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INTRODUCTION

The Oyster Creek Generating Station (0OCGS) of Jersey Central
Power and Light Co. is a 620 MWe boiling water reactor which has been
in commercial operation since December 1969, It is located 3.2 km .
inland from Barnegat Bay in Lacey Township, New Jersey. Oyster Creek
and the South Branch of Forked River have been modified as a discharge
and intake canal, respectively (Fig. 1). >When 0CGS is in operation,
the flow in the South Branch of Forked River is always upstream toward
0CGS, and the flow'in Oyster Creek 1s always downstream toward
Barnegat Bay. Tidal range at the mouth of Oyster Creek is 0.15 m
(U. s. Aégmic Energy Commission, AEC 1974).

Barnegat Bay is a relatively large (surface éréa 16,714 ha),
shallow (average depth 1.5 m) estuary (AEC 1974). The easterﬁ-Bay
contaiﬁs extensive shoal areas (depth 0.2 to 0.9 m); the central
and-western Bay is deeper and ranges from 1.2 to 3.7 m (Natioﬁal
Oceanic and Atmospheric Administration, NOAA 1976). Intefchange of
water between the Atlantic Ocean and the Bay is limited and occurs
through Barnegat Inlet which is narrow (Makai 1973, Carpenter 1963).
Normal tidal range in Barnegat Bay is 0.3 m (Makai 1973).

Several studies of Barnegat Bay and OCGS have been conducted
prior to those unde#taken by Ichthyological Associates, Inc. (I.A.).
Mékai (1973) reported on the physicochemical parameters of upper
Barnegat Bay, and Halgren (1973) conducted a study on the recreational

usage of the upper Bay.

i




Wurtz (1969), Marcellus (1972), and McClain (1973) reported on
the fishes of the Bay. Wurtz (1972) reported preliminary findings
on impingement of fishes and crabs at 0CGS. He aléo (1965, 1971)
conducted brief studies of zooplankton and ichthyoplankton in limited
portions of the Bay, and Sandine (1973) studied the conditiom of
microzooplankton entrained at OCGS. Rutgers University investigated
various aspects of the benthic invertebfates and benthic algae
(Loveland et al. 1966-1972, 1974); this work was reviewed by
Vouglitois (1976). An extensive evéluation of the impact of 0CGS-
on the fin- and shellfish in Barnegat Bay was made by JCP&L (1978).

Since 8 September 1975, I.A. has conducted studies to help
determine and assess the biological impgct of 0OCGS and its discharges
and madé general ecological surveys of Barnegat Bay, Oyster Creek,
aﬁd Forked River. Data collected from September i975 through August
1976 and September 1976 through August 1977 were reported by Tatham
et al; (1977a, b; 1978a, b). This document summarizes information |
obtained during tﬁe entife third year of study, from September 1977
through August 1978. Daéa from individual collections of the
impingement andventrainment sampling programs and from fin- and
shellfish collections made at selected stations in Barnegat Bay from
September 1977 through March 1978 were presented by I.A. (1979) and
from April through August 1978 by Danila et al, (1979); these data
may be obtained at cost.

Impingement and fisheries studies emphasized fin- and shellfish
designated as important by the U. S. Envirommental Protection Agency

" (EPA) and the U. S. Nuclear Regulatory Commission (NRC). These were




-

the Atlantic menhaden, bay anchovy, Atlantic silverside, threespine
stickleback, northern pipefish, striped bass, bluefish, weakfish,
northern kingfish, summer flounder, winter flounder, northern puffer,
sand sﬁrimp, and blue crab. The life history of most of these speciles
was reported by Tatham et al. (1977a, 1978a). The common and scienﬁific
names of all vertebrates and invertebrates taken by the impingement
and fisheries programs are given in Tables 1 through 3.

Emphasis in the plankton program was also placed on forms designated

as important species by the NRC or the EPA. Important macrozooplankton

were the ctenophores Mnemiopsis leidyi and Beroe spp., the arrowworms

Sagitta elegans and Sagitta spp., the sand shrimp Crangon séptemspinoéa,

grass shrimp Palaemonetes spp., the mysids Neomysis americana and

- Mysidopsis bigelowi, polychaete epitokes and individuals less than 1 mm,

and blue crab zoeae and megalopae., Important ichthyoplankton included
the eggs and laréaé of the Atlantic menhaden, bay anchovy, threespine
stickleback, nofthern pipefish, striped bass, blﬁefish, weakfish,
northern kingfish, summer flounder, winter flounder, and northern

puffer.

'
4
£
E

T

T T IETT




WATER QUALITY
Keith W. Hoch

Introduction

Water temperature, salinity, pH, dissolved oxygen, and water
clarity were taken with each biological collection from September 1977
through August 1978, These data were used to describe the

physicochemical regime at four stationms in western Barmegat Bay

(Fig. l)'éndvat the circulating-water intake to 0CGS.
Materials and Methods ;

Water temperature and dissolved oxygen were‘measured with a
¥YSI dissolved oxygen meter (Modél 574), and salinity with an American
Optical hand refractometer. The pH was determined with either a
Photovolt pH meter (Model 126A) or a Corning pH meter (Model 6104).
Water transparency for most biological collections taken during the

day, except for those made by seine, was measured with a 20~-cm Secchi

:
E

disc. Procedures for use and calibration of these instruments wére
presented previously (I.A. 1975).

Surface and bottom water chemistries were taken with trawl,
impingemeﬁt, and entrainment collections. Water chemiétry samples
taken with impingement and entrainment samples were collected

during or near the end of the sampling period. 1In the Bay, water

chemistries were taken between replicate collections. Bottom

water samples were obtained with either a 1.7 or S5-liter Niskin Q::Q 5
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bottle; only surface water chemistry was taken with seine collections.

Because water at the OCGS discharge was thoroughly mixed, only surface
water chemistry was taken with entrainment collections at the discharge.
Surface water chemistry was taken for all impingement collectionms.

Bottom water chemistry was determined to be similar to the surface at

the OCGS intake based on data collected during previous years; there-
fore, bottom water samples were taken only on the first and last

collection of each impingement sampling period.

Results and Discussion

Mean monthly water temperature, salinity, pH, dissolved oxygen
concentration, and Secchi disc measurements were determined for
three areas: the Bay, which includes stations at the mouth of

Cedar Creek, Forked River, Oyster Creek, and Rouble Creek; the

L
19

~0CGS intake; and the OCGS discharge.

The‘physicochemical data examinedkfor stations at the ﬁouth
of Cedar Creek, Forked River, Oyster Creek, and Double Creek were
limited to that taken during fisheries collections, usually during =
2 days each month. No samples were taken at Cedar Creek and
Double Creek during February due to ice cover.

Daily records of intake and discharge water temperatures
taken by JCP&L were used to calculate the mean monthly increase
in the temperature of water circulated tﬁrough‘OCGS (delta T)

rather than water temperatures taken during 4 or 5 days of entrain-

ment sampling during a month.




Water Temperature

The coldest mean monthly surface and bottom temperature
(-0.8 and -1.0 C, respectively) were recorded at the mouth of
Forked River in January (TableA4 Y. Tatham (1977) also recorded

the coldest water temperature in Barnegat Bay (~1.5 C) during

‘ January. The warmest surface and bottom temperatures were always
found at the mouth of Oyster Creek and were maximum in August
(29.5, 29.7 C). When OCGS was in operation, the difference in mean

monthly surface and bottom water temperatures between Oyster Creek

and thermally unaffected stations was greatest during February
(7.6, 9.9 C). The differénce in mean monthly surface and bottom
water temperatures at the mouth of Oyster Creek averaged 3.7 C
(range of 1.7 to 7.6 C) and 4.6 C (1.8 to 9.9 C), respectively, B i ) _
warmer than the combined mean temperature at the other three |
stations (Table 4 ).

Differences between mean monthly surface and botﬁom temperatures

were substantial at all Bay stations from March through May. The

mean surface tempgrature at these stations averaged 2.9 C warmer
than the bottom temperature. Makai (1973), Tatham‘(l977), and
Kurtz and Swiecicki (1978) all reported similar findings. Temperature
stratification was less common and occasionally reversed during
other months.
The largest mean monthly delta T (Table 5 ) from September

through August occurred during September (12.3 C) and the smallest

in August (8.6 C). The mean yearly delta T when OCGS operated in
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1977-78 (10.8 C) was slightly higher than either 1976-77 (9.4 C) or
1975~-76 (9.2 C). The lowest mean monthly intake (i.3 C) and discharge
(12.1 ©) temperatures occurred in February, while the maximum mean
monthly temperature was found at the intake (26.1 C) in August and at.

the discharge (34.8 C) in September.

Salinity

The mean yearly salinities (Table 6) at the mouth of Cedar
‘Creek (15.3 ppt), Forked River (19.6), Oyster Creek (18.2) and
Double Creek (21.3) were similar to salinities for these stations
reported by Tatham (1977) and Kurtz and Swiecicki (1978). Thg
total precipitation at OCGS (D. R. Weigle, personal communication)
was considerably greater in 1977-78 (140.0 cm) than in 1976-77
(95.3) or 1975-76 (89.9). The greater precipitation ﬁrdbably.
contributed to the lower.éalinities found from September 1977
through August 1978.

The highest mean monthly salingties were usually found at
Double Creek (10 of 11 months), which is the southernmost station
and closest to Barnegat Inlet (Table 6). The lowest mean monthly
salinities were generally recorded at Cedar Creek (10 of 11 months),
the northernmost station. Mean monthly salinities at the mouth of
Forked River were slightly higher than those at the mouth of
Oyster Creek in 10 of 11 months. The freshwater input of Cedar
Creek and.from the three branches of Forked River and from Oyster

Creek probably caused the lower salinities taken at Cedar Creek and
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Oyster Creek.

The mean monthly salinity at the OCGS intake ranged from
16.8 ﬁpt in July t6 24.1 ppt in September (Table 7). The mean
yearly surface salinity at the OCGS intake was 19.5 ppt. This was

less than the 23.8 ppt reported by Kurtz and Swiecicki (1978) for

1976-77.

pH

The mean monthly pH ranged from 7.4 at Cedar Creek in October
to 8.3 at Double Creek in June‘(Table 8 ). The mean yearly pH was
similar among stations with the values of 7.9 at Oyster Creek and
Cedar Creek and 8.6 at Double Creek and Forked River. No seasonal
trends in pH were apparent, but the bottém.pH values were generally
slightl§ higher than those at the surface.-

The mean yearly pH was 7.8 for both surface and bSttom samples,
which was slightly more acidic than the 8.0 determined by Kurtz

and Swiecicki (1978).

Dissolved Oxygen

The mean monthly dissolved oxygen concentrations at all stations

ranged from 6.5 ppm in April to 13.4 ppm in February (Table 9 ). The

mean yearly dissolved oxygen concentrations among the Bay stations
were similar at the surface (range 9.0 to 9.4 ppm) and bottom

(8.8 to 9.8).

The seasonal variation in dissolved oxygen concentrations was

similar to those régg}ted by Tatham (1977) and Kurtz and Swiecicki
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(1978). The highest mean values occurred in January and February

(12.1 and 13.4 ppm) and in general declined to the lowest values

in August and September (7.7 and 7.1 ppm). No seasonal trends were

apparent between surface and bottom dissolved oxygen values.

Water Clarity
The greatest mean monthly Secchi disc reading was generally
found at Double Creek (8 of 11 months). However, similar mean

yearly readings were found at all Bay stations (Table 10 ) with the

-largést values at Double Creek (125 cm) and the smallest at Cedar

Creek (114). Water clarity generally increased, from 89 cm in
November to a maximum of 195 ecm in March, and then decreased to
80 cm in July and August. During the 2 previous years, similar

seasonal trends were found. _Mouhtford (1971) répbrted that water

transparency decreased during the summer as a result of phytoplankton

blooms and increased in the fall and spring due to nutrient depletion

and low ‘chlorophyll concentrations.
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IMPINGEMENT OF FISHES AND MACROINVERTEBRATES
ON THE TRAVELING SCREENS

Gerald J. Miller

Introduction

Since September 1975, Ichthyological Associates, Inc. has studied
the effect of the impingement of organisms on the vertical traveling

screens which protect the intake to the OCGS circulating-water gystem.

Impingement data have been reported from 8 September 1975 through

3 September 1977 (Miller 1977, 1978). Data presented here are a

continuation of those studies and include collections from 4 September

‘1977 through 2 Septémber 1978. The‘objectives of these studies were o )
to determine the species composition and abundance of organisms impinged

on the OCGS screens and their survival rate when returned to Barmegat

Bay. An evaluation of these losses on the-populations in Barnegat Bay

was discussed by JCP&L (1978). o

Materials and Methods

Samples of impinged organisms were taken from the sluiceway after
the last traveling screen and from the sluiceway pit (Fig.2 ). A 45.7 x
50.8 x 61.0-cm wire basket (10.7-mm mesh) was used to collect organisms

from the sluiceway (Sta. 8) to determine their condition. A 101.6 x

101.6 X 121.9-cm wire basket (10.7-mm mesh) was used to collect

organisms from the sluiceway pit. T
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Samples were usually taken two nights a week during two periods;
period 3 was from sunset to 6 h after sunset and'period 4 was from 6 h
after sunset to sunrise. After tlie screens were washed at the beginning
of the sampling period, the pit sampler was lowered into place.
Subsequently, the screens washed automatically either every 2 h or when
the pressure differential across the screens reached a critical level.
Automatic screen washes usually involved about two complete rotations
of the screens and lasted for approximately 20 min. Screeﬁ washes
triggered either manually or by differential pressure lasted from 10
to ll.min.

After the screens had washed for 1l min, the sluicewa& sampler was

inserted. After 1 min or less, depending on the abundance of organisms,

2

it was removed and ghe organisms were placed on a 3.9-m” sorting table.
The sluiceﬁay sémplér was répléced, énd the proceduré repeated unfil

a maximum of six, l-min samﬁles was takén during thevscreen wash. For
20-min screen washes, the sluicéway sampler was used only during the
first 11 min of the wash.

Collections from the sluiceway sampler were rapidly processed on
the sorting table. Fishes were placed into water in insulated coolers,
and crabs were placed into lO—litef plastic buckets. The conditiqn
(live/dead/damaged) of the organisms was determined 5 to 10 min after
the last sluiceway sample was taken. Live denoted a specimen which had
no apparent damage and which was swimming normally. Damaged specimens

were alive (opercular movement in fishes) but had external damage or

abnormal behavior. Dead fishes showed no opercular movement, and dead
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invertebrates showed no movement of either appendages or mouthparts.
Condition samples were taken during periods 3 and 4 from September 1977
through March 1978, but were taken only during period 3 from April through
September 1978.

. Organisms washed from the screen and not collected in the sluiceway’
sampler passed into the pit sampler. At the end of the screen wash,
this sampler was removed and thelspecimens were processed. The number
and weight of abundant species were estimated volumetrically in the
following manner. After ail other species were removed from the
sample, the remaining debris and abundant organisms were thoroughly
mixed and a known volume removed. The number and weight of abundant
species in this subsample were determined and were used to estimate
the number and:weight of these species in ﬁhe total sample. Physicochemica.
paraméters were recorded with each collection.

When the screens washed frequently or continuously, it was not always
possible to collect all impinged organisms because the screen wash
would have overflowed the pit sampler.. To avoid this, the pit sampler
was remo?ed before it overflowed, and some portion of the screen wash
was missed. If this occurred, the portion of the screen wash that was
samgled was used to estimate the total number and weight of organisms

impinged during that period.
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For a week, estimated

by the formula:

The sum of the

the two periods was

actual
weight
period

number

13

impingement during a period (Wa) was calculated

or extrapolated number or
of specimens impinged in a
during a week.

of times a period was

sampled during the week.

estimated weekly impingement at night during each of

the total weekly impingement estimate at night. A

Hewlett-Packard 9830A programmable calculator was used for data compilation

and statistical analyses.

Stratified sampling with'OPtimal allocation (Snedecor and Cochran

1967) was used to estimate the total number of organisms and number of

specimens of various. species impinged during the 12 months. The mean

number impinged during the 12 months (?;t) was estimated by the formula:

The strata were the

Yst

number

number

= 3 ( [Na/N]- ?a)

of sampling units in stratum a.

of sampling units in all strata

sampled. -

sample mean in stratum a.

two time periods sampled during the night. The sampling

unit size was 1 h, and each sample mean was expressed as the number of

specimens impinged per hour. This sample mean was derived by dividing the-

number of individuals taken from all samples collected during a time period
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by the total duration of these samples. This weighted mean of the number
impinged per hour was used as a single sample because the duration of
individual samples in a time period was unequal.

The total number of individuals impinged at niéht duringvthe 12 months

(Y) was computed by the formula:

Y = YSt *D T

D = the number of days the OCGS screens
operated during the 12 months of the
yvear. '

T = 12.0 (average hours of darkness for.the

12 months sampled).
Resu;ts

A total of 561 collections was taken from 4 Sepéember 1977 thréugh
2 September 1978 with 282 collections taken in period 3 and 279 collections
in period 4. Physicochemical parameters associated with each collection
were sumﬁarized weekly (Table 11). An estimated 5,395,989 + 736,288 fish
and macroinvertebrates (124 taxa) that weighed 35,750 * 6,809 kg Wére
‘estimated by the stratified sampling method to have begn impinged at
night (Tablé 12). A total of 484,908 + 93,939 fish (é% of all organisms,
91 taxa) that weighed 12;493<i 4,004 kg (35% of the biomass) was impinged.
Some 4,911,070 + 704,791 invertebrates (91% of all organisms, 33 téxa)
that weighed 23,257 + 5,397 kg (65% of the biomass) were impinged
(Table 12).

The most numerous fishes were the bay anchovy (25% of the fish),

Atlantic silverside (13%), spot (11%), northern puffer (10%), Atlantic %;;9
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menhaden (9%), and blueback herring (8%). The most important fishes
by weight were the winter flounder (35% of the fish biomass), Atlantic
menhaden (25%), spot (13%), and weakfish (3%).

The most numerous invertebrates were the sand shrimp (73% of the
invertebrates), blue crab (20%), and grass shrimp (7%). The blue crab
(75% of the invertebrate Biomass) and sand shrimp (16%) were the most
important invertebrates by weight.

Estimates of impingement for each species'wgre determined weekly
but these were not used to estimate the total impingement for the year.
Most of the spécimens were impinged in fall and Wiﬁter. From 9 October
through 14 January, an estimated 65% of the fish were impinged (Tables 13

through 15). These were mostly blueback herring,‘Atlantic menhaden, bay

" anchovy, Atlantic silverside, and spot. Two-thirds of . the invertebrates

were impinged from 30 October through 18 February and were mostly grass
shfimp, sand shrimp, and blue crab.

The total weekly night impingement estimates expressed as the number
of specimens impinged per hour and per 10 million liters of cooling-water
flow also indicated maximum impingement in the fail (Table 16). The
most speéimens éollected per hour (6,408) were taken from 4 through
10 December and the least (67) from 18 through 24 June. The average
number of specimens impinged per hour during the year was 1,390. The
most specimens impinged per 10 million liters of cooling-water flow (627)
were also taken from 4 through 10 December and the least (6) from
18 through 24 June. The average number of specimens per 10 million

liters of cooling-water flow was 66.
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Some 18,648 specimens were examined for condition (Tables 17

tﬁrough 19), Most (64%) were live, 24% were damaged, and 127 were dead.
For fish, 30% were live, 45% were damaged, and 257 were dead. The
blueback herring (24% dead), Atlantic menhaden (21%), bay anchovy (60%),
and Atlantic silverside (24%) comprised 83% of the dead fish. Most (847%)
of the invertebrates were live, 127 damaged, and only 47 were dead.
Highest invertebrate mortalities were observed for the sand shrimp (62)
and grass shrimp (5%). Blue crab mortality was only 3%. Some 65% of
invertebrate mortality was comprised of sand shrimp.

 From 4.September 1977 through 2 September 1978, 10 species accounted
for 98% of the estimated 5,395,989 specimens (35,750'kg) impiﬁged
(Table 12). The abundance, mortality, impingemeﬁt loss, and impingement
‘in relation to wat;r temperature (Table 20) for these 10 spécieé and
for other species which are considered importanf by the NRC and EPA are

discussed below in order of their numerical abundance.

1. Sand shrimp

- An estimated 3.6 million sand shrimp (3,734 kg) were impinged during
the year with most (77%) impinged from 27 November through 4 February
(Table 21). Few were collected from July through September. The sand
shrimp was the most numerous specieé (667 of all specimens) but comprised
only 10% of the biomass. Most (84%Z) of the sand shrimp were impinged ét
a water temperature of 1 to 10 C. The mean annual mortality of the

sand shrimp was 6% and an estimated 267,264 (7% of those impinged) were

lost to impingement.
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2. Blue crab

" Of the 972,741 blue crab (17,462 kg) estimated impinged for the
year (Table 22), most (75%)vwere taken from 2 July through 2 September.
Few individuals were impinged from December through March. The blue

crab comprised 497 of the biomass of all organisms taken. About 69%

of the blue crab were collected at a water temperature of 21 to 28 C.
The blue crab had a mean annual mortality of 3% and 237 were damaged.
The latter usually had lost one or more appendages. An estimated

27,101 blue crab (3% of those impinged) were lost.

3. Grass shrimp
Approximately 333,000 grass shrimp (229 kg) were estimated impinged
from 4 September 1977 through 2 September 1978 (Table 23). Most (53%)

were impinged from 6 November through 7 January and 24% were taken from

+
3
5

o

2 April through 10 June. TFewest were collected from July through
-~ September. Although grass shrimp comprised 67 of the specimens
impinged, tﬁey made up less than 1% of the biomass. About 727 of the
grass shrimp were impinged at a water temperature of 4 to 16 C. The
' ;grass shrimp suffered a 5% mean annual mortality; 12,854 (47 of those

impinged) specimens were lost.

4, Bay anchovy

The bay anchovy was the most abundant fish impinged (25% of all fish)

=
5
.
B
F

although it comprised only 2% of all organisms collected. An estimated

122,723 bay anchovy were impinged during the year (Table 24) with 40%

taken .from 4 September through 6 November and 447 taken from 23 April

through 20 May. TFewest were impinged from 8 January through 22 April.
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Some 82% of the bay anchovy were collected at a water temperature of
11 to 21 C. The bay anchovy had a 60% mean annual mortality and

62,576 (51% of those impinged) were lost.

5. Atlantic silverside

Of the 63,275 Atlantic silverside (287 kg) taken during the year
(Table 25), 87% were impinged from 13 November through 14 January.
Few individuals were collected from September through mid-October or

from May through August. Most (89%) of the Atlantic silverside were

impinged at a water temperature of 2 to 10 C. The mean annual mortality
for Atlantic silverside was 24%. Some 19,071 (30% of those impinged)

were lost.

6. Spot ’ ' K ] ' . ,}

An estimated 55,563 spot (1,638 kg) were impinged from 4 September

£

E

1977 through 2 September 1978 (Table 26), and most (97%) were impinged from

16 October through 10 December. No spot were collected from mid-January through
AuguSt. Ninety-~-two percent ofbthe spot were impinged at a water temperature

of 7 to 12 C. The spot had a mean annual mortality of 8% and an estimated

5,371 (10% of those impinged) were lost.

7. Northern puffer
An estimated 50,414 northern puffer (227 kg) were impinged during the
year (Table 27). Most (98%) were impinged from 9 July through 5 August

at a water temperature of 23 to 28 C. Few were impinged during other months

and none were taken from December through mid-May. A 9% mean annual

)
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mortality rate was observed for the northern puffer and an estimated

3,854 (8% of those impinged) specimens were lost.

8. Atlantic menhaden

Of the 43,919 Atlantic menhaden (3,100 kg) éollected ddring the
year (Table 28), 96% were impinged from 16 October through 31 December.
Few were impinged at other times. A total of 89% was impiﬁged at a
water temperature of 7 to 16 C. The Atlantic menhaden had a mean

annual mortality of 217 and an estimated 9,038 (21% of those impinged)

were lost.

9. Blueback herring

Some 36,447 blueback herfing (108 kg) were impinged during the year
(Table 29); 977% of thése were taken from 6 November through 14 January.
Few were impinged in oﬁher months. About 80% were collected at a water
temperature of 2 to 9 C. The mean annual mortality fér blueback herring

was 24%. A total of 9,791 (27% of those impinged) was lost.

10. Winter flounder

An estimated 23,000 winter flounder (4,386 kg) were iﬁpinged during
the year (Table 30). It comprised only 5% of the fish impinged but 38%
of the fish biomasé. The winter flounder was impinged throughout the
year but most (79%) were taken from 13 November through 21 Jénuary.
Eighty-nine percent were taken at a watér temperature of 0 to 9 C. The
mean annual mortality rate for the winter flounder was only 1% and only

91 (0.4% of those impingéd) of the 23,000 estimated impinged were lost.
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Other fishes

Although the threespine stickleback, striped basé, and northern
kingfish were designated by the EPA as important fishes, few individuals
were impinged, and these species are not discussed. Other fishes.that
were designated as important by the EPA or the NRC but which did not rank
among the 10 most numerous fishes and macroinvertebrates are discussed
below.

An estimated 18,387 northern pipefish (42 kg) were impinged during

the year (Table 31) with 63% collected from 9 October through 17 December

and 20% from 2 April through 6 May. About 867 were collected at a water

temperature of 4 to 15 C. The mean anﬁual mortality was 1% and the
total estimated number lost was 206 specimens (1% of those'impinged).

| An estimated 2,753 bluefish (127 kg) were impinged during the year
(Table 32). Some 41%_oécurred from 9 Octobér through 19 NovemBer and.
44% from 2 July through 5 August. No bluefish were iméinged from

20 November through 10 June. About 47% of the bluefish were collected

at a water temperature of 11 to 16 C and 38% were collected at 20 to 25 C.

The mean annual mortality was 47% and a total of 1,203 specimens (447 of
those impinged) were lost.
An estimated 16,409 weakfish (403 kg) were impinged during the year

(Table 33). From 4 September through 19 November, most (947) of the

weakfish were impinged. Few were impinged from 10 December through 22 July.

Eighty percent of the weakfish were collected at a water temperature of

11 to 18 C. The mean annual mortality was 20% and a total of 2,985 weakfish .

(18% of those impinged) was lost.
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An estimated 1,493 summer flounder (381 kg) were impinged during
the year (Table 34). A total of 647 was impinged from 2 chober
through 5 November and 13% from 23 April through 20 May. Eighty-nine
percent of the summer flounder were impinged at a water temperature of
11 to 16 C. The mean annual mortality was 5% and only 73 summer

flounder (5% of those impinged) were lost. -
Discussion

Previous impingement data (Miller 1?77, 1978), as well as the
present data, indic;ted that water temperature was one of ghe most
important factors that affected impingement. Most organiéms were impinged
when the water temperétufe increased or decreased segsonally and when they
migratgd into, out of; or within the Bay. The maximum impingement of
aAspecies did not_necessarily correépond go the time of its maximum.i
abundance in the Bay. For example, the Atlantic menhaden, bay anchovy,
Atlantic silvefside, bluefish, weakfish, spot, and summer flounder were
impingedlmostly in the spring aﬁd/fall when they migfated, but were
present in the Bay throﬁghdut the summer. In the fall, decreésed water
temperature may also have reduced the swimming pérformanCe of some species

and consequently their ability to avoid impingement. Although individuals

were present in the Bay throughout much of the year at an ambient intake

temperature range of 0.0 to 27.8 C, most impingement of a sﬁecies
occurred over a relatively small temperature range.

Prior to September 1977, impingement samples at OCGS were taken during
both the day and night. Beginning 4 September 1977, all samples were

taken at night, and therefore, the estimates given here are conservative
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and represent only a portion of the organisms impinged during the year.
However, in past years most (837%) impingement at OCGS occurred at night
(Miller 1977, 1978). Some species'(e.g., sand shrimp, grass shrimp, and

winter flounder) have been taken almost exclusively (> 90%) at night. .

Thus, the estimates given here are indicative of the magnitude of
impingement during the year and may be similar to those from previous
years.

Annual impingement estimates.for the sand shrimp, blueback herring,

Atlantie silverside, threesﬁine stickleback, winter flounder, and

northern puffer were larger during 1977-78 than during the previbus
2 years (1975-76 and 1976-~77). ?resent estimates were lower for the
bay anchovy, bluefish, striped searobin; smallmouth flounder, and
"summer flounder. Impingement’of other species such as the Atlantic - ‘n o

menhaden, northern pipefish, weakfish, grass shrimp, and blue crab

£

fluctuated yeariy. Much of this yearly variation in impingement may
be related to the fact that populations of fishes undérgo natural
fluctuations in abundance, and drastic changes in.their populations can
occur in a few years. For example, large vériations in yearly abundance
of various fishes such as spot, winter flounder, and northern puffer
in Barnegat Bay were reported by Marcellus (1972) and by Danila (1977,
1978a) . |

The determination of impingement impact reported herein was‘species—
specific because the mortality rates of impinged species varied greatly.

Organisms with a hard exoskeleton (e.g., blue crab), bony plates (e.g.,

northern pipefish, and sticklebacks), or a tough integument (e.g., northern -

T

puffer) had a high survival rate while those fishes which were relatively
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sensitive, that is, difficult to collect and handle without inducing
injury (e.g., Atlantic menhaden, bgy anchovy, and young weakfish), had poor
survival. High survival was found for the flatfishes (mostly summer flounder
and winter flounder), although many were damaged with abrasions and
hemorrhaging. Many blue crab were also damaged, but this was usuall}
characterized by a lost appendage which probably dia not appreciably
affect their survival.

Mortalities were generally lower during 1977-78 than during the
previous 2 years. However, this was probably due to the time of sampling.
Miller (1977, 1978) reported lower mortalities for organisms impinged
at night at 0CGS and Landry and Strawn (1974) noted that injured or N
dead fish impinged at the P. H. Robinson Power Plant in Texas were less
common at mnight. The installation of a continuouslf.rotating screen
with a fish recovery and retu;n system (Ristroph screen) in May 1978

probably also reduced mortalities for the yvear. Results of sampling

on the prototype Ristroph screen are discussed in the next section.
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IMPINGEMENT OF FISHES AND MACROINVERTEBRATES
ON THE PROTOTYPE RISTROPH SCREEN

Gerald J. Miller

Introduction

Since September 1975, Ichthyological Associates, Inc. has
determined the species composition, abundanée, énd mortality of

organisms impinged on the vertical traveling screens that precede

the intake to the circulating water system. In an attempt to mitigate

these mortalities, JCP&L has considered the installation;of a

continuously rotating traveling screen modified with a low pressure

spray. wash and fish reco@gry and return system (i'ef’ Ristroph screen). j
A study to determine the efficiency of the Ristroph screen.in

" reducing fish and macroinvertebrate impingement mortality was 5egun

in May 1978 with the instailation of a prototype screen at OCGS. The

main objective of this program was to compare the condition (live,

damaged, dead) of organisms impinged on the Ristroph screen to that of
organisms impinged on the conventional traveling screens at 0CGS, In
addition, collections were taken to determine the effectiveness of the low
pressure spray in removing organisms from the Ristroph screen. This report

covers -data collected from 15 May through 15 September 1978.
Materials and Methods

Samples were taken.in the upper (live) and lower (debris) troughs

which ran from the rear of the Ristroph screen to the sluiceway in front t:;>
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> of the screen (Fig. 3). As many sets of samples as practical were taken
once a week from sunset to 6 h after sunset. During the week of 16 July,
an additional set of éamples was takén because slightl§ more fish were
impinged at that time.

With the Ristroph screen washing continuously, a 100 x 60 x 20-cm

metal frame with a l-m long section of nylon netting (l-cm stretch mesh)
was placed into the live trough, and a similar sampler was placed simul-
taneously in the debris trough. After 1l min or less, depending on the

abundance of organisms, the samplers were removed, and organisms were

2

processed on a 0.8-m“ sorting table. Most organisms from each trough
were placed in water in separate insulated coolers, but crabs were
placed in separate 10-liter plastic buckets. The samplers were then

. replaced, and the procedure repeated until a maximum of 10 sgmples was
taken. Less than 10 saﬁples were taken only if the number of organisms
collected reached the holding capacity of the coolers.

About 5 min after a set of samples had been collected, the condition

of the specimens was determined. Live denoted a specimen which had no

E

apparent damage and which was swimming normally. Damaged specimens were
alive (opercular movement in fishes) but showed external damage or abnormal

behavior. Dead fish showed no opercular movement, and dead invertebrates

.

E

showed no movement of either appendages or mouthparts.

The efficiency of the low pressure spray in removing organisms from
the screen was expressed as the percentage of the total number of specimens
taken (number in live trough plus number in debris trough) that was

<;;) collected in the live trough. Data from the collections made to determine

condition of organisms were used to examine the’'efficiency of the low
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pressure spray, but additional samples were also taken by placing the
samplers simﬁltaneously in the two troughs for a period of 5 to 30 min.

A chi-square test (Snedecor and Cochran 1967) was used to test for
differences (PS0.0SS in the condition of individual species, all fishes
combined, and all invertebrates. A proportion test (Sokal and Rohlf
1969) was used to detect differences (P<0.05) in mortality among

individual species, all fishes, and all invertebrates.
‘Results and Discussion

A total of 108 samples (sampling time of 1,249 min) was taken from
15 May through 15 September 1978, and of the 4,120 orgénisms impinged,
86% (n = 3,528) were invertebrates and 147 (592) were fish. The blue
crab (56% of all organisms impinged); sand shrimp (21%), grass shrimp
(8%), bay\anchovy (6%), and northern puffer (5%) comprised 967 of the
specimens coliected (Table 35). Overall, an approximately equal number
of fish was washed into the live (46%) and debris (54%) troughs while
more inverteﬁrates were washed into the live trough (59%) than the
debris trough (41%Z). Some 43% of the bay anchovy collected and 427 of
the northern puffer were washed into the iive trough. Although 69% of
thé blue crab wefe washed into the live trough, only 43% of the sand
shrimp and 37% of the grass shrimp were removed by the low pressure
spray into the 1live trough.

On 18 August, a valve in the screen wash water system was replaced
to reduce the high pressure of the spray on organisms Yﬁfhed into the

debris trough and to increase the pressure of the low pressure spray to

“
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facilitate the removal of organismé'into the live trough. Before the wvalve
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was installed, 43% of the fish and 58% of the invertebrates were washed
into the live trough (Table 36). Although a limited number of organisms
was examined after the installation, the valve apparently improved the
system since 70% of the fish and 737% of the invertebrates were washed
into the live trough (Table 37).

Over the entire study period, condition (live, damaged, dead) was
determined for 3,357 invertebrates amnd 576 fish (Table 38). For both
troughs combined, the mortality was higher for the fish (24%) than for the
invertebrates (3%). Overall, bay aﬁéhovy experienced 427 immediate
mortality, nortﬁern puffer 47, grass shrimp 7%, sand shrimp 10%, and
blﬁe crab 1% (Table 38).

Mortality of organisms collected in the debris trough was gredter

i
li

than that of organisms collected in the live trough, and this difference
\was significant (Table 39) for the bay anchovy (657% dead in debris trough,
12% dead in live trough), all fiéhes combined (34%, 11%), grass shrimp
(10%, l%)f sand shrimp (17%, 1%), and all invertebrates (8%, 1%2). The
overall cqndition (l1ive, damaged, dead) was significantly different for
* the bay anchovy, all fish; grassvshrimp, sand shrimp, and all invertebrates
(Table 39), and these significant differences in condition reflected,
in part, significant differences in mortality and the greater survival
(% live) of organisms in the live trough. No significant difference in
mortality was found for the northern puffer (4% dead in debris trough,
4% dead in the live trough) or blue crab (1%, 0%). Similarly,.the condition of
the northern puffer and blue crab from the live trough was not significantly

/“': different from the condition of the northern puffer and blue crab from
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the debris trough (Table 39).

‘ The mortality of all fish (35% dead) and all inveftebrates (8%)
collected from the debris trough before the valve was installed
(Table 40) was significantly greater than the mortality of all fish
(8%) and all invertebrates (2%) collected after the valve was installed
(Table 41). The condition for all invertebrates (80% live, 127 damaged,
8% dead) taken from the debris trough before the valve was installed
(Table 40) was also significantly different than that of all invertebrates
(77%, 21%, 2%) collected after the valve was installed (Table 41). An
insufficient number of fish was taken in either trough to statistically
test for differences in condition for individual species.

The mortality of all fish (11%) and all invertebrates (1%) collected
from the live trough before the valve was installed (Table 40) was not f .}
_significantly‘different from the mortality of all fish (187%) and
invertebrates (1%) after the valve was installed (Table 41). However,
fhe condition of all invertebrates (86% live, 13% damaged, 1% dead) taken
from the live trough before the valve was installed (TaBle 40) was
significantly different than the condition of all invertebrates (78%,

21%, 1%) after the valve was installed (Table 41). The slight decrease

in survival after the pressure of the spray in the live trough had been
increased was attributed to the species of invértebrates collected rather than
a real decrease in survival. More sand shrimp and grass shrimp were taken
before the valve was installed, and their high survival (>98%) contributed

to the higher survival rate prior to the installation of the valve.
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The overall mortality and overall condition (live, damaged, dead) of
the abundant species impinged on the Ristroph screen (live and debris
troughs combined) was statistically compared with the mortality of those
impinged on the conven?ional vertical traveling screen from 8 September
1975 through 2 September 1977 (Tatham et al. 1978a). Significantly
fewer bay anchovy (787 dead on conventional traveling screens, 42% deadvon
Ristroph screen), all fishes combined (487, 24%), sand shrimp (14%, 10%),
blue crab (7%, 1%), and all invertebrates (10%, 3%) were dead on the
Ristroph screen, but no significant difference in mortality was found
for the northern puffer (7%, 4%) or the grass shrimp (8%, 7%). The
overall condition differed significantly for the bay anchovy, all fishes
combined, sand shrimp, blue crab, and all invertebrates (Table 42). These
differences were attributed to the significantly greater moftality of
organisms on the conventional screens. The condition of the northern
puffer and grass shrimp from both troughs was not significantly differenﬁ
from the condition of the northern puffer and grass shrimp from the

conventional screens.

The condition of the bay anchovy and blue crab impinged on the Ristroph

screen af the OCGS was compared with that reported for screens of similar
design from other power plants. Specimens of the bay anchovy impinged at
the Virginia Electric and Power Company Surry Power Station (White and'
Brehmer 1977) had a greater immediate survival (82%) than those from the
Ristroph screen at OCGS (58%). The survival (38%) of the bay anchovy

at the Public Service Electric and Ggs Co. Salem Nuclear Generating

Station (PSE&G 1978) was not as great as that at OCGS. Survival of the

PR

"TIMTIETT T




30

blue crab (93%) at the Salem station was slightly lower than the survival
(99%) at OCGS. However, comparisons between generating stations are
somewhat tentative since data have not been collected at OCGS for the same

time period or in the same manner as at the Salem or Surry stations.

The remaining five conventional traveling screens at OCGS will be
replaced by Ristroph screens in 1979. These preliminary studies indicate
that the continuously-operating Ristroph screen will improve the

immediate survival (live and damaged specimens) of impinged fishes and

macroinvertebrates and appreciably reduce impingement impact at 0CGS.
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EFFECT OF SUDDEN TEMPERATURE CHANGES ON FISHES AND MACROINVERTEBRATES
Robert J. Hillman
Introduction

The heated water discharged by the OCGS has some potential effects
on local fin~ and shellfish., Organisms impinged on the traveling
screens or passed through the dilution pumps are introduced into ambient
temperatﬁre water in the dischafge of ;he dilution pumps (Fig. 2). This
waéér and the heated water discharged from the OCGS remain fairly discrete
in the upper 60 m of the discharge camal, Thus, organisms introduced into
the dilution pump discharge are generally not exposedAto the maximum
discharge tempe?ature. When organisms leavé this area, ;hey may be exposed
tb eievated temperatures since they‘pass thrbugh the pértially mixed flow
of ambient and heated dischargebwater. With two dilution pumps in
operation, the temperature of this partially mixed water averages 4.5 C
(range of 2.0 to 7.5 C) above ambient temperature (M. B. Ro;he, personal
communicatidn).> Since the OCGS began operation in 1969, two incidences of
heat-shock mortality have been reported, but these occurred under both
unusual operating and natural conditions.

Fishes attracted to and residing in the heated discharge from
October.through March may be subject to cooler, ambient temperaturé
water if the OCGS shuts down. From January 1972 to February 1975, the
winter shutdowns of the OCGS and the subsequent cocling of the water in
Oyster Creek have resulted in mortality of fishes, primarily the Atlantic

menhaden., However, recent operational changes during winter shutdowns
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(i.e., cessation of dilution pump operation immediately after shutdown)
ha;e apparently decreased mortality of fishes from cold shock.

The objective of this study was to determine tﬁe effect of a.
sudden increase or decrease in temperature (delta T) on fishes and
maéroinvertebrates acclimated to rising or relatively constant watér
temperature (March-August) and to falling or relatively constant
water temperature (September—Februa:y). Tests were conducted primarily
on organisms designated by the EPA as representative important species
for.the 0CGS 316(a) dembnstration? Heat~shock temperatures lethal to
507 of éhe organisms (LTSO, American Public Health Assoc. et al. 1971)
were determined for some species at acclimation temperatures of 5.0,
.lQ;C, 15.0, 20.0, and 25.0 C, and cold shock Lfsd values were determined
for some species at acclimation temperatures of 10.0, 15.0, 20.0, and
25.0 C. |

"' This report summarizes data collécted at the Oyster Creek closed-
cy;le experimental laboratory from Febramary 1977 through August 1978,
Data collected during the period of falling ambient water temperature
iﬁ 1977 and during the period of rising ambient water temperature in
1978 is reported. This supplements data collected in 1977 and
reported in H?llman and Powers (1978).

Prior to September 1976, heat-shock bioassays were conducted in
a flow—through system with fluctuating temperature water supplied from

the OCGS heated discharge (Powers 1977).
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Materials and Methods

Ihe 15.2 x 3.0~-m mobile experimental laboratory located at the OCGS
was designed to test the heat shock and cold shock of organisms
acclimated to a water temperature_from 5.0 to 30.0 C. The laboratory was
divided into a holding facility and three (heat-shock, cold-shock,
and control) test facilities (Fig. 4 ). Water for the experimental
systemé was initially obtained from the discharge of the dilution pumps
at the OCGS. Water used to replenish the systems came either from
this area or it was fresh water that had cured fof-at least 48 h
prior to addition to the systems. Compressed air bubbled into each
aquarium of each test facility and the holding facility kept the oxygen
level near 100% saturation. |

Eaeh test facility had an>independeﬁtvwater‘system which included
a mechanical-Biological stack filter. Each filter consisted of a 79 x 66
X %%4-cm filter box and a 37 x 66 x 94-cm temperature control box. The
filter box contained an upper layer of 5 to 20-mm pebbles, a middle
layer of 1 to 2-mm dolomite particles, and a lower layer of fine silica
sand. Water entered the filter box, percolated through the various
layers, and d;ained into the temperature control box where the temperature
was controlled by either a YSI model 73 RC (+ 0.6 C) or model 71 A
(+ O.S C) teﬁperature controller. The controller operated 2, 1,000-watt
Vycor immersion heaters and either a 0.5 or 1.0-hp Frigid Unit or a
0.75-hp Forma Scientific refrigeration uﬁit.

Water was pumped from the temperature control box of the filter to
either the holding facility or the three test facilities. The holding— "~

facility contained 2, 900-~liter circular and 6, 200-liter oval fiberglass
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tanks. Each test facility consisted of 3, 76.2 x 66.0 x 76.2-cm test
chambers. Each chamber contained 2, 56-liter aquaria which were covered
with either a plastic grate or plastic mesh screen. Water from the
chambers overflowed through standpipes and was returned by gravity feed

to the appropriate filter.

The .temperature in the control chamber of a test facility was the
temperature to which the organisms were acclimated. Each temperature-
- shock facility had water at three different temperatures. The water

in the temperature control box of each test facility was set to the

greatest cold-shock or the smallest héat—shock temperaturé to be tested,

and the other two.test temperatures were produced by two step-up

baths between the tempefature control box and the test chambers (Fig. 4).

Each 61.0 x 30.5 x 55.9-cm step-up bath was divided in half, and each

half had two series of vertical baffles, One-third of the water from , A"‘ }
the temperature control box bypassed the bath and went to one of the

three tést chambers. The other two-thirds were diverted into the

two halves of the step-up bath, and in each half of the bath, the other

two test temperatures were obtained by heating the water with a series

of 4, l,OOO—wétt Vycor immersion heaters, The last heater in each

side of thevbath was regulated by a ¥SI model 73 RC temperature
controller and a 1,000-watt rheostat which was used either alone or

in conjunction with the other heaters to maintain the desired temperature.
Water from eaéh half of the bath went to the other two chambers of the
test facility. The temperature in the test chamber was continuﬁusly
monitored for the duration of the test by a Leeds and Northrup Speedomax

W Recorder.
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Specimens were collected with a 4.9-m semiballoon trawl with the
codend modified to reduce collection stress, a 12.2 x i.S—m beach seine,
al.l x1.1l x 1l.2-m impingement sampler with 10.7-mm wire mesh, a l.5-m
cast net, and a l1-m diameter 1ift net. All specimens were brought to the
laboratory in either a 56-liter insulated cooler or a 1,000-1liter transbort
box. The relatively large volume of water in the transportation vessels
minimized temperature changes during transport, and air was supplied when
transport time exceeded 5 min.

In the holding facility, organisms were slowly acclimated (temperature

changes»s 3 C/h) from the temperature at which they were collected to the

acclimation temperature. Temperature in the holding facility was approximately

the same temperature at which organisms were collected. Organisms were
maintained in the holding facility at least 36 h prior .to testing.

Lighting in the Eestﬁfacility was provided by cbol-&hite fluorescent
lights and an automatie timer which coiﬁcided with the natural photoéeriod.
Specimens in the holding facility were maintained at ambient light levels

under the natural photoperiod.

Organisms were fed preferentially on a variety of foods: chopped fish, -

brine shrimp, and commercially-prepared flake (Tetramin) or pellet (Purina #4
floater)‘food. Qrganisms were not fed during or 24 h prior to a test.

For all species, handling during collection and testihg was minimized.
A scoop made from a 4-~liter plastic bottle was used to transport organisms
from the collection gear to coolers and from the holding tank to the test
aquarium. Individuals showing stress were not tested.

Organisms from the holding facility were placed directly into either

the control or the experimental aquaria. Although the number of specimens
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per aquarium varied with the size and availability of organisms, an
attempt was made to pla;e an equal number of specimens in each aquérium.
One chamber (two aquaria) in the control facility served as a control
for the heat-shock test and a second chamber as a control for the cold-

shock test. .LTSO was calculated by the following formulae:

smailest mortality (%) greater than 50%.

=<
’._l
]

=
1)
[

= greatest mortality (%) less than 507
Xy = mean temperature at which Y] occurred.

= mean temperature at which Y; occurred.

>
(X
|

Heat-shock tests were conducted for 48 h and céld-shock tests for
96 h. Observations were made continuously for the first hour; hourl&
to 4 h; at 6, 8, and 24 h; and threé times daily to the end of fhe test.
Mortality, loss of equilibrium, and any other significant event were
noted at each observation. Mortality was defined as either lack of
opercular movement for 5 min or no reaction by the organisms after it

was probed vigorously with a glass rod. The inability of an organism

to maintain its normal orientation was considered as a loss of equilibrium.

A test was invalid if more than 20% of the organisms in the control died

for reasons other than mechanical failure of the system, and invalid data
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were not presented. Temperature (at the first hourly observation and at
every observation thereafter), dissolved oxygen level, salinity, pH,
and hydrogen sulfide le&el were determined dailly throughout the test
to insure that the water quality was similar between the test faciiities.
Hydrogen sulfide limits were not allowed to exceed 0.05 ppm.

Length of most specimens was measured to the nearest 0.1 mm with
dial calipers. Fishes larger than 185 mm were measured to the nearest
1 mm on a blocked meaéuring board. The lengﬁh of all fishes was
measured from th;.snout to the proximal porfion of the central rays of

the caudal fin. The carapace width (distance betwéen the ends of the

anterolatéral spines) of the blue crab and total length (distance from

the anterior end of the spiné on the antennal scale to the posterior

tip of the.telsopj of the sand shrimp were détgrmined to the pearest'

0.1 mm. IndiQiduals were weighed to the nearest 0.1 g with an Ohaus
Autogram or Dial-O-Gram balance except for.sand shrimp which were weighed
to the nearest 0.01 g on an Ohaus Cent-0O-Gram balance. The common |
and scientific names of fishes and macroinvertebrates used in this section

are given in Tables 1 through 3.

Results

September through December 1977

A summary of heat-shock and cold-shock studies which wére conducted
during this period of falling or relatively constant ambient water

temperatures and which produced a LT5qy are presented in Tables 43 and 44,

|
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Data from all valid tests, including those in which mortality did not
exceed 50% of the test organisms, are presented in Tables 45 through 56.
The length range given for the individuals tested is the range of the
mean length of the individuals in the several temperatures tested at

each acclimation temperature.
Heat Shock

The sand shrimp was tested at acclimation temperatures of 10.1 ¢C
and 15.0 C. At 10.1 C, the LT50 of individuals 29.6 to 35.5 mm was
24.8 C, and at 15.0 C the LT5 of individuals 41.8 to 42,1 mm was 28.0 C

(Table 45).

When the blue crab was tested at an acclimation temperature of about

lS.O‘C, immature (36.0 to 37.0 mm) and mature crabs (124.5 to 129.0 mm)

had less than 50% mortality at é shock tempefaturevup f§ 31.9 C

(Table 46). At acclimation temperatures of 20.4 C (individuals ranged

from 100.2 to 104.9 mm) and 25.0 C (85.6 to 90.9 mm) , relatively

consistent LTz, values of. 36.4 and 36.8 C, respectively, were determined.
Atlantic menhaden (147.8 to 210.0 mm) acclimated to 20.6 C and

those (132.2 to 163.4 mm) acclimated to 25.7 C had LT., values of 30.4

50
and 30.2 C, respectively (Table 47).

The bay anchovy was tested at acclimation temperatures of 15.2_and
25.6 C (Table 48). Atv15.2 C, mortality of individuals 34.0 to 35.0 mm
in length exceeded 50% at all shock temperatures (18.2, 21.2, 24.2 C).

Young fish (26.0 to 27.6 mm) acclimated to 25.6 C had a LTy, of 31.3 C.
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of 20.3 (individuals ranged from 60.6 to 65.6) and 25.0 C (52.2 to 55.8 mm)

- adults.,
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The Atlantic silverside was tested at acclimation temperatures of
about 10, 15, 20, and 25 C (Table 49). No LT5q was determined for the
six tests (individuals ranged from 74.9 to 76.7 mm) conducted at an

acclimation temperature near 10 C although shock temperatures were

up to 28.7 C. Similarly, fish acclimated to 15.1 C had less than 507%

mortality at a shock temperature up to 30.7 C. At acclimation temperatures

the LTsg values were similar (32.1 and 32.5 C, respectively).

Only one test each was conducted with the northern pipefish and with the

weakfish. Northern pipefish (169.7 to 179.3 mm) acclimated to 14.9 C
had a LTgg of 30.4 C (Table 50). No mortalitiles were noted for young
weakfish acclimated to 19.6 C and tested at temperatures of 25.4 and
28.0 C (Table 51). _» o |
The LTy, value for bluefish acclimated to 19.7 énd 17.9 C was 30.3
and 30.5 dv respecﬁively (Table 52). Bluefish acclimated at 24.2 to 24.6>C

had a similar LTg5q (30.4 C). All organisms were young or age 1+ fish
(159.0 to 179.6 mm).

Young of the winter flounder (60.7 to 67.8 mm) acclimated to 10.4 C

had a slightly lower LT50 than adults (166.6 to 174,2 mm) acclimated

to about 15 C (Table 53). The LTsg was 24.6 C for young and 25.8 C for

Cold Shock

Young of the blue crab (36.0 to 37.0 mm) acclimated to 14.9 C were

tested at a temperature as low as 7.1 C with no mortality or loss of

T
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equilibrium (Table 54).

Atlantic silverside (71.9 to 74.7 mm) acclimated to 10.2 C had
a LTgg of 3.2 (Table 55). Mortality was 100% for individuals subjected
to a shock temperature of 0.6 C over a 24~h period. Little ( <10%)
mortality occurred when Atlantic silverside (63.4 to 64.0 mm), acclimated
to 14.8 C,were subjected to a shock temperature of 9.7 C.

Northern pipefish (151.5 to 164.2 mm) acclimated to 10.3 C and
subjected to a shock temperature of 1.4 C experienced 10% mortality

(Table 56 ). At an acclimation temperature of 15.6 C, 20% mortality

(fish of 163.9 to 18l.0 mm) occurred at a shock temperature of 6.4 C.

May through August 1978

A summary of LT50 values determined for heat-shock and cold-shock
studies condﬁcﬁed'during tﬁis'period of ri%ing or reiatively constant
ambient water temperatures is presented in Tables 57 and 58. Data
from all valid tests, 'including those in which mortality did not

exceed 50% of the test organisms, are presented in Table 20 through 29.

Heat Shock

Two macroinvertebrates were tested during this period. For sand shrimp
(34.4 to 40,9 wm), acclimated to 19.7 C the LTgq was.29.6 C (Table 59).
However, for érganisms (25.6 to 27.4 mm) at an acclimation temperature of
25.2 C, mortality exceeded 50% at 28.0 C, the lowest shock temperature.

In contrast to the LT__  values for the sand shrimp, immature blue crab

50
(44.6 to 45.9 mm) acclimated to 10.0 C and those (54.8 to 66.0 mm)
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acclimated to 15.3 C experienced little ( <207%) mortality at a delta t
up to 21 C (Table 60).

| Nine tests conducted with bay anchovy at acclimation temperatures
from 20.0 to 20.3 C yielded a .LT50 value of 30.5 C (Table 61). Most
mortalitf occurred when the shock temperature exceeded 29.0 C. As

50

to 32,1 €, All organisﬁs tested at both acclimation temperatures were

the acclimation temperature increased to 25.2 C, the LT., increased

adults (51.0 to 58.4 mm).

| Young of the bluefish (75.1 to 76.8 mm) were tested at an acclimation
temperature of about 15 C (Table 62). No mortality écdurred at shock
temperatureé below:31.0 C. However at a shock temperature of 34.4 C,

all bluefish died within 0.3 h, and the LTgq was 32.6 C.
Cold Shock

The two species of macroinvertebrates tested had mno mortality at the
temberatures tested. Sand shrimp (48.7 to 49.1 mm) acclimated to 15.1 C
and tested at a shock temperature of 1.6 C showed no mortality (Table 63).
Blue crab (70.5 to 96.7 mm) acclimated to 10.0 and 15.3 C (58.9 to 60.0 mm)
had no mortality at thé low;st temperatures tested (1.1 and 3.3 C,
respectively; Table 64).

The LTSO value was determined for‘four fiéhes. Atlantic menhaden
(208.2 to 231.6 mm) acclimated to 25.2 C had a LTSO of 10.9 C (Table 65);
all individuals died within 0.8 h at 5.8 C. Bay anchovy (43.0 to 45.7 mm)
acclimated to 19.8 C, had 100% mortality within 48 h at a shock tempefature
of 10.1 C. The LTSO was 12.6 C (Table 66). Atlantic silverside (80.5 to

82.7 mm) acclimated to 10.1 C had a LTSO of 2.4 C (Table 67). Those
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individuals (83.4 to 85.0 mm) tested at an acclimation temperature of
15,0 C had a LTSO of 4.6 C. Young of the bluefish (77.4 to 83.5 mm) had a

LTSO of 8.3 at an acclimation temperature of 15.0 C (Table 68).

Overview-March 1977 through August 1978

All temperature-shock tests which produced a LT50 during rising,

falling, or relatively constant ambient water temperatures are summarized

for the representative important specles in Tablas 69 and 70, respectively.

These data include tests reported for the closed-cycle experimental
system in Tables 71 and 72 previously reported iﬁ Hillman and Powers
(1978). Several representative important species (i.e., threespine
sticﬁleback, striped bass, northern kingfish, summer flounder, and
northern puffer) c0uld not be tested because they could‘hot be
collected in sufficient n;mbers or successfully held f§r the duration
of the acclimation period. |

Sand shrimp was tested at acclimation temperatures of 10.1 to
25.2 C. A maximum LTSO for heat-shock tests (29.6 C) was noted during
rising ambient water temperature for‘shrimp acclimated to 19.7 C. As

acclimation temperatures increased to 25.2 C, the LT., decreased to

50
less than 28.0 C. The test at the acclimation temperature of 25.2- C

was somewhat artificial because relatively few sand éhrimp occur in the
Bay at temperatures above 25 C (Danila 1978a) and few juvenile sand
shrimp are‘impinged and subsequently introduced into the discharge canal

at temperatures above 23 C (Miller 1978). Sand shrimp acclimated to

5.0, 10.0, and 15.1 C were tested at the lowest temperatures available
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in the experimental apparatus. However, no mortality occurred, and only

a few individuals éhowed loss of equilibrium, which was of shoft duration.
The LTSO values for biue crab (58.1 to 104.9 mm) subjected to

heat shock during both rising and falling ambient water temperature

were very consistent (LTSO of 36.4 to 36.8 C). Complete mortality

occurred as the shock temper;ture approached or exceeded 38 C. Shock

temperatures between 29 and 36 C produced molting in some individuals

and these were often cannabalized by other blue crabs. More molting

was observed among blue crabs held in heated water than among those

held in ambient temperature water during the suﬁﬁer of 1978, and the

optimum temperature for molting was apparently 30 ﬁo 31 C (Balog,

unpublished data). No cold-shock mortalities of the blue crab occurred

- at acclimation temperatures from 10.0 to 15.3 C; however, some blue

~ crab acclimated to 10.0 C displayed a loss of equilibrium throughout

the test at a shock temperature of 1.1 C.
- Although young Atlantic menhadeﬁ (77.7 to 86.2 mm) tested at an

acclimation temperature of 24,0 C had a LTgg of 32.0 C; the LT50 of

larger fish (143.0 to 145.7 mm) acclimated to 25.7 C was 30.2 C. all

other heat shock tests conducted at acclimation temperatures of 15.0

to 25.0 C produced LTgg values which varied from only 29.6 to 30.4 C.

Cold-shock tests with Atlantic menhaden to temperatures at
or above 13.0 C, produced neither cold shock mortality nor loss of
‘equilibrium regardless of acclimation temperature. The lowest LT50
for Atlantic menhaden was 7.5 C for individuals acclimated to 14,0 C

during rising ambient water temperature. At an acclimation temperature

of 20.0 C, the LT50 for young Atlantic menhaden (62.8 to 64.3 mm) was
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11.1 C while for larger individuals (208.2 to 221.2 mm) at an acclimation
temperature of 25.2 C, the LT50 was 10.9 C. One test was conducted
with fish (127.5 mm) acclimated to 10.0 C, and all individuals died within

32 h after exposure to a temperature of 3,9 C. Most Atlantic menhaden

could not be acclimated below 10 C without suffering mortality. All

cold-shock LT values were calculated during rising ambient water
temperature because a malfunction of the refrigeration system pravented
data collection during falling ambient water temperatures.

For bay anchovy at acclimation temperatures of 10.0 to 25.6 C,

a direct correlation existed between the acclimation temperature and j

the heat-shock LT the value increased as the acclimation temperature

50°
increased. Young bay anchovy acclimated to 25.6 C had a slightly lower

LT5g (31.3 C) than adults acclimated to 25.2 C T,

cold-shock tests, fish acclimated at 10.0 and 19.8 C had LT5q values,

of 32.0 C). For P

from 6.4 to 12.6 C.
For all Atlantic silverside acclimated to 15 C or above, the LTsg

for heat-shock tests ranged from 30.0 to 33.2 C. Fish acclimated to

10.0 C had a LTg5p of 24.5 C. Mortaiity during cold-shock studies varied
with acclimation temperature and fish size, and several inconsistencies
were apparent between the LTjg valges at a‘similar acclimation temperature
during rising and falling ambient water temperature. The LTSO for
experiments conducted during a rising ambient water temperature in 1978
(LTSO of 2.4 C at an acclimation temperature of 10.1 C) was lower than

the LT_50 during falling ambient water temperature in 1977 (LTSO of

3.2 C at 10.2 C). At an acclimation temperature of 15.0 C, the LTsqg

calculated during rising ambient water temperature was 4.6 C.
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For the northern pipefish acclimated to 14.9 and 19.3 C, the LT50
values for heat-shock studies (30.4 and 30.5 C, respectively) were
similar. Shock temperatures of 29.1 to 29.3 C, at the same acclimation
temperatures, produced no mortality during either rising or falling
ambient water temperature. No cold-shock LT5g was determined. Some
mortality was observed at theée coldest test temperatures (l.4 and

6.4 C) at acclimation temperatures of 10.0 and 15.0 C, respectively;
however, mortality was always 20% or less.

Heat-shock tests for the bluefish were conducted at acclimation
temperatures from about 15 to 25 C during both rising ;nd‘falling
ambient water temperatures. Small individuals ( < 100 mm) had the
highest LT50 (32.6 C at an acclimation temperature of about 15 C)
and the lowest LTsq (29.2 C at an acclimation temperature of 21.0 ©
values. , Both of these LTsg values weré.obtained duriﬁg rising ambient
water temperature; however, ﬁhe‘tests were ;onducted in different
years. The other LTSO values (30.3 to 31.3 Cj vafied by 1.0 C or
less although they represented tests at acclimation temperatures from
17.9 to 25.0 C. Only one cold;shock test was accomplished; yéung

fish (77.4 to 83.5 mm) acclimated to 15.0 C had a LT value of 8.3 C.

50
Winter flounder were tested for heat shock at acclimation temperatures
from 5.0 to 20.0 C. A direct‘relationshipvwas found between the
acclimation temperature and the LT5p. Except for fish tested at about 15 C
during falling ambient water temperature, lower acclimafion temperatures
coincided with lower LTSO values. Larger specimens (166.6 to 174.2 mm)
acclimated at 15.0 to 15.4 C during falling ambient water temperatures

had a somewhat lower LTgg value (25.8 C) than smaller winter flounder

(129.2 to 134.5 mm) acclimated to 15.0 C during rising ambient water
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temperature (LTSO of 27.4 C). No cold-shock mortalities were noted for

adults and young fish although those acclimated to 15.0 C were exposed

to a shock temperature as low as l.OIC.

Discussion

During normal operation (i.e., four circulating-water pumps in
operation), the OCGS may produce a delta Tof up to 12.8 C if the OCGS
operates at maximum rated capacity (M. B. Roche, personal communication).

Since 1975, however, the OCGS has operated at a monthly mean delta T of

about 10 C (Tatham 1977, Kurtz and Swiecicki 1978). Since the rerouting

of the screen wash sluiceway in 1977, fishes and macroiﬁvertebrates

impinged on the OCGS traveling screens have been returned to ambient temperature
water in the dilution pump discharge rather than to the heated discharge.

Oniy when the dilution pumﬁ‘near thé{sluiceway dischargé is not in

| operation may these organisms be subjected to an elevated temperature
immediatel§ upon release from the sluiceway.

Organisms released into ambient temperature water and transported

with the dilution water are generally not exposed to the maximum

E
=
temperature increase assoclated with the heated discharge because the f
heated discharge partially mixes with the flow from two dilution pumps.
This mixed flow averages 4.5 C above ambient (M. B. Roche, personél

T

communication). The partial mixing of ambient temperature water and
heated water occurs in the upper 60 m of the discharge canal; thereafter
heated discharge and ambient temperature water are well mixed.

In evaluating the effect of the OCGS heated discharge on organisms

three delta T's were used. They were the maximum which may occur under
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normal operating conditions (12.8 C), the historical average (10.0 C),

and the mean where the dilution fldw and the heated discharge mix (4.5 C).
These delta T's, in conjunction with évoidance temperatures reported by

other authors, were used to determine the effect and to analyze the

heat-shock data (Table 73). The LT5g values, over a range of representative
ambient temperatures (5, 10, 15, 20, and 25 C) were considered for

organisms introduced into the discharge canal’and fishes and macroinvertebrates
present in the discharge canal which encountered the heated effluent.

‘A temperature increase of 4.5 C surpassed only the LTSO value for
sand shrimp acclimated to 25.2 C. No other species tested had a LTjgg
value that surpassed a 4.S-C increase at an ambient temperature of‘25 C
or less. Based on the temperatures at which most organismé were impinged
(Miller 1978), relatively ﬁew juvenile and adult fishes and sand shrimp
should be introduced into ﬁhe dischafge canal whan the ambient‘gater
temperéture exceeds 25 C, and therefore few individuals should éxperience
heat shock in the area of mixed flow; |

| Although many organisms introduced intq.the discharge canal ha&e the
ability to évoid-lethal.temperatures, some individuals washed.from the
traveling screens or passed through the dilution pumps are damaged to the
extent that they may not be able to avoid stressful temperatures in the
discharge canal. These fishes and macroinvertébrates may be passively
carried into an area of elevated temperatures. Once in an area of
elevated temperatures, the organisms may be subject to heat shock and
may lose their ability to leave the heated water. The effect of the

discharge on these individuals was evaluated by examination of LT, data

‘in respect to the undiluted discharge from the OCGS.
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Below an ambient water temperature of 15 C, the LT., of the species

50
tested did not surpass or approach the discharge temperature after a
thermal shock of 10 C. ﬁowever, at an acclimation temperature of about
20 C, the lO—C heat shock exceeded the LTSO calculated for the sand shrimp,
Atlantic menhaden, bluefish, and winter flounder. 1In addition, the LT5q
for the bay anchovy, Atlantic silverside, and northern pipefish was
within 1 C of the discharge temperature at a delta T of 10 C. At an
acclimation temperature of 25 C, a temperature increase of 10 C exceeded
the LT5q for the bay anchovy and Atlantic silverside. However, the
number of individuals that may be exposed to lgthal temperatures should
be small becausevrelatively few sand shrimp tl7.l% of all impinged
individuals), northern pipefish (14.4%), Atlantic menhaden (9.5%),
and Atlantic silverside (3.1%) were impinged at temperatures exceeding
15 C (Miller 1978). Miiler reported impingement of some y0ung winter
flounder at an ambient temperature of 19 to.31 C during 1977, but most
individuals were impinged at a temperatufe below 15 C.. In addition, few
winter flounder washed from the screens or passed thréugh the dilufion
_ pumps are damaged such that their ability to avoid stressful temperatures
should be affected. Although more than 10% of all sand shrimp and
northern pipefish were impinged at temperatures over 15 C, most individuals
should be able to avoid stressful temperatures because few sand shrimﬁ 9%)
and northern pipefisﬁ (5%) were damaged (Miller 1978).

The impingement and subsequent releaserf the bay anchovy and bluefish
into the discharge canal is greatest at times when the temperature in the
undiluted discharge may be lethal to these species. Some 27.3%Z of the

bay anchovy were impinged at temperatures of 20 C or above, but only 5% {“”;
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of all impinged bay anchovy were live and 15% were damaged immediately
after impingement (Miller 1978). Most damage to individuals was not
obvious external physical damage, (G. J. Miller, personal communication).
Some loss of equilibrium was noted during temperature-~shock studies.
Thus, some of the individuals which survive impingement at 20 C and
above may be subject to stfessful temperatures in the discharge canal.
Most bluefish (64.37%) were impinged at a temperature above 20 C, but the
number of young (age O+) fish impinged was relatively small. Although
217 of the impinged bluefish were damaged, physical damage (e.g., scale
loss, abrasions) was observed to be more common than either loss'of
equilibrium or‘impaireﬁ swiﬁmiﬁg, and no heat-shock mortality of bluefish
was documented in the discharge canal.

At a delta T of 12.8 C, the LTgg value for almost all orgénisms
acclimated to temperaturés‘of about 20 and 25lC would be below
the temperature of the 0CGS dischafge. The blue crab acclimated
to-20'C would noﬁ be affected by this delta T. A delta T of
12,8 C would also exceed the LT50 of the sand shrimp, bay anchovy, and
winter flounder acclimated to about 15 C. However, a delta T-of 12.8 C
has rarely been observed, and it would‘occur only in areas where the
heated discharge was ﬁ;diluted. As discussed for a delta T of 10 C,
relativelf few individuals of most representatiVe important species tested
were impinged at temperatures above 15 C, and many of these individuals
(e.g., sandvshrimp, northern pipefish, and winter flounder) should be able
to avoid sﬁressful temperatures. Only the blue crab was impinged in
greatest numbers at the higher ambient temperatures, but most blue crab

introduced into ambient or near ambient water should also be able to
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avoid the maximum delta T. Although 297% of the blue crab impinged

(Miller 1978) and 25% of those passed through the dil;tion pumps (Moore
1978a) were damaged, this damage was primarily missing appendages which
should not affect the ability of individuals to avold stressful temperatures.
Since the ambient temperature rarely exceeds 30 C.(9 of 182 days from

June 1975 throuéh August 1977; M. B. Roche, personal communication), the
temperature in the area of the mixéd flow of ambient water and the heated
discharge should not exceed the LTs, value (36.4 C) calculated for the

blue crab.

With the exception of the bluefish, the LT59 geherally was above the
temperatﬁre at &hiéh the species‘tested should avoid the OCGS heated
discharge (Table 73). - Therefore, most‘fishes and blue crab either
released in the discharge canal or attracted to thé heated discharge
.Should avoid.lethalAtemperatures:.‘Even though the avoidance temperature

of the bluefish may be higher than the LT it.is doubtful tﬁat individuals

_ 50°?
would remain in an area of stressful temperature.

The absence of regular mortalities in the OCGS discharge canal during
the summer months suggests that heat shock of organisms is not a chronic
occurrence. Two incidents of heat-shock mortality have been documented
v‘éince the‘6CGS began operation, and both were related to unusual natural
and operating conditions. The unexpectéd shutdown of the only operating
dilution pump in August 1973 resulted in the rapid increase of the
temperature in the immediate vicinity of the OCGS dischargé to 41.1 C and
some blue crab mortalities of Atlantic menhaden and ﬁere noted (JCP&L 1978).

In April 1976, rapidly increasing Bay température and a reduction in

dilution flow caused the temperature of the OCGS discharge to increase from 2/'\}
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to 29.4 C in 2 days, and mortality of some blue crab aqd bay anchovy was
observed (Danila 1978a).

The possibility of cold-shock mortality.of fishes (e.g., the Atlantic
menhaden and bluefish) which may overwinter in the heated discharge is
more likely than that of heat-shock mortality. To date, 1l incidents of
such mortalitf have been observed., The warmer water of the heated
discharge may be prefer:ed by some fishes, and this attraction may delay

or preclude normal emigration from the Bay. If the OCGS operates through

‘the period of low ambient Bay temperatures, some fishes acclimatize to

the discharge temperature and they usually remain in the warmest area
of the(heated discharge. HoweQer, if the OCGé shuts down and the digpharge
canal cools to ambient Bay temperature, mortalities may occur.

The Atlantic menhaden, in particular, has been affected by the
0CGS shutdowns during the winter months when Bay teﬁéeratﬁres were low.
Cold-shock mortalities have'occurred.on several occasions at ambient
Bay temperatures froﬁ.1;7 to 5.6 C (JCP&L 1978). These temperatures
were lower than the calculated LTy values which indicéted that céld—shock :
mortality may occur if the OCGS shuts down at an ambient Bay temperature
of about 11 C or below when the OCGS discharge temperature is about
20 C. All LTgg values calculated at an-acelimation temperature of
20.0 C or Eeldw were within a 10.0-C de;rease in temperature. Meldrim et al.
(1977) found that mortality from instantaneous cold-shock of young Atlantic
menhaden was .greatest when the temperature decrease exceeded 7:0 C or when
the shock temperature was below 10.0 C,

This apparent discrepancy between experimental data and the known

mortalities may be attributable to the experimental proéedure. This
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study instantaneously subjected organisms to the maximum temperature

decrease while fishes in the dischargg canal are exposed to a more gradual - s
decrease in temperature. Data on the lower lethal temperature of the
Atlantic menhaden suggest that this parameter may be more important in

determining mortality of overwintering fish than the instantaneous temperature

shock data presented here. Reintjes (1975) found that a water temperature

of 3.0 C and below was lethal to young (age 0+) fish and a temperature
of 5.0 to 7.0 C killed young acclimated to a tegperature of 15.0 C or

above, After gradual decreases in the shock temperature Lewls and

Hettler (1968) reported that surﬁival of young Atlantic menhaden was
greater than 5 days at or above 6.0 C, about 2 days at 5.0 C, and 1 day
or less at or Below 4.0 C. Their studies were conducteéﬁat acclimation
temperatures that varigd from 7.5 to 20.0 C. These data are in better
agreement with the temperatures at whicﬁ cold-shock mortalities of
Atlantic menhadeﬁ have occurred than the LT5g values reported here.
Operational changes at OCGS since November 1975 (l.e., the cessation

of dilution water pumping during winter shutdowns) have apparently

mitigated the effect of shutdown by causing a gradual reduction in the

temperature of the heated water in the discharge canal. Abell and Burton
(1977) reported that the likelihood of mortality (to 120 h) of Atlantic
menhaden acclimated to 15.0 C was substantially reduced when a temperature
decrease of 10.0 C occurred over a 6-h period. Substantial mortality of
tﬁe Atléntic menhaden was not observed during twé 0CGS shutdowns in
December 1975 at a Bay temperatﬁre 0% about 3 C (Tatham and Metzger 1976).

The calculated cold-shock LTSO for the bay anchovy, Atlantic

silverside, and bluefish indicate that these fishes are susceptible to [”'3

T

cold-shock mortality (temperature decrease of 10.0 C) when the discharge
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temperature is about 20 C or below. Most LT5p values would occur when

the ambient water temperature was below 8.5 C. Three documented incidents

of cold shock to bluefish (ambient temperature of 1.7 to 3.3 C) and two
incidents of cold shock to bay anchovy (ambient temperature of 0.0 to
5.6 C) have been reported since 1971. No mortality of Atlantic silverside
has been reported during the OCGS winter shutdowns.

The elevated temperatures in the heated discharge may lead to the
formation of gas bubbles in fishes due to supersaturatioﬁ of gases in
the heated water. waers (1977) reported these effects for northern
pipefish in his experimental apparatus which utilized heated water pumpéd
directly from the OCGS discharge. Younger (1974) reported gas bubble |
disease for Atlantic silverside collected in the discharge canal. However,
fishes tested in the closed-cycle expérimental system did not exhibit loss

of equilibrium or mortality due to gas bubble disease.
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DELAYED MORTALITY OF FISHES AND MACROINVERTEBRATES .
Robert J.ﬁHillman
Introduction

After impingement on the traveling screens at OCGS, organisms
are passed into the ambient temperature discharge of the dilution
pumps (Fig.2 ). Only when the dilutiom pﬁmp that discharges
ﬁearest the screen wash flume (pump number 3) is not in operation
are organisms subjected to an immediate thermal increase. Once
introduced into the dilution flow, the route by which ‘an organism
can leave this area is through the mixed flow of heated condenser
and ambient temperaturé dilution waters of Oyster Creek. -This
study was conducted to examine the latent effects of impingémen;
‘and exposure to the undiluted discharge temperature on fishes
-and macroinvertebrates. It is«a.continuation and'éonclusion 6fl

‘studies reported by Rode and Boyle (1977) and by Hillman (1978).
Materials and Methods

Live and damaged fishes and macroinvertebrates collected
during normal (intermittent) washes of the‘OCGS traveling screens
were observed for 48 h beginning the morning following collection.

Organisms were held in either a 900-liter circular fiberglass tank

or one of two 60 x 80 x 120~cm wooden holding tanks. Organisms were

maintained under flow-through conditions in either ambient temperature
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water or heated water pumped directly from the OCGS condenser
discharge (Fig.2). Since during OCGS operation organisms are
passed from the screen wash flume and released into ambient or
néar ambient temperature water by the dilution pump discharge,
they are not subjected to the maximum test temperatures used in
this study. Even when dilution pump number 3 is not in operation,
organisms should not be exposed to the undiluted temperatures
reported here. Thus, the mortality results reported herein are
conservatively high.

The condition of impinged fishes and macroinvertebrates was
recorded as live, dead, or damégéd as outlined in the impingement
section of this report. Organisms exhibiting loss of equilibrium
were recorded as damaged; Condition and~physicochemica; parameters
were determined immediatelf after collection and, thereafter, twice

daily for 48 h beginning the following morning.

Results and Discussion

Individuals of 12 taxa were held for delayed mortality studies.
For the year, the greatest overall mortalities (>50% in boﬁh ambient
and heated water) occurred among the herrings (Alosa spp.), the
Atlantic menhaden, and thg bay anchovy (Table 74). Most (77.6%) of
the individuals wére damaged at the initiation of the test.

The deiayed mortality among the herrings was greater in
ambient teﬁperature water (100%Z, 27 individuals) than in heated

water (71.9%, 23 of 32). The Atlantic menhaden had greater delayed
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mortality in heated water (75.0%, 15 of 20) than in ambient water
(57.9%, 11 of 19). Hillman (1978) reported that the Atlantic menhaden
had greater delayed mortality when held under ambient temperature

than in heated water. However, the number of specimens tested in
both 1976-77 and 1977-78 was relatively small.

Bay anchovy mortality was slightly greater (100%) for the
71 fish held in heated water than for those held in ambient tem-
perature water (96.3%, 77 of 80). Most bay anchovy mortality was
noted during the first observation. Substantial delayed (92.6% in
ambient water, 88.0% in heated water) aqd immediéte (78% after
impingement) bay anchovy mortality was reported By Hillman (1978) énd
Miller (1978), respectively.

The fiéhes with the greatest mortalitv (herrings, Atlantic
menhaden, and bay anchovy) are generally cbnsidered delicéte fish
and the stress of impingement and héndling may have contributed to
the delayed mortality of these individuals. Temperature stress
did not seem to be a factor in their delayéd mortality. Relatively
equal énd, in some cases, lower delayed mortality was observed for
fish held in heated water versus those held in ambient temperature
water.

Temperature did have a direct effect on survival of young
northern puffer and sand shrimp. ;All 18 northern puffer held in
heated watér died while only 1 of 15 (6.7%) fish held in ambient
temperature water perished. Individuals were collected in May and
June; most mortality occurrea in July .when heated temperatures

ranged from 33.1 to 35.3 C and ambient temperature water was 25.1 te
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27.6 C. Greater mortality of the sand shrimp was observed for
individuals held in heated water (22.1%, 19 of 67) than for those
held in ambient temperature water (4.3%, 4 of 92). Most mortality
of the nothern puffer and sand shrimp occurred when témperatures
approached 33 and 31 C, respectively.

The Atlantic silverside had little delayed mortality in ambient
temperature (30.4%, 14 of 46) or in heated water (33.3%Z, 13 of 39)
as did the northern pipefish (5.3% ambient, 5.9% heated). Relatively
few tautog (13) and winter flounder (4) were tested and no delayed
mortality was noted for either fish.

A total of 553 blue crab was tested., A large size range of
‘blue crab of both sexes and various stages of maturity were utilized.
Little delayed mortality was observed in eithér ambient temperature
(6.9%, 16 of 266) or in heated water (5.7%, 14 of 244). The other
blue crab (n=43) either escaped or were cannibalized. Miller (1978)
reported low immediate mortality (7%) of biue craB taken from the
0CGS traveling screens. About twice as many mortglities‘due to
moiting_and.cannibalization were Qbserved for blue crab held in
heated water; these data were not used in delayed mortality deter-
minations. Balog (unpublished data) noted that more blue crab
held in heated water molted than those held in ambient temperature
water at OCGS in 1978.

The temperature of the heated discharge at OCGS was 19.4 to

35.5 C while the temperature of ambient water was 9.7 to 27.6 C.
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Most delayed mortality of blue crab held in heated water (40%; 8
of 20) occurred in late June when test temperafures were 31.6 to
34.0 C.

Most fishes with high delayed mortality (combined heated and
ambient temperaturé mortalities) such as the herrings (73.5%),
Atlantic menhaden (66.7%), and bay anchovy (98.0%) also have high
immediate mortality or damage. The immediate mortality or damage
of individuals of the alewife (88%), blueback herring (83%), Atlantic
menhaden (92%), and bay anchovy (93%) was substantial. Likewise,
those fishes and macroinvertebrates with little delayed mortality
had lower rates of immediate mortality and damage after impingement.
These included the Atlantic silverside (66% immediate mortality
and damage, 31.8% combined delayed mortality), northern pipefish

(10%, 5.6%), sand shrimp (23%, 12.9%), and blue crab (36%, 5.8%).
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27.6 C. Greater mortality of the sand shrimp was observed for
individuals held in heated water (22.1%, 19 of 67) than for those
held in ambient temperature water (4.3%, 4 of 92). Most mortality
of the nothern puffer and sand shrimp occurred when temperatures
approached 33 and 31 C, respectively.

The Atlantic silverside had little deléyed mortality in ambient
temperature (30.4%, 14 of 46) or in heated water (33.3%, 13 of 39)
as did the northern pipefish (5.3% ambient, 5.9% heated). Relatively
few tautog (13) and winter flounder (4) were tested and no delayed
mortality was noted for either fish.

A total of 553 blue crab was tested. A large size range of
blue crab of both sexes and various stages of maturity were utilized.
Little delayed mortality was observed in either ambient temperature
(6.9%, 16 of 266) or in heated water (5.7%, 14 of 244). The'other
blue crab (n=43) either escaped or were cannibalized. Miller (1978)
reported low immediate mortality (7%) of blue crab taken from the
0CGS traveling screens. About twice as many mortalities due to
molting and canﬁibalization were observed for‘blue crab held in
heated water; these data were not used in delayed mortality deter-—
minations. Balog (unpublished data) noted that more blue crab
held in heated water molted than those held in ambient temperature
water at OCGS in 1978.

The témperature of the heated discharge at OCGS was 19.4 to

35.5 C while the temperature of ambient water was 9.7 to 27.6 C.
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Most delayed mortality of blue crab.held in heated water (40%; 8
of 20) occurred in late June when test temperatures were 3116 to
34.0 C.

ﬁost fishes with high delayed mortaiity (combined heated and

ambient temperature mortalities) such as the herrings (73.5%),

Atlantic menhaden (66.7%), and bay anchovy (98.0%) also have high
immediate mortality or damage. The immediate mortality or damage
of individuals of the alewife (88%), blueback herring (83%), Atlantic

menhaden-(92%), and bay anchovy (93%) was substantial. Likewise,

those fishes and macroinvertebrates with little delayed mortality

had lower rates of immediate mortality and damage after impingement. -
These included the Atlantic silverside (667 immediaté mortality

and damage, 31.8% combined delayed mortality), northern pipefish : j

(10%, 5.6%), sand shrimp (23%, 12.9%), and blue crab (36%, 5.8%).
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FISHES, THE SAND SHRIMP, AND THE BLUE CRAB TAKEN AT

SELECTED STATIONS IN WESTERN BARNEGAT BAY
Donald J. Danila
Introduction

This report comnsists of data taken from September 1977 through August
1978 and is a continuation of studies conducted in western Barnegat Bay
since September 1975. These data are used to determine the species com-

position and relative abundance of fishes, the sand shrimp, and the blue

crab in western Barnegat Bay and the effect of the OCGS heated discharge
on the distribution of these organisms at the mouth of Oyster Creek.
Data from these studies may be compared with earlier studies (Marcellus'
1972; McClain 1973; Danila 1977, 1978a) to access quéiitatiye'yearly

differences in the fish community of western Barnegat Bay.
Materials and Methods

Stations at the mouth of Cedar Creek (Sta. 1), Forked River (4),
Oyster Creek (17), and Double Creek (23) were sampled once a month from
September 1977 through August 1978 (Fig. 1, Table 75). All stations
were sampled during the day, énd those at the mouth of Forked River and
Oyster Creék were sampled again at night, beginning 1l h after sunset.
Because of extensive ice in the Bay, no samples were taken by trawl at
the mouth of Cedar Creek in December and January. In February, Oyster
Creek was sampled with both the seines and trawl and Forked River waé

sampled by trawl; the other two stations were covered by ice. The
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record of the catch of one 12.2~m seine haul made at fhe mouth of Double
Creek in September was lost in the lab before it was entered onto the
computer data base.
Two consecutive 5-min hauls of a 4.9-m semiballoon otter trawl

were made at each station. The trawl had a 4.9-m headrope, 5.8-m foot
rope, and 61.0 x 30.5-cm doors. It had a 3.8-cm nylon stretch mesh

body and a 3.2-cm stretch mesh codend fitted with a l.3-cm stretch'mesh
inner liner. It was hauled at 1,600 rpm from a 6.4-m MonArk work boat,
and an average haul covered 771.75 mz. The boat returned to the starting
point to take the second haul as soon as the first collection was
processed.

Two hauls of a 45.7 x 2.4-m nylon seine (1;3—cm stretch mesh), with

a 2.4-m bag in the center, were made a; each station. One collection
was made before and one after two consécutive hauls of a 12.2 x 1.5-m
nylon seine (0.6-cm stretch mesh). The 45.7-m seine was set in a
sémicircle from a 4.3-m Starcraft with both ends at or near shore when
the net was fully deployed, and it was then hauled onto the beach by hand.
An average haul covered approximately 3,300 m2. The 12.2-m seine was

set by holding one brail stationary at the water's edge and sweeping

the fully extended net through the water in a semicircle.. The maximum
area covered was 233 m2. The 45.7-m seine captured primarily larger
fishes and macroinvertebrates found in shallow water within about 50 m

from shore while the 12.2-m seine took smaller organisms found from

shore out to about 12 m.
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At times, schools of young (age 0+) Atlantic silverside were observed
in front of the 12.2-m or 45.7-m seines, but most specimens escaped'
through the mesh of the net because of their small size., In order to
record the time and location of occurrence of these small specimens
without biasing catch statistics, two relative estimates of abundance
were ﬁsed. The abundance of these small fish was recorded as occasional
(few specimens) and numerous (many specimens) according to subjective
estimates made by the biologists.

In trawl collections with large amounts of detritus and macroalgae,
an estimate of abundant organisms was made by counting their number in
a known volume of the sample. The number in this subsample was multiplied
by the total volume of the sample to estimate the total number of these
organisms. Fish t;néled in the net were removed by hand, counﬁed, and
added to the estimated total. Prior to subsampling for abundant
organisms, the entire collection was examined, and all otﬁer organisms
were removed,

Most fish were identified, counted, and discarded in the field;
uncommon speéies were brought back to the laboratory for identification
and either preserved for the voucher collection or discarded.

Invertebrates other than the sand shrimp or blue crab were identified
in the field to the lowest practical taxon. Theif numbers were countéd'or
esfimated, and their rel;tive aﬁundance was categorized as rare (1 to 10
individuals or colonies), occasional (11 to 100), common (101 to 1,000),

or abundant (>1,000).
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Data were recorded on standardized data sheets, and a Hewlett-
Packard 9830A programmable calculator was used for data compilation

and preparation of some tables.
Results

Collections in western Barnegat Bay

From September 1977 through August 1978, a total of 17,8738
fish (58 species), 16,789 sand shrimp, and 1,550 blue crab were
collected by all gear (Table 76). Largest numbers of fish were
taken in September (21.0% of total), October (22.9), July (13.9),
and August (13.1), and fewest in January (0.9) and February (0.2).
Most species were taken in Septembef {n = 30), October (35), and
Noveﬁbér (31), and least in January (11) and Februa;y (9).

Nine fishes comprised 90.9% of the total catch of fish. Of
these, the bay anchovy (50.1% of the total), Atlantic silverside
(21.1), and winter flounder (5.0), made up 76.2% of theicatch.

Six other fishes, the tidewater silverside, fSurspine stickleback,
.northern pipefish, bluefish, blue runner, and oyster toadfish
'formed the additional 14.7%.

The catch of fish with the 4.9-m trawl (Table 77) was dominated
by the bay anchovy (n = 7,946, 85.8% of all fish). The saﬁd shrimp
was also abundant (9,764). Other common fishes were the fourspine
stickleback (3.2%), Atlantic silversi&e (2.7), and winter flounder (1.7);

39 additional fishes were also taken (6.5). Fewest total fish and
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invertebrate specimens were téken by trawl from February through April
and the most from September through December,

Fewest fish were taken by the 45.7-m seine of the three types of
gear utilized, but the catch was not dominated by one or two species
(Table 78); The Atlantic silverside (20.9%), winter flounder (18.3),
blue runner (9.0), bluefish (8.8), bay anchovy (8.6), and oyster
toadfish (5.4) were most common; 39 other fishes made up ﬁhe remaining
29.0%. Fish were mosﬁly taken in October and from May througn August
and only a few specimens were collected in January and February. Most
blue érab (ﬁ = 873) were caught by this gear; they were most abundant in
September and June through August. However, fewest sand shrimp were
collected by the 45.7-m seine (1,873) because most of the smaller
indiviéuals of this species paséed through the mesh of the‘net.

The Atlantic silverside was the most abundant fish (56.9% of total
catch) taken in the shore zone by the 12.2-m seine (Table 79). Although
not enuﬁerated for the reasons given above, young of the Atlantic
silverside were observed to be occasional to numerous from'June through
August., The bay anchovy (14.1%), tidewater silverside (12.0), and

northern pipefish (4.0) were also common., Thirty-~seven other fishes

_comprised the remaining 13.0%. Almost one-quarter of the catch occurred

" din July; few fish were taken in January and February. The sand shrimp

was usually common except during the latter 2 months.
As in the previous 2 years (Danila 1977, 1978a), more fish, sand
shrimp, and blue crab were taken at night than during the day at the

mouth of Oyster Creek and Forked River (Table 80). Significantly more
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fish (55.8%), blue crab (54.6), and sand shrimp (92.1) were caught at
night. The Atlantic silverside (53.9%), oyster toadfish (70.2),
northern pipefish (77.4), winter flounder (77.7), bluefish (80.7),

fourspine stickleback (89.4), and blue runner (99.4) were mostly taken

at night. Most specimens of the latter species, however, were collected

in one haul of the 45.7-m seine at the mouth of Oyster Creek in October.

Two of the nine most numerous fishes, the bay anchovy (73.6%) and the
tidewatér silverside -(56.9), were more abundant during the day.
Danila (1977, 1978a) also reported that about 70%Z of the bay anchovy
were taken during.the day and 90% of the sand shrimp at night and this
may be related to diurnal changes in behavior that affected their catch
~ by the various sampling gear. Schools of bay anchovy move clgser to
the surface and inshore at nigﬁt and are less available to ﬁhe tra&l.
The sand shrimp is usually much.less active duriﬁg the day and burrows
into the bottom sediment.

The abundance and species composition of specimens at the mouth
of Cedar Creek and Double Creek were generaliy similar (Table 8l).
Mést (78.5%) of thé fish were bay anchovy, Atlantic silverside, and
tidewater silverside. Some 78.2% and 74.6% of the bay anchovy were
collected in September and October at Cedar Creek and Double Creek,
respectively. Few fish were taken from November through May (Cedar
Creek) or .June (Double Creek). At both statidns, most sand shrimp were
taken in November and blue crab in August.

More fish and sand shrimp were taken at the mouth of Forked River

than at Oyster-Creek (Table 81). The most numerous fishes at Forked

A

TI TR




i

65

River included the bay anchovy (37.27% of total catch), Atlantic
silverside (20.2), winter flounder (15.5), and fourspine stickleback
(5.2). TFish were uncommon from December through May and most numerous
in September, July, and August. Most sand shrimp were found in
November, December, and May and most blue crab in July and August.

At Oyster Creek, the Atlantic silverside (27.5%), bay anchovy (27.2),
blue runner (8.0), and bluefish (6.1) were most common. Fish were -
most abundant in October, March, and July. Most (63.1%) of the

sand shrimp were taken in November. The blue crab was collected in
all months, but was most abundant'iﬁ August. Few specimens of any

species were collected in February.

Mortality Observations

Several shutdowns of OCGS.occurred during the yeaf and collections

and observations were made to determine the extent of potential

mortalities to fish and invertebrates in Oyster Creek, On 21 October 1977,

OCGS shut down at approximately 0030. Ambient water temperature at the

intake was about 12.2 C and at the condenser discharge was 23.9 C.

~ Although the dilution pumps were turned off immediately, the water

temperature at the condenser discharge decreased to 13.3 C in less than

an hour and a minor fishkill resulted. Seine and trawl collections
and observations made during 21 and 22 October indicated that most

mortalities consisted of crevelle jack and blue runner. These fishes

are warm-water species of southern origins. A few dead Atlantic menhaden,

bay anchovy, mummichog, Atlantic silverside, bigeye scad, lookdown,
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silver perch, spot, and blue crab were also noted. However, live bay
anchovy, Atlantic needlefish, mummichog, Atlantic silverside, bluefish,
spot, striped mullet, and blue crab were common throughout Oyster Creek.
Water in the lagoons remaiﬁed ébout 2 to 4 C warmer than in the main
body of Oyster Creek and méy have mitigated the effects of the shutdown.
Some live jacks were taken in the lagoons whereas most of the individuals
near OCGS were either dead or stressed.

The OCGS shut down.briefly on both 14 June and 24 August 1978.
Ambient intake temperature was about 20 C on 14 June and 25 C on
24 August and the delta T decreased from about 10 C to less‘than 1 C.
No mortalities were observed in either instance. iarge numbers of
Atiantic menhaden, bay anchovy, mummichog, Atlantic silverside, and
blue crab were noted in Oyster Creek on both dates and all individuals  "§
appeared to exhibit normal behavior.

Some other mortaliﬁies were observed from December through March.
Several dead Atlantic menhaden, oyster toadfish, naked goby, rock crab,
and 5lue crab were seen. However, the mortalities were apparently not
related to OCGS operations but instead were individuals killed during

the cold winter,
Discussion

In general, the species composition and relative abundance of the
catch in 1977-78 was similar to that found during 1975-77 (Danila 1977,

1978a) and in earlier studies by Marcellus (1972) from 1966—70 and

FIT T

B

TITF

[



67

McClain (1973) in 1971-72., Relatively few fishes dominated the catch
and most individuals were immature or were small forage species. The
sand shrimp was the singularly most abundant species and the bay anchovy
the most numerous fish. Variations in the abundance of some species
have occurred in Barnegat Bay siﬁce 1966, but this has been noted
frequently for estuarine fish populations in other areas. Numbers of
the spot, tidewater silverside, winter flounder, and blue crab have
differed greatly during the past 3 years and probably reflected
variations in production of their respective year-classes. The winter
flounder has become more common each year since 1975. The northern
puffer increased in number but is still less abundant than reported

by Marcellus (1972). The variable catch over the past 3 years of some
specieé éuch as the blueback herring and.blue runner was.due to a bias
in the catch statistics caused by_several large hauls of these fishes
and ié probably not rélated to changes in their true abundance,

A comparison of the catch between Oyster Céeek and Forked River
inaicated species-specific seasonal attraction or avoidance to the °
heated discharge at the mouth of Oyster Creek;_ More species and
specimens were generally taken at Oyster Creek from October through
May. Conversely, collections were usually. larger at Forked River in
September and from June through August, when the water temperature was
warmest., The bay anchovy, fourspine stickleback, winter flounder,
~ northern puffer, and sand shrimp usually avoided Oyster Creek. However,
in December and January the sand shri@p appeared to be attracted to

Oyster Creek and in May the bay anchovy was more abundant there.
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Adult winter flounder were attracted to Oyster Creek mostly from é%%?
December through March but avoided the heated discharge thereafter

as did young winter flounder in summer and fall. The Atlantic

needlefish, jacks, and blue crab were evidently attraéted to the

warmer water of Oyster Creek and were much less common at other

stations. The attraction and avoidance phenomena observed in 1977-78
were like that reported for the previous two years of study (Danila 1977,
1978a).

The shutdown of 21 October 1977 was similar to the one that

‘occurred on 24 November 1975 (Tatham and Metzger 1976) in that most

of the mortalities were limited to jacks, primarily cfe&alle jack and

blue runner. These warm-water fishes are attracted to the OCGS heated
discharge in the fall and suffer mortality whenlthe dischargertemperature Y
decreases to about 10 C or less (Danila 1978a)., The shutdown apparently |
had little effect én other species found iﬁ QOyster Creek. No other

fishkills of any significance occurred during 1977-78.
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LIFE HISTORY STUDIES
Ferdinand Metzger, Jr.
Introduction

Life history studies of 13 species designated as_imﬁortant by
the NRC and EPA commenced in 1975 and continued through 1977
(Tatham et al, 1977a, l978a). The Atlantic menhaden, bay anchovy,
northern pipefiéh, winter flounder, and blue crab were designated
important species by thé NRC. The threespine stickleback, striped
Bass, bl;efish, weakfish, northern kingfish, summer flounder,
norﬁhern puffer, and sand shrimp were designated representatiVe
lmportant species (RIS) by the EPA. Because of its abundance
in Barnegat Bay, life history information on thé Atlaﬁtic silverside
was also taken beginning in 1976.

Beginning in November 1977, only lengéhs were recorded from
a representative sample of important species at each of the four
stations in the Bay (Fig. 1). The total number collected of each
species and length data were examined and compared with the
distribution, abundance, and length-frequencies reported during
previous life history studies in Barnegat Bay (Tatham et al. 1977a,

1978a).

AR | | I § i

T

G A B | (M i




70

Materials and Methods

At each station, all individuals or a representative subsample
of at least 50 specimens of the important species were measured
during the day and again at night at the mouth of Oyster Creek and

Forked River. Additional specimens of the summer flounder and

northern puffer were measured after impingement on the OCGS screens.
The length of all fishes (nearest 1 mm) was measured on a blocked
measuring board from the snout to' the distal portion of the central

rays of the caudal fin., The distance between the end of. the

anterolaterai spines of the carapace of the blue crab and the length

from the anterior end of the spine on the antenmal scale to the

posterior tip of the telson of the sand shrimp was determined to

the nearest 1 mm, Sand'shrimp.taken by 45.7-m seine were not measured )
as thisbgear took only the largest individuals; All data were |

compiled and analyzed with a Hewlett-Packard 9830A programmable

calculator.

Results and Discussion

M

Atlantic menhaden

"The Atlantic menhaden is a euryhaline species found in
the inshore ocean and inland tidal waters along the eastern coést
of the United States and Canada., It is most abundant near major
estuaries while few are taken more than 60 km from shore (Reintjes

1969). Larval and older Atlantic menhaden enter estuaries in spring.
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Larvae transform into juveniles (30 to 40 mm) in low salinity estuaries

and remain there until fall when they migrate southward along with

adults (June and Chamberlin 1959, Reintjes 1969, Kroger and Guthrie 1973).

The Atlantic menhaden has great economic importance in the United

States, About 2,95 billion kg of Atlantic menliaden have been landed

in the United States, more than the harvest of any other species

(Gusey 1976). Atlantic menhaden supply about 75% of all fish meal,

80% of the marine oils, and nearly 80% of all fish solubles produced

in the United States (Henry 1969).

Some 65 Atlantic menhaden were collected in Barnegat Bay from
September l977 through August 1978, Most (n = 45) Atlantic menhaden
were taken at the mouth éf Oyster Creek, 13 at Cedar Creek, 4 at
Double Creek, and 3 at Forked Rivef (Tables'82 and 95). Most specimens‘
from the lattér three areas were taken during spring and summer, but
16 of the 45 specimens were taken at Oyster Creek in December. The
specimens taken in December in Oyster Creek and from the other three
areas over the year were probably all young (age O+) and ranged in
length from 33 to 147 mm. Those taken in April and May in Oyster
Creek were probably age 0+vthrough b4+,

The distribution of Atlantic menhaden, both seasonally and by
area, was similar to that found by Kurtz (1978a) in Barmegat Bay.
None were collected in the Bay between November and May and those
taken were predominantly yOung.‘ However, Atlantic menhaden were
taken in Oyster.Creek throughout the year., Young, attracted to the

OCGS heated dischéfée, were taken in December in Oyster Creek after
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specimens from other areas had emigrated from the Bay.

Bay anchovy .

The bay anchovy ranges along the coast of the United States from

Maine to Texas (Bigelow and Schroeder 1953) and is one of the most
numerous fishes (McHugh 1977). It is an important forage species for
other fishes such'as striped bass (Schaefer 1970), weakfish (Thomas 1971),
summer flounder (Smith 1969), and bluefish (Metzger 1978a).

The bay anchovy enters Barnegat Bay during March and April and

leaves the Bay in December. Most fish larger than 35 mm are
probably mature (Kurtz 1978b) and spawn in the Bay from June‘fhrough
August. Individuals live only 2 or 3 years.

Some 1,084 oﬁ the 8,951 bay anchovy collected in Barnegat Bay - )
from September through August were measured (Taples 83 and.96). Most -
(99%) of these were collected from May to August; a few were taken in
November and December from Forked River (n = 2) and Oyster Creek (5).

Lengths of bay anchovy from the four stations were not substantially

different. Bay anchovy taken‘from Cedar Creek ranged in length from
25 to 90 mm with a mean length of 63 mm, those at Forked Rivgr from
22 to 90 mm (mean length of 62 mm), specimens at Oyster Creek from
27 to 99 mm (67 mm), and those at Double Creek from 25 to 84 mm =
(60 mm). Based on length-frequencies, young (28 to 65 mm) were |
collected oniy during November, December and August. The age |

composition of specimens measured during May through August was

similar to that reported by Kurtz (1977, 1978b). In spring and

summer, age O+ and 1+ bay anchovy were predominant; some age 2+ fish E;;Q e
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were also found. This age structure was also similar to that reported
by Perlmutter (1939) for bay anchovy from Long Island. Stevenson
(1958) suggested that specimens over 80 mm (age 2+) were uncommon

since older fish tended to remain at sea.

Atlantic siiverside

The Atlantic silverside ranges from Nova Scotia to northern
Florida (Hiidebrand and Schroeder 1928)., It is the most common of
thevsilversides found in Barnegat Bay, which alsé include the tidewater
silverside and the rough silverside., The Atlantic silverside, like
the bay anchovy, is an important forage species for predacious fishes
It is also utilizea commercially in the retail bait market.

The Atlantic silverside is short-lived and usually dies soon
after spawning at age 1+ (Bayliff 1950). Hoch (1978a) found ripe
females common in the Bay during April and May;'ﬁést were spent
during May and June. Although the reproductive condition of female
Atlantic silverside was not fecorded during 1977-78, young were found
from June through Augﬁst.

The Atlantic silverside ranked second in abundéncé in seine
collections in Barnegat Bay from September 1976 through August 1977
(Hoch'1978a). Although most Atlantic silverside were collected
during March and April in 1976 and 1977, most specimens were taken in
the fall and late spring and summer of 1977-78., TFew specimens were
taken during January and February of 1976 through 1978,

Some 1,532 Atlantic silvers;de were measured from a total of

3,765 taken from September through August (Tables 84 and 97).

T

"TITTIT T !




74

Substantially more Atlantic silverside were taken at Oyster Creek
than at the other three étations. The total of 687 fish measured at
Oyster Creek ranged in length from 29 to 148 mm, with a mean length
of 81 mm. Fish measured from the other three stations included

387 from Forked River that ranged from 23 to 113 mm (mean length of

65 mm), 270 from Double Creek (26 to 130 mm, mean of 59 mm), and
188 from Cedar Creek (19 to 134 mm, mean of 73 mm).
The number of Atlantic silverside collected by area was similar

to that found by Hoch (1978a) during 1976-77. Substantially more

specimens were taken at the mouth of Oyster Creek than at the other

three stations, and the distribution of fish among the other three

stations was relatively similar. ‘.The Atlantic silverside was

taken in all months only at Oyster Creek. This was probably a . }

" result of an attraction to the heated discharge of 0CGS.

Threespine stickleback

The threeépine stickleback is found throughout the northern

hemisphére in both freshwater and in estuaries. Along the eastern
coast of North America it is fOund from Newfoundland to lower
Chesapeake Bay (Bigelow and Schroeder 1953). The threespine stickleback
is of no commercial or sport value in the United States.

Adult threespine stickleback enter the shore zone in spring to
spawn in areas of dense vegetation Both the adult and young threespine

stickleback leave the shallow portions of estuaries in summer and

overwinter in deeper water, usually within the same estuary (Bigelow

and Schroeder 1953). ' {»';
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The threespine stickleback has apparently been less common in
Bafnegat Bay recently than in past years., Marcellus (1972) collected
219 specimens in 1966-68 but only 25 specimens were collected during
1969-70., McClain (1973) reported only 8 threespine stickleback taken
by seine and trawl in upper Barnegat Bay from December 1971 to
November 1972. Only 1 young specimen was taken in the Bay and 57 were
taken at the OCGS traveling screens in 1976-77, mostly during
February and March (Boyle 1978a).

éix threespine stickleback were collected in Barnegat Bay;
five were taken at the mouth of Forked River and one waé taken at
Double Creek between January and July (Table 85). They fanged in
length from 29 to 100'mm. Boyle (1978a) reported a range of 22 to
68 mm (mean length of 59 mm) for specimens taken in 1976-77. Boyle
(1978a) also AQtermined that the specimen 22 o in length was ybung;
all others were older juveniles and adults. ﬁost taken during 1978

were adults; one specimen (29 mm) taken was probably a young,

Northern pipefish

The northern pipefish ranges from Nova Scotia to South Carolina
(Bigelow and Schroeder 1953)., It is a year-round resident of Barnegat
Bay and inhabits areas of eelgrass or other vegetation. It has
no sport or commercial value but is food for some fishes such as
striped bass (Hoff 1974), summer flounder (Poole 1964), and bluefish

(Metzger 1978a).
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Specimens taken in Barnegat Bay from November through August
(n = 417) ranged in length from 35 to 258 mm and had a mean iength
of 135 mm (Tables 86 and 98). Some 136 (337%) northern pipefish were
taken at the mouth of Oyster Creek and ranged in length from 92
to 258 mm (mean length of 155 mm), 118 (28%) at Forked River
(35 to 210 mm, mean of 129 mm), 114 (27%) at Double Creek (52 to
200 mm, mean of 129 mm), and 49 (12%) at Cedar Creek (61 to 208 mm,
mean of 131 mm). Most were taken from April through August and
relatively few from November through February.

Growth of young norfhern pipefish is rapid ‘and most usually live
less than 2 years. Most specimens taken in Barnegat Bay during 1976-77
were yaung (Moore 1978k). Lengths of northern pipefish collected
during 1977-78 were similar to that reported by Moore (1978b)
for 1976-77 and most taken during the present study were probably

also young.

Striped bass

The striped bass is found along the Atlantic coast from Canada
to southern Floridavand supports a valuable sport and commercial
fishery in the mid-Atlantic. The major sport fishe¥y for striped bass
occurs within this region as well as over 80% of the commercial
landings (Gﬁsey 1976). In 1976, some 62,392 kg valued at $102,053 were
landed commercially in New Jersey (U. S. Dept, of Commerce 1977).
The area of Barnegat Bay in and around Barnegat Inlet has.supported

a limited éport fishery (Porch 1977), and Halgren (1973) estimated
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that 2,688 fish were caught in the upper Bay by sport fishermen
in 1972. ‘

The only striped bass was taken in the mouth:of Oyster Creek
in December. The specimen was 618 mm long and was probably age
6+. Boyle (1978b) examined 7 striped bass collected in Barnegat
Bay from September 1976 through August 1977. They ranged in length
from 305 to 810 mm and in age from 2+ to 9+,

On rare occasions a few striped bass have been observed in the
condenser discharge of OCGS in spring and fall. From 21 to 28
April 1978, striped bass were obsarved there and 59 specimens were
collected by hook and line, Scale samples were removed for ageing and

the striped bass ranged in length from 240 to 592 mm and in age from

2+ to 6+.

Bluefish

In the mid-Atlantic Bight, adult bluefish are found from Cape
Cod to Florida within coastal estuaries to the edge of the continental
shelf (Gusey 1976). The bluefish spawns offshore in spring and summer
and larval bluefish are most common in the ocean while juveniles
are found in areas near the coast (Saiia and Pratt 1973).

The bluefish is a much sought-after sport fish ane more are
taken by sportsmen than by commercial fishermen (Saila and Pratt 1973).
From September 1975 through August 1977, young of the bluefish were
the most abundant finfish caught by sportfishermen in western
Barnegat Bay (Hillman 1977d). From September 1976 through August-1977,

175,142 kg of bluefish valued at $70,909 were landed commercially in
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Ocean County ( U. S. Dept. of Commerce 1977). in 1974, 847 of
the comﬁercial landings on the east coast were from the mid-Atlantic
Bight (Gusey 1976).

Some 387 Eluefish were taken in Barnegat Bay from September
through August and 122 specimens were measured at the four stationms
(Table 87 and 99). The bluefish ranged in length from 26 to 181 mm;
all were probably young. Specimens taken from the same areas during
1976—%7 were also young (Metzger 1978a).

Collections at Oyster Creek accounted for most (n = 2?0,

70%) of the bluefish taken in the Bay. Samples at the.mOuth of
Forked River (m = 72, 19%), Double Creek (25, 7%); and Cedar

‘Creek (20, 5%), accounted for the remainder of the bluefish

captured. All but one specimen>taken in Barnegat Bay during

1976;77 were young; one age l+ specimen was taken at the

mouth @f-Oyster Creek. Older bluefish (ages 1+ through 3+)

have been found only in the immediate vicinity of the OCGS condenser .
discharge.

Bluefish have been attfacted to the OCGS heated discharge,
especially during the spring and fali (Metzger 1977a, 1978a).

Metzger (1978a) also reported that a few age 1+ to 3+ bluefish overwintered

in the immediate vicinity of the OCGS discharge.

Weakfish

The weakfish is an important sport fish that ranges from Florida
to Massachusetts Bay. It is a seasonal resident of Barnegat Bay and

/; . R
is usually present from April.through December (Hillman 1977a). The 21;)
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weakfish is commercially important from New Jersey to North Carclina,.
From September 1976 through August 1977, it was the third most
important commercial fish landed in Ocean County, New Jersey (83,640 kg;
U. S. Dept. of Commerce 1977). It was one of the most abundant

fish taken by anglers in New Jersey in 1976 (Figley 1977). McHugh
(1977) reported that the sport catch in the mid-Atiantic during

recent years may be twice that of commerical landings.

Weakfish spawn offshore primarily during June, and Tatham et al.
(1974) collected larvae in the ocean off Great Bay, New Jersey mostly
during this month. Young Qeakfish enter Barnegat Bay and utilize”it
as a nursery area. |

A total of 114 weakfish wére taken in Barnegat Bay from May to
August. Moétiwere taken in Forked River,.whére 73 (64%) specimens were
collected., Thirty (26%) specimens were taken in Oyster Creek,

9 (8%) in Cedar Creek, and 2 (2%) in Double Creek. Only weakfish

taken in Oyster Creek'and Forked River were measured (Tables 88 and 100).
Fish from Oyster Creek ranged in lengtﬁvfrom 24 to 395 mm and probably
represented ages 0+, 1+, and 3+. .Weakfish taken from Forked River were
all young and ranged in length from 22 to 143 mm. Hoch (1978b)

reported that most weakfish taken in Barnegat Bay from September 1976
through August 1977 were young; older fish were only collected in the
OCGS heated discharge.

Weakfish were first taken in Oyster Creek during May. Hillman
(1977a) first reported weakfish in April at the OCGS screens and they

were collected as late as December in Oyster Creek, Larger, older
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weakfish collected by Hillman (1977a) were taken during mid-November
and December near the condenser discharge. Weakfish probably are
attracted to the OCGS heated discharge especially during the early
‘spring and late fall., Despite an attraction to Oyster Creek, more

weakfish were collected at the mouth of Forked River. However,

these fish'were mostly young that may have avoided the heated discharge

in summer.

Northern kingfish

The .northern kingfish ranges along the Atlantic coast of the

United States from Florida northward to Cape Cod, and is most numerous

from Chesapeake Bay to New York (Bigélow and Schroeder 1953). Off
.the coast of New Jersey, the northern kingfish is primarily a sﬁmmer
resident. It first arrives in May and leaves in October. Northern ' ’)
kingfish afe found pfimarily in the nearshore ocean, in bays, an& ét .§
river mouths (Bigelo& and Schroeder 1953). In the mid-Atlantic 7
the northern kingfish sport catch is greater than the commefcial

catch (McHugh 1977). In upper Barnegat Bay from December 1971 through

November 1972, the northern kingfish ranked seventh in numerical
abundance of the finfish taken by anglers (Halgren 1973).

The horthern kingfish is primarily an ocean épawner and in
New Jersey spawning begins in June and extends iﬁto August (Welsh
and Breder 1923). No eggs or larvae have been found in Barnegat
Bay (Tatham et al. 1977b, 1978b). It is short-lived and has a rapid

growth rate, Welsh and Breder (1923) reported that northern kingfish
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‘reached a modal lerngth of 120 mm by the first winter,l250 mm by the
second, and 350 mm by the third.

From September through August, only 16 northern kingfish
were collected in the Bay. All were yodng taken in August; 15
were found in Forked River (Table 89) that had a mean length
of 34 mm. Boyle (1978¢) reported that all but l.of the 35 northern
kingfiéh taken in Barnegat Ba§ from September 1976 through August
1977 were young.

The northern kingfish has been uncommon in Barnegat Bay in
recent years (McClain 1973, Metzger 1977b; Boyle 1978c). Fluctuations
in abundance and age~class structure of northern kingfish populations
are common (Bean 1901, Phillips 1914). Schaeffer (1965) concluded
tbat because the northern kingfish is short-lived, the abundance and
siée—distribution of populations from year-to-year were deéendent upon
the success of individual year-classes. |

Since few northern kingfish have been taken during the past

few years, its response to the heated discharge is unclear. However,

since most (15 of 16) fish were collected at the mouth of Forked
River, the northern kingfish may not exhibit an attraction to

the heated discharge as was apparent for some of the other species,

Summer flounder
The summer flounder ranges from Maine to Florida (Freeman and
Turner 1976) and is a seasonal resident of Barnegat Bay. In the

mid-Atlantic region, adults are found at the edge of the continental

shelf during winter, and inshore in the bays during summer (Gusey 1976).
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They-are usually common in Barnegat Bay from April to November
(Metzger 1978b).
The summer flounder is commercially valuable in the mid-Atlantic,

but has greater recreational value. From 1951 to 1974, commercial

fishermen in the mid-Atlantic annually landed between 0.9 and 4.1
million kg (Gusey 1976), and annu;l recreational catches have
reached 17.7 million kg (NMFS 1974).

Spawning occurs in the ocean during the fall migration

(Murawski 1963, Smith 1969), and Festa (1975) suggested that larvae

and young of the summer flounder entered New Jersey estuaries from
October through March. The summer flounder generally matures
at age 4, although a few mature at age 3 (Murawski 1963).
A total of 44 summer flounder was measured from Barnegat Bay : '  j

and the OCGS’traveling screens from September through August (Tables 90

e
|

and 101). Most summer flounder (n = 39) measured were collected at
the OCGS screens; 3 were taken at the mouth of Forked River and 2 at

Oyster Creek. No specimens were collected at Cedar Creek or Double

Creek.

The summer flounder ranged in length from 80 to 490 mm. Those
t#ken at the mouth of Forked River and Oyster Creek ranged in length
from 80 to 245 mm and were probably age O+ and 1+. All lérger
summer flounder were collected at the OCGS traveling screens and most
were probably ages 2+ through 4+,

Fewer summer flounder were taken during the past year than the

2 previous years (Metzger 1978b, Hillman 1977b). Due to the primarily

muddy bottom of western Barmegat Bay, this area is prbbably not . .
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a preferred habitat for the species, Ginsberg (1952) and Bigelow
and Schroeder (1953) reported that it preferred a hgrd sandy
bottom. Thus, the number of fish taken from the western Bay_'
probably does not reflect the abundance of summer flounder in
Barnegat Bay. Nevertheless, the small number of summer flounder

taken at the OCGS screens during the past year is probably indicative

of a decline in abundance.

Winter flounder

, Although the winter flounder is of relatively minor commercial
value in the New York Bight, it is a highly regarded sport fish
(McHugh 1977). During its early life stages it is estuarine-dependent

and resides year-round in Barnegat Bay. Adults move offshore in

‘the spring and return in late fall to spawn during‘winter (Danilé 1978b) .

A total of 900 winter flounder were collected in Barnegat Bay
from September through August. Most (727, 81%) were young taken

from June through August at Forked River. Eighty (9%) winter flounder

~ were taken at Oyster Creek, 38 (4%) at Double Creek, and 535 (6%)

at Cedar Creek. Winter flounder taken at Forked River ramged in
length from 31 to 379 mm with a mean length of 69 mm (Tables 91 and
102). Fish taken at Oyéter Creek ranged in length from 46 to 367 mm
(mean length of 140 mm) at Double Creek from 48 to 160 mm (75 mm),
and at Cedar Creek from 45 to 268 mm (70 mm).

The mean length of winter flounder taken at all stétions suggested
that the majority of those collected were young. Most adults were
taken between November and April at the mouth of Oyster Creék. Danila

(1978b) found a similar distribution and attributed it to an attraction
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to the heated discharge. He also collected young in the Bay during
June and July but very few (n = 5) during August; most young avoided
Oyster Creek in summef.

A large increase in number of winter flounder collected at

Forked River occurred from 1976-77 to 1977-78. This resulted from

a large number of young taken from June through August of 1978. During
these 3 months,.764 of the 900 winter flounder were taken and 897%

of these (n = 677) were young collected at the mouth of Forked

River. ihe large number of young collected was probably indicative

of a successful local spawn,

Northern puffer

The northern puffer occurs along the Atlantic coast of the United
States frgm Flor;da to the Bay of Fuﬁdy (Bigelow éﬁd‘Schroeder 1953). i:”}
It is a seasonal resident of Barnegat Bay from May through August
and moves offshore‘in winter, .Although it is not commercially
important, it is a desirable sport fish (Moore 1978¢).

A total of 193 northern puffer taken in Barnegat Bay and 179
specimens collected at the OCGS traveling screens were measured.
All specimens were taken from June tﬁrough August. Most
northern puffer were taken at the mouth of Forked River (n = 137);
45 fish were taken ét Double Creek, 12 at Oyster Creek, and 1 at
Cedar Creek (Tables 92 and 103).

Moore (l978c) determined the age of northern puffer from Barnegat
Bay by counting annuli on vertebrae.l A comparison of his age-length

data to the mean lengths of the northern puffer taken in 1978 indicated [u“;
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that most‘specimens were probably young with the exception of a
few larger specimens which were age 1+, Northern puffer taken in
the Bay ranged in length from 6 to 211 mm, and fish taken from the
0CGS traVeling screens ranged from 33 to 214 mm,

Substantially more northern puffer were taken during 1977-78
than during the previous 2 years, This may be attributed to an
increase in their population in the Bay since most fish taken were
young, Moore (1978c) noted that a severe population decline
occurred during the past 10 years, although numbérs increased
during 1976-77.

' The northern puffer apparently avoided thé 0CGS heated diséharge
during summer, Compared to forked River,‘where 137 specimens were

taken, only 12 northern puffer were collected in Oyster Creek,

Sand shrimp

| The sand'shrimp ranges frdm Béffin Bay in CHnada to Florida
and is found~from inshore to 450 m (Whitely 1948). It has been
one of the most common organisms taken in Barnegat Bay and is a
year-round fesident, (Moore 1978d). The sand shrimp has no cémmerciaf
impértance but is a major fbrage species for many fishes in the Bay.

A total of 16,789 sand shfimp were taken in Barnegat Bay from |
September through August., Some 2,409 specimens measured from November
fhrough August ranged in lengfh from 11 to 80 mm. Fof the year, mean
length of gpecimens at all stations was similar and ranged from 36 mm

in Oyster Creek to 42 mm in Cedar Creek (Tables 92 and 104). Examination

of length-frequencies showed ildentical age-class structure as that
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reported by Moore ( 1978d); juveniles'and two older age-groups were

present.
Seasonal distributions indicated that sand shrimp were attracted

to the OCGS heated discharge in the late fall and winter, and

apparently avoided Oyster Creek during the summer when few were:

taken in comparison to Forked River. Similar distributions were

reported by Moore (19784d).

Blue crab

The blue crab ranges from Nova Scotia to northern Argentina

and is common from shallow water 'to depths of 35 m (Oesterling 1976);'

It is a year-round resident of Barnegat Bay. However, during the

co;der months (usually late December through Februar&), it is inactive

and remains completely or partially burrowed in the sediment. f }
The female blue crab matures and mates during the spring B

and summer of its seébnd year (Norse 1977). Two to nine ﬁonths

after mating, the female moves to high salinity areas to spawn. Young

blue crab pass through two larval stages after hatching, the zoeal

and megalopal stages. Zoeae require a salinity of at least 20 ppt

to develop (fishler and Walburg 1962). Megalopae require less saline

waters and transform into the first, small (3.2 mm) crab (Sandifer 1975).

Megalopae have been found in the Bay near Barnegat Inlet (Tighe and Sandine 197%?
The blue crab has local sport and commercial importance. Some

59,581 kg of blue crab valued at $40,283 were landed commercially

in Barnegat Bay in 1976 (U. S. Dept. of Commerce 1977). From September

1976 through August 1977, the blue crab comprised 65.9% of the sport

T ]

catch in western Barnegat Bay near 0CGS (Hillman 19774). %;;;
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A total of 1,550 blue cr;b were faken from Barnegat Bay from
September through August. Genérally, blue crab were active in the Bay
from March through early December. However, blue crab were taken in
all months in Oyster Creek where large numbers were attracted to
the OCGS heated discharge. Dufing January, a %ew were also taken
in Forked River (n = 5) and Double Creek (3).

‘Blue crab taken in Barnegat Bay were divided into three size
categoriés for comparison of age-class structure for the populations

sampled each year (Metzger 1978c). The categories were recruitment

(s 59 mm), growth (60-119 mm), and mature (2120 mm) blue crab., Comparisons

revealed a marked shift in age-structure for the population examined

during 1975-76 and 1976-77., Less recruitment-size blue crab occurred in

1976-77 and this was attributed to the severe winter of 1976 (Metzger

1978c). However, a substantial increase in the number of recruitment-

size blue crab was found in 1977-78 (Tagle 94 and 105). Recruifment-
size blue crab comprised 57% of the catch and were in&icative‘of

the recovery of the blue crab population fdllowing the severe winter
of 1976=77., Since recruitement- and growth-size blue crab were
predominanﬁ from 1975 through 1978, Barnegat Bay can be classified

as a significant nursery area (Miller et al. 1975).
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COMMERCIAL FISHERIES
Michael F. Boyle
Introduction

Data were compiled to determine the magﬁitﬁde of various
commercial fisheries in Ocean County, Neﬁ Jersey. Although commercial
landings have value only as a relative index of the size of the
population of a species, they may give some perspective to the biomass
of fishes lost through impingement. These data are not estimates of
absolute abundance because catches may not be accurately reported,
fish caught in one area may be landed in another, and fishing effort
. is selective and dependent on the current economic value pf‘the
épecies. Species discussed were either taken mostly in B;rnegat

Bay or were considered as important species by'the EPA or NRC.
Materials and Methods

Commercial fisheries data for Ocean County ﬁere obtained from
the preliminary New Jersey monthly landings (ﬁ.S. Dept..-of Commerce
1977, 1978) and unpublished data from the National Marine Fisheries
Service (NMFS) in Woods Hole, Mass. Prior to i977—78, commercial
landings made specifically within Barnegat Bay were available from
the NMFS at Toms River, New Jersey. However, due to internal changes
in tabulation of landings by the NMFS, these dat; are.no longer
a&ailable and Barnegat Bay landings are included as a component in

total Ocean County landings (E. LoVerde, personal communication) .
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Results and Discussion

A total of 1,225,514 kg‘of 8 important species of fin- and shelifish
valued at $l,é47,l68 was landed in Ocean County from September 1977
to August 1978 (Table 106). This was a 3.0% decrease in weight but
a 7.1% increase in value from the previous 12 months (Swider 1978).
Landings of white perch, bluefish, weakfish, and winter flounder
increased while those of all other species declined.

Largest landings occurred in June when 183,926 kg valued at
$288,860 were taken (Table 106 ). Summer flounder comprised most
(66.1%) of the June harvest. Smallest landings occurred in November
when 40,538 kg of fin- and shellfish valued at $48,675 were harvested,

The predominant specieé landed by commercial fishermen in Barnegat
. Bay have been the American eel, alewife, white petch; winter floundér,
blue crab{ and northern quahog (Table 107). Since 1970, 100% of the total
Ocean County landings for alewife, white perch, and blue crab were gaken
from Bdrnegat Bay. In addition, substantial portions of the landings
of American eel (46.9 - 100%), winter flouﬁder (21.0 - 98.8%), and
northern quahog (21.8 - 41.5%) were taken from the Bay (I.A. 1978).
Most of the other important species landed in Ocean County such as
bluefish, weakfish, and summer flounder were not taken in Barmegat
Bay (Hillman 1977c).

In 6cean County, the American eel was taken in September and
October and from April through August. It was the most valuable

finfish taken by commercial fishermen in Barnegat Bay from September
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through August (30.90/kg). All American eel were taken by pot.
Although of minor commercial importance during the past few
years, no landings of the alewife were reported for Barnegat Bay

or Ocean County from September 1977 through August 1978. Landings

of 1,333 and 1,000 kg were reported in 1975-76 and 1976~77, respectively.
White perch were harvested by fyke net in Barnegat Bay in October

and November and January through March. The New Jersey Department

 of Environmental Protection permits fyke netting in bays from 1 October

to mid—April. No reported landings of white perch were made in

' December, probably beqause of extensive ice cover in the Bay which
l;mited the operations of fishermen., In Barnegat Bay, commercial
fishermen harvested 4,914 kg of white perch-valued at $3,31L. Although

this was 522 kg greater than that taken during the previous 12 )

months, the catch did not approach the 18,611 kg reported by Hillman

E
i

(1977¢) for 1975-76.

Winter flounder were taken mostly by fyke net in bays from
October through March and by otter trawl in the ocean from May through
June. Largest landings of winter flounder occurred in June (7,305 kg).
All winter flounder landed from Barnegat Bay were taken by fyke net,
From September 1977 through August 1978, the winter flounder brought
$0.44/kg in 6cean County.,

The blue crab was taken in September and October and in July

P

and August. In Barnegat Bay, fishermen used baited pots in warmer

months and dredged in winter for the species. An unusually long

duration of ice cover during the winter of 1977-78 prevented any
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dredging in the B;y. ‘The blue crab harvest from September through
August was approximately one-half of that during the same period the
previous year (14,152 kg vs 28,437 kg). The average price of blue
crab landed in Barnegat Bay was $0.85/kg, an increase of $0.10/kg
over the previous year. The blue crab is relatively short-lived and
therefore catches are strongly affected by variations in year—-class
strength, market demand, and weather (Gusey 1976). Historically,
commercial catches of blue crab in Barnegat Bay have been sporadic.
Low céégg;s in some years have followed very‘cold winters,

Northern qgahog were taken ﬁhrogghout the year in Ocean County

by tongs, rake, and by hand. From September through August, the

northern quahog accounted for the largest weight (228,396 kg) and

most of the dollar value ($714,813) of all species harvested exclusively

within the bays of Ocean.County (Table 106 ). From.l970 through 1977,

landings from Barnegat Bay made up about one-third of the total Ocean
County harvest. The northern quaﬁog‘was the second most abundant
by weight and total vaiue of the 8 species reported. It comprised
8.4% of the value of the total Ocean County landings (all species)
and was commercially the most important species in Barnegat Bay.

‘The bluefish and weakfish were caught;primarily by gill net.
Bluefish were taken from September through January and May through

August, Maximum landings occurred in Juiy when 57,391 kg valued at

$27,546 were taken. Weakfish were harvested September though December

and May through August. The largest catch was in October when 40,877 kg

valued at $17,381 were taken.
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The summer flounder was the most valuable finfish landed in
Ocean County, and landings were reported throughout the year.
Largest landings were in June when 121,570 kg valued at $182,785 were
reported. The summer flounder had the highest dollar per kilogram

value of fishes landed in Ocean County ($1.55/kg, Table 106 ) and

comprised 49.7% of the weight and 51.2% of the total value of the 8
species reported from September through August.
Unlike most species taken in the bays (e.g., alewife, blue crab,

and northern quehog), those taken in the ocean (e.g., weakfish, bluefish,

and summer flounder) and landed in Ocean County did not exhibit a

major decline from the previous year. Weakfish and bluefish landings

increased 20.3% and 33.2%, respectively; summef floﬁnder landings

were 2.8% smallér.» . ‘ : e : }
From September 1975 thfough August 1977, Hillman (1977c) and o

éwider (1978) reported that Barnégat Bay contributed 16.0% and 12;3% -

of the weigﬁt'and 19.6% (in both years) of the dollar value to the

total Ocean County landings. With the exception of white perch,

commerciai landings in Barnegat Bay declined from 1975-76 through

1977-78. The severe winﬁers'of 1976-77 -and 1977-78 have been the

main factor in this decline; Swider (1978) reported that the winter

of 1976-77 contributed to substantial mortality of the blue crab

and its harvest was one—third of that in 1975-76. In additiom,

long duration of ice cover during the ﬁast two years eliminated most

fishing in Barnegat Bay during the winter.
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ENTRAINMENT OF ORGANISMS THROUGH THE COOLING~WATER SYSTEM
Felicia C., Miller and Kenneth A, Tighe
Introduction

Planktonic organisms, because of their relativeiy small size,
pass through the mesh of the traveling-water screens iﬁ front of
the intake to the OCGS circulating-water pumps and travel through
the cooling-water system.- During this eﬁtrainment, organisms are
subjected to mechénical, thermal, hydraulic, and chemical stresses.

The entrainment studies reported here are a continuation of
studies conducted from September 1975 through August 1977 (Sandine
et al. 1977, l978)vwhich included the species composition and
abundance of macrozoopiankton (planktonic invertebrates >500

microns in length), and ichthyoplankton.
Materials and Methods

Samples were taken once a week starting 2 h after sunset
(Period 3A5 because greater densities of plankton are generally
collected at night (Bridger 1956; Johnson 1957; Tatham et al. 1977b,
1978b). Collections were also taken once a month during four periods
over a 24-~h interval. Period 1 was from 2 h after sunrise to 6 h
before sunset, period 2 was from 6 h before sunset to sunset, period
3A was from 2 to 6 h after sunset, and period 4 was from 6 h before

sunrise to sunrise.
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Samples were taken with a 36-cm bongo sampler (505-micron mesh)
to determine the species composition and abundance of macrozoo- and
ichthyoplankton entrained at OCGS. From October 1977 through August
1978, collections were taken simultaneously at both the intake (Sta. 7)
and discharge (Sta. 11) of the circulating-water system (Fig. 2).

In Sebtember, tows at these stations were taken consecutively. The
simultaneous tow at the discharge was made 1 to 5 min after the tow
at the intake to sample the same water mass after it circulated
through thé 0CGS cooling-water system. Sampling the same water mass
was an attempt to reduce the large sampling variability associated
with the patchy distributions typical of plankton populations.

The sampling gear was attached to a wire approximately 30 to
38 cm above, a 27-kg weight, and it was deployed and retrieved wi;h
a hand winch mounted on a stationary boom; Two'consecutivé oblique
ﬁows were taken at each station and each tow sampled the entire water
column at least once. Tow duration was usually from 1 to S'min, de—~
pending upon detrital levels and abundance of organisms. Because of
the substantially greater current flow at tﬁe discharge, the tow
duration at the discharge was approximately half that of the intake
in order to sample a comparable volume of waﬁer. The volume of water
sampled was determined with a digital flowmeter {General Oceanics
Model 2030) centered in the mouth of one side of the sampler at
the discharge and in the mouth of each side of the sampler used at
the intake. Current flow variation (i.e., eddies) at the intake
resulted in differences in the volume filtered by the two sides of

the sampler at this station. To determine whether these current flow
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irregularities produced differences in calculated densities of macro-
zooplankton between the two sides of the bongo sampler, the right and
left (side) samples from 20 collections taken from 26 April through

5 June were analyzed separately. The non-parametric Wilcoxon signed
rank test (Téte and Clelland 1957) was used to test for differences

in density of total amphipods, mud crabs, mysids, cumaceans, and zoeae
of the sand shrimp and»grass shrimp. No significant (P<0.05) differ-
ences in density were found for these forms between the right and left
side of the bongo sampler. In addition, demnsities calculated from

the side registering the greater volume ;f water filtered were compared

with those from the other side for each collection; again no significant

differences were detected. Although both sides of the bongo sampler

were metered separately in .subsequent collections at the intake, samples

from the right and left sides were combined to make a single colléctionf.
Densities were then céléuiated using a average of ﬁhé two volume-filtered
eétimates.

When the nets'were removed from the water, they were gently rinsed
with either low pressure water from a, pump or with water poured from
buckets. Samples were preserved in the field using a 5% formalin
(2% formaldehyde) solution buffered wifh sodium borate. However, when
ctenophores were abundant, they were counﬁed and ideﬁtified before
preservation because cﬁenophores disintegrated in formalin. All
other macrozooplankton and all ichthyoplankton were identified in

the laboratory at a later date. Most ichthyoplankton were identified,

R
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to species with the exception of larval gobies, blennies, and silver-
sides; these larvae cannot be identified to species until the juvenile
stage. All anchovy larvae were classified as bay énchovy since no

striped anchovy eggs were found in plankton collections and adult

striped anchovy were rarely taken in the Bay. For collections made

at the intake, all amphipods, mysids, and mud crab zoeae were grouped

into their respective familes. All forms were identified to species

from collections taken at the discharge. S Eg
The number of a form entrained at OCGS was estimated using stratified E%

sampling witﬁ optimal allocation (Snedecor and Cochran 1967). The mean

number entrained per hour for the year (?gt) was estimated by the formula:

;‘{-st =2z (N, - Y ) _ )

N

number of‘sémpling units in stratum p.

2
]

mean density of a form in stratum p.

g,
N

number of sampling units in all strata.

fhe strata used were day and night. A sample was the mean
density of all the individual tows collected in a stratum multiplied
by the volume of water pumped through OCGS in 1 h on the sampling date.
Each sampling unit was 1 h, and each sample was expressed as the number E%
of a form entrained per hour because the duration of the individual
tows was unequal. The total number entrained during the year (E)

was estimated by the formula:
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E =Y, + D + 24h

w)
it

number of days the OCGS circulating-
water pumps operated during the year.

In calculating E for macrozooplankton (with the exception of cteno;
phores) and ic;thyoplankton collected from September 1977 through August
1978, only the density of forms at the discharge was used. Samples
from the intake were not used because of the variation in the volume
filtered between the two sides of the bongo sampler. However, since
ctenophores are easily fragmented during passage through the circulating-
water sfstem,'the total number of étenqphores entrained duriﬁg the year
was estimated using intake collections. |

Immediate mortality determinations were conducted only when select-
ed ichthyoplankton (g.g., winter flounder_and bay anchovy) or‘macrozoo—
plaﬁkton were abundént enough to allow examination of a substantial
number of individuals. Samples were taken with an expansion come
mortalityvsampler (Fig. 3). This sampler had a mouth opening of
20-cm expanded to a 36-cm bagse. It was fitted with a 3335micron mesh
cyiinder—cone nylon net, and a 500-ml plastic cup with a window of
250-micron netting was attached as a codend. The collection techniques
employed for these samples were somewhat different than techniques
employed during regular sampling. These differences were intended to
re&uce various stresses that may have affected mortalit& estimates.

The sampler was deployed similarly to that reported for bongo collections,

“although the intake and discharge stations were not sampled simultaneously.
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The net was thoroughly rinséd before each tow to prevent contamination
of the sample from the previous tow. To further reduce collection
stress and the amount of detritus in the sample, tow duration was
reduced to 1 min or less and the codend was not rinsed. The sample

was immediately taken to a nearby trailer where the condition of

organisms was determined.

For juveniles of the bay anchovy, mortality determinations
were made from the regular bongo samples since previous work (Sandine
. et al. 1978) showed that sampling mortali ty at the intake was relatively
low for this form in bongo collectiomns. Also, densities of juvenile
bay anchovy were low and it would have been difficult to collect
sufficient numbers with the mortality sampler.

for determination of ﬁhe immediate céndition of macrozooplankton
and larval and juvenile fish, the sample was poured into a glass pan
placed in a water bath that maintained the organisms near (+ 1 0) the
" collection temperature. Live, dead, and damaged larvae were separately
preserved; measurements and enumerations were made at a Later date.
Specimens were consiﬁered live if normal mobility was exhibited, dead
if no movement was observed, and damaged if they exhibited abnormal
behavioral patterns (e.g., swimming on their sides) but had other
vital functions (e.g., respiratiom, muscular spasm). A minimum of
25 specimens per station was required in order to use the binomial pro-—
portion test (Snedecor and Cochran 1967) to determine significant differ-
ences in mortality between individuals collected at the intake and

discharge. Collections were taken until at least 25 specimens were -
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examined at each station or until a total of 10 tows was taken at
e;ch station.

Determination of the condition of fish eggs through visual
observation was difficult, and therefore a biological stain (neutral
red) was used which was incorporated into live embryos (Crippen

andAPerrier 1974) ., Samples that contained numerous eggs of the bay

.anchovy were set aside in a gallon jar for about 1 h before addition

of the stain at a concentration of 1 ml of stock solution (1 g of
powdered neutral red per 100 ml of distilled water) per liter of

sample., This 1 h period allowed organisms that were near death upon

collection to die before the stain was added. After staining, the

sample was left for 4 to 6 h before examination. Condition determin~

ations (live or dead) of eggs were more .subjective than determinations

for larvae and were based on.two criteria: first, whether the egg
had a recognizable, intact embryo, and‘secoﬁd, whether that embryo
had taken up the stain. if both of these criteria were present, the
egg was considered live. If either criteria was absent, the egg

was considered dead. Due to the somewhat subjective nature of the

condition determinations, paired intake and discharge samples were

"examined by a single person.

Results and Discussion

Macrozooplankton
A total of 356 collections was taken at the intake (Sta. 7)

and discharge (Sta. 11) from 1 September 1977 through 31 August 1978,
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Because of the variations in flow in front of the intake, the

relative abundance and species composition of most macrozooplankton
were based primarily on 177 collections from the discharge. The
abundance of ctenophores, however, was determined from collections

at the intake because ctenophores were easily fragmented during

condenser tube passage.
An estimated 4.94 x 1010 £ 6.10 x 10° organisms were entrained
from September 1977 through August 1978 (Table 108). Mean monthly

densities at the discharge ranged from 19.6/m3 in February to 132.2/m3

in May and averaged 53.8/m3 for the year (Table 109). Twenty-five
taxa represented 95% by density of all macrdzooplankton collected;
amphipods (30.3%), mysids (29.8%), decapod larvae (18.5%) and
hydromedusge (10.7%) were mdst numerous.

Neomysis americana was the most abundant macrozooplankter

by number and frequency of collection (Table 110). It accounted for
27.7% of all organisms taken and occurred in almost every sample (98%
of all collections). As in previous years, it was more prevalent

at night than during the day due to its marked diurnal migration

(Table 111).

An estimated 1.35 x 10;0 specimens of N. americana (lifestage
not determined) and 1.05 x 108 gravid females were entrained (Table 108).
They were collected throughout the year over a wide range of temperatures
(L to 29 C). The temporal distfibution of N. americana was highly

variable, however (Figs. 6 thorugh 9). In Hereford Inlet, New Jersey

Allen (1978) found that major changes—in the abundance and population
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structure of N, americana could occur over a period of a few days.

He attributed this phenomenon to the migration of dense aggregations

of mysids into and out of the inlet. At OCGS, highest monthly densities
(Table 109) were found in January (30.9/m3), May (45.l/m3), and July
(30.4/m3) and lowest concentrations from February through April

(1.6 to 8.7/m3). Most gravid females Wére collected from April thfough
October at a temperature of 11 to 28 C. Based on the findings of Allen
(1978) the large numBer of N. americana found from May through July

was probably due to the active reproduction by the overwintering
population,‘repgoductipn by the first spring generatioﬁ, and
immigration of mysids to the Bay from nearshore coastal areas.

The low concentragioﬁs found from February through April were

prbably due to the movement oﬁ N. americana out of the Bay to deeper
water ana to natural mortality éf the overwintering population.

Mysidopsis bigelowi comprised 7.8% of all mysids collected

(mean annuai density of l.2/m3) and an estimated 1.06 x 109 specimens
weré entrained (Tables 108 énd 109 ). It also migrates diurnally and
was more common at nigﬁt (Table 111). M. bigelowi, which has a more
southerly distribution than N. americana, was collected primarily

from July through December (Figs.le and 11). Highest concentrations
were found in September'(Z.S/m3) and October (7.6/m3) at temperatures
from 11 to 24 C (Table 109). A similar seasonal pattern of abundance

was found by Swiecicki et al. (1977) near Little Egg Inlet and by

Allen (1978) in Hereford Inlet, New Jersey.
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As in 1976-1977, medusae of the hydrozoan Sarsia spp. ranked third

in ovgrall abundance (Table 109). They comprised 9.3% of all

macrozooplankton and some 4.54 x 109 specimens were entrained (Table 108).

They were collected from February through May (Figures 12 and 13) at
a temperature of 2 to 15 C and were abundant (>100/m3) from mid-March

to mid-April at temperatures from 8 to 12 C. Based on temperature data

for the past 3 years, the seasonal occurrence and abundance of Sarsia spp.

hydromedusae appeared to be highly correlated with temperature. Every
winter, Sarsia spp. were first colléctednwhen water temperatures &eclined
to about O to 2 C. As Bay waters began to warm in late winter and

early spring, densities increased sharply and peaked at a temperature
range of 8 to 12 C. Thereafter, Sarsia declined in abundance and
virtually disappegred when the water temperature reached 15 C.

An estimated 5.07 x 108 hydromedusae of Rathkea octopunctata

were entrained (Table 108). R. octoﬁunctata was less conspicuous in

1977-78 than in 1976-77 when it was the most abundant macroplankter.
Small numbers were collected from October through May at a temperature

of 2 to 16 C (Figs. 14 and 15).
Some 1,48 x 1010 amphipods representing 33 taxa were entrained
(Table 108). The most numerous amphipods included the tubicolous forms

Jassa falcata, Ampelisca spp., Microdeutopus gryllotalpa and Corophiidae

(Corophium spp., Cerapus tubularis and Erichthonius spp.), and forms

such as Caprellidea and Stenothoidae which are associated with colonial

hydroids.
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Jassa falcata is a temperate to warm temperate amphipod which is

considered a dominant fouling organism (Bousfield 1973). It ranked
second in overall abundance (mean annual density of 7.8/m3) and frequency
of collection (98% of all samples) and comprised 14.5% of all
macroéooplankton taken (Table 109). From September through August,

and estimated 7.04 x 109‘1. falcata were entrained (Table 108), It
occurred throughout the year with lowest densities from January through
April and highest concentrations in the late summer and fall (Figs. 16
andvl7). Its density averaged more than 10/m3 in collections taken at

a temperature of 10 to 19 C. Gravid females occurred in every month

(3 to 13% of all specimens) but were most prevalent in April and June.

As in previous years, amphipods of the genus Ampelisca were numerous
primarily from June through August (4.1/m3 to 10.1/m3) at temperatures
greater than 19 C (TaBle 109).~ They‘wefe rare or absent in otﬁer moniths
(Figures 18 and 19). Approximately l;97>x 109 specimens were entrained
(Table 108), and most entrainment probably occurred ét.night because
more Ampelisca spp. were collected at nigh£ (Table 111).

Some 3.04 x 10° amphipods of the génus Corophium were entrained.
They averaged 3.4/m3 for the year at the discharge and accounted for

20.7% of all amphipods collected (Table 109). Four species were

identified; C. tuberculatum, C. acherﬁéicum, C. bonelli, and C. insidiosum.

C. tuberculatum was most common (59.3% of all Coroghium). It was collected

in every month but August (Figs. 20 and 21), and concentrations greater

than 1.0/m3 were found in February (1.9/m3), March (2.4/m3), and May (17.5/m3).
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Gravid females were noted in May, June, and September (2.1 to 8.8%
of all specimens). Small numbers of C. acherusicum ﬁere found from
September through June; C. insidiosum and C. bonelli were only
collected sporadically.

Zoeae of three species of mud crab were collected in September

and May through August (Figs. 22 through 25) and an estimated
4,04 x 109 specimens were entrained (Table 108)., As in previous

years, zoeae of Neopanope texana were predominant, although they

were not as numerous (mean annual density of 3.l/m3) as in 1975-76

(7.2/m3) or 1976-77 (6.5/m3). Approximately 2.84 x 109 zoeae were
entrained. They occurred at temperatures of 19 to 29 C and weré
common in June (mean monthly density of 32.3/m3). A few collectioms
that yielded concentrations greater than 100/m3 were taken inAJune
at, a temperature‘of 20vto-22 C. |

Although zoeae of Panopeus herbstii occurred over a similar

temperature range as N. texana, most (>10/m3) occurred from late
June through early August at slightly higher temperatures (24 to 28C).

This corresponds to the Eemperature range of maximum abundance (25 to 28 C)

reported by Sandifer (1973) for Panopeus herbstii zoeae in Chesapeake

Bay. At OCGS, zoeae averaged 1.2/m3 for the year and 1.15 x 109
specimens were entrained (Tables 108 and 109).

In comparision with other years, zoeae of Rhithropanopeus harrisii

were relatively scarce and only 4.50 x 107 were entrained (Table 108).

Zoeae of the sand shrimp accounted for 8.97% of all macrozooplankton

and an estimated 4.65 x lO9 larvae were entrained (Tables 108 and 109).

T o

T




105

They occurred from October through early August over a wide temperature
range (2 to 26 C). Most of the larvae from the major spawn in spring
occurred in May (average monthly density of 21.6/m3) and June (30.0/m3)
at a temperature between 13 and 24 C (Figs. 26 and 27).

Concentrations greater than 100/m3 were found on 15 May (14 C),

1 June (23 C), and 5 June (22 Cj. In laboratory studies, Regnault and
Costlow (1970) noted that a temperature of 15 to 20 C was satisfactory
and 20 C optimal for development of sand shrimp zoeae.

Zoeae of the blue crab were collected sporadically and in small
numbers from June through August (22 to 26 C). As in previous years,
ﬁegalopae were more prevalent than zoeae, Zoeae are usually scarce at
OCGS because gravid females migrate to areas of higher salinity such
as inlets and the nearshore coastal zone fo; their eggs to hatch. Zoeae
ﬁsually remain in these areas or are dispersed furﬁher ouE to sea until
they deveiop to the more motile and euryhaline megalopal stage. Megalopae
then migrate into bays or estuaries and are recruited into the local
blue crab population (Sandifer 1975).

At OCGS, some 6.58 x 107 megalopae of the blue crab were entrained
(Table 108). They occurred from August ;hrough December (mean monthly
densities of_O.Ol/m3 to O.39/m3) at a temperature ;f 4 to 29 C (Table 109,
Figs. 28 and 29). Most megalopae, however, were found in September
and October at a temperature of 14 to 27 C.

Based on densities - calculated for collections taken at the intake,

an estimated 8,65 x lO8 specimens of the ctenophore Mnemiopsis leidyi were

entrained (Table 108). M. leidyi occurred in September and from June
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through August at a temperature of 20 to 29 C. However, highest éggg’
concentrations (>10/m3) were found for a brief period in early

September and in late August (Table 109, Figs. 30 and 31).

Ichthyoplankton

Ichthyoplankton were sorted from the 352 bongo collections taken

at the 0CGS intake (Sta. 7) and discharge (Sta. 11). Data for individual
collections from September 1977 through March 1978 were reported by
Smith and Swiecicki (1979), and data from April through August 1978

by Danila et al. (1979). The following analysis is based exclusively

on the 177 collections taken at the discharge (Sta. 11) due to
the aforementioned difficulties in accurately measuring the volume
filtered at the intake.

Mean yearly densities and,perceg; composition of the ichthyoplankton
entrained from September 1977 through Augﬁst 1978 are given in Table 112.
Eggs of the bay anchovy were the dominant.fish egg collected during
the year (90.1% of the eggs collected, ye;rly mean density of 2,875/1000m3)

and occurred in 41 of the 177 samples taken. Although winter flounder

eggs are demersal, they were the second most abundant egg collected
during the year (7.5%, 238/1000m3) and occurred in 28 of the 177 samples.
The above two forms accounted for most of the eggs collected. Other
eggs collected in order of decreasing abundance were unidentified eggs,

eggs of either the tautog or cumner, and those of the Atlantic silverside,
7 .

T

sand lance, hogchoker, and white perch.

Larvae of the bay anchovy were the dominant fish larvae collected

during the year (37.1% of the larvae collected, yearly mean density of
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. 549/1000m3) and occurred in 51 of the 177 samples. Larvae of the

winter flounder were the second most abundant larvae (31.0%, 458/1000m3)
and occurred in 25 collections. Larvae of the sand lance were found

in more cqllections (58) but were less abundant (11.6%, 172/1000m3)

than those of winter flounder. Goby larvae comprised 9.77% of the larvae
and juveniles collected, and occurred in 47 collections (yearly mean
density of 144/1000m3) . Juveniles of the bay anchovy were also abundant
and made up 5.8% of the total larvae and juveniles. They had a yearly
mean density of 85/1000m3, and occurred in 57 of the 177 collectioms. |
The above forms comprised over 95% of the larvae and juveniles entrained

during 1977-78., Other common larval and juvenile forms were northern

pipefish juveniles, silverside larvae, bleﬁny larvae, American eel elvers,

Atlantic groaker larvae, and Atlantic menhaden juveni;es}

The spécies cqm@osition and périods of abundancé of ichthyoplankt§n
from September 1977 through Augqst 1978 were similar to that for 1975-
1976 and 1976-1977 (Sandine et al, 1977, 1978). Two major periods of
ébundance occurred during winter and early spring (January through April)
and summer (June through August). -

From January through April, the eggs and larvae of the winter

flounder and larvae of the sand lance were the doﬁinant ichthyoplankton

(Table 113). Larvae of the sand lance (Fig. 32) were first collected

at low densities during December (monthly mean density of 177/1000m3).
They were abundant through April and were most numerous during February
(688/1000m3) and April (715/1000m3), The estimated number of sand

lance entrained for the year was 1,53 x 108 (Table 114).
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Eggs of the winter flounder (Fig. 33) were first collected in
January (817/1000m3, Table 113) and were most abundant in February
(1,022/1000m3) and March (989/1000m3). The eggs are demersal and

those taken were probably dislodged from the substrate by storms or

other natural phenomena, or by turbulence created by the circulating-

water pumps at OCGS. Consequently, these eggs were probably only a
small portion of the eggs in the Bay and thus no entrainment estimates

were calculated.

Larvae of the winter flounder (Fig. 34) were the most common

‘ichthyoplankton during the winter-spring period (Table 113). A
single larvé was collectéd in January; none were taken in February. -
Larvae were again collected in March (3,630/1000m3) and Apfil | ‘
' (1,865/1000m3) . By the end of April, larvae had metamorphosed and
Qere demersal. The estimated number of larvae entrained during
the year was 4,13 x 108 (Table 114). |

The dominant ichthyoplankton during the summer were the eggs and

larvae of the bay anchovy (Table 113). Bay anchovy eggs (Fig. 35)

were first collected in low densities during May (mpntﬁiy mean density
of 133/1000m3). . Densities were largest in June (10,449/1000m3) and
remained high during July_(8,403/1000m3) and August (10,512/1000m3) .
The estimated number of bay anchovy eggs entrained during the year was

2.75 x 109 (Table 114).

AN | |

Larvae and juveniles of the bay anchovy from the 1977 year-class
were collected from September through January (Table 113, Figs. 36 and
37). During this period, the monthly mean density decreased from

382/1000m3 in September to 5/1000m3 in January. No larvae or juveniles
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were collected at the diséharge during December, although several
juveniles were collected at the intake. Larvae of the bay anchovy from
the 1978 year-class were first collected in June (monthly mean density
of 1,196/1000m3), remained abundant during July (1,262/1000m3), and

were most numerous in August (3,911/1000m3). The estimated number

of bay anchovy larvae and juveniles entrained from September through
August was 5.95 x 108 (Table 114).
Goby (Gobiosoma spp.) larvae were the second most abundant species

of ichthyoplankton during summer (Table 113, Fig. 38). Small numbers of

- larvae and juveniles from the 1977 year¥cl;ss were taken from September
(monthly mean density of 352/1000m3) to November (7/1000m3). Larvae
from the 1578 year-class were first taken in May (16/1000m3), were

\ abundant during June (717/1000m3) and July (576/1000m3), and were

uncommon in August(58/1000m3). The estimated number of larvae entrained

e

was 1.39 x 108 (Table 114).
Mean densities of the different ichthyoplankton forms were calculated
for the day and night for each month (Table 115). While comparisons

were somewhat confounded by the larger number of night collections,

most forms exhibited greater densities at night. This was also true
durihg 1975-1976 and 1976-1977 (Sandine et al, 1977, 1978). .The greater
densities at night probably resulted from a combination of factors

such as decreased net avoidance, changes in vertical distribution, and
increased spawning activity at night,

The mortality of larvae and juveniles entrained varied by species

and size, Mortality estimates were made for juveniles of the bay anchovy
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in bongo collections from October and November (Table 116). For
October, the mortality at the discharge (46%) was significantly greater

than at the intake (3%). In November, the difference between the

mortality at the discharge (15%) and the intake (26%) was not significant,.

Mortality studies with the special mortality sampler were conducted
in March, April, June and July (Table 116). Ichthyoplankton collected
in sufficient numbers to test for differences in immediate mortality
between the intake and discharge were larvae of sand lance, winter
flounder, bay anchovy and goby, and eggs of the bay anchovy. In March,
sand lance larvae had significantly greater mortality at the discharge
(30%) than at the intake (3%). During March and April, winter flounder

larvae had significantly greater mortality at the discharge (72% and

59%, rgspectively) than at the intake (25%, 3%). The lesser mortalities

reported for April were due to older, larger larvae that were more
hardy thaﬁ the small larvae found in.Mérch. Larvae of the bay anchovy
in July had a significantly greater mortélity at ﬁhe'discharge (100%
than at the intake (36%). Goby larvae also had a significantly greater
mortality at the discharge (80%) than at the intake (33%). -

Mortality estimates of the eggs of the bay anchovy were more
subjective than for larvae and were probably less reliable. Significant
differences were found between intake and discharge mortality., In June,
mortality at the intake was 40% while it was 62% at the discharge. In
July, the intake and discharge mortalities were 5% and 38%, respectively,
The difference between intake and dischqrge mortality of bay anchovy

eggs was greater in July probably because higher discharge temperatures
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caused an increase in entrainment mortality. The total mortalities
found in July were lower probably due to a lower proportion of naturally
dead eggs in the population. Maiden et al., (1976) reported that the
proportion of viable bay anchovy eggs in the Delaware River was
relatively low in June, increased in July, and then decreased-during

August and September,
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Table 1. Alphabetical listing by common name of all vertebrates collected by fish and impingement
programs from September 1977 trough August 1978, :
A=
African pompano - Alects crinims Northern searobin = Prionotus carolinus =

Alewife - Alosa pseudoharengus
American eel - Anguilla roswata -
American shad - Alosa sapidissima
Atlantic croaker = Micropogon undulatus
Atlandc herring - Clupea harengus
Atlantic menhaden - Brevoortia tyrannus
Atlantic moonfish ~ Vomer setapinnis
Atantic needlefish - Swongylura marina
Atlantc silverside - Menidia menidia
Atlantic spadefish - Chaetodipterus faber
Banded killifish - Fundulus diaphanus
Banded rudderfish - Seriola zonata

Bay anchovy - Anchoa mitchilli

Bigeye scad - Selar crumenophthalmus
Black sea bass - Cenwopristis sriata
Blueback herring - Alosa aestivalis
Bluefish = Pomatomus saltamix

Blue runner - Caranx crysos

Bluespotted cornetfish - Fismlaria tabacaria
Blunmose stingray - Dasystis sayi
Butterfish - Peprilus wiacanthus

Chain pickerel - Esox niger

Chain pipefish - Syngnathus louisianae
Conger eel - Conger oceanicus

Crevalle jack - Caranx hippos

Cunner - Tautogolabrus adspersus
Diamondback terrapin - Malaclemys terrapin -
Feather blenny - Hysoblennius hentzi
Fourspine stickleback - Apeltes quadracus
Fowler's wad - Bufo fowleri

Gizzard shad - Dorosoma cepedianum
Golden shiner - Notemigonus crysoleucas
Gray snapper = Lutjanus griseps

Grubby - Myoxocephalus aenaeus
Halfbeak - Hyporhamphus unifasciatus
Hickory shad - Alosa mediocris
Hogchoker - Trinectes maculatus

Inshore lizardfish - Synodus foetens
Lined seahorse - Hippocampus erectus
Longhorn sculpin - Myoxocephalus octodecemspinosus

Lookdown = Selene vomer

Mummichog - Fundulus heteroclitus
Naked goby - Gobiosoma bosci

Northern kingfish - Menticirrhus saxatilis
Northern pipefish - Syngnathus fuscus
Northern puffer - Sphoeroides maculatus

Northern sennet = Sphyraena borealis
Northern stargazer -~ Aszoscopus guttatus
Orange filefish - Aluterus schoepfi

Oyster toadfish - Opsanus tau

Permit - Trachinotus falcatus

Pirate perch - Aphredoderus sayanus
Planehead filefish - Monacanthus hispidus
Pollock - Pollachius virens

Pumpkinseed - Lepomis gibbosus

Rainwater killifish - Lucania parva

Red goadish - Mullus auratus

Red hake - Urophveis chuss

Rough silverside - Membras wartinica

Sand lance - Ammeodytes sp.

Scup - Stenotomus chrysops

Seaboard goby ~ Gobiosoma ginsburgi
Sheepshead minnow - Cyprinodon variegatus
Silver hake = Merluccius bilinearis

Silver perch - Bairdiella chrysura :
Smallmouth flounder = Emopus microstomus
Smooth dogfish = Mustelus canis :
Smooth tunkfish - Lactophrys tiqueter

Snapping turtle - Chelydra serpentina )
Spot ~ Lejostomus xanthurus o )
Spotfin butterflyfish - Chaetodon ocellatus -
Spotted hake - Urophycis regius

Spotted scorpionfish - Scorpaena plumieri

Swiped anchovy -_Anchoa hepsetus

Suiped bass - Morone saxatilis

Suwiped blenny - Chasmodes bosquianus

Suiped burrfish - Chilomycterus schoepfi

Suiped cusk-eel - Rissola marginata

Striped killifish = Fundus majalis

Swiped mullet - Mugil cephalus

Suwiped searobin - Prionotus evolans

Summer flounder - Paralichthys dentatus

Tautog - Tautoga onits

Threespine stickleback - Gasterosteus aculeatus
Tidewater silverside - Menidia beryllina

Weakfish - Cynoscion regalis

White mullet - Mugil curema

White perch - Morone americana

Windowpane - Scophthalmus aguosus

Wwinter flounder - Pseudopleuronectes americanus
Yellow bullhead - Ictalurus natalis
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Table 2,
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Alphabedical listing by scientific name of all vertebrates collected by fish and

impingement programs from September 1977 through August 1978,

Alecds crinims - African pompano
Alosa aestivalis - Blueback herring
Alosa mediocris - Hickory shad

Alosa pseudoharengus -~ Alewife
Alosa sapidissima - American shad
Aluterus schoepfi - Orange filefish

Ammodytes sp. - Sand lance

" Anchoa hepsetus - Swiped anchovy

Anchoa mitchilli - Bay anchovy

Anguilla rostata - American eel

Apeltes quadracus - Fourspine stickleback
Aphredoderus sayanus - pirate perch
Astroscopus guttatus - Northern stargazer
Bairdiella chrysura - Silver perch
Brevoorda tyrannus - Atlandc menhaden
Bufo fowleri - Fowler's toad

Caranx crysos ~ Blue runmer

Caranx hippos - Crevalle jack
Centropristis striata ~ Black sea bass
Chaetodipterus faber - Atlantc spadefish
Chaetodon ocellatus - Spotfin butterflyfish
Chasmodes bosquianus - Swiped blenny
Chelydra serpentina - Snapping nrtle
Chilomycterus schoepfi - Swiped burrfish
Clupea harengus ~ Atlantc herring
Conger oceanicus - Conger eel
Cynoscion regalis ~ Weakfish

Cyprinodon variegatus - Sheepshead minnow

Dasyads sayi - Blunmose stingray

Dorosoma cepedianum = Gizzard shad

Esox _niger - Chain pickerel

Etropus microstomus - Smallmouth flounder
Fistularia tabacaria ~ Bluespotted cornetfish
Fundulus diaphanus - Banded killifish
Fundulus heteroclitus ~ Mummichog
Fundulus majalis - Striped killifish

Gasterosteus aculeatus - Threespine stic kleback

Gobiosoma bosci - Naked goby

Gobiosoma ginsburgi - Seaboard goby
Hippocampus erectus ~ Lined seahorse
Hyporhamphus unifasciamss ~ Halfbeak
Hypsoblennjus hentzi - Feather blenny

Ictalurus natalis = Yellow bullhead
Lactophys miqueter ~ Smooth trunkfish
Lejostomus zanturus - Spot

Lepomis gibbosus - Pumpkinseed
Lucania parva - Rainwater'killifi;h

Lutianus griseus - Gray snapper

Malaclemys terrapin - Diamondback terrapin

Membras martnica - Rough silverside
Menidia beryllina - Tidewater silverside
Menidia menidia -~ Atlantc silverside
Menticirrhus saxarilis - Northern kingfish
Merluccius bilinearis = Silver hake
Micropogon undulatus - Atlantic croaker
Monacanthus hispidus = Planehead filefish
Morone americana - White perch
Morone saxatilis - Swiped bass

Mugil cephalus - Swiped mullet

Mugil curema - White mullet

Mullus auratus - Red goatfish

Mustelus canis = Smooth dogfish
Myoxocephalus aenaeus = Grubby

Myoxocephalus octodecemspinosus - Longhorn sculpin

Notemigonus crysoleucas -~ Golden shiner
Opsanus tau ~ Oyster toadfish
Paralichthys dentatus - Summer flounder
Peprilus wiacanthus = Burrerfish
Pollachius virens - Pollock

Pomatomus saltawix - Bluefish
Prionotus_carolinus ~ Northern searobin
Prionotus evolans - Striped searobin

Pseudopleuronectes americanus ~ Winter flounder

Rissola marginata - Swiped cusk-eel
Scophthalmus_aquosus - Windowpane
Scorpaena plumieri - Spotted scorpionfish
Selar crumenophthalmus - Bigeye scad
Selene vomer - lookdown

Seriola zonata - Banded rudderfish
Sphoeroides maculats - Northern puffer
Sphyraena borealis - Northern sennet
Stenotomus chrysops - Scup

Stwongylura marina - Atlantic needlefish
Syngnathus fuscus ~ Northern pipefish
Syngnathus louisianae - Chain pipefish
Synodus foetens - Inshore lizardfish
Tauroga onitis ~ Tautog

Tautogolabrus adspersus - Cunner
Trachinotus falcatus - Permit

Trinectes maculatus - Hogchoker
Urophycis chuss - Red hake

Urophycis regius - Spotted hake

Vomer setapinnis -~ Atlandc moonfish
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Table 3.

Alphaberical listing by scientfic name of all macroinvertebrate taxa collected by fish

an impingement programs from September 1977 through August 1978,

- Aequorea spp., - a hydromedusa

Callinectes sapidus - blue crab

Callinectes similis ~ lesser blue crab
Cancer frroratus = rock crab

Carcinus maenus - green crab

Crangon septemspinosa - sand shrimp
Cyanea capillata - lion's mane jellyfish
Echinodermarta (phylum) - spiny-skinned animals
Ensis directus - Atlantic jackknife clam )
Libinia dubia =- spider crab

Limulus polyphemus - horseshoe crab
Lolliguncula brevis - brief squid

Mytilus edulis ~ blue mussel

Nemertea (phylum) - ribbon worms
Neopanope sayi - a mud crab

Olencira praegustator - a parasidc isdpod

Ovalipes ocellatus - a lady crab ,
Pagurus longicarpus - long-armed hermit crab

Palaemonetes pugio - grass shrimp

Palaemonetes vulgaris - grass shrimp

Panopeus herbsti - a mud crab

Penaeus aztecus - brown shrimp

Penaeus setiferus - white shrimp

Polinices duplicata - Atlantic moon snail
Polychaeta (class) = bristle worms
Porifera (phylum) - sponges

Portunus gibbesi - a pormunid crab
Portunus spinimanus - a pormnid crab
Procambarus acuws - a crayfish

" Rhopilema verrilli = a jellyfish

Scyphozoa (class) - wue jellyfishes
Squilla empusa - mantis shrimp
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