest near these two areas; Oyster
Creek ranked third,

Considering stations individually, the annual! night catch was higher
than the day catch in 11 of 12 comparisons (Table 3-11). With each
gear, the conbined night catch was larger than the day catch by a factor
of 2.9 (traw!), 4.1 (45.7-m seine), and 5.8 (12,.2-m seine).

Length measurements of grass shrimp were not made.

3.1.2.4 Surmmer Flounder (Paralichthys dentatus)

Few summer flounder were collected during the study period (Table 3-12).
Ninety-eight were collected by trawl, twenty-one by 45.7-m seine, and two
by 12.2-m seine. Trawl catches were made fron September through Movember
1980 and from April through August 1981, and never exceeded a monthly
mean catch of 2.0 per tow. The period of seine catches was more abbre-
viated (September - October and April - June) and the monthly mean was
always less than 1.0 per haul. Specimens were slightly more abundant at
the Oyster Creek Station, and during the night sampling period.
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Specimens collected by traw! ranged in length from 76 to 355 miliimeters
(Table 3-13). The mean length of specimens increased monthly in 1920,
and in 1981 until June when young of the year became vulnerable to col-
lection by trawl.

3.1.2.5 Winter Flounder (Pseudopleuronectes americanus)

“inter flounder (N = 493) were collected predominately by trawl. Speci-
mens were obtained in every month but mean catches were markedly higher
from December 1980 through May 1981 (Table 3-14)., Ouring this period
catches ranged from 1.8 (April) to 7.2 (March) fish per tow. Fewer
specimens were collected by 45,7-m seine (N = 102) and 12.2-m seine

(N = 29) and only catches by the former gear are provided to illustrate
temporal-spatial patterns (Table 3-14), Catches by both seines varied
little seasonally but increased slightly in June. The trawl catch at
Oyster Creek composed almost 75 percent of the total for that gear and
thus had a major influence on the high winter catch rates, which peaked
‘n March, Catches with both seines, however, were notahly highest in
UDouble Creek. At each station and with all gear, the annual night catch
was always larger than the day catch, except for what may have been a
fortuitous reversal at Oyster Creek with the smaller seine.

Tr.e 1ength distribution of winter flounder sampled with the trawl and
seine reveal the seasonal occurrence and, to some extent, the habitat
preference of this species (Table 3-15). All size classes were collected
by trawl. Specimens 50-100 millimeters lorg were present in all seasons,
and were joined in the bay by larger individuals, up to 371 millimeters
in length, from December through May. After the winter spawning season,
young-of-the-year specimens (36-1C0 mm) were collected from June through
August. A similar, though less distinct, pattern was observed in the
catches with the 45,7-m seine (Table 3-15). A notable difference is evi-
dent between these two gears in the vulnerability to capture of specimens
larger than 150 millimeters. In the trawl data this group constitutes 47
percent of all measured specimens but in the 45.7-m seine data they con-
stitute only 4,9 percent. Larger specimens either are more cbundant
offshore, in deeper bay water, or easily avoid the seine used in shal-
lower water,

3.1.2.6 Atlantic Silverside (Menidia menidia)

The shorezone preference of Atlantic silverside is reflected in its prom-
inence in annual catches by the 12,2-m (N = 53,869) and 45.7-m (N =8,082)
seines (Table 3-16), whereas trawl catches were low (N = 121). ODuring
the fall (September - November), larger mean monthly catches were
obtained with the 12.2-m seine. During winter and spring catches with
the two seines were more comparable in size, although catches with the
smaller seine fluctuated nonthly. Catches with both gear peaked in June
and remained highest in the 12.2-m seine during the following two months.
During night sampling at Jyster Creek in June, over 21,000 Atlantic
silve:sides were collected with the small seine; this monthly sample
constituted almost 40 percent of the annual! catch.
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If this very large night catch was excluded from the data, the annual day
catch would exceed night catches at each station with both gears. In
addition, the rank order of catches by station with each gear would be
more comparable; Oyster Creek and Forked River catches would be highest,
followed by Double Creek, and then Cedar Creek catches.

The length distributions of Atlantic silversides sampled by seine (Table
3-17) indicate the extent to wiiich the smaller mesh (6-mm stretch) of
the 12,2-m seine more completely samples the population compared to the
larger mesh (25-mm stretch) of the 45.7-m seine. The former gear mostly
collected specimens 60-100 millimeters in length whereas specimens in
the latter gear were primarily 100-120 millimeters long. Young-of-the-
year Atlantic silversides (12-60 mm long) weie prominent in samples
obtained with both gear from June through August. The fact that they
were retained at all by the larger nesh may be attributable to the simul-
taneous collection of algae and other debris, which would effectively
reduce the mesh size,

3.1.2.7 Bay Anchovy (Anchoa mitchilli)

Bay anchovy catches in the traw! (N = 3,567) and 12.2-m seine (N = 3,224)
were relatively large and provided the best temporal-spatial display of
abundance of this species (Table 3-18). The seasonal pattern was similar
for both gears; mean monthly catches were substantial in September 1980
and from May or June through August 1981, Few were caught in the fall
and none were caught in winter and early spring.

This species was most abundant near Cedar Creek (trawl) and Double Creek
(12,2-m seine); the fewest were obtained at the other two stations with
both gears (Table 3-18). At each station, the annual daylight catches
were larger than night catchas in the traw! data but the reverse occurred
in the seine data.

The length distribution of specimens collected by traw! and the 12.2-m
seine (Table 3-19) appeared to differ substantially only with regard to
specimens 12-40 millimeters 1ong; many more were collected with the seine
in July and August 1981,

3.1.2.8 Bluefish (Pomatomus saltatrix)

Bluefish were collected almost exclusively in the 12,2-m (N = 32) and
45.7-m (N = 79) seines (Table 3-20); only one was taken by trawling.
Catches were restricted to the fall and summer nonths--September and
October 1980 and June through August 1281. Annual day!ight catch rates
were always higher than night catch rates at each station with both
seines. Spatial trends in the abundance of bluefish, however, were
difficult to discern given the small and sporadic catches.

Bluefish collected by seine ranged from 35 to 212 millimeters in length
(Table 3-21). Most specimens were young of the year. In 1981, the
earliest and smallest immigrant from the ocean was collected in June.



3.1.2.9 Weakfish (Cynnscion regalis)

Weakfish catches were limited to September and October 1980 and July and
August 1981 (Table 3-22), Weakfish were most abundant in traw! catches
(N = 332), compared to the 12.2-m (N = 46) and 45.7-m (N = 5.) seines.
The largest nunber of weakfish were obtained in August at Double Creek
with each gear. Annual night cetches at each station were usually larger
than day catches.

The overall size range of weakfish was 80-226 millimeters in fall 1980
and 30-170 millimeters in summer 1981 (Table 3-23). The catch consisted
almost exclusively of young-of-the-year specimens. In 1981, young were
first collected in July (mean 73-93 mm) but the smallest specimens were
obtained one month later.

3,1,2.10 Northern Pipefish (Syngnathus fuscus)

Northern pipefish were moderately abundant in annual catches by trawl
(N = 119), the 12.2-m seine (N = 339), and the 45,7-m seine (N = 136)
(Table 3-24), Monthly catch rates were low (usually <1 specimen per
haul) during fall 1980 and winter and early spring 1981 and peaked with
the various gears in May (2.4 per haul, 45.7-nm seine), June (6.4 per
haul, 12,2-m seine), and July 1981 (1.6 per haul, trawl). On a spatial
basis, the largest annual catch with the smaller seine was made near
Double Creek, but Forked River was the site of the largest annual catches
with the other two gear. In general, catches near Cedar Creek were
smallest with each gea; but a uniquely large catch (N = 54) vias made in
two night hauls in June with the 12,2-m seine. There appeared to be no
major difference in day versus night catch rates of northern pipefish.

A large size range of northern pipefish was evident in collections
throughout most of the year (Table 3-25). Most specimens were between
100 and 250 millimeters until spring and summer when a large number of
smaller fish were collected with the 12.2-m seine. The smallest specimen
(12 mm) haa only recently left 2 male brood pouch.

3.1.2.11 Northern Puffer (Sphoeroides maculatus)

The foew northern puffer collected in the study were obtained in September
1980 and June, July, a=4 August 1981 (Table 3-26). MNo specimens were
collected at the Cedar .reek station. Specimens ranged in length from 7
millimeters (collected in June) to 192 millimeters, as illustrated by the
traw! and 12.2-m seine results (Table 3-27).

3.1.2.12 Fourspina Stickleback (Apeltes quadracus)

Fourspine stickleback was equally abundant in catches with the trawl! (N =
1,738) »~d 12.2-m seine (N = 1,715) and less numerous in catches with the
45,7-m seine (N = 254) ‘Table 3-28). The lower catch in the 45,7-n seine
fe n=obably a result of escapement of small fish through the larger mesh

(25-mm stretch),






Monthly values of pH ranged from 7.5 to 8.3 on several occasions in more
than one area, The range in pH was quite small and did not reflect any
pattern among stations or day-night sampling periods.

Salinity values ranged from 14,9 ppt at Cedar Creek in March to 28.0 ppt
at NDouble Creek in September 1980 and February 1981. Mear monthly
salinity was consistently low during March - August 1981 due to higher
precipitation and greater freshwater input to Barnegat Bay. Salinity
values averaged markedly lower at Cedar Creek, compared to the other
stations =3 a result of freshwater input from the Cedar Creek watershed
and its greater distance fron the more saline waters of Barnegat Inlet,

Water qual!ity measurements were taken near the bottom in conjunction with
trawl samp’ing (Table 3-31). Seasonal patterns were essentially the same
as described for seine sampling. There were sorme s!ight differences in
the water temperature and salinity data because of the different sampling
locations. Lower tenperatures were recorded at trawling stations in the
winter; some negative values were recorded in January and February.
Salinity measurements from trawling averaged slightly.higher than those
for seining, owing to the higher salinity of bottom watérs.

3.1.5 Pesults of Statistical Analyses of Relation of
Field-Fisheries Catches to Plant-Operational,
Meteorological, and Water Quality Parameters

Table 3-32 presents the results of multiple regression analyses (GLM) on
field-fisheries data., Few variables were determined to be significantly
related to fisheries catch rates. There was a nixture of environmental
and plant-operating variables, but the most important (Variable 1) was
usually environmentally related, i.e., by some temperature variable.

The rl values were generally low, suggesting that the models explained -
very little of the variation in field-fisheries catches. The highest r
value was 0,22 for sand shrimp caught by 12.2-m seine in spring.

3.2 DISCUSSION

The results of the Barnegat Bay sampling are examined in light of two
key requirements of the Environmental Technical Specifications (U.S. NRC
1978): (1) comparison of the 1979-1980 data with previous studies, and
(2) the relationship of meteorological phenomena and plant-operating
characteristics to seine and traw! catches. These are addressed in
Sections 3.2.1 and 3.2.2, respectively. Data provided in Section 3.1
for abundance, distribution, and size are brought to bear within the
franework of the two main topics.

3.2.1 Comparison of 1980-198] Barnegat Bay Seine and Traw! Catches
with Previous Studies

The 1980-198]1 field-fisheries data are appended to data from previous
studies (IA 1977, 1978, 1979a, 1979 ; Ecological Analysts 1981) to pro-
vide a continuous, six-year database from September 1975 through August
1981 for the 12.2-n seine and otter trawl. The 45,7-m seine data are
less extensive covering only the period fron March 1977 through August
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The inconsistencies among 11ife-stage abundances within a given year
preclude the assignment of a causative factor for the decline in the
bay anchovy population., It can only be speculated that the fortuitous
coincidence of favorable environmmental conditions was responsible for
the success of given year classes, and that conditions were sufficiently
deleterious, particularly in 1979 and 1930, to bring about the deciine.

3.2.1.2 Atlantic Silverside (Menidia menidia)

Atlantic silverside is a year-round resident of Barnegat Bay. It
inhabits the shallow shoreline areas during spring, summer, and fall,
and is believed to move to deeper waters during winter (Hoch 1978).
This seasonal pattern of occurrence in the shore zone is evident in
the six-year plot of 12.2-m seine catches (Figure 3-2).

Two modes of abundance are evident for each year for this species.

The spring mode, representing the movement of adults into the shallows,
occurs in March, April, or May (the April - May 1978 mode is barely
evident). A second, often more-pronounced mcde occurs during summer,
either June or July. This second mode represents the appearance of large
nunbers of young of the year in addition to the adult population. Hoch
(1978) also pointed out this bimodal length distribution of silverside
taken from June through August. This samc phenomenon can be seen in the
Atlantic silverside length distributions from the 1980-1981 study (Table
3-17). A third mode is evident in December 1978, which is a result of an
unusually large catch at Double Creek (Byrne 1979), and nay be attributed
to the schooling nature of the species. Despite the variable catch rates
in the seines that month, the peak apparently is indicative of general
abundance because the greatest number of impinged Atlantic silverside
also was recorded during that month. The most successful production of
Atlantic silverside had occurred in 1980, as evidenced by the peak in
June and July (Figure 3-2); however, in June 1981 mean catches peaked at
over 2,900 per haul,

The six-year distribution of catches of Atlantic silverside appears to
be typical for the species, displaying substantial variation from year
to year, apparently in response to natural environmental conditions.
Marcellus (1972), in his study of Barnegat Ray fishes from 1966-1967 to
1969-1970, described the same year-to-year variability in seine catches
of Atlantic silverside.

3.2.1.3 Northern Pipefish (Syngnathus fuscus)

Northern pipefish catches were very low from September 1380 through
August 1981 compared to the previcus five years (Figure 3-3). Catches
previously were lowest in 1976, with monthly mean catches consistently
less than one fish per seine haul. The catch rates increased dramati-
cally in 1977 and 1978, with peak mean catches of nearly five (1977) and
four (1978) fish per effort. The year of greatest abundance was 1979,
when the July mean was nearly nine fish per haul. The August 1980 catch
of 6.5 fish per effort was the second highest mean recorded,
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four to five times as great as previous ones. As the population of
summer flounder in the bay is composed primarily of immature individuals
(Metzger 1979, the recent peak catches represent good spawning success
in previous years.

Metzger (1978b) discussed fluctuations in sunmer flounder abundance in

Barnegat Bay and cited Festa (1974) concerning large fluctuations in
summer flounder populations in New Jersey waters over the past 20 years.
The data in Figure 3-6 appear to reflect this characteristic variability.

3.2.1.7 Winter Flounder (Pseudopleuronectes americanus)

For the winter flounder, six-year abundance plots are presented for both
the otter trawl (Figure 3-7) and the 45.7-m seine (Figure 3-8). Bothk
gear were effective in catching winter flounder, yet resulted in strik-
ingly different year-to-year abundance distributions. Therefore, data
from both gears are addressed.

The trawl plot (Figure 3-7) presents a picture of dranatic year-to-year
variation in catch rates. To interpret this variation, the sumner and
late fall - winter periods must be examined separately. The spawning
popul ation of adult winter flounde- enter Barnegat Bay in late fall and
stay through winter. The size of Lhe adult population has increased over
the six years, as seen in increasing peaks through the Movember - March
period of each study year. Summer catches are composed primarily of the
young of the previous winter's catch; these have been much more erratic
over the six years than the adult fall - winter catches. The greatest
catches of young winter flounder were produced in 1977 and 1979. Young
were rmuch less abundant in the sunmers of 1976, 1978, 1980, and 1981,
although aburdance appears to have increased through each of the "inter-
vening" years until 1981,

Through analysis of the abundance of winter flounder eggs and larvan
(Chapter 5), the distribution of trawl catches of young of the year can
be partially interpreted. Large catches of young in the summers of 1977
and 1979 were preceded by winters with high densities of eggs and larvae
in the bay. The relatively low trawl catches of young in the sunrers of
1976 and 1978 were preceded by winters of low egg and larvae production.
The summer 1930 data cannot be examined in this manner since OCNGS did
not operate from January through May, and there are no entrainment data
with which to assess egg and larvae production. However, catches of
larvae in 1981 were not very large, relative to 1978 for example,
although 1981 catches of young were much larger than those of 1978.

The year-to-year fluctuation in winter flounder abundance in Barnegat Bay
is attributed to differential reproductive succ2ss among years (Danila
1978). Danila, following Jeffries and Johnson (1974), cited water tem-
perature as the primary factor controlling year-class strength, The
latter authors demonstrated a statistical relationship between low water
temperatures and subsequent production of commercial-size winter floun-
der. They further described the advantage of lack of competition
realized by winter flounder by spawning near shore in winter and their
ability to produce large numbers of larvae despite severe conditions such
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as fce cover. Such circumstances could explain the large year class
produced in 1977, under severe temperature and ice conditions.

The 45.7-m seine data (Figure 3-8) provide a contrasting and enigmatic
compariscn to the trawl data (Figure 3-7). During summer, the seine
captures young flounder, as does the trawl, yet the peak sumwmer seine
catches follow an opposite pattern to those of the trawl --seine peaks are
low in years of high traw! peaks and high in years of low traw! peaks,
except 1981, The seina plot is similar to the tra. 1 plot with respect to
periods of occurrence, Discrepancies between the years of peak catches
among the gears may be the result of differences in inshore/offshore
movement patterns among years.

3.2.1.8 Northern Puffer (Sphoeroides maculatus)

The northern puffer was collected by trawl during the sumrmers of 1976
through 1981, but only in 1978 was a relatively large production indi-
cated (Figure 3-9).

Metzger (1979) speculated that the increase in Barnegat Bay catches of
northern puffer in 1978 may indicate a future increase in the baywide
popul ation since most of those captured were young. This notion was not
borne out in the following years (Figure 3-9). The relatively large
production of young in 1978 did not result in increased population size
in 1979 and 1980 as would be expected.

Marcellus (1972), conducting a fishery survey of Barnegat Bay from 1966-
1967 to 1969-1970, reported high numbers of puffer in seine hauls in
1966-1967 (eight per haul), but in subsequent years catches decreased
dramatically to less than one fish per haul. McClain (1973) (cited in
Moore 1977a) reported collecting only five northern puffer in a fishery
survey of the upper bay from December 1971 through November 1972. Moore
(1978a), citing the above studies and the low densities of puffer in the
1975-1977 1A collections, postulated a 1N-year decline in the population.
Relatively high catches in 1978 were thought to indicate an increase in
the bay popul ation (Metzger 1979), but as already noted, this was not
supported by the 1979-1981 data (Figure 3-9).

The reason for the decline in the northern puffer population is unknown,
but is apparently a widespread phenomenon not limited to Barnegat Ray.
Hamer (1972) and Thomas and Milstein (1973) reported a serious decline in
the northern puffer population in Great Bay, New Jersey, based on sport-
fishery data.

3.2.1.9 Atlantic Menhaden (Brevoortia tyrannus)

Barnegat Ray is inhabited by both young and older Atlantic menhaden
during warmer seasons. They enter the bay in the spring and leave in
fall. This pattern is somewhat apparent in the six-year plot (Figure
3-10), although some winter catches are shown, particularly in 1976-1977.
The January and February catches in 1977 were from Cyster Creek only, as
the other stations were ice covered (Danila 1978). Thus, the population
sanpled during those months was that overwintering in the OCNGS thermal
discharge, and not part of any general bay population. Discounting the
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January and February means (Figure 3-10), the 1976 catches still remain
the highest during the six-year study period. Since 1979, trawl catches
of Atlantic menhaden have heen incidental, Kurtz (1978) attributed the
relatively large catches in 197€-1977 to a large year class produced in
1976; the majority of the 1976-1977 specimens were young of the 1976
year—ciass.

3.2.1.10 Sand Shrimp (Crangon septemspinosa)

Sand shrimp are abundant in Barnegat Bay from fall through spring.

Their numbers increase in the fall as they enter the bay to reproduce in
October and November (Moore 1978b). Except during periods of extremely
cold temperatures, they remain in the bay throughout the winter and a
second reproductive period takes place March through May. With increas-
ing sunmer water temperatures, most sand shrimp move away from shorezone
areas.

This seasonal distribution of sand shrimp in Barnegat Bay is illustrated
in the six-year plot (Figure 2-11). The greatest abundances occur from
fall through spring of each year with lowest abundances in summer (except
1980). Winter peaks, however, are bimodal, with the first peak usually
occurring in December. This is followed hy a sharp reduction in January
or February, and a second peak in February, March, or April. This pat-
tern is consistent with the work of Moore (1978b) wherein sand shrimp
were shown to avoid temperatures below 6 C. The second "winter" peak in
each year represents the movement of sand shrimp back into the shallows
of Barnegat Bay coinciding with moderating water temperatures.

The high density of sand shrimp present in July and August 1980 repre-
sents an exception to the normal pattern. Based on water temperatures
measured during sampling with the 12.2-m seine, 1980 had the coolest
sunmer of the six-year period of record, The mean temperature (of all
sanpling stations and day-night periods) in July 1980 was only 24 C and
that in August about 28,5 C., In contrast, the mean water temperatures
exceeded 30 C in at least one, and usually two, months in the four
preceding summers. Apparently, the 1930 temperatures were not suffi-
ciently high to cause sand shrimp to emigrate from the bay or at least
from shallow shoreline areas.

Based on 12.2-m seine data, the overall abundance of sand shrimp has
increased over the last six years although catches were slightly smaller
in 1981 (Figure 3-11).

3.2.1.11 Blue Crab (Callinectes sapidus)

Over the past six years, the blue crab has exhibited a typical pattern of
seasonal abundance. Blue crabs live year-round in Barnegat Bay (Metzger
1978¢), but are inactive in winter and usually are buried in the sedi-
ment; thus trawl catches are low. They become active with the onset of
moderating temperatures in the spring, and catches 1ncreasp, usua11y
peaking sometime during spring or suwmer (Figure 3-12).
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In the six-year abundance plot, catches in 1976, 1978, and 1979 were
roughly similar, whereas 1977 was quite low and 1980 the highest.
Catches in 1981 may rival those of 1530. Low catch rates in 1977
resulted from high mortality of juvenile blue crabs in the winter of
1976-1977 (Metzger 1978¢c). This winter kill of crabs had a significant
effect on impingement rates in 1977 (Chapter 4) and on the comnercial
crab fishery in the bay (Chapter 7). The commercial fishery did not
begin to recover until the 1978-1979 study year and this is evident in
the higher catch rates with the trawl in 1978 and 1979,

The blye crab is one of the most freguently impinged organisms at OCNGS
(Chapter 4), [t was estimated that over 5-6 million crabs were impinged
in 1975-1976. Such impingement levels coul!d potentially have an effect
on the crab population in Barnegat Bay, as an additional source of mor-
tality., However, the real effect of inmpingement is undoubtedly much
lower than suggested by the total impingement estimates. As Hillman
(1979b) noted, blue crabs suffered little immediate or delayed mortality
upon passage throu?h the OCNGS screening and trash diversion system.
Whatever the actual mortality due to impingement, it does not appear to
control population levels in the bay. The six-year plot (Figure 3-12)
i1lustrates population fluctuations due to natural perturbation (i.e.,
1976-1977 winter kill) and subsequent recovery despite the near contin-
uous operation of OCNGS through this period.

3.2.2 Statistical Model

The multiple regression model provided little insight into the variation
of fish and invertebrate catches in seine and trawl. This is partly a
result of subdividing the analyses by seasons, a necessity to avoid many
“zero" catches when certain species are not in the bay. However, in so
doing, the ranges of environmental variables and the nunber of observa-
tions are greatly reduced, as are the chances of quantifying a strong
relationship with, for exanple, water temperature. Although it is known
that relatively minor changes in environmental characteristics such as
temperature or salinity (as are the nom within seasons) can affect fish
movement or vulnerability, the present model is not rerined enough to
isolate such conditions. Further, other factors known to affect fish
catches, e.qg., species-snecifig behavior patterns, are not in the model.
As a result of these things, r“ values are low and the model results
cannot be used to explain variation in fish catches.

Notwithstanding the results, the application of the multiple regression
mode! has served a purpose. Through it, the possibility of a strong
relationship between field fisheries abundance and plant-operating or
other parameters has been ruled out. Thus, it has served as a cross
check against the qualitative analyses provided earlier.

3.2.3 Comparison of 12.2-m Seine Data Between Preoperational Years
(1966-1970) and Operational Years (1970 and 1975-1981)

Although the data collected between 1975 and 1981 (Section 3.2.1) repre-
sents a strong base for examination of impact of OCMGS, it does not
include data collected before plant operation began. In order to further
examine possible effects of OCNGS, 12.2-m seine data from the 1975-19€1
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period are compared to data collected by Marcellus (1972) during November
1966 - Octodber 1970, before OCNGS began operation.

The preoperational and operational data sets, although collected with
the same gear, were not derived in exactly the same way, so they had to
be adjusted for purposes of comparison. A multitude of stations were
sanpled by the various investigatois over the 10-year period. To obtain
a consistent data set, the stations that were considered for this aspect
of the study were:

Double Creek (constant throughout the various efforts)

Oyster Creek mouth (south shore by Marcellus, north shore by all
others)

Forked River mouth (north shore by Marcellus, south shore by all
others)

Potter Creek mouth (by Marcellus)/Cedar Creek mouth (by all others)

The rationale for switching shores at the Oyster Creek and Forked River
mouths is based on the habitat changes that occurred as a result of
dredging operations. The gradually sloping beaches sampled by Marcellus
no longer existed so it was assumed that any species that exhibited a
preference for those beaches would move to adjacent, similar areas. The
mouth of Potter Creek is located about two miles north of the mouth of
Cedar Creek; both areas are not influenced directly by operation of 0OCHGS
and thus provide a source of reference samples in the northern portion of
the study area. Double Creek station, south of the notentially affected
area, also is considered a noninfluenced station. Forked River mouth is
a station that is potentially affected by the currents that are induced
by the cooling water flow of OCNGS and Oyster Creek mouth is affected bv
both the cooling water flow currents and the heat rejected by plart
operations, Only samples collected during daylight hours were vsed in
the assessment because Marcellus only sampled during the daytime. The
nunber of replicate samples varied hetween preoperational years, normally
always two in operational years and varying from one to seven in
Marcellus' (preoperational) data. Notwithstanding the variation in rep-
lication and slight differences in sampling locations, the (adjusted)
preoperational and operational data sets are comparable and can provide
insight into temporal changes in important fiafish populations in
Barnegat Bay.

Two general approaches were enployed to provide insight into the influ-
ences of OCNGS operation on the finfish of western Barnegat BRay. The
first approach examines changes in species assemblages over the years and
allows specific comparisons between the preoperational and operational
years., Specifically, Spearman Rank Correlation Coefficients were gener-
ated for each station catch based on the relative ranking of the nean
annual catch per unit effort (CPUE) of 22 species. The species chosen
for this aspect of the study were abundant in one or more years of the
10-year period, Another aspect of species assemblage analysis was the
enumeration of species in the use categories shown in Table 4-14 (i.,e.,
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resident, migrant, or visitor). The nunber of species in each category
for a given sanpling year was determined for each station. The nmean
nunber of species at the two CCNGS-affected stations also was calculated
and compared with the mean for the unaffected stations.

The second approach to determine long-term effects examines the CPUE of
particular taxa, For six taxa, seasonal CPUE plots were derived by cal-
culating the mean monthly CPUE for the preoperational period and for the
operational period for each station. Additionally, the mean annual CPUE
for each of 24 abundant species was calculated for the nonthermally
affected stations, Marcellus (1972) concluded that the thermally
affected station at Oyster Creek showed differences in both seasonal
distribution and species assemblage, therefore, this station was excluded
from this analysis. Differences between the 1966-1970 data and the 1975~
1981 data were compared nonparametrically (Mann-khitney U-test) to assess
which species exhihited significantly different changes in abundance
during the intervening five years. In addition, the seasonal distribu-
tion of six species was examined at each of the four stations. Catch
data was lumped as preoperational or operational and, based on mean
monthly CPUE, cumulative percent catches were derived for those two
conditions. Plots then were produced to graphically depict distribu-
tional changes hetween stations since OCNGS operation began. A final
step involves the examination of data from other New Jersey estuaries to
detemine if changes seen in Barnegat Bay are localized or widespread.

The mean nunber of resident species collected each year at the noninflu-
enced stations were almost identical to the number collected at the
influenced stations (Figure 3-13). The number of resident species col-
lected annually during the preoperational period ranged from 9 to 13
species at uninfluenced stations compared with 9-14 species at influenced
stations, During operational years, 5-13 species were collected at
uninfluenced stations compared with 5-14 species at influenced stations.
Generally, the nunber of resident species was consistently high fron 1966
through 1970 and in 1975-1976, The lowest number of resident species was
collected during the next study year (1976-1977) followed by four years
of recovery back to vai: »3 approximately the same as the preoperational
numbers. This trend was generally followed at both the influenced and
noninfluenced stations (Figure 3-13),

The mean number of migrant fish species collected each year has always
been greater at Oyster Creek and Forked River mouths than at the remain-
ing stations, Cedar Creek/Potter Creek mouths, and Double Creek. Catches
of nigrant species were fairly stable during the first five years of this
investigation ranging from 11 to 16 species at Forked River and Qyster
Creek and fron 7 to 11 at the other two stations (Figure 3-13). During
the sixth study year (1976-1977), however, the mean number of nigrant
species dropped fairly substantially at both the OCMNGS-influenced sta-
tions and the noninfluenced stations (7.5 and 5 species, respectively).
The following three years show a general recovery at all stations to
levels approaching the initially high values from the first five study
years, During the last study year, however, the number of migrant spe-
cies collected at the influenced stations fell once again to Tow levels.
The noninfluenced stations showed continued recovery. The reason the

nu or of migrant forms is higher at the stations designated as influ-
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enced is probably because of the proximity of these stations to Barnegat
Inlet (Figure 1-1). This inlet provides the nearest access to the
Atlantic Ocean from Barnegat Bay so the migrating forms could be more
abundant at those stations,

For much the same reason, the number of species categorized as visitors
has always been greater at the stations closest to Barnegat Inlet. As
with the resident and migratory forms, the number of visitor species was
consistently high until the sixth year, when a reduction occurred.
Visitor species at OCNGS-influenced stations generally recovered during
the next four years while the noninfluenced stations remained low.

Results of the Spearman's Pank Correlation procedure show that signifi-
cant (p = .05) changes in the species ranking (Table 3-32) occurred at
stations most influenced by OCNGS operation (Figure 3-14). The changes
in species ranking that occurred at the noninfluenced stations (Potter/
Cedar Creek and Double Creek) do not appear to be significant except in
two caises, At the Forked River station the periods of greatest species
rar.ing changes appear to be concentrated between the four early study
years of Marcellus (1966-1970) and four later years (1975-1976, 1976-
1977, 1979-1980, and 1980-1981). Likewise, at the mouth of Oyster Creek,
most of the significant changes in species ranking that occurred exist
between the early Marcellus years (1966-1970) and three later years
(1975-1977 1978-1979, and 1979-1980). The species ranking of 1979-1980
appeared significantly different from all years prior to 1977-1978 at
Oyster Creek. The number of significant differences in species abundance
rankings between preoperational and operational years at Oyster Creek and
Forked River (Fiqure 3-14) permit the inference of some change in commun-
ity composition at those stations. Changes in ranking of some species
from preoperational to operational years are noted (Table 3-33), but
artual abundance data must be examined to determine what changes have
taken place.

Fiqure 3-15 presents changes in mean monthly CPUE for certain species
over the 10-year investiyation period. Of the six species treated in
this fashion, two (fourspine stickleback, Apeltes quadracus, and silver
perch, Bairdiella chrysura) show reductions in monthly CPUE from the pre-
operational period to the operational period at all four stations. Two
species (bay anchovy and Atlantic silverside) show an increase in mean
CPUE at at least one station; the remaining two species (winter flounder
and northern pipefish) have mean CPUE values of approximately the same
magnitude. It is necessary to note that the peak catches of both the bay
anchovy and the Atlantic silverside at Oyster Creek and Forked River are
due to single year catches of great magnitude. Exciuding peak catches,
the mean CPUE during the operaticnal period falls to values almost iden-
tical to the preoperational period.

Mean annual CPUEs by species for the unaffected stations are shown in
Table 2-34, The median annual CPUE for 1966-1970 was compared to the
median CPUE for 1975-1981 using the Mann-Whitney U-test (Snedecor and
Cochran 1980). Five species were found to have significantly reduced
CPUEs: bay anchovy, silver perch, northern puffer, Atlantic herring,
and blueback herring. Three species were found to have significantly
increased CPUEs: sheepshead minnow, spot, and weakfish,
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Figure 3-16 presents the cumul ative mean nonthly catch of six species at
each station both prior to and during OCNGS operation., The Oyster Creek
station catch is of particular interest for this aspect of the investiga-
tion because it may be expected that the warmwater discharge could change
the distributional characteristics of species that live in the area. Two
taxa (silversides and silver perch) show no consistent change between the
preoperational period and the operational period relative to station
location. The remaining four species, however, do exhibit changes in
their catch distributions at the Oyster Creek station. Northern pipefish
and winter flounder were both collected earlier in the study year at at
least one other station before being collected at Oyster Creek during the
preoperational period. After OCNGS operation commenced, both these
species are collected about a month earlier at Oyster Creek relative to
the other stations. Fourspine stickleback and bay anchovy both appear
much earlier at the mouth of (yster Creek since OCNGS began operation.
These two species generally appear at Oyster Creek anywhere from two to
five months earlier in the study year since plant operaticn began
relative to the remaining three stations.

The above analysis reveals a number of spatial and temporal differences
between preoperational and operational years. The number of species
collected dropped substantially in the 1976-1977 study year, to levels
well below those recorded for preoperational years. The community analy-
sis (i.e., Spearmans) revealed significant differences in the comrunities
at Oyster Creek and Forked River between the preoperational and jpera-
tional years. Catches of several species were lower in operational
years: bay anchovy, silver perch, northern puffer, Atlantic herring and
blueback herring. Sheepshead minnow, spot, and weakfish increased in
abundance in operational years. The ceasonal appearance at Oyster Creek
of several species occurred earlier by one to five months in operational
years compared to preoperational years. These species were northern
pipefish, winter flounder, fourspine stickleback, and bay anchovy. The
decline in nunber of species that occurred in 1976-1977 (into 1977-1978
for migrant species at the noninfluenced stations) occurred at both the
influenced and noninfluenced stations. That such a relatively uniform
change should occur is indicative of factors affecting species presence
throughout Barnegat Bay. The winter period of 1976-1977 was one of the
most severe of the last 10 years. Water temperatures recorded at the
OCNGS intake for that year were the coldest of the last six years for the
10-week period from mid-October through l1ate December. This corresponds
with the biological season when sunmer forms exit the bay, winter foms
enter the bay, and residents migrate to more favorable habitats within
the bay.

In addition to the early decline of water temperatures during the 1976~
1977 study vear, the duration of the coldest part of winter was also rmuch
longer. The number of weeks in each year with water temperatures less
than 1.5 C is listed below:
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Another near-field effect of OCNGS is the attraction of certain species
to the Nyster Creek mouth one to five months earlier in operational years
than in preoperational years. Although directly attributable to the
heated discharge, it is a localized phenomemon that does not extend
beyond the immediate area.

In suwmary, the foregoing analysis revealed some changes in community
conposition and species abundance at near-field (Forked River, Oyster
Creek) and far-field (Cedar/Potter Creek, Double Creek) stations on
Barnegat Bay after startup of OCNGS. Changes noted in unaffected areas
of Barnegat Bay, and even outside Barnegat Bay in other nearby estuaries,
appear to have been caused by natural phenomena, such as the severe
winter of 1976-1977, Changes that occurred only at the near-field loca-
tions, e.q., reduction in northern pipefish numbers, were likely a result
of increased water temperatures, currents, and/or dredging associa‘ed
with construction and operation of OCNGS. These latter changes were not
unexpected because the near-field areas sampled form 2 part of the OLVGS
cooling-water canal systenm.
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Figure 3-1. Mean number per haul of bay anchovy (Anchoa mitchilli) taken in the otter trawl
in Barnegat Bay (all stations combined), September 1975 — August 1981.
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Figure 3-3. Mean number per haul of northern pipefish (Syngnathus fuscus) taken in the 12.2-m seine
in Barnegat Bay (all stations combined), September 1975 — August 1981,
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Figure 3-4. Mean number per haul of bluefish (Pomatomus saltatrix) taken in the 45.7-m
seine in Barnegat Bay (all stations combined), March 1977 - August 1981,
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Figure 3-5. Mean number per haul of weakfish (Cynoscion regalis) taken in the otter trawl
in Barnegat Bay (all stations combined), September 1975 — August 1981.
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Figure 3-6. Mean number per haul of summer flounder (Paralichthys dentatus) taken in the
otter trawl in Barnegat Bay (all stations combined), September 1975 — August 1981,
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Figure 3.8. Mean number per haul of winter flounder (Pseudopleuronectes americanus)
taken in the 45.7-m seine in Barnegat Bay, March 1977 - August 1981,
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Figure 39 Mean number per haul of northern puffer (Spho«oid« maculatus) taken in the
otter trawl in Barnegat Bay (all stations combined), September 1975 — August 1981,
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Figure 3-10. Mean number per haul of Atlanuc menhaden (Brevoortia tyrannus) taken in the
otter trawl in Barnegat Bay (all stations combined), September 1975 — August 1981,
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Figure 3-11. Mean number per haul of sand shrimp (Crangon septemspinosa) taken in the 12.2 m seine

in Barnegat Bay (al! stations combined), September 1975 — August 1981.
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Figure 3-12. Mean number per haul of blue crab (Callinectes sapidus) taken in the otter trawl
in Barnegat Bay (all stations combined), September 1975 — August 1981.
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Figure 3-15a. Mean monthly catch per 12.2-m seine haul of bay anchovy |
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Figure 3-16. Cumulative catch proportions by month of six selected species collected by 12.2-m seine
at four western Barnegat Bay stations prior to and during OCNGS operation.
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Figure 3-16. (Cont.)
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Figure 3-16. (Cont.)



TABLE 3-1 TOTAL NUMBER, PERCENT COMPOSITION, AND CUMULATIVE PERCENT
OF FISH AND MACROINVERTEBRATES COLLECTED BY OTTER TRAMWL
IN BARNEGAT BAY, SEPTEMBER 1980 - AUGUST 1981

SPP. NAME NUMBER . CUMU. %
CRANGON SEPTEMSPINOSA 91622.000 80.100 80.100
FAMILY XANTHIDAE Juv. 6495.000 5.678 85.778
ANCHOA MITCHILLI 3567.000 3.118 88.896
PALAEMONETES VULGARIS 3127.000 2.734 91.630
CALLINECTES SAPIDUS 2149.000 1.879 93.509
PALAEMONETES SP. 1798.000 1.572 95.081
APELTES QUADRACUS 1738.000 1.519 96.600
GOBIOSOMA BOSCI 563.000 0.492 97.092
PSEUDOPLEURONECTES AMERI 493.000 0.431 97.523
FAMILY XANTHIDAE 380.000 0.332 97.855
CALLINECTES SAPIDUS Juv 365.000 319 98.175
CYNOSCION REGALIS 332.000 0.290 98.465
CLASS ASTEROIDEA 322.000 0.282 98.746
LIBINIA DUBIA 208.000 0.182 98.928
OPSANUS TAU 172.000 0.150 99.079
TRINECTES MACULATUS 157.000 0.137 99.216
MENIDIA MENIDIA 121.000 0.106 99.322
SYNGNATHUS FUSCUS 119.000 0.104 99.426
HIPPOLYTE SP 110.000 0.096 99.522
PARAL ICHTHYS DENTATUS 98.000 0. 086 99.607
NEOPANOPE TEXANA SAYI 55.000 0.048 99.656
PRIONOTUS EVOLANS 50.000 0.044 99.699
MYOXOCEPHALUS AENAEUS 43.000 0.038 99.737
SPHOEROIDES MACULATUS 33.000 0.029 99.766
ANGUILLA ROSTRATA 32.000 0.028 99.79%
ETROPUS MICROSTOMU 26.000 0.023 99.2816
CONGER OCEANICUS 25.000 0.022 99.338
TAUTOGA ONITIS 25.000 0.022 99.860
CHASMODES BOSQUIANUS 19.000 0.017 99.877
CARANX HIPPOS 14.000 0.012 99.889
FUNDULUS HETEROCLITUS 13.000 0.011 99.500
ALOSA AESTIVALIS 9.000 0.008 99.908
SCOPHTHALMUS AQUOSUS 9.000 0.008 99.916
PANOPEUS HERBSTII 9.000 0.008 99.924
HIPPOCAMPUS ERECTUS 8.000 0.007 99.931
CYPRINODON VARIEGATUS 7.000 0.006 99.937
LEINSTCMUS XANTHURUS 7.000 0.006 99.943
MENTICIRRHUS SAXATILIS 6.000 0.005 99.948
CLASS HOLOTHUROIDEA 6.000 0.005 99.954
UROPHYCIS REGIUS 5.000 0.004 99.958
PEPRILUS TRIACANTHUS 4.000 0.003 99.962
CLASS SCYPHOZOA 4.000 0.003 99.965
OVALIPES QCELLATUS 4.000 0.003 99.969
DASYATIS SAYI 3.000 0.003 99.971
RISSOLA MARGINATA 3.000 0.003 99.974
CENTROPRISTIS STRIATA 3.000 0.003 99.976

CHAETODCN OCELLATUS 3.000 0.003 99.979



TABLE 3-1 (CONT.)

SPP, NAME NUMBER ) CUMU. %
ALOSA PSEUDOHARENGUS 2.000 0.002 99.981
ALOSA SAPIDISSIMA 2.000 0.002 99.982
UROPHYCIS CHUSS 2.000 0.002 99.984
LUCANIA PARVA 2.000 0.002 99.986
CANCER [RRORATUS 2.000 0.002 99.988
ANGUILLA ROSTRATA JuV. 1.000 0.001 99.989
BREVCORTIA TYRANNUS 1.000 0.001 99.989
GADIDAE 1.000 0.001 99.990
POLLACHIUS VIRENS Juv 1.000 0.001 99.991
MENIDIA SP 1.000 0.001 99.992
MORONE AMERICANA 1.000 0.021 99.993
POMATOMUS SALTATRIX 1.000 0.001 99.994
LUTJARUS GRISEUS 1.000 0.001 99.995
CHAETODIPTERUS FABER 1.000 0.001 99.996
TAUTOGOLABRUS ADSPERSUS 1.000 0.001 99.997
BUSYCON CANALICULATUM 1.000 0.001 99.997
BUSYCON CARICA 1.000 0.001 99.99¢8
L IMULUS POLYPHEMUS 1.000 0.001 99.999

PENAEUS AZTECUS 1.C020 0.001 100.000
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TABLE 3-3 TOTAL NUMBER, PERCENT COMPOSITION, AND CUMULATIVE PERCENT
OF FISH AND MACROINVERTEBRATES COLLECTED BY 45.7-m SEINE
IN BARNEGAYT BAY, SEPTEMBER 1980 - AUGUST 1981

SPP. NAME WMBER % CUMU. %
CRANGON SEPTEMSPINOSA 20289.000 56.896 56.896
MENIDIA MENIDIA Juv 4135.000 11.596 68.491
MENIDIA MENIDIA 3947.000 11.06¢ 79.560
CALLINECTES SAPIDUS 2964.000 8.3i2 87.872
PALAEMONETES VULGARIS 621.000 1.741 89.613
PALAEMONETES SP. 482.000 1.368 90.981
CALLINECTES SAPIDUS Juv 435.000 1.220 92.201
ANCHOA MITCHILLI 381.000 1.068 93.270
APELTES QUADRACUS 254.000 0.712 93.982
MUGIL CEPHALUS 200.000 0.561 94.543
OPSANUS TAU 189.000 0.530 95.073
FUNDULUS MAJALIS 164.000 0.460 95.533
FUNDULUS HETEROCLITUS 160.000 0.449 95.981
SYNGNATHUS FUSCUS 136.000 0.381 96.363
CARANX HIPPOS 111.000 0.311 96.674
PSEUDOPLEURONECTES AMERI 102.000 0.286 96.960
MENIDIA BERYLLINA 86.000 0.241 97.201
POMATOMUS SALTATRIX 79.000 0.222 97.423
OVALIPES OCELLATUS 68.000 0.191 97.614
GOBIOSOMA BOSCI 65.000 0.182 97.796
FAMILY XANTHIDAE JuVv. 55.000 0.154 97.950
ALOSA AESTIVALIS 51.000 0.143 98.093
STRONGYLURA MARINA 51.000 0.143 98.236
CYNOSCION REGALIS 51.00n 0.143 98.379
CYPRINODON VARIEGATUS 50.000 0.140 98.519
PRIONOTUS EVOLANS 45.000 0.126 98.646
ANGUILLA ROSTRATA 44.000 0.123 98.769
LEIOSTOMUS XANTHURUS 40.000 0.112 98.821
MUGIL CUREMA 40.000 0.112 98.993
CHASMODES BOSQUIANUS 30.000 0.084 99.077
NEOPANOPE TEXANA SAYI 25.000 0.070 99.147
LIBINIA DUBIA 24.000 0.067 99.215
TRACHINOTUS FALCATUS 22.000 0.062 99.276
FUNDULUS DIAPHANUS 21.000 0.059 99,335
PARAL ICHTHYS DENTATUS 21.000 0.059 99.3M
SPHOEROIDES MACULATUS 21.000 0.059 99.452
TAUTOGA ONITIS 20.000 0.056 99.509
TRINECTES MACULATUS 19.000 0.053 99.563
BAIRDIELLA CHRYSURA 13.000 0.036 99.599
LUCANIA PARVA 12.000 0.034 99.633
PENAEUS AZTECUS 12.000 0.034 99.666
MENTICIRRHUS SAXATILIS 9.000 0.025 99.692
ASTROSCOPUS GUTTATUS 9.000 0.025 99.717
ETROPUS MICROSTOMUS 8.0C0 0.022 99.739
FAMILY XANTHIDAE 8.000 0.022 99.762
BREVOORTIA TYRANNUS 6.000 0.017 99.778
SYNODUS FOETENS 6.000 0.017 99.795

ALOSA SAPIDISSIMA 5.000 0.014 99.809



TABLE 3-3 (CONT.)

SPP. NAME

MORONE AMERICANA
MYOXOCEPHAL'S AENAEUS
CANCER [RRORATUS
ANGUILLA ROSTRATA Juv.
ALOSA PSEUDOHARENGUS
CLASS SCYPHOZOA
PHYLUM NEMERTEA

L IMULUS POLYPHEMUS
GASTERQOSTEUS ACULEATUS
SCOPHTHALMUS AQUOSUS
HIPPOLYTE SP

PAGURUS LONGICARPUS
HIPPOCAMPUS ERECTUS
SELENE VOMER
AMMODYTES AMERICANUS
DASYATIS SAYI
BREVOORTIA TYRANNUS JUV
ANCHOA MITCHILLI Juv
UROPHYCIS REGIUS
RISSOLA MARGINATA
HYPORHAMPHUS UNIFASCATUS
TYLOSURUS ACUS

CARANX CRYSOS
LUTJANUS GRISEUS
PEPRILUS TRIACANTHUS
LACTOPHRYS TRIQUETER
LOLLIGUNCULA BREVIS
CARCINUS MAENAS
LIBINIA SP.

CLASS ASTEROIDEA

NUMBER

5.000
5.000
5.000
4.000
4.000
4.000
4.000
4.000
3.07°0
3.000
3.000
3.000
2.000
2.000
2.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

%

0.014
0.014
0.014
0.011
0.011
0.011
0.011
0.011
0.008
0.008
0.008
0.008
0.006
0.006
0.006
0.003
0.003
0.003
0.003
0.002
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003

CUMU. %

99.823
99.837
99.851
99.863
99.874
99.885
99.896
99.907
99.916
99.924
99.933
99.941
99.947
99.952
99.958
99.961
99.964
99.966
99.969
99.972
99.975
99.978
99.980
99.983
99.986
99.989
99.992
99.994
99,997
100.000
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TABLE 3-5 TOTAL NUMBER, PERCENT COMPOSITION, AND CUMULATIVE PERCENT

OF FISH AND MACROINVERTEBRATES COLLECTED BY 12.2-m SEINE
[N BARNEGAT BAY, SEPTEMBER 1980 - AUGUST 1981

SPP. NAME NUMBER % CUMU, %
MENIDIA MENIDIA Juv 46911.000 45.794 45.794
CRANGON SEPTEMSPINOSA 22675.000 22.135 67.929
CRANGON SEPTEMSPIN Juv 12537.000 12.239 80.168
MENIDIA MENIDIA 6955.000 6.789 86.957
ANCHOA MITCHILLI 2953.000 2.883 89.840
PALAEMONETES SP. 1901.000 1.856 91.696
PALAEMONETES VULGARIS 1876.000 1.831 93.527
APELTES QUADRACUS 1715.000 1.674 95.201
CALLINECTES SAPIDUS 1021.000 0.997 96.198
FUNDULUS HETEROCLITUS 832.000 c.812 97.010
SYNGNATHUS FUSCUS 339.000 0.331 97.341
FUNDULUS MAJALIS 299.000 0.292 97.633
GOBIOSOMA BOSCI 296.000 0.289 97.972
MENIDIA BERYLLINA 287.000 N.280 98. cii2
HIPPOLYTE SP 284.000 0.277 98.479
ANCHOA MITCHILLI Juv 267.G00 0.261 98.740
MUGIL CEPHALUS 186.000 0.182 98.921
OVALIPES OCELLATUS 150.000 0.146 99.068
CYPRINODON VARIEGATUS 138.000 0.135 99.202
STRONGYLURA MARINA 115.000 0.112 99.315
FAMILY XANTHIDAE Juv. 112.000 0.109 99.424
ANGUILLA ROSTRATA 99.000 0.097 99.521
LUCANIA PARVA 86.000 0.084 99.605
CYNOSCION REGALIS 46.000 0.045 99.650
PALAEMONETES INTERMEDIUS 43.000 0.042 99.692
OPSANUS TAU 32.000 0.031 99.723
POMATOMUS SALTATRIX 32.000 0.031 99.754
PSEUDOPLEURONECTES AMERI 29.000 0.028 99.782
TRACHINOTUS FALCATUS 28.000 0.027 99.810
PRIONOTUS EVOLANS 19.C00 0.019 99.828
CARANX HIPPOS 18.000 0.018 99.846
AMMODYTES AMERICANUS 15.000 0.015 99.860
BREVOORTIA TYRANNUS Juv 14.000 0.0.4 99.874
MEMBRAS MARTINICA 10.000 0.010 99.824
CHASMODES BOSQUIANUS 10.000 0.010 99.89%4
SPHOEROIDES MACULATUS 9.000 0.009 99.902
LIBINIA DUBIA 7.000 0.007 99.909
ANCHOA HEPSETUS 6.000 0.006 99.915
ANGUILLA ROSTRATA Juv. 5.000 0.005 99.920
FUNDULUS DIAPHANUS 5.000 0.008 99.925
CLUPEA H. HARENGUS 4.000 0.004 99.929
ANCHOA MITCHILLT ADULT 4.000 0.004 99.933
R ISSOLA MARGINATA 4.0C0 0.004 99.937
LUTJANUS GRISEUS 4.000 0.004 99.940
BAIRDIELLA CHRYSURA 4.000 0.004 99.944

LEIOSTOMUS XANTHURUS 4.000 0.004 99.943



TABLE 3-5 (CONT.)

SPP. NAME

TAUTOGA ONITIS

MUGIL CUREMA

MENIDIA MENIDIA ADULT
GASTEROSTEUS ACULEATUS
MENT ICIRRHUS SAXATILIS
TRINECTES MACULATUS
CLASS SCYPHOZOA
PAGURUS LONGICARPUS
POLLACHIUS VIRENS
MORONE AMER ICANA
ASTROSCOPUS GUTTATUS
PEPRILUS TRIACANTHUS
PARAL ICHTHYS DENTATUS
PALAEMONETES PUGIO
NEOPANOPE TEXANA SAYI
PANOPEUS HERBSTII
BREVOORTIA TYRANNUS
URCPHYCIS CHUSS

HYPORHAMPHUS UNIFASCIATY

MENIDIA SP
PRIONOTUS CAROLINUS
ETROPUS MICROSTOMUS
CARCINUS MAENAS
CANCER IRRORATUS
FAMILY XANTHIDAE

RHITHROPANOPEUS HARRISII

CLASS ASTEROIDEA

NUMBER

4,000
4.000
3.000
3.000
3.000
3.000
3.000
3.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

%

0.004
J.004
0.003
0.003
0.003
0.003
0.003
0.003
0.002
0.002
0.002
N.002
0.002
0.002
0.002
0.002
€.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

CUMU. %

99.952
99.956
99.959
99.96¢
99.965
99.968
99.971
99.974
99.976
99.378
99.980
99.981
99.983
99.985
99.987
99.989
99.990
99.991
99.992
99.993
99.994
99.995
99.996
99.997
99.998
99.999
100.000
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TABLE 3-7 MEAN NUMBER PER HAUL OF SAND SHRIMP (Crangon segtems?inogg) COLLECTED BY OTTER TRAMWL,
12.2-m SEINE, AND 45.7-m SEINE IN BARNEGAT BAY, SEPTEMBER 1980 - AUGUST 1981

Otter Traw!
STATION
DATE  CDCD CDCN FXRD FKRN DBCD DBCN 0yYcn OYCN MEAN
9 SEP 80 2.0 156.0 6.5 94.0 10.0 60.0 0.0 20.5 43.6
7 OCT 80 4.0 173.5 22.0 113.5 1.5 2166.5 0.0 0.5 310.2
5 NOV 80 347.0 52.0 94.5 24.0 602.0 71.0 23.0 498.0 213.9
4 DEC BO 13.5 706.0 30.5 459.5 86.0 2742.0 1961.0 5220.5 1402.4
7 JAN 81 -- -- 2.0 126.5 -- -—- 65.0 6224.0 1604.43
4 FEB 81 96.5 201.5 1.5 270.0 50.5 383.0 43.5 816.5 232.9
3 MAR 81 20.0 278.5 1.5 225.5 18.5 91.0 1660.0 5398.5 961.7
7 APR 81 77.0 92.5 95.5 198.5 41.0 299.0 211.0 1526.5 317.6
5 MAY 81 45.5 90.5 510.0 2828.5 244.0 633.0 4.0 103.5 557.4
3 JUN 81 37.5% 68.5 24.5 1334.5 59.5 1387.5 0.5 170.0 385.3
8 JUL 81 82.0 1143. 5.0 715.5 7.5 618.0 108.0 311.5% 373.8
5 AUG 81 14.0 700.0 0.5 88.5 1.0 194.5 0.0 4.5 125.4
MEAN 67.2 332.9 66.2 539.9 102.0 786.0 339.7 1691.2 497.9



TABLE 3-7 (CONT.)

12.2-m Seine

STATION
DATE  CDCD CDCN FKRD FKRN DBCD

16 SEP 80 7.5 137.5 0.5 44.5 1.5
14 0CT 80 239.5 463.0 21.0 253.0 8.5
19 NOV 80 187.5 191.5 15.5 107.0 46.0
10 DEC 80 66.5 1033.0 53.0 1048.0 12.5

14 JAN 81 - -- 8.0 456.5 --
12 FEB 81 21.0 830.0 17.0 206.0 161.5
24 MAR 81 106.5 330.0 10.5 318.0 100.5
15 APR 81 7.0 158.5 6.0 190.5 38.5
12 MAY 81 1.0 22.5 18.0 281.5 12.5
9 JUN 81 3.5 95.5 22.5 591.0 2.0
15 JuL 81 25.5 135.5 26.5 146.5 244.0
12 AG 81 7.5 399.0 56.0 42.0 4.5
MEAN 61.2 345.1 21.2 307.0 57.5
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TABLE 3-7 (CONT.)

45.7-m Seine

STATION

COCN FKRD FKRN DBCD DBCN oyco OYCN MEAN

Coep

DATE
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TABLE 3-8 LENGTH-FREQUENCY DISTRIBUTION OF SAND SHRIMP (Crangon septemspinosa) COLLECTED BY

12.2-m SEINE IN BARNEGAT BAY, SEPTEMBER 1980 - AUGUST 1981

-

15 JuL 81
12 AUG 81

610
301
1018
1208
938
643
707
438
405

24.1
29.4
41.4
37.4
31.3
33.1
32.8
36.5
37.7
27.3
22.6
22.4

N=NUMBER OF LENGTHS;
X=MEAN LENGTH;
SD=STANDARD DEVIATION; MAX=GREATEST LENGTH
NA=DATA NOT AVAILABLE

0.0 20.0

SD 19.9 39.9
6.2 71 195
8.8 59 496
7.6 3 243
8.8 10 354
9.7 30 219
10.3 83 644
10.4 56 797
11.6 36 539
11.1 8 383
14.4 315 220
5.8 147 289
6.1 148 255

MIN=SHORTEST LENGTH
MED=MEDIAN LENGTH

LENGTH INTERVALS (MM)

40.0
59.9

60.0
79.9

DDWONWOO

16
14

0
0

80.0
99.9

OO 00O COoOOOOO O

100.0
119.9

-

OO0 OO0COCOODO00O O

120.0 >140.0

139.9
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
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22.0

Wy -
. . .

NWwwoe o

.

OO0 O0COO0COO0CO0O O



TABLE 3-9 MEAN NUMBER PER HAUL OF BLUE CRAB (Callinectes sapidus) COLLECTED BY OTTER TRAWL,

12.2-m SEINE, AND 45.7-m SEINE IN BARNEGAT BAY, SEPTEMBER 1980 - AUGUST 19C1

Otter Trawl

STATION

CDCN FKRD FKRN DBCD DBCN 0Yco OYCN MEAN

coen

DATE
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(CONT.)

TABLE 3-9

12.2-m Seine

STATION

DBCD

OYCN MEAN

0YCD

DBCN
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CbCo

DATE
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TABLE 3-9 (CONT.)

45.7-m Seine

STATION

DBCD

OYCN HEAN

0yco

DBCN

FKRN

FKRD

CDCN

Coco

DATE

- - - - - - -

-

4587169990425

7244022592548
™ = - I N B ]

5000000505057

.
9‘1%05140877
T N 1202 —

0005005505050

9730042560755
NMM o

LWOOO 00055005
- . . .

~N e O e 005)0137
N 1 32‘.1 ~N

'

VOO 50055051
. . - A . . L .
D NHNOO 0070119’

0550050555503

7838000957035
< ™ — 0N -~

0000500555505
0200000634805

0500 00550057

5210 10347816
- -y 1 o< 0N e ™
o p— |
N OO 00500558
. L .
NNOO 00596031
-t N | O -t -
'
e Bl o B v I oo [ S G R R
=pii- ol ol sR-oll-olicofios ool o f o)
a. - CEL_xXxx>= o=
%] ECDuLE HJJAWL
e NTOINOLN
vty gt (N] — —



TABLF 3-10 LENGTH-FREGQUENCY DISTRIBUTION OF RLUE CRAB (Callinectes sapidus) COLLECTED BY OTTER TRAWL,

12.2-m SEINE, AND 45.7-m SEINE IN BARN:GAT BAY, SEPTEMBER 1981 - AUGUST 1981

Otter Trawl

LENGTH INTERVALS (MM)

...................................................... RANGE
0.0 20.0 40.0 60.0 80.0 100.0 120.0 >180.0 ~--------mcmmnemaun

DATE N X S 19.9 39.9 9.9 79.9 99.9 119.9 139.9 MIN  MED  MAX
9 SEP 80 295 41.1 38.7 114 85 30 12 10 25 10 9 5.0 27.0 163.0
7 0CT 80 134 41.5 42.3 67 18 25 2 5 4 5 8 6.0 19.5 182.0
5 NOV 80 210 43.7 30.2 51 42 82 21 3 2 4 5 6.0 43.0 185.0
4 DEC B0 120 54.3  33.9 h 36 47 14 3 4 4 " 9.0 47.5 163.0
7 JAN 81 5 30.8 14.2 1 3 1 0 0 0 () 0 9.0 32.0 53.0
4 FEB 81 26 31.9 17.2 10 5 9 2 0 0 0 0 13.0 25.0 68.0
3 MAR 81 124 39.8 19.6 10 60 42 9 1 0 1 1 13.0 36.0 160.0
7 APR 81 363 42.5 26.4 €3 119 131 27 3 5 1 3 9.0 39.0 197.0
5 MAY 81 210 42.3 29.9 31 3 58 5 5 11 Z 5 7.0  33.0 161.0
3 JUN 8) 59 60.8 32.3 2 17 14 14 3 6 2 1 15.0 55.0 151.0
8 JUL 81 242 76.4 28.2 ) 13 63 67 42 39 13 5 22.0 69.5 154.0
5 AUG 81 280 80.5 28.0 3 2 65 87 57 40 15 11 10.0 75.0 184.0

N=NUMBER OF LENGTHS;  MIN=SHORTEST LENGTH
| X=MEAN LENGTH, MED=MEDIAN LENGTH

. SO=STANDARD DEVIATION; MAX=GREATEST LENGTH
MA=DATA NOT AVAILABLE



TABLE 3-10 _(CONT.)

12.2-m Seine

LENGTH INTERVALS (MM)

------------------------------------------------------ RANGE
0.0 20.0 40.0 60.0 80.0 100.0 120.0 >140.0 ~=---==memcemecnnus
DATE N X SD 19.9 39.9 59.% 79.9 99.9 1i9.9 139.9 MIN  MED  MAX

16 SE® 80 130 22.6 16.5 72 50 4 2 1 0 1 0 6.0 18.0 125.0
14 0CT 80 284 31.4 12.8 56 139 82 6 1 0 0 0 7.0 30.0 80.0
19 NOV 80 4 36.0 5.5 0 3 1 0 0 0 0 0 30.0 35.0 44.0
10 DEC 80 8 31.9 13.4 1 " 1 0 0 0 0 0 10.0 33.0 59.0
14 JAN 81 0 2.0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0
12 FEB 81 19 36.3 17.5 5 5 7 2 0 0 0 0 10.0 350 74.0
24 MAR 81 1 32.0 0.0 0 1 0 0 0 0 0 0 32.0 32.0 32.0
15 APR 81 246 26.8 13.3 87 122 33 3 0 0 1 0 9.0 24.0 136.0
12 MAY 81 40 33.2 24.0 13 14 11 1 0 0 0 1 10.0 26.0 150.0
9 JuN &1 23 38.2 24.6 L 10 ] 4 1 1 0 0 10.0 29.0 101.0
15 JuL 81 110 55.6 31.3 0 a7 27 12 9 1 2 2 21.0 44.0 153.0
12 AUG 81 33 58.8 44.9 12 1 4 6 4 2 3 1 9.0 48.0 159.0

N=NUMBFR OF 1 ENGTHS;  MIN=SHORTEST LENGTH
X=MEAN LENGTH; MED=MEDIAN LENGTH
SD=STANDARD DEVIATION; MAX=GREATEST LENGTH
NA=DATA NOT AVAILABLE



TABLE 3-10 (CONT.)

45.7-m Seine

LENGTH INTERVALS (MM)

----------- IRyt DO ol i =Kio+ FOARRG T8 Ty e RANGE
0.0 200 40.0 60.0 80.0 100.0 120.0 >1840.0 =-----==c-emmmmuaun

DATE N X SD 9.9 39.9 59.9 79.9 99.9 119.9 139.9 MIN  MED  MAX
16 SEP 80 476 39.7 21.6 34 288 103 15 18 12 5 1 10.0 34.0 145.0
14 OCT 80 403 41.1 14.8 25 160 183 29 3 2 1 0 11.0 40.0 125.0
19 NOV 80 77 41.4  18.6 a 34 31 H 1 0 0 1 13.0 40.0 155.0
10 DEC 80 75 39.0 17.7 ] 47 3 2 1 0 0 1 16.0 34.0 150.0
14 JAN 81 1 13.0 0.0 1 0 J 0 0 0 0 0 13.0 13.0 13.0
12 FEB 81 42 40.7 12.2 2 17 21 2 0 0 0 0 14.0 45.0 65.0
24 MAR 81 47 36.2 12.8 4 28 12 3 0 0 0 0 18.0 35.0 65.0
15 APR 81 447 39.2 19.7 57 178 171 31 2 2 3 3 9.0  37.0 155.0
12 MAY 81 304 47.0 19.0 26 76 130 66 1 4 0 1 14.0 50.0 151.0
9 JUN 81 192 66.6  25.1 2 39 20 64 52 11 4 0 16.0 70.0 137.0
15 JUL 81 407 72.6 27.8 0 52 109 75 90 61 18 2 22.0 71.0 155.0
12 AUG 81 197 76.7 29.3 0 11 54 50 33 31 10 8  25.0 72.0 152.0

N=MUMBER OF LENGTHS;  MIN=SHORTEST LENGTH
X=MCAN LENGTH; MED=MEDIAN LENGTH
SD=STANDARD DEVIATION; MAX=GREATEST LENGTH
NA=DATA NOT AVAILABLE



PTEMBER 1980 - AUGUST 1981

MEAN NUMBER PER HAUL OF GRASS SHRIMP (Palaemonetes spp.) COLLECTED BY OTTER TRAWL,

12.2-m SEINE, AND 45.7-m SEINE !N BARN
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TABLE 3-13 LENGTH-FREQUENCY DISTRIBUTION OF SUMMER FLOUNDER (Paralichthys dentatus) COLLECTED
BY OTTER iRAWL IN BARNEGAT BAY, SEPTEMBER 1980 - AUGUST 19&1

JUN
JUL
AUG

MW NWB NSO NY
b 4
>
=

LENGTH INTERVALS (MM)

------------------------------------------------------ RANGE

0.0 50.0 100.0 150.0 200.0 250.0 300.0 >350.0 ~----cc-ea---
N X SD 49.9 99.9 149.9 199.9 249.9 299.9 349.9 MIN MED
20 22 207.6 58.3 0 0 6 1 11 3 0 1 116.0 230.5
80 15 241.0 29.9 0 0 0 3 5 7 0 0 179.0 244.0
80 19 246.5 31.7 0 0 0 3 8 7 1 0 190.0 242.0
80 n 0.0 0.0 0 0 0 0 0 0 0 0 0.0 0.0
&1 0O 0.0 0.0 0 0 0 0 0 0 0 0 0.0 0.0
21 0 0.0 0.0 0 0 0 0 0 0 0 0 0.0 0.0
81 n 0.0 0.0 0 0 0 0 0 0 0 0 0.0 0.0
81 8 222.9 21.9 0 0 0 2 5 1 0 0 175.0 232.0
81 8 243.3 27.2 0 0 0 0 4 4 0 0 202.0 252.5
81 17 265.2 52.6 0 1 0 0 2 11 3 0 76.0 278.0
a1 5 255.4 48.0 0 J 0 1 0 4 0 0 160.0 278.0
81 4 245.8 92.6 0 0 1 0 1 0 2 0 115.0 265.0

N=NUMBER OF LENGTHS;  MIN=SHORTEST LENGTH
X=MEAM LENGTH; MLD=MEDIAN LENGTH
SD=STAMDARD DEVIATION; MAX=GREATEST LENGTH
NA=DATA MOT AVAILABLE
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TABLE 3-14 MEAN NUMBER PER HAUL OF WINTER FLOUNDER (Pseudopleuronectes americanus) COLLECTED BY
OTTER TRAWL AND 45.7-m SEINE IN BARNEGAT BAY, SEPTEMBER 1980 - AUGUST 1981
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TABLE 3-15 LENGTH-FREQUENCY DISTRIBUTION OF WINTER FLOUNDER (Pseudopleuronectes americana) COLLECTED
BY OTTER TRAWL AND 45.7-m SEINE IN BARNEGAT BAY, SEPTEMBER 1980 - AUGUST 1981

Otter Trawl

LENGTH INTERVALS (MM)

i i Iy I e A R RANGE
0.0 50.0 100.0 150.0 200.0 250.0 300.0 >350.0 =-----==m--eemcmnn-
DATE N X SD 49.9 99,9 149.9 199.9 249.9 299.9 349.9 MIN  MED  MAX
9 SEP 80 2 64.5 6.5 0 2 0 0 0 0 0 0 58.0 64.5 71.0
7 OCT 80 1 253.0 0.0 0 0 0 0 0 1 0 0 253.0 253.0 253.0
5 NOV 80 4 210.5 69.7 0 0 1 1 0 2 0 0 107.0 226.5 282.0
4 DiC 80 79 185.9  96.7 0 24 17 1 7 16 11 3 66.0 130.0 357.0
7 JAN 81 21 262.1 82.5 0 0 4 ] 2 4 9 1 105.0 297.0 360.0
4 FEB 81 87 225.8 84.9 0 7 16 8 14 20 20 2 66.0 249.0 371.0
3 MAR 81 115 157.9  71.6 0 10 69 6 6 18 6 0  83.0 119.0 336.0
7 APR 81 29 156.7 60.9 0 0 21 3 1 3 1 0 101.0 138.0 320.0
5 MAY 81 98 156.6  18.5 0 0 35 62 1 0 0 0 105.0 158.0 201.0
3 JUN 81 32 56.0 24.8 15 16 0 1 0 0 0 0  36.0 52.5 184.0
8 JuL 8l 21 65.6 25.7 3 17 0 1 0 0 0 0 38.0 60.0 169.0
5 AUG 81 3 56.7 8.6 1 2 0 0 0 0 0 0 46.0 57.0 67.0

N=MUMBER OF LENGTHS;  MIN=SHORTEST LENGTH
X=MEAN LENGTH; MED=MEDIAN LENGTH
SD=STANDARD DEVIATION; MAX=GREATEST LENGTH
NA=DATA NOT AVAILABLE



TABLE 2-15 (CONT.)

45.7-Seine

LENGTH INTERVALS (MM)

------------------------------------------------------ RANGE
0.0 50.0 100.0 150.0 200.0 250.0 300.0 >350.0 =-------ceemcemama-

DATE N X SD 49.9 99.9 149.9 199.9 249.9 299.9 349.9 MIN  MED  MAX
16 SEP 80 2 66.5 5.5 0 2 0 0 0 0 0 0 61.0 66.5 72.0
14 OCT 80 2 104.0 7.0 0 1 1 0 0 0 0 0 97.0 104.0 111.0
19 NOV 80 16 101.4  50.6 0 1 4 0 0 1 0 0 65.0 88.5 289.0
10 DEC 80 11 92.3 17.0 0 8 3 0 0 0 0 0 63.0 88.0 122.0
14 JAN 81 0 0.0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0
12 FEB 81 2 264.5 53.5 0 0 0 0 i 0 1 0 211.0 264.5 318.0
24 MAR 81 6 132.0 61.6 0 3 2 0 0 1 0 0 84.0 112.5 263.0
15 APR 81 2 107.0 1.0 0 0 2 0 0 0 0 0 106.0 107.0 108.0
12 MAY 81 6 61.5 43.7 . 0 0 1 0 0 0 0  338.0 42.5 159.0
9 JUN 81 36 59.5 8.4 2 34 0 0 0 0 0 0 40.0 56.5 75.0
15 JUL 81 14 66.7 6.8 0 14 0 0 0 0 0 0 54.0 67.5 78.0
12 AUG 81 5 67.4 8.5 0 5 0 0 0 0 0 0 8.0 67.0 81.0

N=NUMBER OF LENGTHS;  MIN=SHORTEST LENGTH
X=MEAN LENGTH; MED=MEDIAN LENGTH
SD=STANDARD DEVIATION; MAX=GREATEST LENGTH
NA=DATA NOT AVAILABLE



TABLE 3-16 MEAN NUMBER PER HAUL OF ATLANTIC SILVERSIDE (Menidia menidia) COLLECTED BY 12.2-m

AND 45.7-m SEINES IN BARNEGAT BAY, SEPTEMBER 198" - AUGUST 1981

12.2-m Seine

STATION
DATE  CDCD CDCN FKRD FKRN DBCD

16 SEP 80 35.5 1.0 118.5 4.5 89.5
14 OCT 80 0.0 43.5 26.0 93.0 4.0
19 KOV 80 1.5 0.0 6.0 0.0 4.5
10 DEC 80 0.0 1.0 13.0 0.5 1.5

14 JAN 81 -- -- 1.0 0.0 --
12 FEB 81 0.0 0.0 0.0 2.0 24.5
24 MAR 81 0.0 10.0 8.5 0.0 0.0
15 APR 81 0.5 7.5 15.5 26.0 273.0
12 MAY 81 0.5 3.5 28.5 2.0 18.06
9 JUN 81 94.0 210.0 4503.5 1531.0 1102.5
15 JuL 81 213.0 69.5 144.5 189.5 178.0
12 AUG 81 121.0 24.5 196.0 54.0 245.5
MEAN 42.4 33.7 421.8 158.5 176.5
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LENGTH-FREQUENCY DISTRIBUTION OF ATLANTIC SILVERSIDE (Menidia menidia) COLLECTED BY

TABLE 3-17
12
DATE N X

i6 SEP 80 333 78.6
14 OCT 80 282 81.0
19 NOV 80 218 78.2
10 DEC BO 202 76.7
14 JAN 81 7 83.4
12 FEB 81 248 79.6
24 MAR 81 126 90.0
15 APR 81 250 98.7
12 MAY 81 125 100.3
9 JUN 81 976 36.1
15 JuL 81 825 45.8
12 AUG 81 717 54.5

N=NUMBER OF LENGTHS;
X=MEAN LENGTH;
SD=STANDARD DEVIATION: MAX=GREATEST LENGTH
NA=DATA NOT AVAILABLE

1 AND 45.7-m SEINES IN BARNEGAT BAY, SEPTEMBER 1980 - AUGUST 1981

0.0 20.0
SD 19.9 39.9
10.9 0 0
15.5 0 0
19.6 0 0
10.3 0 1
8.0 0 0
11.7 0 0
11.0 0 0
57.9 0 0
10.8 0 0
30.2 248 544
15.6 5 281
12.6 12 64

MIN=SHORTEST LENGTH
MED=MEDIAN LENGTH

12.2-m Seine

LENGTH INTERVALS (MM)
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TABLE 3-17 (CONT.)

45.7-m Seine

LENGTH INTERVALS (MM)

------------------------------------------------------ RANGE

0.0 20.0 40.0 60.0 80.0 100.0 120.0 >140.0 ~-=-ec=-c-cmemmunan

DATE N X SD 19.9 39.9 59.9 79.9 99.9 119.9 139.9 MIN  MED  MAX

16 SEP 80 104 77.9 15.2 0 0 10 54 32 6 2 0 48.0 76.0 129.0
14 0CT 80 83 91.0 16.1 0 0 2 17 41 19 4 0 45.0 92.0 129.0
19 NOV 80 71 102.3  13.9 0 0 1 8 19 29 14 0 52.0 104.0 136.0
10 DEC 80 28 103.5 16.5 0 0 0 3 8 12 5 0  75.0 102.5 137.0
14 JAN 81 13 92.2  10.7 0 0 0 2 8 3 0 0 77.0 92.0 116.0
12 FEB 81 126 93.8 15.7 0 0 1 23 58 35 9 0 54.0 93.5 133.0
24 MAR 81 198 99.7 11.4 0 0 0 8 79 105 6 0 71.0 101.5 133.0
15 APR 81 292 107.8 6.5 0 0 0 0 29 256 7 0  85.0 108.0 132.0
12 MAY 81 223 108.0 7.6 0 0 0 1 29 180 13 0 79.0 109.0 130.0
9 JUN 81 558 43.9  35.6 58 360 1 1 42 86 10 0 13.0 25.0 127.0
15 JuL 81 132 49.6 17.3 0 31 a5 10 0 4 2 0  25.0 48.0 124.0
12 AUG 81 106 53.8 11.3 0 4 76 25 0 0 1 0 32.0 53.0 128.0

N=NUMBER OF LENGTHS;  MIN=SHORTEST LENGTH
X=MEAN LENGTH; MED=MED AN LENGTH
SD=STANDARD DEVIATION; MAX=GREATEST LENGTH
NA=DATA NOT AVAILABLE



TABLE 3-18 MEAN NUMBER PER HAUL OF BAY ANCHOVY (Anchoa mitchilli) COLLECTED BY OTTER TRAWL

AND 12.2-m SEINE IN BARNEGAT BAY, SEPTEMBER 1980 - AUGUST 1981
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TABLE 3-19 LENGTH-FREQUENCY DISTRIBUTION OF BAY ANCHOVY (Anchoa mitchilli) COLLECTED BY
OTTER _TRAWL AND 12.2-m SEINE IN BARNEGAT BAY, SEPTEMBER 1980 - AUGUST 1981

Otter Trawl

LENGTH INTERVALS (MM)

------------------------------------------------------ RANGE

0.0 20.0 40.0 60.0 80.0 100.0 120.0 >140.0 ~----sccmmcmmmcanan
DATE N 1 -'sp 19.9 39.9 59.9 79.9 99.9 119.9 139.9 MIN  MED  MAX
9 SEP 80 221 32.0 10.5 7 157 53 4 0 0 0 0 16.0 29.0 68.0
7 0CT 80 45 35.6 8.1 0 28 17 0 0 0 0 0 21.0 35.0 56.0
5 NOV 80 2 32.5 5.5 0 2 0 0 0 0 0 0 27.0 32.5 38.0
4 DEC 80 12 45.1 11.2 0 3 8 0 1 0 0 0 37.0 42.0 80.0
7 JAN 81 0 0.0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0
4 FEB 8] 0 0.0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0
3 MAR 81 0 0.0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0
7 APR 81 0 0.0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0
5 MAY 81 120 61.5 6.4 0 0 45 73 2 0 0 0 49.0 62.0 81.0
3 JUN 81 341 59.0 7.7 0 2 182 153 4 0 0 0 34.0 59.0 86.0
8 JUL 81 149 52.6 16.8 0 40 39 70 0 0 0 0 20.0 58.0 75.0
5 AUG 81 273 44.2 10.8 3 75 161 34 0 0 0 0 16.0 42.0 78.0

N=NUMBER OF LENGTHS;  MIN=SHORTEST LENGTH
X=MEAN LENGTH; MED=MEDIAN LENGTH
SD=STANDARD DEVIATION; MAX=GREATEST LENGTH
NA=DATA NOT AVAILABLE
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TABLE 3-24 MEAN NUMBER PER HAUL OF NORTHERN PIPEFISH (Syngnathus fuscus) COLLECTED BY OTTER TRAWL,
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TABLE 3-25 LENGTH-FREQUENCY DISTRIBUTION OF NORTHERN PIPEFISH
TRAWL, 12.2-m SEINE, AND 45.7-m SEINE IN BARNEGAT B
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) COLLECTED BY OTTER

adracus

u
SEPTEMBER. 1980 - AUGUST 1981

Apeltes
Y,

TRAWL, 12.2-m SEINE, AND 45.7-m SEINE IN BARNEG
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TABLE 3-29 NUMBER OF FISH AND MACROINVERTEBRATES AFFLICTED WITH
PARASITES, DISEASE, AMD MORPHOLOGICAL ABMORMALITIES,
BARNEGAT BAY SAMPLING, SEPTEMBER 1980 - AUGUST 1981

Species

External Parasites

Isopods

Copepods

Lesions
and
Fungus

Morphological
Deformities

Angquilla rostrata
Anchoa mitchilli
Menidia menidia
Apeltes quadracus
omatomus saltatrix

Pseucopleuronect 2s
americanus
Palaemonetes spp.

Callinectes sapidus
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e
60

oo o l= R e

OO0 00

(=R =R

oOnN =0 O
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TABLE 3-30 SURFACE WATER QUALITY MEASUREMENTS ASSOCIATED WITH BARNEGAT BAY SEINE SAMPLING,
SEPTEMBER 1980 - AUGHST 1981

Temperature (C)
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-- indicates measurement not taken.

Note:
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Dissolved Oxygen (mg/1)
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TABLE 3-30 _ (CONT.)

Salinity (ppt)

STATION
DATE  €DCD CDCN FKRD FKRN DBCD DBCN 0YCD OYCN MEAN

16 SEP 80 15.0 24.2 27.0 27.7 28.0 27.4 26.6 27.3 25.4
14 OCT 80 22.0 22.2 24.9 25.7 26.2 26.0 23.9 24.8 24.5
19 NOV 80 23.5 22.7 26.6 26.0 27.3 26.5 26.5 25.7 25.6
10 DEC 80 22.4 18.5 25.90 25.5 26.8 27.2 24.4 24.5 24.3
14 JAN 81 -- -- 22.2 17.5 -- -- 23.8 25.1 22.1
12 F£8 81 22.0 23.0 25.3 25.8 27.5 28.0 24.5 25.8 25.2
24 MAR 81 22.4 14.9 23.4 21.0 25.0 25.1 23.3 23.0 22.3
15 APR 81 21.1 20.3 22.2 22.3 22.1 23.4 24.0 22.0 22.2
12 MAY 81 18.4 20.3 22.9 22.8 23.8 24.1 22.0 22.7 22.1
9 JUN 81 206.3 16.7 24.9 25.1 25.5 25.9 24.5 24.3 23.4
15 JuL 81 19.8 18.5 22.1 23.2 23.0 23.9 22.0 22.9 21.9
12 AUG 81 19.0 16.7 28.0 22.9 23.0 23.8 22.7 22.8 22.4

MEAN 20.5 19.8 24.6 23.8 25.3 25.6 24.0 24.2 23.5






JALITY MEASUREMENTS ASSOCIATED WITH BARNEGAT BAY OTTER TRAWL

EMBER 1980 - AUGUST 1981

T

BOTTOM WATER

TABLE 3-31
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TABLE 3-31

(CONT.)
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pH
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TABLE 3-32 GENERAL LINEAR MODEL RESULTS (MULTIPLE REGRESSION) FOR FIELD-FISHERIES
CATCHES RELATIVE TO VARIOUS PLANT-OPERATIONAL, METEOROLOGICAL, AND WATER
QUALITY PARAMETERS FOR SEPTEMBER 1975 - AUGUST 1981

Anchoa mitchilli

Cynoscion regalis

Paralichthys dentatus

Callinectes sapidus

Crangon septemspinosa

Species Gear Season r2 N Variable 1 _ Variable 2 Variable 3
Trawl Fall 0.05 181 Ambient -- --
Trawl Spring 0.01 226 - -- e
Trawl Summer 0.01 292 - - -
Trawl Winter 0.04 285 Ambient Total flow --
Trawl Fall N.11 100 Total flow Air temp. DO
Trawl Spring 0.02 147 -- -~ b
Trawl Summer 0.04 242 Air temp. -- --
Trawl Winter 0.01 210 -- - .
Trawl Fall n.08 100 - - B
Trawl Spring 0.05 175 -- - wind
Trawl Summer 0.03 255 - - —
Trawl Winter 0.01 216 - - —
Trawl Fall 0.04 181 -- . -
Trawl Spring 0.04 222 Wind Speed -- -
Trawl Summer 0.06 258 Temp. -- -
Trawl Winter 0.07 2/8 Temp. Winds --
12.2-m seine Fall 0.11 177 Temp. Delta-T Heat rejection
12.2-m seine Spring 0,22 191 Delta-T Heat rejection Temp.
12.2-m seine Winter 0.01 306 -- _— e

Note: Ambient = ambient water temperature; Total flow

Variables are arranged
(a = 0.05) are shown; r

}eft

= total cooling water and dilution flow;
DO = dissolved oxygen; sal = salinity; Temp = intake temperature measured with sample collection.

= coefficient of determination

to right in decreasing order of importance; only those significant
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4, [IMPINGENMENT OF FISH AND MACROIMVERTEBRATES
ON THE INTAKE SCREENS

4,1 RESULTS

4,.1.1 General Species Composition and Abundance

Impingement ccllections from September 1980 through August 1981 yielded
111 species of fish, invertebrates, and reptiles. Of the tota' species
composition, B2 species were finfish, 27 species were invertebrates, and
2 were reptiles, Six species constituted 95 percent of the total annual
numerical catch from the vertical traveling screens (Table 4-1). The
total annual (sampling) catch of all species collected during the study
period was 648,777 specimens; of this total catch 59,498 were fish (9.2
percent), 589,273 were invertebrates (90.8 percent), and 6 were reptiles
(<0.1 percent).

The total weight of all specimens collected during the study period was
3,848.2 kilograms. Of this total, 1,073.5 kilograns (28 percent) were
fish weight, 2,772.7 (72 percent) invertebrate weight, and 2.0 (<1 per-
cen*) reptile weight, Fifteen taxa accounted for more than 95 percent of
the total weight of the annual catch (Table 4-2).

The seasonal distribution of estimated weekly numbers and weight of
organisms impinged is illustrated in Figures 4-1 and 4-2. The period

of maximun numerical abundance was bimodal--the first peak ranged from
mid-November to mid-January followed by another that ranged from mid-
March to mid-May. The peak weekly estimate of 1,152,390 individuals
occurred during the second week of April., The weekly weight estinates
also were bimodal--an isolated peak in November and a large peak in June,
July, and August. The period of greatest estimated weight impinged
(8,576.1 kg) occurred during the third week of July.

The day-night distribution of organisms collected from the traveling
screens is presented in Table 4-3. Most organisms were more abundant

in night samples. The total annual night catch of 544,442 organisms
represented 83,9 percent of the overall catch. Of those organisms most
abundant in impingement samples at night, the striped searobin exhibited
the greatest difference in numbers caught during the day (9.6 percent)
and night (90.4 percent). The smallmouth flounder yielded the greatest
difference in weight hetween day and night catches (7.4 and 92.6 percent,
respectively). Relatively few organisms were more abundant in the day
catches, Of these, the butterfish showed the greatest tendencv to appear
in day collections (67 percent by nimber, 43 percent by weight).

4,1.2 Occurrence and Abundance of Key Species

The U.S. Nuclear Regulatory Commission has defined 11 fish species and ?
invertebrate species as "Key Species" of finfish and shellfish (U.S. NRC
1978). The species so designated are: summer flounder, winter flounder,
Atlantic menhaden, Atlantic silverside, bay anchovy, bluefish, weakfish,
striped bass, northern pipefish, northern puffer, northern kingfish, blue
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crab, and sand shrimp. All of the 11 defined key fish species, except
striped bass, were collected from the OCNGS screens; both key inverte-
brate species were collected. The 10 key fish species accounted for 59.2
percent of the fish collected from the traveling screens. The two key
invertebrate species accounted for 92.9 percent of the invertebrate catch
by number and 89.7 percent of the catch by weight.

The abundance of each of the key species is described below; addition-
ally, naked goby (Gobiosoma bosci) and smallmouth flounder (Etropus
microstomus ) abundances are described because of these species’ abundance
on the screens (>13 and 6 percent of the total fish catch, respectively).
In the following discussion of key species, reference is made to weekly
estimates of abundance for both numbers and weight (Tables 4-4 and 4-5,
respectively). The "annual estimates" presented in Table 4-6 are not
true annual estimates but rather are estimates for the 11.5-month period
during which CCNGS operated.

In the presentations to follow, the use of the terms "collected" and
"sampled" (and variants) refer to those specimens actually obtainea in
weekly 24-hour samples from the OCMGS screens. When referring to the
weekly or annual projected impingement catches, the terms "estimate" or
"estimated" are used.

4.1.2.1 Atlantic Silverside (Menidia menidia)

Atlantic silverside was the most abundant fish species ccllected from the
OCNGS screens; 19,000 specimens accounted for 32 percent of the total
fish catch (2.9 percent of the total organism catch). Atlantic silver-
side ranked third in fish weight with 107.7 kilograms, accountina for 10
percent of the total fish catch (2.8 percent of the total organism
catch). The annual estimate of the number impinged for this species was
268,961 and the total estimated weight was 1,519 kilograns (Table 4-6).
The period of maximum abundance ranged from late October through mid-
April with the peak estimate of weekly abundance occurring during the
second week of lNovember (102,425 individuals). The period of nminimum
estimated weekly abundance occurred during the warmer part of the year
from July through nid-October. The peak weekly estimate of impinged
weight was 551 kilograms which occurred during the second week of
November. Approximately 75 percent of the total silverside catch by
nunber and weight occurred during night collections (Table 4-3).

4,1.2.2 MNaked Goby (Gobiosoma bosci)

The naked goby was the second most abundant fish species collected fron
the screens--7,911 specimens constituted 13.3 percent of the total fish

catch and 1.2 percent of the total screen catch (Table 4-1). Maked goby
ranked 24th in terms of fish weight--4.1 kilograms comprised 0.4 percent
of the total fish catch (0.1 percent of the total organism catch). Pe?'
weekly estimated numerical catch occurred from late Cctober 1930 througn
mid-January 1981 with the greatest estimated catch (65,868 individuals)

occurring the third week of November 1920 (Table 4-4).

The greatest estimated weekly weight impinged (27.1 kg) occurred during
the same week (Table 4-5)., The estimated annual catch of naked goby was
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specimens during mid-July. The period of minimum estimated weekly
abundance occurred from January thrcough March 1981, The peak weekly
estimated weight of 65.6 kilograms occurred in mid-July. Night catches
accounted for 74.6 percent of the annual anchovy catch by number; 87.7
percent of the total weight catch occurred at night,

4.1.2.6 Winter Flounder (Pseudopleuronectes americanus)

Winter flounder was the sixth most abundant species of fish collected
from the OCNGS traveling screens. A total of 2,931 specimens accounted
for 4.9 percent of the total fish catch (0.5 percent of the total organ-
ism catch) (Table 4-1). Although sixth in numerical abundance, the
relatively greater size attained by winter flounder resulted in its
ranking first in fish weight; 507.2 kilograms composed 47.2 percent of
the total fish catch (12.2 percent of the total organism catch by weight)
(Table 4-2). Total estimated impingement for this species was 48,511
individuals weighing 8,644,5 kilograms (Table 4-6). The period of
maximum estimated weekly abundanca for this species extendec from eerly
November through February (Tables 4-4 and 4-5). The peak occurred in
the third week of November when 14,702 individuals were estimated to
have been impinged. The distribution of estimated weekly winter flounder
weight ipinged by OCNGS screens roughly paralleled numerical distribu-
tion. The peak weekly weight estimate of 2,281.2 kilograms occurred
during the third week in November. No winter flounder were collected
from September through mid-October or during the interval from late July
through August 1931, Low catches occurred during the remainder of the
study period with the exception of a minor peak from mid-June through
mid-July 1981. Night collections accounted for 82.8 percent of the total
numerical catch for this species; 81.0 percent of the weight collected
was accounted for by night collections (Table 4-3).

4.1.2.7 MWeakfish (Cynoscion regalis)

Weakfish was the ninth most numerically abundant fish species collected
from the screens with 1,596 specimens accounting for 2.7 percent of the
annual fish catch (0.2 percent of the total organism catch) (Table 4-1).
Weakfish accounted for 1.8 percent of the total fish weight collected
(0.5 pcrcent of the total organism catch) and were the eighth highest
contributor to fish biomass (Table 4-2), Annual estimated abundance for
this species was 37,401 individuals; the estimated annual weight of weak- |
fish was 339.6 kilograns. The occurrence of this species on the screens
was bimodal--the first peak extended from early September through mid-
November 1980; the second peak extended from late June through nid-August
1981, The maximum weekly estimate occurred during the second period

when 8,316 individuals were collected in iate July 1981. No weakfish
were impinged from late November through early “ay (Table 4-4). Maximum
weekly estimated weight occurred during the second week of November

when 152.7 kilograms, or approximately half of the annual estimate, was
impinged (Table 4-5). Night catches accounted for 81.9 percent of the
total weakfish catch by number; 44.5 percent of weakfish weight was
collected at night.
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4.1.2.8 Atlantic Menhaden (Brevoortia tyrannus)

The 756 specimens of Atlantic menhaden collected from the traveling
screens accounted for 1.3 percent of the total fish caught (0.1 percent
of the total organism catch) (Table 4-1) and 3.3 percent of the total
fish weight collected. It ranked 12th in abundance among finfish. The
total weight for the study year was 35 kilograms (0.9 percent of the
total organism catch) (Table 4-2). The annual estimated impingement
abundance of menhaden was 12,005 individuals weighing 500.2 kilograms
(Table 4-6). The period of maximum estimated abundance ranged from mid-
October through mid-November with a peak estimated weekly abundance of
2,494 individuals (146.4 kg) in mid-November. A lesser period of abun-
dance occurred from early July through the second week of August.
Minimun estimated weekly abundance occurred from mid-December 1980
through June 1981 (Table 4-4), Night collections accounted for 67.1 per-
cent of the total Atlantic menhaden catch and 60.1 percent of the total
weight.

4,1.2.9 Summer Flounder (Paralichthys dentatus)

Summer flounder ranked 15th in impingement abundance with 606 specimens
accounting for 1.0 percent of total fish caught (0.1 percent of the total
organism catch from the screens). Total summer flounder collected ranked
second in fish weight; 112.6 kilograms constituted 10.5 percent of the
total fish catch (2.9 percent of the total organism catch). The annual
estimated impingerment avundance for this gpecies was 2,228 individuals
weighing 1,532.7 kilograms (Table 4-6). The estimated catch for this
species exhibited major and minor modes. The major mode extended from
September through early December 1980 with the peak occurring in mig-
October (2,327 individuals, 476.9 kg); the minor mode extended from mid-
March through mid-April. Minimum catch estimates extended from May
through mid-June. Night catches accounted fur 60.2 percent of the total
nuneric summer flounder catch, while 57.1 percent of the total catch by
weight was collected at night.

4.1.2.10 MNorthern Puffer (Sphoeroides maculatus)

A total of 596 northern puffer (16th rank) were collecte” from the trav-
eling screens during the study year. This total amounted to 1.0 percent
of the annual total fish collected and 0.1 percent of the total organisms
caught (Table 4-1). The total weight of this species collected from the
screens was 5.9 kilograms, which accounted for 0.5 percent of total fish
weight collected (0.2 percent of the total organism weight collected)
(Table 4-2). The estimated annual abundance of this species was 17,179
individuals weighing 123.5 kilograms (Table 4-6). Two peaks in estimated
weekly abundance are apparent for this species--a minor peak fron
September into early November 1980 and a major peak extending from mid-
May through mid-August 1981, Peak weekly abundance occurred in mid-July
1981 when 11,592 individuals were estimated to have been impinged. This
coincided with the period of maximum estimated weight impinged (66.1 kg)
(Table 4-4 and 4.5),
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4,1,2.11 Rluefish (Pomatomus saltatrix)

The 439 bluefish captured accounted for 0.7 percent of the total fish
caught (<0.1 percent of the tota! organism catch) and 0.5 percent of the
total fish weight (5.4 kg). The annual estimated abundance of bluefish
was 9,154 individuals weighing 93.4 kilograms. The peak estimated weekly
abundance (2,766 fish) occurred during the last week of June after which
the catch began to decline. A minor peak of estimated numerical bluefish
catch occurred from September through Movember 1980, Peak estimated
weekly weight occurred during the last week of October (24.6 kg). While
the highest estimated numbers occurred in late June 1981, the greatest
weight was inpinged in October because of the presence of heavier indiv-
idual fish. Of the total numeric bluefish catch, 74.7 percent occurred
at night; 61.9 percent of the total bluefish weight was collected during
night sampling.

4,1.2.12 MNorthern Kinagfish (Menticirrhus saxatilis)

A total of 5 northern kingfish weighing 0.5 kilograms was collected from
the traveling screens during the study (<0.01 percent of all organisms
collected). Estimated annual abundance of kingfish was 117 individuals
weighing 12.2 kilograms (Table 4-6). Nerthern kingfish were collected
during the interval from late October through mid-November 1980 with a
maximum estimated weekly abundance of 43 individuals (5.0 kg) occurring
during the second week of November 1980,

4.1.2.13 Sand Shrimp (Crangon septemspinosa)

The sand shrimp was the most numerous organism collected. A total of
453,359 specinens was collected during the study period; this accounted
for 76.9 percent of the total invertebrate catch (69.9 percent of the
total organism catch) (Table 4-1). A total of 499.7 kilograms of sand
shrimp was collected but accounted for only 18.0 percent of the total
invertebrate catch weight (13.0 percent of the total organism catch)
(Table 4-2) because of the small size this species attains. The esti-
mated annual abundance for sand shrimp was 6,821,222 specimens weighing
7,615.9 kilograns (Table 4-6). The period of maximum abundance ranged
from Nevember through nid-June. The greatest estimated weekly abundance
was 836,656 specimens weighing 1,842.4 kilograns, which occurred during
the third week of Movember. Night catches accounted for 86.6 percent of
the total numeric catch and 90 percent of the total catch by weight

4,1,2.14 Blue Crab (Callinectes sapidus)

Blue crab was the second most numerous organism collected from the
screens. A total of 93,907 specimens accounted for 15.9 percent of the
total invertebrate catch (14,5 percent of the total organism catch).
With regard to weight, this species accounted for the majority of both
the invertebrate catch (71.7 percent) and the total organism catch (51.7
percent); 1,988.3 kilograms were collected during the study year. The
estimated annual catch of blue crabs was 1,831,654 specimens weighing
43,808.4 kilograms. Blue crabs appeared in large numbers throughout the
warmer part of the study period with the peak estimated weekly abundance
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occurring during mid-July (204,708 individuals); maximum estimated weight
of blue crabs impinged in a week was 7,731.8 kilograms during the same
week, The period of minimum abundance extended from mid-November through
mid-March., Night catches accounted for 82.9 percent of the total number
of blue crabs and 76.3 percent of the total weight.

4,1.3 Water Quality Data Associated with Impingement Sampling

The annual mean temperature at the OCNCS intake from September 1980 to
August 1981 was 13.6 C (Table 4-7). The highest temperature recoraged
(28.9 C) occurred on 2 September 1980; on 5 January 1981 the lowest
temperature was recorded (-0.9 C).

The dissolved oxygen (D0) annual mean was 8.3 mg/liter (Table 4-8).
Dissolved oxygen values ranged from a maximum of 15.7 mg/liter on

19 January 1981 to a minimum of 4.1 on 20 July 1981, following the
expected inverse relationship with water temperature. Maximu values
above 15 mg/liter (recorded from day samples of 19 January 1981) at water
temperatures of approximately 2 C represent 140 percent saturation in
estuarine waters of 25 ppt salinity. Researchers recorded that the N0
readings during this period were fluctuating; subsequent calibration
failure resulted in replacement of instrument components. It is safe to
assume that the daytime values of 19 January 1981 represent an overesti-
mate of actual! DO concentrations for that period.

The lowest mean salinity reading observed was 20.2 ppt on 11 May 1981;
the highest mean reading for the study period was observed on 26 January
1981 at 28.7 ppt. The mean annual salinity was 24.4 ppt (Table 4-9).

Median pH values varied from a low of 7.2 on 27 October 1920 to a high of
8.3 that occurred 19 times from January through June 1981 (Table 4-10).

4,1.4 Statistical Analysis of the Relationship Among Impingement
Catches, Meteorological Phenomena, Water Quality Data,
and Plant-Operational Characteristics

The relationship of the various parameters to impingement catches was
investigated statistically using the SAS-General Linear Model (GLM)
multiple regression progranm.

In a preliminary analysis, correlation coefficients (r) were derived from
regression analyses among various plant-operational and water quality
variables. This was done to quantify the expected relationships among
such variables as ambient water temperature and air temperature, ambient
water terperature and d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>