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C1-15 ~ INTRODUCTION

Since 8 September 1975, Ichthyological Associates, Inc. (I A ) has

conducted studies to determine .and to assess the biological impaet of the

e 2 :

Oyster Creek Generating Station (OCGS) ‘and 1its discharges, and T has '
QAT

‘implemented an ecological survey of fin- and shellfish populations-ln

e e 28 OEEE “

Barnegat Bay, Oyster Creek, and Forked River. Samples were. taken prf

AN

marily in the central and western portion of Barnegat Bay. from Cedar o
CLTAR

Creek in the north to Double Creek in_the south. aThescentral and western
P ¢ 1=

Bay is relatively deep and ranges from 1.2 to 3. 7 m. (National Oceaﬁic' L

P ; '-( 1S P

- and Atmospheric Administration, NOAA 1976) . Some specimens we?e5also'
' Aty LM s mlalTor

collected in the eastern portion of the Bay which contains extenéive 2
S TR

shoal areas (depth 0.2 to 0.9 m). ‘ﬁLife‘history studiesiof ﬁishes-and

'macroinvertebrates designated as important by the U s. Nuclear Regula-
T

tory Commission (NRC) and the U.S. Environmental Protection Agency (EPA)

were conducted.

Data collected from Septemberl1975 through Auguet 1976 nere reported-
in Appendix Cl1. This addendum summarizes information collected from Sept-
ember 1976 through August 1977 as a part of many continuing studies. Data
from individual collections in the Bay, Oyster Creek, and Forked River
fron September l976 through February 1977 were reported by I.A. (1977),
and these data from March through August 1977 were reported in Tatham
et al. (l978a,b). Whenever possible, this addendum summarizes and com~
pares data from the 2 years of study. The common and scientific names
of fishes and invertebrates used in this report are given in Tables

C1-142 through Cl-144,
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Iﬁ addition to fisheries samples, collections were taken in Oyster
Creek and Forked RiVér”tb determine the effect of the heated discha;ge
on mégrozoo- and ichthyoplankton, Macrozooplankton_(i.e., planktonic
,'invertébrates > 500 microns) included organisms that were'plgnktonic_“
dﬁring their entire life cycle (holopJankton) and thosé thaﬁ occurred
in the plankton -only periodically or during a portion of their life |
',cycle (me;oplankton). Emphatis was placed on forms désigﬁated hs

important species by. the NRC or tlie EPA. Important macrozoopléﬁkton'

7’ were the ctenophores Mnemiopsis leidyi and Beroce spp., the arrowwdtms.

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

grass .shrimp. Palaemonetes spp., the mysids-Néomysis americana and

Mysidopsie bigelowi, polychaete epitokes aﬂd individuals less than 1_mm;.
andfblueecrab_zoeée and megalopae. Important ichthyoplankton were the -
iéggq and larvae of the Atlantic menhaden, bay anchovy, threespine |
étiékleback, northern pipefish, striped bass, bluefish, weakfish,

northern kingfish, summer flounder, winter flounder, and northern puffer.

wy
~

RS
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Cl.16 : . WATER QUALITY-

P

-Introductiqn

Water tempera;ure, salinity, pﬂ, dissolved ~oxygér§ and-‘water clarity
were taken with each biological collection. Total: chlorine was detérmined
for plankton samples taken at-thé~0CGS'discharge;9mThésé data were used
to describe the physicoéhemical regihenap four stations in western
Barnegat Bay (Fig. C1-15) and at.tbe intake fo-theHOCGS coolingﬁﬁater
system from September 1976 through August 1977, Ihir?één:stétibns
_(Fig.'leiG)’in the south branch of Forked Rivegm(iniéke:ééﬂaiiland in
Oyster Creek (discharge canal) were s#mpled from March 1976 tﬁrough
March 1977 to e&aluate the physicochemical parameters associated with

fisheries collections in the OCGS thermal discharge.

Materials and Methods
Water'temﬁérature and dissolved oxygen were measured with a YSI

dissolved oxygeﬁ meter'(Mddel 574), and.salinity was détermined Qith an
American'Optical hand refractometer. The pH was measured Qith either a
| Phofovolt pH meter (Model 126A) or a Corning pH meter (Model 610A).
Total chlorine.was measured wifh a Fischer-Porter amperometric titrator.
For all_biologicél collections'(except seine collections) taken during
the day, water t;anéparency was measured with a 20-cm Secchi disc.
Procedures for uée.and_calibration of these instruments wefe presented

previously (I. A. 1976).

Cl-350



Surface and bottom water chemistries were taken with all trawl aﬁd
gill net collections and with impingement and entrainment (plankton)
collections at the intake to the OCGS . cooling-water system. Bottom
_wa;eg;samples were obtained with éither a 1.7- or 5-liter Niskin bottle.
Only surface chemistry was taken with seine collections. Because water
at the OCGS discharge was thoroughly mixed, only surface chemistry was
taken with entrainment collections at the.discharge. During impingement
sampling, a bottom chemistry was taken only with the first and last
qollection of the day becau;e surface and bottom chemistries were similar.

_ Ip_fhe_Bay, water cﬁemistries were generally taken between replicate
collections ox, for unreplicated sets of a gill net, at the beginning of
the collection. Chgmistries associated with impingement and entrainment
samples were usually taken during or near the end of the.cqllection
period. To determine instrument variability, the first and last chemis-
tries of any sampling date were repliéated by taking a second reading
from the same water sample. A paired t-test was performed on various
physicochemical parameters taken in the Bay from February 1976 through
August 1977 and at OCGS from September 1975 through August 1977 to
determine if significant (P<0.05) differences occurred between feplicates.
A paired t-test was also used to examine differences between surface and
bottom samples.

Results and Discussion
The mean monthly watefﬁ%;mpg;;tﬁre, salinity, pH, dissolved oxygen

concentration, and Secchi diéc reéding.for stations at the mouth of

cl-351



Cedar Creek, Forked River, Oyster Creek, and Double Creek and within the
)

intake and discharge canal are summarized in Tables Cl-146 through Cl-
149 and C1-152 through C1-158, Physicochemicai data examined were taken
with individual fisheries collections within Forked River and Oyster
Creek from March 1976 through March 1977, at the OCGS cooling-water
intake from September 1975 through August 1976, and at' four stations in
the Bay from September 1976 through August 1977.

Oyster Creek was divided into an area east (Sta: 15, 28, 29, 30)
and west (26'and 27) of U.S. Route 9 to compare the physicochemical
parameters in the vicinity of the OCGS discharge with ;hose in the lower
portion of Oyster Creek. No samples were taken at Cedar Creek, Double
Creek, Forked River, and in the lagoon off Oyster Creek during'ﬁénuary
and February because of ice cover. ' |

The temperature regime in western Barnegat Bay in 1976-77 was more
accurately described from data recorded daily by JCP&L monitoring equipment
(accufacy of 1.1 C) maintained at the intake to the cooling-water syétuu.
Althougﬁ these data may be biased by occasional (4 to 22%) recirculation
of 0.9 io 1.7 C from the thermal discharge in Oyster Creek, this daily
record provided a betﬁer description of the temperature patterns in.the
Bay than w#ter chemistries taken on 1 day a month at the mouths of the
three creeks. While the mean monthly temperature based on Bay and
intake temperatures may differ slightly, the same se#sonal patterns were
found.

Similarly, the mean monthi;'incre;§em;n the temperature of water

circulated through OCGS (delta T) was determined from JCP&L's daily

3
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: : -
records of temperature at the intake and discharge of the cooling-water

system rather than from the seven or eight values determined from 4 or 5
days of entrainment sampling during a month. Since the delta T was
calculated only for days thgtiOCGS operated, the values reported by:'

Tatham (1977a) were recalculated.
Water Tempeféture

0CGS Discharge_
When OCGS operated, th;ilargest mean delta T (Table Cl-145) occurred
i; Augpst (llfO c) and the smallest in September (8.2). The mean yearly
éélté T Au;ing periods of 0OCGS operation.in 1976-77 (9.4 C) was slightly
higher than that in 1975-76 (9.2). The lowest mean monthly intake
(0.1 €C) and discharge.(lo.o and 10.1) temperatures occurred in December
and January. The maximum mean monthly intake (26.6 C) and discharge

(37.6) temperatures were in August.

Western Barnegat Bay
The coldest mean monthly surface (2.2 C) and bottom (2.4) temperaturés
in the Bay were recorded in December;.however, no temperatures were
taken dufing January and February at stations unaffected by the heated
discharge because these stations were covered with ice (Table C1-146).

Dufing the previous year, the coldest Bay temperature (-1.5 C) occurred
during January (Tatham 1977a). The vwarmest mean monthly temperature .
(29.7 C) in the Bay occurred in July. When OCGS was in operation, the

mean monthly surface and bottom water temperatures at the mouth of

Oyster Creek averaged 3.0 C (range of 1,1 to 4.0 C) and 3.3 C (1.4 to

. ,.C1-353



4.4), respectively warmer than the combined mean temperature of the
other creek mouths. When OCGS was shut down from May through July, the
. mean temperatures at the mouth of Oystef Creek and at the other three

. creeks were similar,

As in 1975—76 (Taﬁham 1977a), théfgal stratifiéation occurred
frequently at Doubie Creek. From April through Augusf, the boggém water
was cooler than the sﬁrface water, but ffom October through March, the
bottom water was usually warmer. At other stations, stratification
occurred sporadically. Stratification in Barhegat Bay can be caused by
long wave infrared atmospheric heating or cooling, shért wave solar
radiation, back-radiation of surface water, and demsity différepces that

L g

prevent complete mixing (Lawler et al. 1978).

Forked Rivef and Oyster Creek

" The mean ﬁonthly water temperatures at stations in Forked River
followed.the seasonal pattern in the Bay except for a decrease in water
temperature from April to May that was caused by generally lower air
tempefatures_(Table Cl-148). HigheSf meén monthly temperatures were
recbrded'frdm Forkgd Ri&er (27.6 C) and from Oyster Creek (29.8) in
June. Lowéét temperatures were found in January in both Forked River
(1.7_C) and'OySter Creek (4.7);

" Due to cdoling and dilution, watef'témperatures decreased from the
immediate.viéinity of the OCGS diséhargérto the mouth of Oyster Creek.
Because Qater in fhe viéinity ofjthe 0CGS diécharge (Sfa. 26) was

YE

" relatively undiluted by ambient-temﬁérature water from the dilution

pumps, the mean temperatures at stations in Oyster Creek west of Route 9
Y MIs
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.averaged 2.0 C warmer at the surface and 1.7 C warmer at the bottom than
those in the Creek east of Route 9. 1In Méy 1976, however, the temperature
in ﬁhe immediate vicinity of the 0CGS discharge.was less than temperatures
recorded elsewhere in Oyster Creek because OCGS shut down minutes béfore:
the sample was taken. The temperature of the discharge'water was there-
fore about ambient. Temperatures in Oyster Creek, héwever, were still
4 C above ambient for several hours after shutdown.because'the cessation
of dilution pumping immediately after shutdown increased.the'residence'
time of heated water in Oyster Creek. Due to restricted circulation,
the temperature of water in the lagoon (Sta. 30) off Oyster Creek remained
above ambient for sever;l hours after the water in the Creek had cooled.
Surface temperatures were often warmer.than bottqﬁ temperatures in
the immediate vicinity of the OCGS discharge (Sta. 26) because the
heated water discharged from OCGS overrides ambient tempefature water
from the dilution pump (M. B. Roche, personal communication). Little.—
difference was found between surface and bottom_temperatures at the

other stations in Oyster Creek.

OCGS Cooling-Water Intake
The mean monthly surface and bottom water temperatures at the
intake to the OCGS cooling-@ater system ranged from 1.2 C in January to
25.7 C in July and Aughst-(Téble Cl-149). A paired t-test indicated
that the bottom water temperature was significantly greater than thé
surface temperature in 1976-77 but not in 1975-76 (rable C1-150).
The seasonal variation of the mean monthly temperatures.at the OCGS

cooling-water intake was similar to that of the three thermally unaffected
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- creek mouths. However, water temperatures cooled more rapidly in the

fall of 1976 than in the previous year. In 1976, the temperaturé'had

_ decréased to 5 C by mid-November, while in 1975, 5 C was not reached

“until mid-December. As a result of the earlier cooling of the Bay in
1976, the mean yearly water temperature (substituting the mean water
temperature of the creek mouths for June) at the OCGS cooling-water
iﬁtake was 1.6 C lower in 1976;77 (13.3 C) than in the previous year
(14.9). The National ﬁeathér.Sefvicé reported that the wintef of 1976~

77 was the coldeét winter in weather bureau records (Darling 1977).

Salinity

‘Western Barnegat Bay

Thé lowest mean monthly salinities were alvéys recorded at Cedar_
Creek,_;hé northernmost station, while the highest mean monthly salinities
wére usually (8 of 9 months) found af Double Creek, the southgrnmost
station (Téble Cl-147). The same trend was found in 1975-76 (Tatham
- 1977a). The mean &early salinity was 20.9 ppt at Cedar Creek, 24.5 ppt
ﬁt.rorked River, 23, 7é§t at Oyster Creek, and 25.3 ppt at Douﬁle'Creek.
'Ihe mean yé#rly salinity at each station was higher in 1976~77 than in
l975§76_e§eﬂnthough slightly mbre rainfall was recorded the second year
(953 mm) than.the first.(899 mm, Table C1-151). Duriﬂg the year,
salinities.were'genérally highest during September and October 1976 and
in August 1977 due, in part, to the cumulative effects of higher.evapora—
tion rates and less ruanf during the summer. Lowest salinitiéé occurred

in December and April.
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Mean monthly surface and bottom salinities at the mouth of Forked
River were slightly higher than thosé af fhe mouth of Oyster Creek in 8
of-10 months; this phenomenon was also noted by Tatham (1977a) - during.
1975~76., Freshwater from the threé branchés of Forked River and from
Oyster Creek drained into Forked River and Oyster Crgek between the
stations at_the mouths of the two creeks. This freshwater input appareﬁtly

contributed to lower salinities at the mouth of Oyster Creek.

Forkéd River and Oyster Creek

The mean surface and bottom salinities in Forked River (23.5 and
23.6 ppt, respectively) and Oyster Creek (23.1 and 23.3) were similar.
for this period (Table C1-152). The slightly lower salinities in:0y$ter
Creék'may be attributed, in part, to freshwater input from the south
'.branch of Forked River (discharge of 0.06 m3/sec) and from Oyster éreek
(0.71 m3/sec). Seasonal fluctuations in salinities were also similar
between the two areas except for relatively minor differences from
January through March 1977. Lowest mean saliﬁity (20.4 ppt) in both
areas occurred in April and the highest values (27.0) in July. The
4-ppt decrease in salinity f£om July to August was due to precipitation
from Hurricane Belle on 9 August. Tatham (197?a) reported a similar
reduction in salinity in other parts of Barnegat Bay during August 1976.
At most stations, the mean monthly bottom salinity wés slightly higher

than the surface salinity.

0CGS Cooling-Water Intake
The mean monthly salinity at the OCGS cooling-water intake ranged

from 21.5 ppt in April to 25.5 ppt in August with an average value of
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23.9 ppt for the year (Table C1-149). During both 1975-76 and 1976-77,

salinity was significantly greater at the bottom than the surface .

" (Table Cl1-150).
pH

Western Barnegat Bay
The mean yearly pH value ranggd from 8.1 at the mouth of Oyster
Creek to 8.3 at the mouth of Cedar Creek (Table C1-153). Although the
.pH values were similar to those reported for Barnegat Bay'by.Makai
(1973), they were approximately 0.4 units higher (i.e., more b;sic) than
those reported by Tatham (19775) at the same stations in 1975—76. The
. lowest monthiy values were recorded in December (7;8) and the highést

(8.4) in November and August, but no seasonal trends in pH were apparent.

Forked.kiVEr and Oyster Creek
From March 1976 through March 1977, the mean pH in both Forked
River aﬁd Oyster C;éek was 7.9 (Table Cl-155), although differences in
" pH oCcﬁrFed between cangls in some months. The 1argest difference_waé
fouﬁd in Juﬁe'whgn_the mean pH in Forked River (7.6) was 0.3 units more
'b;sic.than_ﬁhét_in the discharge canal (7.3). No seasonal trends in pH

were -evident.

OCGS. Cooling-Water Intake
' The mean monthly pH values at the OCGS screens ranged from 7.8 in
Qctbbér t9“8.1 in August and were similar to those at stations in Forked

River (Table C1-149). Although:the mean yearly pH was the same (8.0)
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for both surface and bottom samples, a paired t-test based on individual
values indicated that the pH of bottom samples was significantly higher

(i.e., more basic) than that of surface samples (Table C1-150).

Dissolved Oiygen

Western Barnegat Bay

" Mean montﬁly dissolﬁed oxygen concentrations ranged from 6.8 ﬁpm in
July to 12,0 ppm in December and January (Table Cl1-154), And they were
similar to those reported for Barnegat Bay by Makai (1973) and Tatham
(1977a). The mean yearly dissolved oxygen concentrations at the mouths
of Cedar Creek, Oyster Creek, and Forked River averagéd 9.2 to 9.3 ppn
ét the surface and 9.5 to 9.6 ppm at. the bottom. However, the mean
yearly surface (9.7 ppm) and bottom (10;1) dissolved oxygen values at
the mouth of Double Creek were slightly higher than those at the other -
sfations. These higher values wéré probably due fo the ﬁroximity of
Double Creek to cooler, ocean water entering the Bay from Barnegat

Inlet.

Forked River and Oyster Creek
The seasonal variation in dissolved oxygen concentration at the 13
stations in Forked River and Oyster Creek was similar to that at other
stations.in Barnegat Bay (Table C1-156). Highest values occurred from
November through February (8.6 to 12.4 ppm) and the lowest values in
July (5.4 to 6.7). For the peried, the mean dissolved oxygen conceﬁtration
at all stations in Oyster Creek (8.6 ppm) was slightly lower than those

at stations in Forked River (9.3).
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0CGS Cooling-Water Intake
The mean surface and bottom dissolved oxygén concentrations ranged
from 5.8 ppm in July to 12.2 ppm during January and averaged 9.3 ppm for
the year (Table Cl-149). The seasonal pattern of dissolved oxygen
concentration was similar to those from stations in ﬁhe Bay. Althbugh
the dissolved oxygen conéentration at the surface was significantly
greafer than ét the.bottom_in 6ctober_and November, no significant

differences were found during the other 10 months.

Water Clarity

Western Barnegat Bay

The mean yearly Secchi disc readings were similar (103 to 111 cm) at
all four stations (Table C1-157). The highest Secchi disc readings were
recorded in March (mean value of all stations of 183 cm) and the lowest
in August (56 cm). Water clarity.increased from October through March
and then steadily decreased through August. During the previous year,
Secchi disc readings were also highest during late fall and winter and
lowest in the summer (Tatham 1977a). Similar findings were reported by
Mountford (1971) in his study of plankton in Barnegat Bay. He found
that watet transparency decreased during the summer as a result of
phytoplankton blooms. Greater clarity in the fall and spring was
associatéd with nutrient depletion and consequently low chlorophyll

(i.e., phytoplankton) concentrations.
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Forked River and Oyster Creek
Alfhough samples in these two areas were not taken during the same
~time period as those in western Barnmegat Bay, similar trends in water
clarity were eﬁident. The lowest mean Secchil disc readings were recorded
in July and the highest values in February (Table C1—158). Water clarity
steedily increased from July through February and then decreased after
' sp:ing. .The mean jearly Secchi disc reading.for Forked River (126 cm)
was comparable to that of Oyster Creek (125), and month—to—month-?afiation
in transparency Iin the two areas was similar. The large decrease in
transparency from May to June may heve been due to an increase in

phytoplankton.

Replicate Chemistries

Paired t—eests of replicate boftom water chemistries taken in the
Bay and of replicate surface and bottom watef chemistries taken at the
intake to the OCGS cooling-water system showed no significant differences
in temperature, dissolved oxygen, salinity, and pH between the two
replicates. Significant differences were found for dissolved oxygen and
pH.values beﬁween replicate surface samples in the Bay, but the reason

for these differences is not known.
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c1.17 EFFECTS OF THE OCGS HEATED.DISCHARGE ON FISHES
: AND MACROINVERTEBRATES |

_ Introduction
" The effecté of the OCGS heated discharge on the distribution of
fiehes,'the sand shrimp, and blue crab were examined. Collections were
made in Oyster Creek (the discharge canal) and in the unheated south
branch of Forked River (the intake canal); both areas had similar flow,
bathymetry, and salinity. The distribution'aﬁd abundance of organisms
in Oyster Creek and in corresponding areas of Forked River were analyzed
from collecfions taken from March 1976 through March 1977. Samples were
' _also_taken from 31 May through 2 June and on 15 and 16 July during a |
shutdown of OCGS (23 April through 4 Aﬁéust) and on 18 and 19 August
during the subsequent operational period to determine differences in
catch in byster'Cfeek befqré and after the addition of heat,
In additidn.to collections in Oyster Creek and Forked.River, data

'weré coilécted.ét.tﬁe mouth of Ojster Creek, Forked River, Cedar Creek,
and Double Creek fro; September 1976 through August 1977. These data
were used to defefmine the species composition and relﬁtive abundance of
_ fishes,'tﬁe saﬁd shfimp, and blue crab in western Barnegat Bay and thé
effect of the heated discharge on the distribution of these organisms at
the mough.of Oyster Creek. Although one station was influenced by the
. OCGS thgrﬁai-diséhatgé, these data were the most represenfative qf the

nearshore fish community in western Barnegat Bay and therefore were used
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to describe that community. This study is a continuation of studies

conducted during 1975-76 (Danila 1977b).

Materials and Methods

Collections in western Barmegat Bay

The stations at the mouth of.Cedar Creek, Forked River, Oyster
Creek, and Double Creek were sampled_once a month.by trawl and seine
(Tables Ci-159, Cl1-160; Fig. Cl—lﬁ). Collections at all four stations
were made from October through December and from March through Auguet.
Before a plan for continuing studies was adopted in October, trawl and
seine collections were taken only at the mouth of Oyster Creek and only
seine collections were made at the mouth of Forked River.in September.
Only one haul of the 45.7-m seine was made during the day at each station.
In Janﬁary and February, samples could be takeﬁ only at ehe mouth of
Oyster Creek due to ice cover at the other three stations.

Twoeconsecutive 5-min hauls of a 4.9-m semiballoon otter trawl were
made at each station during daylight and were repeeted at night (beginning
1 h after sunset) at the mouth of Oyster Creek and Forked River, The
trawl had a 4.9-m headrope, 5.8-m footrope, and 61.0 x 30.5-cm doors.
It had a 3.8-cm nylon stretch mesh body and a 3.2-cm stfetch mesh codend
fitted with a 1.3-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.
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Two hauls of a 45.7 x 2.4-m nylon seine (l.3-cm_st:étch mesh), with
a Z.A—m bag in the center, were made at each sta;ion. One collection
was made before and one after two consecutive hauls of a 12,2 x 1.5-m
ﬁylon seine (0.6-cm stretch mesh). The 45.7-m seine was set in a
.Semicifcle from a 4.3-m Starcraft with Both ends at or near shore when
the net was fully deﬁloyed, and it was then hauled onto the beach by
hand. An average haul covéred approximately 3,300 mz_(0.517[45.7]ﬁ2).
The 12.2-m seine was set by holding éne 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 (0.5?7[12.2]m2). The 45.7-& seine
captured primarily larger fisheé and macroinvertebrates fouﬁd in shallow
water within about 50 m frbm shore while the 12,2-m seine took smaller
orggnisms found from shore out to about 12 m. Samples were téken at
eéch s;atioﬁ during daylight and again at night at the mouth of Oyster
Creek and Forked River,

At timés; schdols of small American eel elvers and young (age O+)
Atl#n;ic-silvéfside'were observed in front of the 12,2-m seine, but most
-.escaped th;ough the mesh of the net because of their small size. 1In
order to record the time and location of occurrence of these small
fishes-withdut biasing catch stétistics, two relative estimates of
abundance were:used: The abundance of these small fish was recorded as
occasional (few specimens) and numerous (many épecimens) according to
sﬁbjective estimates made by the biologists. This_escapément generally
_océufred only for a short period in spring bécéuse young Atlantic

silverside grew rapidly and elvers of the American eel moved from the

shore zone.
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In trawl collections with large amounts of detritus and macroalgae,
an éstiméte of abundant organisms was made by copnting their number in a
known voiume of the sample. The number in this subsample was multiplied
by the total volume of the sample to estimate the total number of thésé
organisms., Fish tangled in the net were removed by hand, counted, and
added to the estimated total. Prior to subsampling for abundant organisms,
the éntire cqllection was examined, and él; other organiéﬁs were ;eﬁoved.

All individuals of important spéqies or a represéntative subsaﬁple
of at least 50 individuals from each station were initially preserved in
buffered 10% formalin. Fishes other than important speciles were identified,
counted, and discardedé uncommon species were preserved for the voucher
collection.

Invertebrates other than the sand shrimp or blue crab were identifiéd
in the field to the lowest practical taxon. Their numbers were counted
or estimated, and their relative abundance was categorized as rare (1 to
10 individuals or colonies), occasional (11 to 100), common (101 to

1,000), or abundant (> 1,000).

Collections iﬁ Forked River and_byster Creek

Samples with trawl, seine, and gili'net were taken at 13 stations
in Oyster Creek and Forked River (Tables C1-159 through C1-161, Fig. C1-16). .
Swift currents and extensive rip-rap on the banks prevented use of the
gill net in all areas west of U.S. Route 9 except in the immediatg
vicinity of the OCGS discharge (Sta. 26). Although this station had no

comparable station in Forked River, it was sampled because many fishes

Cl-365



occurred in this area of maximum OCGS discharge temperature (Danila 1977b).
One seine station (Sta. 28) in Oyster Creek was not comparable to any
station in Forked River, but the data were used in conjunction with the

catch at the station (29) in the mouth of Oyster Creek to provide

information on the distribution of shore zone fishes in the heated

discharge.

Fifteen sets of collections were taken from March 1976 through
March 1977. Sampling was conducted during daylight once a month usually

over a 2 or 3-day period. An additional set of collections was taken in

~ August and September 1976 to collect more data on the distribution of

organisms during the period of highest water temperatures. In January

~ and Februarj, only two stations east of Route 9 in Oyster Creek (Sta. 15

and 50) could be sampled because of extensive ice on the Bay, portioms
of Forked River, and the lagoons off Oyster Creek. 1In 1977, additional
sets of collections were made in May-June and in July when OCGS was shut

down and agaih in August, several Qeeks after OCGS resumed opefatioh.

'After March 1977, the seine station in Forked River (Sta. 47) was relocated

(Sta: 53)'because construction activities prevented sampling at the

original station.

.A-4.9;m trawl (see page Cl-363) was.used at tﬁree.stations in Oyster
Creek (Sta..l5, 30;-50) and in Forked River (6, 45, 46). At most stations,
two_cénsecutivé 5-min.hauls were made in the direction of the current,
bu; in_thé sho?t_lagoons (Sté. 30 and 46), only a 2.5-min haul could be
made.

west.of Route 9, ﬁwd staﬁions in Forked River (Sta. 48, 49) and in

Oyster Creek (26, 27) near OCGS were sampled with a 2.7-m semiballoon
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otter trawl, The trawl was towea at a standard throttle setting from a
4,3-m Starcraft powered with an outboard motor bgcause the areas west of
Route 9 were not accessible to the larger_MonArk. This trawl had a
2.7-m headrope, 3.4-m footrope, and 40.6 x 26.7-cm doors. The nylon
body was 3.8-cm stretch mesh, and the codend had an inner liner of 0.6-cm
\,stretch.mesh. Two consecutive 3-min tows were made at the easternmost
stationé (Sta. 27, 48) and two consecutive l-min tows were taken at.the
westernmost.stations (26, 49).

Although duration of tows of thé 2.7 and 4.9-m trawis varied between
the gear and between stations for the same géar, data were not adjusted
to_equalize tow duration. Chittenden and Van Engle (1972) found no
significant differences in the.cétch of blue crab or in the catch of
haddock (déta from Clafk 1973) from trawl hauls of different duration.

" They bel;efed that the relation of catch by trawl to tow duration wasl
not linear and'suggested that a linear reiationship between catch and
tow duration should not be assumed to adjust for unequal sampling time.

A 61.0-m gill net was used at the same stations as the 4.9-m trawl
and in the immediate vicinity of the OCGS discharge (Sta. 26). It
consisted.of two, 30.5 x 2.4-m panels of 38- and 89-mm monofilament
stretch mesh. The net was anchored and fished either at the surface or,
in shallow Qater, from surface to bottom. It was retrieved after 1 h,
but in the immediate vicinity of the OCGS discharge it was sometimes set
for a shorter duration.because mﬁny_specimens were collected. The total
catch of the gill net was the ﬁumber of fish collected and the number of

fish that were seen to fall from the nmet. A 91.4 x 1.8-m gill net
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was used on several occasions at various stations because a 61.0-m net
was ﬂot available. The larger net was similar in construction to the
61.0-m net but had an additional 30.5-m panel of 70-mm monofilament
stretch mesh. From June through Augﬁst 1977, this net was used in the

| main channels of Oyster Creek and Forked River and a 61.0-m net was used
"in the lagoons.

One haul of a 45.7-m seine . was made at three
stations (Sta. 28, 29, 47 or 53). Pfior to the use of this seine in April
1976, a 76.2' x 3.0-m seine (1.3-¢m stretch mesh) was used at all stations
in March.

The catch of the 15 sets.of'paired trawl and gill net collections
from the creeks was divided into 5 consecutive seasonal groups. These
pefiods_were spring (29 March to_5 Mayj, early ﬁo'mid-summer (17 June to
15 Augpst), late summer (19 August to 23 September), fall (18 October to
8_Decembér), ahd winter (5 January to 9 March). A Hewlett-Packard 9830A
p;ogramﬁableitalculator was usgd for data compilation and for some
staiistical analyses.

A balanced two-way (station x.date) analysis of variance (ANOVA)
was_uséd té examine:the spatial and temporal distribution of the most
~ numerous specieslwith a particular.gear.. Sincé the data had to be
' equally distributed'among stations, data after December was not used
becauﬁe some stations Qere not sampled in Jandary or February, Data
were t;ansfofméd_by a In (x+1) transformation in order to reduce skewnmess,
apéfoximéte norﬁa1ity, and make variances homogeneous (Sokal and Rohlf

1969). 1f the'ANOVA-iﬁdicated significant variation of a main effect
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mean (P<0.05), then significant differences among means were determine&
by the Student-Newman-Keuls (SNK) multiple range'test (Sokal and Rohlf
1969). Mean values were plotted when significant interaction effects
occurred, and the ANOVA was considered invalid if the ordéring among .
these mean values varied considerably. Some interaction effects may
have been significant because of large main effects. A significant
interaétipn that is much smaller than the main effects méy 1mply-miﬁor'
variation beﬁween the main effects at different levels (Steel and Torrie
1960). | |

| The 1éngth (nearest 1 mm) and weight (nearest 0.1 g) of selected
specimens of important fishes taken in Oyster Creek and Forked River
were recorded in the laboratory. Sufficient.data existed to determine
the allometric condition factor (weight/lengthb, Ricker 1975) for
individualé of the Atlantic menhaden, bay anchovy, bluefish, weakfish,
and winter flounder from these two areas. The exponent b, the.slope of
geometric mean regression of length and weight, for each speciles was
taken from life histor& studies conducted in 1975-76 (Tatham et al,
1977a). Because condition is a measure of the relative robustﬂess of a
fish (i.e., for specimens of the same length, larger gondition values
are found for heavier fish), thé condition of fishes in Oyster Creek and
Forked River was compared by a one-way ANOVA or t-test to_evaluaté the
effect of the heated discharge on these specimens. Sufficient data aiso
existed for the Atlantic ménhadén and bay anchovy to compare those fish
found in the lagoons (i.e., area of slow current) with those found in

the main channel of the creeks (moderate to fast current). Monthly

Cl1-369



differences in condition of the Atlantic menhaden that overwintered in
the immediate Qicinity of the OCGS discharge were also examined.

Everhart et al. (1975) noted that sex,'season,.stage of maturity,
and size influenced the condiﬁion of an individual, and these parameters
should be as similar as possible when cbmparisons are made, Therefore,
condition data for éll fishes were gfouped by.length, and data were
chosen to eliminate moﬁths when a species was not taken in all areés.
Individuals over a large size range were examiﬁed only if the length
distribution of specimens was similar between areas. These standardiza-
tions eliminated some problems in the comparison of condition data, but
resulted in the elimination of many data (especially for the Atlantic
menhaden, Bluefish, and weakfish) from the analyses. Sex was not determined,
but i;_was assumed that sex ratios and maturity.did not vary significantly.
among stations.

An unbalanced one-way ANOVA or a t-test (P< 0.05) was used to
determine differenggs in condition of species among stations. Various
_coﬁbinations-bf_stations,_dates, and lengths were used either to have
“sufficient data for analyses 6r to.meet the constraints of the Héwlett—
_Packara 9830A compﬁter which limited the number of observations for a

particular'group of stations to less than 255.

Results and Discussion
Collections in western Barnegat Bay

September 1976 phrough August 1977

Some 16,476 fish, 10,573 sand shrimp, and 833 blue crab were taken

from'Septémber'1976 through August 1977 (Table C1-162). The sand shrimp
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was the most numerous organism collected (37.9% of total catch) and was
taken in every month. Most sand shrimp were takgn in December and from
March through May; The blue crab was most common from September through
November and from May through August. The greatest number of fisheé was
taken in October (45 species) and September (28), while the fewest
fishes were collected in January (8) and February (6). Most fish were
taken'ffom May through August, and the fewest specimené were collected
in January and February when most of the Bay was ice covered and samples
were taken only at the mouth of Oyster Creek. However, few fish are

| usually caught in New Jersey estuaries during winter regardless of ice
conditions (Danila 1977b, Danila and Howells 1977).

Five_fishes made up 83.8% of the total catch of fish: bay anchovy.
(35.8%),'Atlaﬂtic silverside (27.0%), winter flounder (8.0%), blueback
herring (6.6%); and spot (6.4%). Although the blueback herring was the
fourth most abundant fish, it did not occur frequently; 96.4%Z of the
specimens (n = 1,055) were taken in one set of the 45.7-m seine in
December. An additioﬁal 9.7% of the catch was comprised of the Atlantic
needlefish, oyster toadfish, northern pipefish, bluefish, Atlantic
menhaden, muﬁmichog, striped killifish, and crevalle jack. The remaining-
6.5% was made up of 56 other fishes.

The abundance and distribution of fishes and mécroinvertebrates
were determined through catches by several collection gears. Each gear
effectively collected certain species and, sometimes, only specific
sizes of some species. A more complete record of the fish community was
determined when the catch from several gears was examined. Since each

gear was selective, bias was introduced into the catch statistics.
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Behavioral differences among many species also resulted in differen-
tial.catch by gear. For example, young weakfish were rarely_found in -
the shore zone, and therefore, few were taken by seine although many
were collected by trawl. Diel differences in behavior of many species
as well as improved gear efficiencies resulted in larger catches at
~ night.

The catch by trawl.was dominated by the bay anchovy (76.6% of trawl
catch of fish); the winter flounder.(8;7Z) and spot (6.8%) were also
common (Table C1-163). Few fish were taken by trawl from January through
April, and most individuals were collected from May through Augﬁst. The
sand.shrimp made up most of the catch by trawl in December, March, and
© .April, and it was.also abundant in May. |

" The ‘Atlantic silverside (34,5%), ﬁlueback herring (18.17%7), winter

flouﬁder (10.5%), spot (9.3%), bay anchovy (5.7%), and Atlantic needlefish
(4.3%) comprised 82.3% of the catch of fish by 45.7-m seine (Table C1-164).
Most fishes Qere taken in October (33 species) and the fewest in January
_(4) and February (3). Most fish were taken in December (n = 1,569) and
"March (1,133) ﬁi;h the blueback hefring (68.1% of December catch 6f'
 fish) and Atlantic silverside (79.1% of March catch of fish) comprising
._ mosf of ‘the fish caught ip these months. The moﬁthly catches during
Octobér énd November and from May through August were similar in number

(n = 410 to 659).  Two-thirds of the sapd shrimp were taken in December,
and.one-thifd.of thé_blue crab were collected in July.

| The catcﬁ.of fish by 12.2-m seine (Table C1-165) was dominated by

the Atlantic silverside (62.2%) and secondarily by bay anchovy (12.0%).

Cl-372



Although not enumerated, elvers of the American eel were obéerved to be
.occasional to numerous in May, and young of the Atlantic silverside were
nﬁmerous in June. Few fish were taken in Januafy (n = 5) and February
(11), and the most in July (924) and Adgust (957). The sand shrimp was
most abundant in December (40.1% of the total catch of sand shrimp), and
it was also common from March through May and during Augﬁst. Relatively
few blue crab were taken. Although both the 45.7 and 12.2-m seines were
fished at the same locations in a similér manner, catches were.markedly
different be?ause of differences in the size and mesh of the seines and.
differences in the area and depth sampled. Larger fish such as the.
Atlantic needlefish, bluefish, spot, and mullefs were common in the
45.7-m seine while the smaller seine took méstly Atlantic silverside,
bay anchovy, killifishes, and other small forage fishes. The larger
seine was more effective in'capturing larger fish because it sampled a
much lérger bottom area and deeper water. Although the bay anchovy,
Atlantic silverside, and sand shrimp were relatively common in catches_
by 45.7-m seine, most specimens were large individuals that were retained
by the larger mesh of that seine. Many smaller individuals escaped
through the mesh of the net while it was in the wate;. The 12.2-m seiﬁe
caught mostly small individualé found closer to shore, although some
smaller fish and inVertebrates also passed through the mesh.

‘More fish were taken dufing the night (53.2%) than the day (46.8%)
at the mouth of Oyster Creek and Forked River (Table Cl-66). Elimination
of the oné largé collection of blﬁeback herring made during the_day

increased the proportion of the catch at night to 58.7%. The Atlantic

Cl1-373



"menhaden (66.0% of diel catch), oyster toadfish (88.6%Z), striped cusk-
eel (100.0%), Atlantic silverside (71.6%), weakfish (94.7%), spot (58.8%),
winter flounder (79.3%), sand shrimp (95.0%),'ana blue crab (59.6%Z) were
taken primarily at night. The bay anchovy (68.4%) and the mullets
'.(79.12) were mostly taken during the day; As in 1975-76 (Danila 1977b),
more bay anchovy were taken in deeper water by trawl during the day and

- in the shore zone by seine during the night;

Cgtches at the mouth of Forked ﬁiver, Cedar Creek; and Double Creek
were generally similar in number and species cdmposifion (Table Cl1-167).
Fewest fishes were taken at the létter station perhaps because it was
the smallest and shallowest of the three creeks. The largest differences
- in catch and species composition.amoﬁg the étations occurred between
Oyster Creek and the other stations during most ﬁonths, and this difference
uéually reflected the attraction or avoildance of organisms to the heated
: dischargé.: In'OCtober, the Atlantic needlefish, bluefish, and jacks
were most common at Oyster Creek mouth. The catch at the mouth of
Forked River consisted primarily of more temperate fishes such as the
Atlantic silyerside and black sea bass, although the spot was also
gommon.. Aﬂ_attraction of organisms to the heated discharge was also
evidént_in November and December when most bluéback'herring, Atlaﬁtic
menhadén,.Atlan;ic-neédlefish, Atléntic silverside, spot, sand shrimp,
and blue crab were taken at the mouth of Oyster Creek. Similarly, the
increased cﬁtches at 0yster Creek mouth in March and April were probably
d;e to the attraction of species such as the bay aﬁchovy, Atiantic

silverside, and blue crab. The sand shrimp probably avoided Oyster
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Creek in August. Catches of other organisms were not consistent.enough
to confirm atﬁraction or avoidance.

When OCGS did not discharge heat from 23 April to A_August, the
catches at the mouth of Oyster Creek declined and were similar to ér
less than those at the other stations. The bay anchovy, spot, and
winter flounder were common at all stations, although the total catch of
the latter declined considerably at all stations during August,

Some 89.9%Z (n = 5,297) of the bay anchovy were collected from. May
through Augusf, and most (89.2%) of these were taken by trawl., Only
seven specimens were taken from November through March. The bay anchovy
was less common at the mouth of Oyster Creek than at the other stations
wﬁen OCGS was shut down.

Almost all of thé Atlantic silverside were taken by 12.2-m seine
(52.8% of all Atlantic silverside) and 45.7-m_seine (46.8%) . Over one-
third of the specimens were captured in March (n = 1,556) when several
large catches were made at the mouth of Oyster Creek at night. It was
common thrbughout the Bay in July (n = 829), December (569), and August
(567), but very few were taken iﬁ January (5), February (105, and_Juné
(18). cCatches of Atlanﬁic silverside by the 45.7—m seine were largést
in December and froﬁ March through May; most specimens were adults. In
contrast the largest catches of the smaller mesh 12.2-m seine were in
.July and August, and most of these fish were young.

The spot was most common in July (44.0% of all spoﬁ, n = 463), but
few were collected from December through_June (3.8%, 40). it was primarily
taken by 4,9—m trawl (62.72)7and 45.7—m.$eine (53.5%), and it was most

common at the mouth of Forked River and Oyster Creek.
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The.winter flounder was common in May (12.9% of all winter flounder,_
n = 170), June (54.5%, 718), and July (20.5%, 270), but only one specimen
was taken in August. All of these fish were young. Adults comprised
most of the winter floundér collected in December (n = 36), March (52),
and April (38). Most specimens were captured by 45.7-m seine (48.1%)
and 4,9-m trawl (43.7Z). Young were.most common at Forked River, aﬂd
the fewest were taken at Double Creek. The catch at the mouth of Oyster
Creek and Forked River was comparable, but OCGS was not in dperation
when young were most abundant.

Mést sand shrimp were taken in December (40.1%, n = 4,240), March
(15.1%, 1,600), April (10.0%; 1,061), and May (15.2%; 1,608). Although
relatively uncommon during January (0.8%Z, n = 80) and February (2.6%,
276), it was still the most numerous organism taken in those months.

Most specimens (51.5%) were taken by 12.2-m seine. It appeared to be
attracted to Oyster Creek in December and generally avoided the heated
dischargé in August.

Relatively few blue crab were taken by trawl; most (51.7%) were
taken by 95.7-m seine. It was most common in October (17.0%, n = 142),
July (22.4%; 187), and August (15.8%, 132). Few were taken from December

through April (8.9%, n = 74) with most of these collected at the mouth

"of Oyster Creek.
Comparison Between Years

The fish community in Barnegat Bay in 1975-76 and from 1966 through

1972 (Marcellus 1972, McClain 1973) was discussed by Danila (1977b).
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Although the catch in 1976-77 generally was dominated by the same few
fishes as in 1975-76, major changes in the abundance of some species
occurred between these 2 years. Some increases'in abundance (e.g.,
Atlantic needlefish, jacks) and decreases in abundance (e.é., Atlantic
menhaden) were due, in part, to the change in sampling gear from a gill
net in 1975-76 to a 45.7-m seine in 1976-77. 1In addition, the number of
stations and s;mpling frequency decreased from the first to fﬁe second
year. These differences were considered when éomparisons of the catch
éf a species wérg made betweep years, However, the incfeased abundance
of winter flounder and the decreased abundance of the Atlantic silverside,
fourspine stickleback, and blue crab from 1975-76 to 1976—77 represented
aétual differences in the abundance of these species. ﬁany fish popula-
tions have large annual fluctuations in abundance, and Marcellus (1972)
reported highly variable cétches of tﬁe'Atlantic silverside and other
fishes in Barnegat Bay during his 4-year studf. _

Many of the changes in abundance during 1976-77 were probably
attributable to environmental factors. Large year-to-year variations in
popﬁlatioﬁ of many fishes (e.g.,'spot) are prbbably due to ‘environmental
fluctuations that influence spawning success (Joseph 1972). The lérge
number of yoﬁng winter flounder produced in 1977 was.probably a result
of the cold winter of 1976-77. 1In Narragansett Bay, Rhode Island,

.Jeffries and Johnson (1974) found that 78% of the variation in the
abundance of the winter flounder popuiation was attributable to climatic
trends during the reproductive period. Substantial reproductive success

occurred in cold winters, while the reproductive success was poor during
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mild winters. The winter of 1976-77, in which a substantial number of

" young was produced in Barmegat Bay, was much colder than several previous
winters (barling 1977). Although many young were produced, predation by
bluefish and pérhaps other predators (e.g;, summer flounder and weakfish)
may have substantially reduced their numbers in August,

The severe winter of 1976-77 probably was also the most significant
factor in the reduction of the numbers of resident species such as the
Atlantic silverside, fourspine stickleback, and blue crab, 'However;
most individuals of common,.seasonally present fishes, (e.g., Atlantic
menhaden, bluefish, and spot) emigrated from the Bay and nearshore ocean

in fall and were locally not affected by the cold winter.
Collections in Forked River and Oyster Creek

March 1976 through March 1977

The surface water temperature was usually about 5 C warmer in
Oyster Creek than in Forked River and the largest differenge in tempera-
ture between the areas (7.9 C) occurred in April (Table C1-168,'Fig. C1-17).
The largest difference in temperature between adjacent stations occurred
between the station in the immediate viciﬁity of the OCGS discharge
(Sta. 26) and the station with the mixed flow of OCGS discharge and
ambient watér (Sta. 27) during November and February (7.6 and 7.5 C,
respectively).

From.March to April 1976, mean surface water temperature increased
from 12.9 to 21,8 C in Fofked River and from 15.8 to 29.7 C in Oyster

Creek, but these temperatures declined to 15.2 and 17.2 C, respectively,
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from April to May. Most sampling in May was done when OCGS had shutdown
briefly, and therefore some temperatures in Oyster Creek were near
ambient while others remained above ambient, The mean
temperature increased to 26,9 C in Forked River and 32.8 C in Oyster
Creek from May fo June and remained warm (> 23 C) through Seétember. A
rapid decrease occurred thereafter until the minimum temperature was
recorded in Fo:ked River (1.5 C) and in Oyster Creek (4.8) during January.

The combined catch by 2.7- and 5.9-m trawl and by gill neﬁ included
i89 collections in Oyster Créek and 177 in Forked River (Table C1-169).
The discrepancy in sampling effort was caused by ice cover in portions
of Forked River during'Janqary and February. Since only five specimens
were taken at the stations sampled in January and February, the total
catch for the.two are&s was compared directly without cdrrection for
Qissimilar effort. Specimens taken by gill net in the vicinity of 0CGS
discharge (Sta. 26) were not included in the total catch because no
station in Forked River was éomparable. Similarly, data from the seine
collections were not included because two stations (Sta. 28, 29) were
sampled in Oys;er Creek but only'one (47) in Forked River. Data from
these stations are discussed separately,

Based on total catch by trawl and gill net (Table C1-169), over
1,500 more.fish were taken in Oyster.Creek (n = 7,045; 36 species) than
Forked River (5,501; 31), and twice as many blue crab were taken in
Oyster Creek (1,401) than Forked River (650). However, more than five
times as many sand shrimp were taken in Forked River (1,792) than Oyster

Creek (336). The largest differences among fishes were in the catch of
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the Atlantic menhaden, spot, and winter flounder; at least twice as many .
specimens of each species were taken in Oyster Creek., The bay anchovy
and bluefish were also more abundant in Oyster Creek, and almost ail
herrings, white perch, and jacks were taken there. In contrast, four
times as many weakfish and more oyster toadfish, fourspine stickleback,
and tautog were taken in Forked River. Other fishes were taken too
infrequently for comparisons or were equally abundant in both areas.

The abundance of the catch by station and gear was also examined
seasonally to determine periods of either attraction or avoidance (Tables
C1-170 through C1-184), and the catch of the most numerous species was
summarized by season, gear, and area (Table C1-185). During spring
(Table C1-186) apd late summer (Table C1-187), the totél catch from
Forked River was larger than that from Oyster Creek. In spring, the

‘much larger number of sand shrimp caught in Forked River accounted for
most of this difference; the catch of fish, primarily the bay anchovy,
was similar between the two areas. In late summér, more Atlantic menhaden,
bay anchovy, weakfish, and sand shrimp were collected in forked River.
However during early and mid-summer (Table C1-188), fall (Table C1-189),
and winter (Table C1-190), the total catch was larger in Oyster Creek
with the Atlantic menhaden, bay anchovy, spot, and blue crab more
numerous there than in Forked River, The bluefish was more common in
Oyster Creek during fall, and the winter flounder was more abundant
there in winter,

Most collections with the 45.7-m seine were dominated by one or two

species (Tables C1-191 through Cl1-195). The dominance of the Atlantic
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silverside during spring and the collecfion of the Atlantic needlefish
énd mullets in Oyster Creek were the greatest differences in catch
between the seine and the trawls.

Fewer specimens were taken by 45.7-m seine at the station in Fbrked
River than at either station in Oyster Creek,.and differences between
‘the two éreas were largest in fall. Attraction to Oyster C:eek was
demonstrated by the larger number of the Atlan;ic menhaden, crevalle
jack, spot, mullets, and blue crab taken there. 1In latg summer, however,
the bay anchovy, winter flounder, and sand shrimp appeared to avoid
Oyster Creek. TFew organisms were taken at any station in winter.

Catches by gill net near the OCGS discharge (Sta. 26) were not
directly comparable over time because a 91.4~m gill net was used on the
first four sampling dates and the sémpling_duration differed. However, "
the data demonstrated the species composition and relative abundance of
fishes in the warmest area of the heated discharge (Table C1-196). The
Atlanfic menhaden and bluefiéh_were most common, and they were most
abundant in fall and winter. A few lérge catches of the spot and blue

crab were made in July and August, but few other fishes were taken then.

May through August 1977

Samples were taken at all stations from 31 ﬁay through 2 June and
~on 18 and 19 Julf when OCGS was not in operation. Samples were agdin
taken on 15 and 16 August about 2 weeks after OCGS resumed operation,
Water temperaturé was similar in ;he two areas in May-June-and July

(Table C1-168, Fig. C1-17). Although the mean temperature in Oyster
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‘Creek during August was 4.3 C warmer than that in Forked River, the
ambient water temperature was higher in July (29.1 C) than August (26.2).
Consequently, tHe water témperature in Oyster Creek wés similar in July
(29.5 C) and August (30.5). |

A summary of the catches of the most numerous species taken by 4.9-m
trawl, 2.7-m trawl, and gill net indicated that differences between |
the éhutdown and operational periods varied for individual species.
(Table C1-197). More Atlantic menhadén were taken in Oyster Creek
regardless of OCGS operation. The large number.of sand shrimp (n = 78)
and blue crab (48) taken in Forked River during July by 2.7-m traw; was
biased by one large collection of these organisms (78 sand shfimp, 26
blue crab) in a haul made very close to the rip-rap on the bank rather
than in the main channel. A few sand shrimp were taken in Oyster Creek
in May and_June, but none were collected af;erwards. The catch of the
bay anchovy in May-June and July was similar between areaé, but twice as
many bay anchovy were taken in Forked River than Oyster Creek in August,
More young of the wintér flounder were taken by trawl in Forked River
(n = 40) thén Oyster Creek (19) from May through Jply, but more were
taken by 45.7-m seine at one station (Sta. 29) in Oyster Creek (n = 106)
than at Sta, 53 in Forked River (20). None were taken at any station in
August.

The spot showed the greatest change in distribution when OCGS began
operation. When OCGS w#s shut down in July, a few more were taken in
Forked River (n = 110) than in Oyster Creek (87); but a.larger number

was taken in Oyster Creek (81) than Forked River (11) in August. This
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difference was apparent in the immediate vicinit& of the OCGS discharge
(Sta. 26) where more were taken by 2.7-m trawl in August (n = 68, bottom
wéter temperature of 32.3 C) than July (29, 28.6.C).

Large differences in catch by gill net (Table C1-196) occurred in
the vicinity of the OCGS discharge (Sta. 26). Although 33 bluefish énd
15 blue crab were taken in July (surface water temperature of.28.,5 C),
only 1 bluefish was captured in August (34.1 C).

The water temperatures at stations sampled with the. 45.7-m seine
during July (28.4 to 29.5 C) and August (30.0) were similar, but catches
were much different, This difference in catch ma& be attributed, in
part,'to differences in current. A large catch of the spot, white
mullet, winter flounder, and blue crab was ﬁade at the mouth of Oyster.
Creek (Sta. 29) in July (29.5 C). However,"in August (30.0 C) when the
current was substaﬁtial at this station, most spot and white mullet were

taken upstream (Sta, 28) in an area with less current (30.0 C).

Effect of the 0CGS dischargé on abundant organisms

The distribution and abundance of the mdét numerous species with
respect to the O0CGS heaﬁed dischargé are discussed below (Tables C1-198,
C1-199). The conditon of selected fishes was also examined (Table C1-200).
Most data used in the analyses.are from collections made in Oyster Creek
and Forked River frﬁm March 1976 through March 1977. However, data from
collections made in western Barnegat Bay, particularly from the stations
at the mouth of 6yster Creek and Forked River, are used when appropriate
to further illustrate either attraction fo or avoidance of the heated

discharge,
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- The aistribution of important species by.the surface water temperature
(nearest whole degree) at which they were collected was expressed as the |
total number collected at a particular temperature divided by the number
of collections at that temperature. Distribution by temperature throughout
the year and during four monthly periods was examined to determine
periods of possible attraction to or avoidance of the heated discharge
(Tables C1-201 through C1-205). For comparative purposes, specimens
taken by gill net in the immediate vicinity of the OCGS discharge (Sta. 26)
were not included because no comparable station existed in Forked River.
However, this station had the warmesf water temperatures of any station
sampled, and the catch there was examined separately to help determine
temperatures of avoidance and attraction.

The AtlantiC'menhaden was one of the most numerous fishes collected
in the heafed discharge, and it was faken in all months. More were
taken in Oyster Creek and Forked River by gill net (n = 254) than by
eithér 4.9~m trawl (126) or 2.7-m trawl (80). Although no significant
differences were found in the gill net catch of Atlantic menhaden among
stafions or by date, individﬁals were attracted to the heated discharge,
and about twice as many were taken in Oyster Cfeek than Forked River.
Similarly, collections in western Barnegat Bay indicated that many more
Atlantic menhaden were taken at the mouth of Oyster Creek (n = 1585 than
at the mouth of Forked River (4), Cedar Creek (1), and Double Creek (2).

Seasonal differences in the distribution of Atlantic menhaden
within Oyster Creek were apparent. Atlantic menhaden that returnéd to

the Bay during late March and April were attracted to the OCGS discharge.
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The number of individuals in the immediate viciﬁity of the OCGS discharge
decreased after May, but Atlantic menhaden were abundant in the lower
pbrtion of the Creek and in the dilution pump discharge. The catch of
Atlantic menhaden in Oyster Creek east.of Route 9 was comparable to
similar areas of Forked River during early summef, but more specimens
were taken in Forked River during late summer as many fish avoided
temperatures above 30 C. However, a fe@,Atlantic menhaden were taken in
the immediate vicinity of the OCGS discharge at 36 C. After September,
almost all Atiantic menhaden were collected in Oyster Creek as the
' heated discharge attrac;ed fish emigrating from the Bay. From November
through eafly March, most specimens that overwintered were taken in the
immediate vicinity of the OCGS discharge by gill net. The largest catch:
was an estimated 1,348 Atlantip_menhaden’on 11 February;
Length—fréquency distributions of Atlaﬁtic menhaden for which
condition was determined are given in Tables C1-206 and C1-207. For
small (91 to 130 mm) Atlantic menhaden. taken from June through December,
significant différences were found among four stations east of Route 9.
Individuals examined from Oyster Creek were in better condition than
those at comparable stations in Forked River, and in both areas, specimens
collected in the main channel were in better condition than those in the
adjacgnt lagoon. Large (221 to 280 mm) Atlantic menhadenltaken in
Oyster Creek from March through November were in better condition at the
mouth of Oyster Creek (Sta. 50) than those taken eithef in the upper
Creek (15) 6r near the OCGS discharge (26). Né.difference was found

between the condition of speéimens 111 to 310 mm in length collected
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from the upper Creek and near the OCGS discharge from March through
December.

Conditioﬂ of Atlantic menhaden which overwintered near the 0CGS
discharge was examined frqm January through March. Although ANOVA
" indicated significant differences.for large (211 to 260 mm) Atlantic
menhaden, no difference in the mean condition was detected by the SNK
multiple range test. The mean monthly condition factors were not ordered
in any specific pattern, and differences.among the months wére small,
However, small (101 to 120 mm) fish were in significantly better condition
in January than during either February or'early March.

| The bay anchovy was the most ébundant fish taken in Oyster Creek

and Forked River. Almost all were collected by 4.9-m trawl, and the
largest catches occurred in spring. The largest mean catch occurred at
the Forked River lagoon (Sta. 46), an area of little current. ' Landry
and Strawn (1974) stated that the bay anchovy preferred areas of low
current. | |

The bay anchovy Qas attracted to the heated disqharge in Oyster
Creek during March and April upon its retérn to the Bay. Despite the
attraction to and the earlier collection of this fish in Oyster Creek, #
similar number was taken there (n = 3,785) and in Forked River (3,523)
duripg spring. The bay anchovy was more common in Oyster Creek during
‘early to mid-summer (n = 1,204) than in Forked River (457), but it
apparently avoided the.heated discharge in August aﬁd September when the
catch was larger in Forked River (404) than Oyster Creek (78). Catches

declined in fall, and no specimens were collected in winter., Although
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collections in Oyster Creek did not indicate that a large number of the
bay anchovy was attracted to and resided in Oyster Creek during winter,
some dead individuals were observed there in Dec;ﬁber 1976,

Most bay anchovy were taken at a temperature from 12 to 31 C, and
individﬁals may have avoided areas of OYSter Creek above 31 C in late
summer., Marcellus (1972) noted that his catch of young bay anchovy
decreased at the mouth of Oyster Creek after OCGS commenced operation,
and he'atfributed this decrease to increased temperature and current.
Chung (1977) listed the bay anchovy as a very heat sensitive fish.

' Based on its abundance in trawl and seine collectioné, Gallaway and
Strawn (1974) concluded that the bay anchovy preferred temperatures of
24,5 to 32.5 C although some were taken at 57.0 C.

Condition was calculated for bay anchovy 51 to 60 mm and 61 to
70 mm in length which were collected from March through August at all
trawl stations and at the seine station.(Sta. 475 in Eorked River (Téble C1-208).
Data from seine collections in Oyster Creek were sparse and were combined
.with data from trawl collections at adjacent stations. Condition was
not significantly different among most stations, but bay anchovy taken
in Forked River were in better condition than those from Oyster Creek.

The smallest mean condition values were found for the Oyster Creek
lagoop (Sta; 30) and the largest at the seine station (47) in Forked
River.

The bluefish was attracted to and collected almo#t exclusively in

Oyster Creek during May.and from November throﬁgh January. Most specimens

were taken by gill net. The bluefish was most abundant from June through
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Seﬁtember whén it was collected in similar numbers in Forked River and
in all areas of Oyster Creek except in the immediate vicinity of the
OCGS discharge. Many individuals also were found in the immedi#te
vicinity of the OCGS discharge during most of the year although they
were rare at a temperature above 32 C. The largest collections in the
OCGS discharge occurred from October through January as many individuals
overwintered in this area.

The distribution of bluefish in Oyster Creek and Forked Rivér
limited analysis of condifion because.large individﬁals were taken only
in the viciﬁity of the OCGS discharge and no bluéfiéh were taken ip
Forked River after September. Data from all stations (except Sta, 26)
in each area were combined; the condition of 150 to 190-mm bluefish
collected in Oystér Creek and in Forked River from July thréugh September
was not significantly different.

The'jécks (primarily crevalle jack with some blue ruﬁner, lookdowmn,
and bigeye scad) were attracted to and taken almdst excluéively.in
Oyster Creek from July to October. Although many specimeﬁs remained in
Oyster Creek in fall, most probably died‘dufing winter when the temperature
declined below about 9 C. Mortalities of jacks were noted during OCGS
_shutdowns in Nermber 1975 (ambient Bay temperature of about 7.8 C,

Tatham and Metzger 1976) and in October 1977 (11.7 C). Hoff (1971)
reported mortaiity of fhe crevalle jack in the Slocum River, Méssachusetts
when the ambient water témperatu;e decreased to 7.4 to 9.0 C; live fish

were collected in an adjacent area at a temperature of 9.8 to 10.9 C.
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Weakfish, mdstly young, were taken primarily in late summer in
Forked River. Most were collected by 4.9-m trawl, and they were collected
in Forked River at a temperature of 20.9 to 28.6 C. Young may have
avoided the higher water temperature in Oyster Creek (25.4 to 33.3 C) at
this time, and most were taken there at a température'of 31 C or less.
However, larger individuals, mostly adults, were occasionally taken in
the heated discharge by gill net and were observed in Oyster Creek and
near the OCGS discharge from.late April through early December. One
specimen was taken by 2.7-m trawl near the OCGS discharge at. a surface
- temperature of 36.1 C and a bottom temperature 34.3 C. Some adults were
attracted to Oyster Creek in October, and although no fish were collected
at temperatures less than 12 C, some weakfish apparently overwintered as

mortality of a few individuals was noted in December and January,

andition data from juvepile weakfish (45 to 215 mm) takeﬁ throughout
Oyster Creek from August thropgh October were compared with those in
Forked River east (Sta. 6, 45, 46, 47):and west (48 and 49) of Route 9.
No.significant differences were found.

The spot was attracfed to the OCGS heated.discharge_to a greater
extent than most other fishes. Over the year, some 1,199 spot were
taken in Oyster Creek as compared to 463 individuals in Forked River.
Catch by 4.9-m trawl was nearly equal in Oyster Creék (n = 384) and
Forked River (388), and the catch by gill net was not significantly
different among the stations in ﬁoth areas. The substantial difference

in catch between the two areas therefore was attributed to differences
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in catch with the 2.7-m trawl west of Route 9. Most of the 721 spot

taken by trawl in this area of Oyster Creek were_collecfed near the OCGS
discharge (Sta. 26) as coﬁpared to only 37 individualé taken in Forked
River west of Route 9. Most individuals coliected_near the OCGS discharge
were takeﬁ from June through September, and this indicated an attraction
to the immediate vicinity of the OCGS discharge despite the fast current
theré. In Forked River, the mean catch was 1§rgest in the lagoon (Sta. 46)
and smallest at the stations with the greatest current (6 and.45).

Collections in western Barnegat Bay further illustrated the attraction
of the spot to the OCGS discharge. Although more individuals were taken
at the mouth of Forked River (n = 480) than_at the mouth of Oyster Creek
(412), the spot was taken at Oystér Creek mouth in all months except
February and March while it was collected only from June through Novemﬁer
at Forked River mouth, In addition, about half.of the spot taken at the_
mouth of Forked River were collected in July 1977 when OCGS was shut
down and no specific attraction to Oyster Creek was noted. A large
number of spot were attfacted to and collected at the mouth of Oyster
Creek wheﬁ 0CGS resumed operations in Aughsf.

Although common in Oyster Creek during summer, the spot may have
avoided temberaturesnabove about 33.5 C. Landry (1977) found it was one
of the two fishes to establish a well defined resident population in the
heated diécharge of the P, H. Robinson'Genefating Station near Galveston,
Texas, He reported that many individuals left the discharge canal when
the water temperafure exgeeded 32 C, and some dead or sfressed.individuals

were taken at temperatures of 35 to 40 C.
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Few spot were taken in Forked River when the water temperature was
below 12 C. Pacheco (1959) reported that the spot left Chesapeake Bay
when the temperature fell below 10 C. Some over&intering individuals
.were taken in Oyster Creek at a temperature of 4 to 12 C during December
and Jgnuary. Spot have been taken in southern estuaries at a temperature
as low as 5 C (Dawson 1958, Perret et al. 1971, Christmas and Waller 1973).

The winter flounder was collected in Oyster Creek_during'all months,
and its attraction to and avoidance of the heated discharge vgried with
season and life stage. Adults weré numerous near O0CGS (Sta; 26 and 27)
from December through March. Although one'large collection of adults
was made at a water temperature of 14,6 C, adults were most common in
Oyster Creek at a water temperature of 5 to.10 C, and noné were colleéted'
above 15 C. McCracken (1963) reported that older winter flounder preferred
a temperéture of 12 to 15 C. Mature winter flounder emigrated from the
Bay in April. | |

Most young winter flounder apparently avoided Oyster Creek in July
and August 1976 when OCGS was in operation and the water temperature
exceeded 24 C, However, other factors (e.g., current) may have been
more importént then temperature in the distribution of young. Young
were taken in the Bay at a temperature as high as 30.4 C and in Oyster
Creek af a.temperature as high as 30.0 C in July 1977 when OCGS was not
in operation and curfent was reduced. These temperatures were greater
than the reported avoidance temperature for young (about 26.7 C) and age
1+ winter flounder (24,1 C) during summer, and they were just below the
avoidance breakdown temperature of young (30.6 fo 31.1 C, Gift and

Westman 1971).
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Condition of young and small adult (90 to 210 mm) winter flounder
was analyzed for specimens taken in Oyster Creek east (Sta. 15, 28, 29,
30, 50) and west (26, 27) of Route 9 and in Forked River near OCGS (48,
49) from October through March. No significant differences were found.-

The sand shrimp was usually more common in Forked River than Oyster
Creek; The largest differences in abundance occurred in the areas west
of Route 9 where significantly fewer shrimp were taken by 2.7-m trawl in
Oyster Creek (n = 58) than Forked-River (714). Other factors besides
water temperature may have affected the distributioﬁ of the sand shrimp
as it was also more common in Forked River when OCGS was not in operation.

The largest catches occurred in spring when 1,405 sand shrimp were
taken in Forked River and 285 individuals in Oyster Creek. The sand
shrimp apparently avoided Oyster Creek during summer when water temperatures
Qere above 28 C, aﬁd only four specimens were ;aken there from June
through September. Some 329 sand shrimp were taken in Forked River
during the séme period. Large catcpes of the sand shrimp were made at
the mouth of Oyster Creek in Décémber when ambient Bay temperatures were
low, and these large collectidns'méy have indicated attraction to the
heated discharge.

Thé blue crab was taken by all gear from léte.March through December.
The é;tréctiqﬁ-of this species to Oyster Creek was illustrated by.the
significantly greater number of crabs taken by 2.7-m ;rawl near the OCGS
discharge (Sta. 26) and by 4.7-m trawl and gill net in the upper Creek

(15) than at corresponding stations in Forked River and at other stations

in Oyster Creek.
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Mean monthly catch of blue crab by 2.7-m frawl was similar in the
two areas from May through October, but catch by 4.9-m trawl declined
from August through December. None were taken S& gill net after September.
This deciine in abundance during fall indicated a reduction in activity
as many individuals burrowed into bottom sediment to overwinter. The
blue crab was rare at temperatures below 12 C in Oyster Cfeek, and
apparently none remained active in the OCGS discharge during winter
regardless of the discharge temperature.

The blue crab was tolerant of high temperature and was collected at
a temperature as great as 36 C. Chung (1977) reported that the blue
crab was very heat tolerant. Based on collections in the discharge
canal of the P. H. Robinson Generating Station near Galveston, Texas,
Margraf (1977) found that the upper lethal temperature of the blue crab
was 40.0 C, but he noted thaf most specimens were taken at a temperature
less than 37.5 C, Ih studies conducted in Great Bay, New Jersey, Gift
and Westman (1971) found that the upper avoidance breakdown temperature
of adults was 39.2 C and that of juvehiles was 40.0 C. Several instances.
of OCGS—indchd mortalities were observed, but the number.of blue créb

killed was relatively small,

Observations of Mortalities

" All but oné specimen of the dead or stressed organisms observed
either in collgction gear, in the wafer, of along the shore were found
in Oyster Creek (Table C1-209). Although ﬁortalities of 15 species were
noted, the mortality of most species wés limited to a few specimens.

Mortalities of the bay anchovy and blue crab were observed most frequently.
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Although some indiviudals died from temperature shock associated with
the operation of OCGS, some specimens collected in the immediate vicinity -
of the OCGS discharge (Sta. 26 and 27) may.have died froﬁ impingement on
either the OCGS screens {(Appendix D1, Section D1.11) or the condenser
tube sheet . - and then were releaséd into Oyster Creek.

On 21 and 22 April 1976, mortality of five species of fish and two
craBs was noted throughout Oyster Creek. Several thousand dead blue
crab were estimated along the banks of Oyster Creek. Althoﬁgh only a
few dead fish were collected, many gulls were observed feeding on fish
floating on the surface. However, many live bay anchovy were taken in
Oyster Creek east of Route 9, and live northern pipefish, sand shrimp,
and blue crab were relatively common. Only a few live blue crab were
taken west of Route 9.where it was psually common during most other
months (Tables C1-175 through C1-178).

It was possible that some of the observed mortalities were due to
heat shock from.the increaée in the water temperature in Oyster Creek
frpm 17 to 20 April. This increase resulted from the combination of a
rapid rise in ambient temperature and an abrupt decrease in dilution
flow. From 17 to 20 April, ambient Bay temperature increased from 15.6
to 21.1 C (D. R. Weigle, personal communication), and corresponding

.increases were observed in the OCGS discharge (21.7 to 29.4 C) and at
the Route 9 bridge iﬁ Oyster Creek (16.1 to 22.8 C). On.l9 April, ome
of the two dilution pumps in operation was shut off in accordance with
normal OCGS operating procedures (Fig. C1-18), and the associated

temperature increase may have been as great as 1.3 C (Lawler et al, 1978).
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The total increase in temperature from 17 April until the shutdown of
the one dilution pump on 19 April was 6.7 C.

When OCGS shut down briefiy on the morning Af 4 May 1976 (Fig C1-18),
the temperature in the OCGS discharge dropped from 24 C to 15 C in about
30 min. However, the heated water discharged just prior to the shutdown
remained in Oyster Creek (19.5 C) when collections were made east of
Routg 9 (Sta. 15, 30, and 50) ;ater in the morning. By afternoonm, -
temperatures throughout Oyster Creek had declined to about 15 C although
it was 19.9 C in the lagoon (Sta. 30). No mortalities were noted in
sampling on 4 and 5 May, but the mobility of blue.créb taken during
sampling was reduced coﬁsiderably. |

Low water temperature may have caused.ﬁortality'of an unestimated.
number of bay anchovy that were observed 1n-tﬁe shore zone of Oyster
Creek in early December 1976. Ambient temperatures in the Bay were near
0 C in the first week of December, and temperatures in Oyster Creek were
below 10 c. The LT

50
to be 6.4 C (Table C1-211).

of bay anchovy acclimated to 10.0 C was calculated

Obéervations were made throughout Oyster Creek and adjécent lagoons
on 26 and 27 April 1977 éfter a scheduled OCGS.shutdown on 23 April.
The average OCGS discharge temperature decreased from 26,1 C on 22 April
to 21.1 C oﬁ 23 April, and it was 18.3 C on 25 April. The temperature
at the Route 9 bridge decreased from 21.1 to 16.1 C during the same
period, and the ambient temperature ranged from 20.6 to 16.1 C (D. R.
Weigle, perSonal communication). Approximately 80 dead blue crab were

observed along the shoreline at the mouth of Oyster Creek. Throughout
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the Creek, gulls were observed feeding on fish (possibly Atlantic
menhaden) that floated or swam sluggishly near the surface. The total
number of stressed or dgad fish could not be estimated, but it did not
appear large. o |

Other mortalities were observed but no obvious cause was found.
Eleven dead and'decomposing bluefish and one dead blue crab were taken
in the vicinity of the OCGS discharge on 15 August 1977 but the source
of these specimens was unknown. One dead weakfish waé observed in’
| Oyster Creek on both 7 Decémber and 11 January. Both indiyiduals were
attracted to and remained in Oystef'Creek during fall instead of emigrating
from the Bay. Since OCGS operated througﬁout this period, it is doubtful
tﬁat a2 sudden cold shock was responsible for this mortality. As with
jacks, the temperature of the heated discharge may have declined below

the lower lethal temperature of these individuals.

Summary

A major emphasis of this study was to examine the distribution of
fisheé, blue crab, and sand shrimp in Oyster Creek and té'determine
their interaction with the heated discharge. When 0C¢S was in operation,
more fish and blue crab were taken in Oyster Creek than in comparable
areas of Forked River over the year, .Largest differences occurred in
spring, fall, and winter aﬂd were attributed to attraction of organisms
to the heated'discharge. The Atlantic menhaden, bay anchovy, Atlantic
needlefish; bluefish, jacks, spot, énd winter flounder were the most
abundant fishes attracted to Oyster Creek. The'temperéture, time, and

degree of attraction to Oyster Creek varied by species. Other factors
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such as current and habitat preference also seemed to influence relative
abundance of some species (e.g., winter floundgr, sand shrimp) between
Oyster Creek and Forked River. In addition, many fish and macroinverte-
brates introduced into Oyster Creek afﬁer either impingement on the OCGS
screené (Appendix D1, Section D1.11) or passage.through the dilution
pumps (Appendix D1, Section D1.12) may have remained in Oyster Creek.

Attraction usually occurred upon the return of a species to fﬁe Bay
or, in the case of the blue crab, upoﬁ emergence from the bottom sediment.
During the year, many fishes feturning to the Bay were firsf collected
in or at the moutﬁ of Oyster Creek. Some fishes, sﬁéh as the Atlanﬁic
needlefisﬂ, jacks,_and mullets, were takenlalmost exclusively in Oyster
Creek. .The attraction of resident fishes, such as the Atlantic silverside
and killifishes, was noted by Marcellus (1972). Observations of many
individuals of theée fishes were made during this study, but féw were
captured because of their distribution in the shore zoné, their small
size, and the gear used in this study. Two other resident_fishes, the
fourspine stickleback and northern pipefish, were evidently not attraéted
to Oyster Creek.- |

Attraction was greatest in spring, fall, and winter when most
species preferred the water temperature in Oyster Creek, Attraction in
fall caused some fish that migrate to remain in Oyster Creek. The
Atlantic menhaden, bluefish, jacks, weakfish, spot and probably bay
anchovy were the most numerous fishes attracted. Apparently only the
Atlantic menhaden, bluefish,_and spot successfully overwintered because

no evidence existed that any bay ancho&y,_jacks, or a substantial number
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of weakfish were present during spring even wﬁen OCGS operated throughout -
the winter, Even with the addition of a heated‘discharge (delta T of 9

to 10 C), temperatures from December 1976'thfbugh February:1977 avefaged
6.7 C at the Route 9 bridge and 11.5 C in the immediate vicinity of the
0CGS dischargé. 'However, except for the undiluted OCGS discharge, fhe
temperature in most of Oyster Creek may be below the thermal tolerances

of some fishes. Residence in the heated discharge during winte; hés
caused mortalities of some fish during OCGS shutdown, but the cessation

of dilution pumping during winter shutdowns apparently.mitiéated these
mortalities (Tatham and Metzger 1976).

In 1976, most avoidance of Oysfer Creek occu;red in late summer
when water temperatures were warmest, and more individuals of many
species were found in Forked River.at that time. When OCGS was not in
'operation, however, the catch in both areas was generally similar. Sand
shfimp énd young weékfish avoided Oyster Creek to.the greatest extent in
summer, but the absence of individuals of some éther species may be
attributable to other factors. Predation may have been important, to

some extent, in reducing the number of sand shrimp in Oyster'Creek,

Few fourspine stickleback and northern pipefish were found

in Oyster Creek, but the lack of vegetation also'may have been an important

factor contributing to their low abundance{

When water temperatures in the-immediéte vicinity of the OCGS
discharge were maximum, most Atlantic menhaden,_bay anchovy, bluefish,
spot, and blue crab avoided the warmest portions of Oyster Creek.

Avoidance temperatures of several species determined from field collections
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were similar to those reported by other workers. For most fishes the
avoidance temperature was approximately 31.0 to 33.5 C.

Winter flounder adults were attracted to Oyéter Creek in late fall
upon their return to the Bay, and they remained throughout winter. In
spring adults left Oyster Creek when water temperétureé exceeded 14 or
15 C. Based on field collections, young apparently avoided Oyster Creek
in the summer of 1976 when OCGS was in opera;ion and the temperature was
about.24 C, but young were found there in warmer ambient water (30.0 C)
during the sumﬁer of 1977 when OCGS was shut down. Therefore, other
factors (e.g., current) may also have been important to the distribution
of young. |

Residence in the heated discharge may affect the condition or
relative well-being of fish foqnd there. Marcy (1976) found that changes
in condition'anﬂ rafe of growth of fishes that resided in thermél |
discharges varied among species and geogréphical locatipﬁ. Different
physiological résponses to water temperature, current, availability of
food, COmpetition; and other factors probably interact to determine the
condition of an individual fish. In the OCGS heated discharge, no .
significaﬁt differences in the condition of small bluefish, weakfish;
and winter flounder were found betweén Oyster Creek and Forked River,
and small Atiantic menhaden were in significantly better condition in
Oyster Creek than comparable stations in Forked River. Although'bay
anchovy taken in Forked River tended to be in better coﬁdition than
those in Oysﬁer Creek, this difference was not gignificant. Fish found

in the immediate vicinity of the OCGS discharge generally were in similar

Cl-399



condition to those downstream. The condition of large Atlantic menhaden
that overwintered in the heated discharge did not change although the

condition of smaller individuals decreased through the winter.
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C1.18 EFFECT OF SUDDEN TEMPERATURE CHANGES ON FISHES AND MACROINVERTEBRATES

Introduction

The heated water discharged by OCGS has several direct effects on
fin-.and shellfish in Barnegat Bay. Organisms impinged on the traveling
screens or passed through the dilution pumps are introduced into ambient
temperature water in the discharge of the dilution pumps (Fig. Cl—19j.
This water and the heated water_discharged from OCGS remain fairly
discrete in the upper 60 m of the discharge canal, and therefore, organisms’
introduced into the dilution pump discharge may not be exposed to the |
maximum discharge temperature, However, the only route by which organisms
can leave the area of the dilution pump discharge is via the mixed flow
of ambient and heated water, 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. Roche, personal communication).
Since OCGS began operation in 1969, two incidences qf heat—shock mortality
have been reported, but these were under unusual operating or natural
conditions.

Fishes attracted to and residing in the heated dischérge from
October through March may be subject to cooler, ambient temperature
water if OCGS shuts down. From January 1972 to February 1975, the

winter shutdowns of OCGS and the subsequent rapid cooling of the water
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Cne C)js'{‘e-r Creek have ecunlted (n
wiorta ! /{-\) 0 ‘p f( s heg P pm'mow ‘ /j The-
Atlantic menhaden. However, recent operational changes (i.e., cessation
of dilution pumping immediately after shutdown) h;vé_apparently deéfeased
mortality of fishes from cold shock during winter'shu;downs.

The objectives of this study was to determine the effect of a
su&den increaSe or decrease in temperature (delta T) on important fishes
and macroinvertebrates acclimated to rising or relatively constant water
teméerature in ﬁarnegat Bay. HeAt-shock temperatures lethal to 50% of
the organisms (LTsd) were determined fof some species at ambient tempera-
tures of 5.0, 10.0, 15.0, 20.0, and 25.0 C, and cold-shock LTSO's were
determined for some species at ambient temperatures at 5.0, 10.0, and
15.0 C. |

From February through August 1977,-L'I‘50,s were determined at the
Ofster Creek Experimental Laboratory in a closed system with relatively
good température control. Prior to September 1976, heat-shoék bioaséays
wéfe conducted in a flow-through systéﬁ at the fluctuating temperature

of the water discharged from OCGS (Powers 1977).

Materials and Methods:

The 15.2 x 3.0-m mobile experimental laboratory located at OCGS was
designed to test the heat and cold shock of organisms acclimated to a
water ;emﬁeratpre from 5.0 to 30.0 C. The labdratory was divided into a
holdiﬁg facility and three (heat-shock, pold-shock; and control) test
facilities (Fig; C1-20). Water for the experimental systems was initially
, obéained from the discharge of the dilution bumps at the OCGS. Water
used to :epleniSh the systems c#me either from this area or was fresh

water that had cured for at least 48 h prior to addition to the system.
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Each test facility had an independent water systeﬁ which included a
mechanical-blological stack filter. &Each filter ;onsisfed of a 79 x 66
x 94-cm filter box and 37 x 66 x 94-cm temperature control box. The
fil:er box contained an upper layer of 5 to 20-mm pebbles, a middle
layer of 1 to é-ﬁm dolomite particles, and a lower layer of fine silica
sand., Water entered the filter box, percolated through the various
layers, and drained into the temperature control box where the tempefature
was controlled by either a YSI model 73 RC (+ 0.6 C) or model 71 A (+
0.5 C) temperatufe 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 unif._
.-WatEr was pumped from the temperaﬁure control box of the filter to
-ei;hef the holding facility or the three test facilities. The holding
_ faéility contained 2, 900-liter circular and 6, 200-liter oval fiberglass
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 plasﬁic grate or plastic mesh screen. Watér from the
chambers 6verf10wéd through standpipes and was gravity returned to the
apprépriate filter.
The temperatufe in the control chamber of a test facility was the’
'temperaturé to ﬁhich the.organisms were acclimated., Each temperature-
shock facility had water at three different temperatures. The water in
_ thé temperature ;ontrol box of each test facility was set to the greatest
cold-shock or the smallest heat-shock temperature to be tested, and.the

other two test temperatures were produced by two step-up baths between
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the temperature control box and the test chambers (Fig. C1-20). Each.
61.0 x 30.5 x 55.9-cm step;ﬁp bath was divided in half, and each half
had two series of vertical baffles. One-third of the water from the
‘temperature con;rol box bypassed the bath and went to one of the three
test chambers. The othef two-thirds were diverted into the two halves
of the step-up bath, and in each half of the bath, the other two test
temperaturés Qere pbtained by heating the water with a series of 4;
l;OOO—watt Vycor immersion heaters. The last heater in each side of the
bath was regulated by a YSI model 73 RC temperature controller and a
1,000-watt rheostat which was used either alone or in conjunction with
the other heaters to maintéin the desired tgmperatﬁre. Water from each
half of the bath went to the other_two:chémbers of the test facility.
The temperature in thé test chamber was continuously monitored for ﬁhe
duration of the test by a Leeds and Nbrthrup Speedomax W Reéorder;

Specimens were collected with a 4.9-m semibalioon trawl with the
codend médified to reduce collection stress, a 12.2'x 1.5-m beach seine,
allx1l.1x1l,2-m pif sampler with 10.7-mm wire mésh, a 1.5-m cast
net, or a 1-m diameter 1lift net. All Specimens were brought to the
- laboratory in either a 56-liter insulated cooler or a 1,000-1liter ;rénsport
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 of < 3 C/h) from the temperature at which they were collected to
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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 ﬁ prior to
‘testing. |

Lighting in the test facility was provided by cool-white flourescent
lights and an automatic timer which coincided Vith the nafural photoperiod.
Specimens in the holding facility were maintained at ambient light '
levels under natural photoperiod..

Organisms were fed preferentially on a variety of foods: chopped
| fish, briﬁe shrimp, and commercially-prepared flake (fetramiﬁ) or pellet
(Purina #4 floatér) foqd. Organisms were not fed during or 24 h prior
to a test.

For all species, handling during collection and testing was minimized.
A scoop méde'from a 4-liter plastic bottle was used to transport organiéms
from the collection gear to coolers and from the holding tank to the
test aquarium, Individuals sﬁowing 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 per aquarium varied.with the size and availability of organisms,
an attempt was.made to plgce an equal'nﬁmber of specimens in eacﬁ aquérium.
One chambér (two aquaria) in the control facility served as a control
for the heat-shock teét and a second chamber as a control for the cold-
shock'testf. The temperature at which 50% of the organisms died (LTSO’

American Public Health Assoc. et al. 1971) was calculated by the following
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formulae:

" - Y1 - Yz
X, - X2
N 50 - Y1 + MXl
50 M
.Yl = gmallest mortality (%) greater than 50%.
Y2 = greatest mortality (%) less than 50%.
Xl = mean temperature at which Y. occurred.
X2 = mean temperature at which Y2 occurred.

Heat-shock tests were conducted for 48 h and cold-shock tests for
96 h. Observations were made continubusly for the first hour; hourly to
4 h; at 6, 8, and 24.b; and th#ee ﬁimes daily to the end of the test.
. Mortality, loss of équiliﬁrium, and any other significant event were
noted at each observation. Mortality was defined as either lack of
opefcular movement for 5 min or no reaction when probed vigorously with
é glass rod. The inability of an organism to maintain its ﬁormal
orientation.was coﬂsidered loss of equilibrium, A test was invalid if
moré than 20% of the organisms in the control died for reasons other
than mechanical failure of thé éyétem, and invalid data were not.pfesented.
' Temperature (at the first hourly observation and at evefy observation .
thereafter), dissolved oxygen level, saiinity, pH; and_hydrogen sulfide
leve; were determined daily throughout the test to insure that the water
quaiity was similar bétween the test faéilities.

Length of most specimens was measured to the nearest 0.1 mm with
&ial calipérs. Fishes larger than 185 mm Qere measured to the nearest

1 mm on a blocked measuring board. The length of all fishes was measured
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from the snout to the proximal portion of the central rays of the caudal
fin. The carapace width (distance.between the endg.of the anterolateral
spines) of the blue crab and total length (dis;énce from the anterior

end of the spine on the antennal scale to the posterior tip of.the.
telson) of the sand shrimp were determined to the nearest 0.1 mm,
Individuals Qere weighed to the nearest O.i g with an Ohaus Autogram or
Dial—O—Cram balance. Specimens of the sand shrimp were weighed té'thé

 nearest 0.01 g on an Ohaus Cent-0-Gram balance.
Results

Heat-shock and cold-shock studies conducted from March through
August 1977 are summarized in Table C1-210 and C1-211. This summary

includes only'tests for which LT,.'s were determined, but data from all

50
valid, individual tests are also presented (Tables Cl-212 through Cl-.

225).

Heat Shock
Niﬁe heat-shock tests were conducted with the sand shrimp at
acclimation temperatures of 5.0, 10.0, and 15.0 C (Table €1-212). At
5.0 and 10.0 C, little (s;iOZ) mortality occurred at the greatest delta.T's
(17.6 and 14.6 C, respectively). However at an acclimation temperature
of 15.0 C, 100% of the organisms exposed to é delta T of 14.2 C were
dea& at 48 h although no mortalities occurred at.a delta T of 11.0 C.
The LT50 for sand shrimp acclimated to 15;0 C was 27.6 C.

The blue crab acclimated to 19.0 or 20.0 C had little heat-shock

mortality at a shock temperature of 34.9 C or less, and those acclimated
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to 25.0 C had little mbrtality at 36.6 C.or léss (Table C1-213). At
both acclimation temperatures, mortality was observed at thé lowest test
temperagure (29.2 and 33.0 C, respectively), but this mortality was
attributed to cannabalism., Complete (100%) mortality occprred at both
acclimation temperatures when the tesf temperature exceeded 38.0 C. The

50
36.7 C, respectively.

LT.,. value for organisms acclimated to 20.0 and 25.0 C was 34.9 and

Atlantic menhaden (57.4 to 181.6 ﬁm) were tested at acclimation
temperatureé from 10.0 to 24.0 C (Tablg C1-214). At an acclimation
temperature of 10.0 C and test temperatures.from 20.9 to 26.9 C, ﬁbrtality
‘was 50% or greaterﬂ When Atlantic menhaden acclimated to 14.0 C were
subjeéted_to a delta T of 17.0 C, all fish died within 0.5 hours; the
LT50 for this acclimation temperature was:29.7 C. Young of the Atlantic
menhaden'wefe acclimated to 20.0 C and were exposed to temperatures from
26.2 to 31.5 C; the.LT50 (29.6 C) was siﬁilar to that of fish acclimated
to 14.0 C. Young Atlantic menhaden acclimated to 24.0 C and exposed to
a temperature from 29.0Ito 33.0 C had an_LTso of 32.0 C..

Heat-shock tesfs-of-bay anchovy 18.7 to 78.9 mm in length were

conducted at an acclimation temperature of 10.0, 16.0, and 25.0 C (Table

Cl1-215). The LT_., of fish (44.6 to 73.8 mm) acclimated to 10.0 C was

50
23.9 C, and it was 27.1 C for individuals (42.7 to 78.9 mm) acclimated
to 16.0 C. At an acclimation temperature of 25.0 C, young of the bay
anchovy (18.7 to 29.9 mm) had an LT50 of 32,0 C.

The Atlantic silverside was tested at acclimation temperatures of

10.0, 15.0, 21.0, 22.0, and 25.0 C; both young and adults were tested at

cl-408



21.0 and 22.0 C (Table Cl—216); Atlantic silverside. (68.9 to 101.5 mm)

acclimated to 10.0 C had an LT., of 24,5 C, and 69.1 to 114.7-mm individuals

50
acclimated to 15.0 C had an LT50 of 29.8 C. Adults (48.4 to 108.8 mm)
"acclimated to 21.0 C had an LTSO of 28.9 C, and young (13.7 to 21.7 mm)
acclimated to 22.0 C had an L’I‘50 of 28.3 C. The highest LTSO (33.2 C)

was célculated for 33.1 to 64.4-mm fish acclimated to 25.0 C.
| Adult northern pipefish (114.5 to 239 mm) were tested at an aéclimation

temperature of 15.0 and 19.0 C (Table C1-217). At 15.0 C, no mortality
occurred at test temperatures as high as 29.1 C (delta'T of 14.1 C).
However, fish acclimated to 19.0 C had 20% mortality at a test temperature
of 29.0 C and 80% mortality at 32,0 C; the LT50 was 30.5 C.

Young of the bluefish acclimated to 20.0 C had no morﬁality at a
test temperature as high as 30.0 C (Table C1-218). However, bluefish
acclimated to 21.0 C had 100% mortality at a test temperature of 32.0 c,
and the LT_. was 29.2 C. At an acclimation temperature of 25.0 C, the

50

LISO was calculated as 31.3 C.

Winter flounder (73.7 to 158.5 mm) acclimated to 5.0 C and subjected
to a test temperature of 24.9 and 27.9 C had 100% mortality im 4 h and

0.2 h, respectively; the LT_., was 22.7 C (Table C1-219). Winter flounder

50

(103.7 to 181.0 mm) acclimated to 15.0 C had a LT ) of 27.4 C. All
young of the winter flounder (29.6 to 65.1 mm) acclimated to 20.0 C had

100% mortality at a temperature of 28;2 C or above; the LT50 was 27.0 C.

Cold Shock
Cold-shock tests on sand shrimp acclimated to 5.0 and 10.0 C produced

no mortality after 96 h (Table C1-220). These organisms were tested at
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a temperature of 1.5 C (10.0 C acclimation temperature).and.2.3 c (5.0 C),
and.these were the lowest temperatures that could be produced in the.
cold-shock facilities. |

' Atlantic menhaden (115.5 to 143.5 mm) acclimated to 10.0 C and
subjected to a test temperature of 3.9 C expe;ienced 10% mortality at
3 h, 90% mortality At 24 h, and 100% mortality at 32 h (Table C1-221).
Individuals (118.6 to 141.2 mm) acclimated to 14.0 C and exposed to test
temperatures of 5.3 and 9.2 C had 100% mortality (at 28 h) and 10%
mdrtality (96 h), respectively. The LTSO for these fish wés 7.5 C.
Young Atlantic menhaden acclimated te 20.0 C ﬁad IOCZ mortality after
48 h at a test temperature of 9}2 C; the LT50 was 11.1 C.

Individuals of the béy anchovy (46.9 to 67,0 mm) acclimated to

10.0 C had an LT of 6.4 C (Table C1-222). Although six tests were

50

conducted at acclimation temperatures of 14.0 to 16.0 C, no'LT50 waé

determined. At an acclimation tempéréture of 14.0 C, thé loweét test

;emperaﬁure (10.0 C) produced 26.3% mortality after 96 h. At an acclimation

temperature of 15.0 C and a test temperature of 10.5 C, 9.1% mortality |

occurred ;fter 72 h, and a powér féilure terminated the test at that

time. .At an acclimation femperature of 16.0 C and test temperature of

. .6.4 and 9.3 C,-mortality was 100% (at 24 h) and 73.7% (at 96 h), respectively.
When acclimated to 10.0 C, individuals of the Atlantic silverside

(66.3 to 106.4 mm) subjected to test temperatures of 3.1 and 6.0 C had

36.47% mor;alityfat both temperatures (Table Cl1-223). At.an.acclimation

temperéture.of 15.0 C, Atlantic silverside (74.0 to 102.1 mm) subjected
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to 7.2 and 11.2 C had little (< 10%) mortality. Young of the.Atlantic.
silverside (17.1 to 39.2 mm) acclimated to 21.0 C had less than 27,47
mortality at test temperatures from 12.7 to 16.8.C with the greatest
mortality at the lowest temperature. Young acclimated to 22.0 C and
exposed to 6.3 C had 100% mortality after 4 h; fish tested at 11,2 C had
50% mortality after 4 h and 100% mortality at 24 h. |

Northern pipefish (108.0 to 213 mm) acclimated.to 15.0 C had less
than 6% mortality at test temperatures of 7.1 and 10.9 C (Table C1-224),
One of the 20 individugls tested at 10.9 C died. |

Adult and young winter flounder acclimated to 6.0 and 20.0 C had no
loss of equilibrium or mortality at test temperatures from 1.0 to 11.2 C
(Table C1-225).

Discussion

The highest LT50 value calculated for the fishes tested was 33.2 C
for Atléntic silverside acclimated to 25.0 C., No fish surﬁive& more
than 24 h when subjected.to a temperature above 33.9 C regardless of
acclimation temperature, and as acclimation témperatures increased, the
delta T needed to cause an LT50 decreased. de Sylva (1969) noted that

most marine fish do not survive at temperatures above 35.0 C.

The LT, values determined for Atlantic menhaden in this study were

50
higher than the temperatures that Powers (1977) reported as lethal.
Only 20%Z of the Atlantic menhaden acclimated to 24.0 C and tested at_
31.1 C died; the LT50 of these fish was 32.0 C. Powers (1977) reported
that tempefatures exceeding 31.0 C were lethal to all Atlantic menhaden

that he tested under flow-through conditions. On three occasions in
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this study, some individuals survived through 48 h when the shock
temperature exceeded 31.0 C.

Meldrim et al. (1977) found that the avoid#nce temperature of the
Atlantic menhaden was directly related to acclimation.teﬁperature but
inversely related to size. Wyllie (1976) reported that 110 to 195~mm
Atlantic menhaden acclimated from 10.0 to 24.0 C avoided temperatures
from 28.4 to 32.2 C during periods of decreasing ambient temperatures.

A comparison of avoidance temperatures and LTSo's to the average monthly
temperature predicted for Oyster Creek indicated that the Atlantic
menhaden should avoid Oyster Creek from.June through August (Table C1-226).

The LT for bay anchovy acclimated to 10.0 and 25.0 C (LT50 of

50

23,9 and 32.0 C, respectively) were greater than avoidance temperatures
reported by Meldrim (1977) for similar acclimation temperatures.
Meldrim (1977) reported that bay anchovy acclimated to 12.0-C avoided
temperatures_of 21,0 to 22,0 C while.those acclimated to 28.0 C avoided
temperatures 6f 29.0 to 32.0 C. Thé LT50 at an acclimation temperature

of 16.0 C (LT of 27.1 C) was in thé range of avoidance temperatures

50
ﬁresented by Terpin et al. (1977) for fish acclimated to 15.0 C. They
recorded avoidance temperatures of 26.6 to 28.1 C at an acclimation
teﬁperature.of 15.0 C although their organisms showed low thermal response
dﬁring several of these tests. Avoidance temperatures and LTSO's indicated
that the béy anchovy should avoid some part of the thermal plume from

April through September when the average monthly temperature predicted

for Oyster Creek ranged from 18.9 to 33.2 C (Table C1-226).
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As with the Atlantic menhaden, the LTSO values of the bay anchovy
were greater than the temperatures that Powers (1977) found were often
lethal. Powers (1977) reported substantial (> 50%) mortality of the bay
anbhovy in 24 h when ambient temperature exceedéd 15.7 C, shock temperature
exceeded 25.2 C, and the delta T was greater.than 5.1 €. However, he
found that the determination of well defined limits of mortality was
- hampered'by excessive control mortality.

At least 50% of the Atlantic silvérside did not survive a temperature
of 33.2 C or a delta T greater than 15.0 C. An inverse relationship
 existed between acclimation temperature and LTSO; the lower the acclimation
temperature the greater the delta T necessary to effect an LTSO' The
LT50 of 33.2 C for Atlantic silverside acclimated to 25.0 C was just
below the mean avoidance breakdown temperature (34.3 C), but it waé
above the mean avoidance temperature (30.0 C) of this species (Gift ahd
Westman 1971).

Terpin et al. (1977) repdrted an avoidance temperature of 32.2 to
34.4 C for 150 to 190-mm bluefish acclimated at 20.0 C which was greater
than the LT50 (31.0 C) calculated for smaller (79.5 to 110.5—mm).b1uefigh
acclimated to 21.0 C. Similafly, based on the regression equation
' presented by Terpin et aif (;977), the avoidaﬂce temperature calculgtéd
for an acclimation témperature of 21.0 (avoidance temperature of 33.3 C)

and 25.0 C (34.1) were inconsistent with the LT__.'s determined in this

50
study for acclimation temperatures of 21.0 (LT50 of 29.2 C) and 25.0 C
(31.3). However, the coefficient of determination for the regression

~ equation was relatively low (0.42) which indicated the limitatioms of
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this equation in the prediction of the avoidance temperature.' At comparabie
acclimation temperatures, the LT50 data presented in this study were

within the range of temperatures that Powers (1977) reported as lethal

to young bluefish. He reported mortality greater than 85% for 35.2 to
185.4-mm bluefish held at a temperature from 19.0 to 35.5 C and exposed
to a test temperaturé of 27.9 to 37.3 C.

Young of the winter flounder were very tolerant of sudden increases
in temperature during the colder months. Powers (1977) also reported
that young (age O+) winter flounder were very temperature tolerant
during these months; fish held from 0.0 to 7.6 C had less than 8% mortality _
at a delta T of 16.0 C. Young of thé winter flounder remain in the Bay
" through the year, but they should avoid lethal temperatures in the OCGS
discharge during thg summer months. The avoidance temperature of joung
acclimated to 19.6 C (24.4 C, Gift and Westman 1971) was below the LT50
(27.0 C) for fish acclimated to 20.0 C.

The blue.crab survived a subs;antially higher test temperature than
the fishes tested, and total mortality occurred only when test temperature
exceeded 38.0 C. Chung (1977) foﬁnd that the temperature at whicbiSOZ
of ‘the blue crab survived for 180 min varied from 37.0 to 40.0 C at
..acclimation temperatures of 20.0 aﬁd 30.8 C and at delta T's of-9.5 to

18.0 C. 1Im the OCGS  discharge canal, the blue crab was collected at a
tempefature as high as 36.1 c (seeISection Cl.17), and catches of the

blue crab in natﬂre generally were relatively large at temperatures as
.high.as 3? C (ﬁargraf 1977). Gift and Westm#n (1971) reported an avoidance

temperature of 34.3 C and an avoidance breakdown temperature of 39.2 C
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for mature and large immature individuals acclimated to 20.0 C. They
found that immature blue crab had a slightly higber avoidance temperature
(37.5 C) and avoidance breakdown temperature (40.0 C) than adults. Some
portion of the OCGS discharge canal west of Rt. 9 may be avoided during
July and August (Table C1-226).

Heat-shock data indicated that ﬁhe LTSO generally was above the
temperature at which'most species would avoid the OCGS heafed dischérge._
Therefore, most fishes and blue crab aftracted to tﬁe heated discﬁarge
should avoid lethal temperatures. Those fish and macroinvertebrates_
introduced into the discharge canal after iﬁpingement on the OCGS screens
were probably not exposed to the maximum temperatures or delta T's
reported by Powefs (1977) because of the relocation of the.OCGS screen
wash sluiceway discharge into the dilution pump discharge. It is still
possible ﬁhat some organisms washed from the OCGS-screens.or passed.
through the dilution pumps may be expose& to lethal temperatures in the
OCGS_dischafge. However, most organisms should utilize the Area of
mixed OCGS discharge water and dilution flow, and the.subsequent
temperature increase would not be as great as that which occurred prior.
to the diversion of the sluicewéy.

Two.docuﬁented incidents of heat shock have occurred in the past;
both were reiated to unusual natural or operating conditiomns. The
unexpected shutdown of the only_operafing dilution pump in August 1973
resulted in a rapid increase ip tepperature in the immediate vicinity of
the OCGS discharge. The temperature reached 41.1 C and even some blue

crab died. 1In April 1976 (see Section Cl1l.17), rapidly increasing Bay
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temperatures and a reduction in dilution flow caused the temperature at
OCGS discharge to increase from 21.7 to 29.4 C from 17 to 19 April, and
mortality of some blue crab and bay anchovy was‘obsefved.

Based on data reportgd in this study and by Powers (1977), the
.btobable heat-shock mortality observed during April 1976 should nbt have
affected all individuéls of the bay anchovy and blue crab in Oyster
Creek. Bay anchovy acclimated to 16.0 C and exposed ﬁo a ;0.0 C delta T
(shock temperature of 26.0 C) experienced 26.3% mortality in 48 h
(Table C1-215). When the bay anchovy was acclimated to 20.3 C, 32%
mortality was noted at 48 h at a delta T of 9.7 C (shock temperature of
30.0 C), but preliminary data collected in 1978 indicated no mortality
'pf individuals acclimated to 20.0 C and tested at shock temperatures of
24,5 and 27.0_C. " At an acclimation temberature of 25,0 C and test
témperatures-of 29.0 and 31.1 c, mortality was less than or equal to 25%
: (Téble C1-215). Data collected by Powers (1977) indicated that no
mortalities oécurred at QCGS discharge temperatures of 26.5 to 29.8 C.
Howévgr on 21 April, the temperature in the dilution discharge decreased
from 26.0 Fo_21;0 C in a 2-h péridd; This temperature decrease may_
partially acéount for some of the mortalities noted in this area on that
date and on 22 April,

: fromlJanuari 1972 through February 1975, the shutdown of OCGS
during wintér months and the subsequent cooling of the water in Oyster
Creek resultéd.iq the mortality of overwintering fishes, particularly
. the Atiantic ménhaden. The sand shrimp was also collected in Oyster

Creek during winter, but it did not appear to be susceptible to cold
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shock when subject to sudden temperature decreases as great as 8.5 C or
temperatures as low as 1.5 C. Cold shock of fhg sand shrimp in Oyster
Creek has not been documented.

Cold-shock data for young Atlantic menhaden agreed with Reintjes
(1975) report that a water temperature of 3,0 C and below was lethal to
youné and that a temperature of 5.0 to 7.0 C killed young acclimated to
a tqiperature of 15.0 C or above. Meldrim (1977) found that Cold—éhock
mortality of young Atlantic menhadgn ﬁas greatest when the temperature
decrease exceeded 7.0 C or when the temperature fell below 10.0 C.

Since November 1975, the pumping of dilution water cea#ed during
OCGS winter shutdowns, and the canal cooled more slowly than during
previous shutdowns. Abell and Burton (1977) reported that the likelihqoa.
of mortélity (to 126 h) of the 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 the Atlantic menhaden was
not.observed during two_OCGS.shutdowns in Deeémber 1975 (Bay temperature
of about 3.0 C, Tatham and Metzger 1976).

Meldrim's (1977) data indicated that most cold-shock mortality of
the bay anchovy occurred at femperatures below 10.0 C, and the LTSO
calcula;ed for the bay anchovy accliméted to 10.0 C was 6.4 C in this
study. Soﬁe 73.7% to 100% mortality occurred for fish acclimated at
16.0.C and tested at a temperature from 6.4 to 9.3 C. Cold-shock
mortalities were documented in January 1973 (JCP&L 1978) and in December

1976 (see Section C1.17).
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The elevated temperatures in the heated discharge may lead to the
formation of gas bubbles in fishes due to superséturatiﬁn of gases in
the heated water. Poweré (1977) reported these‘effeCts for northern
pipefish tested in his experimental studies at OCCS; his experimental
work was conducfed_with heated water 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 experimental system did not exhibit loss of equilibrium or mortality

due to gas bubble disease.
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Cl.19 ' LIFE HISTORY STUDIES

Introduction

_Life history studies were undertaken for 12 fishes, the sand shrimp,
and b;ue crab. 'The Atlantic menhaden, bay anchovy, northefn pipefish,
winter flounder, and blue crab were designated as important species by
the NRC. Additionally, the threespine stickieback, striped bass, bluefish,
weakfish, northern kingfish, sumﬁer flounder, northern puffer, and sand
shrimp were designated as reprééentative, important Specigs (RIS) by the
EPA. The life history of the Atlantic silverside was also sfudied
because it.was an abundant forage fish in Barneg#t Bay. Procedures
common-to all studies are givén below. All data were compiled and
analyzed with a Hewlett-Packard 9830A programmable'célcﬁlator.

A representative sample of.specimens was examined from five areas:
the vertical traveling water screens at OCGS, the immediate vicinity of
the OCGS discharge (Sta. 26), Oyster Creek, the south branch of Forked.
River, and ;he mouth of Cedar and Double creeks (creek mouths). All
physical anomalies, injuries, external ﬁarasites, and diseases were
noted,

Length of specimens was measured to the nearest 1 mm on a blocked
measuring board or with dial calipers. The length of all fishes was
measured from the snout to the distal portion of the central rays of the

caudal fin. The distance between the end of the anterolateral spines of
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the carapace of the blue crab was measured to the nearest 1 mm, and the
length.from the anterior end of the spine on the antennal scale to the
posterior tip of the telson of the sand shrimp w;s deﬁermined.to the
néérest 0.1 mm.

Selected individual fish_and blue crab were weighed to the nearest
0.1 g with an Ohaus Aufogram or Dial-0-Gram balaﬁce. Specimens of the
sand shrimp were weighed ﬁo the nearest 0.01 g on a Oh#us Cent—O—G;ém
balance.

.The length-weight relationship was determined by a geometrié mean
regregsion.(Ricker 1975), and the confidence interval (P‘s 0.05) éf the
regression coefficient was also déterﬁined (Simpson et al. 1960).

" The age of selected Atlantic menhaden and striped bass, and of most
bluefish and weakfish larger than 180 mm was determined by éxamination
of scales for annuli. Scales were rémoved froﬁ specimens, cieaned, and
stored in labeled envelopes. Scale impressions were made on acetate
slides and weré'read on an EPOI LP—6.Profile Projector at either.lo or
20X magnification.

' Otoliths (left and right saéitfé) were used to age winter flounder
and summér flounder accordiﬁg to the methodology of Poole (1966) and
-Smith (1969); respectively., Otoliths were removed, cleaned, and stored
-either'in 3% sodium phosphate (winter flounder) or dry (summer flounder).
In most cases the ieft sagitta was used for ageing. It was immersed in
glyéerin in a O.S—mm deep culture slide and examined under 10X magnification
with é binocuiar microscope. The otolith—body.iength relationship was

determined and length at each year was calculated from annual measurements

(Tesch 1968). .
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The age and growth of thé bay anchovy, Atlantic silverside, aqd
northern pipefish were determined by the change in the length-frequency
distribution through time. The growth of some bluefish and weakfish was
also determined by changes in the length-frequency distribution. Age of
the northern puffer was determined from stained vertebrae éccording ﬁo
the ﬁethodology of Laroche and Davis (1973). -

The allometric condition factor (weight/lengthb) was detérminéd fo;
the Atlantic menhaden, bay anchovy, biuefish, summér flounder, winter
flounder, and ovigerous sand shrimp. The exponent b was the regressibn
coefficient of the geometric mean regressipn equation (Ricker 1975).
Conclusions baséd on the condition data reported here can be compared_to
those reported in the section discussion the effects of the heated dis-
charge on fishes, ' but a comparison of the absolute values
of.the condition factors reported in these two sections is not valid.
In computing the condition factor of various species in the preceding
section, the exponent b was taken from the geometric mean regression |
equation calculated for specimens examined from 1975-76 (Tatham et al.
1977a). Even though the difference between the regression coefficiénps
for each of the 2 years was sma;l and in some cases not significant,
these slight differences are exaggerated as exponents,.and therefore
large differences in the absolute value of the condition factor can '
occur. In addition, some specimens included in the analysis in the
preéeding section were collected before September 1976 and, therefore,

were not included in condition determinations reported in the following

sections.
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A t-test or one-way ANOVA was used to test for the difference
between mean lengths, meaﬁ weights, annull measyrements, condition ..
factors, and regression coefficients (Simpson.et al. 1960). When significant
differences were indicated among the main effects of the ANOVA, the
Student-Newman-Kuels (SNK) multiple rangé test was used to detérmine
significant differences among the means (Sokal and Rohlf 1969). A chi-
square test was used to test for differences in sex ratios and between
day and night catches. Tﬁe signifiéancg level for all statistical tests
was the 957 level (P < 0.05).

Fbod habits were studied to determine the diet of weakfish and
bluefish in Oyster Creek in relafion to individuals in Barnegat Bay.
B After the stomach was.removéd, the contents were identified to the
.quést possible taxon, and the volume displacement of food items was
megsured with either a 10- or 50-ml graduated cylinder. In addition to
identifiable food items, the volume bf-hnidentified.fish (fish fragments),
unidentified invertebrates-(inverteﬁrate fragments), plant matter, and

organic debris was also recorded.
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ATLANTIC MENHADEN

Introduction

The Atlantic menhaden supports a major commercial fishery along the
Atiaﬁtic coast from northern Florida to the Gulf of Maine (Nichoison
'1975), and in 1976 about 68 million kg, valued at $4.3 million, were
landed in New Jersey (U.S. Dept. of Commerce 1977). It also comprises a
large portion of the diet of ‘sport fish such as the bluefish and weakfish
(Bigelow and Séhroeder'l953). The Atlantic menhaden is.a planktivore,
and its diet consists mainly of diatomé, unicellular plants, and copepods
(Hildebrand 1964). |

Atiantic menhaden reproduce primarily in the écean (Hildebrand
1964). Thé'time of spawning varies with location, but Reintjes (1969)
reported that most spawning.in the midetlantié probably occurred in |
Mafch and April and during September and October. Most fish mature by'
age 3, and fgmales produqé from 38,000 to 631,000 eggé, dépending upon
their size (Higham and Nicholsoﬁ 1964) .

Larvae and older Atlantic menhaden enter mid-Atlantic estuaries in
spring although the time of arrival varies with location (Hettler 1976).
Larvae transform into juveniles (30 to 40 mm in lengthj in low éalinity
water (June and Chamberlin 1959, Reintjes.1969), and both young (age O0+)

and juveniles remain in estuaries during summer. In fall, the Atlantic
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menhaden migrates southward, and during winter it is found from Cape

Hatteras to the south (Kroger and Guthrie 1973).

Materials and Methods

Sex and gonad condition were defermined by examination of the
gonads under a dissecting microscope. Fish were considered immature
when their gonads occupied a small portion of the posterior body cavity
and the GSI (Gonado-somatic Index; i.e., ratio of gonad weight to total
body weight) was small. Gonads of mature fish were considered at rest,
enlarged, ripe, or spent. Each of the first three stages of maturity
occupied a progressively larger portion of the posferior body cavity and
had a larger GSI value. Females with gonads at rest had small but
notiéeable egg éells in the ovary, but the ;estes of males showed no
sign of convolutions. Mature fish with enlarged ovaries héd many 0.3- -
to 0.6fmm eggs, and testes showed some convolqtiohs. Egg cells in ripe
ovaries exceeded 0.8 mm in size, and ripe testes were fully convoluted.
Gonads weré'considered spent when they becaﬁe flaccid aﬁd showed a
decrease in size and GSI value. Spent gonads were larger than gonads at
rest, but cbnvolutions in the testes ana egg-cell diameters in .the
ovaries were reduced from the ripe stage;

Age and réte of growth were determined from scales. When ?ossible,
scales were removed from the left side of the specimen in the area

between the tip of the flexed pectoral fin and the insertion of the
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dorsal fin (June and Roithmayr 1960). Age was determined by counting
the annuli on each scale, and a Helios caliper was used to meaéure the
distance from the centrum to each annulus and to the edge of the scalg.
The body-scale relationship was determined and lengths at varlous ages
-were calculﬁted from the annulus measurements.

Since allometric condition factor varies with the size of the fish
(Everhart et al. 1975), only the condition of 90 to 109-mm Atlantic
menhaden was examined because_this was the only size—group of fish that
and enough_speéimens for analysis; The condition of specimens from
three areas from September through November and from December through
February and of individuals from two areas from March through May were

compared.

Reéults

The Atlantic menhaden was colleéted-in all areas from September
1976 through August 1977, although none were taken.at the OCGS screens
from 14 May through 11 July becaﬁse 0CGS did not circulate water during
this period. Most (93.8%) individuals were coilected at the OCGS screens
(Table C1—227). Since oﬁly.three-Atlantic menhaden were collected froﬁ
the mouth of Cedar Cfeek and Double Creek, these_areaé were not considered
in most analyses. Most (85.1%) Atlantic menhaden collected from Oyster
Creek, Forked River, and the immediate vicinity of the OCGS discharge
were taken by gill net. However, few individgals were  taken in these
three areas during April and May because sampling with.a gill nét ended
in March apd only a few gill net collections were taken in Oyster Creek

and Forked River from June through August,
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Impingement of the Atlantic menhaden at the OCGS screens increased
in fall, and maximum impingement occurred in November gt a water tempera-
ture of 9 to 11 C (Appen&ix D1, Table D1-63). Few Atlantic menhaden
were taken in January when water temperaturés were coldest (mean monthly
temperature of 0.1 C), but substantial impingement occurred during.March
when the temperature at OCGS averaged 9.5 C.

A total of 2,031 Atlantic menhaden (32 to 364 mm in length) was
examined. Young (age 0+) comprised 78.OZI(n = 1,353) of the 1;735
specimens that were aged (fable C1—228). Agel1+ fish comprised 4.5% of
the fish examined, age 2+ fish 3,.3%, age 3+_individuals 9.7%, and age 4
specimens 3.5%. Few (n = 17) age 5+ through 8+ specimens (1.0%Z) were
collected. |

Since many specimens under 150 mm in length were difficult to sei,
the sex of only 50.6% of the specimens was determined.. Although females
(n = 587) significantly outnumbered males (441) for the &ear, the ratio
of males to females varied with age. The sex ratio was not significantly
different from a 1:1 fatio'for age 1+ and 2+ fish, but young males |
significéﬁtly outnumbered females (Table Ci—229), However for age 3+
and 4+ fish, females significantly ou;numbered males. In comparisons by
month and.area, significant differences in sex ratios were found in only
4 of 16 instances (Table C1-230). When data were pooled for all months,
females'significantly outnumbered males in Oyster Creek and af the OCGS
screens but not at the other areas. In a comparison of months regardless

of area, significantly more females were found in October, Aﬁril, and

August.
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No significant difference in mean length between males and females
was found for young'thtough age 2+ specimens. The mean length of all
young was 115 mm, age 1+ fish 150 mm, and age 2+ individuals 214 mm, .
The mean length of age 3+ females was signifigantly greater than that of
males_whilé age 4+ males were significantly largér than age 4+ females
(Table Cl1-231). |

.The mean leﬁgth §f all Atlantic menhaden in each age-class was
detefmined, regardless of sex, to examine differences in length among
areas (Table C1-232). The meaﬁ length of young from Forked River and
the OCGS screens was the same (111 mm), ahd it was'similar'to that of
fish from Oystgr Creek (103).and the.immediate vicinity of the OCGS
discﬁarge (108). However,the mean length of age 1+ fish from the OCGS-
screens (167 mm) was greater than that of séecimensICOliected from
Oyster Creek (132). Age 2+ through age 4+ Atlantic menhaden collected
in the'immediate vicinity of the OCGS discharge were slightly larger
than'those'collecped at the OCGS screens, but this difference decreased
with older fish.

The mean length of both males and females at agés 1 through 5 was
calculated from annulus measurements (Table C1-233). The regression of
the scale radius to body length was body length = 47,643 + 37,137 (scale
fadius), and the coefficient of correlation_for this relationship was
high (0.912). The intercept of the regression was used as a corfection
factor_in the calculation of growth (Tesgh 1968). Annulus formation of
Atlantic menhaden.collected in Barnegat Bay occurred in late spring

because the smallest mean distance from the last annulus to the edge of
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the scale occurred in June of 1976 (Kﬁrtz 1977a) and April of 1977. No
significant difference was found between the mean léngth-;alculated for

age 1 through 3 males and females at time of annulus formation (Table C1-234),
but 4-year old males were ;ignificantly larger.ﬁhan age 4 females.

Calculated mean lengths of fish at a given age was less than the mean

lengﬁh of all specimené in each age-class because_the'calculated length

was determined at the time of annulus formation and the mean,length.of

each age-class included fish that had grown after annulus formation,

The length-weight relationship was curvilinear and the logarithmic
regression of this relationship was détermined for both male and female
Aclan;ic menhaden (Table C1-235). Because a t-test indicated no signifi-
cant difference between the regression coefficients of the two equations,
the data were ﬁooied to génerate a single equation: log weight = -4,8919
+ 3.0437 (log length) with a confidence interval of ¥ 0.020 on the regression
coefficient. The regressién coefficient of.the pooled regression from
 1975-76 (Rurtz 1977a) was compared to that of 1976-77, and no significant
difference was found. | |

Gonad condition was determined for 815.of.the 2,031 (40.17%) Atlantic
menhaden examined. Immature fish composed the 1argest percentage (67.2%)
of the specimens that were aged and sexed. Since the gonads of many
young fish were not examined because they could not be sexed, the
percentgge of the Bay populafion that was imﬁatﬁre was gfeater than
67.2%. Among mature fish, 56.0% of the gonads (n = 150) were at rest,

28.7% (77) enlarged, 4.5% (12) ripe, and 10.8% (29) spent (Table C1-236).
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All young and most (98.7%) age 1+ fish were immature, but only
36.8% of all age 2+ 'f.is.h, 7.7% of age 3+ fish, épd 1.7% of age 4+
individuals were immature. Most (10 of 12) ripe specimens were males.

The two ripg females contained eggs which were 1.0 mm or larger in
diameter.

Specimens (90 to 109 mm in length) taken in Oyster Creek from
September through November were in significantly.better condition than
phose taken from either the OCGS screehs or Forked River (Table 61—237).
The mean condition éf fish from the OCGS screens was greater than but
not significantly different from_tha; of individuals from Forked River.
Atlantic menhaden taken in the lower portion of Oyster Creek and in the
immediate vicinity of the 0CGs discharge from December thfough February'
were in similar condition, and specimens from both #reas were in signifi-
cantly better condition than individuals from the OCGS screens. However
from March tﬁrough May, the condition of specimens faken at the OCGS
screens was not significantly different than the condition of fish near
the-OCGS diécharge.

Analysis bf condition througﬁ time was limited due to the availabiiity
" of specimens ffom comparable area§ during each season.(Tabie C1-237).

In the immediate vicinity of the.OCGS discharge, mean condition decreased
slightly from 18.09 in winter (December through February) to 17.77 in
spring (March through May). Condition of Atlantic menhaden in Oyster
Creek decreased from 19.87 in fall (September through November) fo 18.91
in winter (Dééember through February). Thé condition value of individuals
collected at fhe 0CGS séreené improved slightly from fall (16552) to

winter (16.89) but decreased during spring (15.76) and summer (11.84).
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All specimens were examined for physical anomalies, injuries,
external parasites, and disease. Individuals with scale loss were the

most common (62.4%). Lernaeenicus radiatus, a parasitic copepod, was

found on 28.4% (n = 577) of all specimens, and Olencira praegustator, a

parasitic isopod, was found on 4.6% (94) of all individuals (Table C1-238).

Most'(9l,5Z) specimens infested with 0. praegustator had evidence of

gill erosioﬁ, and similar gill erosion was seen on 23 other fish alﬁhough
no 0. praegustator were found. Gill erosion ﬁay be a better indicatdr

of this parasite because these parasites often detach from the host

after capture (Kroger and Guthrie 1972). Based on the number of specimens
with gill erosion, the infestation rate of 0. Eraeggstator may. have been

as high as 5.8%.

The pe;centagé of un#ffected Atlantic ﬁenhaden in each area (Table-Cl-239)
indicated a lower percentage of.unaffected Atlantic menhaden (8.0%) at
the OCGS screens than in Oyéter Creek (35.7%), the immediate vicinity of
the OCGS discharée (49.1%), or Forked River (51.6%). .This large difference
occurred because mechanically damaged fish were more common at the OCGS
screens (86.0%) than at other areas (13.77% to 34.8%). The percentage of .

diseased and parasitized Atlantic menhaden was similar among the four

areas (31.0% to 38.9%).

Discussion
Barnegat Bay serves primarily as a nurséry and feeding area for a
small segment of the Atlantic menhaden population along the mid-Atlantic

coast. No spawning occurs in the Bay, and few individuals with ripe
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gonads were collected in either 1975-76 (o;sz of all specimens aged and
sexed, Kurtz 1977a) or 1976-77 (0.8%). Most spawning occurs in the
ocean {(Hildebrand 1964).

This species was present seasonally in the Bay when the water
‘temperature was above 10 C, and this genérally agfeed with the reporfed
temperature at which it occurred in other areas in the mid-Atlantic.
Bigelow and Schroeder (1953) reported tﬁat the Atlantic menhaden first
appeared in the Gulf of Maine at a water temperature of 10 C. However,
the temperaturé at which it emigrated from Barnegat Bay ‘during the.fall
of both 1975 and 1976 may be lower than that reported by Reintjes (1969).
The temperature at which'impingément'of the Atlantic menhaden substantially
increased ig the fall was used as an indicaiion of the temperature of
emigration of a large number of individuals in the Bay.  Impingement at
OCGS appeared fo correspond with the movement of fish within thé Bay
rather than their occufrence in the Bay. fhe increase_ih impingement of
Atlantic menhaden at OCGS occurred at a water temperature of 9 to 11 C,
énd this temperature was lower than the 15 C Reintjes (1969) reﬁorted as
the emigration temperature of Atlantic menhaden in the Bay.

The Atlantic menhaden was more abundant in the Bay during 1976-77
(1.21/trawl collection, Table Cl1-163) than 1975-76 (0.04,_Danila 1977b),
and greater ﬁumbers of individuals were impinged at OCGS from September
through December of 1976 (an estimated 89,387 individuals) than in
compa;able moﬁths in 1975 (9,133; Appendix D1, Table D1-47). However,
the water veiocities in front éf the OCGS screens during these months in

1975 (3 circulating water pumps in operation, mean velocity of 0.06 to
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0.12 m/sec) were lower than those in 1976 (4 pumps, 0.18 to 0.20 m/sec),
and this difference may account for some of the greater impingement
during 1976. |

The increase in abundance during 1976-77 was attributed primarily
to the large 1976 year;class of young Atlantic menhaden. Young comprised
78.0% of all specimens in 1976-77 but only 27,.7% of those in 1975-76.
This iarger year-class of young also explained”why the percentage of
young to age 2+ fish in 1976-77 (85.8%) was gréater than this percentage
in 1975-76 (67.3%, Kurtz 1977a). Elimination of young and adjustment
for the 1 yeér of growth from 1975-76 to 1976-77 indiéated that the.
percentage of age 1+ and 2+ Atlantic menhaden in the Bay during 1975-76
(13.9% and 40.8%, respectively) was similar.to that of age 2+ and 3+
fish (15.1%, 44;2%5.the following year. However, the percenfage of age '
3+ fish in 1975-76 (33.2%) was larger than that of age 4+ fish in 1976-
77 (15.8%), énd this decrease may result from either natural mortality
or the harvest of these individuals by the commercial fishery. Few age
1+ fish were collected in either 1975-76 (10.1% of all fish aged) or
1976~77 (4.5%), but age 1+ Atlantic menhaden are uncommoﬁ in central and
northern New Jersey (Nicholson 1972).

Most aspects of the life.history of the Atlantic menhaden in Barnegat
Bay were similar during 1975-76 (Kurtz 1977a) and 1976-77. The gonad
condition of young, age i+, and age 4+ Atlantic menhaden during 1975-76
and l976—f7 were similar. However, the age 2+ (1974 year—élass) and 3+
(1973) Atlantic menhaden in 1976~77 had a higher pércentage of mature

gonads than age 2+ (1973) and 3+ (1972) fish examined in 1975-76.

Cl1-432



During 1975-76, only 1.5% of the specimens from the 1973 year-class
(age 2+) were mature froﬁ September through December 1975, and é similar
peréentage of these gonads were mature from March.through May 1976. 1In
comparison, a much larger percentage of the 1974 year-class (age 2+) had
mature gonads from September through December 1975 (50.0%) and from
February through April 1977 (91.7%). Similarly, most (81.1%) of the
Atlantic menhaden from the 1972 year-class (age 3+) collected from -
-September through December 1975 were immature, but by March through May
1976, 66.2% were mature. However from September through December 1976,
most (73.9%) of the 1973 year-class (age 3+) had maturé gonads, and all
were mature by January 1977, |

The later maturation of the 1972 and 1973 year-classes, in comparison
to the 1973 and 1974 year-classes, respectively, may reflect yearly
fluctuations in environmental conditions. The later date for annulué
formation in 1976 (June) than in'l977'(April) also suggested slower
development for the 1972 and 1973 year-classes. June and Roithmayr
(1960) stated that annulus formation occurred from late winter to late’
spring. Data from 1976-77 were in closer agreemenf with the literature
than 1975-76 data, Higham and Nicholson (1964) stated that many female
Atlantic menhaden reached maturity during their second year, and Nicholson
(1972) found tﬁat all age 3+ females were mature by fall.

Several discrepancies between mean length and calculated length at
the time of annulus formation were found from year-to-year. Although
the calculated length of females at age 2 was siénificantly'larger than

that of males in 1975-76 (Kurtz 1977a), this difference was not found in
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1976-77. Reintjes (1969) found little difference in the length of males.
and females at the time of annulus formation through 6 years of age, and .
therefore this difference was probably of little significance.

The mean length of age 2+ through 4+ Atlantic menhaden was similar
in both years. The mean lengths of age 1+ Atlanfic menhaden eiamined
during 1976-77 (mean length of males was 152 mm, females 149 mm) was
substantially smaller than those examined during 1975-76 (185, 189;

Kurtz 1977a), but this difference was attributed to the time of collection.
Most (67%) age 1+ fish examined in 1975-76 were collected between November
and April, and most individuals (70%) examined from 1976-77 were collected
from June through August. Since annulus formation occurred from April
through June, most Atlantic menhaden examined in 1976-77 were younger

and therefore.smélier than those examined the previous year.

During both 1975-76 and 1976-77, significantly more females than
males were taken on the OCGS screens. The.ratiO'of females to males
during 1975-76 (1.4:1, Kurtz 1977a) was similar to the ratio during
1976-77 (1.3:1) and probably reflected the sex ratio of the Bay population..
These values exceeded the approximately equal sex ratio (1.02:1.00)
reported by Reintjes (1969) for young to age 3+ Aﬁlantic menﬂaden.

The reported éondition of fish residing in ﬁeated discharges varied
with species and geographic area. Although fish (i.e., brown bullhead)
in the heated discharge of the Connecticut Yankee Atomic Plant were in
poorer éondition than those in the Connecticut River (Marcy 1976),
Atlantic menhaden in Oyster Creek were often in better condition than

individuals from other areas. Similarly, Atlantic menhaden taken in
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Oyster Creek were in significantly better condition than those from the
0CGS screens and in Forked River (see page C1-385). Bennett (1972)
reported that black crappie in a heated discharge in South Carolina were
in better condition than those from ambient waters. Residence near the
0CGS dischafge from November 1976 through March 1977 caused small (90 to
130 mﬁ) Atlantic meﬁhéden to lose weight, but this losé did not occur in

larger (211 to 260 mm) specimens (see page C1-386).

The incidence of Lernaeenicus radiatus increased substantially from
9.8% in 1975-76 (Kurtz 1977a) to 28.4%Z in . 1976-77. The reason for this
increase was not known, but it probably reﬁreéented natural:variation.

The incidence of Olencira praegustator infestation in 1976-77 (4.6%)

also increased over that.found in 1975-76 (0.8%). The actual rate of 0.

praegustator infestation may have been higher in both years because this
parasite may detach from the host (Kroger_and Guthrie 1972). However,

the rate-of_g; praegustator infestation in Barnegat Bay was substantially

lower than that reported in Virginia (39.3%) and Maryland (34.42) by
'Kroger and Guthrie (1972). This lower rate of infestation in Barnegat

Bay may occur because the Bay is near the northern limit of O. praegustator's

range. Although the overall rate of disease.and parasitic infection on
specimens was greater in 1976-77 than the previous year, this increase

. was not apparently related to the OCGS heated discharge.
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BAY ANCHOVY

Introduction

The bay anchovy is the most abundant fish along the Atlantic Coast
of the United States (McHugh 1967), and it was the most numerous fish
collected in the Bay from September 1975.through August 1976.(Danila
1977b). Marcellus (19725.and McClain (1973) feported that it was the
second most abundant fish collected in the Bay from 1966-70 and dqring
1971-72, respectively., Its diet is primarily copepods, megalopae, and
zoeae (Stevenson 1958). .The bay anchovy is important forage for many
sport and commercial fishes such as the striped bass (Schaéfer 1970),
weakfish (Tﬁomas 1971), and summer flounder (Smith 1969).

The life span of the bay anchovy appéars to be relatively short,
probably not more than 2 or 3 years (Stevenson 1958), and it matures at
1 year of age. Reproduction occurs from May through August in Barnegat
Bay (Tatham et al. 1977b), and larvae grow rapidly.to juvenilgs. Juveniles
and some adults remain in the estuary until November or December before
they emigrate tb the ocean. Thg bay aﬁchovy returns to inshore waters

in spring, and it returned to the Bay during 1976 in March (Kurtz 1977b).

Materials and Methods
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Sex was determined by examination of tﬁe gonads under a dissecting
microscope. Testes were thin at the edges and leaf-like while ovaries
were rounded and bag-like (Stevénson 1958) . Six stages of maturity were
used to distinguish gonad condition. Gonads were considered immature i1if
they were small and the egg cells in the ovaries were small or indistin-
guishable. Gonads of mature specimens were categorized as at rest,
enlarged, ripe, partially spent, Or spent. Thé size of mature gona&s
increased progressively from at rest to ripe and then progressively
decreased in siie. Ovaries at rest had a granular consistency, and most
eggs were small (< 0.1 mm). Testes at rest had thin eages, a firm
texture, and no visible convolutions, Enlarged ovaries contained numerous
0.2- to 0.4-mm egg cells, and enla:ged_testes had some convolutions.
Ripe ovaries contained many transparent eggs larger than 0.5 mm, and
ripe testes were soft and highly convoluted. Partially spent gonads of
both sexes were somewhat flaccid. Fewer eégs larger than 0.5 mm were
presenﬁ in ovaries, and testes were less convoluted. Spent gonads were
flaccid; ovaries had few egg cells over 0.4 mm while testes contained
few or.no convolutions. The sex of most specimens under 30 mm was not
determined becaqse the gonads were indistinguishable.

Age and growth were determined by the length?frequency distribution
of specimens because scales, otoliths, and ve;tebrae were unsatisfactory
for age determination (Stevenson 1958). Lengﬁh-frequency histograms
(5-mm ;ncrements) were often bimodal, and the mean length of each mode
was determined. If the two modes were not completely separated, they

were arbitrarily separated at the intermediate size~categories with the
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féwest specimens. When two, contiguous intermediate size-categories
contained the same number of specimens, the modes were divided between
the size-categories. |

Since the allometric condition factor.varies with length of fish
and season (Everhart et al, 1975), condition was determined for seVeral

size-groups taken from September through November, March through May,

and June through August,

Results

A total of 3,297 bay anchovy was examined. Males ranged in length
from 25 to 89 mm and females from 21 to 89 mm. The smallest specimen
examined was 16 mm, but. sex could not be determined. Mdst béy anchovy
smaller than 35 mm were immature, and most specimens larger than 40 mm
were mature.

The length-frequency distribution from each month was examined to
ascertaln age and growth.of the population. Data from July and August
1976 (Kurtz 1977b) was used with that from September through December
1976 to determine growth of young (age O+). A single mode of lengths
was found from April through June 1977, and the mean length decreased
each month from April (74 mm) to May (63) and June (62). A bimodal
distribution of length was found from July through December 1976 and
also in July and Augﬁst 1977 (Table Cl1-240). The mean length of the
larger mode in July was 57 mm and these were individuals found in the
Bay from April through June. 1In 1976, the mean size of the smaller mode

increased from July (27 mm) to August (34) to September (40), but from

Cl-438



September through December the mean length was generally similar (36 to
43) with the smallest mean length (36) during quember. The mean length
of the larger mode from September through December ranged from 67 to
76_mm. The mean length of each of the two modes in July and August of
1977 was similar to the mean lenéth of these modes in July and_August
1976. The estimated growth rate of young ﬁay anchovy from mid-July
through mid-October 1976 was 0.16 mm/day. -

The relationship between length ahd weight was curvilinear, and a
logarithmic regression of this relationship was generated for both sexes
(Table Cl—241). No significant differeﬁce in regression coefficients
existed betweeﬁ males and females., The daté were pooled to generate a -
| single regression equation: log weight = -5.2179 + 3.0747 (log length)
with a confidence interval of‘i’0.039 on the regression coefficient.

‘The mean condition of 35 to 44-mm bay anchovy collected from Sébtgmbef
through November at the mouth of Cedar énd Doub1e creéks and from the
mouth of.Oyster Creek was not significantly different, and these fish .
were 1n.sign1ficant1y better condition than those impingea on.the 0CGS
séreens.and those collected in Forked River (Table Cl-242). Fish frém
Forked River were in significantly befter condition than thosé from the
OCGS screeﬂs. In spring (March through MaY), 60 ﬁo 69~mm bay ancﬁovy
from Cedar Creek, Double Creek, Forked River, and Oyster Creek were in
significantly better condition than those from the OCGS screens. Bay
anchovy collected in Oyster Creek during.June and July were not affected
by OCGS because it did not discharge heat during that period. During

these months, 25 to 34-mm bay anchovy from the creek mouths, Forked
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River, and Oyster Creek were not in significantly different condition,
Larger fish (60 to.69 mm) taken at the creek mouths and Oyéter Creek
were in sdignificantly better condition than thoge from Forked River and
the OCGS screens, and those in Forked River were in sigﬂificantly better
condition than those from the OCGS scfeens (Table Cl1-242), |

The sex of 2,988 bay anchovy was determined. Over the entire .
period, females significantly outnumbered males in all areas excepf-at
the creek mouths. Females qutnumbered males dﬁring September and from
June through August (Table Cl1-243), but the sex_ratio was not significantly
different from a 1l:1 ratio from October through'Deéember and duriﬁg
April and May.

All fish examined from April through Jﬁne were in some state qf
maturity (Table Cl-244). The sex of most immature fish examined from
July and August could not be determined. From September thréugh.December;
most. fish had gonads that were either imﬁature or at fest. Fish with
enlarged goﬁads were first collected.in April from Oyster Creek, but
specimens with enlarged gonads were taken in all areas by.May;

Ripe and partiélly spent gonads were more common in males than :
females; the gonads of most mature females were either'enlarged or
spent. The few ripe females occurred primarily in July. The gonads of
most males were.enlarged in Ma&, ripe in June, partially spent in'July,'
and either spent or at rest in August. The largest percentagé of spent

females was in July, but the largest percentage of spent males was in

August,
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All specimens were examined for physical anomalies, injuries,

external parasites, and disease (Table C1-245), Lernaeenicus spp., a
parasitic copepod, was attached on 7.1% of all specimens, and it was
most common in October and November. Scales were miésing from most
(96.4%) fish, and this condition accounted for most of the mechanically
damaged speciﬁens.

Few (0.1% t§ 2,2%) unaffected specimens were found in each area
(Table Cl1-246). The percentage of diseased and parasitized bay anchovy
collectéd from the OCGS screens was approximately four fo_six times
greater than that from other areas. The percentage of diseased and
parasitized fish was similar émong the other three areas. Most (97.8 to

99.4%) fish examined from all areas were mechanically damaged.

Discuésion

The bay anchovy emigrated from the Bay‘in-December.and returned in
'March.and April, This was.similar to the seasonal occurrence reported
for the Béy by Kurtz (1977b), Mﬁrcellus (1972), and McClain (1973). Thé
estimated number of the bay anchbvy impinged during 1976-77 was much
smaller than that reported for 1975-76. The estimated number of individuals -
impinged at OCGS for 7 comparable mbﬁths in 1976-77 was significantly
(P<0.2) less than the numbers that were taken during these months in
1975-76 (Appendix D1, Table D1-47). Apparently the number of the bay
_ anéhovy which returned to the Bay in 1977 was much smaller than the
large ﬁopulation wﬁich entered the Bay during 1976. In April 1976 an

estimated 1,084,658 bay anchovy were impinged, but only 38,315 individuals
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wefe impinged in April 1977 (Appendix D1, Table D1-66). The catch by
trawl (63.6 n/coll) and seine (40.8) in 1975-76 (Danilé 1977b)_was also
greater than these catches in 1976-77 (42.4, 3,.67; Tables C1-163, C1-165).

The unimodal length-frequency distribution found from April through
June and the bimodal distribution from July through December were similar
to those found in the Bay in 1975-76 (Kurtz 1977b). Perlmutter (1939)
reported a similar length-frequency dist;ibution for bay anchovy from
Long Island and concluded that the modes represented age O+ énd age 1+
fish. Specimens larger than 80 mm in spring were uncommon and may have
been age 2+, although Stevenson (1958) reported that older bay anchovy
tended to remain at sea.

This estimated growth of 0.16 mm/day was similar to the growth rate
of 0.18 mm/day reported for bay anchovy in Barnegat Bay by Marcellus
(1972) and to the 0,15 mm/day reported by Kurtz (1977b). Relatively
small fluctuations in growth rate from year-to-year probably reflected
various environmental factors such as food supply, water temperature,
and year-class strengtﬁ. The logarithmic regression of length and
weight wa§ similar between the 2 years,

The predominance of females during both 1975-76 (Kurtz 1977b) and
1976-77 was also reported for bay anchovy populations in Delaware Bay
(Stevenson 1958). However, Stevenson (1958) found that the sex ratio
was nearly equal during the spawning season (May through August).
Although no significant difference in the sex ratio of the bay anchovy

in Barnegat Bay was found in May 1976 (Kurtz 1977b) and May'1977, females
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significantly outnumbered males during the remainder of the spawning
season (June through August) in both years.

As in 1975-76, bay anchovy from the OCGS screens were in poorer
 condition than individuals collected elsewhere in the Bay. Prolonged
swimming in the current near phe 0CGS screens may have utilized body
reserveé and consequently lowered the condition factor, or individuals
in poorer condition may have been selectively impinged on the OCGS
screens.

Heated discharges have been found to be detrimental to the condition
of certain species (e.g., brown bullhead, Marcy 1976) but beneficial to
others (e.g., black graépie, Bennett 1972). Although no significant
reduction in the condition of bay anchovy at the mouth of Oyster Creek
was noted in comparison to the condition of:individuals from the creek
" mouths, individuals collected from the creek mouths had the largest mean
condition values. However; trends_in the condition of the'bay anchovy
collected in Oyster Creek and Forked River frbm March 1976 through March
1977 indicated that fish in the heated diécharge may be in poorér condition
than those in Forked River (see page C1-387). OCGS discharged heat from
March through August 1976 and bay anchovy (61 to 70 mm) collected in
Forked River were in better condition than those from Oyster Creek; at
some stations these differences were significant. 1In the present study,
60 to 69~mm bay anchovy examined from March.through May 1977 were in
slightly better condition in Forked River than in Oyster Creek but these
differences were not significant. OCGS operated during most (2 of 3.

- months) of this period. Individuals from Oyster Creek were in significantly
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better condition than those from Forked River from June through August

1977, but OCGS was shut down during most (2 of 3 months) of this period.
The incidence of bay anchovy with disease ;nd parasites was similar

between 1975-76 (5.8%, Kurtz 1977b) and 1976-77 (7.1%Z). Most parasitized

fish were infested with Lernaeenicus spp. in both years. The incidence

of Lernaeenicus spp. was greatest in the fall (October and November) and
coincided with the poorest condition of specimens from most areas. | |
The increase in the number of specimens with mechanical damage
(primarily.scale loss) from 63.6% during 1975-76 (Kurtz 1977b) to 96.5%
during 1976-77 resulted primarily from more rigorous.criteria in the
examination for scale loss during the second year. Since the high scale
loss occurred in specimens from all areas, it is impossible to determine
how much of the scale loss of specimens collected at ﬁhe OCGS screens
was attributable to impingement and how ﬁuch to collection technique.
However, scales are easily lost (Bigeloﬁ and Schroeder 1953), and scale

loss among impinged fish was probably high.
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ATLANTIC SILVERSIDE

Introduction

The Atlantic silverside is an important and abundant forage fish in
estuarine and marine waters along the Atlantic coast (Bayliff 1950);_ In
Barnegat Bay, it ranked second in.abundance in seine colle;tions (27Z.of
total catch) from September 1976 through August 1977 (Table C1-165). In
previous studies in thelBay, the Atlantic.silvetside fanked_first (51%)
in seine collections from 1966—70 (Marcellus.1972), and firét (57%) in
seine coliections taken in 1971-72 koClainl1975). It alsp was the.most
abundant fish (532) in éeine colleétioﬁs from the nearby Mullicg River- |
Great Bay estuary from 1972 to 1974 (Bieder and Howells 1977). Bigelow
and Schroeder (1953) reported that the Atlantic silverside was forage :
for many commeréial and sport fishes such as the bluefiéh, striped.bass,

. Qeakfish, an& summer flounde;, and it was found in the sfomaths of

weakfish and bluefish in Barnegat Bay in 1976—71_

Materials and Methods

A life history study of this specles was not
conducted by Tatham et al, (1977a) in 1975—76,.and specimens collected
'during 1976 were included in this study. Specimens examined were collected

from January through August 1976 in four areas: the traveling screens
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at 0CGS; Oyster Creek and the Bay off its mouth; Forked River and the
Bay off its mouth; and in the Bay and at the mouth of Cedar, Stouts, and

Double creeks.

Sex and gonad conditioh were determined by examination of the
gonads under a dissecting microscope. Testes were long, thin, leaf-like
structures while ovaries were rounded apd sack~-1like. Mature gonads-were
categorized as at rest, enlarged, ripe, partially spent, and épeﬁt.
Mature testes at rest were fhin, élongated, and firm with no convolutions.
Ovaries at rest were small, contained eggs 0.1 to 0.2 mm in diametgr,
and were coarse internally. Enlarged testes were partially.convoluted
and filled a lgrggr portibn-of the body cavity thaﬁ testes at rest.
Enlarged ovaries ﬁad many 0.3 to 0.9-mm opaque eggs and a few large (0.9 _
to 1.2 mm) tfanslucent eggs. Ripe testes were fﬁlly convoluted and soft B
while ripe.ovaries had many large translucént eggs and a féw smaller
opaque eggs. Partially spent ovaries occupied a smaller area of the
body cavity than ripe ovaries and contained about 25% to 50% of the
translucent eggs found in ripe ovaries. Partially.spenf testes were
soft and occupied a larger area of the body cavity than spent testes.
Spent ovaries contained mostly dead or érrested eggs with a few translucent

eggs while spent testes were soft, flaccid, and disintegrated easily

when probéd.

" Results

A total of 36,395 Atlantic silverside was collected from January

1976 through August 1977; 59% were taken at QCGS; 257% from Oyster Creek,
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11%Z from the Bay, and 5% from Forked River (Table C1-247). Most Atlantic
silverside were taken during March and April in 1976 (57% df all fish
taken in 1976) and 1977 (79%). Few specimens'(<é2%) weré gollected
during Januéry and February in either year. |

A total of 3,475 specimens wes examined from January 1976 through
August 1977. Qverall, the mean length Qf females (93 mm) was significantly
greater than that of males (81). The mean 1ength'of both males (90.mm)
and females (98) taken from OCGS was greater than that of males (785 and
females (91) taken from all other areas, but this.aifference was significant
only for males (Table C1-248). At the seven stations (Sta. 1, 2, 20,

21, 22, 23, 24; Danila 1977b) in the Bay, the mean length of fish was
generally similar. However, Atlantic silverside.captﬁred at the mouth
.of Oyster Creek from March through June 1976 (99 mm) were larger than
individuals from Forked River (90) and the Bay (92), but the difference
was not significant.

Length~frequency histograms for each sex were examined by month to
determine age and growth of the population. A bimodal distribution of
length was_foﬁﬁd from June through August, and the two modes represented
age 1+ and young (age O+) fish. Nine fish from 132 to 140 mm in length
were collected in Barnegat Bay from January through April, and these
fish may represent a few older age 1+ fishlwhiCh may spawn as age 2+
fish in the spring. |

Young were first taken by seine in May of 1976 and June of 1977.
The'mean length of young increased_rapidly from May.(28 mm) through-

August (62) 1976 and from June (32) through August (65) 1977 (Table C1-249).
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The growth of young from 28 May through 31 August:1976 (0.36 mm/day) was
similar to that of young collected from 6 Jﬁne through 31 August 1977
(0.38 mm/day). Most young reached 75 mm in length by October. The mean

.lengch of age 1+ fish decreésed each successive month from October
through April.

The sex of some 2,997 Atlantic silverside (86% of.all fish examined)
was determined (Table C1-250). Although females (607 of all fish sexed)
significan;ly outnumbered males, the sex ratio varied seasonally. In.
January and February of both years and in December of 1976, males signif-
icantly outnumbered females; most (69%).ﬁales were collected at
the mouth of Oyster Creek, Cedar Creek, and Double Creek. However,
significantly more females were taken from March through August 1976.aﬁd
1977. 1In 1976, the percentage of fish that were male increased from 47%
in Seﬁtember to 56%Z in November, but the difference in the sex ratio was
not significantly different from a 1:1 ratio (Table.Cl;ZSO).

The sex of most Atlantic silverside smaller than 50 mm was undeter-
minable., These spécimens and the few individuals larger than
50 mm that were immature (13%Z of the total examined) were céptured ffom
May through November. The sex ratio of larger (50 to 70 mm) immature
fish was not significantly different from 1:1 (Tables C1-251, C1-252),

from March through June 1976, 97% of all mature Atlantic silveréide
were in some stage of reproductive development (Table C1-251). Enlarged
gonads were prevalent in March (91% of mature specimens during March)
and April (53%). Specimens witﬁ ripe gonads were common in April (26%)

and May (7%). During May and June, most of the fish had spent (59%) or
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partially spent (33%) gonads while 22% of the adults in July had spent
- gonads., |

In 1977, specimens with enlarged gonads weré again predominant in
March (26% of mature specimens in March) and April (63%, Table C1-252).
Ripe specimens were also most common in April (36%) aﬁd May (62%), but
the portion of the population that was ripe was larger in 1977 (46%)
than in 1976 (15%). Specimens with partially spent gonads were taken
primarily in May (27%) and June (46%) while spent fish were taken most
frequently in June (23%) and July (162). _

Niion and Oviatt (1971) found larval Atiantic silverside to be the
predominant fish in eelgrass beds in southerﬂ New England, and the beds
of eelgrass and'widgeon grass in the eastg:ﬁ.pOrtion of Barnegat Bay may
also be important to ﬁhis fish. The Atlantic silverside spawns near and
attaches its eggs to vegetation (quler 1918, Bayliff 1950). Maﬁy
(ﬁ.= 8,009) larval Atlantic silverside (mean-length of 6;5 mm, range of
5.4 to 10.3 mm) were collected with a 20-cm bongo sampler on 18 May 1977
in the shéllqw eastern portion of the Bay between Toms River and Barnegat
Inlet. More.larvae were collected in three tows (average of 2,065
larvae n/coll) parallel to shore in shallow water (depth<1 m, approximately
100 m from shore) than in nine tows (201 larvae n)céll).in deeper (> 1 m) |
water further from shore. Many young (mean lgngth of 45 mm).aléo were
collected with a 2.,7-m trawl on 8 July 1977 in this area of the Bay.

Most (89.92) of the fish examinea had:no par#sites, diseases, or

abnormalities (Table Cl—253).. The parasitic copepod Lernaeenicus spp.

was found on 1.1% of all specimens, and only three fish (0.1%Z) had the
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parasitic isopod Lironeca ovalis. Overall, fish taken in Forked River

- had a higher in;ideﬂce of disease or parasites (2.7%) than Atlantic
silverside from either Oyster Creek (0.6%) or tﬂe Bay (1.1%, Table_Cl—254),
Mechanical damage was noted for only 1.6% of the fish captured in ;he
Bay, Oyster Creek, and Forked River, but 20% of the Atlantic silverside
collected from the OCGS screens had mechanical damage, primarily loss of

scales or abrasions. Six fish were found with vertebral deformities.

Discussion

The Atlantié silverside is resident in New Jersey estuaries. It
was collected year-round in Barnegat Bay and the Mullica River-Great Bay
és;uary (Thomas and Milstein 1973), but during winter it_may leave the
shore zone for deeper water in the Bay of nearby ocean (Milstein 1973);
In mid-wintef, fish were uncommon in.seine hauls in.Chesapeake Bay
(Bayliff 1950) and in éouthern New England (ﬁarfel and_Merrimén 1944),

In Barnegat Bay, males significantly outnumbered females oﬁly in
winter. Bayliff (1950) found significantly more females thaﬁ males
(2;1) in Chesapeake Bay in summer, but he reported that the ratio was
approximateiy édual in spring. In Barnegat Bay, females significantly
outnumbered males By a ratio of 2:1 from March through August.

Young Atlantic silverside grew rapidly. The increase in mean
length from June through August of 1976 (0.36 mm/day) and 1977
(0.38 mm/day) was similar to that reﬁorted by Marcéllus (1972) for young
in Barmegat Bay (0.4 mmn/day) dufing the summer. Bayliff (1950) also
reported that the growth of Atlantic silverside was rapid in Chesapeake

‘Bay and that most young reached the cize of adults by winter. Merriman
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(1944) found that the growth rate of Atlantic silverside in Conmnecticut
was much slower than that of individuals in Chesapeake Bay, and he
stated that fish in Connecticut matured in 2 yeafs;

The bimodal distributions of length from June through October
indicated the presence of two age-classes, young (age 0+) and adults
(1+). However, after August few age 1+ fish were collected. Bayliff
(1950) reported that adults (age 1+) from Chesapeake Bay died soon After
spawning, while Merrimen (1944) believed that the slower growing Atlantic
silverside in Connecticut lived beyond 2 years.

The Atlantic silverside population may experience substantial
fluctuations in abundance from year to year. Marcellus (1972) found
large, statistically significant fluctuations in the population of
Atlantic silverside in Barnegat Bay from 1966-69. Bieder and Howells
(1977) noted a general decline in abundance of the Atlantic silverside
in seine collections in the Great Bay~Mullica River estuafy from 1972
(241.9 n/coll) through 1973 (88;6) and 1974 (81.8). The collection of
only 21 fish in 160 seine hauls in April 1977 and the decrease.in the
seine catch from 1975-76 (38.6 n/coll) to 1976-77 (19.0) may have indicated
a large mortality of Atlantic silverside in Barnegat Bay during the

severe winter of 1976-77.
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THREESPINE STICKLEBACK

On the eastern coast of North America, the'threespine stickleback
ranges from Hudson Bay and Baffin Island in Canada to Chesapeake Bay
(Leim and Scott 1966). It occurs primarily near shore and is found from
fresh water to the ocean (Bigelow and Schroeder 1953). Im estﬁaries,
its dieﬁ consists of copepods, isopods, euphausiids, and other smgll
invertebrates (Leim aﬁd Scott 1966),

Adults of the threespine stickleback enter the shore zone in the.
spring to spawn. In the Gulf of Maine, the threespine stickleback
spawns in brackish estuaries'during May and June (Bigelow and Schroeder
1953),-Adu1ts leave ﬁhe shallow portion of estuaries in summer and épend
the winter.in deepér-water (Bigelow and Schroeder 1953). However, young
(age 0+) were found in the Bay during the summer months.

All 59 threespine stickleback collected were examined. Most (96.6%)
specimens were taken in February and March, but ane individual was |
collecfed during April and another in June. One specimen was taken by
seine at the mouth of Forked River; all others were collected from the
OCGS screens. Most (79.7%) specimens were taken at night, and neither
physiéal abnormalities nor parasites were noted on any speciﬁen.

Specimens rangéd in length from 22 to 68 mm with a mean length of
59 mm (Table C1-255). One individual (22 mm) was young, and the others .

were older juveniles or adults. No distinct modes in the length-

. Cl-452



frequency distribution of the.specimens were evidenf; and therefore, age
could not be determined. In Europe, the threespine stickleback attained
40 to 50 mm when 2 years old and 50 to'55 mm ati3 years (Bigelow aﬁd
Schroeder 1953).

The threespine stickleback is a nest builder and spawns in shallow
areas where rooted aquatic plants are ébundapt (Lippson and Moran 1974).
In Maine, fish were sexually mature at 2 years (Bigelow and Schroeder
1953). The male guards the nest until the.eggs hatch and the young
leave the nest (Hubbs. and Laglér 1958). lIn Great Bay, New Jersey,
adults spawned in early spring in marsh tide pools (Thomas 1974).

However in Barnegat Bay, most of the reproduction probably occurred in
the eastérn Bay becausé most of the vegetation was found theré. Spawning
coloration was evideht on some speclimens.

_ The threespine stickleback apparently was not as abundant in the

Bay during 1975-77 as it has béen in other yeéfs. Marcellus (i972)
collected 219 specimens in 1966-68, but only 25 fish in 1969-70. McClain
- (1973) reported only eight threespine stickleback taken by seine and
trawl in the upper Bay from December 1971 to November 1972; Only one
young individual was taken in trawl, seine, and push ﬁet collections in
the Bay in 1975-1977,

Although the cause of this deciine in abﬁndance is unknown, part of
this apparent decrease may reflect changes in the habitat at the sémpling
stations in the western Bay rather than an actual decrease in the abundance
of this species. Marcellus (1972) did not completely describe the |
amount of vegetation at thesé stations, bu; it appeared that-vegétation

was more abundant there in 1966-69 than in 1975-77. This possible
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decrease in vegetation may account for part of the decline in the catch
of this species at these stations because vegetation is an important

‘factor affecting its distfibution.
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NORTHERN PIPEFISH

Introduction

The northern pipefish is found in brackish and oceanic waters from
the Gulf of St. Lawrence to offshore of-Texas (Leim and Scott 1966).
Bigelow and Schroeder.(1953) and Hildebrand and Schroeder (1928) discussed
its distribution, food habits, and reproductive behavior. The eelgrass
beds in Barnegat Bay provide a preferred habitat for this species.
Although the northern pipefish has no sport or commércial importance,
individuals have been found in the stomach§ of the striped bass (Hoff

1974), summer flounder (Poole 1964), and bluefish,:

Materials and Methods

In addition to individuals collected from the

‘four areas, specimens were collected.aﬁd measured from a series of 5-min
_ hauls of a 2.7-m trawl on the eastern side of Barnegat Bay about 0.5 km
noitheast of“Sedge Island.

| Sex was determined.by the presence of the marsupium in males. When
sex was difficult to.dgtermine externally, the goﬁads were examined
"under a dissecting micrdscope; Sex could not be determined for specimens
‘lgss ﬁﬁan 100 mm in length. The reproductive coﬁdition of males was

recorded as immature (marsupium closely attached to the body), mature
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(flap of marsupium easily separated from the body), or gravid (eggs

present in the marsupium). The reproductive conditioﬁ of females was

‘not determined.

Results and Discussion

A total of 246 northern pipefish was collected in the Bay ftom
September.1976 thrbugh August 1977 by 4.9-m trawl (14% of all individuals),
12.2-m seine (29%), and 45.7-m seine (57%, Table Cl-256). It was the |
eighth most abundant fish taken in coilections in the Bay. Most northern
pipefish (86%) were taken frém April through August while only one
individual was collected frem December through March (Table C1-257).
Although the sampling effort during January and February was_limited
because Oyster Creek was the only area.that remained free of ice, fewer
specimens were usually taken during the colder months (Moore 1977a).
Bigelow and Schroeder (1953) obéerved the northern pipefish in a torpid
state and sometimes partialiy imbédded-in the bottom sediments during
winter. More specimens were taken in collections at night at Oyster
Creek and Forked Ri&er_(59%) than during the day (Table C1-258).

.'Some avoidance of Oyster Creek was apparent. Wﬁen 0CGS was in
operation, a éimilar nuﬁber of specimens was taken in collections during
the day from the mduths of Forked River (n = 38); Cedar Creek (43), and
Double.Creek (51), but fewer (25) individuals were taken 1n Oyster
Creek. .However, an approximately equal number of northern pipefish was
taken in collections in Oyster Creek (ﬁ = 40) and Forked River (42) from

May through July when OCGS did not opérate and the differences in monthly
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mean water temperature between these two areas wefe less than 1.5 C. 1In
August the temperature was 3.6 C warmer at the mouth of Oyéter Creek,
and only about one-fourth as many specimens weréftollected_there (n = 8)
than at Forked River (35). No attracfion to.or avoidance of Oyster
Creek was evident in collections made from September 1975 through August
1976 (Moore 1977&).

Samples taken in a population survey of the central Bay during July
and August showed that the northern pipefish was concentrated 1n.the
shallow, heavily vegetated eastern section of Barnegat Bay (0.68 indi-
viduals/m2 of bottom area) with relatively few in the'deeper portions of
the western Bay (< 0.01/m2) where vegetation was sparse (Appendix D1,
Table D1-99). Joseph (1957) felt that the associatioﬁ between the Gulf

pipefish (Syngnathus scovelli) and turtle grass (Thalassia sp.) beds was

so great that many of the ecological requiremegts considered.essential
for the Gulf pipefish were, in reality, requirements for the turtle
grass.

The northern pipefish ranked tenth in abundance among all fishes
impinged, and an estimated 11,220 + 1,412 individuals were impinged on
the OCGS screens in about 10 months of sampling. Most specimens were
impinged in November (28%) and April (26%), and 86% of all individuals
were taken at night. .

Whilé significantly more northern pipefish'ﬁere impinged during the
7 comparable months in 1975-76 (n = 29,379 + 4,425) than 1976-77 (8,780
+ 1,204), the reasons for the difference are not knoﬁn (Appendix Di,
Table D1-47). 1In contrast to the impingement.totals, the estimafed

population in the Bay was substantially larger during the second year,
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although the survey in 1977 waé conducted approximately 4 weeks later in

the summer than during 1976, and recruitment into the population contributed,
in p#rt, t&_the higher estimate. Over the year,‘the number of spgcimens

'per seine and trawl collections for Oyster Creek (0.47 n/coll) and

Forked River (0.64) were similar to these values (0.51, 0.45 respectively)
reported for 1975-76 (Moore 1977a).

_ A total of 1,102 specimens was examined from the creek mouths (8%),
Forked River (8%), Oyster Creek (6%), and the OCGS screens (78%Z). As in
1975-76 (Moore 1977a), significantly more females (72%, n = 763) were
collected than males (28%, 300), and the mean length of all femalés
(171 mm) was significantly larger than that of males (155 mm, Table C1-259).
Females may_be more common than males becausé of the g:eater.stress. .
imposed on the égg4carrying male. For the Gulf pipefish, Joseph (1957)
suggested that spawning stress may have resulted in a higher mortality
rate of males. |

Few young (age O+) individuals were collected; they comprised only

8.3% (20 of 242) of the individuals collected in the Bay and 2.2% (19 of
860) of those impinged at OCGS during 1976-77. The small number of
young collected in the Bay reflected the relative inefficiency of the
gear at collecting these small individuals. An estimated 10.3 + 4.5
million small northern pipefish were entrained through_OCGS during 1976-
77'(Appendix D1, Téble D1-111) as compared to the 11,220 larger individuals
impinged on the OCGS screens. The greater percentage of.young'in seine
and_traﬁi collectionsIindicated.that the gear selectivity was pfobably

- not aé great as that found at the OCGS screens. The selectivity of the

OCGS screens for larger specimens was also indicated by the fact that
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those taken there in 1976-77 were significantly largér (mean length of
163 mm) than those taken by trawl and seine (147), Fish collected from
0CGS from September 1975 through August 1976 tendéd to be larger than
those collected elsewhere, but the difference was not significant (Moofe
1977a).

More males were gravid (n = 177) than either mature (109) or immature
(14). Grévid males (88%) were taken primafily from May through August_
with most taken in May (34%Z, n'= 60); In 1976, a few gravid males were
also taken in Sebtember. Mercer (1973) found most gravid males during
May and June in the York River, Virginia, and in 1976 the greatest
number of gravid males was taken from OCGS in May and June. (Moore 1977a).
Because of the OCCS shutdown in 1977, fewer gravid maies (n = 21) were
‘collected during May and June 1977 than during this period in 1976 |
(133). |

Thé relationship between igngth and weight was computed, but the
calculated relationship was not considered valid because of large variations
in weigﬂt among specimens of similar length. These variations occurred
primarily with smaller individuals whose weight apparently was near the
accuracy of the balance. The large variafions in weight may account for
the fact that the regression coefficienﬁs Moore (1977a) reported for
males (3.5125 + 0.1271) and females (3.1980 + 0.1658) were substantially
different than 3.0,.the value generally accepted for isometric gréwth
(Ricker 1975). Therefore, the length-weight relationship reported by

‘Moore (1977a) was probably invalid.
The rate of growth and égé—strﬁcture of the population were difficult

to determine from length-frequency distributions because spawning was
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protracted (April through September), growth was rapid, and smaller fish
were not collected in proportion to their abundance. The frequency and
mean.length of the 194 nofthern pipefish collecfed from the eastern
portidn of ﬁarnegat Bay indicated that mqst specimené probably were.
young (age 0+) spawned in 1977, although some larger individuals may
have been produced from late spawns of the previous year (Fig. Cl-21),.
A few age 1+ specimens were also found in June and July. This ageQ
étructufe more closely reflected the.age-structure_of the Bay population
than that found in sampling at the OCGS screens or by trawl.and seine.

Growth of young was approximated from the 72-mm increase in mean
length in the 91 days ffom 24 June fo 23 September 1977. This increase
(0.79 mm/day) was less tﬁan the growth rate.of 0.96 mm/day determined
from aquarium raised individuals which greﬁ from 11 to 70 mm in 2 moﬁths
(Bigelow and Schroeder 1953).

In Barnegat Bay, the length of northern pipefish ranged from about
85 to 165 mm in mid-August, and most of these were probably young.
Although Mercer (1973) did not separate specimens by sex, her length-
frequency histograms suggested that at the end of the first summer,
young in the York River, Virginia ranged from 50 to 125 mm. These fish
probably made up a large percentage of the reprodﬁctive population in
the folléwing yeér. She noted the disappearance of larger individuals
in July, and this phenomeﬁon was also found in collections made in
eastern Barnegat Bay.

No parasites were found on the 1,102 northern pipefish examined,
. and ohly two types of abnormalities were noted. The tails of four
specimens were shortened and severely disfigured, and caudal fin rot

occurred on two individuals.
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STRIPED BASS

The striped bass is a valuable commercial and sport fish that
occurs on the Atlantic Coast from the Gulf of St. Lawrence to Florida
(Raney 1952). 1In 1976, 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 arbund Barnegat Inlet has supported a limited sport fishery
(Porch 1977b), and Halgren (1973) escimaﬁed that 2,688 fish were caught
in the upper Bay by sport fishermen in 1972. McHugh (1977) estimated
that the total sport catch for ;he North and mid-Atlantic in 1970 was
6.5 times the reported commercial catch. |

The striped bass is anadromous and spawns in fresh or brackish
water (Hildebrand and Schroeder 1928). Some striped bass spawned in the
Mullica River, New Jersey during April and May of 1975 (Hoff 1976), but
coastal New Jersey estuaries are relatively unimpbrtant in the reproduction
of the striped bass on the Atlantic coast of the United States (Raney
1952). Most individuals captured along the New Jersey coast were.produced
in Chesapeake Bay and its tributaries (Austin and Custer 1977).

Striped bass age 2+ and older migrate seasonally along the mid-
Atlantic coast. They leave coastal estuaries in.late winter and spring
and move northward to Long Island and New England (Raney 1952). Few
individuals, primarily juveniles, are found in New Jersey estuaries

during the summer. From mid-September through November, striped bass
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leave areas near Long Island and New England, and they migrate.southward
to spend the winter in various coastal estuaries (Merriman 1941). Some
over&intered in the Mullica River and Great Bay, ﬁew Jersey (Hoff 1974).

A total of seven stfiped bass were collected from September'1976
through August 1977, Four individuals were impinged on the 0CGS screens,
two were collected from the trash racks which precede.these screens, and
one was taken by gill net. One specimen was collecﬁed in November and
the othérs were taken during March and April. Individuals ranged in
length froﬁ 305 to 810 mm with a mean length of 461 mm. One striped
bass was age 2+, three were age 3+, omne was age 4+, and one was aée 9+
(Table C1-260).

Two females age 4+ and 94+, and one male age 3+ were sexually_matuie.
Merriman (1941) reported that_approximately 25% of female striped bass
matured when 4 years old, about 75% at age 5, and 95% by age 6. Some
males matured at age 2+, and most were mature at age 34. The number of
eggs produced by a mature female varied with size. Worth (1904) reported
as few as 14,000 eggs in a l.4-kg fish and as many as.3.2 million iﬁ.a
22.7-kg individual. - |

Physical anomalies, disease, and parasitism were noted in three
sPecimeﬁs. One fish had fin rot and also had lost some scales, probably
from passaée through the trash racks and impingement on the OCGS screené.
The 810-mm specimeh had extensive caudal fin damage which had healed.

The parasitic cestode Pomphorhyncus rocci was found on the intestines of

the 490-mm fish. Paperna and Zwerner (1975) found that 67% of age 3+

striped bass in lower Chesapeake Bay were infected with this parasite.
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The striped bass may have been more common in the vicinity of OCGS
"than collections indicated. Most large individuals cannot pass through
the trash racks and, therefdre, few were impingéd at OCGS. Striped bass
usually avoid trawls, and none were taken by this gear. A small school
of abput six individuals was seen in the immediate vicinity of the OCGS
discharge canal on 17 November 1976, and on 22 and 23 April 1977, four
striped bass (280 to.421 mm in length) were taken by rod and reel in the
immediate vicinity of the OCGS discharge. Oﬁ several occasions in late
March and April, striped bass were observed near the frash racks in

front of the OCGS screens.
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BLUEFISH

Intfoduction

The bluefish is migratory and regularly occurs along the Atlantic
Coast from Cape Cod to Florida and occasioﬁally'in the Gulf of Maine
(Bigelow and Schroeder 1953). It is present in New Jersey waters from
Méy through November (Milstein 1974, Metzger 1977a).

The bluefish is one of the most abundant sport and commercial
fishes in the mid-Atlantic. Imn 1974, 84% of the commercial landings of
the bluefish on the Atlantic.coast were from the mid—A;lantic (Gusey
1976). From September 1976 through August 1977, 175;142 kg.of bluefish
valued at $70,909 were landed commercially in Ocean County (U.S. Dept.
of Commerce 1977).__Young of the bluefish were.the most abundant finfish
caught by sport fishermen in western Barnegat Bay near Oyster Creek from
September 1975 through August 1977 (Hillman 1977d, Table C1-325). 1In
1972, an éstimated 19,144 bluefish were caught by sport fishermen in

upper Barnegat Bay (Halgren 1973).

Materials and Methods

The sex of specimens was determined by examination of the gonads

under a dissecting micrnscope. Reproductive condition was recorded as
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either immature or mature. Specimens smaller than 180 mm in length were
assumed. to be young (Bigelow and Schroeder 1953{ Richards 1976), but the
age of all other fish was determined by examination of the scales.
Condition was computed for individuals within age-classes 1+ through
3+, and an analysié of condition among areas was made when a sufficient
number of specimens was collected iIn each area. Analysis of condition
of individuals within each age-class was liﬁited to specimens wi;h a
similar Qt 10 mm) mean length because the allometric condition varies

with the size of the fish (Everhart et al. 1975).

Results

A total of 900 bluefish was examined frém September 1976 fhrough
August 1977. _The.bluéfish was taken in Oyster Creek and in the immediate
vicinity of the OCGS discharge from September through January, but it
was collected in the Bay and Forked River only from September through
November. No specimens were collected from any area from February
through May, but they wefe taken again in most areas from June through
August. The OCGS screens accounted for 57.2%Z (n = 515) of the specimens
examined, Oyster Creek 16.2% (146), the immediate vicinity of the OCGS
discharge 14.0% (126), the creek mouths 6.4% (58), and Forked River 6.1%
(55). The number, and the mean.lenéth and weight of bluefish examined
during various periods and for the several areas.are presented in Tables
C1-261 and 61—262.

Bluefish taken in Forked River from September and October (mean

length of 175 mm) were significantly larger than those collected at the
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0CGS screens from September through November (133 mm),_but bluefish .
taken from these two areas (102, 98 mm respettivgly) during July and
August were similar in length (Table C1-261). .Although bluefish cqllected
in Oyster Creek were larger than those taken from all other areas of ﬁhe
Bay during all months except August, these differénces were.not significant.
Bluefish from the immediate vicinity of the OCGS discharge were signifi- |
cantly larger than fish from all other areas from Septgmber
through'Nbvember and during July and August (Table C1-261).

The agé of 893 bluefish was determined (Tables C1-263, C1—264).'
Young (age O+) accounted for 94.1% (n = 840) of ghe fish examined, age
1+ specimens 4,3% (38); age 2+ fish 1,1% (10) and age 3+ individuals
0.6% (5). Most (36 of 38) age 1+ and all age 2+ and 3+ bluefish were
taken in either the immediate yicinity of tﬁe 0CGS discharge or Oyster
Creek from October through January. All fish collected in the other
three areas from September through November and from June through August
were young. |

Young ranged in length from 80 mm in Séptember_l976 to 323 mm iﬁ
Jénuary 1977, and those examined from July and August 1977 ranged from
33 to 210 mm. The length—ffequehcy distribution of young collected in
July revealed a bimodal distribution similar to that found in 1976
(Metzger 19f7a). The smaller of the two size-groups had a mean length
of 63 mm and the latger fish had a mean length of 142 mm. Small young
(mean length of 38 mm) also were collected in August and probably resulted

from a spéwn in the ocean off New Jersey.
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The mean length for bluefish collected in each age-class was 304 mm
for age 14 individuals, 334 mm for age 2+ fish, and 443 mm for age 3+
fish (Table Cl—263); The lengths of all.male and female Bluefish collected
for the year'wefe similar. Males ranged in ieng#h from 80 to 452 mm
with a mean léngth'of'174 mm while the length of females ranged from
89 mm to 465 mm with a mean of 172 mm. |

Yoﬁng'of the bluefish that were attracted to and overwintered in
the OCGS heated discharge probably grew during at least part of ﬁhe.
winter. Young collected in the immediate vicinity of the OCGS discharge
in January (mean length of 266 mm) were substantially iarger than young
collected in this area in Nov;mber (183) and approached the mean length
of age 1+ fish taken in November (295). |

The length-weight relationship for males (n = 379) was log weight =
-5.8718 4 3.4165 (log length). The confidencellimiﬁs on thé regression
coefficient were + 0.084, For females (n = 275), the'regression was log
weight = -5.8181 + 3.3919 (log length) with confidenée limits of + 0.109.

"The regression coefficienté of the ﬁwo equations were not sigﬂificantly
different,_and the subsequent length-weight equation for all spécimens,
including fish which were not sexed, was log weight = -5,7432 + 3.3859 .
(log length). .The confidence limits on the regression coefficient were
+ 0.040. |

All 654.specimgns sexed were immature. Generally, specimens ﬁnder
100 mm in length could not bé sexed due to undeveloped gonads. All

bluefish taken in June were small, and sex could not be determined.
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Significantly more young ﬁales were collected than yéung females
for the year. More young males were taken in all.months except August,
but this difference was significant only in Sépteﬁber (Table C1-263).
Neither sex.showed a preference for a particular area (Tables 01—265,
C1—266).. Although too few fish.from age-classes 1+ through 3+ wefe
collected to make statistical comparisons of the sex ratio of males to
" females during each month, significantly more agé 1+ and age 2+ maleé
Qere taken for the year. Only five ége 3+ bluefish were taken,_and four
were females. |

Condition of similar sized (mean length bf + 10 mm) bluefish from
all areas was computed during months when a sufficient number of specimens
was taken in these areas (Table C1-267). The conditiop-of.bluefish from
Oyster Creek (mean condition of 1.76) and Fofked River (1.80) during'
July was not significantly different, but in November bluefish from
Oyster Creek (1.44) were in significantly better_cqndition'than those -
(1.36) collected from the OCGS screens. Individuals (mean condition of
1.92) taken at the'c;eek mouths in July also were in significantly
better condition than those from the OCGS screens (1.61). The lower
cohdition values of specimens taken at the OCGS screens may réflect thé
greater vulnerability of fish in relatively poor éonditipn to impingement.
The condition of young taken in the immediate vicinity of the OCGS
discharge could not be coﬁpared to young from other aréas because young
taken near the OCGS disqharge were consistently larger than those from
other éreas. The condition of similar size fish taken in the immediate
vicinity of the OCGS discharge did not change significantly from September

through January.
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Some 222 (24;7% of those examined) bluefish were diseaséd, parasitized;
mechanically damaged, or had a physical anomaly (Table C1-268). Various
types of mechanical damage were noted on 75 specimens, and missiﬁg
scaleé and flesh or damaged fins were the most .common., Most damaged
fish were collected frém the OCGS screens and in the Bay by gill net.

The parasitic isopod Lironeca ovalis (135 fish) and the copepod Lernaeenicus

spp. (7) were found on 15.8% of all specimens examined. Pugheadedness,
a rare osteological defbrmity (Dawson 1964, 1966, 1971), was observed in
two young collected at the OCGS screens, but they.appeafed healthy and
their feeding ability did not seem affected.

The'largest percentage of anomaiies.occqrred in fish examined from
Oyster Creek (30.2%) and in Forked Rivér (29.0%), and it was slightly
higher'thaﬁ that of individuals collected at either the OCGS screens
- (24.6%) or in the immediate vicinify of the OCGS discharge (24.6%). The
smalleét percent of anomalous fish (6.8%) occurred at the creek mouths.
L. ovalis was found on fish from all areas. Bluefish from Forked River
had the highest rate of infestation (23.6%) followed by specimens from
Oyster Creek (20.52), the immediate vicinit& of the OCCS discharge |
(19.0%), the OCGS_séreens (12.8%), and the creek mouths (3.4%Z). Two L.
-ovélis (one in.each.gill) were found in 16.4% of the parasifized specimens,
and most of:the specimené with two isopods were taken from September to
January in Oyster Crgek.. _

Of the 856 stomachs examined, 411 (43.0%) wére empty (Table C1-269).
Exclusive pf.fish fragmen;s, the most numerous fishes in the diet of the

bluefish from all areas over the year were silversides, anchovies, and
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various other small fishes. Generally, the stomach contents of bluefish'
were similar among areas, but some small variatidps were found. For |
example, youﬁg of the winter flounder were héavily préyed upon at the
;reek mouths during July, and both myéids and sand shrimp were numerous. -
in the.stomachs of bluefish taken in QOyster Creek during November. The
diet of bluefish taken from the immediate vicinity of the OCGS discharge
~was generally similar to that of bluefish from other areas. Stﬁmachs of
specimens taken near the OCGS.discharge.had moré fish fragménts by
volume than were found in the stomachs of bluefish from the other

areas, Fishes attracted to the heated discharge or introduced there
after impingement on the OCGS screens may be prey for bluefish near-the

OCGS discharge,

Discussion

The movements and migration of juvgnile_and édult'bluefish are
largely correlated to wéter temperature (Freeman and Turner 1976). Lund
and Maltezos (1970) and Backus (1962) reported thaf bluefish afrivéd in
~Long Island waters in sbring when the water temperature was.from 12 to
15 C. These temperatures were similar to the ocean temperafure offshore
of Barnegat Bay when bluefish were first collécted in the Bay during
May 1976 at a mean bottom temperature of 17.5 C (Metzger 19?7c). In
1977, bluefish were not collected in.the Bay untii June but the ﬁean
bottom temperature at the creek ﬁouths_during_that month (16.5 to 17.5 C)

was similar to the temperature at which they were first collectéd in May

1976.
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Young bluefish in Barnegat Bay prpbably originated from several
areas in the mid—Atiantic. The.firét young (30 to 70 mm in length,
Metzger 1977a) collected iﬁ the Bay during May and June were probably
from a spawn during early spring off North Carolina. Ripe bluefish_are
taken off North Carolina in the épring (Bigelow and Scﬁroeder 1953), but
ripe individuals did not occur off New York until late June (Deuel et
al, 1966). Bluefish 1.4 to 4.5 kg_in weight resided off the coast éf
New Jersey in July (Freeman and Turner 1976) and probably.produced the
small young taken in Barnegat Bay duriﬁg August and September. Thomas
(1974) reported larval bluefish were taken off Little Egg Inlet, New
Jersey from July through September. The age ét which bluefish mature is
not known, but all age 3+ bluefish taken in Barnegat Bay during fall
shdwed no evidence of maturation.

| When OCGS operated during the summer, bluefish apparently évoidedi
areas of Oyster Creek.at a water temperature above 32 C (Table C1-201).
Only one bluefish was taken in the immediate vicinity of:thg OCGS discharge -
in August_when wgter temperéture (mean temperature 36.3 C) exceeded
35 C, the témperature that Terpin et al. (1977) reported as lethal to
the bluefish. Bluefish from 90 to 221 mm in length that were acclipated
to 22-C had-éOZ mortaiity when exposed to a tempef#ture increase (delta T)
of 10 C, but complete mortalitj resulted in 0.1 h when the delta T was
increased to 13 C (Terpin et al. 1977). During August bluefish were
taken in Oyster Creek east of U.S. Route 9 at a water temperature of
30.4 to 30.6 C, and these téﬁperatures were lower than the mean avoidance

temperature (33 C) determined by Terpin et al. (1977).
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The bluefish was attracted to the.heated discharge in Oystef Creek
from September throﬁgh January, and significantly more were'coliected in
Oyster Creek and in the immediate vicinity of thé OCGS discharge than in
Forked River and the Bay during this pefiod. During these mohths,.mOSt
bluefish were found near OCGS discharge; relatively few individuais were
taken in OyStér Creek east of Route 9. The similar condifion of young
taken in the immediate vicinity of the OCGS discharge from Septembef
_ through January suggested fhat these individuals did not lose weight as
a result of residence there.

The size-distribution aqd age-composition of bluefish taken in
1976-77 were génerally similar to those reported by Metiger (1977a) for
1975-76 although.young comprised a greater perceﬁtage of the population
during 1977. However, this ma& reflect differences in gear because most
age 1+ and 2+ fish taken iﬁ.May 1976 were captured by gill net; and
regular gill net.collectioqs were not taken after March 1977. For
example,'49 age 1+ and 2+ bluefish were taken in Oyéter Creek during May
of 1976 while only young bluefish were taken there during this period in
1977, 1In éddi;ion, OCGS did not discharge heated water ffom 23 April
through 4 August and oider bluefish in tﬁe Bay may not have been éttracted
to and collected in Oyster Creek.

In the fall, most young and all but one of the older bluefish were.

' captured in the OCGS discharge after most of the population had emigrated
from the Bay. Many of these fishes, particularly ydung and age 1+
individuals, were larger than bluefish of a similar age taken in the

fall of 1976. Too few age 2+ and 3+ specimens were collected to determine

growth of these fish. Richards (1976) reported that bluefish almost

C1-472



doubled in length during its second year, and that'age 3+ fish had a
length range that completely overlapped that of age 2+ fish;

In general the.diet of young bluefish in Bafnegat Bay was similar
to that of fish from Long Island (Richards 1976) and Delaware (Grant
1962) in that they utilized seasonally abundant forage fishes. Grant
(1962) analyzed the stomachs of 262 specimens from Indian River, Delaware
and found that 86% of the forage fish were thg Atlantic menhaden, bay
anchovy, mumﬁichog, Atlantic silverside, and tidewater silversidé.
Richards (1976) reported that the stomachs of most bluefish examined
from Long Island contained locally common species such As squid, the
Atlantié menhaden, anchovies; and butterfish. In Barnegat Bay, the most
common fishes identified in bluefish étomachs were silQersides and the
bay anéhovy, fishes that were common to abundant in collections from the
Bay in 1976-77. In July, bluefish taken from the Béy fed heavily on

young winter flounder which were abundant then in the Bay (Table Cl-164,

C1-165).

The overall rate of infestation of Lironeca ovalis, the most common
parasite, was 15,02, and this rate was similar to that reported for
bluefish from the Delaware River (19.52,-Lindsay and Moran 1976) and in
the vicinity of Little Egg Inlet, New Jersey (14X, Swiecicki 1974).
However, more bluefish in- Barnegat Bay had fwo isopods (one in each
gill) than ;eﬁorted by Lindsay and Moran (1976).. They found only iZ of
their specimens contained twé L. ovalis as compared to 16.4%Z of the
pafasitized bluefish from Barnegat Bay from 1976-77 énd 29,8% in 1975-76
(Metzger 1977a). Since most of the instances. of parasitism occufred in
bluefish attracted to Oyster Creek in the fall and winter, the concenpration

of these overwintering fish may have contributed to their greater infestation.
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WEAKFISH

Introduction

The weakfish is an important predat~r that is found primarily from
Florida to Massachusetts Bay with strays rébortéd as far north as the
.Bay'of Fundy (Bigelow and Schroeder 1953). The area of greatest abundance
for this fish is centered around'Chesapeake Bay (Thomas 1971). The
weakfish is important to both the sport and commercial fishery from New
Jersey to North Carolimna although fhe sport catch in 1970 was twice the
reported commercial catch (McHugh 1977). It was one of the most abﬁndant.
fish taken by anglers in New Jersey ffom 1972 through i976 (ﬁilstein.et
al, 1977, Figléy 1977). From September 1976 through August 1977, it was
.the third most important fish (83,640 kg) landed 1n_0céan County, New

Jersey (U.S. Dept. of Commerce 1977),

Materials and Methods

.Weakfish less than 180 mm in léngth were considered young (age 0+)
and were not sexed because it was difficult to accurately determine the
sex of these small fish. For all individuals larger than 180 mm, séx.
was determined by inspection of tﬁe gonads, and the age of thése larger
specimens was determined by examination of scales taken from the juncture

of the spinous and soft dorsal fins. Annuli on scales were most easily
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counted when the scale was held between two acetate slides at 10X magnifi--

cation.

Resulfs

A total of 8,186 weakfish was collected from September 1976 through
Augusf 1977 (Table C1-270), but no fish were.taken from Decembef through
June, Most (97.0%) individuals were captured at the OCGS screens. :In
the Bay, more specimené were collected by trawl (n % 228) than seine (5)
beéause the weakfish generally avoided the shore zone. Most (92.8%) |
large weakfish collected by gill net were.taken in the immediate vicinity
of the OCGS discharge. About 10% (n = 812) of the weakfish collectgd
were examined,

” Most (97.7%) of the specimens were.ybung. Scales were taken to
determine the age of the 99 specimens larger fhan 180 mm, but the age of
14 fish could not be determined as the scales weré unreadable. Some
77.6% (n = 66) of these larger fish were young.(age 0+) that ranged in-
length from 181 to 221 mﬁ. ‘No age 1+ or 2+ fish were collected; the
other 19 fish.were age 3+ through 7+ (Table C1-271). The mean length of
age 3+ fisﬁ (n = 3) was 398 mh, age 4+ (6) was 502 mm, age S5+ tS) was
525 mm, age 6+ (4) was 536 mm, aﬁd one age 7+ fish was 681 mm. Mosf (14.
of 19) of the oldef weakfish were coilected frdm the immediate vicinity
of the OCGS discharge in September (n = 11) and November (3). The
remaining fish were cbllegted at the OCGS écreens, the mouth of Oyster
Creek, or Forked River mouth.’ | |

In 1976, the mean length of young weakfish increased from July

(53 mm, Hillman 1977a) to October (134) but decreased in November (112,
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Table C1-272). The length-frequency distribution of young weakfish
showed that two size-groups were present in August 1977, but only one
group was found in July 1§77 and from Septembei.through November 1976.
In August the mean length for 208 small.young was 51 mm, while thé mean
length of 16 larger young was 108 mm.

Thé mean length of young taken from Oyster Creek in September
(156 mm) and October (184) was larger than that of young from Forked
River (125, 135 respectivély) and the 0CGS screens (119, 133). Bottom
water temperatures in Oyster Creek (17.0 to 25.6 C) were warmer than
those in Forked River (13.5 to 24.6) &uring those months.

The lengtﬁ-weighf relationship for 47 females was'éimilar to tha;
for 38 males (Taﬁle Cl1-273). Since the differenée in the regression.
coefficient between sexes was not éignificant, all spécimens; including
ybung, were pooled to genefété a singlé regression equation: log weight
= -5.3337 + 3.1205 (log len_gth).witl'; confidence limits of + 0.027.

The'gonads 6f all fish examined_Were either imﬁatufe or mature at
rest, and no significant difference was found between the number of -
males (n = 38).and femalgs 47). |

The stomachs from 492 weakfish were exaﬁined;_most (n = 481) were
taken from young. Some 358 yqung'examined were taken at the OCGS écreens,
94 from Forked River, 29 from Oyster Creek, and 1 from Cedar Creek. The
dominant identified food items were anchovies; silversides, young of the
weakfish, mysids, grass shrimp, and sand shrimp (Tabie.C1-274). By
v§1ume, the diet of young weakfish consisted ﬁrimarily of fishes (92.0%)

rather than invertebrates (8.07). Among adults, fish occurred in all
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stomachs, and the overall percentage of fish in the diet of all weakfish
was 99.9% (Table C1-275). Unidentified fish (fish fragments) was the
most common item found (55.1% of total volume), and most of_the fragments
were of small_forége fishes. Anchovies were the most abundant fish that.
could be 1dentified; they occurred in 18.,2% of the.stomachs with food_
and ranked third (16.0%) in volume displacement (Table C1-274). Two
large young of the weakfish were found in the stomachs of two adults
taken in the vicinity of the OCGS discharge (Table C1—275). Invertebrate
fragments, the second most numerous food item, were found in 27,3% of
stomachs with food, and mysid shrimp were the most numerous identified
invertebrate (22.3% of all identified invertebrates).

Analysis of.the food habits of fish in Oyster Creek was limite& to
Séptember throdgh November because few individuals were collected in
other months. In Oyster Creek, silversides (27.5% of total volume) were
more important than.anchovies (10.5%) as the dominant identifiable food
(Table 015276). In contrast, relatively few silversides were foﬁnd in
the stomachs of weakfish from either Forked River (3.2%, Table C1-277)
or the 0ces screens (3.6%, Table C1-278). Several trends in food habits
were evident by area and thréugh time. Mysids were found in more weakfish
stomachs frém.Forked River (40.32) than in those in Oyster Creek (29.6%)
or at OCGS (11.6%). Anchovies declined in relétive importance in the
diet of indiQiduals taken at OCGS during the.fall; in Septembef they.
ranked first (57.0% of total volume) in the stomach contents, but in
November they accounted for only 7.7% of the volume. The steédy deciine

of anchovies in weakfish stomachs throughout the Bay from September
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through November reflected the emigration of anchovies from the Bay

during fall.

Some 3,3%Z (n = 27) of all weakfish examined were diseased or

parasitized (Table C1-279). Twelve fish (1.5% of all specimens examined)

had fin rot, 11 (1.4%Z) were infested with the isopod Liromeca ovalis,
and 4 fish (0.5%) had at least one parasitic copepod Lernaeenicus Spp.
attached.

~ Some 52.7% (n =.428) of all weakfish had external mechanical damage,
A higher incidence of mechanical damage was noted among fish collected
at the OCGS condenser discharge (71.4%) than in other areas. The damage
to these fish was probably dﬁe to impingement on the OCGS screens or

daﬁage during collection by gill net.

Discussion

The weakfish was present in Barnegat Bay from spring thréugh.late
fall. The failure t§ collect weakfish until July in 1977 was due to the
shutdqwn'of OCGS from 14 May through 11 July réther tha; the absence of
;he'fish in the.Bay. During 1976, Hillman.(1977a) first reported ﬁéakfish
at the OCGS screens.at’the end of Apfil and during'May. He also found
that tﬁe heated discharge attracted weakfish during spring (priﬁarily in
May) and fall. However, OCGS did not discharge heat from 23 April
through 4 Augusf 1977, and during this period weakfish were not attracted
.to of collected in Oyster Creek.

Barnegat Bay was unimportant_to the reproduction of the weékfish.
Relatively few older, ﬁature individuals were captured; their gonads

were at rest. Tatham et al., (1974) collected most weakfish larvae in

Cl-478



the ocean near Great Bay, New Jersey, and they concluded that spawning
occurred in the océan, primarily during June. The large'number of young
in Barnegat Bay indicated that they entered the Bay and used it primarily
as a nursery. Thomas (1971) noted that the lower Delaware River was
important as a nursery for yoﬁng.

The bimodal length distribution of young dufing August 1977 propably
reflected weakfish spawned in two different areas. Hildebrand and Cable
(1934) repprted a protracted spawn of wéakfish in Virginia and North
Carolina waters from May through August. These fish probably represented
the larger young in Barnegat Bay while the smaller young were spawned
off the New Jersey coast (Tatham et al, 1974). Hillman (1977a) also
found a bimodal distribution of young in.Bérnegat Bay in 1975-76.
Although two éize—classes were present in Barnegat Bay in August, these
two size-classes could not be distinguishe& from September through
November. Thomas (1971) found that mortality of late-spawned fish in
the Delaware River was high and that most of these fish did not contribute
to the adult.p;pulation.

Other infofmation on the life history of Veakfish from Barnegat'Bay
in 1975-76 (Hillman 1977a) and 1976-77 generally was similar to that
reported for other mid-Atlantic estuaries. The ratio of males to females
found in this study was not significantly different from 1:1, and an

equal sex ratio was also reported for weakfish in the Delaware River

(Thomas 1971). The low incidence of Lironeca ovalis on weakfish from
Barnegat Bay (1.4%) was similar to the 0.8%7 infestation rate reported
from the Delaware River by Thomas (1971) and the 2.8% rate found there

by Lindsay and Moran (1976).
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Studies from numerous areas of the mid-Atlantic have demonstrated
that weakfish collected from different geographic areas had great
flexibility in pfey.selection (Merriner 1975), aﬂd they utilized a wide
variety of available food items. In Barnegat Bay, fish were the single
- most important prey of the weakfish, although the amount of fish consumed
varied soméwhat by location, date, and size of the individual. Hildebrand
and Séhroede; (l928)'found that anchovies, silversides, and mysids
dominated stomach contents of weakfish from Chesapeake Bay. However in
Delaware Bay,'the diet of young consisted primarily df mysid shrimp and
sand ghrimp (de Sylva et al. 1962). In the Delaware Rivgr, mysid shrimp
and the amphipods Gammarus spp. were most important (Thomas 1971).

_ Apparent differences in diet between areas may be attributed to
size of the fish rather than diffefent feeding habits. Thomaé (1971)
found that small (60 to 120 mm) weakfish from fhe Delaware River had a
greater percentage of mysids in their diet than larger individuals (120
to 180) which ate more fish. The greater percentage of ﬁwsids found in
the stomachs of fish from Forked Rivér (40.3%) as compared tq Oyster
Creek (29.6%) from Septeﬁber thfough Novembér may be, in part, related
to size. The mean length of the young weakfish examined from Fofked
River (125 mm) was considerably smaller than that Qf individuals from
Oyster Creek (161). The greater percentage of mysids in the stomachs of

weakfish from Forked River may also be related to the greater density of

mysids in FbrKQd R\Vﬂr.

C1-480



NORTHERN KINGFISH'

The northern kingfiéh ranges from southern Florida to Casco Bay,
Maine, but it is most numerous from Qhesapeake.Bay to New York (B;gelow
~and Schroeder 1953). In Long Island, Néw York, the northern kingfish
first appears in late April to early May and remains until late autumn
(Schaeffer 1965). Although the area in which the northérn kingfish
spends the winter is unknown, Schaeffer (l965)_specu1ated that it was
offshore in deeper water. |

In the mid-Aﬁlantic, the northern.kingfish is more important to the
sport fishery than the commercial fishery (McHugh 1977). 1In 1970, the
recreational catch from New Jersey'to North Carolina was 3.5 times
greatei than the reportgd commercial landings. It was the seventh most
abundant finfish taken by anglers in upper Barnegat Bay from December
1971 tﬁrodgh November 1972 (Halgren 1973), but the recent catch has
declined. |

A.total of 35 northern kingfish was examined (Table Cl1-280). Most
.'(n%32) were taken from September through mid-November, and_65.7z (23)
were collected from the 6CGS screens; Sex was determined for 14 indivi-
duals; seven were males and seven were f;males. Sex could ﬁot be
- determined for most fish less than 135 mm.in length because of the
rélatively.small size of the gonads. No physical anomalies or parasites
were noted for any specimens. The collection of small young (age O+)

off North Carolina (Hildebrand and Cable 1934), in Delaware Bay (de Sylva
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et al,. 1962); and in the ocean and surf near Little Egg Inlet, New
Jersey (Milstein et al. 1977) suggested that the northern kingfish
spawns primarily in the ocean. In New Jersey spéwning began in June and
terminated in August (Welsh and Breder 1923), but neithe; eggs nor
larvae wére found in Barnegat Baj during 1976 (Tatham et al. 1977b).

The northern kingfish has rapid growth. Welsh and Breder (1923)
found that .northern kingfish reaéhed.a mbdal length of 120 mm by the
first winter, 250 mm by the sécond, and 350 mm by the third. However in
New Yofk, Schaeffer (1965) found that individuals hatched in May or
early June attained a modal length of 250 mm by Octdber; Specimens
collected in the ﬁay during 1976-77 ranged in length from 18 to 310 mﬁ
with a mean length of 105 ﬁm. All but the largest specimen (310 mﬁ, age
1+) were young, and all fish weré immafure. Metzgef (1977b) reported
that most of 16 specimens taken in the Bay from September 1975 through
August 1976 were young; their length_ranged from.26 to 280 mm (meén
length of 161 m). | |

The northern kingfish has not Been abundant in Barnegat Bay in
recent years. From 1929 to 1933, it ranked ninth in numerical abundance
in trawl collections made in Bafnegat Bay and near the mouth of Forked
River by the Bingham Oceanographic Institute (Thomas and Milstein 1973);
Marcellus (1972) collected a total of 416 specimens from 1966 to 1970;
the number collecﬁed each year declinéd-from 220 in 1966-67 to 59 in
1969-70. From December 1971 through November 1972, McClain (1973)
collected oniy seven northern kingfish by seine in the Bay. Oﬁly five

northern kingfish were reported by anglers in the Bay near OCGS from
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September 1975 to.September 1977 (Hillman 1977c, Table C1-325). Commercial
landings of the northern kingfish in New Jersey have declined from a
mean of 25,409 kg from 1966 through 1970 to 5,000 kg from 1971 througﬁ
1975 (U. S. Dept. of Commerce 1966-76); in 1976 commercial fishermen i
landed'only 92 kg (U.'S. Dept., of Commerce 1977).

Fluctuations in abundance and age-class structure of northern
kingfish populations are common. Bean (1903) reported that from 1884 to
1898 ybung were abundant in Great South Bay, New York, but only one
adult was collected. However, large fish were common in 1901 but only.
two young were taken. In Corson's Inlet, New Jersey, Phillips (1914)
reported that northern kingfish were abundant for 1 or 2 years but then
gradually decreased in number. Schaeffer (1965) concluded that.becaugg.
the northern kingfish.is short-1lived the abundance and size~distribution

of the population were dependeﬁt upon the success of individual year-

classes.

C1-483



SUMMER FLOUNDER

'Introdﬁction

The summer flouﬁder ranges from Maine ﬁo Florida (Freeman and
Turner 1976). It migrates inshore to coastal and estuarine waters in
spring and moves offshore to the continental shelf in fall., Spawning
occurs in the ocean during the fall migration and it may extend into
" March (Murawski 1963, Smith 1969). Fésta (1975) suggested that larvae
and young (age 0+) of the summer flounder entered New Jersey estuaries
from October through March. |

The summer flquﬁder is important to both commercial and recreational
fishermen of the mid-Atlantic. From 1951 to 1974, commercial fishermen
in the mid-Atlantic annually landed between 0.9 and 4,1 million kg
(Gusey 1976), and annual recreational catches have been as high as 17.7
million kg (National Marine Fisheries Service 1974). The commercial
value of the summer flounder is ﬁigh ($0.91/kg in 1975, U. S. Depf.'of
Commerce 1976) and often exceeds that of most commercially-harvested
flatfishes (Fregman and Turner 1976). Halgren (1973) estimated that
31,730 summer flounder were taken by sport fishermen in Barnegat Bay

from December 1971 through November 1972,

Materials and Methods.
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Sex was determined by visual inspection of thg gonads, but matufation 
was not determine&'because most femalés were less than 4 years old, the
age at which the summer flounder matured (Richards 1970). "The gonads of
some females were enlarged, and it was assumed they were appfoaching
matuii_ty.

Ageing was done by examination of the otoliths. Prior to examination,
they were soaked.in 52 hydrocﬂloric acid, dried, and submerged in élyéerol.
" on a.depression slide. The material comprising the oufermost zone of

the otolith was recorded as either opaque or hyaline. Generélly, the_.

left otolith was used for age determination, but if 1£ was éither damaged

or difficult to reéd, then the right otolith was used., Vertical measurements
. (to nearest 0.1 mm) were taken from the otolith core fo each annulus.

The first of December was considered the birthdate of a summer floundef
(Festa 1974), and if.specimens taken at that date had no cleai annulﬁé

and a wide hyaline band, 1 year was added to their age.

.Results

A'totél of 498 summer flounder was exémined from September 1976
through'August'1977, and sﬁécimens were collected during all months
except Jaﬁuary through March. Most (92.2%, n = 459) were taken at tﬁé
-OCéS screens; 4.0% (20) were taken in Oyster Creek and 2.8% (14) in
Forked River. Only three specimens were taken at the creek mouths; one
wés collected in the immediate vicinity éf the OCGS discharge, ané one
was taken at the OCGS dilution discharge..

Females taken.at the OCGS screens ranged in length from 115 to

425 mm with a mean length of 273 mm. Males ranged in'length from 160 to
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382 mm and had a mean length of 248 mm (Tablé Cl1-281). For the year,
females were significantly_longer and heavier than males. Although
females were l#rger than maieé during each.moﬁth, the differences in
length énd weight were small in each moﬁth f;om April tﬁrough.August.
The difference in length between sexes was only significant in October,
Thé relationship between length and weight was not significantly
different for males and females. A pooled regression for all speéimené
. (n = 498), including a few individuals of un&etermined sex, was log
weight = -5.2231 + 3.0782 (log length), and the confideﬂce'limits
were + 0.115 (Table C1-282). |
A total of.386 suﬁmer flounder were aged. The mean length and
weight of fish in the five age-classes (age O+ t6'4+) are given in
Table Cl;283. Age 2+ fish were moét abundant and represented 59.;2
(n = 228) of all fish aged. Age 1+ fish accounted for 17.4% (n - 67),
and age 3+ fish comprised 18.1%.(70). Only two young (age 0+)_sum@er
flounder were taken. |
The accuracy of ageing by otolithé was indicated by a stfong
-ﬁorrelation coefficient (males = 0.904, females = 0.936) between otolith
measurements and lengtﬁ of specimens. The regression of thé otolith
width to body length for males had intercepts of 14.08 for males and
11.18 for.femalés[ These intercepts were used as a correction factor in -
‘the calculation of growth (Tesch 1968). At age 1 through 3, no significant.
difference was found between the calculated mean 1ength of male and
female summer flounder (Table C1;284).- Mean.length for males age 1

through 3 were 101, 182, and 257 mm, respectively. Corresponding females
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were 102, 186, and 266 mm in length. Although the calculated mean length:
of age 4 females (319 mm) was greater than ﬁales (297), the difference
was not tested because few specimens were collected.

Growth was calcula:e& uéing annulus measﬁrements.of 361 summer
flounder (Table Cl-284; Figs. Cl1-22, C1-23). Within the five age-

_ classes examined, growth was greatest during the first year and was
similar for males (annual growth of 101 mm) and females (102). Gfoﬁth
slowed ag the summer flounder became older, and by the fourth yeaf,
yearly growth was reduced to 41 mm for males and 53 mm for femalesf The
annual growth increment for females was lérger than that of males for
each age-class.

Most summer flounder collected from July through December had
otoliths with wide hyaline edges while those taken in April had otoliths
with either opaque edges or a very fine hyaline band at the gdge of the
otolith. Otoliths taken from the two young specimens were composed |
almost entirely of an opaqﬁe core.

Some 484 fish Qére sexed, and significantly more females (n = 272)
_th#n males (212) were taken for the year, However by age-class, the

only significant difference between a 1:1 ratio of females to males was

among age 4+ fish where 89.5% (17 of 19) of the individuals were females

(Table C1-283). Aﬁ 0CGS, significantly more females (n = 256) than
males (195) were taken for the yeaf (Table_Cl-Zél), and significantly"
more females than males were taken in November and April (Table C1-285).
In Noyemﬁef, the ratio of femaleé to males was 3:1 (n = 28) and during
April if was 2,9:1 (35). Too few specimens were .taken in other'areag

for comparisons,
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All summer flounder collected were considefed immature. "However,
three.age 3+ females (380 to 422 mm in length) had slightly enlarged
ovaries (5 to 10 g in weight), and they were considered to be in the
stage of development described by Festa (1974) as prespawning.

Condition factors were computed fof the year for age 1+ through 3+
males and females collected’at 0CGS (Table C1-286); too few age 4+ males
 were collected for comparisons. .The small number of specimens collected
from areas other than OCGS prevented.a comparison of condition among
areas, Condition was not significantly different between males and
females in each of the three age—classes tested.

Physical aﬁomalies were noted on specimens from each area (Table
.Cl1-287). Some 51.4% (n = 237) of the summer flounder examined from OCGS
-ﬁad some anomaly, primarily mechanical damage (e.g., scale or flesh
" missing, fins damagea) incurred from impingement on the OCGS screens.

No parasites were found on any of the summer flounder examined; one fish
had fin rot.

'Three types of genetic anomalies were found among 10 specimens at
0OCGS. One pugheaded male (168 mm) was captured in October; it was:_
p;obably.age 1+. Two instances of ambicoloration (dark pigmentation on
 both dorsal and ventfal surfaces) and seven insfanceé of staining (small

patches of pigment on the ventral surface) were found. -

Discussion
The summer flounder was common in Barnegat Bay from April to November,

and a few specimens were also taken in December. Although a few specimens
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first appeared in Oyster Creek iﬁ April, the summer flounder apparently
neither avoided nor preferred Oyster Creek during the year. This apparent
lack of interection with the thermal dlscharge.may be attributed, in
part, to the local distribution of suﬁmer flounder. Hillman (1977d)
found thet_most summer flounder caught by sport fishermen in the Bay
near OCGS were taken near the Inlet, The eastern portion of Barnegat
Bay, especially'near the'Inlet, is preferred habitat for the summer
flounder because this area generally has a hard sandydbottom with some
eelgrass beds and mud. Ginsburg (1952) and Bigelow and Schroeder (1953)
reported that the summer flounder preferred hard sandy bottoms although
it was also found on muddy or grassy bottoms. In cdntrast, the western
Bay has primarily a mud bottom and, ;herefore, the nhmber of summer -
flounder (n = 31) taken-there probably dld not reflect the overall
population in the Bay.

The population of the summer flounder in Barnegét Bay and other
major estuaries in the mid—Atlantic (Eldridge 1962, Murawski 1963, Festa
1975) were comprlsed primarily of immature individuals. Generally,
older mature individuals remain just offshore during summer and rarely
enter 1ower sallnity estuaries (Freeman and Turner 1976).

The summer flounder usually matures at age 4, but some individuals
may mature as early as age 3 (Eldridge 1962, Murawski 1963, Smith.1969).
Three age 3+ females taken in the Ba& in Oetober and November had ovaries
which contained enlarged eggs similar te those.found by Murawski (1963)
in females just prior to spawning. These larger females probably would

have spaﬁned during the fall emigration to the ocean..
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The life.history of the summer floundef in Barnegat Bay during
1976-77 generally was similar to that from the Bay in 1975-76 (Hillman
1977b) and from other mid-Atlantic estuaries (Poole 1961, Eldridge 1962,
Smith 1969). Although Hillman (1977b).found no significant difference
in the number of males and females at OCGS in 1975-76, significaﬁtly more
females than males were taken at OCGS during 1976-77. Mére-females than
males also were collected in the Delaware River (Smith 1969) and in
~ Great South Bay, New York.(Poole 1961), 5ut the statistical significance
of the differences was not mentioned.

The age-structure of the summer.flounder population in Barnegat'Bay
auring 1976-77 was similar to that found in 1975-76 in that five age-
classes (ages O+ tb.4+) were present. During both years, the dominant
age—clasé was 2+, but during 1976-77 few-foung (age 04, 1976 year—claés)
fish were taken, Hillman (1977b) repérted that young comprised 10.1% of
the summer flounder in Barnegat Bay dﬁring-1975—76. |

The absence of young summer flqpnder during 1976-77 proBably resulted
from natural fluctuations in.reproductive success. Festa (1974) reportea_
.that significant fluctuations in the summer flounder popﬁlation have
occurred off New Jerséy in the past 20 years. From 1962 thfough 1971,
the reduced inshore fishery reflected, primarily, the decrease in the
abundance of age l+ summer flounder, the predominant age—class of the
fishery. Beginning in 1972, the summer flounder population began to
increase, and this increase coincided with an increase of age l+ summer
flounderf' The - absence of ydung summef-flounder in 1977 may affect the
inshore fishery in 1978 siﬁce Festa (1974) reported that this fishery is

highly dependent on age 1+ fish.
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The anoxic water mass off New Jersey from July to mid-October 1976
may have altered the normal migration of the summer flounder and had
some effect on spawning success (Festa 1976). During.late August and
early Septeﬁber, Festa (1976) reporﬁed few summer flounder.in Great Bay,
but on 20 September large catches of summer flounder were reported
there. The preseﬁce of individuaIS-in.the Bay at this time suggested an_
interruptibn of the offshore migration by the anoxic ocean watei.
Mortality of a portion of the spawning population may also have affected
the spawning success during 1976. Festa (1976) reported at least 500
dead summer flounder in Little Egg Inlet on 22 July during an incursion
of anoxic ocean water into the Inlet,

The meén length of summer floundér taken in Barnegat Bay in both
1975-76 (Hillman 1977b) and in 1976-77 corresponded to the calculated
mean length reported for individuals off North Carolina (Pbﬁell and
Schwartz 1977); in Delaware‘Bay (Smith'1969); in Great South Bay, New
York.(Poole 1961); and in Virginia (Eldridge 1962)._ Hildebrand and
Schroeder (1928) reported that about 1 year after hatcﬁing; sumnmer flounder
from Chesapeake Bay attained a length of 120 to 180 mm and at age 2+
were about 280 mm; these lengths also were similar to thosé of individuals
in Barnggat Bay. | |

Unlike the mean length of éummer_flounder, the calculated mean
length af age 1 to age 4 summer flbundér.from Barnegat Bay was smaller
than that of fish from Delaware Bay (Smith 1969), Virginia (Eldridge
1962), and Great South Bay, New York (Poole 1961). This difference may

be attributed, in part, to variation in growth, such as the 30 to 40-mm
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variation 1n.growth Festa (1975) found in age 2+ summer flounder taken
in Great Bay, New Jersey during 1972 and 1973. Substantial differences
were evident émong the growth rates of age 1 and age 2 éummer flounder
from Barnegat Bay and other mid-Atlantic estuaries. The abundance of
age 2+ fish in 1975 may have caused increased competition and reduced
growth.rates'among these fish, but the calculated annuai growth rates of
3 and 4 year old summer flounder in Barnegat Bay was similar to those'of
fish from other mid-Atlantic estuaries (Tabie C1-288; Figs. Cl-22,
C1-23). Since the growth rates of age 3 and 4 individuals were similar to
those.of summer flounder in other es£uaries, this difference in growth
rate at annulﬁs formAtion for age 1 and.age 2 fish may.also be partially
éttributed to_variation in spawning time. | |
Although the length-weigﬁt ;elationship of males and females in
Barnegat Bay was not éignifiéantly different in 1975-76 (Hillman 1977b)
or 1976—77, females generally were lérge: and heavier than males of the
same agé because females apparent1y grew faster th#ﬁ males. émith
(1969) found no significant aifferencé either in the leﬁgth—weight-
. relation of males and females or between the lengths and.weights of.malé
and female summer flounder ip Delaware ﬁay, but females were slightly
longer and heavier than males. Howeve;, Smith (1969) found that females
were sighificantly (P£L0.05) longer than males at the.predicted maximum . .
atfainable length determined by Walford's growth transformation.
Although-nq parasites were found, nearly half of the specimens
taken at OCGS had some physical damage which was probably caused by

impingement on the OCGS screems. Mechanical damage among specimens from
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other areas was relatively uncommon (10.0%) and was probaBly caused by
the collection gear. |

Ambicoloration, a developmental anomaly proBably caused by genetic
or envirommental conditions prior to metamorbhosis (Dawson 1962), was
found iﬂ two fish. Twentyftwo ambicolored individuals were found in thé
Bay in 1975-76 (Hillman 1977b), and this anomaly also has been reported
in North Carolina (Dawson 1962, White and Moss 1964). The occurrence of
this abnormality in specimens from Barnegat Bay was unrelated to the.

'operation of OCGS because metamorphosis occurs in the ocean.
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WINTER FLOUNDER

Introduction.

The winter founder is an important sport fish in the New York
Bight, and in the mid-Atlantic the recreational catch reported in-1970-
was 43 times larger than the relatively minor commerci#l landings'(McHugh
1977). Some individuals of this species are found in estuarine.waters
throughout the year. Adults return to their natal.estuéries in léte
fall, spawn in win;er; and migrate offshore in spring, but young (age 0+)
and iﬁmature winter_f;ounder remain in estuariéé year-rdund. Due to-its
estuarine-dependent life cycle and its_valﬁe to the sport and commercial
fishery of.ﬁarnegat Bay, a study of the life history of the winter
flounder was initiafed in September 1975 (Danila 1977¢) and completed in

August 1977;

Materials and Methods

The sex of most specimens was determined, and reproductive condition
.was characterized as immature (gonads small in size, ovarian cells
small), enlarged (gonads swollen prior to spawning), pértially spent
(ovaries partially.emptied of éggs), spent (gonads flaccid), and mature

(gonads at rest and reduced in size; ovaries devoid of large eggs,
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testes firm). Many young malés became ripe in their first winter, but
after February it was difficult to distinguish betwéen testes of fpung
that_were mature and the testes of those that remained immature. Therefore,
young males collected after February were classified as maturity unde-
termined. .Tétal gonad weight (nearest 0.1 g) was taken for most specimens;
weights less than 0.1 g were recorded as zero.

Most individuals of the 1976 and 1977 year-classes were classified
as young based on their small size (i.e., non—overlapping length freQuenéies).
Annuli formed on otolitﬁs of older specimens were used to determine age
and to calculate the rate of growth (Tesch 1968). Danila (1977c¢) demon-
strated and discussed the validity of the otolith for ageing winter
flounder from Barnegat Bay. The left and right sagitta were removed,
stored in 3% sodinﬁ phosphate, and_transférred to 100%Z glycerin for at
" least one week before examination. Annuli appeared as thin brown lineé
under refle;tgd light (Poole 1966), and measurements (to nearest 0.05 mm)
from the #enter of fhe otolith ‘core to the right margiﬁ of the left
~ otolith were made with an ocular micrometer. The right otolith was
usﬁally more-ésymmetric and was not used for ageing except when the left
otolith was lost or broken. March 1 was considered. the birthday of
wintgr floundef'in'the Bay; specimens that Had not fofﬁed an annulus by
.that daté_had'iiye;r édded to their age (i.e., number-of visible annuli)
and the meésufemént"po the edge of the otolith was used as the last

annulus measurement. All adults could not be aged as some otoliths were

" not clear enough to distinguish annuli,
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Results

A total of 7,725 winter flounder was collected from September 1976
through August 1977l(Tab1e C1-289), and 27.3ZI(n = 2,111) of these were
examined. .The largest number of individuals (38.4%, n = 2,967) was
taken in December. Very few (n = 5) were collected in August, and this
was a substantial decrease from the 485 specimens collected in July.
Significantly more winter -flounder were taken at night than durihé the
day on the OCGS screens (93.4%) and by travl and seine (79.3%) at thé
mouths of Oyster Creek and.Forked River.

Most winter.flounder (78.1%2, n = 6,030) were taken from.the 0CGS
screens, and 48.2%Z of these were collected in December after the return
of adults to the Bay. The wintgr flounder was also common at OCGS in
November (11.8%), January (14;8%), February (9.6%), and March (9.8%).
Larger adult males first appeared in late October and adult females in
mid-November. Adults weré’cdlle;ted until late April when most had
emigrated from the Bay. An estimated 18,618 + 6,385 winter flounder
that weighed 1,400 +-370 kg were impinged during tﬁe year although the
OCGS screens did not operate from 14 May through 11 July (Appendix D1,
Table D1-49).

For the year, a similar number of winter flounder was collected in

680) and Forked River (708). More were collected in

]

Oyster Creek (n

209) than Forked River (56) from December through

Oyster Creek (n
March because they were attracted to the OCGS heated discharge and
because of limited sampling in Forked River during January and Februéry.

Although OCGS did not dischérge heat from 23 April through 4 August,
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more winter flounder were taken in Forked River (n = 613) than Oyéter
Creek (428) during this period.. Most of thié difference was due to a
larger catch.of young in Forked River, especially in May. Adult winter
flounder.appaxently-avoided the heatéd discha;ge in Oyster Creek before
0CGS shﬁt down. Few age 1+ winter flounder were taken in Oyster Creek
during April and May, and no age 2+ or older specimens were taken there
. after March. | |

Almost all (92.8%) of the 307 winter flounder éollected at the
creek mouths were young taken in June and July. On 18 July, 146 young
were taken in two hauls of the 4.9-m trawl at ﬁhe mouth of Cedar Creek
at a bottom water temperature of 30.4 C. This was the highest temperature
at which young were collected in the-B#y.

Examiﬁation of the catch of winter flounder during the'biue crab
and northern ﬁipefish population survey in late July and eariy Aﬁgust
revealed that more young wefe found in the Bay near.the Inlet. Very few
young were taken in the déeper water of the northern Bay where the water
température ranged from 24.0 to 26.0 C. Some fish weré caught in the
 central Bay (21.0 to 23.3 C), but individuals were most common near the
Inlet.(19.0 to 21.0 C). |

The mean length of male and female winter.floﬁnder taken in the
four areas by month indicated that specimens taken at the OCGS screens
from September through April and during July were usually larger than
specimens from the other three afeas (Table Ci—290). Winter flounder
tended to be similar in size in Oyster Creek and Forked River. The
lengths of ydung taken from the four areas ffom Juné through August were

examined with a one-way ANOVA. 1In June, the mean length of young taken
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at the creek mouths (n = 97) was significantly larger (57 mm) than that .
of individuals_taken in Oyster Creek.(n = 118, 49 mm) and Fo;ked River
(137, 48 mm);. Young collected from the OCGS screens (n = 62, 69 mm) and
at the creek mouths (85, 68 mm) in July and August also were significantly
larger ﬁhan those from Oystér Creek (25, 59 mm) and Forked River (89,

58 mm).

Some 1,914 winter flounder were aged (Table C1-291). The specimens
were tabulated by year-class because they entered the next age-class in
March, and.thgrefore they were included in two age;classes during the.
yeér; .Consequently, only 6 months of growth'by~the 1977 year-class
occurred during the study. Most specimens were in the youngest age-
classes, and winter flounder of the 1975 and older year-classes comprised
only 11.72 of the specimens exaﬁined.

The number of fish examined and the mean length and weight of
winter.flounder by age were summarized for various months (Tables C1-292,
Ci—293). No significant differences in length and'weight'wefe found
between young males and females except during November when males were
significantly longer (120 mm) and heavier (20.7 g) than females (}il mm,
15.3 g). Hoﬁever, females age 2+ and_oldef were always longef and
heavier than males. _Excep; for specimens of the 1976 and 1977 year-
classes, females were significantly larger than males (Table C1-291).

High correlations between otolith width and total body length
(Figs. C1-24, C1-25) were found in both years, and_ﬁhese correlations
indicated that.the measuremeﬁt to each anmiulus (Table C1-294) did not
change.as the fish grew (coefficient of variation € 11.4%). The signifi-
cantly greater annulus width in females from age 2 through 5 probably

was related to faster growth of females.
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A regression of otolith width to total bédy length had an intercept
of -56.2 for maleS'and -82.3 for females, and these were used as a
correction factor in the calﬁulation of growtﬁ (Tesch 1968). Only fish
with at least one annulus were used in the regression because "calculated
lengths are determined only down to the length of a fish at its first
annﬁlus...the shape of the curve below that length is of no consequence"
(Tesch 1968). Without this correction factor, calculated growth'may.be
underestimated if the intercept is positive or ovefestimated if it is
negative. Because Danila (1977¢) did not use a correction factor when
calculating growth of ;he winter flounder from 1975-76, thése_data were
recalculated. Recalculation of the 1975-76 data showed.that the best
regression equation for males had an intercept of -34.,9 (r = 0.874).
Recalculation of growth for males indicated that only'the length at age
1 was markedly overestimated, and the corfected.growth decreased from
the reported 161 mm to 151 mm. The plot of otolith width to body length
of females taken in 1975-76 was more scattered, and the correlation was
not as strong (r = 0.815) as in 1976—?7 (0.935). The interceﬁt of the
regression was 0.95, and this very small value would not substantially
change fhe reported growth. However, due to the relatively poor correla-
tion of the data for the first year, the accuracy of these calculated
growth estimates was considered less accurate than duriﬂg the second
year; the largest error in calculated groﬁth occurred at age 1. The
reason for the large difference between years for females is unknown,
but it may be related to the particularjspeciﬁens examined.

For 1976-77, calculated growth at each yeér of life indicated that

females were significantly larger than males except at age 1 (Table C1-295).
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. Growth attained by individual yéar—classes may be compared with the
calculated mean length in March. At age 1 (March 1977), the measured
mean length of males (125 mm) and females (123) of the abundant 1976
year=class was smaller (Table C1-292) than the calculated growth bf
males (152) and females (155) from all year-classes at age 1 (Table C1-295).
This slower growth of the abundant 1976 year-class in comparison to thai
of the less abundant year-classes was an indication of density-dépendent
.growth. |

The logarithmic relationship of length and weight was calculated
for both males and females (Table Cl1-296). Gonad wéight ﬁas subtracted
from total body weight before calculation of the regression becauée_the
gonads of gravid females often weighed as much as 257 of the total body
weight. The regfession coefficient for females (3.2012 1:0;019) was
significantly greater than.that of males (3.1592 + 0.020).

A large difference occurred in the estimated number of winter
flounder impinged on the OCGS screens in comparable months during 1975-76
and 1976-77 (Table C1-297; Appendix D1, Table D1-47). The largest
portion of this difference between the yeafs was in thé impingement of
young.. Very few young of the small 1975 year-class were impinged from
November 1975 through May 1976 (5.1% of all impinged winter flounder,

n = 18), but in 1976-77, 78.7%Z (n = 796) of the winter flounder examined
were young of the abundant 1976 year-class. Substantially more age 1+
and older individuals were also taken in 1976~77. In 5 comparable
months (November, December, March, April, and May), more age 1+ and

older males (n = 552) and females (493) were estimated to have been
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taken in 1976-77 than in 1975-76 (231 males, 90 females) with the 1974
year-class particularly abundant in both years.

Significantly Qore females than males of.the 1976 year-class were
taken on the OCGS screens in November, December, and for tﬁe year, but
significantly more young maleé than females were taken in January (Table C}—298).
No éignificant difference was found in each month from February through
May. .The ratio of age 1+ and older males to females was not significantly
different from a 1:1 ratio from November 1976 through April 1977 e&en
though females outnumbered maies during.February'and March.

Condition of winter flounder was examined to determine 1if differences
existed between individuals impinged on the_OCGS screens during the day
and night (Table C1-299). Although varioﬁs—sized_wihter flounder taken
at OCGS from Novembér through April had larger mean condition values
during the day, no significant diffefences were found between individuals
impinged during the day’and at night.

When a sufficieﬁt number of specimens was available, condition was
also examined among areas'by month to determine if fish impinged at OCGS
or collecped in the heated discharge were in different conditioq than
individuals in other areas (Table C1-300). No significant difference
was found between 60 to 159-mm winter floﬁnder taken in Oyster Creek and
at OCGS in December. However, in January‘winter flounder from Oyster
Creek were_in significanfly befter condition than those taken at OCGS
.because the mean condition factor of specimens in Oyster Creek increased
substantially from Decémber (4.45) to January (5.09). In.March and

April, the condition of winter flounder in Oyster Creek decreaéed (4.42)
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and although it was signif;cantly less than that of specimens at OCGS
(4.71), it was not significantly different than that of winter floﬁndér
from Forked River ;nd the creek mouths (4.63): OCGS did not discharge
. heat during June, and young taken at the creek mouths, Oyster Creek, and
Forked River then did not differ significantly in condition. Young

;gken at OCGS during July and August were in significantly better condition
(5.13) than those at the other three areas (4.54 to. 4.62).

Adult male; began to ripén in October, and_all mature specimens-héd
enlarged testes in November (Table le301). Mean weight of enlarged |
gonads was largest in December and decreased thereafter (Fig. C1-26).
Although a fgw fish in spawning condition were taken in March, most were
spent. Most fish taken after April were immature,

A large number of young males (1976 year-class) matured in their
first winter; some 60.6% of these young had enlarged gonads from November
through February. All older males were mature except for one age 2+
'specimen that had a deformed jaw and was in poof éondition.

Ovaries of females began to ripen in November? and the mean weight
of enlarged gonads increased each month through February (Fig. C1-27).
Spent individuals were taken in February, and most females had spawned
by March although one female with enlarged ovaries was taken in April..
All females of the 1976 and 1977 year-classes were immature. Only 1 of
the 21 females of the 1975 year-class was immature, and all older females
were mature.

The sex ratio of young (1977 year-class) and of Qinter flounder

from the 1974 and older year-classes was not significantly different
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.from 1:1. However, significantly more feﬁales (n = 633) than males
(523) of the 1976 year-class were taken. For the 1975 year-class,
.signifiéaﬁtly.more males (n = 40) than femalés (21) were found. The
largest differences in the sex ratio, regardless of year—élass, occurred
iﬁ Novémber; December, March, and April. In January, males outnumbered
_ feﬁales but the difference was not significant.

All speéimens were examined for injuries, parasites, and anbmalies
(Table C1-302). Because most (92.7%) mechanical damage was found in
fish taken on the 0OCGS séreens and because this damage should have been
independent of other.abnormalities, the occurrence of parasites and
physical anomalies was examined regardless of mechanical injury.

Very few winter flounder were diseaéed or parasitized (1.9%Z, n = 41),
and:moét of these speciﬁens were lightly infected. .A 2.7% rate of
infection was found for fish taken oﬁ the OCGS screens, and the iight.
degree of infestation probably did not 1hcrease the rate of.impingement
-0of these indivi&uals...Fin rot was the most common diseaée but it occurred
in only 0.9% (n'=_18)'§f all specimens examined. Eleven of these were
adulg females.- Ten individuals (7 adult'males) had iymphocystis. Eigﬁt
fish'(seyen young) héd either leeches attached or scars from previous
attachmept. ‘Five individuals were infected with the microsporidian

Nosema (Glugea) é:gphéni (Stunkard and Lux 1965, Sindermann 1970, Lom

1970), but only one df these specimens was severely infected.
'Some_153 winter flounder taken from the OCGS screens (13.9% of
those examined-frbm'OCGS) had some mechanical damage; split fins and

missing scales or abrasions were the most frequent damage. Mechanically
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damaged winter flounder were also taken in Oyster Creek (2.3%), and some.
of these individuals ﬁéy have been_introduced there after.impingement at
.0CGS. Very few damaged fisﬁ were collected ét Forked River (0.7%), and
none were taken at the creek moﬁths. Injufieé bélieved to have been
“caused by preservation and handling were disregarded, and only injuries
apparently sustained prior to collection were recorded.
Four individuals taken by trawl.in ﬁhe immediate vicinity of the
0CGS dischargé and 15 specimens taken on the OCGS screens had impressions
of the OCGS condenser tubes on their bodies. Two of the four specimens
taken near the OCGS discharge were dead at capture.  Thirteen of the 15
fish collected at OCGS were cbllected from one.scrgen wash. Individuals
taken at the OCGS screens probably were flushed from the OCGS water box
Iand were tfansported in front of the:séreéns through tﬁe tunnel which
recirculéﬁed water.from the discharge tunnel to the OCGS iﬁtake structure
(M. B. Roche, personal communicationm). Three spéciﬁens were 249 ﬁo
275 mm in length, and the other fish ranged from 102 to 153 mm. Since
most_speéimens with condenser tube markings were small, few largef fish
may be able to get around or undér the OCGS screens. |
Genetic or developmental abnormaiities_were rare except for staining.
- This pigment anomaly is characterized by scattered patches of dark
pigment on the unpigmented side of the body (Norman 1934), and it was
found on 2.5% of all specimens examined.. Fifty of these specimens were
aged, and 52.0% of the winter flounder with staining were from the 1976
year-class (2.2% of.total_year-class examined, n = 26).

Three specimens of the 1976 year-class were reversed (i.e., the

iight eye migrated to the left side and the left side was fully pigmented);
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.Two winter flounder were ambicolored. An adult male,_proﬁably from the.
1975 year-class, was completely ambicolored in that pigment covered the
entire left side and the left eye had not fully migrafed to the rigﬁt'
side (Norman 1934). Although not taken in régular saﬁpling (Table C1-302),
.dne partially albino young was taken in Jﬁne near the mouth of Oyster
Creek during the collection of specimens for temperature-shock studies.
It was devoid of pigment except for very small sqattered patches of
melanophores between the eyes, on the chin, and on both sides of the
caudal peduncle.

Two individuals with caudal fin abﬁormalities and one specimen with
a deformed jaw were also found. The deformity of the latter speéimen
probably reduced successful feeding because it weighed considerably less
than other fish of the same size and sex, and its sexual maturation was
.retérded. Nine specimens were found with healed wounds or scars; some
.of these injuries (e.g., regenerated caudal fins) maj have been caused

by predators.

Discussion

Tﬁe occurrence of the winter floundér in Barnegat Bay in 1976-77
was éimilar to that in 1975-76 (Danila 1977c¢) as adults entered the Bay
about November énd rgmained until April béfore moving offshore. Many
winter fioﬁnde: Qéte attracted to Oyster Creek during these months. Age
1+ wipter flounder_were collected in fhe heated discharge during April
at a temperatufe as ﬁigh'as 18 C, but iarger adults apparently left
Oyster Qréék after March when the temperature was between 10 and 15 C.

A similar mo&ement_was noced in early April 1976 when the water temperature
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in Oyster Creek warmed to greater than 15 C (Danila 1977c). McCracken
(1963) determined that.adult winter flounder preferred a temperature 6f
12 to 15 C. Seuth of Cape Cod, adults geeerhlly moved from bays to the
ocean in sumﬁer because their upper lethal temperature is 20}2_C, regard-
less of acclimation temperature chéracken 1963); However, Olla.et al.
(1969) obeerved some adults in Great_SoUth Bay, New York at temperatures
up to 24 C. |

Young and older immature fish remain in estuaries for most of the
year, Yoeng were taken at Cedar Creek in July at 30.4 C, a temperature
at the upper end of the range of lethal temperatures (29.3 to 30.4 C)
reported for young in Nova Scotia by Huntsman and Sparks (1924). However,
the local pepultion probably was more heat tolerant than that northern
population. This temperature of natural occurrence was alse near the
avoidance breakdown temperature.(30.6.to-31.1 C)_de;ermined by Gift and
Westman (1971) for young wiﬁter fiounder from Great Bay, New Jersey.
They reported exposure to these temperatures for 1 h or less caused.loss
of eqeilibrium and death. Although the temperature in'the bottom sediments
may be somewhat lower than the bottom water temperature, young of the
winter flounder in Barnegat Bay may occur near their upper thermal
limits.

Young of the winter flounder were found in Oyster Creek in July at
a tempereture as high as 29.8 C, but 0CGS did noe operate during that
.month. When OCGS was in operation froﬁ May through August 1976, few
youhg_were taken in Oyster Creek, in cbmparison to Forked River,.even

though the water temperature was usually less than 29.8 C. With 0CGS in
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operation, few young were usually taken in Oyster Creek above 24 c
(Danila 1977c). Therefore, other factors (e.g., current) may have also
affected its distribution there.

The large differencé in abundance between 1975-76 and 1976-77 was
attributed to variable reproductive success during recent years.
Populations of winter flounder had declined in Barnegat Bay and other
southern New Jersey egtuaries during the past few years (Danila 1977c,
Milstein et ai. 1977). However, the 1976 yeat;class was larger than the
very small 1975 year-class and comprised most of the specimens taken on
the OCGS screens in 1976-77. The 1977 &ear—class was efen more abundant
(12.7 n/trawl and 2.6 n/ﬁeine from June through August iﬁ.1977) than the
1976 yéar—class (0.9; 1.4 respectively) was in comﬁarable-months during .
1976, and it accounted for most of the winter flounder taken from May
through July of 1977. B | |

Variable abundanée of year-classes was probably related to envifon-
mental effécts, paiticularly water temperature (Jeffries and Johnson
1974). They found a rélationship betwéen decreasing catches and increasing
wétér temperafures in Rhode Island during a 7-year period. .The relation-
ship between water temperature and the abundanée of year—classes'suégested
a complex interaction between time of spawning, length of incubation
period, metémorphbsis of larvae, and presence of predators and prey.
Cushing (1973) noted that “successful_corrélations between year-class
strength and climatic factors is probably the match or.ﬁismatch of
larval production to that of larval food? becauée it is the only means

by which recruitment can be modulated by the weather." 1In addition,
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Laurence (1977) presented evidence of a critical period for mortality of
larval winter flounder, and the density of their planktonic prey was one
of the most important factors that affected éurvival during this period.

Although Pearcy (1962) found that the hydromedusa Sarsia tubulosa

preyed heavily upon larval winter flounder in the Mystic River, Connecticut,
no evidence was found that it regulated the number of larvae. Similarly,
no evidence exists that Sarsia spp. regulated the number of wintér
flouﬁder larvae in Barnegat Bay. Although Sarsia spp. were common in
the plankton in the Bay when larval winter flounder were present in 1976
and 1977, Sarsia spp. were more abundant in 1977 when more young winter
f;dunder_were produce&. |

Older young also may suffer severe lbsses due to_predation (Péarcy
1962). Predation on young may explain, in paft, the large decrease in
the numﬁer of young taken from July to August 1977, Many young bluefish
were found in the Bay during late summer, and young winter floﬁnder
ffequenfly weré found in their stomachs. Howe et al., (1976) reported
that the highest naturﬁl mortality and incidence of woﬁnded jﬁvenile
Qinter flounder occurred when young blugfish were abundant.

Fewer young were.found in the northern and western portions of the
Bay during a population survey, and if this distribution was the result
of movement in response to water temperature, it may also haQe e#plained
some of the.decreaSe_in catch in the westetn Bay from July to- August.’
However, the large catches of young in July were made just prior to the
warmest daily mean- temperature (28.9 C) recorded in the cooling;water

intake at OCGS (Fig. C1-28). Furthermore, the population survey in late
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July and early August was during a period of cooler water temperature
(23.3 to 25.6 C), and it seems unlikely that a movement ip response to
water temperature occurred. A preliminary_aﬁalysis of the catch of
fishes after August 1977 indicated that wihter flounder remained uncommon
in September and October aftér the Qater temperature in the Bay had
codled.' Consequently, the decline in number may have been primarily due.
to prédation.or other natural causes of mortality rather than merment
from the western Bay. |

Young taken at the creék mouths apparently grew faster.than those
from either Forked River or Oyster Creek. Similarly, Pearcy (1962)
noted large differences in growth of young'ﬁinter flounder among his
stations in the Mystic River,rConnecticut.estuary. He sdggested that
intraspecific compeﬁition may have accounted for these differences
because growth was much greater at lﬁwer population densities., He also
noted. that mést young ténded.to remain within the same.area in summer,
so differences among stations were not due to influxes of lérger fish
from other areas. Although differences in grbwth may occur between
stations ;n'Barnegat Bay, the number of individuals taken at all stations
and the condition factor of ﬁhese individuals were comparable.

The growth of winter flounder in Barnegat ﬁay was similar to that
founq in the Bay during 1975-76 (Danila 1977c) and in other estuaries in
the northeaStern United States (Berry et al. 1965, Poole 1966). Most
specimens Qere from the youngest age-classes although individuals,
especially females, frém the 1975 year-class were uﬁcommon. Feméles of

the 1975 year-class were also outnumbered by males in 1975-76 (Danila
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1977c). Winter flounder older than age 3.were rare, and growth for the
most part had slowed. |

- Berry et al. (1965), Poole (1966), and Lux (1973b) also reported
that females age 2 and older were always significantly longer aﬁd heavier
than males. Females were also heavier per unit length than maleé.
'Likewise, Lux (1969) reported that females 300 mm and larger were
generally heaviet than males of the same size.

The regression coefficients of the length-weight relatioﬁship for
both m;lés and females in 1976~77 were significantly greater than the
values reported for each sex by Danila (1977¢) in 1975—76.. He was in
error in reporting that the regressions for males and females were not
significantly different, and the sexes should not have been combined for
a pooled iegression. Ricker (1975) noted that marked differences can
exist between populations of a species or for the same population from
year to year, and these differencea:may be asspciated with varying
putrition.

The number, age, and sex ratios of winter flounder taken on tﬁe
OCGS .screens differed between 1975-76 and 1976-77. Danila (1977¢)
reported that significantly more males than females were taken on the
OCGS screens in 1975-76 and that males (mean length of 225 mm) were
significantly smaller than females (265 mm).. He suggested that this
difference was due to lower sustained swimming speedé of the smaller
males or sexual differences in activity patterns. A larger proportion
of the catch in 1976-77 was comprised of young from the abundant 1976

year-class, but adults of older age-classes also were more abundant.
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This increased number of ‘adults impinged may have resulted from
increased water velocity through the screens 6; a reduction in sustained
swimmiﬁg speed of individuals because of lower water temperature which
would make them more suscepfible to imﬁingement. Impiﬁgement, in part,
was related to the velocity of the water through the screens, and this
was.related to the number of circulating-water pumps and.screens in
opgration. A larger number of circuiating pumps iﬁ opé:ation in-conjunc-
tion with a smaller number of screens would increase the mean Vater
velocity at the intéke structure. in 5 comparable months (Novembef,
December, March, April, and May)'betwgen the 2 yearé, a smaller meaﬁ
number of screens (5.25) and a greater mean number of circulating water
pumps (3.72) were in daily operation at OCGS_in 1976-77 than 1975-76
(5.90 screens, 3,37 pumps). Although actual current measurements before
the screens were taken only once during each month, they reflected the
greater flow of water through the OCGS screens in the 5 comparable
months in 1976~77 (mean veloéity of 0.30 m/sec) than 1975-76 (0.15 m/sec,
J. J. Vouglitois, personal communiéation). In addition, the mean montﬁly
water temperature at OCGS for November and December was considerably
less in 1976 (6.8 and 0.1 C, respectively) tham in 1975 (12.7, 4.7 C),
and colder water temperatures lowered the sustained swimming speeds of
fishes (Teréin et ai. 1977). Beamish (1966).also found that the winter
flounder has greater endurance with increased water temperature.

The relative number of age 1+ and older males impinge& was much
greater iﬁ 1975-76 (2.6 males:l fémale) than in 1976-77 (0.8:1). The

increase in mean intake velocity and the reduction in swimming speed at
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the colder water temperatures during 1976-77 may have increased the
impingement of larger females and thereby lowered the ratio of males to
females in impingement collections. Significant ﬁonthly_differences
were also found in the sex ratios of young taken at the OCGS screems,
but these differences were due to oné or two collections during each
month in which one sex greatly predominated. This phenomenon was also
noted in collections By trawl and seine, but the reason for the apparent
segregation by sex in young is nof'known.

Significantly more specimens were impinged af night even though the
winter'flqunder is usually active only during the day. O0lla et al.
(1969) observed that individuals wére quiescent at night and moved very
little, eveﬁ_when disturbed. fherefore, many winter flounder were
probably less éble to avoid the OCGS screens af night. Condition was
piobaBly not a factor in this diel difference as no differences in
condition were found between.fish impinged during the day or night.
Similarly, the 0CGS screens did not selectively impinge individuals that
were‘in poorer physical condition. Individuals colleéted at the OCGS
screens were usually (3 of 4 instances) in similar or better condition
than individuals taken elsewhere.

Thé_time of ;eproduction in 1976-77 was similar to that of 1975-76,
and during both years winter flounder in Barnegat Bay, especially males,
matured at alrelatively early age in comparison to males from some other
areas. Berfy'(l959) noted that some males in Rhode Island matured in
their:first_wihter, but Perlmutter (1947) reported fish from Long Island

were mature at 2 to 3 years of age. More northerly populations matured
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af older ages (Kennedy and Steele 1971, Dunn and Tyler 1969; Lux 1973b),.
and this phenomenon of later maturity in higher latitudes  has been found
for many fishes (Nikolsky 1963). Nikolsky (1963) also.noted that abundance
of food influenced age of maturity and that accelerated maturation was
ofﬁen observed in populations reduced by ﬁatural conditions. Accelerated
maturity may be evidencé of the recent natural decline in the population

of winter flounder in Barnegat Bay and other New Jersey gstuaries.

Mean gonad welghts of females taken in 1976-77 were considerably
larger than those found in 1975-76 (Danila 1977c¢), but this was probably
due to the éize of females examined. In 1975—76, 58.1% of the females

. with enlarged ovaries were between 250 and 300 mm in length and 26.7%
were between 200 and 250 mm. However in 1976-77, 59.52.05 the females
with enlarged ovaries were between 300 and 350 mm and 36.5% were between
250 énd 300 nnn The largest females usually had the heaviest ovaries.
| As in 1975;76, few specimens were diseased or parasitized.. Fin
rot, the most coﬁmon disease, was_not'severe in any of the infected
speciméns. _Although fin rot is caused by bacteria and may be assoclated
with gross domestic and industriai'péliution (Mahoney et al. 1973), ﬁost
of the affécted speéimens weré large adults, and the source of the
infection is.difficult_to ascértain’begause of their movements within
and qutsiaé_of the ‘Bay during the year. |

Lymphocystis, a viral disease consisting of multiple nodules in the
dermis of ;he skin and fins, was recently reported for winter flounder
in Cascd_Béy, Maine and the New York Bight (Muréhelano and Bridges

1976). They.noted that the response of wintér flounder to lymphocystis
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was minimal in that lesions were small and were mostly éqnfined to the -
fins. Similarly, individuals from Barnegat Bay had minor infections,
" Since infection can consist of only one nodule, some instances of minor
lymphocystis infection may have been overlooked in the examination of
specimens. |

| Mechanical damage occurred most frgquently at the OCGS screens, but
the percentage of damaged fish (13.9%) wag less than the estiﬁatéd.
percentage of dead and damaged fish (55.3%) recorded at the OCGS screens
(Appendix.Dl, Table D1-57). Since fish exhibiting abnormal behavior
were also considered.damaged for the latter estimate, it would appear
that much of the damage caﬁsed by the OCGS screens was behavioral._

Pigmentation anomalies were.probably_caused by environmeﬁtal factors

during development (e.g.,'subnérmal temperature) and were common in.
specific year-classes in certain areas (Lux 1973a). Individqalstrom
seven year—claéses in the Bay'had_the pigmentation anbmaly of staining,
but ambicoloration and partial albinism, other color anomalies, weré
rare. These pigmentation anbmalieé may be associated with wounds or
advefse'environmental factors during development (Dawson 1967). Reversal
may be common in éome flatfishes (Norman 1934), but it has not been

reported often for the winter flounder.
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NORTHERN PUFFER

Introduction
The northern puffer is a seasonal resident of inshore waters from

Newfoundland to Florida (Shipp and Yerger 1969), but it moves té deeper
water to spend the winter on the bottom (Bigelow and Schroeder 1953).
The time of spéwning appears to be variable and occurs from May through
" August in Long Island Sound (Wheatland 1956). Althoﬁgh of limited
commgrcial.importance, it is a desirable sport fish. Halgren (1973)
estimatéd that over 30,000 individuals (12.4%_of spoft catch of fish)
were_caught by Barnegat Bay qurt fishermen in 1972. -Oniy 13 specimens
were taken in all seine and trawl collections in fhe Bay from September
1976 through August 1977, and.another.13 northern puffer (0.6% of sport
catch of fish) were reported by sport fishermen in a portion of the Bay

during 1975-77 (Hillman 1977c, Table C1-325).

Materials and Kethbds

The sex and repfoductive condition of small speéimens were deterﬁined
by examination_of'the gonads under a_dissecting micréscopé. Reproductive
condition was considefed immature if the gonads were small, élosely
attached to the dorsal gurface'of the body cavity, and weighed less than

0.5 g.
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.The gonaas of mature fish weighed more than 0.5 g and Qere categorized
as at rest (gonads reduced in size but cells visible in ovaries), enlarged
(gonads many times larger than the resting stage, cells tightly grouped
in ovaries), ripe (gonads of maximum size, darker in color, and eggs
loosely grouped), and spent (gonads flaccid).

. Age was détermined from the annuli on the vertebrae according to
the technique of Laroche and Davis (1973). The first sevem vertebrae
were removed from each specimen and stained in a 4 to 82 solﬁtion of
éotassium hydroxide and alizarin red S. When the connective tissues
were soft enough to disarticulate the bones, the fourth and fifth vertebrae
were_removed and sliced lengthwise. Under A dissecting microscope, the
number of annuli were counted and the distance from the centrum to the
distal edge of'each annulus was measured with én ocular micrometer..
Vertebrae ﬁith false or unclear annuli were discarded, and those specimens

were not aged.

Results and Discussion

An estimated 1,585 northern puffer were impinged on the OCGS screens
from September 1976 through August 1977 (Table C1-303), and about 77% of
these were impinged during September and October 1976. 1In 1975-76, most
northern pﬁffer ﬁere impinged du;ing May, June, and August 1976; few
were impinged at 0CGS from September through November 1975 (Moore 1977b),
The impingement.of more northern puffer at OCGS during the fall éf 1976
| than in the fall of 1975 feflected their greater abundance in 1976, No
specimens were impinged during May and June of 1977 becaﬁse OCGS was

shut down from 14 May through 11 July.
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A total of 352 northern puffer was examined from the OCGS screens
and 13 were collected by seine and trawl from Oyster Creek (n ; 5) and
Forked River (8). An additional 24 specimens.were taken with a 2.7-m
trawl in the eastern portion of the Bay during June. Most (98%) of the
specimens examined were collected from September, October, July, and.
Augﬁst (Table Ci—304).

Sex could not be determined for about 8% (n = 29) of the spécimens,
and méles (178) outnumbered females (158) among the remaining specimens
although this difference was not significant., From September'1975.
.fhrough August 1976, malgs also outnumbered females with three times as
many males és females taken on the OCGS screens (Moore 1977b). In
Chesapeake Bay, Laroche and Davis (1973) reported that females were more
abundant than males during all months except May and November when the
sex ratio was approximately equal. |

Few northern puffer with enlarged, ripe, or spent gonads were taken
primarily beéause 0CGS was shut down during most of the reproductive
season. During 1976, most (91%) of the specimens with enlarged or ripe
gonads were.iméinged in May-and July (Moore 1977b), but in 1977 OCGS was
either shuf down (14 May through 11 July) or withdrawing relatively
small amounts of water (23 April through 13 May and 12 July through
4-Augus§) during these months. Two northern puffer impinged at OCGS
from 23 Aprii through 4 August; both were males with enlarged gonéds.
Spawning occurred in either the Bay or near-shore ocean because young
(age 0+) northern puffer (mean_length of 22 mm)'weré collected from the

eastern side of the Bay in June.
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The length-~weight relationship was not significantly different
between males and females (Table C1-305), and these relationships were
not significantly different than those previogsly reportéd for individuals
from the Bay (Moore 1977b), The pooled reéresSion equatioﬁ for northern
puffer, ipcluding fhose of undeterpined sex, was log weight = -4,9135 +
3.1341 (log length) with confidence limits of + 0.044 on the regression
coefficient.

Bdth mature and immature males wefe.slightly smallér than corresponding
females, but these differences were ﬁot significant. Moore (1977b)
found that females were significantly larger than males collected at
0CGS in May 1976. Laroche and Davis (1973) and Welsh and Breder (1922)
also reported that females were larger than males, but this difference
was significant only during.the first year. In Chesapeake Bay, females
exhibited a significantly faster gréwth rate during the first season
(Laroche and Davis 1973).

.lAnnuii meaSQréments were used to calculate tbe lengths of northern
puffer taken in September an& October (Table C1-306). The regression
eq@ation of body length (L) to vertebrae length (V) was L = 85.04 +
18.23 V, and it was substantially different thén the regression equation
that Laroche and Davis (1973) treported for northern puffer from Chesapeake
Bay: L = 27.52 + 32,8 V. The intercept of the regression was.use& as a
correction factor in the calculation of growth (Tesch 1968).

In Barnegat Bay the calculated meah length of males at age 1 (149 mm,
n = 56) was significantly smaller than that of females (158 mm, 35);

males at age 2 (178 mm, 9) were also significantly smaller than females

(196 mm, 9).
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The.calculated mean length of both male and female northern.puffer from .
Chesapeake Bay at age 1 was significantly smaller than that of fish from
Barhegat Bay (Table C1-306). However at age 2,.the mean length of |
specimens from Barnegat Bay was not significantly diffefent than that of
fiéh from Chesapeake Bay. This difference may be attributable to either
the limited number of specimens examined from Barnegat Bay or natural
year~to-year vafiation in growth.

The length-frequency distribution of speéimens taken in September -
and October indicated three age-classes of northern puffer (Fig. Cl—2§).
Most young ranged from 45 to 65 mm in length and éomprised 754 of all
specimens examined. Older individuals ranged from 165 to 245 mm with
aée 1+ fish cbmprisihg 20% and age 2+ fish 57 of the specimens examined.
Although age 2+ northern puffer were taken in Barnegét Bay in 1975-76,
no age 3+ specimens were found in 1976-77. Since only 5% of ail speciﬁens
examined in 1976777 were age 2+, speciméns age 3+ were not expected to .
occur frequently. Laroche and Davis (1973) reported 4 year-classes of -
males #nd females in Chesapeake Bay.

ﬁhile_groﬁps éf age 1+ and 2+ females were indicated by thé length;
frequgncy_histogramé (Fig. C1-29), the age 1+ and 2+ males could not be
~ differentiated. Ihe_wéighted mean length of age 1+ and 2+ male northern
puffer from ﬁarnegat Bay (196 mm, n = 58) was similar to the weighted
mean 1eng;h of's?ecimens of the same age from Chesapeake Bay (188 mm,
278; féble Cl43b7); .G1§en the considerable differences between .the
number of %peciﬁené examined in the two studies, an 8-mm difference was

not substantial.
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No external parasites or physical anomalies were found on any
specimen examined. Uﬁlike most other fishes impinged on the OCGS screens,
the northern pﬁffer suffered little mechanical damage because its tough,
leathery skin was resistant to abrasion.

'Thé population of northern puffer in Barnegat Bay and other New
Jefsey estuaries has undergone a pronounced decline during the iast 10
years. In a 4-~year study of thé fishes.of Barnegat Bay, Maréellu$'
(1972) foﬁnd that the northern puffer ranked fourth in abundance during
1966-67; the cétch—per-unit—effort by seine was 8.4 n/coll. The number
of the northern puffer taken declined each successive year through 1969-
70 when if rankedIIOth in abundance (0.3 n/coil). Fewer than 0.1 n/coll
were taken in seine collections during 1975-76 (Danila 1977b) and dﬁring
1976-77 (Table Cl-165). 'Although tﬁe:northern puffer comprised 66Z_of
the sport fishing catch of boat fishermen in nearby Great_ Bay, New
Jefsey in l969,_its populatiqn had declined to low levels by 1972 (Hamer
1972, Thomas and Milstein 1973). In July 1978, many young individuais
weré impinged at OCGS, and this large number of fish may indicate an |

increase in the northern puffer population in the Bay.
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SAND SHRIMP

Introduction
fhe sand shrimp ranges from Baffin‘Baf in Canada to eastern_Flotida

and is found from inshore.watér_to 450 m (Whitely_1948). This common
.'garidean shrimp is a year—round.fesident of Barnegat B;y. However, many.
adults move out of the shore zone and shallow areas of the Bay to deepé;
water during both summer and winter to avoid extreme temperatures, The
sand shrimp waé one of the most abundant organisms tﬁken in the Bay by
._seine and trawl and impinged on the OCGSiscreens. Richards (1963) found
that the sand shrimp was forage for more than half the fishes in Léng
Island Sound, aﬁd it was common in the @iet of bluefish)
weakfish} | anﬁ summer flounder collected from Barnegat
Bay. The pelagic larvae are also forage for many planktivores (Fish and

Johnson 1937).

" Materials and Methods

The sex of individuals larger than 25 mm was determined by thé
diﬁorphic endépodite of the first pleopod (Price 1962), and ovigerous
(egg-bearing) shrimp were also noted. When no sexual dimorphism was
observed, the sex of the specimen was recorded as undetermined, and it

‘was considered a juvenile.
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Results

The sand.shrimp was the most abundant organism impinged on the OCGS
screens (an eetiﬁated 596,471 + 100,860), collected in the dilution pump
sampler (127,261), and taken in either Forked River (n = 4,240) or
Oyster Creek (6,053). Most sand.shrimp were taken oﬁ the OCGS scréens
(432) aﬁd from Oyster Creek mouth (61%) during December,.from Forked
River mouth during April and May, and from the other creek mouths in
October (Table C1-308). Some 9% of the 3,444 individuals examined were
from the creek mouths, 30% ffom Forked River, 27% from Oyster Creek, and
34% ffom the OCGS screens (Table C1—312). Most (95%) of the sand shrimp
taken in seine and trawl collections. (Table C1-309) and in collections
at 0CGS (99%) were caught at night (Appendix D1, Table_D1—56).

From March 1976.through March.1977, additional samples were collected
in Oyster Creek and Forked RiQer both east and west of U.S. Roufe'9 and
in a lagoon off Oyster Creek and Forked River (Fig. Cl1-16). 6vera11,
more éand shrimp were taken in Forked River (n = 1,939) than Oyster
Creek (930, Table C1-310). Néarly 13.times more sand shrimp were taken
in Forked Rive; west of Route 9 (n = 714) than from a similar portion of
Oyster Creek (56). This large_difference.in abundance of the sand
shrimp west of Route 9 may be attributed to predation by fishes in
Oyster Creek,

The attraction of sand shrimp to the thermal_plume at the mouth of
Oyster Creek was obvious during December when 88% of the sand shrimp
taken by seine and trawl were collected there (Table C1-308). However,

most of these shrimp apparehtly were not present throughout the winter
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because the numbér collected in January (n'= 86) and February (276) was
small, |

Avoidance respénse to the heated discharge was apparent in August
1977 when 573 individuals were collected at Forked River.mouth but only
32 sand shrimp frqm Oyster Creek mouth. Similarly from May through -
August 1976, more than twice as many sand shrimp were taken.at Forked
River moﬁth {n = 900) than Oyster Creek mouth (422).

A relationship between length and weight was calculated for males,
females, and ovigerous females (Table Cl-311), While non-ovigerous
females wére significantly heavier than males of the same length, the
difference betweeﬁ ovigerbus.and non-ovigerous females was not significant.

The mean length of specimens impinged_at.OCGS (48 mm) was signifi- |
cantly larger than thaﬁ of shrimp coilected from other areas_(weighted.
mean of 34 mm). Many of the smaller individuals collected in the Bay by
seine and trawl passed through the larger_mesh of the OCGS screens
(Moore 197ZC). Because the OCGS screens selected larger shrimp, ﬁo size
compafisons were made with other areas. Males comprised 31% of all
specimens from the OCGS screens and females 69%. About 40% (n = 320) of
the females frpm the OCGS screens were gravid. No juveniles were-faken
because they ﬁassed fhrough the screens (Table C1~312).

In the Bay, significantly more females than males were collected
_from all areaé. Some 61% of the adult sand shrimp éxamined from the
mouth of Forked R;ver, Cedar Creek, and Double Creek were females, and
neafly 28% of these females were ovigerous (Table C1-312). While the

difference between the percentage of gravid females in Forked River (33%
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of ﬁll females) and Oyster Creek (27%Z) was not considerable, nearly
three times as many juveniles were taken in Forked Riverf

More than 75% of females examined from the OCGS t%aveling screens
in October and November, and from March through June were gravid. The
mean length of ovigerous females increased from October (48 mm) to _'
February (55) and decreased from Febfuary through May (47).

.Enough speciméns were collected from Cedar Creek, Double Creék, and
Forked River from March through May to determine the age—struéture of
the population based on the.length-freéuency distribution by sex during
each month. .During these months, 15% of the population were juveniles;
33% were males, and 52% were females. The relatively few quehiles may
have resulted from the loss of these small individuals through the mesh
of the collection éear and, therefore, they may have comprised a larger
percéntage of the population (Fig. C1-30). Juveﬁiles first appeared in
February but were most common in March (mean length of 22 mm, n = 27)
and April (20 mm, 33). They decreased in number during May and June
{17 mm, 12) and became common ag#in in July (21 mm, 40) and August
(19'mm, 65; Table C1-312), Although one group of males was found in
March (31 mm, n = 41) and May (29 mm, 96), two size-groups (age-groups)
were taken in Apfil (26 mm, 36; 38 mm, lé). The distribution of females
was bimodal in March (34 mm, n = 35; 49 ﬁm, 35) and April (34 mm, 140;

54 mm, 11). |
| The mean condition of sand shrimp of the same sex collected during
similar time periods ét Forked River, Oyster Creek, and the creek mouths

was compared (Table Cl1-313). Because the OCGS screens selected for
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1arger specimens, no comparisons were made with other stations. At the’
Bay stations, no trends in condition were apparent. Although males

taken ffom Forked River during October and November were in significantly
pobrer condition than males from Oyster Creek and the creek mouths, no
significant differences were found for either males or females collected

in these areas during April and May.

_ Discussion

The sand shrimp was significantly more abundant.during 1975—76 than
1976-77. While an estimated 1,740,571 + 422,778 specimens were.impinged
from September through December and during March, April, and August of
1975-76, only 526,618 + 95,758 sand shrimp were impinged during these
months in 1976-77 (Appendix D1, Table D1-47). Similarly, the entrainment
estimate for the same period was nearly six times greater in 1975-76
than 1976-77,

‘The severe winter of 1976-77 and anoxic water éff the New Jersey
coast from August through October 1976 may have reduced the population
in the Bay and, thereby, lowered the estimated number of sand shrimp
iﬁpinged and entrained. The severity of the winter of 1976-77 may have
affected the abundance of the sand shrimp in the Bay By excluding
individuals from the Bay for a longer period of time. No mortality of
the sand shrimp was documented from anoxic water off Barnegat Inlét, but
many individuals from the Bay population emigrated from thé estunary ﬁo
cooler ocean waters during the summer months. These sand shrimp may

have been susceptible to the lethal, anoxic bottom water.
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Modlin (1976) spggested that the sand shfimp'is a ﬁarine species
which uses estuarine waters as a nursery. Migration related to reproduc-
tion has been documented for other species of Cranéon by Israel (1936)
and Allen (1960). Although zoeae of the sand shrimp are taken in plankton
collections throughout the year' (Sandine et al. 1977), sand shrimp
reproduced in Barnegat Bay primarily during October and November and
from March through May; In the Mystic River estuary, Connecticﬁt, the
sand shrimp moved into shallow water to reproduce during April and May -
(Modlin 1976). Similarly, most ovigerous san@ shrimp appeared at.the
mouth of Forked River from April through June. As in Barnegat Bay,
Modlin (1976) also found a number of smaller ovigerous females in October
_ and November.

Modlin (1976) attributed the spring spawning period in the Mystic
River.estuary to 2 and 3-year old females and a fall spawﬂ to'smaller,.
age 1+ females. In Delaware Bay, larger ovigerous.femalés were the
first individuals in the population to spawn (Price 1962), and collections
taken from the OCGS screenms indicéted that the mean length of ovigerous
females cbllecged at the begiﬁniﬁg.of the spring-feproductive periéd

(March) was.larger than that of ovigerous females taken during the
‘remainder of this reproductive period and in October and November. The
‘ juvenileé taken in the Bay from March through May and during July and
August may feprgsent a fall and a spring hatch, respéctively.

.The sand shfimp_was not common in the Bay during extreme summer and

winter temperatures. Haefner (1972) reported a probable migration from

shallow embayments at Lamoine, Maine, when water temperatures decreased
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to 5 to 6 C. In the York River-Chesapeake Bay estuary, the maximum
nuﬁber of sand shrimp occurred when the bottom tempefature was from 5 to
11 C with fewer individuals taken when the eemperature-exeeeded 15 C
(Heefner 1976). Nearly 80% of all specimens from Oyster Creek and
Forked River were collected at a temperature of 6.0 to 16.9 C.

Because the sand shrimp avoids extreme'temperatures, attraction to
and avoidance of the OCGS ;hermal.diSCharge occurred. Some sana shrimp
that would have emigrated from the Bay during winter were attracted to
the heated discharge in November and December 1976, and individuals
returning to the Bay during spring were attracted to the warmer water in
Oyster Creek during March 1977. Avoidance of the OCGS discharge was
epparent in Augﬁst, and during the eummer few shrimp were collected in

. Oyster Creek at a temperature greater than 28 C (Table C1-201). Sand
sﬁrimp avoided relatively small (1 to 2 C) temperature differences.
Meldrim (unpublished data) reported that sand shrimp acclimated to 25 C
avoided 26.C. Some 189 sand shrimp were taken in seine collections at
FOrked'River_moeth during Jﬁne 1978 (water temperature of 24.8 C), but
only 15 individuals were taken at Oyster Creek mouth (26.5 C). |

The.eumber of specimens taken at night greatly exceeded the number
taken during the day; Welsh (1970) reported that the sand shrimp was
.significantly more active after the onset of darkness except at low
temperatufes. Sinee most night collections at Oyster Creek and Forked
River were ﬁade within several hours of sunset, the number of sand
éﬁrimp co11ected then probably represented the maximum number of tﬁis

epibenthic shrimp which migrated off the bottom.

Cc1-527



The life history of the sand shrimp in Barnegat Bay was similar to
that reported for other estuaries in the mid-Atlantic. The predominance
of females in the population was similar to the sex ratio of sand shrimp
collected_by trawl in the York River-Chesepeake Bay estuary (Haefner
1976) and collected by seine in.the Delaware River estuary (Price 1962),
Hoﬁever, bias of the sampling gear or behavior of the sand shrimp may
account, in part, for some of these reported differences in the sex ratio.
The larger females were more likely to be selected.by the sampling gear
than the.smaller males. Price (1962) sampled primarily in the sho:e.
zone, and he felt that these collections may have blased the sex ratio
because a.large pertion of.the spawning popuiation (i.e;, feﬁales) was
in the shore zone. |

Unlike specimens collected from Chesapeake Bay during.March and
April, males and non-ovigerous females examined from Bareegat Bay during
fhe year had significantly'different regression coefficients for the
length-weight relationship. The reéression coefficient for ovigeroue
sand shrimp from Delaware Bay (Price 1962) was larger'than that of |
specimens from Barnmegat Bay, but not significantly so. Little difference
occurred between the regression coefficients of ovigerous females taken
from Barnegat Bay iﬁ March and April of either 1976 or 1977.

An insufficient number of sand shrimp of the same size range and
sex were collected from the same 1ocetibns for several consecutive
months to.accurately estimate the growth rate of individuals in Barnegat
Bay., Other workers haye found that the growth of the sand shrimp was

mostly dependent on water temperature and age. In Rhode Island, Wilcox
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and Jeffries (1973) found that tﬁe growth of individuals from 20 to
30 mm in length was less than 0.4 mm/week in winter (5 C) but greater
than 1.! mm/week in summer (20 C). They also reporﬁed that smaller
shrimp grew faster than largef specimens. |

Ihe age-structure of the sand shrimp'population'of Barnegat Bay was
similar to that of the Delaware Bay population (Price 1962). From March
th;ough May, two year-classes of mature females, two year—c138seé of
mature malés and one group of juvenileé were present in Barnegat Bay.
Price (19625 also found two age-cl#sses of males but reportéd three

year-classes of females.

Cl-529



BLUE CRAB

_Introduction

The blﬁe crab is a swimming crab that is a year-round resident in
Barnegat Bay. It is génerally active in thé Bay from April through
December and burrqws into the sedimént duriné the_otﬁer months. This
crab ranges from Nova Séotia to northern Argentina and is common from
shallow wa;er to depths of 35 m (Oesterling'1976). The blue crab was
the second most abundant species impinged at the OCGS screens during
1975-76 and 1976-77, and it accéupted for the greatest estimated biomass
impinged at OCGS in both years. |

The blue crab is iyportant ﬁo the local'sport and commercial fisheries.
Commercial landings of 1.2 million kg of blue crab, valued at $830,806,
were made in New Jersey during 1976; 59,581 kg ($40,283) were landed in
6cean County (U._S;.Dept. of Commerce 1977). The blue crab comprised
.65.9% of the spoft,fishery catch in the western Bay near OCGS from
. September 1976 thrqugh August 1977 (Table C1-325) and 83.3% of this
catéh.frbm September 1975 through August 1976 (Hillman 1977d). The blue

cfab made up 65.3Z of the sport catch in upper Barnegat Bay in 1972

(Halgren 1973).

Materials and Methods
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49 The sex and reproductive condition of the biue crab were determined
by the shape of the abdomen. From the first crab stage, the male has an
inverted, T-shaped abdomen (Desterling 1976). The.abdomen §f the immature
male is fifmly attached to the body, but in the mature male it is loosely
connected to and easily separated from the body. The immature female

has a triangular-shaped abdomen that becomes broadly rounded at maturity.

Females bearing eggs and the stage of egg development were recorded,

Results

From September.1976 through August 1977, an estimated 230,691 +
33,337 blue crab were impinggd at the OCGS séreens. Some 45,704 were
actually collected from all areas, and 3,160 of these were examined.

Most (84.2%, n = 2,662) of the blue crab examined were taken at the OCGS
screens, 10.4%Z (n = 329) were from Oyster Creek, 3.7%.(119) frbm Forked
River, and 1.6% (50) from the creek mouths (Tables Cl1-314, Cl1-315).

The blue crab was collected throughout the year, but most (99.0%)
were taken from September through November and from March through Augpst.
During 24-h sampling at the OCGS screens (Appendix D;, Table D1-56),
significantly more individuals were collected at night (85.1%) ‘than
during the day (14.9%Z). More blue crab were also collectéd at night
(59.6%) by tfawl and seine in Fofked River and Oyster Creek (Table Cl-166).

The blue crab did not avoid the heated discharge in Oyster Creek N
from March through August, and it was collected at.a'temperature as high
as 36.1 C (Table C1-201). For the year, significantly more blue crab
were collected in Oyster Creek than in Forked River. Although a large

number of blue crab did not remain active in Oyster Creek in winter, a
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few were collected in Oyster Creek in December and January (bottom
temperature of 5.9 to 4,7 C) when they were not found elsewhere in the
Bay (1.5 C).

Males of the blue crab ranged in 1ength;from 9 to 199 mm and females
from 11 to 161 mm. Males ranged in weight from 0.1 to 238.2 g and
females from 0.1 to 230.0 g (Tables C1-316, Cl-317). Exclusive of the
feﬁ individuals collected from December through February, the mean
monthly length §f immature males rangéd from 43 mm in March to 70 mm in
August while the mean length of immature females.ranged from 45 mm in
March to 75 mm in August (Table C1-318). The largest immature male was
128.mm and the largest immature female 122 mm. For the year, the mean
lenéths of immature males collected at the creek mouths (53 mm), Forked
River (50), Oyster Creek (50), and at the OCGS screens (57) were similar.
The mean lengths of females from these four areas (68, 63, 57, and 61 mm
respectively) were also similar. Immature females taken from all areas
were larger than males, but this difference was significant only during.
September and July.

The mean lengths pf mature males collected from the creek mouths
(115 mm), Forked River (110), Oyster Creek (l111), and the 0CGS screens
(115) were significantly less than tﬁat of females from these areas
(131, 129, 131, and 128 mm.respectively). The smallest mature male
(79 mm) was collected in May and the smallest ﬁature female (78) in
September (Table C1-319).

The length-weight regression equation for males (n = 1,520) was log

weight = -3.8119 + 2.8167 (log length), and the confidence limits on the
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regression coefficient were + 0.052. For non-gravid females (n = 1,640),
the length-weight relationship was log weight = -3.6411 + 2,7019 (log
length) with confidence iimits of + 0.059. The regression coefficients
for the equatibns were significantly different;.ﬁales were significantly
heavier than females at a given length (Table C1—320).

- Some 82.1% of all blue crab examined were immature, and they dominated-
collecﬁions in all months. Overall, the ratio of immature males to
females was not significantly diffe;ent from a 1:1 ratio, but some
seasonal differences in the 'sex ratio were found (TaBle C1-321).
Significantly more immature females were collected at the OCGS screens
during September, and significantly more immature males were taken in
May. During the period from Mﬁrch through May, significantly more
immature male blue crab were taken in Oyster Créek, and from June through
August significantly more immature females were taken at the creek
mouths, Forked River, and Oyéfer Creek (Table C1-318).

Seasonal differences in the ratio of mature male and female crabs
were also found. Significantly more mature females were collected at
0CGS during September, October, April, and May,_and significantly more
males during August (Table C1-319). No significant difference was found
in the.ratio of mature male and female blue crab taken from the creek
mouths, Forked River, and Oyster Creek for the year.

For comparative purposes, Miller et al, (1975) separaﬁed the catch
of blue crab in the vicinity of the Chesapeake and Delaware Canal into
three size-groups: recruitment (<59 mm), growth (60 to 119 mm), and

mature ( > 120 mm). Classification of the blue crab taken in 1975-76
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(Newcomb 1977) and 1976—77-acc§rding to these éatego;ies revealed a
marked shift in the age-structure of the population from 1976 to 1977.
From March through August 1976, recruitment—éize blue crab comprised
81.6Z.of the population in Barnegat Bay. Substantially fewer blue crab
of recruitment-size were collected during the same period in 1977 (47.27).
From March through August 1977, growth—size_biue crab fepresented 49.3%
' of those examined, but during the same period in 1976, they accounted
for onl& 30.2% (Table Ccl-322). |

In 1976, most egg-bearing fémales were present'during.June.and July
(Newcomb 1977), but relatively few gravid females were collected in 1977

because no collections were taken at the OCGS screens from 14 May through

11 July.

Discussion

The esfimated number of blue crab impinged at the OCGS screens
‘during 7 comparable months (September through Deéember, March, April,
and August) decreased from an estimated 1,526;862 + 478,070 during
1975-76 to 212,995 + 31,538 during 1976-77 (Appendix D1, Table Di-47).
Although fewer blue crab were taken in 1976-77, the composition of the
catcﬁ was generally similar between years with the population in the Bay
comprised of young (age O+), age 1+, énd age 2+ individuals. TImmature
specimens dominated the catch during both years, although the percentage
of the population that was immature during 1975-76 (91.5%) was greater
thén that during 1976-77 (82.1%). Immature and mature females were
larger than males in both years, but this difference between sexes was

significant only for mature crabs during the second year.
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The size of matufe female blue crab differed between 1975-76 and

"~ 1976-77. For the'year, the mean léﬁgth of females'taken ip all areas in
1975-76 (135 mm) was larger than that of females in 1976-77 (128). The
difference was not substantial and may ﬁe due to year-to-year Qariétion
in grqvth;' The length of males_of the blue crab collected during both
years was nearly equai (115 mm in 1975-76, 114 mm in 1976-77).

Immature females taken from all areas were larger than males.during
both years (61 vs 55 mm in 1976—77; 50 vs 41 mm in 1975-76). Tﬂe mean
length of immature individuals of both sexes taken in 1976-77 (58 mm)
was considerably larger than that of immature crabs taken the previous
year (46).

The severe winter of 1976~77 apparently caused high mortality of
blue crab, particularly those of recrﬁitment-size (< 59 mm). During a
traw} survey throughout the Bay in.March, an estimated 42,000 + 14,000
dead blue crab were estimated to have been on the bottom of the Bay.
However, this figure was probably a gross undérestimate of dead individuals
as most blue crab killed during.thé winter probably remained buried in
the sedimenf and were passed over by the trawl. The effect of this
mortality was demonstratgd ﬁy the substantial decrease in the catch of
blue crab ét the OCGS screens during 7 comparable months of 1976-77 as.
coméared té 1975-76 (Appendix D1, Fig. D1-16). The loss of many small
individuals.a;so was reflected in the decrease of the percentage of the
population that was immature, the increase in the mean size of immature

blue crab, and the decrease in the percentage of recruitment-size crabs

in the population.
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. The general life history and movemeﬁts of the blue crab in Barnegat
. Bay corresponded cloéely with those of other studies along the eastern
coast of the United States (Churchill 1917, Van Engel 1958, Fishler and
Walburg 1962, Miller et al. 1975, Oesferling 1976) . After growth in
lower salinity waters, females mature and mate during the spring of
sumﬁer of théif second year (Norse 1977). Two to 9 months after mating,
they migrate_dffshofe_or to high salinity water to spawn (Van Engel
1958). A female mates only once in her lifetime; however, some females
may spawn a second time as the sperm remains viable for more than a year
(Van Engel 1958).

Aftér hatching, the ybung crab passes through a zoea and megalopa
larval stage. Zoeae require salinities greater thén 20 ppt to develop
(Fishler and Walburg 1962);_:elatively few were found in the central Bay
from Cedar Béach to Gulf Point (Appendix D1, Section D1.17), .Megalopae
were found primarily in the Bay néar Barnegat Inlet. The megalopa
returns to less saline waters and metamorphoses iﬁto the firsﬁ, small
(3.2 mm) crab (Sandifer 1975). Recruitment and growth-size crabs were
predominént-throughout the Bay, and this is characteristic of blue crab
nursery areas (Miller et al. 1975).

The seasonal differences in the sex ratio of immature blue crab in
the Bay during 1975-76 (Newcomb 1977) and 1976-77 were evidence of
.differences in spatial distribution among immature blue crab. Miller et
al. (1975) suggested that differences in the sex ratio among small crabs
may be due to differences in migratory behavior between the sexes at an

early age. They found that males were predominant in the low salinity
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waters of the Chesapeake and Delaware Canal during summer. If immature
males migrated to lower_salinity areas of Barmegat Bay during the summer,
this would explain. the greater humber of immature females in the higher
salinity area (20 to 25 ppt) of the Bay thaf was regularly sampled.

The blue crab exhibits rapid growth and is short—lived._ Van Engel
(1958) repofted'tﬁat blue crab spawned in June attained a length of
63 mn by the end of November and usually matured in 12 to 18 months."

The blue cfab génerally lives 2 or, rarely, 3 years, but Pearson (1948)
reported_that_ihdividuals older than 2 years probably contributed little
to the reproductive population,

During population surveys of the blue crab in the past 2 years
(Appendix D1, Table D1-98), most mature and gravid females were taken in
the higher salinity areas near the Inlet. The movement of mature femaies
fo these areas from the cent;ai area of the Béy may account, in part;'
for the significantly gfeater number of m#tuie females impinged at OCGS
in both 1975-76 and 1976-77. Mature males probably remained in low
salinity areas although they may have exhibited some movemenf to higher
saliﬁity water during the winter. .In South Carolina, the blue crab left.
estuaries during winter months but remained in adjacent coastal aréas.
(Fishler and Walburg 1962). In Barnegat Bay, the overwintering of blue
crab in the sediment of the Bay was evidenced from the substantial
(28,636 kg) commercial dredge fishery for the blue crab from December

1975 to March 1976 (Hillman 1977c¢).
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Cl.20 SPORT FISHERIES

Introduction_

Sport fisheries data for western Barnmegat Bay, the south branéh of
Forked River, and Oyster Creek were collected from September 1976 through
August 1977 to determine the species_compbsition of the recreational
catch, the relative abundance of éach species, and the effect of the

0CGS heated discharge on the local sport fishery.

-Materiais and Methods

A creel census was conducted in four areas of Barnegat Bay (Figs.
Cl-31, C1-32). Zone 1 encompassed an area of the western Bay from Cedar
Creek to the iagoon'between Forked River and Oyster Creek. It included
Forked River from its mouth to FL "19" and the south branch of the River
from FL "19" to the U.S. Route 9 bridge. Zone 2 was locatéd in the
western Bay from the laéoon between Forked River and Oyster Creek to
Warétown Cféek, and it included Oyster Creek from its mouth ﬁo the Route
9 bridge. The eastern boundafy of zones 1 and 2 was the Intracoastal
Waterway (Fig. Cl-31). Zone 5 included three areas on the south branch
of Forked River: the north bank near Route 9, the walkway along the
Route 9 bfidge, and the beach on the south bank around the Beach Blvd.
bridge (Fig. C1-32). Zoné 4 included three areas in Oyster Creek: the
north bank near Route 9, the walkway along the Route 9 bridge, énd the

bulkheaded area on the north bank near the mouth. A creel census of
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fishermen in each zone was conducted on a randomly-chosen day from
Monday through Friday, and additionally twice a month on a randomly-
chosen weekend day beginning in April, Fishermen in boats in zones 1
and 2 and on the banks and bridges in zones 4 and 5 were censused. The
nﬁmber of fishefmen, hours fished, fishing rods and crab traps used, and
fishes and blue crab taken were recorded. Surface water temperature and
salinity were recorded in each zone.

The catch per individual (c/i) and catch per hour (c/h) were computed
for each zone, and catéh per boat (c/b) was computed for zoﬁes 1l and 2.
Fishermen were defined as those participating in the sport fishery;
anglers were individuals using only fishing rods; and crabbers were
those using only crab traps and hand 1iﬁes. Fishermen who used fishing
rods.énd crab.traps simultaneously were included separately as anglers
and crébbers. The catch per individual crabber and angler and the catch

per hour of crabbers and anglers were computed for each zone,

Results

Zones 4 apd 5 were censused more frequently (56 times) than zones 1
and 2 (21 times) because they were more accessible during inclement
weatﬁer. No one fished in any zone during Januéry gnd February because .
of cold weather,

A total of 930 fishermen caught 2,719 specimens of 17 taxa (Table C1-323),
and the.overall c/h and c/i were 1.6 and 2.9, respectively (Table C1-324).
Although the c/h was slightly larger for boat fishermen (1.7) than

for bank fishermen (1.5), the c/i was greater for bank fishermen
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(3.2) than for fishermen in boats (2.6, Table Cl1-324). The blue crab -
(n = 1,792), bluefish (569), spot (173), and winter flounder (92) accounted
for 96.6% of the catch. The American eel, scup, summer flounder, white
perch, and nine other fishes comprised the remainder of the catch (Table C1-325).

Although anglers (m = 567) outnumbered crabbers (529), crabbers
landed 65% of the total catch (1,780) while expending 53% (1,077.75 h)
of the total effort (Table C1-323). Some 61% of the crabbers were
recorded in zone 1 (n = 172) and zone 2 (151), but the smallest c/i of.
crabs ( <3.0) were in these zones. The 138 crabbers on the banks of
Oyster Creek (zone 4) had the largest catch (n = 687) and the greatest
c/i (5.0) because they expended the most effort (433.25 h, Table Cl-324),
The c/h of crabé in this zone (1.5) was slightly lower than that in
either zone 1 (1.9) or 2 (1.9). Some 54.9% (n = 978) of the blue crab
were taken in August, and zone 1 had the largest monthly landings (420)
of blue crab during that moﬁth (Table C1-323). |

Anglers expended less effort (957.75 h) than crabbers and landed
fewer specimens (n = 939). The largest number of anglers (n = 291)
expended the greatest amount of éffort (564.0 h) in zone 4, and 80% of
those anglers fished near the Route 9 bridge (Table C1—323>. The largest
‘mean c¢/1i and c/h were in Forked River (zone 5)_near the Beach Blvd.
bridge,.but these large values were attributed to an unusually large
catch by a few anglers. Zone 1 and the area of zone 4 near the mouth of
Oyster Creek also had a relatively better angler catch (c¢/i and c/h).
The catch of anglers was smallest in zone 2 (Table Cl1-324). Most fish.

(34.5% of all fish) were taken by anglers in August (Table C1-323),
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The census in the Bay (zones 1 and 2) was limited by inclement
weather, ice cover from mid-Decembér through late February, and the
seasonal fluctuation in the number of fishermen. Only one angler was
seen in the Bay from September through mid-December. When OCGS was in
operation from September through April and during August, crabbers in
zone 2 had a larger c¢/i (9.5) than those.in_zone 1 (3.1) although the
c/h was greater in zone 1 (Table C1-326). The blue crab was more predo-
minant (90.3% of thé catch) in the catch in zone 2 than in zone 1 (75.8%).
The angler catch (c/i and c/h) was greater in zone 1 than zone 2 regard-
less of OCGS operation (Table C1-326), and overall more fishes were
taken in zone 1 than in zone 2 (Table C1-325).

Fishermen from the banks of Forked River (zone 5) had the smallest
c/h (1.5) and c/i (2.7) of all zones even though the largest monthly c/h
(8.3) and c¢/i (11.6) occurred here in September (Table C1-324). The
fewest fishermen (n = 141) were.found in this zone.

Although fishermen from the banks of Oyster Creek (zone 4) had the
same mean c/h (1,5) as.fishermen from the banks of Forked River, the
largest c/i (3.4, Table C1-324) was found in-Oyster Creek because the
greatest_effoft (836 h) was expended there (Table C1-323). The largest
monthly c¢/i for crabbers (15.4) and anglers (11.3) during the yeér was
in some portion of Oyster Creek, and fish were taken in every month but
January and February. In Forked Riﬁer, fiSh were taken only during 8
- months,

Differences in effort and catch were found for the area around the

Route 9 bridge in Oyster Creek and Forked River. In this area of Oyster
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Creek, 270 fishermen expended 582.25 h of effort as compared to 98
fishermen (195.5 h) in this area of Forked River (Table C1-323). Over
four times as many specimens were harvested from Oyster Creek (n = 877)
than Forked River (219), but this was primarily a rgsult-of the greater
effort in Oyster Creek. The species composition also differed between
areas; fishermen took 15 species of fish in Oyster Creek, ﬁut only 4
species were taken in Forked River (Table Cl1-325). |

Although this area of Forked River had a 1érger monthly c¢/h and c¢/1
for fishermen than the comparable area of Oyster.C;eek during September,
a larger c/h and c/i were consistently made in Oyster Creek throughout
the year (Table C1-324). Over the year, the mean c/i in Oyster Creek
wés 3.3 as compared to 2.2 in Forked Rivef. Although the mean angler
c/i in Forkgd River (0.9) was slightly larger thén that in Oyster.Creek
(0.6), the crabber c/i in Oyster Creek (4.9).exceeded that in Forked
River (4.1). The c/h for both anglers and crabbers was greater in
Oyster Creek (1.3 and 1.6, respéectively) than Forked River (0.7 and
1.4). | |

The Beach Blvd. area of Forked River had little fishing activity
(43 fishermen, 65 h) until August (Table C1-323). Although fishermen in
this area had the largest mean c¢/h (2.6) and c¢/i (3.9) over the year,
58% of the total catch was taken in 1 day (6 h) by four individuals. As
a resulf of_this large catch of bluefish, this was the only area where
fish outnumbered blue crab in the catch. |

Fishermen around the bulkhead near the mouth of Oyster Creek had

the same mean c/h (1.5) as those near Route 9, but the c/i (3.9) was
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larger because the average iﬁdividual near the bulkhead fished for about
0.5 h more than an individual near Route 9 (Table Cl1-324). The largest
c¢/i (5.1) for crabbers for the year and 14% of the total catch of blue
crab were taken in this area.

The blue crab (65.9% of total catch) was the most numerous specles
;akéu (Table C1-325). All were taken from May through September, but
the largest catches were made in July.and Auguét (Table C1-323);' The
mean c/i for crabbers was 3.4 and the largest number was taken.ffom the
banks of Oyster Creek (n = 699), in zone 1 (478), and in zone 2 (408).
The greatest overall c/i was also in Oyster Creek, but the largest c/h
was in zones 1.and 2 (Table C1-324).

The bluéfish was the most numerous fish taken. It éomprised 20.9%
of the total catch and 61.4% of all fish caught (Table C1-325). It was
taken in Sepﬁember and October 1976 and during July and August 1977.
Largest catéhes of the bluefish (n = 243) were made in Oyster Creek near
the Route 9 bridge.

Spot comprised 6.4% of the tofal catch and 18.7% of all-fish taken
(Table C1-325). All were taken in September and October 1976 and during
April and from June through August 1977.. About half of the spot were
taken near the Route 9 bridge in Oyster Creek, but none were caught from
the banks of Forked River.

The winter flounder accounted for 3,4% of the total catch and 9.9%
of all fish taken (Table Cl1-325), It was taken in November, December,
and from March through May. The lack of any catch in January and February

reflected the severe weather and subsequent lack of fishing., Most
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(85.9%) winter flounder were taken in Oyster Creek, but relatively
little fishing activity was observed in the Bay during Marqh.and April,

. Over the year, the sport fishery in the zones associated with the
heated discharge of 0CGS (zoneé 2 and 4) differed very little from the
fishing in similaf areas unaffected by the heated discharge (zones l_and
5). The year;y mean c/h (1.5) and c/i (2.9) for fishermen in zones 2
and 4 were similar to those in zones 1 and 5 (1.8, 3.0, respectiQely;
Table C1-327). Although the harvest in zones 2 and 4 was 40Z larger
than that of the other zones, more effort was-e;pended in zones 2 and 4,

The shutdown of OCGS from 23 April through 4 August had several
effects on the sport fishery. More species of fish were caught in
zones 2 and 4 duripg the summer of 1977 than in 1976. With OCGS in
dperation from May through July 1976, only 1 summer flounder, 1 oyster
toadfish, and 14 bluefish were taken, but 9 species were taken in Oyster
Creek during these months in 1977 wheﬁ OCGS was shut down. The spot
(18.2% of total catch during tﬁe Shutdown), bluefish (4.7%), summer
flounder (4.2%), and American eél'(Z.OZ) comprised most of the fishes
_takeﬁ. |
During the OCGS shutdown, the angler c/h was similar in zones 1 and
5 (0.5) and in zones 2 and & (0.5)._ The crabber c/h in zones 2 and 4
(1.2) was slightly greater than in zomes 1 and 5 (0.9, Table Cl1-327).
The greater c/i in zones 2 and 4 during the shutdown again reflected the
greater effort expended 1ﬁ this area., The number of fishermén and
fishing effort expeﬁdgd in the Route 9 area of zone 4 increased 28.3%
and 73.3%, respectively, from 1976 kﬂillman 1977d), but most individuals

censused were unaware that OCGS was shut down.
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Discussion

The effect of the heated discharge from OCGS and'frbm other electric
generating stations on the local sport fishery is well documented.
Hillman (1977d) found that c¢/1i and c¢/h were greater-in zoﬂes assoclated
with the heated discharge of OCGS than in similar unaffected areas.
Elsner (1965) concluded that a warm—water discharge substantially increased
the catch/trip of'anglers in the Potomac River, and both-Spigareili and
Thommes (1976) and Marcy (1976).reported increased catch-per-unit-effort
in the heafed discharge éf nuclear powef plants. Although c/i was
greater in zones affected by the.OCGS ﬁeat_:ed digcharge in 1976-77, thé
c¢/h during this period was similar to that in 6ther areas, primarily
because OCGS did not diécharge heat during much of. the summer, the peak
of the fishing season in the Bay. When OCGS was in operation during
August, the crabber c/h was greater in areas affeﬁted by the heated
discharge, but the angler c/h waé.less; -

The difference in harvest between zones associated ﬁith the heated
dischafge of OCGS (zonés 2 and 4)_énd unaffected zones (1 and 5) reflected
the difference in effort expended within these zoﬁes; Although the |
harvest in zones 2 and 4 was larger than tﬂat in zones 1 and 5, the
average indiyidual-fished about 0.5 h more in zones 2 and 4 than in
zones 1 and 5. Ffom December 1971 through November 1972; Halgren (1973)
found more bank.fishermen on Oyster Créek than any other area of the Bay
éensuéed.

During thé year, the most notable éffec; of the heated discharge
was to ektend;ﬁhe_sport'fishery season in Oyster Creek. Although no

fishermen were seen in any zone during January and February, fishing
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activity and catch occufred in Oyster Creek in thg other 10 months.
Fishing occurred in the other zomnes ﬁuring only 8 months of the year.

The most notable effect of the OCGS shutdown from April through
August 1977 was the greater number of fishes taken in Oyster Creek than
during the previous summer. The decrease in the fin- and shellfish
harvest during the shutdown, as compared to 1975-76 (Hillman 1977d),
reflected the oﬁerall decrease of catch, especially shellfish, throughout

" the Bay in 1976-77. | "

Hillman (1977d) reported that the blue crab (82.0% of the total
catéh), bluefish (12.1%), summer flounder (2.0%), black sea bass (1.3%),
and spot (1.3Z)_éomprised most of the catch in a qtﬁdy of the sport
fishery in basically the same area'from.September 1975 through August

'1976. The area of the Bay near Oyster Creek Channel (zone 3) Qas the.
'only area of his survey that was not included in this:study.' From
September 1976 thfoﬁgh August 1977, biue crab.compriged only 65.97% of -
the catch while bluefish (20.9%), spot (6.4%Z), winter flounder.(3.42),
and American eel (l.O%)zaccounted for most of the remaining catch. “The
decrease in the catch of the summer flounder and black sea bass was |
primérily attributed to the elimination of éoﬁe 3 because 98% of the
summer flbunder and 77% of the black gea bass t;ken in 1975-76 were
caught in this zone.

The decline in the catch of the blue cr#b from 1975-76 to 1976-77
was probably due to a large mortality dﬁring'the winter of 1976-77.
Birnbaum (1977) réported'ﬁhat commercial landings of the blue crab in

late July 1977 had decreased as much as 50% from Cambridge, Maryland to
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Georgia. The estimated number of blue crab in the Bay in 1976 was about’
five times greater than the number in 1977 (Appeﬁdix D1, Section D1,15).
The recreational crab catch (c/h and c/i) in 1976-77 (1.6 and 2.9,
respectively) declined substantially from these values in 1975-76 (3.0,
6.1). |
Halgren (1973) found that the blue crab (65.3% of total catch),
winter flounder (7.3%), weakfish (5.9%), bluefish (5.7%), summer flounder
(4.5%), and northern puffer (4.3%) were the most numerous fishes taken
in a creel census of upper Barnegat Bay from Deceﬁber 1971 through
November 1972.. Few weakfish and summer flounder were recorded in the
1976~-77 survey because the areas censused were not the best fiéhing
areas for these species. The northern puffer population has declined
along the New Jersey éoast in recent years (Hamer 1972, Thomas and
Milstein 1973). The spot had showm large increases.in population size

in recent yeafs and has been taken more commonly in the sport catch.
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Cl.21 EFFECTS OF THE OCGS HEATED DISCHARGE ON PLANKTON IN OYSTER CREEK

‘Introduction

The species composition, abuhdance; and distribution of macrozoo-
and ichthyoplankton collected in Oyster Creek (the dischatge canal) eést
of U. S. Route 9 and in the south branch of Forked River (intake canal)
east of Route 9 from March 1976 through March 1977 were éxamined to
determine the effect of the thermal plume from OCGS on primarily and
secondarily én;rained forms. Forked River generally was similar to
Oyster Creek except for water temperature. Because organisms were
introduced into Oyster Creek after secondary entrainment through the
dilution pumps, all organism§ in Oyster Creek did not experience the
maximum OCGS discharge temperature. With tﬁo dilution pumps in operation,
yater entrained through these pumps remained somewhat discrete from the
heated discharge until about 60 m below the OCGS discharge, and at that
point the temperature of the mixed flow averaged 4.5 C (rénge of 2.0 to

7.5 C) above ambient. -

Materials and Methods
Macrozoo- and ichthyoplankton were taken at three stations (Sta. 45,
46, 6) in Forked River and at three stations (50, 30, 14) in Oyster

Creek (Fig. C1-33). 1In each area stations were located at the mouth,
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just east of the Route 9 bridge, and in a lagoon_off the maiﬁ channel.
Stations generally were sampled sgquentially (i.e., upstream in Forkea
Ri§er ahd.downstreém in Oyster Creek) in an attempt to sample the same
water mass, Each sﬁation-wés sampled once a month from March. 1976

through March 1977 although no collectidns'could be made in either

Forked River or the lagoon off Oyster.éreek (sta. 30) in January and
February because of ice cover in these afeas and in thé_Bay. An additional
set.of collections was taken in July and in August 1976 to examine the |
plankton in Oyster Creék'during the.period of the highest diﬁchargé

temperatures.,

A 20-cm bongﬁ_samplef (505;micron mesh) was used to cp;lect samples,
The gear was attached to a wire approximafely 30 to 38 cd;éboﬁe a 17—k§
depressor. It was deployed and retrieved with a hand winch and booﬁ on
the port side of a 6.4-m Monark workboat. Each tow began at the surface,
'and_the wire angle was maintained at approximately 45 dégfées from the
vertical throughout the tow. The wire was deployed at a constant rate _
until the depressor touched the bottom and was thén retrieved in a |
similar manner.. The gear traversed the water column at least fwiceh-
during each tow.

Sampling began 0.5 h after sunset ang two consecutive tows were
made at each station. Thé volume of water sampled was determined by a
digital flowmeter (General Océanics Model 2030) located in the mouth of.
ﬁhe sampler. Tow time was from 4 to 6 min, but it was shortened if
excessive ﬁlbgging'of the net occurred. Collections were préserve& in

the field in buffered 5% formalin. When ctenophores were abundant, a
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50% solution of glacial acetic acid saturated with potassium dichromate
was used as a preservative. o

The laboratory procedures for the sorting; enumeration, and identifi-
cation of plankton samples were presented in Appendix D1, Section D1.16.
.Host macro;oqplankton were identified to the lowest possible taxon

although all amphipods, except Corophium and Ampelisca, were grouped as

‘unidentified Amphipoda and mud crab_zoeae were grouped as Xanthidae
zoeae. A Hewlett-Packard 9830A programmable calculator was used for
data compilation aﬁd most statistical analyses. -

The differences in the density of macrozoo~ and ichthyoplankton
among statioﬁs in Oyster Creek and Forked River were initially examined
 statistically (P_<_0.0S_) with a tﬁo—wéy (date x station) ANOVA, The
densities were transformed by the In X+ 1) trénsformation in an attempt
to normalize the data. Since all stations could not be sampled in
Janu#ry and February, these ﬁoﬁths were excluded in thé statiétical
.an;lysis.. ANOVA were computed for the four stations in the main chanmel;
the statioﬁs in the iagooné weré excluded because of their dissimilarity
to the:main channel stations. Data from the lagoon stations 1ndicétgd
thaf denSitieé were inconsistent between stations in the lagoon and the
-other stéfioné #nd, therefore, the lagoon statiohs were not consideréd
.tepresent#tive 0£ thé affected biota‘

Thé-presenpe of interactions.in the ANOVA also confounded analyses.
When_intéfgctions_océurred, the mean densities weré plotted to examine
the effect 6f.the.inteiaction on the analysis., In most cases, the

ordering of the densities at the stations was not consistent through -
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time (i.e., the density at one station was not alwa&s greater than or
less than the density at another station),.and, therefore, most ANOVA
wefe invalid (William H. Swallow, péraonal cbmmunicatioh);

Since the parametric ANQVA could-not be consistently used to examine
the differences in densiﬁy of forms in Oyster Creek and Forked River,
the non—parametric Wilcoxon rank sum test (P < 0.05) was used to determine
differéncg in'density'between the uppermost station in Forked RiVer
(Sta. 6) and the station in the mouth of Oyéter Creek (Sta. 50). Since
substantial reproduction of some forms ﬁay occur in Forked River and
some forms may originate from the north and central br&nches.of Forked
River, the uppermost station in Forked River was the best espimate of
the density of forms introduced into Oyster Creek. However,'éince
additional reproducﬁion éfjsome_forms (e.g., the sand shrimp, gobies)
| may occur between this station and OCCS, this estimate may still have
been low. Since déad'plankto# settles té the bottom (Carpenter et al.
1974, Marcy 1976, Tathaﬁ et al, 1977b), organisms collectéd at the mouth
of Oyster Creek were considered live. The density of a fqrm at this
station was considered the best estimate of density of forms in Oyster
Creek after primaryland secondary entrainment and passage down Qyster
Creek.

In addition to statisticai analyses, the effect of the OCGS heated
discharge was also examined as the difference betﬁeen the mean density .
of a form ét the uppermost Statioﬁ in Forked River (Sta. 6) and at the
mouth of Oyst;r Creek (50). The percentage diffgrence in the mean.

density of a form between the two_stations was determined by dividing
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the smaller méan density by the larger and subtractiﬁg that value_from_'
100. During the summer of 1976, OCGS operated at leés than its full-
'rated.capacity (640 MWe) during June (mean déiiy electrical output of
548 MWe), July (526), August (569), and September (580). _Becausé.organisms'
were introduced ipto Oyster Creek by both entrainment through the OCGS
cooling-water system and secondary entrainment through the dilution

. pumps, decreases in abundance at the mouth.of Oyster Creek could not be
attributed solel& to primary entrainment. Reprodugtion of forms in
Oyster Cfeek at times may introduce eggs and larvée_into_the Creek and,
thereby, mask some entrainment losses.

Results and Discussion

Macrozooplankton :

‘The macrozooplankton community in Forked River was characterized by
one'assemblage at ambient water temperaﬁﬁres below 18 C (cold period) -
and anothgr assemblage above 18 C (warm period§ Table C1-328). The
.dominaﬁt (> 5% of the community) macrozooplankton during the cold
period (March 1976 and October 1976 through March 1977) were the mysid

Neomysis americana (35%Z of all macrozooplankton collected then), the

hydromedusae Sarsia spp. (21%) and Rathkea octopunctata (19%), zoeae of

the sand shrimp Crangon septemspinosa (9%), and amphipods (5%Z). The

dominant forms during the warm period (April through September) were mud
crab (Xanthidae) zoeae (47%), amphipods (16%), N. americana (13%), and
sand shrimp zoeae (6%). All of the dominant forms weré éstuarine and
marine (Jeffries 1967).

| N. americana and amphipods were the only dominant forms gollected

during all months. N. americana was abundant (> 100/m3) from February
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through June and during August and September, and it was.common (1-100/m3)
in all months. Amphipods were common in all months and were most abundant
from May through October 1976. The dominant amphipods, based on collections

from the OCGS discharge for the period September 1975 through August

1976 were Ampelisca spp. (30% of all identified amﬁhipods), Jassa falcata

(26%), Microdeutopus gryllotalpa (16%), and Corthiﬁm SPpP. (SZ,NSAndine-
et al, 1977). From September through March 1977, 76% of all identified

Corophium spp. were C. tuberculatum, 20% were C. acherﬁSicum, 4% were C.

bonelli, and less than 1% was C. insidiosum.

Zoeae of the sand shrimp were common from March through Jﬁly_aﬁd
again during.November. Mud crab zoeae occurfed froﬁ April through |
' September.but they were abundant only from May.throughiJuly. Based on
collections from the OCGS diécharge dﬁring-this peribd (Sandiﬁe et al,

1977), the most numerous mud crab zoeae were those of Neopanope texana

'(67% of all mud crab zoeae) and‘Pangpgus hérbstii(322); R, ocﬁopunctata,

-occurred.from November through Apfil and Sarsia spp. from February
through Aprii. ' |

The spécies composition of macrozooplankton was siﬁilar-in both.
Forked River and Oyster Creek_(Table Cl1-329). Although the sﬁecies
_compositioﬁ of macrozoopl#nkton.collectgd at the IagOOhs wés génerélly.
similar to that of stations in the main chaﬁnel, thg-densities of most
macrozooplankton were often substantially 16wer 1n'the.lagoons. For a
planktonic form whoée horizontal movement was due frimarily to fhe.
movement of water rather than its swimming (e.g., most.larvaé), the

chance of entering a lagoon was small due to the minimal exchange of
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water between the lagoon and the main channel, However, larger forms
(e.g., mysids, shrimp) capable of lateral movement may have entered a
lagoon at a rate independen; of water exchange. At times the abundance
of mysids was greater in the lagoon than in the main channel,

A comparison of the density of ﬁacrozooplankton from Forked River
(Sta. 6) and Oyster Creek (50) showed that some losges apparently occurred
in byster Creek because total macrozooplankton were significantly more
abundanf in Forked River (Table C1-330). Only on 1 of 13 sampling datés
' wés the density of total macrozooplankton greater in Oyster Creek. The
greater density in Oyster Cfeek on that date resulted from a large
number qf mud crab and grass shrimp zoéaé there, | |

"For the cold period; thé densiﬁy of 10 of 13 common or important
forms was less in Oyster Creek, and this difference was significant for
2 of the 8 forms tested (Table C1-330). During the warm period,.the
density of 16 of 19 common or important_forms was less in Oyéter Creek,
and the difference was significant for 11 of the 13 forms tegted.. The
méan density of zoeae of the sand shrimp (4.3/m3 in Forked River, 1.7/m3

‘at the mouth of Oyster Creek); the mud crabs Neopanope texana, Panéggus

herbstii, and Rhithropanopeus harrisii.(88.2/m3, 49.5/m3); Hippolyte

spp. (0.11/m>, 0.01/m3); Upogebia affinis (0.54/m>, 0.08/m>); hermit

crabs Pagurus spp. (0.32/m3, 0.08/m3); and spider.crabs Liﬁinia SPP.
(0.18/m3, 0.03/m3) was greater in Forked River than in Oyster Creek
(Table C1-331). However, zoeae of the grass shrimp were more.abundant
in Oyste; Creek (8.6/m3) than in Forked Riﬁer (2.0/m3). Of the above

zoeae, the difference was significant for mud crabs and the grass shrimp

Cl-554



(Table C1-330). Zoeae of Hippolyte spp;, U. affinis, Pagurus spp., and .

Libinia spp. were tested collectively since they occurred on fhree or
less sampling dates, and the difference for thié éroup was also significant
(Table C1—330).

These decreases in the density of many macrozooplankton from Férked
River to Oyster Creek were similar to the decreases in density in Oyster
Creek reported by Hoffman et al. (1978). Decreases in density in Oyster
Creek may be attributed to mortality of organisms exposed to elevated
temperatures during passage down Oyster Creek, latent mortality of
entrained forﬁs, or behavioral changes which altered their distribution
in the water column and, thereby, apparently made them less abundant in
'Oyster Creek. Swain é; al. (1975) found that the freshwater mysid Mysis
relicta moved down through the water column when exposed to elevated | |
temperatures, éven if a lower level of the water column was warmer than
the water that caused the avoidanée reacfion. They suggested that this
avoidance reaction was instinctive, and they termed this movement negative
thermotaxis. Herman (1963) reported a similar negative thermotaxis for
estuarine mysids. On the other hand, reproduction of some forms (i.e.,
grass shrimp, mud crabs, and Nereis spp.) in Oyster Creek, at times, may
have introduced larvae and eggs.inté the Creek and, thereby, masked some
losses from éntrainment. Hatching of grass shrimp zoeae probably accounted
for the greater number of total macrozooplankton in Oyster Creek on one
sampling date.

No data were available on mortality of secéndarily-entrained macrozoo-

plankton introduced into Oyster Creek after passage through the dilution
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pumps. Therefore, temperature-tolerance data for adults and juveniles
of the sand shrimp, grass shrimp, amphipods, and N. americana; epitokes
of Nereis spp.; and blue crab megalopae exposed to the OCGS discharge
temperature for 15 min were used to evaluate the effects of secondary
entrainment, At OCGS, most entrainment mortality was related to tempera-
ture, and therefore, these data were valid indicators of temperature
toierance. In addition, these data generally agreed with temperature-
toierance data in the literature. For zoeae_of mud crabs, grass shrimp,
-and sand shrimp, data from laboratory studies were used to evaluate
secondary entrainment because no quantitative data were available from
OCGS discharge collectioms,

N. americana was significantly more abundant in Forked River during
both the warm and cold periods, but the mean percentage difference
between the two afeas was greater during the warm period (Table C1-330).
The decrease in density of EF americana in Oyster Creek during both
periods waé generally larger than that expected from temperature shock
alone, Exposure of N. americana to temperatures above 3570 C, from 32.5
to 35.0 C, and from 30.0 to 32.5 C resulted in a mean percent mortality
of 94%Z, 82%, and 36%, respectively (Appendix D1, Section D1.16). Below
30.0 C, mortality generally did not exceed 10%. From October through
March, the temperature in Oyster Creek did not exceed 27 C, and therefore,
the decrease in abundance in Oyster Creék from temperature shock should
not have exceeded about 10%. However, the mean percent difference in
density between Forked River and Oyster Creek during this period was 65%
(Table C1-330), and this difference may reflect either latent ﬁortality

or negative thermotaxis (Swain et al. 1975, see page (Cl-555).
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Sand shrimp zoeae were significantly more aBundant in Forked River -
during the cold period; they were also more abundant there during the
warm period but not signifiéantly so (fable ci-330). The_form was most
abundant from March through June. Qualitative observations of sand
shrimp zoeae collected at the OCGS discharge indicated abnormal swimmiﬁg
at diséharge temperatures above 30 C. Regnault and Costlow (1970)
reportéd that these zoeae did not survive a 24—h exposure to a.cyclic .
temperature of 25 to 30 C. The percent difference in density of sand
shrimp zoeae between Forked River and Oyster Creek during both.the cold
and warm periods was similar to the percentage of the.water from Forked
River that paésed through OCGS. This shggested that most individuals
passed through the OCGS cooling-water system were affécted and that
individuals secondarily entrained were not generally affected when the
temperature in Oystér Creek was below 30 C, Duriné the warm period,
sand shrimp zoeae were common only in May and June when the temperature
in the Créek exceeded 30 C. The average denéity of this zoea was -

' 0.5/m3 in Forked River and.0.04/m3 in Oyster Creek during this period.

Adult and'juvenile sand shrimp were significantly more abundant in
Forked River_during the warm period (Tablg Cl1-330). They were also mofe
abundant there during the cold period but not significantly so. Adult
and juvenile sand shrimp had 75% mortality.at 0CGS. discharge temperatures
above 35.0,C; 78% from 32;5 to 35.0 C, and 53% from 30 to 32.5 C. At
temperatures from 27.5 to 36.0 C, the average mortality was 23%, and

below 27.5 C it generally was less than 10%. The decrease in density of
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this form in Oyster Creek was generally greater than that expected from
the above mortality data. During the cold period, latent mortality may
not éccount for the decreased density in Oyster Creek because sand
shrimp acclimated to 15 C had about a 50% survival when exposed to 28 C
for 24 h (Mihursky and Kennedy 1967). Therefore, the lower densities in
Oyster Creek may have resulted, ih'part, from a behavioral change of
. individqais (Swain et al. 1975) aﬁd preéation by fishes (see page'él-447).
Zbeae_of the grass shrimp Palaemonetes spp. were apparently thermally
tolerant, and they were significantly more abundant.in Oyéter Creek.
(Table C1-330). Qualitative observationé of OCGS discharge collections
indicated thaﬁ grass shrimp zoeae were relatively unaffected by temperé—
tures as high as 35 C. Chase (1977) found 100Z survivai of grass shrimp
zoeae after an eprsure of 180 min to temperatures of 36.0 to 37.2 C.
Since no collections in Oyster Creek were made at a temperature aﬁbve 35
c, né adverse effect from temperatufe.shock would be expected for second-
‘arily entrained individuals. On six of seven sampling dates from May
through September, grass shrimp zoeée were also mofe abundant at the
lower station in Oyster Creek (Sta. 50) than at the upper station (14).
The differéncé was greatest on two dateé in July when the density at the
upper station was 4.4/m3 and O.O/tﬁ3 &hile at the mouth it was 42.2/m3
and 2.5/m3, respectively. These data indicated that grass shrimp répro—
duétion occurred in the Creek. Furfhermore, the heated discharge-apparently
stimula;ed an earlier hatching Qf the eggs of females in the Cfeek
because grass shrimp zoeae Qere not collected at the upper station in

‘'Forked River in May, but they were taken at the mouth of Oysﬁef Creek,
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Adult and juvenile grass shrimp tended to be more abundant in
Oyster Creek than Forked River during the warm period and less abundant
there during the cold period (Table C1-330), ﬁut the differences in
density between the areas was not significant, At 0OCGS discharge tempera-
tures above 35.C, mortality of this form averaged 89%, and below 35 C it
did not exceed 33%.

Mud crab zoeaé were significantiy more abundant in Forked_River
during the warm period; These zoeae were collected in Oyster Creek
during April but not in Forked River, and this indicated that the eggs
of gravid mud cfabs in Oyster Creek hatched earlier than those of females
in Forked River. Qualitative observationé indicated that few mud crab
zoéae were affected by entrainment through OCGS at temperatures below

35.0 C. Zoeae of the mud crabs Neopanope texana, Panopeus herbstii, and

Rhithropanopeus harrisii have been reared successfully at 30.0 C by

Chamberlain (1961) and Costlow et al. (1962, 1966). R. harrisii zoeae
had better sﬁfvival over the cyclic temperature range of 30.0 to 35.0 C
than at a constant temperature of either 30.0 or 35.0 C (Costlow and
Bookhout.1971). Exposure of R. harrisii zoeae to temperatures of 37 C

or beléw for 180 min prdduced no mortality although exposure to 38 C and
above produced IOOZ.morﬁality (Chase 1977). Mud crab zoeae occurred

from April into September and the temperature in Oyster Cfeek did not
exceed 32.5 C. Therefore, no mortality of secondary entrained individuals
sﬁould have occufred dﬁe to temperature shock, and the lower density of
mud crab zoéae in Oyster Creek (Table C1-330) may have resulted from

mortality of zoeae passed through OCGS or behavioral changes.
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Blue crab megalopae were collected in the fwo areas from late
August to early November, and they were more abundant in Forked River
(Table C1-330). Megalopae of the blue créb are very temperature tolerant,
and therefore, this decrease in density probably did not represent
mortality from temperature shock. Chase (1977) found no mortality of
blue crab megalopae collected from a diséharge canal at temperatures
below 38 C aﬁd no mortality when this form was exposed in the laboratory
. for 180 min to temperatures below 38 C. Only 4 of the 376 blue crab
megalopae collected at OCGS in 1975 and 1976 and examined after entrainment
through OCGS at temperatures above 30 C were dead. Qualitatively,
hbwever, some blue crab megalopae were observed to remain on the bottom
of the examination pan and did not display the active swimming behavior
of individuals collected ffom the OCGS intake. This differencé in
behavior may account for some of the apparent differences in'densify
between Forked River and Oyster Creek.

Epitokes of Nereis spp. were significantly more abundant in Forked
River during the warm périod (Table C1-330). However, in April these
epitokes were collected only in Oyster Creek where they were most abundant
at the lower Creek station. The source of ﬁhese epitokes appeared to be
from adult Nereis in Oyster Creek which entered the reproductive sfage
earlier than the rest of the Bay population. This earlier reproduction
was probably due to the elevated water temperature in Oyster Creek.

- Epitokes of Nereils spp. appeared relatively tolerant of the tempera-
tures it encountered during primary and secondary entrainment, Mortality

was about 657 at temperatures from 27,5 to 30.0 C in April and May, but
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from June through September, mortality did not exceed ZSZ at temperatures
. from 27.5 to 37.5 C (Sandiee et al. 1977). Therefore, the lower densities
of epitokes in Oyster Creek probably were not.aetributable to mortality
from temperature shock. .Since Nerels epitokes.die soon after release of
gametes (Pettibone 1963), the decrease in density in Oyster Creek may be

due, in part; to natural mortality.

Ichthyoplankton

The species compoeition and relative abundance of ichthyoplankton
were similar in both Forked River and Oyster Creek (Table C1-332), The
common'ichfhyoplankton (> 1% of all.larvae and juveniles collected)
were winter flounder larvae (53%), larvae aﬁd juveniles of the bay
.enchovy (21%), goby larvae (1;%), sand lance larvae (10%), and juveniles
of the northern pipefish (2%). The egés of the bay anchovy compfised '
98% of tﬁe eggs faken; eggs of the tautog; cunner, and hogchoker accounted
for most of the remainder (Table Cl—332); .The abundanee and species
composition of ichthyoplankton were characterized by cold season forms
(December through April) and warm season forms (May through September),
and the period of occurrence for a form wae similar to that found in
Barneget Bay (Tatham et al. 1977).

The cold season was dominated by larvae of £h§ wiﬁter flounder (82%
of the larvae and juveniles collected from December through April) and
sand lance (15%), but few eggs were collected (Table Cl1-332). Larvae of
the sapd lance appeared in March 1976 (1.3/m3 mean monthly density).

They also occurred from mid-December through March 1977 and were most
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abundant in March 1977-(1.9/m3). Wintér:flouhder larvae occurred in
March 1976 (2.1/m3):and again during February and March 1977 with maximum
"abundance in Mafch 1977 (15;8/m3). |

Thé warm season was dominated by the eggs of the bay anchbvy t98%
of all eggs during the period) and larvae and juvéniles of the bay.
anchovy t57Z of all larvae and juveniles) and gobies (31%, Table C1-332).
Northern pipefish ju§gniles (6.4%) and atherinid larvae (1.8%) were
~common, but neither.species had a well-defined period of maximum abundance.
Eggs of ghe tautog, cunner, and hogchoker were also collected. Bay
anchovy.eggs were first collected in ﬁay,.and the maximum mean monthly
density (137.5/m3) océurred then. After.May, the mean monthly density
graduélly decreased, and most spawning ceaséd by Séptember. Bay ancbovy
" larvae were first taken in May, and maximum abundance (3.4/m3) occurred
in July., Larvae remained abﬁndant thréugh eérly August but décreased in
abundance -during September as they gfew éo juveniles. Goby (Gobiosoma
spp.) 1ar§ae were first collected in May, were most aBundant (méan
monthly density of 1.0/m3) in July, and.gradually became.less abundant
thfough September. |

The Wilcoxon fank sum test indicated that the densities of larvae
of the winter flounder, sand lance, and goby; juveniles of the northern
pipefish; and eggs, larvae, and juvéniles of the bay anchovy were not
significantly different between the upper'station in Forked River (Sta. 6)
and the station.at the mouth of Oyster Creek (50). Oniy the density of
all larvaé and juveniles combined.was signifiéantly greater in Forked

River than in Oyster Creek. Most larvae were abundant on oniy a few
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da;es, and therefore, statistical tests were not always sensitive enough
to detect apparent differences between the two areas. Despite the
results of statistical tests, all forms_showéd a decrease in density at
the mouth of Oyster Creek as compared to the upper station in Forked
RiQer’(Table C1-333). This decrease ranged from 62% for goby larvae to
86Z.fof juvenile northern pipefish.

The decreased- densities éf most ichthyoplankton between Forked
River and Oyster Creek may héve been attributable, in part, to entrainment
losses at OCGS. Some 47% of the water in Oyster Creek passed through
the 0CGS cooling-water system. Therefore, a decrease of about 50Z in
the density of a form at the mouth bf Oyster Creek may have been due to
primary entrainment losses. Statistically significant mortality of
larvae immediately after'entrainment_through OCGS has been found (Appendix
ﬁl, Section D1.16). Losses from priméry_entrainment were expéc;ed to
exceed those from secondary entrainment because organisms paésed through
the OCGS cooling;systeﬁ were exposed to a higher temperature and to
greater ﬁechaﬂical effects than those secondarily entrained. Decreases
greater than 507 may represent additional'losses from secondary entrainment
between tbe two areas. Some apparent differences in abundance may also
have been cauéed'by_the large natural variation in plankton populations
‘(Heinle 1977); this Qaé‘particularly true for forms that were present in
low densities. .In addition, the six stations in the two areas were
sampled sequéntially over an intérval of about 4 h, and some differences
in density between the stations may be due to variability from vertical

migration and unequal diét;ibution (patchiness) of organisms.
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The lack of a éignificant'difference in the densify of bay anchovy
eggs between Forked River and Oyster Creek may bé due to either spawning
in Oyster Creek or a high survival rate after entrainment. Decreased
survival of secondarily entrained bay anchovy eggs was not eipected
becagsé the temperature in Oyster Creek was below 33.5 C. 1In laboratory
tests at a salinity.of 12 ppt, Meldrim (ﬁnpublished) reported that 84%

~of the bay anchovy eggs exposed to 33.5 C for 1 h hatched, and fhis'
percentage was not Substantiaily different than.the 90% of fhe eggs

which hatched at ambient temperature.

Sumhary

The macrozooplankton community of Forked River.and Oyster Creek &as
éharacterized by one assemblage at an aﬁbiént water témperature beloq |
| 18 C and another assembiage above 18 C, but the species composition in
thé two areas was similar, The lagoon stations were.generally areas of
lower abundance with the Oystef Creek lagoon having fhe lowest mean |
density of all stations. On 12 of ;3 sampling dates, densities of
common gnd important macrozooplanﬁton were gréater in Forked River; the
zoeae of the grass shrimp were an exception to this pattern, Beéause
many forms showed lower densities in Oyster Creek when the OCGS-discharge
temperature was below the temperature that caused immediate mortality,
other factors such as behavioral changés (i.e., négative thermotaxis),
pred#tion, and latent mortality méy have caused these apparent differences

in abundance. Some forms also reproduced earlier in Oyster Creek.

Cl-564



‘Although most ichthyoplankton did not have a significant decrease
in density between Forked River and Oyster Creek,.a consistent decrease
in density of all forms occurred between the uﬁper station in Forked
River and the station at the mouth of Oyster Creek. These decreases may

be attributed to mortality from entrainment, latent mortality, and

behavioral effects.
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Table C1-142. Alphabetical listing by common name of all vertebrates collected by fish and 1mp1ngement
programs from September 1976 through August 1977, .

Alewife - Alosa pseudoharengus
American eel - Anguilla rostrata
American shad -~ Alosa sapidissima
Atlantic croaker - Micropogon undulatus
Atlantic herring - Clupea harengus
Atlantic menhaden - Brevoartia tyrannus
Auantic moonfish - Vomer setapinnis
Atlantic needlefish - Strongylura marina
Atlantic silverside - Menidia menidia
Atlantic spadefish - Chaetodipterus faber
Bay anchovy - Anchoa mitchilli

Bigeye scad - Selar crumenophthalmus
Black sea bass =~ Centropristis striata
Blackcheek tonguefish - Symphurus plagiusa

Blueback herring - Alesa aestivalis
Bluefish - Pomatomus saltatrix

Blue runner - Caranx crysos
Bluespotted ca'netﬁsh - Fistularfa tabacaria
Bluntnose stingray -~ Dasyatis sayi
Butterfish - Peprilus uiacanthu.s
- Chain pickerel - Esox niger

Chain pipefish - Syngnathus louisianae
Cobia =~ Rachycentron canadum
Conger eel - Conger oceanicus .
- Crevalle jack = Caranx hippos
Cunner - Tautogolabrus adspersus

Diamondback terrapin - Malaclemys temrapin

Feather blenny - Hypsoblennius hentzi
Flying gurnard - Dactylopterus volitans
Fourspine stickleback - Apeltes quadracus
Fowler's toad - Bufo fowleri

Gag - Mycteroperca microlepis

Gizzard shad - Dorosoma cepedianum
Golden shiner ~ Notemigonus crysoleucas
Gray snapper - Lutjanus griseus

Grubby - Myoxocephalus aenaeus
Halfpeak - Hyporhamphus unifasciatus
Hogchoker -~ Trinectes maculatus

Inshore lizardfish - Synodus foetens
Lined seahorse - Hippocampus erectus
Lookdown -~ Selene vomer

Mummichog - Fundulus heteroclitus
Naked goby = Gobjosoma bosci

Northern kingfish - Menticirthus saxatilis

Northern pipefish - Syngnathus fuscus
Northern puffer - Sphoeroides maculatus
Northern searobin - Prionotus carolinus
Northern sennet - Sphyraena barealis
Northern stargazer - Astroscopus guttatus
Orange filefish - Aluterus schoepfi

Oyster toadfish ~ Opsanus tau

Permit ~ Trachinotus falcatus

Planehead filefish - Monacanthus hispidus
Pumpkinseed - Lepomis gibbosus
Rainwater killifish - Lucania parva

Red hake - Urophycis chuss

Rough silverside - Membras martinica
Sand lance - Ammodytes sp.

Scup - Stenotomus chrysops

Seaboard goby - Gobiosoma ginsburgi
Sheepshead minnow = Cyprinodon varfegatus
Silver anchovy - Engraulis eurystole
Silver perch - Bairdiella chrysura.
Smallmouth flounder - Emopus microstomus
Smooth dogfish - Mustelus canis '
Smooth tunkfish - Lactophrys wiqueter
Spiny dogfish - Squalus acanthias

Spot - Leiostomus xanthurus

Spotfin burterflyfish - Chaetodon ocellatus
Spotted hake ~ Urophycis regius

Suiped anchovy - Anchoa hepsetus
Striped bass - Morone saxatilis

Striped blenny - Chasmodes bosquianus

Stwriped burrfish - Chilomycterus schoepfi
Striped cusk-~eel - Rissola marginata

Striped killifish - Fundulus majalis

Stiped mullet - Mugil cephalus

Suiped searobin - Prionotus evolans

Summer flounder - Paralichthys dentatus
Tautog - Tautoga onitis

Threespine stickleback - Gasterosteus aculeatus
Tidewater silverside - Menidia beryllina
Weakfish - Cyncscion regalis

White mullet = Mugil curema

White perch - Motone americana

Wwindowpane - Scophthalmus aquosus

Winter flounder - Pseudopleuronectes americanus
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Table Cl-143, Alphaberical listing by scientific name of all vertebrates collected by fish and
impingement programs from September 1976 through August 1977,

Alosa aestivalis - Blueback herring

Alosa pseudoharengus = Alewife

Alosa sapidissima = American shad
Aluterus schogpfi = Orange filefish
Ammodytes sp. = Sand ‘lance

Anchoa hepsetus - Swiped anchovy

Anchoa mitchilli -~ Bay anchovy

Anguilla rostrata - American eel

Apeltes quadracus - Fourspine stickleback
~ Asmoscopus guttatus - Narthern stargazer
Bairdiella chrysura = Silver perch
Brevoortia tyrannus - Atlantic menhaden
Bufo fowleri ~ Fowler's toad

Caranx crysos - Blue runner

Caranx hippos ~ Crevalle jack
Centropristis striata - Black sea bass
Chaetodipterus faber - Atlantic spadefish
Chaetodon ocellatus ~ Spotfin butterflyfish
Chasmodes bosquianus - Striped blenny
Chilomycterus schoepfi - Striped burfish
Clupea harengus - Atlantic herring

Conger oceanicus - Conger eel

Cynoscion regalis - Weakfish _ _
Cypeinodon variegatus - Sheepshead minnow
Dactylopterus volitans = Flying gurnard
Dasyats sayi - Bluntnose stingray
Daosoma cepedianum - Gizzard shad
Enpraulis eruystole -~ Silver anchovy

Esox niger - Chain pickerel -

Etropus microstomus = Smallmouth flounder
Fistularia tabacaria - Bluespotted cornetfish
Fundulus heteroclitus - Mummichog
Fundulus majalis ~ -Striped killifish
Gasterosteus aculeatus - Threespine stickleback
Gobiosoma bosci ~ Naked goby

Gobiosoma ginsburgi « Seaboard goby
Hippocampus erectus - Lined seaharse
Hyporhamphus unifasciatus - Halfbeak
Hypsoblennius hentzi - Feather blenny
Lactophys wiqueter - Smooth trunkfish
Lejostomus xanthurus - Spot

Lepomis gibbosus ~ Pumpkinseed

Lucania parva - Rainwater killifish
Lutjanus griseus - Gray snmapper

Malaclemys temapin = Diamondback terrapin
Membras martinica - Rough silverside
Menidia beryilina - Tidewater silverside
Menidia menidia ~ Atlantic silverside
Menticirthus saxatilis ~ Northern kingfish
Micropogon undulatus ~ Atlantic croaker
Monacanthus hispidus = Planehead filefish
Morone americana = White perch

Morone saxatilis - Swiped bass

Mugil cephalus - Swiped mullet

Mugil curema - White mullet

Mustelus canis - Smooth dogfish -
Mycteroperca microlepis -~ Gag
Myoxocephalus aenaeus = Grubby
Notemigonus crysoleucas - Golden shiner
Opsanus tau ~ Oyster toadfish

Paralichthys dentatus - Summer flounder
Peprilus miacanthus - Butterfish

Pomatomus saltawix - Bluefish

Prionotus carolinus- - Nosthern searobin

. Prionotus evolans - Swuiped searobin

Pseudopleuronectes americanus = Winter flounder
Rachycentron canadum = Cobia’

Rissola marginata - Striped cusk-eel
Scophthalmus aquosus - Windowpane

Selar crumenophthalmus ~ Bigeye scad

Selene vomer - Lookdown .
Sphoeroides maculatus ~ Northern puffer
Sphyraena borealis - Northern sennet

- Squalus acanthias - Spiny dogfish

Stenotomus chrysops = Scup

Strongylura marina - Atlantic needlefish _
Symphurus plagiusa - Blackcheek tonguefish -
Syngnathus fuscus - Narthera pipefish
Syngnathus louisianae - Chain pipefish
Synodus foetens = Inshore lizardfish

Tautog onits ~ Tautog

Tautogolabrus adspersus - Cunner

Trachinotus falcatus - Permit

Trinectes maculatus = Hogchoker

Urophycis chuss = Red hake

Urophycis regius = Spotted hake

Vomer setapinnis - Atlantic moonfish
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Table Cl-144. Alphabetical listing by scientific names of all macroinvertebrate taxa collected by fish’
and impingement programs from September 1976 through August 1977,

Actiniaria (order) -~ sea anemones
Aequorea spp. - 8 hydromedusa
Callinectes sapidus -~ blue crab
Callinectes similis - lesser blue crab
Cancer irroratus - rock crab

Carcinus maenus - green crab

Crangon septemspinosa - sand shrimp
Cyanea capillata - lion's mane jellyfish
Ensis directus - Atlantic jackknife clam
Lernaeenicus spp. - parasitic copepods
Libinia dubia - spider crab

Limulus polyphemus - horseshoe crab
Lironeca ovalis = a parasitic isopod
Loliginidae (family) = squids

Loligo pealei = Atlantic long-finned squid
Lolliguncula brevis = brief squid

Nosema stephani - a microsporidian parasite
Olencira praegustator - & parasitic isopod
Ovalipes ocellatus - a lady crab

Pagurus longicarpus - long-armed hermit crab
Palaemonetes pugio -~ grass shrimp
Palaemonetes vulgaris - grass shrimp
Panopeus herbstii = 8 mud crab

Penaeus aztecus = brown shrimp

Penaeus setiferus - white shrimp
Piscicolidae (family) - marine leeches
Polychaeta (class) ~ bristle worms

Porifera (phylum) - sponges

Portunus gibbesi - a portunid crab

Portunus spinimanus = a portunid crab
Procambarus blandingi - Blanding's crayfish
Scyphozoa (class) - wue jellyfishes

Mercenaria mercenaria ~ hard clam, northern quahog 'Sgnula empusa = mantis shrimp

Mytilus edulis = blue mussel
Nemertea (phylum) - ribbon worms
Neopanope texana = a mud crab

Urosalpinx cinereus - Atlantic oyster drill
Xanthidae (family) - mud crabs
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Teble Cl-M8, Memn monthly wame wmparanie (C) 1n the OCGS condemmer intahe st the condenser lhﬁ.p md ®a differsnce batween these tamparseres ( A T) during plant operstion
and shudown from September 1078 twough August 1977,

15e
Mean Temp. of Mean Temp, of Mesn Temp, of Mezn Temp. of .

Deys Condenser [ntake Condemser Discharge AT Dy Condemmes_Intusks Condersar Discharge AT
Month () Shutdown _ Opers Shusiown  Opera Shurdowan . Shuddows (1 Shutdown {1 Sivedown a Shuntown Shutdows
Septe mber 23 1 20,4 19.2 1.1 n.e 10.7 2.2 30 - ns - 1.6 - [ %] -
October n - 18.4 . 2.8 - 8.4 - n - 4.9 - 28,1 - (%} -
Nove mber " (] 1.8 1.0 u.6 9.0 1.1 1.2 30 - 8.8 - 16,6 - 98 -
Decamber 11 [} 4.1 .4 16,8 4.7 11.1 1.3 i - 0.1 - 10,0 - 9.9 -
Jamuary - n - 0.8 - 1.3 - 0.8 ‘i - 0.1 - 10.1 - 10.0 -
Fetruary - 29 - .1 - [ - 03 28 - 2.1 - 12.2 - 10,1 -
March 2} 10 0.7 1.8 18,8 7.4 1.1 0.1 1 - LY - M1 - L4 ] -
Aptl -80 - FUR ) - n.s - (%] - ] s 18,9 18,2 21.8 1.1 88 1.8
Mey n - 20.0 - 8.7 - a - - i - 18.4 - 19,8 - 1.4
Juma S0 - 2.8 - 5.4 - 9.6 - - 30 - 20.2 - 2.7 - 3.8
July 28 'R 2.1 281 6.7 26,8 9.0 1.1 - E - 25.8 - 21,0 - 1.2
Augore 2 - 26,6 - 36.3 - 9,1 - 21 4 26.8 28,3 s1.6 21.0 11,0 1.7

Mean AT »*» 0.3 Mesn AT = 9.4
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Table C1-M& Mesa sarface ($) and bottom (5) water terporanses =t thermally unaffected end sffectad sations In westers Barnegst Day from Septomber 1976 trough Auguse 1977,

Locstion (Sustion No.) Seprember _ Octobes N her D ber  Jammaey Fetruary March  Apl May June fuly Augun_ Tearly Mean
Theymally anaffectsd : e . iy
Mosth of Cedar Creek (1) § - 13.6 K ] 1.8 e s 8.0 15,0 16,5 20.8 20,4 21.0 18.3
] - 18,3 1.4 Ls e s LY ] 1.3 16,8 20.3 .4 26.7 159
Mouh of Parbed River (4) S 2.1 13,8 7.4 2.4 Tos foe (X} 1.0 158 20.6 we . s 16.9
. 2.6 14.0 7.0 [N ] tos Toa .3 13,4 18,4 13 LR} 20.0 18.0
Mouth of Double Cresk (39) § - [ X} (X} LT e e .5 1.0 s .9 2.8 20.3 18,3
: s - 13,1 (A} 1,8 los s 81 14,8 18,4 19,2 2,3 26,0 1.9
Voum ' .1 12.3 Y 1.3 Tos e 11 188 1.1 sl.¢ 19,7 W0 18,5
] 2.8 13.3 X 1.4 s e 80 13,9 18.4 10.3 29,7 25,9 18,0
|
Mocth of Oywer Creek (1T) 8 2.8 16,2 10,4 (8 ] 8.1 .4 [ X ] 17,6 11.0 21,1 ne 0.0 10.4
[] 26,0 11.9 10.6 59 4.7 1,3 10.8 11,3 10,9 19.1 29.3 0,8 18.2
nbhc:-m_Mdm(ndm(num(mummﬁaﬂmm L 0 westarn By from Sep 1978 throngh Avgmt 1977,
Tocarion (atioo No.) Seperber_Ocmbex _ Novemwbar December jaousry  Februsmy “Wach  Apll “May Tone Ny Aoges Yealy Vean
ally woaffectsd:
Mouth of Codar Crosk (1) S - 0.8 .0 1.1 s Tos 20.0 17.9 19.9 1.8 19.9 28,2 20.9
] . 2.0 10 20,8 oo Ios 21.4 18,8 9.4 20.8 23,8 26,3 20.8
Mouth of Porked River () 8 28,0 0.8 . U0 n,0 ) o 21.9 =3 22.8 .1 26.1 21,9 0.2
] 26.0 8.8 2.9 2.4 e Toe 2.8 22.9 24.3 26,7 26,9 16.4 24.1
Mouth of Dooble Creek (23) $ - 28.4 25,9 2.7 [’ e 23.4 23,0 25.4 20,1 21,7 1.8 2¢,1
. ? - 28,8 26.0 2.9 Ton Ioe 26.0 24,8 25.6 21.0 28,3 26,0 35.8
o s 25.8 25,8 33.4 20.1 Tce ) 21.8 21,3 X 24. 4 2.8 26,8 22,5
[ ] 26.0 15,9 .8 7.9 s s 22,8 2.1 23.1 24,7 28,1 28,3 4.0
Thermally sffecwmd: . .
Wouth of Oyser Creek (1T) § 28,7 23,0 2.1 11,8 u.0 18.3 2.1 21,9 2.0 23.9 .7 2.8 23,1
) 25,8 23,8 23,3 22,0 23,0 23,6 22,8 31,5 21,0 24,1 2.8 25.6 23,8
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Tabla Cl-W8, Mesn nafece ($) and bottem (F) watee wmparsners in Porked Mver (loeshs cansd) sad Oyseer Cresk (dlscharge camal) from March 1976 dwough Mareh 1977,

- T . 1976 ] 1917 Yearly
Location (Swurton Ne, ) March  Aprll May Juoe July _Augam Sepwmbe October  November December Jsonery FPebrowy March  Mean
HERMA LLY UNAFPECTED: .
Forled River, ot asst of Re. 9 ridge (9) s 11.8 2.1 14,6 20,9 .85 24.4 23.2 18,7 1.8 3.0 s Ine a9 18.12
. ] 11.8 7.8 14,6 26.4 .8 24.8 23,1 18.7 1.8 3.1 fon ics 1.1 18,2
Farked River, south branch, east of Beach . § 13.3 2.0 14,8 27.1 23.9 26,3 23.3 1.4 80 2.1 " ke Ioe 8.8 16.2
Bivd, tridge (48) » 12,3 .a.’ l’.’ 7.2 23,9 25.3 23.4 13,8 .3 1.2 Ics Ios 617 16,4
Forked Rivez, lagoon off oarth bank of south S 13.5 209 154 - 26,3 U7 253 216 1.8 7.0 18 Toe ke &1 181
teanch (48) 8 1.0 20,6 187 28,9 24.8 4.9 ‘2.7 12.8 6.9 1.7 Tos fce 6 18.1
Farked River, beach st ead of Ksnoche Ave, ] 14.0 n.8 1.7 2858 - 23,9 26,7 . 253 18,8 80 2.1 ) -] 4.8 [ 8] 159
n ) ] - - - - - - - - - - - - - -
Brtahe Caoal, jat west of R, 9 bridge (48) ] 13.8 _”.0 16,8 0 24.0 24.8 7.1 13.2 8.0 1.9 1.4 3.6 %1 1.8
) ) 13.8 2.1 18,8 28.0 .0 2%4€.8 29,0 13.4 - 3.1 1.8 L ] 9.6 158
frahs Csnal, fwt eat of mcwity fence (49) 8 13,8 256 l_l.' .32 23,3 4.4 2.4 12.6 [ 4] 3.0 1.6 L 8 ] .é 147
| ] 13,8 23,0 15,3 5,6 y [ ] 2,7 15,4 - 3,8 3,2 3,4 9.4 16,8
Mean H 181 n.2 158§ 31.3 .1 25.1 23,4 18,8 1.1 1.6 1.8 3.9 1.8 144
B 12,8 a,2 153 27,0 4,3 4,8 23,0 13,4 1,0 2.9 1,0 8,4 .9 144
Immediat vichity of OCGS condenser s 19.7 %0 181 .5 3.0 8.8 0.8 39 184  10.7 w131 15,7 209
discharge (26) » 10.0 3.8 18,0 3.9 1.1 5.8 28,8 21.¢ 169 13 1.9 13.1 13,8 0.9
Discharge Cenal rosd werte s - 180 3N 162 3.3 9.0 294 3.4 189 Ls %o X €8  1.e 186
ant i, 9 britye (37) s 15,0 218 187 2,8 263 288 210 _ 18% 9.0 _e8 (X 11 14 118
(Y 1™ ] 189 k1 8 | 1817 Mu.é 0.0 30.8 !9._0 - 30,4 - 13,8 9.4 &8 9.5 13,7 19.8
3 17,4 8.1 18,4 3.4 20,8 30,3 21.8 18,9 13,0 7.4 1,1 10,1 12, 8 19.4
Oywoe Creak, eam of Rz, § bridge (15) s K5 20 1,3 e e 291 38 I1LE 108 A 45 K1 108 118
o ] 14.8 u.8 1.3 30.7 288 0.1 1.8 1.8 10.9 [ 93 4.8 7.0 10.9 11,8
Oymer Creck, suth back, scrom from LA, 8 160 380 180 388 M0 300 9 186 12,7 &3 (¥ a2 Le 11
dock (39 ] - - - - - - - - - - . . . .
Oymme Creek, south share, jost upswesm 8 182 250 10.2 20.0 28.8 3.2 nes 18,2 11,8 [ 8 ) .40 a2 8.1 1.1
M m “” » - - - - - . - - - - - .- - - -
Oyvtnt Crook, oasterameat lagom (30) s 16,0 23,3 e 393 .6 a8s 189 18.1 10.9 [X] ™ e 0.1 104
g [ ] 15.0 23,0 - 19,8 2.7 7.1 26,3 28.8 183 10.4 1.3 o ] 10.4 19.4
Oyrar Creed, from essternmost lagoow to s 15.4 8.8 68 30,9 1.9 20.6 .3 17.4 11,2 llo 4.8 1.9 10.¢ 11,9
mouth (50) 8 18,4 26.9 16,6 30,2 28.1 29,0 27,4 11,3 10,7 &1 48 1,8 1.0 119
Mean s 15.0 25.4 18,1 29.¢8 21.8 20.8 21.7 11,8 1.8 6.9 A9 1.3 9.8 11.8
| 1,1 10,8 17,7

16,1 25,0 17,9 20,9 27,9 29,0 21,3 17,0 10,8 1.9 4,5
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Tabls C1-M9. Msan monthly surface ($) and bortom (B) temperstures, salinities, dimolved oxyges concenwations, pH and Secchl dixc messimemenn at the e.ooung-vna intake from
. Sepmmber 1976 trough Augwe 1977,

Se pto mber Ocwber Nowvember Decewmber Jamery Pebrusry March Apfll May junes July Augut  Yemly Mean

Tompesatars (C) 8§ 2.1 140 6.0 2.0 1.0 [X) 0.3 12,9 180 - 28,0 Y] 12.¢
s ns RIS .3 1.3 1.9 3.4 [} © 4.8 18,8 - 2.8 13®.4 m.e
Saimntry (ppO 1 U “e 12,0 [7H ] 2.1 24.4 n,0 1.4 B - N 254 T 2.8
[ B 'Y ] "ns 2,8 4.3 ne . M. 2.1 s 2.8 - 154 26,6 18,8
Oxygen (ppe); 3 7.0 0.3 1,1 n,7 2.0 K [ X} Le [ - : 59 (X (X
] 1.1 20 11.0 1.3 11,3 1.2 [X] (%] [ - (Y] [X] .3
pH ’ s .9 .8 1.9 1.9 [ X 2 [ B [ X] [ W 80 - [} L1 .0
[ 7.9 .8 (X 79 [X] Lo (Y] L0 Lo - [ ] 81 50
Secchd (cm) (79 ] .8 114.9 1007 15.1 10,7 160.8 101.8 171.0 - . L Y] 11,0

* 0CGS shuriown,
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.. August 1971,

Table C1-150, Results of paired ttests for comparison of surface and bottom water chemiswries taken at OCGS from September 1975 through -

September 1976 - August 1977¢ Bottom » Surface **

& NS = not significant

* = achfeved significance at P<0,05
** = gchieved significance at P< 0,01

b No samples taken at OCGS from 24 December 1975 thxough 7 March 1976.

¢ No samples taken at OCGS from 14 May through 12 July 1977,

TEMPERATURE SALINITY DISSOLVED OXYGEN pH

October - November S ' Nsa' '- NS NS Surface > Bottom *
December - _ - Surface > Bottom * NS NS NS
OCGS Shutdown ' - - - -
- March = May _ " Bottom > Surface * N§ NS NS
June = August ' : Bottom > Surface * NS NS NS
September 1975 = August 1976P NS Bottom > Surface * NS NS

October = November' Bottom > Surface ** NS Surface > Bottom * Bottom > Surface **
December - February Bottom » Surface ** . Bottom > Surface * NS NS
March - May - Bottom > Surface ** NS NS NS
OCGS Shutdown - ) - - -

July = August : " Bottom > Surface ** NS NS Bottom > Surface ** .
Bottomn > Surface * NS Bottom > Surface **



Table C1-15L Total precipitation at the Oyster Creek site area from September 1976 through
August 1977.2

" Month 1975-76 ' 1976-177
(inches) (mm) _ (inches) (mm)
September 5.60 142,2 1.19 30.2
October 1 2.28 © 57,9 et 184,17
November 3.25 ®.6 0.60 15.2
December 2,19 55.6 . 2,14 54.4
January : 3.59 91.2 2.38 60.5
February - 1.77 45.0 2.15 54.6
~March : 1.13 28,7 3.60 - 9.4
Apeil _ 1.68 42,1 2,61 66.3
May o - 2,39 - 60. 7 1.25 31.8
June 1.02 . 25,9 : 2.99 75.9
July ' 3.06 7.1 3.59. 91.2
August ' 7.45 189.2 7.73 196.3
Total 35,41 899, 4 37, 50 952, 5

3 pata from OCGS metecrological tower (D. R. Weigle, personal communication).

Ccl-601
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Table C1-152. Mesn nxface (5) snd bocom (8) satiniries (ppy) In Forked Rives (inwsks canal) and Oyster Cresk (discharge cansl) from March 1976 dwough March 1977,

. ] 1978 : 1977 - Yesmly
:r;dxufsru::umu"r:.c)nb . Merch _ Apell’ May - June laly Augwit Sepmmber October November December Jasuary Febroary March Mean
Forked Rives, Jwt omt of Rt, O lxidge () © S 22.4 203 21,8 25,0 26,6 23,0 28,60 25,1 23,0 230 ke lce 2.1 2.8
] . 22.8 20,2 2,0 28,0 20,9 2.9 25,8 26.0 - 23,0 23,0 e lee 2.8 23,8
Forked River, south tranch, esst of Beach s 230 203 21.0 u.¢ 27,0 2.4 25,0 26.3 23.86 229 ke Ica 1.9 234
Bivd, tridge (49 » 23,3 20,1 21,8 24,5 26,7 23,1 28.2 25,3 240 227 ice e 2.1 238
Farked River, lagoon off oarth bank of south S 21,8 20,8 21,3 25.0 27,0 22,8 28.2 24.8 23,8 2.1 ke Ice 2.0 232
tranch (46) B 2.3 20.8 21,7 4.8 M5 2.0 24.0 25,3 23.9 . 22.7 loe Ice 2.3 23,8
Forkod River, besch st end of Kanoehs Ave. $ 22,0 2.0 20.0 2¢.0 2.8 .9 33,1 25.0 4.0 23.9 e ne 2.8 3.4
“n [ - - - - - - - - - - Toe - - -
htake Canal, just west of R, Wga_(ll) s 2.0 20.0 2.8 u.0 1.8 1.3 4.9 5.8 2.8 3.0 380 18.0 2.0 23.4
) ) 22,0 30,8 22,8 4.0 21.8 .y 4.8 25.8 - 1s.0 286.0 23.0 22.0 2.8
Ineake Csnal, hut east of mcarity fonce (49) - S 2.0 19,8 .5 24.0 .8 1.8 u.8 28.0 2.8 2.0 %0 0 1.8 3.4
] - 7,0 19,8 22.8 24.0 21,6 22,0 4.0 26.0 el 23,0 28,0 23,0 21,6 3.8
Mean s 2.2 20.5 21,8 24.4 1.3 .8 24.9 25.68 23.¢ 3.6 25.0 2.0 2.1 2.5
8 22,8 20,3 2,1 24,4 21,2 22,8 28.0 25.6 23,8 22.9 28. 8 23.0 22.1 28.6
Immediate victatty of OCGS comdamer dbcharge S 22.0 20.1 21,8 1.0 20.4 2.1 24.0 258 23.0 280 u.1 119 ] 2.0 23,8
26) - ] 2.0 20.4 21,6 24.0 27.1 21,8 - 24,8 28,8 24.0 26.0 n.1 28.0 2.0 23,7
Discharge Casal between railroad cestle and s 22.0 20,0 2.0 4.0 11.5. 22,0 25.0 25.8 23.8. 22,0 28.0 250 21.0 2.3
Rt, 9 teidge (27} 8 22.0 200 21,0 245  3N,6  22.0 25,8 25.5 23,8 22.0 25.0 25,0 21,0 23.4
Mean s 22,0 20.1 21,3 24,0 210 22.1 24,9 25.8 23.3 23,8 24.9 25.0 1.8 23,8
B 22,0 20,2 21,3 24,3 27,3 22,0 25,2 25,8 23,8 23.5 .9 25.0 21,86~ 23.8
" oysmr Creek, st of R, 9 idge (19 s 22.2 20,8 2.0 24.5 2.1 22,0 281 . 28,1 23.4 22.3 23.3 23.0 2.0 23,3
] 2.0 20,5 20,9 u.3 26.9 Q.l 28.1 28,3 23.3 23.0 232.7 1.0 21.9 3.1
Oystee Caoak, south bank, scrom from LA, s 21.0 21.0 20.8 24.0 25,0 .4 1.8 4.0 24.0 3.8 2.8 23.8 20,6 2.3
dock (28 s - - - - - - - - - - - - - -
Oyster Creek, south thore, Just upsweam fomm S 21.8 21,5 20,8 4.0 26.8 22.6 25.0 24,0 24.0 2.6 23.0 2.8 20,5  29.1
fmllﬁ (") B - - - - - - - - - - - . ) - - -
3.7 21.0 Ios Ice n.7 23,0
Oyster Creak, eastvamost lagoon (30) H 22.0  20.2 20.8 24,7 21.3 22.0 24.8 25.0 . . .
L] 2.0 20.0 21,0 25,0 . 26.8 22,1 24.8 .3 3.7 22.% ] lce 31.7 23,1

: 3.8 22 22.8 240 22,5 28,3

Oz from sasternmont lagooa to s 22.0 20.8 2.0 248 270 22.4 254 258 23, . . X , .
.:'s.k s 8 a8 19.8 212 250 268 21,7 _ 253 26,0 231 224 7.2 4.0 23 223
== = s 244266 2.0 2.8 249 2.1 223  22.3 205 2.4 2.9

21.17 20.7 20,
1

7
,0 24,9 26,0 25,1 25.2 23.6 22.2 2.5 3.8 2.0 23.1

31.9 20.1 2
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Tadle Ci-183, Mesa surface ($) and bottows (F) pH at thermally unalfectsd sad affectad ratioes o Sarpegat Soy frors Sepeembar 1978 twough August 1977,
Locsdoa (Sestion No,) Sepgurnber  October November December _Jsnuary f
o) i Fetrusry March Aptl May June July Auguet Yemly Mean
Mouth of Cedar Creek (1) S - 81 [} [ 8} foe los LR - - - L1 1 . | 8]
» - &1 L1 a1 ks . Ton a1 - - - &1 (8] [ 3
WMowh of Forked Rtver (4) S (8} a2 [ %) 1.8 s | loe .2 - - eo Lo L 8 ] [ 81
» 84 .3 Ls 1.8 foe los [ %) - - L 1] [ 8] [ X} ts
Mowh of Doohle Cresk (13) 8 - %2 Ly . 7.0 Ics I» 1.9 - - - .48 LN ] . [ 8}
i ] - 8.2 &0 1.1 e Iee &0 d - - L2 8¢ [ &}
Masa s (%) L8] | 3] 1.7 s [ ] L1 - - TR0 L3 [ 8] L1
L] [ X Lt . 1.3 los e &1 - - e L1 L3 ] [ 8]
h affacted: . . .
Mocth of Oyser Creck (17) 3 (8] L1 [ %] 1.4 [ X} [ 8] a1 - - 1.8 80 [ § ] [ B
2 1.9 a1 (Y} .7 1.6 L% ] 1 - - 2.2 1.9 83 LX)
Table C1-154, Mesa monthly maface (5) snd bottom (B) oxygen cowcemtrsiicn (ppm) st hermally unsffectsd and affected tn oagat Bay from Sepearaber W78
tdrough Aogut 1977,

Smmhg Ouwvbe  November  December Jamany  Febamy _Mach _ _ARB_  _May_ e _jay . A Yemly vew

Locatim (Station No,)
Thermally unaffected:) -
Mouth Codar Creeh (1)

s - 10.0 . 10.7 1.2 ice L] 1.6 0.5 a1 1.8 (8 ] [ X ] 9.3
L 9.3 12.2 12.3 lce foe 1.1 10.7 L %) 1.0 1.8 a0 9.8
Mowh of Forked Mver (4) S &0 10.6 1.3 1.7 lce los 10.8 9.1 a3 [ 8] &4 . 1.8 .3
v an 0.0 12.3 12.7 los ca 1.4 1.2 8.8 [ 3 .9 LN} 0.6
Mowd of Dooble Cresk (33 5 = 10.2 1.4 1.5 ks Joa 10.8 o1 [ R 1.8 1.8 10.8 %1
3_- : 9.3 12,8 12.8 loe joe 11.0 10,6 93 1.8 . 1.% C 102 10.1
Mssa s &0 10.3 1.3 1,8 Ice | ) 1.6 9.4 .6 1.9 8.6 (93 9.4
’ 689 [ 8] . 134 1,5 lee Joe 11.2 - 10,8 87 -1.7 7.8 .0 9.8
Mouths of Oyster Creek (17) § 1,8 10.1 10.9 1.7 12,0 10.3 e 9.3 . &4 1.4 4.1 1.8 9.2
0.1 9.3 12.0 11,6 12,0 11.38 10.9 10,4 &0 1.4 8.1 1.7 9.6
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Table CHHSS. Mean surface ($) snd bottoe (B) pH In Forked River (latake canal) amd Oystes Creek (discharge cansl) Som March 1976 dwoogh March 1977,

1976 1917 Yearty
) March __Apell May upe July  Augest September October November December Jamuary February March  Mesn
Ennmu.r UNAFFECTED:|
Forked River, fst esxt of Rt. @ briige (&) s 80 19 Lo 1.3 1.4 81 81 e 80 19 o ios 9 19
: ] 8.0 1.9 .9 1.4 .5 8.2 81 e ‘a0 1.9 | ] o 1.8 .9
Forked River, south tranch, east of Beach s .9 0 8o 1.4 .6 1.9 81 84 82 8.5 e P a1 7.9
Bivd. bridge (45) ] .9 11 %0 7.4 L X 8.2 54 82 a4 ke Ice 81 1.9
Forked River, lagooo off north bank of somh  § .8 18 1.9 5.7 .9 1.1 82 4 82 a2 Ios Loe .0 19
teanch (48) : 3 13 19 1.8 8.8 1.9 19 81 LY s a2 Tee ke .8, 19
Forked River, beach st end of Kanceds Ave. § - - 1.8 1.6 &1 a3 1.9 1.9 81 83 ke 8.0 a0 8.0
(‘n ? - - - - - - - - - - - -
Beshe Capal, Jot west of Rr, 9§ bridge (48) 8 a0 1.8 80 (%] 86 19 &1 7.9 - 1.3 1.9 (¥} .6 11
B 81 1.8 20 as 56 19 80 1.9 - 1.3 [§] [ 81 (XN |
htaks Canal, just asrt of wewtry fonce (49) 8 &0 1 a0 s - 7.9 L1 so - 1.1 7.9 et LX T XY
b 81 1.8 2.0 8.1 - 1.8 8.1 a0 - 1.3 1.8 81 71 19
Mean s .9 1.0 8.0 7.8 1.9 [Q) 51 &3 [¥] 1.9 7.9 (¥} .9 1.9
] 80 1.7 1.9 1,8 1.3 1.9 a1 [X] 8.3 1,8 80 a1 7.9 1.8
13 »
tmmedl y of OCGS cond s 80 1.8 a1 8.0 - 1.8 1.1 1.4 - 1.3 7.9 20 1.9 e
discharge (26) ’ ] %0 1.1 80 80 - 7.8 7.8 7.4 - 1.3 1.9 80 Lo s
Disch Canal b fhroad restlo and 8§ 8.0 1.1 8.0 1.9 - 1.0 1.9 1.9 - 1.4 (] 8.1 [ %) .9
R 9 bridge (27 ) 80 11 8.0 5.0 - 7.8 7,9 1.9 - 1.3 80 81 Ly 19
Masn s g0 1.8 1 3.0 - 1.8 1.8 1.7 - 1.4 [ 8.1 [¥1 1.9
B 80 1.1 8.0 8.0 - 1.8 1.9 1.1 - 7.9 20 a1 i 19
Oyster Croek, east of Rt § bridge (15) s L0 19 7.9 7.2 .9 19 80 83 LN ] 50 - [X] 80 &0
] 80 1.9 28 8.8 .9 e 81 [ ] 8.4 1.9 - 8.2 L0 19
Oyster Creek, south bank, scrom from LA, s - - 7.6 7.6 At a1 .0 1.8 8.0 8.8 - 8.0 eo 8,0
dock (29 B N - - - - - ° ° N ° ) )
X south fomt m fom S - - 7.1 7.6 .2 &2 81 7.9 80 L X ] - 8.0 1 7.9
Oystez o:n shore, i opetres . - . - . - - - - - - - - - -
mot lagoon s 1.0 80 1.1 69 LS a1 7.9 7.8 a4 80 [ a1 a0 7.9
Oyser Croek, eastern goon (30) . s 0o v s 8 a1 7.9 1.8 84 8.0 ke [ %1 (¥ 7.8
Creek, from easternmost lagoon to s .1 19 7.1 6.8 .6 Ko 8.2 a2 8.8 a0 ke 8.3 .9 9
Oysa=t . ™ 8 . 9 19 2,8 8.1 16 81 81 a2 81 80 Toe 8.2 g0 1.9
: ____Mmm s 7.8 1.9 1.1 1.2 .1 &1 8.0 80 8.2 8.2 - 81 () 7.9
B 7.8 19 7,8 8.1 1,8 80 8,0 8.1 83 - 8.2 80 1.9

8.0
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Table C1-156, Mean nurface (S) and bowom (3) disolwad erygen (ppm) conoeowarhom im Forked River (intake canal) sod Oyter Crock (discharge conal) from March 1976 thwowgh March 1971,

ToTe
T Yeal;
Location (Sution No.) Mach __ Apefl Masy June Ity August  Sepmmbar Octwbet  November December Jamuary  Pelvuary  March M-n'
HERMALLY UNAFFECTED:, g
Forhed River, fust east of R 9 twidge (8) s 10.4 1.5 s 1,0 (X} (X ] 7.3 X ] 1.3 1. e - .4 e
3 10.8 7.8 [ & ] 1.0 6.6 8,7 1.2 e 1.3 12.0 -] os 1,0 L § ]
Rarhed Nver, south tranch, east of Beach s 10.8 1.8 .2 1.4 8.1 .1 1.2 (.8 ] 11.1 12.3 e s 10.3 ey
Nwd, teidge (48) » 10,7 1.8 5.3 7.3 .5 1.1 7.1 8.0 113 12.3 s e 10.1 88
Forked River, lagoon off oorth bank of s 10.¢ 1.¢ 1.3 1.9 8.8 8.2 1.8 83 11.8 12,0 e e 10.3 9.0
south tranch (46) 3 10.8 1.8 [ 8] (X} (%} 1.6 1,2 [ %] 11,8 12.3 s e 10,8 a8
Parked River, beschk ot end of Kenoshe Ave. § 133 (X X ] 50 7.1 7.8 Xy (Y] 10,4 18,3 Tos (¥ . "2
«“n " - - - - - - - - - - -
ll.ah Canal, just west of Re. 9§ bridge (48) s &4 . T4 .3 .1 8.6 1.0 1.8 1 &4 - 1.6 11.4 12.8 10.8 (X
1 &4 1.4 9.2 1.8 [ N 9 1.1 as - 13,2 1.4 2.8 9.0 L9
ieake Conal, jut st of secwity fance (49) 3 &4 1.4 0.8 1.8 0.0 1.0 2.0 [X] - 11,1 1. .6 10.2 %o
3 &4 1.4 9.3 1.4 5.7 1.0 1.1 3 - 13,2 10.9 12.8 10.3 9.0
Yam s 10,0 LA (%] L .4 T4 7.5 (X 1.1 11 1.8 1.3 10.9 X
3 %1 1.8 (%] 1.2 8.2 1.0 1.4 8.3 11.3 12,8 11,1 12,7 10.3 9.2
Inmediam vicinlty of OCGS condemer dbcharge $ 10.1 .. (¥ ] 1.5 5s (X} 7,0 L1 10,9 12,0 1.3 .3 21 (R
Qe s 10,2 [ 8 ] 1 %4 L1 &6 §.6 .7 [ 8 10,0 12.0 10.8 7 %1 7
t ge Canal Iroad trestil and s A8 1.0 [ 8 ] 7.2 56 6.8 1.9 9.0 10,1 T 130 11,0 1.4 2.7 .9
R, § teidpe (27) » 9.2 .9 9.0 1.1 52 4.3 7.1 .8 10,4 12.4 10.4 E.j | X 1.8
Meas s #.5 [ %] [ 4] 1.4 88 8.0 1.2 (X} 10.2 12,0 11,2 12,8 9.4 [N)
p 1 8.9 [ X 1,8 8.4 5.9 1.4 8.5 10.2 12,2 10,8 1.9 9.4 8,8
Oystar Croclt; sas of Rt 9 bridge (15) s 10.1 81 LY (¥ 54 (X 1.4 (X! 11,0 10.4 10.2 we 10.7 L8]
» 8.7 8.1 42 6.2 .2 8.5 1.3 9.1 9.8 10,6 10,8 [ ¥ 3 10.8 &3
Oyrwt Cresl, sonth back, scroms fom LA.  § 10.6 7.0 9.2 &7 () (8] 64 we (X3 18,7 1n.¢ 1.3 10.8 ws
‘d nn . ' - - - - - - - - - - - - - -
Oyvar Crosk, wuth thore, fum spsweam fom & 10.8 1.9 (X e 7.3 1.1 (X ] L% %8 1.3 0.4 7.8 11.5 9.1
m n" . - - - - - - - - - - - -
Oywse easeraman 1 s 10.2 8.1 1.5 (%] s.4 1.1 7.8 [ X3 10.¢ 10.8 Tos e 0.1 84
Cresk, gooa (30) 3 10,0 o5 78 P 50 7.1 6.9 .2 10,0 1.0 Ioe o 9.9 €2
‘a to s L1 [ X ] 1.8 .3 .4 e.1 1.5 2.4 11.2 0.9 10,8 .4 10.1 1.9}
Oynex O:::i from essisromont lagoon , s 1 7.1 61 8.4 .4 1.3 9.3 9.4 111 10.3 2.0 10,0 . L. %)
Mean 5 10,3 (X} L3 63 8.7 7.0 1.3 .0 10.4 1.6 1.6 e 10.8 (%
s 9.8 4.0 1.4 62 4.2 6.7 1.2 9.2 9,17 10,9 10,4 8,1 9.9 8.4
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Table C1-157, Meso monthly Secchi dis reading (om} st thesroally unaffoatad snd affected is western B Bay from ber 1976 through August 1977,

P

a0 May June July August Yesrly Mesn
s los 140 130 () L] 108
Mouth of Forked River (4) [ ™ 10 uo o» s = 220 10 120 % L] L] m
Mouth of Double Creek (33) - 88 - ] Ion -] 10 180 140 110 10 T 100
Mean L] (1] 110 108 Ion s 10 1%0 13 107 76 58 108
'
Mouth of Oyster Creek {23) 18 80 % [1] 178 180 190 110 1% 10 60 80 1
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Table Ci-158 Maam Secchi disc readings (cm) ft Forked River (PR) and Oyser Crosk (OC) Bom March 1978 twowgh March 1977,

tlemwber October _ November Decembes

Forked River, ut aact of Rt § bridge (8) 100 m 120 100 5 1 ™ ns 1w oo I s

Forked River, sswth branch, aat of Beach [ ] 113 118 ” ] [ ] o ] 11¢ 123 o s 20 101
fed, tekdge (48

Porkad Nver, lagom off aarch bask of ® ™ . 10 Y s = ™ 70 n 107 oo s 1 o
south tranch (48)

Rerked River, besch at snd of Kasoehe % © 120 ® “ ® n  ® % 220 100 0 190 129
Ave, (47) ’

tmais Canal, Jowt weet of Rt 8 bridge % % 120 © w0 80 ™ ® ) 220 190 340 190 1

—..! ) 108 18 % 5 80 ) 0 & 164 i 0 709 T3t

.

Oy Creak, emt of R 0 bridge (18) . 99 108 13 ) ss 7 n % ™ 138 185 170 2% . 1

Immedism vichiry of OCGS condenser ) 05 110 T " [ N ® 100 208 178 %0 185 11
dscharge (29)

Discharge Casal bty d rele 110 100 120 0 w 0 o« ) o 190 210 ) 180 129
and R 9 Weidge (1)

Oyvat Croek, eastaramost lagoos (30) w 158 107 ®© a ) e o " 133 . - u? 104

Oysear Cresk, from emsternment lagoon 9 120° 108 - st o ) o5 9 148 118 T no 1o

to_mouth (50)
Mean [7] 116 18 53 [3} §9 1 n 83 161 168 261 202 128




Table C1-159.Description of trawl stations regularly sampled during Oyster Creek Generating Station
Ecological Studies,

Statdon 01: Cedar Creek Mouth

Area Sampled: Navigation channel in mouth of Cedar Creek, west of Inracoastal Waterway
can buoy C "63"; tow is made in mid-channel between flashing light FL =1~
and the third black channel marker imside Cedar Creek.

Depth Sampled: 1.5t 2.1 m,
Cuwrrent: Very slight, dependent on tide,
Clarfry: Clear to tannic brown.

Aquatic Vegetation: Zostera marina attached and dewital, Agardhiella, and Ulva occasional to
abundant, '

Station 04: Forked River Mouth

Area Sampled: Mouth of Forked River, west of lﬂtracoastal Waterway mid-channel marker
BW N "D17; tow is made in north approach channel between buoys 5 and
6 outside of wmouth and buoys 9 and 10 inside of mouth. :

Depth Sampled: 1.5 t0 2.1 m.
Current: Slight to moderate, westerly due to influence of OCGS.
Clarity: Clear to turbid.

Aquatic Vegetation: Detritus (Zostera marina) none to abundant; Ulva and Codium none 1o
occasional, '

Station 06: Forked River, east of Route 9 Bridge

Area Sampled: South branch of Forked River, west of Beach Blvd, tridge and east of Route 9
bridge; tow is made east to west beginning at last house ou north bank and

~ending pear Route 9 bridge,

Depth Sampled: 2,1 02,4 m,
Current: Moderate, westerly due to influence of OCGS,
Clarity: Clear to turbid,
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Table C1-159. (cont.)

Station 15: Oyster Creek, east of Route 9 Bridge

Area Sampled: Oyster Creek, apmoximately 0.5.' miles west of Route 9 bridge; tow is made
in the channel west to east beginning approximately 180 m west of the
bulkheaded pond on the north bank.

Depth Sampled: 1.2 t0 2.4 m,
Current: Moderate, easterly due to influepce of OCGS.
Clarity: Clear to turbid,

Aquatc Vegetation: Ulva, Zostera, detritus and woody debris none to occasional.

Station 17: Oyster. Creek Mouth

Area Sampled: Mouth of Oyster Creek, due west of Intracoastal Waterway mid~channel
marker BW N “E1"; tow is made west to east beginning at second black
channel stake located just west of bulkhead on north bank and ending in

. vicinity of first channel marker can and nun, .

Depth Sampled: 1.8 to 3.7 m,
Current: ~ Slight to moderate, easterly due 1o influence of OCGS.
Clarity:  Clear to turbid,

Aquatic Vegetation: Dewitus (Zostera marina) rare to comon; Zostera and Codium fragile
none to occasfonal; shellhash occasional,

. Statiop 23: Double Creek Mouth

Area Sampled: Mouth of Double Creek, southwest of Inmacoastal Waterway flashing light
FL R "68"; tow is made in mid-channel between the fourth black channel

stake inside Double Creek and the flashing light FL R "2~.

Depth Sampled: 2.1 t0 3.7 m.
Current: Slight, dependent on tide.
Clarity: Usually clear,

Aquatic Vegetation: Zostera marina and detritus, occasfonal 10 abundant; Ulva and Codium fragile
occasioml to common.
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Table Cl1-159. (cont.)

Stadon 26: Discharge Canal at OCGS

Area Sampled: Discharge Canal from bulkhead at LA, waflers to raihroad bﬂdge, tow made
along north bulkhead in condenser discharge.

Depth Sampled: © 3.7 10 4.3 m,

Current: Suong easterly due- to OCGS,

'Clulty.j . Usually clear, sometimes turbid,

Aquatic Vegetation: Usually none, occasionally some detrfws.

Station 27: Discharge Canal at OCGS

Area’ Sampled: Discharge Canal, approximately 100 m downsweam from railroad bridge
towards Route 9 bridge; tow made in mid-channel

Depth Sampled: 3.7 t0 4.3 m.

Current: | Suong easterly due to OCGS.

Clarity: Clear to turbid,

Aquatc Vegetation: Usually none, occasionally some dewrdtus.

Station 80: Oyster Creek, first lagoon

Area Sampled: First lagoon west of mouth on south side of Oyster Creek; tow is made from
bulkhead at southern end to juncnre with Oyster Creek,

Depth Sampled: 1.5 t0 3.1 m,
Current: Usually none.
Clarity: Clear to turbid,

Aquatdc Vegetation: Demits (Zostera marina), Ulva and Codium fragile occasional to common,

Stadon 45: Farked River, east of Beach Blvd, Bridge

Area Sampled: South Branch of Farked River, from it juncture with the Middle Branch to
100 m east of the Beach Blvd. Bridge: tow is made i{n mid-channel,

Depth Sampled: 1.8 10 3.1 m,
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Table CI-159. (cont, )

Current:
Clarlty:

Aquatic. Végetation:

Slight to moderate, predominantly westerly due to influence of OCGS.

Clear to turbid.

Dewitus, Zosters marina, Ulva, Codium fragile, and woody debris occisional
to commeon )

Station 46: Forked Rivd, lagoon

Ares Sample&:

Depth Sampled:
Current: .
Clariry:

Aquatic Vegetation:

Lagoon off north side of the South Branch of Forked River just east of the
Beach Blvd, Bridge; tow fs made from easternmost side channel westwards

towards entrance from Forked River.
1.5 t0 2,8 m,

Usually none.

Usually clear, sometimmes turbid,

Detitus (Zostera marina), Ulva, and Codium fragile occasional to common.

Station 48: Intake Canal at OCGS.

Area Sampled:

Depth Sampled:
Current:
Clarity:

Aquatc Vegetation:

Intake Canal, from first bend west of Route 9. to security fence tow made
in mid-channel :

3.7 10 4.3 m.
Suong westerly due to OCGS.
Clear w turbid,

Usua'lly none, occasionally some detritus,

Station 49: Intake Canal at OCGS

Area Sampled:
Depth Sampled:
Current:
Clariry:

Aquadc Vegetation:

Intake Canal, from security fence to 50 m east of log boom.
3.;1 w 4.3 m.

Strong westerly due to OCGS,

Clear to wurbid.

Usually none, occasionally some detritus,
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. Table Ci-159. (cont.)

~ Station 50:. Oyster Creek, from first lagbon to mouth

Area Sampled: Mouth of Oyster Creek, from junctwre with first lagoon on south side w
' juncture with Bay; tow is made in mid-channel. .

Depth Sampled: 1.8 © 3.7 m. |

Current: | " Slight to moderate, easterly due to influence of 0CGS.

Clarity: ' Clear to nrbid.

Aquatic Vegetation: Detritus (Zostera marina) occasional to common; Zostera and Codium fragile
none to occasjonal; shellhash occasional.
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Table CI-160. Description of seine stations regularly sampled during Oyster Creek Generating:
Station Ecological Studies.

Station 01: Cedar Creek Mouth

Area Sampled:

Beach and Bottom
Composition:

Depth Sampled:

Current:

Clariry:

Aquatic Vegetation:

Off the easternmost peninsula of the north bank of Cedar Cteek Mouth, area

sampled is approximately 60 m of a narrow (5 m) sandy beach on the south
side of the peninsular tip,

Hard-packed sand and gravel; slope very gentle,

0 to 1 m; during extremely high tides entire beach is submerged to vegetation
zone, :

Slight, dependent on tide,
Normally clear, trbid with sizf,

None attached in immediate samwpling area; small amounts of floating Zoste:a
marina and deu'itus sometimes encountered, :

Station 04: Forked River Mouth

- Area Sampled:

Beach and Bottom
Composition:

Depth Sampled:
Current:

Cln!iy :

Aquatic Vegeta:ion:

At the easternmast point of the South bank of Forked River Mouth; area
sampled is approximately 60 m of a narrow (§ m) sandy beach in the cove

on the noarth side of the point,

Soft sand throughout sampling area with frequent patches of mud; slope gentle,
0tol1m,

Slight, westerly due to influence of OCGS.

Normally clear.

Occasional patchies of Zostera warina; floating Zostera, Ulva and dewirus,
occasional to common, .

Station 17: Oyster Creek Mouth

Area Sampled:

North bank of Oyster Creck Mouth, opposite Sands Point. Area sampled is
approximately 60 m of a narrow (5 m) sandy beach lmmedlately east of the
bulkhead at the moulh of Oyste.r Creek,
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Table Ci-160.(cont.)

Beach and Bottom
Composition:
Depth Sampled:
Current:

Clarity:

Aquatic Vegetatibn:

Hard sand and coarse gravel from shore to a depth of about 0.6 m, becoming
soft sand and mud to edge of sampling area; slope steep,

0t1l.2m
Slight to moderate, easterly due to influence of OCGS,

Normally clear, nrbid with surf,

‘None attached in fmmediate sampling area; occasional floating Zostera marina,

Ulva, Codfum, and detritus,

Stadon 23: Double Creek Mouth

Area Sampled:

Beach and Bottom
Composftion:

Depth Sampled:
Current:
Clarity:

Aquatic Vegetation:

Narth bank of moﬁtb of Double Creek, area sampled is approximately 60 m
of & narrow (5 m) sandy beach, located between two groin bulkheads :
immediately northwest of Double Creek flashing light FL R "2",

Firm sand throughout with some gravel to edge of sampuhg ares; slopé gentle,
0willm,
None to slight.

Clear to turbid, _

None attached in sampling area; floating Zostera marina occasional to abundant, '
Codium fragile and detritus occasional to common; beach often completely
covered with a layer of dead Zostera up to 30 cm thick.

Station 28: Oyster Creek, south shore, scross from L. A, dock

Area Sampled:

Beach and Bottom
Composition:

Depth Sampled:

Current:

South bank of Oyster Creek, across from bulkheaded area of Baywood Farm and
between bulkheaded, fenced area and boat docks. Area sampled is appraximately.

20 m of a narrow sandy beach,

Hard sand and coarse gravel from shore to a depth of about 0.6 m, becoming
soft sand and mud to edge of sampling area; slope gentle.

0wl2m

Slight to moderate, predominantly easterly due to influence of OCGS.
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Table CI-160. (cont.)

~. Clarity: Clear to turbid,

Aquatic Vegetation: None attached in sampling area; occasional floating Zostera marine, Ulva,
Codium, and detrimms.

Stadon 29: Oyster Creek, south shore, near mouth

Area Sampled: . South bank of Oyster Creek, upsteam of and across from bulkheaded area at
mouth, Area sampled is approximately 50 m of a namrow (5 m) sandy beach.

Beach and Bottom .
Composition: Hard sand and gravel from shore to a depth of about 0.5 m, becoming soft
sand and mud. Slope moderate until edge of dredged channel where depth

increases sharply.

Depth Sampled: 0toL8m.
Cizrent: Slight to moderate, predominantly easterly due to influence of OCGS,
Clarity: Clear to trubid,

Aquatic Vegetation: None attached in sampling area; occasional floating Zostera marina, Ulva,

Codium, and detrltus

Station 47: Forked River at Xanoehe Avenue

Area Sampled: South bank of Forked River near eastern end of the South Branch at a narrow
(1 m) and short (3 m) beach ar the end of Kanoehe Avenue.

Beach and Bottom
Composition: Soft sand and mud bottom, slope moderate. Beach comprised of sand and
debris with grass, weeds, and shrubs.

Depth Sampled: 0w1l.5m
Current: Slight to moderate, predominantly westerly due to influence of OCGS
Clarfty: . Clear to turbid,

Aquatic Vegetadon: None attached in sampling area; occasional floating Zostera marina, Ulva,
Codium, and detritus,
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Table Cl1-160. (cont,)

Station 53: Forked River at Walkiki Avenue

Area Sampled: . South bank of Farked River near eastern end of the South Branch at a
boat launching ramp at the end of Walkiki Avenue. '

Beach and Bottom
Composftion: Soft sand and mud bottom, depth drops off rapidly from bank. Beach

and edge composed of Spartina, grass, and weeds.

Depth Sampled: 0tl.5m,
Current: Slight to moderate, predominantly westerly due to influence of 0CGS,
Clarity: Clear

Aquatic vegetation: Occasional Ulva and dewitus, - Spartina and other rooted vegetation attached
on shore,
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Table Ci1-161. Description of gill net stations regularly umpléd during Oyster Creek Generating
Statjon Ecological Studies,

Statlon 06: Forked River, east of Route 9 Bridge

Area Sampled:

Depth:

Direction of Set:
Current:

Clariry:

Aquatic Vegetation:

South branch of Forked River, west of Beach Blvd. bridge and east of
Route 9 bridge; just west of last house on north bank of River,

1.5 to 2.1 m near banks, 2.7 m in mid-channel,
Northeast to southwest, from River bank. toward OCGS.
Moderate, westerly due to influence of OCGS.

Clear to turbid.

Occasional to common Zostera marina, Ulva, and detritus,

Station 15: Oyster Creek, east of Route 9 bridge

Area Sampled:

Depth:

Direction of Set:

Current:
Clarity:

Aquatic Vegetation:

Oyster Creek, east of Route 9 bridge, approximately 1 mile upstream of
the Creek mouth,

1.8 to 2.0 m pear banks, 3.5 m in mid-channel,

Northeast to southwest, bank to bank, approximately 180 m west of
bulkheaded pond on north bank.

Moderate, easterly due 1o influence of OCGS,
Clear to nurbid,

None to occasional, mostly Zostera marina and detritus.

Station 26: Discharge Canal at OCGS

Ares Sampled:
Depth:

Direction of Set:

Current:
Clarfry:

Aquatic Vegetarion:

Discharge Canal at condenser dkchage. :

Approximately 3.7 m,

Gill net set in semicircle from bulkhead on na'th‘bank to bulkhead by
LA, wailers in condenser discharge,

Stong due to OCGS.
Clear to turbid,

Usnally none,

Cl-617



Table Cl-161. (cont,)

Station 80: Oyster Creek, first lagoon

Area Sampled: First lagoon west of mouth on south side of Oyster Creek, midway from ends,
D?ptb: 1.5 w 2.8 m,

Direction of Set: North to South, parallel to banls,

Curent: Clear to turbid,

Aquatic Vegetation:  Usually none; occasionally some detritus' and Ulva,

Station 45: Forked River, east of Beach Blvd, Bridge

Area Sampled: South Branch of Forked River, in channel next to cove on south side formed
by enwances to lagoons east of the Beach Blvd, Bridge.

Depth: 1.8 t 3.1 m.

Direction of Set: The net was set perpendicular to the main channel, but generally dragged
anchors due to soft bortom and currents and eventually fished from east to
west, parallel to channel,

Current: Moderate, westerly due to influence of OCGS,

Clartry: : Clear to turbid.

Aquatic Vegetation: Oc;:uional to common, Zostera mulni, Ulva, and detritus.

Station 46: Forked River, lagoon

Area Sampled: Lagoon off north side of the south Branch of Forked River just east of the
Beach Blvd. Bridge, 50 m west of easternmost side channel

Depth: 1.5 0.2.8 m,

Direction of Set: East to west, parallel to banis,
Current: Usually none,

Clarfty: ~ Clear to turbid,

Aquatic Vegetation: Usually none, occasionally some dewitus and Ulva.

Cl-618



" Table Gi-161. (cont.)

Station §50: Oyster Creek, from first lagoon to mouth

Area Sampled: Midway between first lagoon on xid'e south of .Oyne.r Creek to juncture with -
Bay, on south side of channel. '

bepth: © 1.81t0 3.7 m.

Direction of Set: East to west, parallel to bankg.

Current: 'Slight to moderate, easterly due to influence of OCGS.

Clarfry: Clear to turbid,

Aquatic Vegetation: Occasional dewitus (Zostera marina) and Ulva,

Ccl-619
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TABLEC1-162, TOTAL NUMBER OF SPECIMENS TAKEN BY TRAWL AND SEINE PROM SEPTEMBER 1976 TRROUGH AUCUST 1977 AT THE MOUTH OF CEDAR CREEK, PORKED RIVER, OYSTER

CREEK, AND DOUBLE CREEK.

SPECIES sep ocr NOV DEC JA j :
ANGUILLA ROSTRATA 7 2 - 1 " res HAR APe " I Jut Aug TOTALS
CONGER OCEANICUS - < - 2 - t - i 9 2 8 8 4
ALOSA AESTIVALIS - - - 1069 1 - -

ALOSA PSEUDOMARENGUS - - - 1 - - 10 H H ! H %
ALOSA SAPIDISSIMA - - - - - - by 1 z -z : N :
BREVOORTIA TYRANNUS ] 6 69 48 20 9 2 - 1 - -

ANCHOA HEPSETUS a 1 1 - - - - - - - : l:i
ANCHOA MITCHILLI 172 307 6 - - - : - -
SYNODUS POETENS 1 1 - ! - - t 109 1648 1313 1402 94 5":
OPSANUS TAU 18 22 3 - - - P . -
RISSOLA MARGINATA - 20 3 2 2 - 2 1 ; ; 36 175 263
STRONGYLURA MARINA 39 24 198 e : - - - 2 : 1 = 38
CYPRINODON VARIEGATUS - 2 2 8 - - - 3 - - s z;r:
FUNDULUS HETEROCLITUS - €1 10 9 9 5
FUNDULUS MAJALIS - ) 9 39 3 ? 1 H s ! 3 2 189
LUCANIA PARVA - 1 - - - - - - - = - - 53
MEMBRAS MARTINICA - - - - - - - = Z 1 1 I !
MENIDIA BERYLLINA 1 70 - - 2 1 6 29 - - - - 109
MENIDIA MENIDIA 36 118 317 569 5 10 1

APELTES QUADRACUS - - H 13 - - gt e 21 18 823 60 V38
GASTEROSTEUS ACULEATUS - - - - - - - - -2 1 2 - 2
PISTULARIA TABACARIA - 1 - - - - - - - - - - 1
HIPPOCAMPUS ERECTUS - - - - ‘- - - - - - - 1 1
SYNGNATHUS PUSCUS s 23 L) 1 - - - 18 6

MORONE AMERICANA 1 4 5 s - 2 3 g § 2; 3: 68 2;:
CENTROPRISTIS STRIATA 12 10 s - - - - - - - - - 4
POMATOMUS SALTATRIX 9 $0 13 - - - - - - . a 21 183
CARANX CRYSOS - 5 - - - - - - -. e b M :
‘CARANX HIPPOS 5 139 - - - - - - - - 1 3 148
SELAR CRUMENOPHTHALMUS - 17 - - - - - - - - - - 17
SELENE VOMER 8 4 - - - - - - - - 1 10 23
TRACHINOTUS PALCATUS 4 3 - - - - - - - - 1 - '
STENOTOMUS CHRYSOPS - 2 - - - - - - - 1 Z - 3
BATRDIELLA CHRYSURA 9 13 16 -~ - - - - - - - 10 .
CYNOSCION REGALIS 3 s 2 - - - - - - - - 8s 96
LEIOSTOMUS XANTHURUS 41 171 149 26 - - - (] 4 2 463 188 1052
MENTICIRRBUS SAXATILIS 7 s 1 - - - - - - - 2 1 14
MICROPOGON UNDULATUS - 6 4 1 - - - - - - - - 11
CHAETODOR OCELLATUS - 2 - - - - - - - - - - 2
TAUTOGA ONITIS ) 19 6 2 -~ - - 1 2 9 3 4 54

- MUGIL CEPHALUS 3 5 - - - - - - - - - 68 7
MUGTL CUREMA 3 15 - - - - - 7 2 16 - a2 88
SPHYRAENA BOREALIS - 2 - - - - - - - - - - 2
ASTROSCOPUS GUTTATUS -~ 1 - - - - - - - - - - 1
CHASMODES BOSQUIANUS 3 3 1 - - - - - - : - z 3
HYPSOBLENNIUS HENTZI - 13 - 1 - - - - - 1 - - 13
GOBTOSOMA BOSCI - 5 - 3 - - - - 1 1 : 2 12
GOBIOSOMA GINSBURGI - - 1 - - - 1 - - : M 2 2
PEPRILUS TRIACANTHUS - 1 - - - - - - - 1 z : 3
PRIONOTUS EVOLANS 7 3 2 - -~ - - - - - 1 2 15
ETROPUS MICROSTOMUS - 21 13 13 - - - - - - - z 3
PARALICHTHYS DENTATUS - - - - - - - 2 3 6 16 6 33
SCOP HTHALMUS AQUOSUS. - - - - - - - 2 5 2 - - 3
PSEUDOPLEURONECTES

AME RICANUS 4 9 15 36 2 2 52 34 170 718 270 1 1317
TRINECTBS MACULATUS 4 7 2 - - - - S 2 k) 6 7 36
SYMPHURUS PLAGIUSA - - - 1 - - - - - - - - 1
LACTOPHRYS TRIQUETER - 1 - - - - - - - - - - 1
SPHOEROIDES MACULATUS 2 - - - - - - ~ - 2 3 6 13
CHILOMYCTERUS SCHOEPFI - - - - - - - - - - 1 ~ 1
CRANGON SEPTEMSP INOSA 26 188 248 4240 80 276 1600 1061 1608 238 400 608 105731
CALLINECTES SAPIDUS 92 142 64 13 - 3 22 16 55 a1 187 112 311
CALLINECTES SIMILIS - - - - - - - - - - - 1 1
TOTAL SPECIMENS s81 1534 173 6104 118 105 3294 1711 3833 2520 324 2984 27883

A 10 47 29 24 9 8 23 22 27 26 29 62
:oo;:lf. Tc;o:(.:ccrtous 14 36 36 38 12 12 ¥ 36 36 35 36 36 182
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TABLEC1-163.TOTAL NUMBER OF SPECIMENS TAKEN BY 4.9-M TRAWL FROM SEPTEMBER
AND DOUBLE CREEK. .

1976 THROUGR AUGUST 1977 AT THE MOUTH OF CEDAR CREEK, FORKZD RIVER, OYSTER CREEX,

S CYELA ROSTRATA Sep ocr Nov oe¢ JAN res MAR APR MAY JuN JuL AUG TOTALS
CONGER OCEANICUS - - - 1 z z z 3 : 2 : 2 1
ALOSA AESTIVALIS - - - - 1 - - - y 1 > oz 3
ALOSA PSEUDOHARENGUS - - - 1 - - - 1 - - - - 3
BREVOORTIA TYRANNUS ? 7] 54 48 20 9 2 - - - - 1 145
Q'}ﬁg&‘,;‘};ﬁ:i'&:‘ s: 29: 3 - - - - - 1620 1089 1346 672 sosi
OPSANUS TAU 4 4 2 - - - . :

RISSOLA MARGINATA -~ 2 - 1 2 - 1 f 3 .1. li 22 ‘:
PUNDULUS HETEROCLITUS - 1 - - - - - - - - - - 1
MENIDIA MENIDIA - 1 (1 - 1 - - - - . 3 - 15
APELTES QUADRACUS - - - ) -~ - 7 - - - - - 11
SYNGNATHUS PUSCUS - -2 2 1 - - - 4 10 10 5 1 38
MORONE. AKERICANA - 1 2 2 - - 1 - - - - - s
CENTROPRISTIS STRIATA - 2 ] - - - - - - - - - ¢
POMATOMUS SALTATRIX - - € - - - - - - 3 2 1 12
CARANX BIPPOS - 1 - - - - - - - - 1 2 N
SELENE VOMER 4 - - - - - - - - - - < 4
STENOTOMUS CHRYSOPS - 2 - - - - - - - 1 - - 3
BATROTELLA CHRYSURA - s - - - - - - - - - - :
CYNOSCION REGALIS 1 3 2 - - - - - - - - 8% 94
LETOSTOMUS XANTHURUS 10 101 23 21 - - - 7 1 - 224 62 449
MICROPOGON UNDULATUS - 5 1 - - - - - - - - - 6
CHAETODON OCELLATUS - 2 - - - - - - - - - o 2
TAUTOGA ONITIS - 2 2 2 - - - 1 2 5 - 3 17
SPHYRAENA BOREALIS - 1 - - - - - - - - - - 1
CHASMODES BOSQUIANUS - - 1 - - - - - - - - - 1
BYPSOBLENNIUS HENTZI - 1 - 1 - - - - - 1 - - 3
GOBIOSOMA BOSCI - 4 - 3 - - - - - L - - 7
GOBIOSOMA GINSBURGI - - 1 - - ~ 1 - - - - - 2
PEPRILUS TRIACANTHUS - 1 - - - - - - - 1 - - 2
PRIONOTUS EVOLANS 1 2 1 - - - - - - - - 2 ]
ETROPUS MICROSTOMUS - 2 4 8 - - - - - - - g 14
PARALICHTHYS DENTATUS - - - - - - - - 3. 3 3 ] 13
SCOPHTHALMUS AQUOSUS - - - - - - - - 1 - - - 1
PSEUDOPLEURONECTES : '

AMERICANUS - 1 4 19 1 1 319 7 26 258 200 - 576
TRINECTES MACULATUS 4 7 2 - - - - 1 2 3 ) 7 29
SPHOEROTDES MACULATUS - - - - - - - - = 2 o1 2 5
CRANGON SEPTEMSPINOSA - 16 41 697 39 17 817 247 1007 193 4% 100 3220
CALLINECTES SAPIDUS 23 35 10 1 - 3 17 20 13 18 28 40 218
TOTAL SPECIMENS us 510 180 811 64 30 885 114 269¢ 1595 18077 1009 1008%
TOTAL TAXA . 9 28 20 16 6 4 8 10 12 17 .15 16 12‘0
T0TAL COLLECTIONS 9 12 12 12 'S 4 12 12 12 12 12 12 0
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TABLE C1-164. TOTAL NUMBER OF SPECIMENS TAKEN BY 45.7-M SEINE FROM SEPTEMBER 1976 THROUCH AUGUST 1977 AT THE MOUTH OF CEDAR CREEX, PORKED RIVER, OYSTER
CREEK, AND DOUBLE CREEK, )

SPECIES SEP ocr NOV pec JAN FEB MAR APR MAY JUN JUL AUG TOTALS
ANGUILLA ROSTRATA - 2. - - - - 1 2 1 10 6 4 26
ALOSA AESTIVALIS - - - 1069, - - 10 - 9 - 3 - 1091
ALOSA PSEUDOBARENGUS - - - ~ - - 8 - 9 - 1 - 18
ALOSA SAPIDISSIMA - - - - - - - 1 - - - - 1
BREVOORTIA TYRANNUS - 2. 15 - - - - - 1 - - 1 19 -
ANCHOA HEPSETUS - 1 1 - - - - - - - - - 2
ANCHOA MITCHILLI - 3 - - - - - 86 24 163 24 25 345
SYNODUS POETENS 1 - - - - - - - - - - e 1
OPSANUS TAU 1 17 1 - - - 1 - 1 3 3 48 1S
RISSOLA MARGINATA - 14 .5 1 - - - - 2 1 - - .23
STRONGYLURA MARINA 31 24 197 - - - - - - 2 - 6 260
CYPRINODON VARIEGATUS - 2 2 4 - - - - - - - : H
FUNDULUS HETEROCLITUS - -6 2 2 1 - 2 9 1 - 2 1 26
PUNDULUS MAJALIS - 1 2 17 4 - - 15 - - - - 39
MEMBRAS MARTINICA - - - - - - - Z - 1 1 z 2
MENIDIA BERYLLINA - 2 - - - - - - - - - - 2
MENIDIA MENIDIA - 1 72 444 2 2 1096 161 . 185 12 P4 28 2086
APELTES QUADRACUS - - - 1 - - - 2 5 - 1 1 10
FISTULARIA TABACARIA - 1 - - - - - - : - - e 1
SYNGNATHUS PUSCUS - 18 2 - - - - 12 45 15 13 s 140
MORONE AMERICANA - 3 3 3 - 2 2 3 3 1 - - 20
CENTROPRISTIS STRIATA 3 28 1 - - - - - - - - - 32
POMATOMUS SALTATRIX 8 50 ? - - - - - - 12 38 22 157
CARANX CRYSOS - s - - - - - - - - - : 5
CARANX HIPPOS 5 137 - - - - - - - - - 1 143
SELAR CRUMENOP HTHALMUS - 17 - - - - - - - - - - 17
SELENE VOMER - 4. - - - - - - - ‘- 1 5 14
BATRDIELLA CHRYSURA 7 9 13 - - - - - - - - 2 3
CYNOSCION REGALIS 1 - - - - - - - - - - - R
LBIOSTOMUS XANTHURUS 23 64 125 s - - - 1 3 2 216 122 561
TAUTOGA ONITIS 7 17 4 - - - - - - 4 1 1 16
MUGTL CEPHALUS 3 s - - - - - - - - - 67 s
MUGIL CUREMA 1 9 - - - - - - - - - 42 52
SPHYRAENA BOREALIS - 1 - - - - - - - - - - 1
ASTROSCOPUS GUTTATUS - 1 - - - - - - - - - - 3
CHASMODES BOSQUIANUS "3 2 - - - - - - - - - - 5
HBYPSOBLENNIUS HENTZI - 12 - - - - - - - - - - 12
GOBIOSOMA BOSCI - 1 - - - - - - - 1 - - 2
PRIONOTUS EVOLANS - - - - - - - - - - - - 1 - 1
ETROPUS MICROSTOMUS - 12 9 s - - - - - -~ - - 26
PARALICHTHYS DENTATUS - - - - - - - 2 - 3 13 2 20
SCOPHTHA LMUS AQUOSUS - - - - - - - 2. 4 2 - z 8
PSEUDOPLEURONECTES .
AMERICANUS 3 s 10 17 1 1 13 10 137 387 9 1 634
TRINECTES MACULATUS - - - - - - - 4 - 4 1 4
SYMP HURUS PLAGIUSA - - - 1 - - - - - - - - 1
SPHOEROIDES HACULM'US[ 1 - - - - - - - - - 21 3 61
ERUS SCHOEPP - - - - - - - - - - _ M
g:::%:c;snznssmos:« - 'S 17 1266 9 16 249 233 61 18 2 31 1907
CALLINECTES SAPIDUS 33 45 1s 11 - - 4 10 25 s1 142 85 431
CALLINECTES SIMILIS - - - - - - - - 2 - - 1 1
131 580 . 513 2846 17 21 1386 553 516 728 . 554 538 8383
TOTAL SPECIMENS 1 e : p v i 18 = b " 8
TOTAL TAXA 18 3 i2 12 F 12 12 12 12 12 12 118
TOTAL COLLECTIONS 2 12 4 _
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TABLE C1-165. TOTAL NUMBER OF SPECIMENS TAKEN BY 12.2-M SEINE FROM SEPTEMBER 1976 THROUGH AUGUST 1977 AT THE MOUTH OF CEDAR CREEK, FORKED RIVER, OYSTER
CREEK, AND DOUBLE CREEK. .

SPECIES SEP o] DEC JAN
?

CT oV FEB MAR APR MAY JUN JuL AUG TOTALS
ANGUILLA ROSTRATA - - - - - - 1 1 - 1 1 11
CONGER OCEANICUS - - - 1 - - - - - - - - 1
ALOSA AESTIVALIS - - - - - - - 1 - - - - 1
BREVOORTIA TYRANNUS - - - - - - - - - - - 1 1
ANCHOA HEPSETUS 41 - - - - - -~ - - - - - 41
ANCHOA MITCHILLI 108 5 4 1 - - - 23 4 41 32 237 455
OPSANUS TAU 13 1 - - - - - - - - 20 107 141
RISSOLA MARGINATA - 4 2 - - - - - 3 - - - 9
STRONGYLURA MARINA 8 - 1 - - - - - - 5 1 - 15
CYPRINODON VARIEGATUS - - - 4 - - - 3 - - - - 7
FUNDULUS HETEROCLITUS ~ 3 L] 7 1 2 17 51 4 1 7 1 133
FUNDULUS MAJALIS - 2 ? 22 - - 1 82 - - - - 114
LUCANTA PARVA - 1 - - - - - - - - - - 1
MENIDIA BERYLLINA 1 68 - - 2. 1 6 29 - - - - 107
MENTIDIA MENIDIA 36 62 239 125 2 8 460 s3 32 2 797 539 2355
APELTES QUADRACUS - - 1 8 - - 4 2 - - 4 19 38
GASTEROSTEUS ACULEATUS - - - - - - -~ - - 1 - - 1
HIPPOCAMPUS ERECTUS - - - - - - - - - - - 1 1
SYNGNATHUS PUSCUS 5 3 1 - - - - 2 10 2 16 32 71
MORONE AMERICANA 1 - - - - - 2 - - - - 3
CENTROPRISTIS STRIATA 9 - - - - - - -~ - - - - 9
POMATOMUS SALTATRIX 1 - - - - - - - - 11 1 1 14
CARANX HIPPOS - 1 - - - - - - - - - - 1
SELENE VOMER 4 - - - - - - - - - - 1 5
TRACHINOTUS FALCATUS K 3 - - - - - - - -~ 1 - 8
BATRDIELLA CHRYSURA 2 - k] - - - - - - b - 8 13
CYNOSCION REGALIS 1 - - - - - - - - - - - 1
LEIOSTOMUS XANTHURUS 8 6 1 - - - - - - - 23 4 42
MENTICIRRHUS SAXATILIS 7 5 1 - - - - - - - - 1 14
MICROPOGON UNDULATUS - 1 3 1 - - - - - - - - 5
TAUTOGA ONITIS 1 - - -~ - - - - - - - - 1
MUGIL CEPHALUS - - - - - -~ - - - - - 1 1
MUGIL CUREMA - 6 - - - - - -7 2 16 - - 1€
CHASMODES BOSQUIANUS - 1 - - - - - - - - - - 1
GOBTOSOMA BOSCI - - - - - - - ~ 1 -~ - 2 3
PRIONOTUS EVOLANS 6 1 1 - - - - - - - - - 8
ETROPUS MICROSTOMUS - 7 - - - - - - - - - - 1

RONECTE
PNRERTCANUS 1 3 ) - - - - 1 7 mn 2 -
LACTOPHRYS TRIQUETER ; 1 - - - - ~ - - - - ; ;
MACULATUS - - - - - - - -~ - - -

gzrgggg!ggiTEHSPlNOSA 26 167 190 2m 32 243 534 581 540 27 352 477 5446
CALLINECTES SAPIDUS 36 62 19 1 - - 1 ] 17 18 17 7 184
TOTAL SPECIMENS 332 444 482 2447 37 254 1023 844 6:} l?; 12?2 l(;g ?:IS
TOTAL TAXA 24 22 1§ 10 4 ‘ 12 B 12 12 12 12 124
TOTAL COLLECTINNS 3 12 12
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TABLE Cl-166. TOTAL NUMBER OF SPECIMENS TAKEN DURING DAY-NIGHT COLLECTIONS BY TRAWL AND SEINE AT OYSTER
CREEK AND FORKED RIVER.

SPECIES

ANGUILLA ROSTRATA
CONGER OCEANICUS
ALOSA AESTIVALIS
ALOSA PSEUDOHARENGUS
BREVOORTIA TYRANNUS
ANCHOA HEPSETUS
ANCHOA MITCHILLI
SYNODUS FOETENS
OPSANUS TAU
RISSOLA MARGINATA
STRONGYLURA MARINA
CYPRINODON VARIEGATUS
FUNDULUS HETEROCLITUS
FUNDULUS MAJALLS
MENIDIA BERYLLINA
MENIDIA MENIDIA
APELTES QUADRACUS
FISTULARIA TABACARIA
SYNGNATHUS FUSCUS
MORUNE AMERICANA
CENTROPRISTIS STRIATA
POMATOMUS SALTATRIX
CARANX CRYSOS
CARANX HIPPOS
SELAR CRUMENOPHTHALMUS
SELENE VOMER
TRACHINOTUS FALCATUS
STENOTOMUS CHRYSOPS
BAIRDIELLA CHRYSURA
CYNOSCION REGALIS
LEIQOSTOMUS XANTHURUS
MENTICIRRHUS SAXATILIS
MICROPOGON UNDULATUS
CHAETODON OCELLATUS
TAUTOGA ONITIS
MUGIL CEPHALUS
MUGIL CUREMA
SPHYRAENA BOREALIS
ASTROSCOPUS GUTTATUS
HYPSOBLENNIUS HENTZI
Y I0SUMA BUSCI
GIIJOSOMA GINSBURG!
PEPRILUS TRIACANTI{US
FRIONOTUS EVOLANS
£ TROPUS MICROSTOMUS
FSEUDOPLEURONECTES
AMERICANUS
TRINECTES MACULATUS
SYMPHURUS PLAGJUSA
LACTOPHRYS TRIQUETER
SPHOEROIDES MACULATUS
CRANGON SEPTEMSPINOSA
CALLINECTES SAPIDUS
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TABLE (1-166. . (CONT.)

JANUARY
SPECIES . DAY . NITE

ANGUILLA ROSTRATA L - -
ALOSA AESTIVALIS ' - 1
ALOSA PSEUDOHARENGUS ' - -
ALOSA SAPIDISSIMA - -
BREVOORTIA TYRANNUS -
ANCHOA MITCHILLI -
OPSANUS TAU -
RISSOLA MARGINATA -
CYPRINODON VARIEGATUS -
FUNDULUS HETEROCLITUS 1
FUNDULUS MAJALIS -
MENIDIA BERYLLINA
MENIDIA MENIDIA
APELTES QUADRACUS
SYNGNATHUS FUSCUS
MORONE AMERICANA:
LEIOSTOMUS XANTHURUS
TAUTOGA ONITIS
PARALICHTHYS DENTATUS
SCOPHTHALMUS AQUOSUS -
PSEUDOPLEURONECTES

AMERICANUS - 2
TRINECTES MACULATUS - -
CRANGON SEPTEMSPINOSA 2 78
CALLINECTES SAPIDUS - -
TOTAL SPECIMENS
TOTAL TAXA

TOTAL COLLECTIONS

N
o

[T I O I I |
(I I A I ]

o N W
(V]

Y D e S e D s o S e W W W G W W Wb e W e e

FEBRUARY MARCH APRIL
DAY  NITE DAY NITE DAY  NITE
- - - 1 - 8
- - 1 9 - 1
- - 1 7 - -
- - - - - 1
- 9 - 2 - -
- - - - - 109
- - 1 - - 1
- - - - 3 -
1 1 - 14 26 2
- - - 1 3 -
1 - 1 5 23 -
10 - 19 1535 13 160
- - - 3 2 -
- - - - 5 5
- 2 - 3 1 4
- - - - - 8
- - - - - 1
- - - - 1 1
- - - - - 2
- 2 10 37 12 22
- - - - - 5
49 227 17 1558 174 820
- 3 - 22 11 21
61 244 50 3197 274 1171
. 6 7 13 12 17
6 6 12 12 12 12



TABLE Cl-166. (CUNT,)

SPECIES

ANGUILLA ROSTRATA
ALOSA AESTIVALIS
ALOSA PSEUDOHARENGUS
BREVOORTIA TYRANNUS
ANCHOA MITCHILLI
OPSANUS TAU

RISSOLA MARGINATA
STRONGYLURA MARINA
FUNDULUS HETEROCLITUS
MEMBRAS MARTINICA
MENIDIA MENIDIA
APELTES QUADRACUS
GASTEROSTEUS ACULEATUS
HIPPOCAMPUS ERECTUS
SYNGNATHUS FUSCUS
MORONE AMERICANA
POMATOMUS SALTATRIX
CARANX HIPPOS

. SELENE VOMER
TRACHINOTUS FALCATUS
STENOTOMUS CHRYSOPS
BAIRDIELLA CHRYSURA
CYNOSCION REGALIS
LEIOSTOMUS XANTHURUS
MENTICIRRHUS SAXATILIS
TAUTOGA ONITIS

_MUGIL CEPHALUS

MUGIL CUREMA
HYPSOBLENNIUS HENTZI
GOBIOSOMA BOSCI
PEPRILUS TRIACANTHUS
PRIONOTUS EVOLANS
PARALICHTHYS DENTATUS
SCOPHTHALMUS AQUOSUS
PSEUDOPLEURONECTES
AMERICANUS

TRINECTES MACULATUS
SPHOEROIDES MACULATUS
CHILOMYCTERUS SCHOEPFI
CRANGON SEPTEMSP INOSA

CALLINECTES SAPIDUS
CALLINECTES SIMILIS
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Tadla Cl1-167, Summary of the number of fuh, wand stwimp, snd dlue cred takes at Oyster Creek, Farkad River, Codar Creek, and Doubls Creek by 4,9~m wswl, 45, 7-m seins, aod
12,2~m seine from Septamber 1976 dwough Asguet 1977,

Sepremtes Octobex Nove mbef December Jami February
FA s BC F ss__BC F S 6C_ F ss__BC F ssﬁq 3C 3 ssj 5C
4.9-m aswl - Day
Oyner Creex 1 - H ] - 3 5 - 1 H] 2 - - - - - - -
Forked River NS NS NS ] - - 1 1 - 2 5 - NS NS NS NS NS NS
Ceda Creek N§ NS NS 106 7 18 1 2 1 1 - . NS NS NS NS NS NS
Du;‘bhh Creek NS NS NS 181 T 10 . 18 ] 2 1 - NS NS NS NS NS NS
ight .
Oystr Creak 1 L 17 - ] s - . " a8 1 28 0 - 10 11 ] -
Farked River NS NS NS 107 1 9 - _l L] 174 - NS NS NS NS N8 NS
45, 7-m seine - Day
Oyster Cresk 50 - m 161 1 13 218 . - 149 [ - 1 - - 2 - -
Forked Rives « - n 9 1 3 . 3 - - - - NS NS NS NS NS NS
Ceder Creek NS NS NS s 1 1] ] - - 1 2 - NS NS NS NS NS N8
p,.:‘u.ma... NE NS NS 4 1 - 1 ] - [ - - NS NS NS NS NS NS
Oyms Cresk NS Ng NS 138 - » a4 1 n © 1067 11 1 ] - 3 16 -
Parked Mver NS NS NS 140 1 11 1= - - 1 - - NS N3 NS N8 NS NS
12.8-m seine =~ Day
Oyster Creak 11 - n 3 1 L ] . 4 o - - T - 10 4* -
Porked River " - n i 12 1 1 s 1 - . - NS NS NS NS NS NS
Ceda Cresk NE NS NS 17 ”n 3 - - - 1 ] - NS NS NS NS NS NS
Double Creak NS NS NS [ s 1 - 1 - 4 - - NS NS NS NS NS NS
Night
Oystes Creck 18 - 10 18 5 U " o1 100 2018 1 [ 1 % 1 14 -
Farked River 12 128 . 5 [ 3 101 < - ) 198 - NS NS NS NS NS NS
March _Apfl My June _ Joly - Aogm__ Jod
F §sS C ¥ S BC P SS__ BC F ss __ 8C F ss__8C [] sS__8C F S5 8C
4,9-m wawl - Day . .
Optr Croek t - - [ 1 1 4 [} 1 m 2 [ “° - T 0 - s [ s 18
Faked River 1 1 - 3 5 ) 810 s 2 479 3 3 208 - 1 167 1 1 1m 108 [}
Codar Qreek 1 1 - 1 10 1 106 14 s 108 1 3 879 - 1 358 1 s 1381 6 35
Double Creek [ - 3 1¢ - a1 - 1 280 [ - s - - % - T 1918 % 19
Night
Oyster Croek 10 3% 1 18 s 10 38 2] 4 s (1] 4 @ 28 [ 5 1 = Qs 101 108
Farked River 19 6 - 11 109 s 218 L] 2 108 15 s 183 21 18 180 ] 1 13 1880 30
4S, T-m selne =~ Day ‘ ;
Oyster Creek 29 s - [ [ s 1 1 - ] 1T 1 » - 18 33 - 2 2140 n %
Fathed River 2 - - U s 1 40 3 1 13 T 10 B - 100 3 n s13 % o
Codar Creck 3 . - 10 - - 27 - . a 1 [ ] - 48 [ - 0t . o
Double Groek s 1 . @ 1 s 38 1 1 88 - 1 4 - 13 7 - [J m ¢ =
Night : .
oyeer Creek 1005 1m 4 228 101 s 6 s 1 160 I 88 - 1n n 1 5 249 1401 0™
Forked River . ® - 10 100 - 280 s n m ] 3 0 3 4 ] 27 5 681 88 35
12.2-m |g|:*' Dey . . . 9 . ‘s 3 9 2 «® s 7 198 1 - [y - ] 470 191 +“
Farked River 1 - - Q 21 - ] ’ 1 " - . 26 10 ¢ 109 1 ' 17 58 13
edar Creek L) - - [} - - 1 - - 10 - 4 23 - t »1 ! ! ™ b ’
::)oub\: Creek 3 0 - 130 40 - 1 1 - 16 - - 140 - - m 1 1 410 s 1
o ] [l 1 st T [} 138 1 - e =a
Oyrtes Creeh ol B e ! AR PR 10 306 & 73 48 - 10_ 1795 18
S r ol Msh
S » sand shelmp
BC ¢ hlue crab

NS = not sampled



Table C1-168. Mean surface water temperatute (C) in Oyster Creek and Forked River,
New Jersey from March 1976 through August 1977,

Mean Temperature

Month Oyster Creek Forked River Difference
March 15.8 12,9 2.9
April 29,7 ' 21.8 7.9
‘May : 117.2 15.2 . 2.0
June 32.8 26.9 5.9
July 28.4 24.3 4.1
August 29.4 24.8 4.6
September 27.17 23.2 ' 4.5
October - 17.8 13.5 ' 4.3
November 11,17 : 7.8 4.4
December 7.5 2.5 5.0
Ianuarya 4.8 1.5 3.8
Feburary a 7.9 3.9 4.0
March 10.5 7.8 3.2
Mean difference 4.3
b
May=June 21.8 21.0 0.8
July 29,5 29,1 0.4
August 30.5 26,2 4.3

. :
Most Forked River stations not sampled in January and Feburary
due to ice.

b '
OCGS not in operation May through July.

Cl-628



TABLE G1-169.A COMPARISOR OF THE TOTAL SPECIMENS TAKEN BY TRAWL AND GILL
NET FROM MARCR 1976 THROUGH MARCH 1977 IN OYSTER CREEK (STA.
15, 26, 27, 30, AND 50) AND FORKED RIVER (6, 45, 46, 48, AND 49).

TEMPERATURE: AIR -2.5 - '30.5 -1,0 - 32.0

: SURFACE 3.6 - 36.1 1.4 - 31.3

BOTTOM 4.5 - 3.6 1,5 = 31.5

SALINITYs SURFACE 20.0 - 27.5 19.5 = 27.5

BOTTOM 19.5 - 8.0 19.5 - 28.0

OXYGEN: SURFACE . 85,0 - 14,4 5.5 - 14.0

BOTTOM 5.1~ 13.6 5.6 -~ 13.6

PH: SURFACE 6.4 - 8.6 5.5 - 8.7

BOTTOM 6.6 -~ 8.5 5.6 = B.6

SECCHI (CM) 35.0 - 360.0 40,0 - 350.0
SPECIES NO. NO.
ANGUILLA ROSTRATA. 9 13
ALOSA AESTIVALIS 24 -
ALOSA PSEUDOHBARENGUS 114 3
BREVOORTIA TYRANNUS 261 128
CLUPEA HARENGUS 7 -
ANCHOA HEPSETUS - 1
ANCHOA MITCHILLI 5103 4498
SYNODUS FOETENS . 1 -
OPSANUS TAU .18 38
UROPHYC1S REGIUS 3 4
RISSOLA MARGINATA - 1 2
STRONGYLURA MARINA i - - 1
FUNDULUS HETEROCLITUS 1 -
MENIDIA MENIDIA 15 11
APELTES QUADRACUS 8 24
SYNGNATHUS FUSCUS 35 : 23
MORONE AMERICANA 39 2
CENTROPRISTIS STRIATA - 3
- POMATOMUS SALTATRIX 58 32
CARANX HIPPOS ) 10 C-
SELENE VOMER 17 -
STENOTOMUS CBRYSOPS - 1
BAIRDIELLA CHRYSURA . 1 -
CYNOSCION REGALIS 3s 142
LEIOSTOMUS XANTHURUS 1199 463
MICROPOGON UNDULATUS b 1
CHAETODON OCELLATUS 2 -
TAUTOGA ONITIS 1 22
TAUTOGOLABRUS ADSPERSUS - 1
CHASMODES BOSQUJIANUS 1 3
HYPSOBLENNIUS BENTZI 2 2
GOBIDSOMA BOSCI 2 8
GOB10OSOMA GINSBURGI 1 1
_PEPRILUS TRIACANTHUS 1 -
PRIONGTUS EVOLANS 11, 11
ETROPUS MICROSTOMUS 8 4
PARALICHTHYS DENTATUS 7 3
SCOPHTBALMUS AQUOSUS 1 -

PSEUDOPLEURONECTES

AMERICANUS 132 48
TRINECTES MACULATUS 8 7
SPHOEROIDES MACULATUS 2 1
CRANGOR SEPTEMSPINOSA 336 1792
CALLINECTES SAPIDUS 1401 650
TOTAL SPECIMENS 8182 7943
TOTAL COLLECTIONS 189 177

Cl1-629
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TABLE C1-170, A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 4.9-m TRAWL FROM 29 MARCH THROUGH 5 MAY 1976 IN OYSTER CREEK (STA. 15, 30, AND 50) AND
FORKED RIVER (6, 45, AND 46).

LOCATION
TEMPERATURE: AIR 13.0
SURPACE 14.0

BOTTOM 14.5

SALINITY: SURPACE ’ 20.0
BOTTOM 20.0

OXYGEN: SURPACE S
. BOTTOM S
PH: SURPACE ?
7

5

-
w
w
a
o
(3
-
wn

. 3
20.0 16.0 -
26.9 15.0 -
27.1 15.0 -
22.5 20.0 -
22.5 20.0 - 22.0 20.0

- 10.4

20.0 6.0
22.0 12.5
22.0 12.5
22.5 " 19.5
23.0 20,0
11.0 7.4
10.9 7.
- 8.0

19.0 19.0
21.5 14.0
22.0 13.¢
23,5 - 20.5
4.0 1.0
11.5 7.1
11.5 6.9
8.0 7.9

7.8

5.0

20.0
20,6
20.4
22.5
23.0
11.1
11.1

7.9

S

10.2 €

7.7 7

BOTTOM 7
SECCHI (CM) 8 0

7.8
130. 6

8.0
130. 7

I T N I I I B
[
o
.
[
{2 I I I O I I |
LI O 2 T O T O )
LI I I T I I O N BN B

156.0 2 140.0

=
o

SPECIES HO. NO. NO. NO. NO.

ALOSA AESTIVALIS 5 1
ALOSA PSEUDORARENGUS 1 -
CLUPEA HARENGUS -
ANCHOA MITCHILLI : 1746 1817 20
OPSANUS TAU -
UROPHYCIS REGIUS -
MENIDIA MENIDIA -
APELTES QUADRACUS 1
SYNGNATHUS FUSCUS 12
TAUTOGA ONITILS 1
3
2
1

N
@
(=4
[
N
w

GOBIQSOMA BOSCI

PARALICHTHYS DENTATUS

PSEUDOPLEURONECTES
AMERICANUS

TRINECTES MACULATUS

CRANGON SEPTEMSP INOSA - 100 61 . 95 240 390 348

CALLINECTES SAPIDUS 43 - 19 ’ 13 30 22 12

ool ® N
Ll NN =AW |
INwYN L vt L
12 i )
lwluﬂlnlmlul

]
1
~
-
-

TOTAL SPECIMENS 1915 1921 339 373 ) 3220 1026
TOTAL COLLECTIONS 6 6 .
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nm.ccx-nl.nlcmw;:xsgn of -m-z: TOTAL SPECTMENS TAKEN BY 4.9-m TRAWL FROM 17 JUNE THROUGH 13 AUGUST 1976 IN OYSTER CREEK (STA. 15, 30, AND 50) AND FORKED
RIVER (6, 45, AND 46). .

LOCATION
TEMPERATURE: AIR 21,5
SURPACE 29.5

BOTTOM 29.0

SALINITY: SURPACE 22.5
BOTTOM 22.5

OXYGEN: SURFACE 6.2

BOTTOM

w

b
(-]
[
w
o

30.0 20.5
30.5 28.0
30.7 28.0
22.5
27.0 20.6
[} 6.3
-4 6.0
o7 6.4
.8

.0

25.5 21.0
25.7 24,0
25.8 4.0
27.5 22.5
28.0 23.8
6.8 6.3
7.1 - - 6,0
- 7.2 7.1
7.3 T
0.0 60.0

»

o«

.

-d
NNNNN

PH: SURFACE 6.
BOTTOM 6.
SECCHI (CM) ' 55.

I I I O T I I N
[
~
.

w
15y ry v inanm
~
-4
.

o
~
~
H
o
[T I I I B I B R
~
~
.
o
CNNBDROWVNNRD
[ I I I IO B R B O |
I T O T N I B
»
-~
L]
w
U2 T T I I I B B B

50.0

OaNDAMMUKNO®O

SPECIES NO, NO

ANGUILLA ROSTRATA
BREVOORTIA TYRANNUS
ANCHOA MITCHILLI 53
OPSANUS TAU

UROPHYCIS REGIUS
MENIDIA MENIDIA
- APELTES QUADRACUS
SYNGNATHUS PUSCUS
POMATOMUS SALTATRIX
CARANX HIPPOS
CYNOSCION REGALIS
LEIOSTOMUS XANTHURUS
TAUTOGA ONITIS
HYPSOBLENNIUS HENTZI
GOBIOSOMA BOSCI ’
PEPRILUS TRIACANTHUS
PARALICHTHYS DENTATUS
PSEUDOPLEURONECTES

AMERICANUS

TRINECTES MACULATUS
SPHOEROIDES MACULATUS
CRANGON SEPTEMSPINOSA
CALLINECTES SAPIDUS

.
E 3
[~
.
=
[<]
.
=
o
.
=
o
.

~N

~N
£ -3
11l =i tomwn

~
T N I R R R R B B RV Y o

w
P pomi it 1)) ) e

W
Tt a) el wne

-
e b b e W] P

]
Pt It g
®
Pl

¥
1~

30
39

a1l tw
Y X

o

NN

w

owl! 1}
[
ol

[ d
an

[
-
-~
~
N
-
-3
~N
-
-
-~

TOTAL SPECIMENS 612

264
TOTAL COLLECTIONS 6

o
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L
L
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TABLE C1-172. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 4.9-m TRAWL FROM 19 AUGUST THROUGH 23 SE 7
EonReD RIVER (6. G5, AND G6). PTEMBER 1976 IN OYSTER CREEK (STA. 15, 30, AND 50) AND

]
13
+
1
'
v
i
]
]
1
H
]
'
i
'
.
1]
1
'
»
’
]
[
1
1
[}
1
1
*
'
!
'
)
i
1
]
4
1
]
[
[
'
'
)
)
1
]
1
]
]
]
]
'
]
L]
1
1
]
1
[]
]
t
]
]
)
H
]
I
[
v
:
'
H
.
‘.

LOCATION
TEMPERATURE: AIR 2.0
SURFACE 26.9

BOTTOM ) 27.0

SALINITY: SURFPACE 21.5
BOTTOM 21.5

OXYGEN: SURPACE 7
BOTTOM 6

PH: SURPACE 7
7

[]

"
o

[-]

-,
-
w

25.5 23.0
28.0 25.6
28.5 25.6
26.5 22.0
25.5 22.0
7.8 7
7.7 6
8.4 7
7

0

25.0 20.0
23.1 21.7
23.0 21.8
25.5 23,0
26.0 22.5
7.7

7.6

BOTTOM
SECCHI (CM) 5

8.2

8.4
80.0 6

70.0 6

[ T T T I T T O )
Y
nw
by
ww
Y
-
..
X
[ ST O T I I I
[ U U U T O O B
~N
w
b
o
~N
~
B
=
[ O 2 I I I A ]
Tl e et
|2 T T T A T N O I O3

[,
NNNON

(-X- K- R RSNV RV EWEWEE]

QQUWaNwOoOWVWLNOO

SPECIES RO, NO. NO. : NO.

z
Q
=z
Q
.

ANGUILLA ROSTRATA
BREVOORTIA TYRANNUS
ANCHOA BEPSETUS
ANCHOA MITCHILLI
OPSANUS TAU
SYNGNATHUS FPUSCUS
CENTROPRISTIS STRIATA
POMATOMUS SALTATRIX
CARANX HIPPOS
SELENE VOMER
STENOTOMUS CHRYSOPS
CYNOSCION REGALIS
LEIOSTOMUS XANTHURUS
TAUTOGA ONITLS
TAUTOGOLABRUS ADSPERSUS
CHASMODES BOSQUIANUS
HYPSOBLENNIUS HENTZI
GOBIOSOMA BOSCI
PRIONOTUS EVOLANS
PSEUDOPLEURONECTES
AMERICANUS -
TRINECTES MACULATUS 2
SPHOEROIDES MACULATUS 1
2

=

-
[ - |
11100l N
~
[ NV T A
(™ ]
I

Il Oornl oWl I N

~

wil=tilow

-
I LI NO L e

~N

t1 it 110N INI Ll lelvr
[T -

-
mit i lIonmiwng
I
-
. ~W»
ot V) w4
-

CRANGON SEPTEMSPINOSA
CALLINECTES SAPIDUS ]

~N
w i
w sy
NS
Db
<wl il

-
| ol lw

TOTAL SPECIMENS . 158
TOTAL COLLECTIONS 6
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TABLE C1-173. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 4.9-m TRAHL FROM 18 OCTOBER THRO!
FORKED RIVER (6, 45, AND 46). T UGH 8 DECEMBER 1976 IN OYSTER CREERK (STA. 15, 30, AND $O) AND
LOCATION
TEMPERATURE: AIR
: SURPACE
BOTTOM
SALINITY: SURFACE
’ BOTTOM
OXYGEN: SURPACE
- BOTTOM
PH: SURPACE
BOTTOM
SECCHI (CM)

W
o
<
@
wn
-~
n

13.0
17.4
17.4
25,0

el

11.5
14,5
14.5
26.0
26.0
11.5
1l.5
8.5
8.5
160.0

11.0
13.0
13.0
24.5
24.5
11.8
11.6
8.4
8.5
120.0

CNNRANOVUND

N
OOMPRO@D=NOOWN
v s e
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-
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o
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NN
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IR EEREEE
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A
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~
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o

¢ 8 o % s ®
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Qoo®Touvaon

~
LI T T LI I I B O =
~N
w
w
o N

-
~
w
w
NP BRRRNNNNRN

OD®DO O NP Y~

g

.

~
L4
ON-IB®ANRNNONK
e ¢ ® 9 8 8 3 b0
QFNNQOOM‘O
L T T T O O O A}
“ s 0 0 0 0 s o

>
o
G
O
n
-

)

w

120.0

SPECIES

ALOSA PSEUDOBHARENGUS
BREVOORTIA TYRANNUS
ANCHOA MITCHILLI
SYNQDUS FOETENS
OPSANUS TAU ’
PUNDULUS HETEROCLITUS
MENIDIA MENIDIA
SYNGNATHUS FUSCUS
MORONE AMERICANA
CENTROPRISTIS STRIATA
POMATOMUS SALTATRIX
CARANX HIPPOS
SELENE VOMER
BAIRDIELLA CHRYSURA
CYNOSCION REGALIS
LEIOSTOMUS XANTHURUS
MICROPOGON UNDULATUS
CHAETODON OCELLATUS
TAUTOGA ONITIS
CHASMODES BOSQUIANUS
HYPSOBLENNIUS HENTZI
GOBIOSOMA BOSCI
GOBIOSOMA GINSBURGI
PRIONOTUS EVOLANS
ETROPUS MICROSTOMUS
PSEUDOPLEURONECTES
AMERICANUS 2
TRINECTES MACULATUS -
CRANGON SEPTEMSP INOSA 12

CALLINECTES SAPIDUS 14.

z
Q

NO

.
=
Qo
.

NO.

z

o
.
=
[«
.

W

—l bt trenioli bttt s =)
w

1 &ap
~
o

1111l vi=mtwll
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Ll mtl=liutnueg

- ~
(O I I B B B A N R

~
[ T R A B N B VY )
et

b bl Ll ON I NW N
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Tl et P @I T =t bW bW

-~ 1

e =)

o i
L,

P ESTORY

TOTAL SPECIMENS s 69 93 34 56 154
TOTAL COLLECTIONS 6 6 6 6 6 €



A COMPARISON OF THE TOTAL SPECIMENS TAKFN BY &4, 9-m TRAWL FROM S JANUARY THROUGH 9 MARCH 1977 IN OYSTER CREEK (STA, 15, 130, AND 50) AND FORKED

RIVER (6, 45, AND 46).

TARLE C1-174.

46

oy
-

o
=

o
L]

15

LOCATION
TEMPERATURE :

cwwnoneon OO

tr e vt
ovnoneo RO

ODENINOMNN O
s e ¢ ¢ o 8 s ¢ O 0
8662300880

OO =l 2

0(25032210

v e s 8 a4 0 0 @

oweNMmMOb® nvo
NN~y 2

0000035970
o & 9 8 % 0 o W ¥
1.6 ~ e -t~ 1.0
NNt 2

tete ey

oCoATNNVYO O

« 8 8 8 0 0 s s @

OO AAOOD ®
-~

L2 T T IR R BN
CoeTnNNVYO O

s 8 s 8 8 o 8 8 ®
ORI AN D

230.0 ~ 210.0

(I O T B B B
oNnNoovono

e« 8 o 8 8 0 o s @
CwwnNNnOAON~Y
~N ™~

175.0 - 190.0

OCAONOwTRwNNO
« s % 6 0 8 0 b .
oMM ~-D OO
NN ~N
~

tsr gt
oVINNOoOVeO SO
" 4 e 0 ¢ t 4 8
OCweNNDDO®O
~NN ~

-

SURPACE
8OTTOM
SURFACE
BOTTOM
SURFACE
BOTTOM
SURFACE
BOTTOM

SECCHI (CM)

AIR

SALIRITY:
PH:

OXYGEN1:

C1-634

NO. NO. NO. NO.: NO.

NQ.

SPECIES

111~

1~ (B

111t [ ]

O w A
-4

[NUI I | ~N

ALOSA PSEUDOHARENGUS
BREVOORTIA TYRANNUS
MORONE AMERICANA
PSEUDOPLEURONECTES

ALOSA AESTIVALIS
AMERICANUS

————

CRANGON SEPTEMSP INOSA

MmN

TOTAL SPECIMENS
TOTAL COLLECTIONS
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OYSTER CREEK (STA. 26 AND 27) AND FORKED_RIVER (48 AND 49).

TABLE €1<175. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 2.7-m TRAWL FROM 29 MARCH THROUGH 5 MAY 1976 1IN

LOCATION

' 2

TEMPERATURE: AIR 12.0 -

SURFACE 15.1 -

BOTTOM 15.0 -

SALINITY: SURFACE 20.0 -

BOTTOM 20.5 -

OXYGEN: SURFACE 6.9 -

BOTTOM _ 6.9 -

PH: SURFACE: 7.7 -

BOTTOM ' 7.6 -

SECCHI (CM) 80.0 -
- e e e e S e o e ot m et a3 e ————

SPECIES NO.

ANGUILLA ROSTRATA ' 1

ANCHOA MITCHILLI 16
UROPHYCIS REGIUS ' -
APELTES QUADRACUS -2
SYNGNATHUS FUSCUS 1
MORONE AMERICANA : 3
PARALICHTHYS DENTATUS 2

22.0
30.2
31.1
22.0
22.0
10.2
10.4

8.1
8.0
110.0

48
15.0 - 23.0
13.5 - 23.0
13.5 - 22.7
20,0 - 22.5
20,5 - 22.5
7.4 - 9.3
7.4 - 9.2
7.6 = 8.0
7.8 - 8.1

NO.

el LS I B N

1
162
39

PSEUDOPLEURONECTES

AMERICANUS - 1
CRANGON SEPTEMSPINOSA 24
CALLINECTES SAPIDUS 51
TOTAL SPECIMENS 101

TOTAL COLLECTIONS 6

27
16.0 - 22.0
16.2 - 27.5
15.0 - 27.5
20.0 - 22.0
20.0 - 22.0
7.0 - 8.8
6.9 - 9.2
7.7 - 8.0
7.7 - 8.0
100.0 - 120.0
NO.
5
13
18
6

49
15.0 - 23.0
13.5 - 23.5
13.5 - 23.0
19.5 - 22.5
19.5 - 22.5
7.3 - 9.3
7.6 - 9.3
1.7 = 8.0
7.8 - 8.1
90.0 - 120.0
NO.
2
1
1
265
16
285

6

209
6
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TABLE C1-176. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 2.7-m TRAWL FROM 17 JUNE THROUGH 13 AUGUST 1976 IN
OYSTER CREEK (STA. 26 AND 27) AND FORKED RIVER (48 AND 49),

D L Se R R G D D D S M S S D S D SR D S R D AR R SD G D S OE G TD G S SR OU S R U T S D D e S TR A S D A G en W GD R P S R e D S B Bm S G S e S e e D AR S A = AT G A G WD D A G R e Em A R R PP e A S e S e g o e A -

LOCATION 26

TEMPERATURE: AIR 22,5 = 24.0 21.0 27 26.0 21.0 43 30.0 21.0 a8 28.0

SURFACE 31.8 = 36.1 29,0 - 34.2 23.8 - 31.3 24.0 - 28.0

BOTTOM 28.1 - 34.3 - 28.5 - 32.8 24,2 - 31.5 24.0 - 28,0

SALINITY: SURFACE 23,0 - 26.0 22.0 = 27.5 22,0 - 27.5 22.0 = 27.5

BOTTOM 23.0 - 28.0 22.0 - 27.5 22.0 - 27.5 22.5 = 27.5

OXYGEN: SURFACE 5.0 - 7.8 5.5 = 7.2 5.9 - 7.6 5.5 = 7.7

bH: SU F:gTTOM 5.1 - 8.8 502 - 7.1 5.7 - 7.4 5.6 = 7.5

: RFACE 7.8 = 8.0 7.9 - 7.9 7.9 - 8.2 <5 - 8.2

BOTTOM 7.8 = 8.0 7.8 - 8.0 7.9 - 8.2 g.g - 8.2

SECCHI (CM) 35.0 - 60.0 40.0 - 60.0 40.0 - 75.0 40.0 = 75.0
SPECIES NO. NO. NO. NO.
ANGUILLA ROSTRATA - 3 - -
BREVOORTIA TYRANNUS . 2 2 - -
OPSANUS TAU - - - 1
UROPHYCIS REGIUS - - - 1
RISSOLA MARGINATA - 1 2 -
SYNGNATHUS FUSCUS 1 - 1 -
CYNOSCION REGALIS 1 - - -
LEIOSTOMUS XANTHURUS 456 10 7 15
TAUTOGA ONITIS - 1 - -
GOBIOSOMA BOSCI - - - 1
CRANGON SEPTEMSPINOSA - - 129 13
CALLINECTES SAPIDUS 301 115 30 108
TOTAL SPECIMENS 761 132 169 139

TOTAL COLLECTIONS 6 : 6 ' 6 6
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TABLE C1-177. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 2.7-m TRAWL FROM 19 AUGUST THROUGH 23 SEPTEMBER 1976 IN
OYSTER CREEK (STA. 26 AND 27) AND FORKED RIVER (48 AND 49),

LOCATION . ' 26 27 49 48

TEMPERATURE: AIR 19.5 - 22.0 ©20.0 - 25.0 21.0 - 24.0 21.0 - 24.0

SURFACE 0 29.3 - 32.1 26.3 - 28.5 21.1 - 23.7 21.3 - 24.0

BOTTOM 26.0 - 30.4 '25.4 - 28.5 21.4 - 24.0 21.6 - 24.3

SALINITY: SURFACE 22.0 - 26.0 22.0 - 25.0 21.5 - 25.0 21.5 - 25.0

BOTTOM 21.0 - 26.0 22,0 = 26.0 22.0 - 25.0 22.0 - 25.0

OXYGEN: SURFACE 6.3 - 7.1 7.0 = 7.5 7.3 - 8.2 7.2 - 8.0

BOTTOM 6.2 - 7.1 6.9 - 7.1 7.2 - 7.9 7.1 - 7.7

PH: SURFACE 7.7~ 7.8 7.7 - 8.0 7.8 = 8.2 7.9 - 8.1

BOTTOM 7.8 - 7.9 7.8 - 8.0 7.7 - 8.1 7.8 - 8.0

SECCHI (CM) : 40.0 - 70.0 40.0 - 70.0 45.0 - 80.0 45.0 - 80.0
SPECIES NO. NO. NO. NO.
BREVOORTIA TYRANNUS - 2 - - -
ANCHOA MITCHILLI 1 - 1 1
OPSANUS TAU - - 1 2
SYNGNATHUS FUSCUS 3 - - -
MORONE AMERICANA 21 - - -
CYNOSCION REGALIS 1 - 6 10
LEIOSTOMUS XANTHURUS 155 9 2 7
PRIONOTUS EVOLANS 1 1 1 -3
SPHOEROIDES MACULATUS : - - - 1
CRANGON SEPTEMSPINOSA - - 1 57 53
CALLINECTES SAPIDUS 213 123 27 97
TOTAL SPECIMENS 397 B 134 95 174

TOTAL COLLECTIONS 6 _ : - 6 : 6 6



TABLE C1-178. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY.2.7-m TRAWL FROM 18 OCTOBER THROUGH 8 DECEMBER 1976 1IN
OYSTER CREEK (STA. 26 AND 27) AND FORKED RIVER (48 AND 49).

LOCATION - 26 27 . 49 48

TEMPERATURE: AIR 4.0 - 8.5 4.0 - 8.5 2.5 = 10.0 2,5 - 10.0
SURFACE 10.0 - 22.6 8.0 - 18.9 3.0 - 12.6 3.0 - 13.2
BOTTOM 5.0 - 23,0 6.6 - 16.2 3.5 - 13.4 3.2 - 13.4

SALINITY: SURFACE 23.0 - 25,5 22.0 - 25.5 23.0 - 26.0 23.0 - 26.0

: BOTTOM 24.0 - 25.5 22.0 - 25.5 23.0 - 26.0 23.0 - 26.0
OXYGEN: SURFACE 7.8 - 12.0 9.0 - 12,0 9.2 - 11.3 8.7 -~ 11.4

X BOTTOM 8.1 - 12.3 8.8 - 12.4 8.3 - 12,2 8.6 - 12.2
PH: SURFACE 7.4 - 7.4 7.4 - 7.9 Te2 = 8.0 7.2 - 7.9

o BOTTOM 7.3 - 7.4 7.3 - 7.9 7.2 - 8.0 7.2 - 7.9

& SECCHI (CM) 80.0 - 220.0 70.0 - 190.0 60,0 - 220.0 60.0 - 220.0

g SIS ISR TN SO S G MR MR R SRS RS SR SR D D G e G e AR e - ena e A D A S AR D SR S S A DA S ARG D G R G S A S A G A S G e
SPECIES NO. NO. NO. NO.
BREVOORTIA TYRANNUS - 2 - -
SYNGNATHUS FUSCUS - 1 - 1l
MORONE AMERICANA - 1 - -
POMATOMUS SALTATRIX - 1 - -
CYNOSCION REGALIS - - 3 6
LEIOSTOMUS XANTHURUS 55 29 - 6
TAUTOGA ONITIS - - - 1
ETROPUS MICROSTOMUS - 3 1 1
SCOPHTHALMUS AQUOSUS - 1 - -
PSEUDOPLEURONECTES .

AMERICANUS _ - 2 9 3 1
CRANGON SEPTEMSPINOSA 2 18 14 2
CALLINECTES SAPIDUS 38 46 -5, o 20
"TOTAL SPECIMENS - 97 B 111 26 : 38

TOTAL COLLECTIONS 6 : _ .6 _ ' 6. : ' 6



-TABLE;CI~179. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 2.7-m TRAWL FROM 5 JANUARY THROUGH 9 MARCH 1977 IN
_OYSTER_CREEK (STA. 26 AND 27) AND FORKED RIVER (48 AND 49),

6€9-TO

LOCATION : 26 27 49 48
TEMPERATURE: AIR -1.0 - 12,0 0.0 - 12,0 0.0 - 14.0 0.0 - 14.0
SURFACE 3.6 - 14,1 6.6 - 11.6 1,6 - 9.5 1.4 - 9.1
: BOTTOM 8.1 - 14.6 6.3 - 11.4 2,2 - 9.4 l,5 - 9.6
SALINITY: SURFACE 21.0 - 25.0 21.0 -  25.0 21,0 - 25.0 22,0 - 25.0
BOTTOM 21.0 - 25.0 21,0 - 25,0 21.1 - 26.0 22,0 - 25,0
OXYGEN: SURFACE 9.4 - 12.4 9.7 - 14.4 10.2 - 12.6 10.5 - 12.8
BOTTOM 9.5 - 11.6 9.6 - 12.0 10.2 - 12.8 9.0 - 12.6
BOTTOM . 7.8 - 8.1 8.0 - 8.3 7.6 - 8.1 7.7 - 8.1
SECCHI (CM) 160.0 - 340.0 150.0 - 350.0 190.0 - 340.0 190.0 - 340.0
SPECIES NO. NO. NO, _ NO.
SYNGNATHUS FUSCUS - - - 1
MORONE AMERICANA 3 - - -
POMATOMUS SALTATRIX 1 - - -
LEIOSTOMUS XANTHURUS 7 - - -
HYPSOBLENNIUS HENTZ1 - 1 - -
ETROPUS MICROSTOMUS 2 - - -
PSEUDOPLEURONECTES : '
AMERICANUS 94 19 17 10
CRANGON SEPTEMSPINOSA 3 5 11 8
CALLINECTES SAPIDUS 1 1 : - 2
TOTAL SPECIMENS 111 26 28 21

TOTAL COLLECTIONS 6 6 _ 6 6
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TABLE C1-180. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 61.0-w GILL NET FROM 29 MARCH THROUCR 5 MAY 1976 IN OYSTER CREER (STA. 15, 30, AND S0) AND
FORKED RIVER (6, 45, AND 46).

N 15
R Tiore:  arn 10.0 =~ 22.0 9.0 2% 230 9.03% 21,0 12.0 - 22.0 13.0 43 21,0 13.0 36
SURPACE 15.3 = 26.6 15.8 - 26.6 15.0 « 23.4 11.0 - 22.4 12.0 - 22.4 12.6 -
BOTTOM 15.5 = 26.2 15.8 - 26.6 15.0 - 23.3 11.0 - '23.4 12.0 - 22,4 12.9 -
SALINITY: SURFACE 20.5 - 22.0 21.0 = 22.0 20.5 - 22.0 20.5 - 22,5 20.5 - 121.5 20.5 -
BOTTOM 21,0 = 22.0 20.0 - 22.0 20.0 - 22.0 20,5 = 22,5 20.0 - 22, 20.5 -

OXYGEM: SURPACE 5.9« 9.0 6.8 - 9.2 7.5 - 9.8 7.6 = 10.6 7.6 - 10.9 7.2 -

BOTTOM $.9.- 9.3 6.0 - 9.2 7.2~ 9.4 1.5 - - 10.6 7.6 = 11.0 7.1 -
PH: SURPACE 7.8 = 8.0 7.5 - 7.9 7.6 - 8.0 7.9~ 8.0 6.9 -~ 7.9 7.8 -

BOTTOM - 7.8 - 8.0 7.8 - 7.9 " 7.5 - 8.0 7.9 - 8.0 7.1 - 8.0 7.8 =

SECCHI (CM) 85.0 -~ 140.0 85.0 - 100.0 110.0 - 145.0 95.0 - 120.0 95.0 - 120.0 90.0 -
specCIes _ . NO. NO. NO. NO. NO. NO.
ALOSA PSEUDOHARENGUS 1 - - - -
BREVOORTIA TYRANNUS 19 22 1 - -
MORONE AMERICANA - - o 1 -
TAUTOGA ONITIS - - - 2 N
PARALICHTHYS DENTATUS - 1 - : 1
CALLINECTES SAP1DUS . 20 1 - 12 4
TOTAL SPECIMENS 40 24 1 15 5 10
TOTAL COLLECTIONS : 3 3 3 3
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TABLE C1-181. A COMPARISON OF THE TOTAL SPECIMENS TAKE
’ FORKED RIVER (6, 45, AND 46). :

N BY 61.0-= GILL NET FROM 17 JUNE THROUGH 13 ADGUST 1976 IN OYSTER CREEK (STA. 15, 30, AND 50) AND

LOCATION . i 15 . 50 Jo 6 45 46
TEMPERATURE: AIR 23.5 = 29,0 23.3 - 29.0 23.0 - 30.5 - 23.5 - 28.0 23.5 - 32.0 23,5 - 32,0
SURPACE 27,7 - 31.0 27.7 - " 30.7 27.2 - 30,3 24.0 - 27.5 23,7.- 20.0 28.6 - 27.7
BOTTOM 28.2 - 30,0 27.7 - 0.7 26.8 - 29.7 24.0 - 27.5 23,7 - 28.4 .4 - 27.0
SALINITY: SURPACE 23.0 - 27.0 24,0 - 26.5 23.0 - 26.5 24.0 - 26,0 24.0 - 26.0 23.0 - 27.0
BOTTOM 23,0 - -27.0 23.0 - 26.% 23.0 - 26.5 4.5 - 26.0 24.0 - 25.0 24.0 - 27.5
OXYGEN: SURPACE 6.6 - 7.0 6.5~ 6.5 6.5 - 7.4 7.0 - 1.5 7.4 - 1.9 7.2 - 9.9
" BOTTOM 6.2 - 6.7 6.0~ 6.5 6.3 - 6.8 7.0 - 7.2 7.4 - 1.8 6.3 - 1.5
PR: SURPACE 1.7 - 1.9 7.6 = 1.7 7.6 - 7.8 7.4 - 1.6 7.6 = 7.8 7.6 - 1.9
. BOTTOM 7.9 - 1.9 7.6 - 1.6 7.8 - 7.8 7.6 = 7.7 7.6 - 1.6 7.5 - 1.9
SECCEI (CM) 60.0 - 60.0 60.0 ~ 60.0 56.0 - 65.0 50.0 - 60.0 60.0 - 65.0 §5.0 = 65.0
SPECIES NO. NO. NO. NO. * NO. NO.
ANGUILLA ROSTRATA - - - - 1 -
BREVOORTIA TYRANNUS - - 19 - - 7
POMATOMUS SALTATRIX - - 13 2 2 5
CARANX HIPPOS 2 - - - - z
LEIOSTOMUS XANTHURUS - 2 14 3 1 15
PSEUDOPLEURONECTES
AMERICANUS . - .- - - - 1
CALLINECTES SAPIDUS 133 11 8 28 14 8
TOTAL SPECIMENS 115 13 S4 33 18 36
TOTAL COLLECTIONS -3
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TABLE C1-182. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 61.0-m GILL NET FROM L9 AUCUST TRROUGH 23 SEPTEMBER 1976 IN OYSTER CREEX (STA. 15, 30, AND 50)
AND FORKED RIVER (6, 45, AND 46). v

LOCATION 15 50 30 6 45 T3

TEMPERATURE: AIR 21.0 - . 25.0 24.0 - 26.0 23.0 = 25.0 21.0 = 31.0 19.0 - 32.0 19.0 - 32.0

SURPACE 28.0 ~ 28.5 28.0 - 29.0 26.8 - 28.0 24.4 -~ 25.5 25.0 = 25.7 23.7 - 128.6

BOTTON 27.8 - 28.5 28.1 ~ 29.0 26.8 « 21.9 24,0 - 25.6 24.7 - 26.5 23.0 - 24.0

SALINITY: SURPACE . 20.5 -~ 25.0 21.5 ~ 25.0 21.0 - 25.0 .22.5 - 26,0 1.0 - 25.0 21.5 - 25.0

BOTTOM 21.5 ~ 15.0 20.5 = 25.0 21.5 « 25,0 22.5 - 26.0 22.5 = 25.0 22.5 - 24.9%

OXYGEN: SURPACE 6.2~ 7.5 6.6 ~ 1.6 6.7~ 7.9 6.8 ~ 7.8 6.9 - 7.6 7.0 - 8.8

BOTTOM 6.1 - 1.3 6.3 - 7.3 $.5- 1.8 6.6 - 7.7 6.9~ 7.8 6.0~ 7.4

PS: SURPACE . 7.8 - 8.3 7.9 - 8.3 7.9 - 8.4 7.6 - 8.4 7.5 ~ 8.4 7.4 - 8.4

BOTTOM 7.8 - 8.3 7.9 ~ 8.3 7.9 - 8.1 7.6 -~ 8.4 7.8 - 8.4 7.4 - 8.3

SECCHI (CM) 55.0 = 80.0 50.0 - 70.0 65.0 - 80.0 60.0 - 80.0 50.0 - 70.0 40.0 - 80.0
SPECIES NO. RO. no, No. NO. NO.
BREVOORTIA TYRANNUS 1 - 20 ] 25 70
OPSANUS TAU 1. - - - - -
STRONGYLURA MARINA - - - 1 - -
SYNGNATHUS FUSCUS - - 2 - - -
POMATOMUS SALTATRIX 11 1 8 1 . 2 18
CARANX HIPPOS - 1 - - 2 .
CYNOSCION REGALIS - 1 - - - -
LEIOSTOMUS XANTHURUS 13 1 1 - - 1e.
CALLINECTES SAPIDUS 34 3. 4 24 6 2
TOTAL SPECIMENS 60 7 35 20 3] 104
TOTAL COLLECTIONS 3 3 3 3 3 3
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TABLE C1-183. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 61.0-m GILL NET FROM 18 OCTOBER THROUGH 8 DECEMBER 197 y
FORKED RIVER (6, 45, AND 46). ) ER 1976 IN OYSTER CREEK (STA..15, 30, AND 50) AND

LOCATION

: 1 30 6 4s 46
TEMPERATURE: AIR -2.0- 130 ~2.5 -~ 13.0 -2.5 = 12.0 0.0 - 11,0 -1.0 - 12.0 -1.0 - 9.0
: SURPACE 7.0 = 17.6 7.0 - 17.2 5.4 - 16.0 3.5 -~ 12.0 .1~ 12.0 2.1 - 12.%
_ BOTTOM 7.0 - 17.6 7.5 = 17.0 7.5 - 16.0 3.6 - 12,0 3.3 - 12.1 3.8 - 12,8
SALINITY: SURFACE 23.0 - 27.0 231.0 ~ 26.0 20.0 - 25.0 24,0 ~ 25,0 23.5 - 25.0 21.0 - 25.0
BOTTOM 23.0 - 25.0 23.0 - 26.5 23.0 - 25.0 24.0 - 26.0 24.0 - 25.0 24.0 - 26.0
OXYGEN: SURFACE 8.9 - 14.2 8.9 - 13.0 8.9 -~ 12.4 9.1 - 13,0 8.3 - 14.0 8.5 = 13,6
BOTTOM 8.4 - 1.6 8.8 - 12.6 8.0 - 12.8 8.7 - 12.8 8.9 ~ 13.6 8.5 - 13.3
PH: SURPACE 7.9 -~ 8.6 7.8 - 8.4 7.5 - 8.6 8.3 - 8.5 8.1 - 8.2 8.3 - 8.5
BOTTOM 1.8 - 8.5 7.8 -~ 8.4 7.5 - 8.5 7.9 - 8.6 8.1 - 8.2 8.2 - 8.6
SECCHI (CM) 70.0 - 120.0 70.0 - 135.0 €0.0 - 120,0 70.0 - 140.0 70.0 - 130.0 70.0 = 90.0
SPECIES NO. NO. wO. NO, NO. NO.
ALOSA PSEUDOHARENGUS - - 4 - _ _
BREVOORTIA TYRANNUS 18 1 29 1 3 -
MORONE AMERICANA 1 - 1 - - -
POMATOMUS SALTATRIX by - 4 - ' - -
CYNOSCION REGALIS - - - - 1 -
LEIOSTOMUS XANTHURUS 8 - 55 - 5 -
TAUTOGA ONITIS - - - - 1 -
TOTAL SPECIMENS 28 1 93 1 10 0
TOTAL COLLECTIONS 3 3 3 k) 3 3
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TABLF Cl1-184. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 61.0-m GILL NET‘FRCH 5 JANUARY THROUGH 9 MARCH 1977
FORKED RIVER (6, 45, AND 46), .

IN OYSTER CREEK (STA, 15, 30, AND 50) AND

LOCATION

w

1 50 30 6 45 46
TEMPERATURE: AIR 0.0 - 12.0 0.0 - 10.0 10.0 - 10.0 9.5 - 9.5 5.5 = 5.5 7.0 = 7.0
SURFACE 4.5 - 10.0 4.5 - 11.1 10.5 - 10.S 7.2 - 7.2 6.8 - 6.8 7.0 - 7.0
BOTTOM 4.5 - 10.8 4.5 - 1l.0 10.4 - 10.4 7.2 - 7.2 7.2 - 7.2 7.0 - 7.0
SALINITY: SURFPACE 21.0 - 23.5 21,5 - 22,0 . 22,0 - 22.0 22.0 - 22.0 21.0 - 21.5% 22.0 - 22.0
BOTTOM 21.0 - 23.0 21.0 - 22.0 22,2 - 22.2 21.5 - 21.5 21.0 - 21.5 22.0 - 22.0
OXYGEN: SURPACE 8.6 ~ 10.2 9.4 - 10.3 9.8 = 9.8 10.5 - 10.5 10.2 - 10.2 10.0 -~ 10.0
BOTTOM 8.4 - 10.6 - 9.0 = 10.8 . 9.0~ 9.0 10.0 - 10.0 10.0 -~ 10.0 10.2 - 10.2
PH: SURPACE 8.0 - 8.2 8.0 - 8.1 7.9 - 1.9 7.8 = 7.8 7.9 - 8.0 7.7 - 1.7
BOTTOM 8.0 - 8.2 8.0 - 8.1 7.9 - 7.9 7.9 - 1.9 8.0 - 8.0 7.7 - 1.7
SECCHI (CM) 170.0 - 240.0 175.0 - 280.0 280.0 ~ 280.0 350.0 - 350.0 210.0 - 210.0 130.0 - 130.0
SPECIES NO. NO. NO. NO. NO. NO.
BREVOORTIA TYRANNUS : S - H) 1 - ' - -
TOTAL SPECIMENS 0 5 1 0 0 g
TOTAL COLLECTIONS 3 3 1 1 1
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Table C1-185 ,

Sumemary of the catchas of the moet numereus wpecies taken tn Oysmar Creek and Forkad River, New lersey frem March 1976 through Masch 1977,

29 March = § May 17 June - 13 Augut 19 Augwt - 23 Sep
Oyster Creek Foarked River Oyster Creek Forked River Oyster Creek Forked River

4.9° 2% oNt 4.9 2,17 ___GN | 4.9 2,1 GN 4.9 2.7 GN 4.9 2.1 GN 4.9 2.1 GN
Srevoartis tyrannwe - - 42 - - 8 47 4 19 2 - 1 [ < 21 1 - 9
Anchoa mitchilll 31e9 16 - 1 2 - 11204 - - 457 - - " 1 - 40 2 -
Pomatomw wltawix - - - - - - 2 - 13 3 - 9 2 - 20 - - 21
Cynoscion regalls - - - - - -1 2 1 - t - - 24 1 1 1 16 -
Lelostomus xanthurus - - - - - - 119 480 18 128 2 19 202 164 18 214 9 14
Peeudop er 2 1 - 4 2 - - - - 2 - 1 - - - 2 . -
Crangon septs mepincsa 288 29 - 18 421 - 3 - - 43 12 - - 1 - % 110 -
Calllnectes sapidus % 4 21 o4 55. 10 11 410. 12 90 l!l!; . 50 0 338 4 43 124 2

: .
18 Octobr - 8 December 5 January - 9 March
Oyster Creek Forked River Oyster Creek Forked Rives

4.9 2.1 GN 4,9 2,1 GN 4.9 2,1 GN 4.9 2.1 GN
Srevoortis tyvannus 60 2 48 1 - 4 4 - (] - - -
A.m:hon mitchUllt 38 - - 14 - - - - - - - -
Pomatomus saltawix 14 1 § - - - - 1 - - - -
Cynoscioa regalis ] - - ] 0 1 - - - . - .
Lefostorms xamthyrus 63 84 63 48 [} 8 - 7 - - - -
P,e\_llopleumnec!u ameticanus 2 11 - 4 4 - ] 113 - 2 27 -
Crangon septe mepinoes 12 20 - 11 18 - 1 ] - [ 19 -
Callinentes sapldus 19 M . 19 25 - - 2 - - 2 -

8 4.9vm waw st matiors 15, 30, and 50 ln Oywwer Creek and 6, 45, and 46 in Forked Rives,
2.7-m gawl at sutons 26, and 27 (n Oywer Creek and 48, and 49 in Forked River,
€ £1,0-m gilt pet at statlons 15, 30, and 50 in Oyster Creek and 6, 43, and 36 1o Farked River,




TABLE C1-186. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY TRAWL AND GILL
NET FROM 29 MARCH THROUGH 5 MAY 1976.IN OYSTER CREEK (STA.
15, 26, 27, 30 AND 50) AND FORKED RIVER (6, 45, 46, 48, AND 49).

OYSTER CREEK FORKED RIVER
TEMPERATURE: AIR 9.0 - 23.0 6.0 = 23.0
SURFACE 14.0 - 30.2 11.0 - 23,5
BOTTOM 14.5 - 31.1 11.0 - 23.4
SALINITY: SURFACE '20.0 - 23.0 19.5 - 23.5
_ BOTTOM 19.5 - 22.5 19.5 = 24.0
OXYGEN: SURFACE 5.4 = 10.6 7.1 - 11.5
BOTTOM 5.4 - 10.4 6.9 - 11.5
PH: SURFACE 7.5 - 8.1 6.9 = 8.0
' BOTTOM 7.5 - 8.0 7.1 - 8.1
SECCHI (CM) 60.0 - 160.0 75.0 - 150.0
SPECIES NO. NO.
ANGUILLA ROSTRATA 1 . 3
ALOSA AESTIVALIS - 6 -
ALOSA PSEUDOHARENGUS 5 3
BREVOORTIA TYRANNUS 42 8
CLUPEA HARENGUS _ 7 : -
ANCHOA MITCHILLI 3785 3523
OPSANUS TAU 3
UROPHYCIS REGIUS 2 3
MENIDIA MENIDIA 15 1
APELTES QUADRACUS : 8 23
SYNGNATHUS FUSCUS 22 15
MORONE AMERICANA ' 3 1
TAUTOGA ONITIS 3 6
GOBIOSOMA BOSCI 1 3
PARALICHTHYS DENTATUS 7 2
PSEUDOPLEURONECTES
AMERICANUS 3 6
TRINECTES MACULATUS 1 -
CRANGON SEPTEMSP INOSA 285 1405
CALLINECTES SAPIDUS 160 135
TOTAL SPECIMENS 4359 _ 5143

TOTAL COLLECTIONS 39 39

Cl1-646



TABLE C1~187. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY TRAWL AND GILL
NET FROM 17 JUNE THROUGH 13 AUGUST 1976 IN OYSTER CREEK (STA.
15, 26, 27, 30, AND 50) AND FORKED RIVER (6, 45, 46, 48, AND 49).

- - o - - = D P D T e o e - = e e e SR L Y R S e e R R R RS S

TEMPERATURE: AIR 20.5 - 30.5 20.0 - 32.0
SURFACE 27.2 - 36.1 23.7 - 31.3

BOTTOM 26.8 - 34.6 23.7 - 31.5

SALINITY: SURFACE 22,0 - 27.5 22,0 - 27.5
BOTTOM 20.6 - 28.0 22.0 - 28.0

OXYGEN: SURFACE . 5
BOTTOM : S

PH: SURFACE -6
BOTTOM 6
SECCHI (CM) ' 35.0 - 70.0 - 40.0 - 100.0

SPECIES NO. NO.
ANGUILLA ROSTRATA 5 5
BREVOORTIA TYRANNUS : 70 9
ANCHOA MITCHILLI 1204 '
OPSANUS TAU
UROPHYCIS REGIUS
RISSOLA MARGINATA
MENIDIA MENIDIA
APELTES QUADRACUS
SYNGNATHUS FUSCUS
POMATOMUS SALTATRIX
CARANX HIPPOS
CYNOSCION REGALIS
LEIOSTOMUS XANTHURUS 6
TAUTOGA ONITIS
HYPSOBLENNIUS HENTZI
GOBIOSOMA BOSCI
PEPRILUS TRIACANTHUS
- PARALICHTHYS DENTATUS
"PSEUDOPLEURONECTES
AMERICANUS
TRINECTES MACULATUS
SPHOEROIDES MACULATUS -
CRANGON SEPTEMSPINOSA _ 190
CALLINECTES SAPIDUS ' 679 278

F-
(V)]
~

bW
[
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-
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<))

3

wrN

TOTAL SPECIMENS 2600 1148
TOTAL COLLECTIONS 39 39

Cl-647



TABLE C1-188. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY TRAWL AND GILL.
NET FROM 19 AUGUST THROUGH 23 SEPTEMBER 1976 IN OYSTER CREEK
(STA. 15, 26, 27, 30 . AND 50) AND FORKED RIVER (6, 45, 46,

48, AND 49),
OYSTER CREEK FORKED RIVER
TEMPERATURE: AIR 17.0 - 26.0 19.0 - 32.0
SURFACE 25.6 - 33.3 20.9 - 28.6
BOTTOM 25.4 } 33.2 21.1 - 26.5
SALINITY: SURFACE 20.5 - 26.5 21.0 - 26.5
. BOTTOM 20.5 - 26.0 22.0 - 26.0
~ BOTTOM _ 5.3 - 7.8 6.0 - 7.9
PH: SURFACE 7.5 -. 8.4 7.4 - 8.4
BOTTOM 7.5 - 8.3 7.4 - 8.4
SECCHI (CM) . 40.0 - 100.0 40,0 - 80.0
SPECIES ' NO. : NO.
ANGUILLA ROSTRATA 3 : 5
‘BREVOORTIA TYRANNUS . 29 . 100
ANCHOA HEPSETUS : - 1l
ANCHOA MITCHILLI 78 404
OPSANUS TAU -9 18
STRONGYLURA MARINA - . 1
SYNGNATHUS FUSCUS : ' 6 o 2
MORONE AMERICANA : o 21 -
CENTROPRISTIS STRIATA : - I |
POMATOMUS SALTATRIX . 22 21
CARANX HIPPOS : 2 : _ -
SELENE VOMER : 16 -
STENOTOMUS CHRYSOPS - : 1.
CYNOSCION REGALIS . _ . 26 - 126
LEIOSTOMUS XANTHURUS 381 . 237

TAUTOGA ONITIS - 3
TAUTOGOLABRUS ADSPERSUS - 1
CHASMODES BOSQUIANUS N ' 1
‘HYPSOBLENNIUS HENTZI : - 1
GOBIOSOMA BOSCI : 2
1

PRIONOTUS EVOLANS 9 1
PSEUDOPLEURONECTES

AMERICANUS - 2
TRINECTES. MACULATUS 4 6
SPHOEROIDES MACULATUS 1 1l
CRANGON SEPTEMSPINOSA 1 139
CALLINECTES SAPIDUS : 457 . _ 191
TOTAL SPECIMENS 1066 1275
TOTAL COLLECTIONS : 39 o 39

C1l-648



TABLE C1-189. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY TRAWL AND GILL
NET FROM 18 OCTOBER THROUGH 8 DECEMBER 1976 IN OYSTER CREEK
(STA. 15, 26, 27, 30, AND 50) AND FORKED RIVER (6, 45, 46,

48, AND 49),

A e L L LT T T P T

TEMPERATURE: AIR

SURFACE
BOTTOM
SALINITY: SURFACE
BOTTOM
OXYGEN: SURFACE
BOTTOM
PH: SURFACE
BOTTOM

SPECIES

-ALOSA PSEUDOHARENGUS
BREVOORTIA TYRANNUS
ANCHOA MITCHILLI
SYNODUS FOETENS
OPSANUS TAU

FUNDULUS HETEROCLITUS
MENIDIA MENIDIA
SYNGNATHUS FUSCUS
MORONE AMERICANA

CENTROPRISTIS STRIATA

POMATOMUS SALTATRIX
CARANX HIPPOS
SELENE VOMER
BAIRDIELLA CHRYSURA
CYNOSCION REGALIS
LEIOSTOMUS XANTHURUS
MICROPOGON UNDULATUS
CHAETODON OCELLATUS
TAUTOGA ONITIS
CHASMODES BOSQUIANUS .
HYPSOBLENNIUS HENTZI
GOBIOSOMA BOSCI
GOBIOSOMA GINSBURGI
PRIONOTUS EVOLANS
ETROPUS MICROSTOMUS
SCOPHTHALMUS AQUOSUS
PSEUDOPLEURONECTES
AMERICANUS
TRINECTES MACULATUS
CRANGON SEPTEMSPINOSA
CALLINECTES SAPIDUS

TOTAL SPECIMENS
TOTAL COLLECTIONS

OYSTER CREEK FORKED RIVER
-2.5 - 14.0 -1.0 - 12.0
5.4 - 22.6 1.4 - 14.5
5.0 - 23.0 1.7 - 14.5
20.0 - 27.0 21.0 - 27.0
21.5 - 26.5 22.0 - 26.0
7.8 - 14.2 8.1 - 14.0
8.0 - 13.6 7.6 = 13.6
7.2 - 8.6 7.2 - 8.7
7.2 - 8.5 7.1 - 8.6
60.0 - 220.0 55.0 - 220.0
NO. NO.
S -
110 11
36 114
1 -
3 6
1 -
- 9
6 3
11 -
- 2
20 ) -
3 -
1 -
1 -
6 14
. 210 57
1 1
2 -
1 7
- 2
- 1
- 1l
1 1
2 -
6 4
1 -
13 8
1l 1
32 ' 33
103 : 44
577 : 319

39 39



TABLE C1-190. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY TRAWL AND GILL
NET FROM 5 JANUARY THROUGH 9 MARCH 1977 IN OYSTER CREEK
(STA. 15, 26, 27, 30, AND 50) AND FORKED RIVER (6, 45, 46,

OHNMNDOOOOUNO

48, AND 49).

OYSTER CREEK FORKED RIVER

TEMPERATURE: AIR -1.0 - 12.0 0.0 - 14.

SURFACE 3.6 - 14.1 1.4 - 9.

BOTTOM 4,5 - 14.6 1.5 - 9,

SALINITY: SURFACE 2.0 - 25.0 21,0 - 25,

_ BOTTOM 21,0 - 25.0 21.0 - 26.

OXYGEN: SURFACE 8.6 - 14.4 10.0 - 12,

BOTTOM 8.4 - 12.0 9.0 - 12,

PH: SURFACE 7.7 - 8.3 7.6 - 8.

BOTTOM 7.8 = 8.3 7.6 - 8.

SECCHI (CM) 150.0 - 360.0 130.0 - 350,
SPECIES ' NO. NO.
ALOSA AESTIVALIS 18 -
ALOSA PSEUDOHARENGUS 4 -
BREVOORTIA TYRANNUS ' 10 -
SYNGNATHUS FUSCUS - 1
MORONE. AMERICANA 4 1
POMATOMUS SALTATRIX : 1 -
LEIOSTOMUS XANTHURUS 7 -
HYPSOBLENNIUS HENTZI 1 -
ETROPUS MICROSTOMUS 2 -

PSEUDOPLEURONECTES

AMERICANUS - 116 ' 29
CRANGON SEPTEMSPINOSA 15 - _ 25
CALLINECTES SAPIDUS 2 C 2
TOTAL SPECIMENS ' 180 : - 58

TOTAL COLLECTIONS : 33 21

C1-650



169-10

TABLE C1-191.A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 45.7-m SEINE FROM 29 MARCH THROUGH

5 MAY 1976 IN OYSTER CREEK (STA. 28 AND 29) AND FORKED RIVER (47).

--------------------------------------------------------------------------------------------------

LOCATION 29 47

TEMPERATURE: AIR 2.0 - 20.0 13.0 - 20.0 13.0 - 20.0

SURFACE 5.0 - 25.0 15.2 - 25.0 14.0 - 21.5

BOTTOM - - - - - - - - -

SALINITY: SURFACE 0.5 - 21.0 20.5 - 21.5 20,0 - 22.5

BOT TOM - - - - - - - e -

OXYGEN: SURFACE 7.0 -~ 10.6 7.0 - 10,8 8.9 - 11.2

BOTTOM - - - - - - - - -

PH: SURFACE 7.6 - 7.6 7.7 - 7.7 7.8 - 7.8

BOTTOM - - - - - - - - -

SECCHI (CM) - - - - - - - - -
SPECIES NO. NO. NO.
ALOSA AESTIVALIS - - 18
BREVOORTIA TYRANNUS - 21 -
ANCHOA MITCHILLI 14 12 35
OPSANUS TAU - - 4
STRONGYLURA MARINA 2 1 -
FUNDULUS HETEROCLITUS 12 4 -
MENIDIA MENIDIA 114 1l 56
APELTES QUADRACUS - 1 -
SYNGNATHUS FUSCUS - - 1
MORONE AMERICANA 3 - -
TAUTOGA ONITIS - - 1l
GOBIOSOMA BOSCI - 1 -
TRINECTES MACULATUS 1 1 -
CRANGON SEPTEMSPINOSA 327 243 95
CALLINECTES SAPIDUS 79 32 32
TOTAL SPECIMENS 552 317 242
TOTAL COLLECTIONS 3 3 3
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TABLE C1-192. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 45.7-m SEINE FROM 17 JUNE THROUGH

13 AUGUST 1976 IN OYSTER CREEK (STA, 28 AND 29) AND FORKED RIVER (47).

n GBS D G D R R TR b = G e R e e e TP T R TH A D R T h WA D T G TR we W G S SR L G e e @ e G A D G G S R D S R S AR S e S em e Be e D G TE OB T M TE TR SN T DGR D R A S e e e

LOCATION _
TEMPERATURE: AIR

"SURFACE
- BOTTOM

 SALINITY: SURFACE

BOTTOM
OXYGEN: SURFACE
BOTTOM
PH: SURFACE
BOTTOM

SECCHI (CM)

D s e D D G s D S D s G G T S G D S S T P A G S S AT G S A S D G SIS D W S

SPECIES

ANGUILLA ROSTRATA
BREVOORTIA TYRANNUS
ANCHOA MITCHILLI
OPSANUS TAU
STRONGYLURA MARINA
FUNDULUS HETEROCLITUS
MENIDIA BERYLLINA
MENIDIA MENIDIA
MORONE AMERICANA
POMATOMUS SALTATRIX

"CARANX HIPPOS

CYNOSCION REGALIS
LEIOSTOMUS XANTHURUS
MUGIL CEPHALUS

MUGIL CUREMA

.PRIONOTUS EVOLANS

PSEUDOPLEURONECTES
AMERICANUS :
TRINECTES MACULATUS
CRANGON SEPTEMSPINOSA
CALLINECTES SAPIDUS

TOTAL SPECIMENS
TOTAL COLLECTIONS

NN
~Nw
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37

321
3

(8,
L ]
totol ol

0 23.5 -
2 23.9 -
5 8.0 -
2 5.8 -
9 7.5 -

1

I NN

187

19

1
1

22
2
233

590
3

[
=l W

[~
o

49
62

268
3
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TABLE C1-193. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 45.7-m SEINE FROM 19 AUGUST THROUGH
23 SEPTEMBER 1976 IN OYSTER CREEK (STA. 28 AND 29) AND FORKED RIVER (47).

LOCATION : ' ' 28

TEMPERATURE: AIR 19.0 - 21.5 21.0 -2925.0 21.5 -4723.0

_ SURFACE 27.6 - 29.4 0 28.4 - 29.1 24.6 - 25.5

_ _ ~ BOTTOM - - - - - - - - -
SALINITY: ‘SURFACE 12.0 = 25.0 22.0 = 25.0 23,0 - 25.0
L . BOTTOM - - - - - - - - -
OXYGEN: SURFACE " 6.3 - 6.9 6.6 = 7.5 7.2 - 7.3
BOTTOM - - - - - - - - -
PH: SURFACE 7.7 - 8.3 7.9 - 8.4 7.7 - 8.4
BOTTOM o - - - - - - - - -
SECCHI (CM) , - - - - - - - - -
SPECIES NO. NO. NO.
ANGUILLA ROSTRATA - 1 -
BREVOORTIA TYRANNUS 2 - -
ANCHOA MITCHILLI - - 79
OPSANUS TAU - - 2
STRONGYLURA MARINA - 2 -
FUNDULUS MAJALIS - 2 -
MENIDIA MENIDIA . 8 - 6
APELTES QUADRACUS - - 1
SYNGNATHUS FUSCUS - 3 3
CENTROPRISTIS STRIATA - - 2
POMATOMUS SALTATRIX . - 3 -
CARANX HIPPOS 7 4 -
LEIOSTOMUS XANTHURUS 31 7 -
MUGIL CEPHALUS 33 7 -
MUGIL CUREMA , - 2 -
GOBIOSOMA BOSCI - - 1
PRIONOTUS EVOLANS - - 2
PSEUDOPLEURONECTES :

AMERICANUS - : - 1
TRINECTES MACULATUS - 2 -
CRANGON SEPTEMSPINOSA . - _ - 1
CALLINECTES SAPIDUS 124 ' 81 9
CALLINECTES SIMILIS - 1 -

TOTAL SPECIMENS - . 205 ‘ 115 107

TOTAL COLLECTIONS : 3 . 3 : 3



TABLE C1~194. A COMPARISON OP THE TOTAL SPECIMENS TAKEN BY 45.7-m SEINE FROM 18 OCTOBER TIHROUGH
8 DECEMBER 1976 IN OYSTER CREEK (STA. 28 AND 29) AND FORKED RIVER (47). : :

C1-654

LOCATION 28 29 47
TEMPERATURE: AIR 0.0 - 19,0 -2.0 - 21.0 -1.,5 ~ 1%9.0
SURF:.CE 6.3 -~ 18,6 5.5 - 18,2 2,1 - 15.5
BOTTC - - - - - - - - -
SALINITY: SURPACE 2.5 - 24.0 23.5 - 24,0 22,5 - 25.0
BOTTOM -- - -- - - - -
OXYGEN: SURFACE 8.5 - 13.7 8.3 -~ 12.3 8.5 - 13,2
BOT TOM - - - -- - - - -
PH1 SURFACE 7.8 - 8.5 7.9 - 8.5 7.9 - 8.3
BOTTOM - - - - - - - - -
SECCH1 (CM) - - - - - - - - -
SPECIES NO. NO. NO.
ANGUILLA ROSTRATA - - 1
BREVOORTIA TYRANNUS 96 2 1
ANCHOA MITCHILLI - - 7
STRONGYLURA MARINA 2 1 -
CYPRINODON VARIEGATUS 3s 8 -
PUNDULUS HETEROCLITUS 10 - -
LUCANIA PARVA 2 - -
MENIDIA MENIDIA 22 21 6
SYNGNATHUS FUSCUS - - 1
MORONE AMERICANA - 1 -
CENTROPRISTIS STRIATA - - 3
POMATOMUS SALTATRIX 14 1 -
CARANX HIPPOS 7 6 -
CYNOSCION REGAL1S - - b
LEIOSTOMUS XANTHURUS 12 15 -
"MUGIL CEPHALUS 14 27 -
MUGIL CUREMA s 7 =
HYPSOBLENNIUS HENTZI - - 1
~ PRIONOTUS EVOLANS 2 - 1
PS EUDOPLEURONECTES
AMERICANUS - 14 -
TRINECTES MACULATUS 1 2 -
SYMPHURUS PLAGIUSA 2 - -
CRANGON SEPTEMSPINOSA 2 10 3
CALLINECTES SAPIDUS 27 38 1€
TOTAL SPECIMENS 253 153 43
TOTAL COLLECTIONS 3 3 3
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TABLE C1-195. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 45.7-m SEINE FROM 5 JANUARY THROUGH

9 MARCH 1977 IN

OYSTER CREEK (STA. 28 AND 29) AND FORKED RIVER

LOCATION

TEMPERATURE: AIR :

' SURFACE

BOTTOM
SURFACE
BOTTOM

SURFACE

BOTTOM

SURFACE

BOTTOM

SECCHI (CM)

SALINITY:
OXYGEN:

PH:

N
o

~J

ot wuiuwvo

[}

=20

- N

[ and w o W

. . P
ot i ovo

(o]
.

lot vt

- N
N oW
L] L]

Y-8

tlotoni Ol ~WN

[+
.

SPECIES '
ALOSA AESTIVALIS
CYPRINODON VARIEGATUS
FUNDULUS HETEROCLITUS
FUNDULUS MAJALIS
MENIDIA MENIDIA
PSEUDOPLEURONECTES
AMERICANUS

CRANGON SEPTEMSPINOSA

NO

=4 1.

2

- A o S g S D S S S e T D S G D G D G A SR G SO GG W A G G A D S G Al G S S S G S G A S G G G A0% G G S A S B b U SR AR S G S Sy S S S G -

TOTAL SPECIMENS
TOTAL COLLECTIONS

26

3

29

0.5 - 10.0
4.0 - 9-1
20.5 - 23,5
7.8 - 14.4
8.0 - 8.1

NO.

3

1

5

2

3

3
2
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Table Cl-196 Numher of f{lshes and blue crab taken by glll net at Station 26, Discharge Canal at 00GS, fom March 1978 twough August 1977... .

DATE .

20 22 4 18 3 13 20 .10 23 13 8 8 8 11 8 31 18 13
SPECIES Mmch®  Aprfl  May June July Augwt August September September October November December  January Febvuary March May July August
Aloss peoudobarengm - - - - - - - - - - - - - - - 1 2 -
Brevoorria tyraanus ) 23 220 114 - 2 1 - B U ] - " 3 a3 1,8 187 1 1 .-
Clupes harengus - - 1 - - - - - - - - - - - - - - -
Anchoa mitchilll . - 15 - - - - - - - - - - - - - - - -
Swongylurs marins - - - - - - - - - - - - - P - -
Marona americans - - - - - - - 1 - - - - 1 1 - - -
Morone saxstilfs - - - - - - - - - - 1 - - - - - - -
Pomstorms saltamix - - 2 1 2 1 5 s 1 15 21 n 23 - - - a3 1
Carsux hippes - - - - - - 1 - - - - - - - - -
Cynascion regally - - 1 - - - - - 1 7 3 - - - - - - -
Lelostorma xanthuns - - - - 197 3 - 21 - - - 1 - - - 1 5 -
Mugll cephshs - - - - - - - 1 - - - - - - . .
Calil sapidus - 2 - 2 - 100 3 4 - - - - - 2 1§ -
Ouwradon of sample (nin} 60 40 45 60 60 80 80 60 0 80 60 50 (] 60 30 60 80 80
Tots! specimem 3 228 156 3 - 208 105 40 40 15 29 82 8 87 1,349 167 7 62 1
Taxs 1 4 3 2 4 4 2 1 5 5 4 3 3 ' 2 1 5 [ 1

8 A 91.4-m glil ner from March tirovgh June 1976 and » 61.0-m gill net wed from fuly 1976 Urough August 1977,
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Tabla C1-137, Summary of the catches of the most bumerous species taken in Oyster Creek and Forked River, New Jerey from May dwough August 19711,

31 _May - 2 lune 18-19 luly: - 15-16_August
Oystes Creel Forked River Oyster Creek Fotked River Oyater Creek Forked Rive
49" 270 GNE 4.9 1.1 GN] 4.9 2.1 GN 4.9 2.1 GCN 4.9 2.7 GN 4.9 2.1 GN
Brevoords tyranmus 1 . - 40 1 . 16 18 1 9 1 - ] L - 5 1 - 3
Anchoa mitehlill 948 - - 1078 - - 401 48 - 431 - - 1] - - 199 - -
Lelostomus zenthorus - 2 2 - - 3 49 L 1] - [ 1] (11 20 11 L] 1 8 L} 1
Prendopleuronectes americanur 4 3 - 1€ - - 11 1 - 18 L] - - - - - - -
Crangon septempincss 20 - - 168 - - - - - 4 18 - - - - - 4“2 -
Callinectes sapidur 1 L} - 1] 1 1 § 9 s . H 48 Y ] ] ] [] 7 4

3 4.9-m trawl at stations 15. 30, end SO in Oyster Creek and 6, 45, and 468 in Forked River,
b 9 7-m rawl ot stations 26 and 27 in Oyster Creek and 46 and 49 tn Forked River,
€ 61.0 oc 91.4-m gitl net ot yiations 35, 30, and $0 in Oyster Creek and 6. 45, and 46 (n Forked River,
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Table C1-198. Sumnﬁar'y of results of two-way analysis of varlance applied to trawl, seine, and gill net collections from March 1976 through

March 1977,

" Time Perfod

Gear Replicarea Station

Station x Date

Species Date Interaction
Anchoa mitchilll March-November 4,9-m trawl NS o= iad -
Lefostomus’ xanthwus June-November 4.9-m mwawl NS o - NS
Crangon septenispinosa - March-May 4,9-m trawl *(2>1 = NS =
Callinectes sapidus March=December 4.9-m trawl NS had - =
Lelostomus xanthurus July-January 2.7=m trawl NS - hid *
Pseudopleuronectes americanus December-March 2.7=m tawl NS - had i
Crangon septemspinosa March-August 2, T-m trawl NS = hid NS
Callinectes sapidus March~November 2.7-m wawl NS - kid NS
Brevoortia tyrannus March-December  61.0-m gill net - = NS NS -
Lefostomus xanthurus July-December 61.0-m gill net - NS NS -
Callinectes sapidus April-September 61,0-m gill net - e ad -
Callinectes sapidus March-December 45, T-m seine - NS NS -

2 NS = not signfficant

** = achieved significance at P <o.01
* = achleved significance at P 0,05

Largest mean replicate indicated where significant

Significant differences among stations and dates given on following table,
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Table C1-199. Resulss of the Sndent-Newman-Kuels Multiple Range test appiied t main effoct meam fom fyvls of Mesn underiined are oot significently different,

Anchos mitchiliy 1tation ‘e 4 30 1 S0 s
March = November mean® 3,138 . 204 2,068 1,704 1,538 0,738
4.9-m zawl
date Apfl May luoe July September 2 March August 2 August 1 Septamber 1  November  October
meand 4,128 3.104 3.0 2,478 1, 851 1,274 1,194 1,162 1,085 "0, 842 0,718
Lelostomin xanthieus adon L 30 18 43 50 8
June = November mean 2.388 2,070 - 1,810 1,29 1,070 0,928
4.9-m wawl
date Auguat 2 Jaty September 2 Septembex 1 October funs -Augat 1 November
mean 2.404 2,378 2.083 1,882 1.716 1,101 0.986 0,448
Crangon septe mepinasa station 43 46 ] S0 18 - 30
March = May hean 3,764 3,330 3,226 2,630 2.168 1.538
1,9 wawl ’
Callinectes vapidus station 13 S 45 [} 46 30
Masch = December mean 1,503 1,283 1,279 1,113 0,777 R 0,648 N
4,9-m vawl ) . .
dare June Avgust 2 July. May © Apefl August 1 Mazch October prember 1 ptember 2 b D
mean 1,820 1,74 1, 722 1,822 1,148 1,124 1,099 0, 886 0.847 0.5% 0,498 < 0,173
Letostomw xanthurus station 2 21 48 49
July ~ lanuary mean 2,660 0.69¢ 0. 605 0,227
2.1-m sawl C
date July August 1 August 2 October: p 1 prembet 2 D b January
mean 2.19 1,588 1,288 1.139 1,074 1,018 1,610 0.288 0.260
PMewdopledtonectes americana  station 28 27 48 L1 2
Decembes = March mean .1 0,964 0,108 0, 585

2,17-m zawl
date © January March December February
Tesn 1,532 1.474 0, 900 0,484
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Table C1-199, (cont.)

Crangon septaupinoss
March - Aogus
3.7-m uawl

Callinectes sapdu
March - Novembes
2.7T*m mawl

Callinectes 1apidie
Aprl] - Sepwember
6L0-m gill net

rtadion

mean

date
mean

station
mean

date
mean

nadon

meaa

date
mean

49 48 21 28
2.3713 1.770 0.258 0,230
March May August 2 Apri July Tune Aagust 1
2.1 1,721 1.472 1,321 1,208 0,489 0,087
28 21 48 49
2.9 2,118 2.109 1,210
July September 1 August 2 August lune Septetuber 2 October May Apeld March
2, 847 2,778 2. 691 2, 586 2,584 2,457 2.328 2.143 1.298 0. 607
15 L} 45 50 30 4¢
2.845 1,741 1.210 0,842 0,721 0, 554
July Augut 1 lune " August September 2 May September 1 Aprid ) .
2.11 1,137 1.696 1,305 1.133 1,015 0.9%2 0.499

November
0,433

' Mears fom In (X + 1) wansformed dam.
by and 2 refer ™ flrst and tecond 1ampling dates Lo Augwst and September.
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Tahle Cl1-200.5Summary of resuln of one-way ANOVA o t-test and SNK muitiple range test appliad to condition dawa,

Species

Brevoorda tyranms
91-130 mm
june - December

Brevoorria tytanmus
221-280 mm
March - Novembet

Srevoorda tysenmus
111-310 nm
March - Decomber

Brevoortia tyransus (Sta. 26)

101-120 mm
lanuary -~ March

Seevoortia tyranmu (Sta. 26)

211-280 mm
November = March

Anchos miechiilt
51-60 mm
March = August

Anchos mirchitll
81-T0 mm
March ~ Aufst

Pomatomus saltatdx
150-190 - mm
July ~ September

Cynoscion regalls
45-218 mm
August = October

Resulss of ANOVA or t-testd

fy. yg7 * 114,86
-

Ta, pae " 188

w-o.ﬂ
NS

Fz. pg = 14.59

4, a7 % 30
* »

Fg gan = .13
-

F = 1.87

w6 " 1.47
NS

F = 0.68
2.111 ‘
NS

Result of SNK tmultiple range texc®

50 45 30 [T
14,58 - 11,98 10,76 8,58
(50 {28) my (41)
E 18 26
14,51 12.92 12.82
31} (23) ()
20 18
12,08 12,82
Qasn 39
San Fed Ms
13,38 1.8 11,80
(19 (39) ()
Mar Dec Feb Jsa Nov )
13.87 13, 8¢ 13,14 13,12 13,08
(35) (28) 19 (26) (18)
€1 45 [} “« 15,28 50, 29 30
5,98 5.78 5.78 5,58 s, 50 5.47. 5,38
@n 132) (52) (81 (83 42) 113)
4 40 (] 48 15,28 50,29 20
S. 96 5.94 6,56 S.40 .35 5.3 5.02
(54) () T (63) (86) (10 (42)
oc FR
1,63 1,48
(29 20)
48,49 oc FR
4,23 4,18 4,09
(] 27) (65)
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Tahle C1-200.(cont.)

Results of ANOVA or t-testd

Specler

Peeudoplewonectes americana Fa, 157 ® 1.45 Su
90-210 mm NS K
Octobes = March 8

Resuln of SNK_muldple racge_test®

28,27 oC 48,49
1.4 1,21 8,97
(108 24 @n

® NS « ot dgnificant
«'» schieved stgntficance ot 50,05
= » achievod significance at P 0,01

Y Scadon o starton group, mean conditton (K) axd number of observatons (n) given.

Meam underlined are net significantly different,
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d {Uhes and

 Table Cl-201, Number pes collection by |¢mpe-|ure' of se) brates [n Oyster Creek and Forked River. New Jersey from March 1916 through Masch 1977,
No. Brevoortia Anchos Po Cy Let ud ople Crangon Catlinectes
Collectiom tyranaug mitchiitt saitatrix tegalis xanthurus smericanuy septemspinors - 1epidus
Temp, (C) oc R oc R oc__R oc R oc R R oc R oc :
% D 1 - - - - - 1 - - - - - - - 29 -
3 [} 0 - - e - - - - - - - - - - -
u T ) - - - - . - - - 1 - - - - - 16 -
as s 0 - - - - - - - 101 - - - ~ - n -
” ‘ ° - - - - - - - - o - - - - - 5
o 12 3 - . - - - - - . 1 - - - - 3 38
20 12 0 1 - 1t - 1 - - - s - - - - - 18
29 19 1 - R 28 - - 3 - - 21 [ - - . - ™ -
28 7 L] 3 1 [} ? - 1 1 - 1 1 - - - 1 s .
21 1 1 [} - " - 1 1 - - [ - - . - s .
26 ] 1" 1 t n . - - - - s 4 - - - 2 » 5
23 2 17 - - L] 10 - - - - - 4 - 1 17 3 13 ]
4 L] 17 - .3 - 4 - 1 - - - 4 - - - 10 - 10
23 S 18 - - T2 12 - - - ] 1 ] - - 4 10 L3 ]
22 [ 10 - - - . - - 2 - 4 . - - [] - 2
7 0 10 - - - 18 - - - 1 - 2 - - - . - .
20 1 ° 1 - w0 - - - - - - - SR - s '
0 ¢ [} [} - - - - - - - 10 - - - - - 16 -
1 1 1 - - 1 ™ . - - - 3 - - - . . 5 -
1 3 0 - - - - 1 - 1 - s - - - - - 1 -
18 9 1 . - - 18 - - - - 4 - e - - 19 2 8
15 18 'S - - 1] 1 - - - . - 1 - - 4 n 10 s
1 < 1 - - 23 90 - - - - .- 1 4 - 3 k] 1 5
13 s 12 n 1 - 8 ] - - 1 - 2 " 1 - 11 3 3
12 9 1 s s s - ). - - 1 - 4 - - 1 - 3 -
11 4 1 - - - - - - - - - - h - 1 - - T
1 1] 1 T - - - - - - - s .- - - - - - -
» [} 3 - - - . - - - - - - 1 8 1 1 1 -
s 1 1 1 1. - - - - - - - - 1 - 3 1 N
1 ] 10 t. - - 1 - - - - - - 2 - 2 1 - -
s 2 1 - - - - - - - - - - s - s 1 1 -
s 10 1 t . - - - - - - s - . i K i - .
. 3 I3 - - - - - - - - 2 - 14 - 1 - - -
1 [ H - - - - - - - - - - - 1 - 3 - -
2 L} 8 - - - - - - - - - - - - - 2 - -
1 0 4 - - - - - - - - - - - 1 - 2 - -

rounded 1o nearest whole n/coll snd deytee C. .
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Table €1-202. Number pet collection by temperature’ of relected fishes and i b

o teken In Oyster Creek and Forked River. New lersey from March and Apri! 1976,
No. Brevoortia Anchoa Meudopleuronectes . Crangon Csllinectes
Collectiony tyrannus mitchillf amesicanuy septemspinora tapidus

Temp. (Q) oc m oc R oC__R oc 1] oc R oc R
30 3. 0 - - - - - - - - ¢ -
29 -0 0 - - - - - - - - - -
8 2 [ - - - - - - - - T -
T s ° 2 Co- 458 - - - T - s .
(L [ [} - - - - .- - T - - -
s 1 ] - - ? - - - 17 - 1 -
2 ° [} - - - - - - - 18 - 3
13 3 iR - hd 1 1 - - ] 2 1 8
n ° ] - - - qs8 - - - 11 - s
1" [}  § - - - S0 - - - 38 - 1
20 ] 0 - - 2 - 1 - 12 - s -
19 -] [} - - - = - - = - = s
18 1 [ - - - - - - 1 - - -
17 0 ] - - - - - - - - - -
16 2 [ 12 - - - - - - 1 -
13 7 0 - - 101 - - - 83 - 9 -
7] 2 1 - 2 a - 1 L 2 [}

13 [} 5 - - - - 1 - 26 - 2 .
12 [} 1 - - - - - - - - - -
n 0 1 - - - - b = d d s =

rounded o nearest whole n/coll and degree C.



Table CQ1-203, Number per collecton by tempersture’ of selected fahes and macroiovertebrates (o Oytrer Creek and Forked River. New Jersey for May 1976,

.No, Brevoorta Anchos Crangon Callinectes
Collectom tyrannus michiil ternspinosa : aapidua

Temp, (¢ ocC [0 oc ¥R oc R oC R oC R
20 5 [ 2 - 28 - 4 - 1] -

19 1 L] H}] - - - 1 - L] -

1" 1 1 - - 8 M o 4 n -

17 o ° - - - - - - - -

18 2 1 - - - 2 13 s 8

15 [ [} - - 1 3 b ] n [}

" ) ? - - - 498 - 133 - 4

$99-10

* counded t neaest whole n/coll snd degtee C.
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Table C1-204. Numbet per collection by tempesature’ of sclected fshes and macroloverfebrates (n Oymtes Creek &nd Forked River, New lersey from Juce through September 1978,

No, Brevoortia Anchos Pormatomus Cynoscion Led Crengon Callinectes
Collections fyrsnnus mitchil saltstriz regalls xanthuroy i3 nosa mpidug -
Temp, (O) oC R oc R oC__f oc FR__OC R oc R oc oc ®
38 2 o 1 - - - - - 1 - - - - - 2% -
35 [ 0 - - - - - - - - . - -
M ] 0 - - hd - - - - - 1 - - - 18 -
[ 3 [ - - - - - - - - 10 - - - L1 -
n 4 0 - - - - - - - - 47 - - - 4
31 12 2 - - " - - - - - 1 - - 2 23 s
0 10 0 1 - 15 - 1 - - - [ - - . 11 -
29 17 1 - 16 25 - 1 L] - - 29 2 - - 28 -
28 28 ‘s 4 2 [ 7 - 1 1 - 1 1 - 1 7 8
21 8 1 9 - 1 - 7 1 1 - 1 - - - . 4
26 [ 14 1 2 11 24 S - - - ] 4. - 9 [ 5
25 o 18 - - - 10 - - - - - 4 - s - 8
24 0 15 - 4 - 4 - - - - 5 - 10 - 1
23 0 16 - - - 13 - - - ] - 10 - [ - 6
2 0 2 - - d 66 - - - n - 19 - - - -
21 0 s - - - 8 ~ - - - 9 - - - 5

rounded T nearest whote n/coll and degree C.
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Table C1-20S8, Number par col by P ¢ of selocted flshes and taken in Oyiter Creek and Fotked River. New Jersey from October tunugh December 1976.
No, Brevoortis Anchos Pomatomus Cynotcion Let dop Crangon Callinectes
Collectiom snnus mitchiilt saltatrix tegalis xanthurus americanus feptemspinoss sapidus
Temp. (C) oc R oc [ oc oc [ R oc R “oC_- R oc FR oc FR
29 ] [] - - - - - - - - s - - - - - 15 -
7% ° [ - - - - - - - - - - - - -
n 0 ° - - - - - - - - - - - - - - - -
20 0 ° - - - - - - - - - - - - - - - -
19 3 ° 1 - - - - - - - 13 - - - - - n -
18 4 [} - - - - - - . . [ - 1 . - - 4 -
17 s [ 4 - - - 1 - 1 - L - - - - - 1 -
18- 3 1 2 - - ? 1 - - 1 1 - - - - 1 2 18
15 (] 2 - - - - - - - - - 4 - - - - - 4
14 L4 2 - - - 3 - - - 2 - 1n - - - - - 3
19 1 1 1] - - 1 18 - - 1 1 3 - - 1 - 10 4
12 1 2 (] 1 - 2 - - 1 1 2 - - 1 - H -
n 0 ] - - - - - - - - - - - - - - - -
10 5 [N 4 - - - - - - - [} - - - - - - -
9 6 [} - - - - - - - - - - - - 1 - 1 -
8 2 7 - - - 1 - - - - - L] - 9 1 - -
1 3 3 - - - 3 - - - - - - - - - 1 - 1
L} 3 4 - - - - - - - - - - 5 - s 1 1 -
S ] o 24 - - - - - - - 54 - - - ~ - - -
4 0 1 - 1 - - - - - - - - - - - - - -
3 [} 5 - - - - - - - . - - - 1 - L] - -
|} [ [ - - - - - - - - - - - - - 1 - -
1 9 2 - hd = - - bt =~ b - hed b - hd 1 - -

rounded to neasest whole n/coll and degree C.



Table C1-206. Length frequency distribution of Adantic menhaden measured for condition by
station from March through December 1976.

Station
Oyster Creek ' Forked River

Length (mm) 26 15 29 30 50 45 46

41-50 - - - 2 - - -

51-60 ' - - - 6 - - -

61-70 - - - 15 -+ = - -

71=-80 - - 44 16 - - 2 .

81-90 - - 13 2 1 - 1

91-100 - - 1 10 11 2 -
101-110 _ - - - 14 28 12 6
111-120 2 1 - 27 11 11 5
121-130 - - - 20 3 1 30
131-140 - - - 4 - 23
141-150 - - 5 - - 6
151~-160 - - 1 - - -
161-170 1 1 - - - -
.171-180 8 2 - 1 1 - -
181-190 11 1 - = 1 - 2
191-200 .13 3 - = - - 1
201-210 10 3 - - - - -
211~-220 10 4 - 1 -2 - -
221-230 19 8 - 2 - -
231-240 21 4 - 1 1 1 -
241-250 17 2 - - 3 - -
251-260 10 3 - - 6 1 4
261-2170 22 3 - = 3 - 1
271-280 19 3 - - 5 1 1
281-290 13 1 - - 2 1 1
291-300 6 - - - 1 - -
301-310 1 - - - 1 - -
341-350 2 - - - - - -

C1-668
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Table (14207, Length Bequency dirribution of Adantte had d far dirdon at station 28, OCGS condenser discharge, from March 1976 through Merch 1971

s ' 1078 : 1977

M Aprid Ma N b D b

Length (mm) : 9 22 4’ : 8 . (] hms.’ thl‘;", M‘ld’
101-110 - - - - - 1 19 1
111-120 - - 2 - - L] 11 28
121-130 . - - - - - .

191-140 - . . c : o : -
141-130 - - - - - - - .
151-180 - - - . . . - N
161-110 - 1 - - . . - -
1M-180 - 1 1 - . - - -
182-190 - ] s - - - - -
191-200 : - ) 2 - 2 - . i
201210 - 1 - - 3 - 1 .
21230 : ] ‘ . : ‘ : :
- - 12 4 [ 1
21-240 - 3 4 8 8 8 8 16
241-250 1 - L] 4 4 ] 3 8
251-260 1 1 s 2 1 4 - 1
261-270 4 1 11 s 1 - 1 .
271-280 9 2 s 3 - 2 - -
261-290 H] 3 4 1 - 1 - .
291-300 - 1 . - 1 - -
301-310 1 - - - - . - .
341-350 2 - - - - - - -

3 A ol of 12 were taken o § dates from 18 June tirough 23 September and were net Incluled In analyses,
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Table C1-208. Length frequency diitribution of bay anchovy measured far coodition by stadom from March through November 1976,

March = May June - August Septembes ~ November
Oynex Creek Forked River Ovyster Creek Forked River Oysues Creek Farked River

Len, om 15 S0 30 28 29 (] 45 40 47 15 50 3 28 29 8 45 8 47 15 S0 kL) 8 45 48 41
2125 : - - - - - - - - - - - - - - - - - - - - - - - - -
28-30 - - - - - - - - - - 2 - - - - 13 8 - - [} - - - -
91-38 - - - - - - - - - - - - - - - s 10 .21 - 1 10 - - ¢ -
3640 - - - - - - - 1 - 1 - - . - - ¢ 1 » - 18 L] - 1 ° 2
41-48 - 4 4 2 1 - 3 S - - - 4 - - 1 1 10 21 1 29 4 - T 28 L
46-30 § L} 10 - - - 21 11 - ] - 23 - 1 2 [ ] 15 2 - 17 2 - 11 an 2
51-88 8 10 23 2 3 19 40 16 - 1 3 28 1 1 7 20 15 - - 3 2 1 1 23 2
58-80 19 17 7 - 3 u 38 18 7 30 3 3 1 5 § 30 19 4 - - 1 - 2 8 -
6165 n 2 18 4 2 29 n 10 8 18 12 ] 1 3 2 14 2 16 - - - - 1 3 -
66-70 1 17 14 3 ] 4 10 s 9 8 4 2 2 L} 2 1 26 21 - - - - - 3

T8 1 1 ] - 2 1 4 1 s [ 1 - - - z 2 16 - - - - - 7

8- 80 . [ ] 2. 3 - 1 2 1 2 - 1 1 . - - - 10 s - - 3 - - s -
81485 4+ 13 - - - - 2 1 4 - - - - - - - 1 2 - - - - 1 1
86-90 - ] - - - 1 - - - - - - - - - - - 1 - - - - - - -
91-95 - 1 - - - - - - - - - - - - - - - - - - - - - - -
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“Table C1-209, Obsetvations or collectiont of dead or wrewsed wpecimera tn Oyster Creek and Forked River, New fersey from Merch 1978 theough Avgun 1977,

Locarion ocC oC oCc oc oC oc oC
Starion 28 9 38 7 27 18 0
Oste 21 April 76 21 Aprtl 76 T Aprit 18 12 Apri] 78 9% Apell 18 7 Apeitl 78 % April 78
Hout 1010 1046 1148 1% 1817 1240 1938
Alt Tempersture 19.0 18,0 7n.0 .0 7.0 mn.o 10.0
Water Tempersture. surface 15,0 5.0 0.3 1.5 21.8 .2 1.2
bottom - - n1 11.8 n.s 2%.0 2.9
Saltnity. wrface ‘11,0 21.8 20.0 20.0 20,0 20.0 20.0
bottom - - 0.8 20,0 20,0 0.0 20.0
Oxygen. wmrface 1.0 1.0 8.9 1.0 1.0 5.5 5.4
bottom - - LR 6.8 6.9 5.4 6.2
pH. wrface - - 11 1.7 1.7 - -
‘botrom - bt 1.8 1.7 7.7 - -
Brevoortia ryrannus - - - p - ~ <
Anchos mirchiilt - - 4 1] 3 - -
Urophycis regius - - - - - . - 1
Mugil curema 1 - - hd - - - -
Cancer Irroratus - - - - - 1 -
c sapiduy . 1 _many - hd : - d -
Remarks: Observed dend Obrerved dead Deod and decom- Dead and decom- Dead and decome Obtrved dead on Dead: in wawl
on heach on beach and posing; in wawl poving: In wawl poing: fn wawl beach; porsibly many .
{n wateg desd lih on mrface~

many gully observed
feeding
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Table C1-208. (cont)

oc ocC

Llocarton ocC oC oc oc oC
Station 30 13 50 27 15 26 50
Date 22 April 16 4 May 76 29 fune 18 12 Avgust 18 18 Augun 16 6 December 18 7 December 16
Hour 1347 L1340 1240 1087 900 230 948
Air Temperature 20.0 - £20.0 26,0 29.0 [ % ] 11.0
water Temperawre, mrface 23.2 14.8 n.7 0,0 20.0 ‘10.0 9.0
borom 22.9 15.0 - 29,8 30,0 5.0 (X
Sallnity wrface 20,0 20,5 24.6 2.0 29,8 95§ 3.0
bottom 20.0 20.0 - 1.0 .0 258 22.0
Oxygen. mirface sS4 1.0 8.5 1 8.9 12.0 [N ]
bortom 62 1.0 - 5.6 6.1 1.8 [X)
pHi. wmsface - 7.8 1.4 1.9 - 1.4 8.t
bottom - 1.8 - 1.8 hd 1.3 8.1
Anguiila rosrata 1 - - = - - -
Morone saxarills - - - - 1 - -
£rropus microstomus - - h = = - 1
Preudopleuronectes ameticanus - - - - = 1 -
Limuius polyphemus - - 1 1 - - -
Callinectes 1apidus - several 2 hd d b bl
Remarks: Dead; 1n mawl . Plant shut down Dead;: in wawl Dead; in oawl Otretved dend Desd with con- Dewd and decomping:
this-A. M., mobility on besch in wawl

of blue crabs gresdy

teduced

denser tube marks:
in oawl ’
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Table (1-203. (conu)

Locaton oc oc ocC oC oc oc oc
Stadon 15 26 50 27 50 28 26
Date 7 December 78 8 Isouary 11 11 Jssusy 17 11 Felruary 77 11 Pebruary 17 1 June 17 18 Joly 17
Hour 1101 - 980 1300 960 . 1200 930. 1021
Afr Temperanwe 9.0 -1.0 - 12.0 .0 21.0 29.6
water Tempersnxe, sneface 2.0 3.8 2.0 ‘6.8 T.8 20,0 28.8
bottomn 9.2 8.1 - 7.1 1.2 - 28.8
Salinity, nxface 2.0 25.0 - 23.0 u.0 1.0 24.0
- bareom 1.8 25,0 - 25,0 24,0 - 24.0
Oxygen, srface 6.6 11.4 - . 4.4 9.4 7.8 4.9
boctorn 9.0 10.6 - 12,0 9.0 - 4.1
pH, surface 8.0 1.8 - 8.0 8.1 - 8.1
bottom 8.0 1.8 - a1 8.1 - 8.1
trevoorua ryranmis - - - 1 - - ~
Anchoa mirchilll many - - - - - -
Morone smericans - - - - - - -
Pomistomus aatrarix - - - - - - -
Cyncscion regalls 1 - 1 ) - . - - -
Scophthalmus aquosus - - - . - - - 1
Preudopleuwronectes americanus - 4 - ) - - . -
Callinectes saphing hd o . - - 1 several -
Remarks: Dead and decorm~ Dead (2 with Dead adult Desd and Desd and decom= Observed dead Dead and partfally
poaing: g trawl condermer tube (2.4 kg) found pardally eaten; posing: in wawl oam beach eaten; In wawl
and obeerved along mazis): n wawl on besch tn oswl

shore
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Table C1-203, (cont,)

Location FR oC
Station 5 26
Date 19 luly ‘717 15 August 77
Hour 1107 852
Al Temperature 31.0 " 28.0
Water Temperature, surface 30,0 4.1
- bottom 30.5 32.3
Salinity, surface 26,5 25.0
bottomn 26,5 25.0
Oxygen, surface 6.2 5.9
bottom 5.8 - 5.8
pH, surface 8.1 7.7
bottom 8.1 7,7
_ Brevoortia tyrannus - -
Anchoa mitchfll -
Morone americana -
Pomatomus saltatrix 11
Cynoscion regalis - -
Scophthalmus aquosus - -
Pseudopleuronectes americanus - -
Callinectes sapidus - 1
Remarks: Dead and decom= . Dead and
posing; in gill net decomposing;

in gill net
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Table C1-210. Summary of heat shock studies for fishes and macroinvertebrates duriﬁg a period of

rising ambient water temperature from February through August 1977. Only studies which
produced a LT5( are listed.

: Experimental
Temperature (C) : Mortality . Mean
Date Acclimation Shock® Delta T C Percent Time (h)" LT50 (C) Length (mm)
Sand Shrimp :
27 April 15.0 - 26.0 11.0 - 0.0 48.0 27.6 37.2
' 15.0 29.2 C 14,2 100.0 48,0 38.9
15.0 32.0 17.0 100.0 0.5 37.1
_ Blue crab
25 July ° 20.0 29.2 9.2 12.5¢ 48.0 34.9 58.1
20.0 31.9 '11.9 10.0 48.0 62.3
: 20.0 3.9 14.9 0.0 48.0 59.4 -
28 July 19.0 : 38.7 19.7 100.0 2.0 o 70.9
19 August 25.0 _ 33.0 8.0 33.3¢ 48.0 36.7 95.5
25.0 - 36.0 11.0 20.0 48.0 69.7
25.0 -38.0 13.0 -100.0 24.0 104.3
- Atlantic menhaden
18 April 14.0 25.9 11.9 0.0 48.0 29.7 132.7
- 14.0 - 29.0 15.0 20.0 48.0 : 132.6
14.0 - 31.0 - 17.0 100.0 0.5 138.4

a Mean temperature of all observations.
b Time from start of test. :
¢ Some experimental mortality due to cannabalism, data not used to determine LTs50.
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Table C1-210. (cont.)

. . . _ Experimental
: Temperature (C) ' Mortality Mean
Date Acclimation Shock?d Delta T C Percent Time (h)D LTsg (C) Length (mm)
‘ . : . Atlantic menhaden (cont.)
11 July 20.0 - 26.2 6.2 0.0 48.0 29.6 65.8
. . 20.0 29.0 . 9.0 33.3 48.0 65.6
20.0 31.5 11.5 100.0 24.0 66.9
2 August 24.0 29.0 5.0 0.0 48.0 32.0 86.2
24.0 31.1 7.1 20.0 48.0 77.7
24.0 33.0 3.0 80.0 48.0 78.7
: _ Bay anchovy
2 May 10.0 18.0 8.0 17.6 48.0 23.9 - 54.0
10.0 : 21.0 11.0 9.5 48.0 51.4
: o 10.0 23.9 13.9 50.0 48.0 © 53.0
24 May 16.0 ©26.0 10.0 26.3 48.0 27.1 : 57.6
. ©16.0 28.9 12.9 ~90.5 48.0 53.4
16.0 32.0 16.0 100.0 0.3 ' - 58.2
11 August 25.0 29.0 4.0 20.0 48.0 32.0 22.6
o 25.0 : 31.1 6.1 25.0 ~48.0 23.0
25.0 33.9 8.9 100.0 - 24,0 22.5
. Atlantic silverside .
16 March . 10.0 20.9 . 10.9 0.0 48.0 24.5 _ 27.0
10.0 23.9 13.9 37.5 48.0 26.5
10.0 27.0 17.0 100.0 3.0 26.5
19 May ' 15.0 26.0 11.0 - 12.5 48.0 29.8 97.2
15.0 28.9 13.9 30.0 48.0 : 100.7
- 15.0 32.0 17.0 100.0 . 2.0 : 91.8
17 July 21.0 28.1 7.1 40.0 48.0 28.9 78.6
' 21.0 29.4 8.3 10.0 48.0 91.6
21.0 31.9 . 10.9 90.0 48.0 87.2
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Table C1-210. (cont.)

Experimental

Temperature (C) . ' Mortality : Mean
Date Acclimation Shock® Delta T C Percent Time (h)b LTsg (C) Length (mm)

_ Atlantic silverside (cont.) -
29 June 22.0 26.0 4,0 40.0 : 48.0 28.3 18.0°
22.0 28.9 6.9 30.0 48.0 : 19.2
22.0 32.1 10.1 66.7 48.0 ' 18.7
8 August 25.0 29.0 4.0 0.0 48.0 33.2 51.7
25.0 32.0 7.0 15.0 48.0 ' 49.8
25.0 35.0 10.0 100.0 8.0 50.0

Northern pipefish
27 July 19.0 29.0 10.0 20.0 48.0 30.5 165.0
19.0 32.0 ' 13.0 80.0 48.0 164.0
19.0 35.0 16.0 100.0 1.0 179.2
"Bluefish :

21 July 21.0 26.4 5.4 ' 0.0 48.0 29.2 90.8
. 21.0 32.0 11.0 100.0 - 48.0 88.1
25 August 25.0 _ '31.0 6.0 40.0 48.0 - 31.3 144.6
17 August 25.0 32.7 7.7 100.0 24.0 ' - 127.3
_ : Winter flounder -
24 March 5.0 21.4 16.4 20.0 48.0 22.7 113,6
5.0 24.9 19.9 100.0 . 48.0 122.7
' 5.0 27.9 . 22.9 -100.0 0.2 112.2
25 April 15.0 25.9 10.9 : 0.0 48.0 27.4 134.5
15.0 28.9 13.9 100.0 . 3.0 ' 129.2
15.0 32.1 17.1 100.0 0.1 130.7
16 June 20.0 26.0 6.0 11.1 48.0 - 27.0 - 42,6
20.0 28.2 - 8.2 100.0 24.0 41.5
20.0 1.7 100.0 0.5 40.6

3.7 1
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Table C1-211. Summary of cold shock studies of fishes during a period of rising ambient watet

temperature from February through August 1977. Only studies which produced a

LTsg are listed.

Experimental
Temperature (C) Mortality i ' -
Date Acclimation Shocka Delta T C Percent Time (h)b LT50 (C) Length (mm)
: Atlantic menhaden '
18 April 14.0 19,2 -4.8 ~10.0 96.0 7.5 132.3
14.0 5.3 -8.7 100.0 28.0 130.2
5 July 20.0 13.0 -7.0 0.0 96.0 11.1 64.3
20.0 9.2 - =12.8 100.0 48.0 62.8
Bay anchovy
2 May 10.0 7.2 ~2.9 '29.4 96.0 6.4 53.8
10.0 4.6 =5.4 100.0 24.0 "54.5

a. Meah temperature of all observations.
b. Time from start of test.
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Table Cl1-212. The effects of sudden temperature increases at rising ambient wvater temperature on sand shrimp from Februatry through August
1977. Times listed were at significant events although they may reflect a summation of events from one time period to another.

RANGE ACCL CONT EXP CoNT TIME (hre) EXPERIMENTAL

LENGTH (mem) SALINITY EMP ™me TEMP # ORG FRM START ' ] ¢ viTH PERCENT

DATE MIR MAX (ppt) ©) ©) ©) TESTED OF TEST ALIVE DEAD L.0.E.2 MORT
29 Mar 77 20.2 38.2 29.0 s 5.6 16.6 11 0.0 1 - - -
24.0 10 1 0 9.1
32.0 9 2 0 18.2
48.0 9 2 0 18.2

29 Mar 77 23.6 33.7 29.0 [ 5.6 19.1 11 0.0 10 - - -
2.0 9 1 0 10.0
32.0 ] 2 0 20.0
48.0 7 3 0 30.0

29 Mar 77 23.9 44.9 29.0 s 5.6 22.0 11 0.0 10 - - -
48.0 9 1 0 10.0

Apr 77 40,1 57.6 29.0 10 10.2 18.1 10 0.0 10 - - -
1t Apx , 2.0 9 1 0 10.0
48.0 2 0 20.0

7 45.4 60.2 29.0 10 10.2 21.6 10 0.0 10 - - - -
1 Apr 77 . 48.0 10 0 0 0.0

. 8.6 29.0 10 10.2 24.6 10 0.0 10 - - -
11 Apr 77 41.0 5 0.0 0 : : o
48.0 9 1 o 10.0

. 29.4 15 14.9 26.0 10 0.0 10 - - -
27 Ape 77 33.1 62.1 o0 o . s Z o

a. Less of equilibrlium,
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Table C1-212. (cont.)

RANGE ACCL CONT £EXP CONT TIME (hrs) EXPERIMENTAL
: LENGTH (mm) SALINITY TEMP TEMP TEMP # orG FRM START ¢ ] # viTH PERCENT
DATE MIN MAX (ppt) () © [(2) TESTED OF TEST ALLYE DEAD L.0.E. HORT__
27 Apr 77 3.6 46.0 29.4 15 14.9 29.2 10 0.0 11 - - -
. 3.0 9 2 [+] 18.2
6.0 6 s 0 45.5
6.0 5 3 0 54,5
26.0 1 10 0 90.9
48.0 0 1 e 100.90
27 Apr 77 33.5 42.2 28.5 15 14.9 32.9 10 0.0 10 - - -
. . 0.0 10 0 2 0.0
0.1 3 7 2 70.0
0.3 2 8 2 30.9
0.4 1 9 1 90.0
0.5 0 19 - 109.0



189-10

Table C1-21). The effects of sudden temperature increases a* rising ambient water temperature om blue crab {rom February through August

1977. Times li{sted vere at significant events although cthey may reflect 8 summation of events from one time period to another.

RANGE ACCL CONT EXP CONT TIME (hrs) . EXPERIMENTAL

LENGTA (mm) SALINITY TEMP TEMP TEMP ¢ ORG PRM START L [ . ¢ WITH PERCENT

__DATE HIN HAX (ppt) (C) () () TESTED OF TEST ALIVE DEAD L.0.E.% MORT

8 Jul 77 . 56.3 . 80.7 e 19 0.0 38.7 10 0.0 10 - - -
0.0 10 0 10 0.0
0.8 6 & § 40.0
0.9 4 6 3 60.0
1.3 1 o9 1 90.0
2.0 0 10 - 100.0

15 Jul 77 42.3 73.2 31.2 20 19.9 29.2 11 0.0 8 ’ - - -
. . 2.0 7 0 12.5
48.0 7 1 0 12.5

25 Jul 77 4h.0 76.0 31.0 20 ) -19.9 31.9 11 0.0 10 - - -
: S 48.0 9 1 0 10.0

25 Jul 77 48.3 15.2 31.0 20 19.9 %.9 11 0.0 10 - - -
. 48.0 10 e . 9 0.0

19 Aug 77 67.7 121.0 32.0 25 24,9 33.0 "9 0.0 9 - - -
24.0 8 1 0 11.1 .
8.0 6 3 0 3.3

19 Aug 77 55.0 8.2 23.0 25 24.9 6.0 9 9.0 10 - - -
1.0 9 1 a 10.0
6.0 8 2 4] 20.0
48.0 8 2 4] 20.0

19 Aug 77 78.6 133.4 32.0 25 26.9 8.0 9 0.0 9 - - -
0.2 9 0 1 0.0
4.0 9 0 1 0.0
6.0 7 2 1 22.2
8.0 7 2 1 22.2
4.0 e 9 D) 0.9

a. Losa of equilibrium



789-1D

Fable C1-214, The effects of sudden temperature incressaes at Tising ambient water temperature on Atlantfc menhaden from

February through August 1977. Times listed were at significant events although they may reflect a summation of eventa
ftomw one time period to another,

RANGE ACCL CONT EXP CONT TIME (hrs) . EXPERIMENTAL
LEMCTH (om) SALINITY TEMP TEMP TEMP ¢ ORG FRM START [ ’ ¢ WITH PERCENT
DATE MIN . MAX (ppt) («) () (C) TESTED OF TEST ALIVE DRAD L.0.E.2 MORT
9 Mar 77 102.4 . 181.6 25.8 10 10.0 20.9 10 0.0 9 - - -
. 0.2 9 0 1 0.0
3.0 8 1 1 1.1
6.0 7 2 2 22.2
24.0 4 5 0 55.6
48.0 4 s 0 55.6
9 Mar 77 105.4 128.8 25.8 10 10.0 231.8 10 0.0 10 - - -
0.1 10 0 1 0.0
2.0 9 1 1 10.0
3.0 ] 2 0 0.0
26.0 6 4 0 40.0
4R.0 .S 5 0 50.0
9 Mar 17 114.4 141.2 25.8 10 10.0 26.9 10 0.0 10 - - -
. : n.y 10 0 6 0.0
1.0 3 7 0 70.0
3.0 2 8 1 80.0
4.0 1 9 0 90.0
24.9 9 10 0 100.0
2 Mar 77 116.8 137.5 25.8 12 12.0 19.9 10 0.0 9 - -
0.1 9 0 1 0.0
48 9 0 0
Dovar 2T 118, 114.9 5.9 12 12.0 22.9 10 0.0 e - - -
0.1 10 0 1 0.0
24.0 e 0 1 0.0
48.0 10 0 b 0.0

a. Losa of equiltbrtum.



£€89-10

Table C1-214. (cont.)

T RANGE ACCL CONT EXP CONT TIME (hrs) EXPER IMENTAL

LENGTH (om) SALINITY TEMP TEMP TEMP f oORC FRM START [} ’ f WITH PERCENT

DATE MIN MAX (ppt) {0) € () TESTED OF TBST ALIVE DPAD L.0.E. MORT

2 Mar 77 99.0 139.0 26.0 12 12.0 25.8 10 0.0 10 - - -
0.0 10 | 0 10 0.0
0.7 9 1 2 10.0
2.0 7 3 0 30.0
48.0 7 3 0 10.0

18 Apr 17 126.6 161.6 27.2 14 14,2 25.9 10 0.0 9 - - -
: 48.0 9 0 .0 0.0

18 Apr 77 - 119.6 142.1 . 21.2 14 14.2 29.0 10 0.0 10 - - -
0.1 10 0 1 0.0
1.5 9 1 o 19.0
8.0 8 2 0 120.0
48.0 8 2 0 20.0

18 Apr 77 121.5 154.5 26.5 14 14.2 31.0 10 0.0 10 : - - -
0.1 10 3} 10 0.0
0.3 4 6 4 60.0
0.5 0 10 0 100.0

11 Jul 77 59.4 74.2 30.1 20 20.0 26.2 19 0.0 . 20 - - -
48.0 20 0 0 0.0

11 Jul 77 59.6 70.2 30.1 20 20.0 29.0 19 0.0 18 - - -
0.8 17 1 s} 5.6
3.0 16 2 s} 11.1
6.0 15 3 0 16.7
24.0 12 6 0 31.3
48.0 12 6 ] 33.2



%89-13

Table €1-214. (cont.}

RANGE ACCL CONT EX? CONT TIME (hrs) EXP R TMENTAL
LENGTH (mm) SALINTTY TEMP TEMP TPMP # orc FRM START ’ ] # wiTH PERCENT
_DATF. MIN HAX {ppt) (c) () () TESTED OF TEST ALIVE DEAD L.0.E. MORT
11 Jul 77 57.4 75.6 29.8 20 - 20.0 1.5 19 0.0 20 - - -
. 8.4 19 1 0 5.0
2.0 14 6 0 30.0
3.0° 10 10 0 50.0
4.0 5 15 o] 75.0
24,0 0 20 4] 100.0
13 Jut 77 118.5 130.8 30.7 20 20.0 29,0 13 0.0 13 - -
48.0 13 0 0 0.0
29 Jun 77 105.2 126.3 78.8 22 20.0 31.9 21 0.0 20 - - -
1.0 19 1 0 5.0
4.6 17 3 0 15.0
6.0 12 8 .0 40.0
24.0 5 15 0 75.0
48.0 4 16 a RO, O
2 Aug 77 69.1 91.5 1.0 24 2.0 29.0 8 0.0 9 - - -
65,0 9 9 0 0.0
2 Aug 77 65.8 83.4 31.0 24 25.0 31.1 8 0.0 10 - - -
6.0 3 1 2 10.0
8.0 a 1 0 20.0
48.¢ 8 2 0 2.0
2 Aug 77 714 89.0 . 1.0 26 . .25.0 33.0 8 0.0 10 - - -
. 3.0 6 4 1 40.0
4.0 4 5 0 60.0
6.0 2 8 0 20.0
48.0 2 8 0 30.0



G89-10

Table C1-215. The effects of sudden temperature increases at rising ambient water tempcrature on bay anchovy from February throuch August
1977. Times listed vere at si{gnificant everts although they may reflect 2 summatfon of events from one tine period to another.

RANGE ACCL CONT EXP CONT TIME(hrs) EXPERIMENTAL

LENGTH (mm) SALINITY TEMP TEMP TEMP # ORC FRM START [ [ F WITH PERCENT

DATE MIN L MAX (ppt) ©) (©) ©) TESTED OP TEST ALIVE DEAD L.0.2.0 MORT

2 May 77 44,6 73.8 28.9 10 10.6 18.0 19 0.0 17 -~ - -
6.0 17 0 1 0.0
8.0 17 0 1 0.0
24.0 14 3l 4} 17.6
48.0 4 3 4 17.%

2 May 77 45.1 56.6 28.4 10 10.6 21.0 19 0.0 21 - - -
1.0 21 0 1 0.0
2.0 20 1 1 4.8
3.0 19 2 0 9.5
48.0 19 2 o 9.5

2 May 17 44,8 58.1 28.2 10 10.6 23.9 19 0.0 14 - - -
1.0 14 0 5 0.0
2.0 13 1 1 7.1
3.0 12 2 1 14.3
6.0 9 5 2 35.7
24.0 7- 7 1 50.0

24 May 77 44.0 78.9 28.9 16 15.2 26.0 264 0.0 19 ~ - ~
’ 6.G 18 1 0 5.3
24.0 15 k] -1 15.8
28.0 - 14 5 0 16.3
48.0 14 5 0 26.3

24 May 77 43.3 64.7 28.9 16 15.2 28.9 24 0.0 21 - - -
. 0.1 21 0 2 0.0
1.0 16 5 1 23.8
2.0 10 o 1 52.4
3.0 H 14 0 66.7
48.0 2 19 0 90.5

a. Lou=s of eguilibrium.



989-10

Table C1-215. (cont.)

RANGE ACCL CONT EXP CONT TIME(hres) EXPERIMENTAL
. LENGTH (nwn) SALINITY TEMP TEMP TEMP ? orc FRN START ’ [] # vITR PERCENT
DATE MIN MAX (ppt) (c) (c) [(9) TESTED OF TEST ALIVE DEAD L.0.E. MORT
24 May 77 42,7 74.5 28.9 16 15.2 32.0 2 0.0 23 - - -
0.1 23 ] 23 0.0
0.3 0 23 - 100.0
11 Aug 77 19.5 29.9 32.0 25 24.9 29.0 28 0.0 15 - - -
0.8 14 1 [} 6.7
2.0 13 2 0 13.3
48,0 12 k] 0 20.0
11 Aug 77 18.7 26.8 32.0 25 24.9 31.1 28 0 24 - - -
0.3 23 1 1 4.2
0.4 22 2 0 8.3
4.0 B 3 3 0. 12.5
28.0 20 4 0 16.7
48,0 18 6 0 25.0
11 Aug 77 19.5 28.1 32.0 25 2.9 33.9 28 0.0 20 - - -
0.1 19 1 3 5.0
0.8 11 - 9 0 45.0
1.0 10 10 0 50.0
3.0 H 15 4} 75.0
2.0 [ 20 0 100.0



"L89-1D

Table C1-216, The eff(ects of sudden temperature increases at rising ambient watcr temperature

August 1977.

on Atlanti{c silverside from February through

Times listed were at eignificant events although they may reflect a summation of events from one ‘time period to

another.
RANGE ACCL (ONT EXP CONT TIME(hrs) EXPERIMENTAL
LENGTH (mm) SALINITY TEMP Te™MP TEMP # ORG FRM START [} [} # WITH PERCm_

DATE MIN MAX (ppt) (c) (©) (c) TESTED OF TEST ALIVE DEAD 1.0.E.8 MORT

16 Mar 77 83.4 103. 27.0 10 10.0 20:9 3 0.0 10 - - -
: 1.0 10 0 ) 0.0
32.0 10 0 1. 0.0
48.9 10 0 0 0.0

16 Mar 77 7.5 101. 26.5 10 10.0 23.9 9 0.0 8 - - -
1.5 7 1 0 12.5
4.0 7 1 1 12.5
8.0 7 1 1 12.5
24.0 5 3 0 17.5
8.0 5 3 0 3.5

16 Mar 17 8.9 8. 26.5 10 10.0 27.0 9 0.0 10 - - -
Q.1 10 - 2 Q.0
0.4 6 & 1 4.0
0.6 s s 2 50.0
1.0 4 6 1 £9.0
1.0 0 10 o 00.0

6 apr 77 70.2 9. 29.0 15 14.9 22.9 10 0.0 10 - - -
1.0 10 0 0 0.0
480 10 0 0 0.0

16 May 77 87.3 1064. 28.5 15 15.0 23.0 9 a0 10 - - -
0.1 i 0 2 0.0
0.7 10 N 4] 0.0
48,0 10 0 0 0.0

" 7 fi 9 3.0 15 14.9 26.0 10 ‘0.0 19 - - -
ree 1.0 10 o ) 0.0
4R.N 10 2 4] 0.0

a. Lons of equilidrium.



889-10

Table Cl1-216. (cont,)
RANGE ACCL CONT EXP CONT TIME (hrs) EXPERIMENTAL
LENGTH (mm) SALINITY. TEMP TEMP TEMP # OrRC FRM START [4 [4 # wITH PERCENT
DATE MIN MAX (ppt) (c) {C) () TESTED OF TEST ALIVE EAD L.0.E. MORT
19 May 77 83.9 101.9 21.5 15 14.9 26.0 10 0.0 8 - - -
0.3 8 0 1 0.0
2.0 7 1 0 12.8
48.0 7 1 0 12,5
16 May 77 84.1 95.4 28.5 15 15.0 26.1 9 0.0 10 - - -
0.1 10 0 (1) 0.0
48.0 10 0o 0 0.0
6 Apr 77 69.8 84.7 29.0 15 14.9 28.9 10 0.0 8 - - -
48.0 8 2 [ 25.0
19 May 77 92.4 114.7 27.5 15 14.9 28.9 10 0.0 10 - - -
0.1 10 0 2 0.0
0.2 9 1 0 10.0
0.3 8 2 0 20.0
48.0 7 3 0 30.0
16 May 77 75.9 99.1 28.5 15 15.0 29.2 9 0.0 10 - - -
1.0 9 1 0 10.0
2.0 ? 3 [ 30.0
48.0 ? 3 0 30.0
19 May 77 82.3 104,7 26.9 15 14.9 32.0 10 0.0 10 - - -
0.1 10 0 10 0.0
0.2 5 H 5 50.0
0.3 3 7 3 70.0
1.0 1 9 1 90.0
2.0 0 10 - 00.0



(cont.)

Table C1-216.
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069-~10

Table C1-216. (cont.)
YANGE ACCL~  CONT P CORT TOME (hre) EXPERIMENTAL
LERGTH (em) SALINITY ™me ™ 0 ? omc PRM START ’ ¢ # vita PERCENT
DATE MIN MAX _(ppt) (C) (c) (C) TESTED OF TEST ALIVE ZAD L.O.E. MORT
17 Jul 77 s4.7 102.1 29.8 b3l 19.9 3.9 9 0.0 10 - - -
1.0 9 1 [ 10.0
3.0 (] 2 0 20.0
8.0 s 2 1 20.0
24.0 3 ? () 70.0
48.0 1 9 0 0.0
29 Jua 77 4.4 23.4 20.8 22 19.9  26.0 10 0.0 10 - - -
. 2.0 9 1 [ 10.0
6.0 8 2 0 20.0
8.0 7 3 0 30.0
48.0 6 4 [} 40.0
29 Jua 77 14.4 29.5 28.8 22 19.9 2.9 10 0.0 10 - - -
) 6.0 9 1 0 10.0
24.0 7 3 0 30.0
48.0 7 3 0 30.0
29 Jun 77 16.3 22.3 28.8 22 15.9 2.1 10 0.0 9 - - -
8.0 8 1 0 11.1
25.0 6 3 o 33.3
48.0 3 6 o 66.7
8 Aug 77 35.9 6.4 31.0 25 25.0 29.0 20 0.0 17 - - -
s : 48.0 17 0 ] 0.0
33.1 62.7 3.0 25 25.0 32.0 20 0.0 20 - - -
& Aug 77 6.0 19 1 ] 5.0
2.0 17 3 0 15.0
48.0 17 3 0 15.0
40. 4 31.0 25 25.0 15.0 20 0.0 22 - - -
8 pug 77 0-1 6 0.5 21 1 0 ss
2.0 15 7 o 31.8
3.0 12 10 1 45.5
5.0 8 14 1 63.6
8.0 o 22 - 100.0




169-10

Table C!-217. The effects of sudden temperature increases at ri{stng azbient water temperature oo northern pipeflsh from February through
: August 1977. Times listed vere st significant events although they may reflect a summation of evente from one time period

to another.
RANGE ACCL CONT EXP CONT TIME (hrs) EXPERIMENTAL

LENGTH (m=) SALINITY TEMP TEMP =P ¢ ORG FRM START 4 ] [k PERCENT

DATE __MIN MAX (ppt) .~ (C) (c) () TESTED OF TEST ALIVE DEAD L.0.2.% MORT

10 May 77 137.0 210.5 29.4 15 15.0 23.0 10 0.0 10 - - -
. 0.1 10 ] [} 0.0
48.0 10 [} 0 0.0

10 May 77 114.5 215.0 29.4 15 15.0 26.1 10 0.0 10 - - -
0.1 10 0 0 6.0
48.0 10 0 0 0.0

10 May 77 ‘152.0 191.5 29.4 15 15.0 29.1 © 10 0.0 10 - - -
: 0.1 10 0 7 0.0
0.3 10 0 1 0.0
) 48.0 10 [} 0 0.0

27 Jul 77 116.0 216.0 31.5 19 20,0 . 29.0 10 0.0 10 - - -
: : : 0.2 10 0 1 0.0
0.5 9 1 0 10.0
48.0 8 2 0 20.0

27 Jul 17 121.0 202.0 3.5 19 20.0 32.0 10 0.0 10 - - -
0.3 9 1 0 10.0
0.4 8 2 0 20.0
26.0 6 4 2 40.0
28.0 4. 6 [} 60.0
48.0 2 8 2 80.0

27 Jul 77 125.0 239.0 3.3 19 20.0 35.0 10 0.0 9 - - -
. ’ 0.0 9 0 7 0.0
0.1 4 ] 3 55.6
0.2 3 6 2 _66.7
0.8° 1 8 1 88.9
1.0 0 9 i 100.0

a. Loss of equilibrium.



269-10

Table C1=21B. The effects of sudden temperature increases at tising ambient wvater temperature on bluefish from February through August
- 1977. Times listed were at significant eveats altlbuugh they may reflect a sSummation of eventm from one time pericd to another.

_RANGF. ) ACCL CONT EXP CONT TIME thre) EXFERIMENTAL

LENGTH (mm) SALINITY - TEMP TEMP TEMP f ORG FRM START ¢ K} f Wit PERCENT

__DATR MIN MAX (ppt) (c) (cy (€) TESTED OP TEST ALIVE - DEAD L.0.E.8 MORT

30 Jul 77 91.3 133.6 30.0 20 18.9 27.9 10 0.0 9 - - -
48.0 9 0 0 0.0

30 Jul 77 97.5 138.3 30.0 20 19.9 30.0 10 0.0 9 -~ - -
’ . 48.0 9 1] 1] 0.0

21 Jul 77 79.7 100.6 . 30.8 21’ 19.9 26.4 -1 0.0 5 - -
: 48.0 S o} Q 0.0

21 Jul 77 79.8 110.5 30.8 21 19.9 32.0 .5 0.0 s - - -
. 0.4 4 1 0 20.0
0.6 1 2 0 40.0
2.0 2 3 0 - 60.0
3.0 1 4 0 80.0
48.0 (4] S 0 100.0

25 Aug 77 116.0 166.0 30.4 25 24.8 31.0 - 10 0.0 10 - - -
. 1.0 10 0 1 0.0
1.5 3 1 1 10.0
6.0 ] 2 2 20.0
8.0 7 1 2 30.0
24.0 [ 4 2 40.0

. 148. . 32.5 25 2.6 32.7 10 0.0 19 - - -
18 Aug 77 106.2 3 . 13 3 1 5 10.0
4.0 7 3 s} 30.0
6.0 5 5 1 50.0
8.0 2 8 0 80.0
24.0 c 10 i) 100.0

4. Losg of equiitbriun.



£€69-10

Table 11-219, The effects of suydden temperature increases at rising ambient water temperature on winter flounder from February through
August 1977. Times listed were at significant events although they may reflect a summation of events from one time perfod
to another.

TRANGE ACCL CONT [343 CONT TIME(hre) FXPER IMENTAL

LENGTH (mm) SALINITY TEMP TEMP TEMP # ORG FRM START ] [ { viTH PRRCENT

DATE MIN MAX (ppt) ) () (c) TESTED OF TEST ALIVE DEAD L.0.E.2 MORT

2% Mar 17 91.2 145.7 28.0 5 5.1 21.4 10 0.0 10 - - -
2.0 8 2 20.0
48.0 8 2 0 20.0

24 Mar 77 78.2 158.5% 27.5 5 5.1 24.9 10 0.0 10 - - -
: 0.2 9 1 0 10.0
2.0 5 ] 1 50.0
3.0 4 6 0 60.0
4.0 0 10 0 160.0

2 Mar 77 73.7 1466.0 21.5 5 5.1 27.9 10 0.0 10 - - -
0.1 10 0 6 0.0
0.2 0 10 0 100.0

21 Mar 77 83.8 149.0 27.5 6 5.3 16.0 10 0.0 11 - - -
: 1.0 1t ] 0 0.0
48.0 11 0 [\ 0.0

21 Mar 77 84.6 127.7 27.5 6 5.3 19.0 10 0.0 10 - - -
1.0 10 0 0.0
48.0 10 ] 0 0.0

2t Mar 77 91.5 155.8 27.5 6 5.3 22.0 10 0.0 10 - - -
1.0 10 0 0 0.0
24,0 7 3 0 30.0
48.0 - 7 3 0 0.0

a. Losa o eguilthriuve!



#69-10

Table C1-219.  (cone.)

RANGE ACCL CONT EXP CONT TIME (hrs) EXPERIMENTAL
LENGTH (mo SALINITY TEMP TEMP TEMP # oRc FRM START [ [ ? WITH PERCENT
DATE MIN MAX (ppt) ) - () (c) TESTED OF TEST ALIVE DEAD L.0.E. MORT
25 Apr 17 103.7 181.0 28.9 15 15.0 25.9 10 0.0 10 - - -
: 48.0 10 0 0 0.0
25 Apr 77 110.4 143.4 29.0 15 15.0 28.9 10 0.0 10 - - -
1.0 6 4 1 40.0
2.0 t 9 1 90.0
3.0 0 10 - 100.0
!
25 Apr 77 112.2 163.0 29.0 15 15.0 32.1 10 0.0 10 - - -
0.1 ] 10 0 100.0
12 Jun 77 31.8 55,3 32.3 20 20.0 26.0 10 0.0 10 - - - -
4.0 9 1 0 10.0
24.0 6 4 0 40.0
2.0 - 5 5 0 50.0
48.0 5 5 0 50.0
16 Jun 77 38.0 50.7 32.6 20 20.0 26.0 15 0.0 18 - - -
24.0 17 1 0 )
4.0 16 2 0 11
16 Jun 77 11.3 56.1 32.5 20 20.0 28.2 15 .0 70 - - -
' : 6.0 19 1 0 5.0
24.0 0 20 0 100.0
12 Jun 77 36.2 53.4 32.3 20 20.0 29.1 10 0.0 10 - - -
2.0 10 0 1 0.0
4.0 7 3 1 30.0
6.0 ) 10 0 100.0



§69-10

Table Cl1-219. (cont.)
RANGE - ACCL CONT EXP CONT TIME(hrs) EXPERIMENTAL
LENGTH (mm) SALINITY TEMP TEMP TEMP ¢ ORG FRM START ! " ? WITH PERCENT
DATE MIN MAX - (ppt) ©) {C) {C) TESTED OF TEST ALIVE DEAD L.O.E. MORT
16 Jun 77 29.6 50.3 J2.5 20 20.0 1.7 15 0.0 20 - - -
0.1 20 0 4 0.0
0.2 19 1 10 5.0
0.3 3 17 4 85.0
0.4 1 19 1 95.0
0.5 0 20 0 100.0
12 Jun 77 32.0 48.4 32.3 20 20.0 32.0 10 0.0 10 -~ - -
' . 0.1 10 0 2 0.0
0.3 6 4 4 40.0
0.3 3 7 ) 70.0
0.4 0 10 0 100.0



969-12

Table C1-220. The effects of audden temperature decreases at rising amblent water tewpsrarure on sand shrimp from February through Auguet

1977. Times listed were at significant eveuts although they may reflect a summation of events from one time period to another.

RANGE ACCL CONT EXP CONT TIME(hra) EXTERTMENTAL

LENGTH (mm) SALINITY TEMP TEMP byt # ORG - FRM START ] ) ¢ ! PERCENT

DATE HIN MAX (ppt) () ©) (c) TESTED OF TEST ALIVE DEAD L.0.P.8 MORT

28 Mar 77 18.8 42.0 2.2 5 5.5 1.5 11 0.0 11 - - -
. 0.0 11 : 0 .0
43.0 11 0 0 0.0

11 Apr 77 41.1 65.6 25.1 10 10.1 2.3 10 0.0 10 ~ - -
1.0 10 0 1 0.0
2.0 10 0 1 0.0
96.0 10 0 0 0.0

a. loss of equilibrium



L69-10

Table CL-221.

The effects of sudden temperature decreases at rising ambi{enr water temperature on Atlantic menhaden from Feburary through

Augurt 1977, Times liated were of significant events although they may reflect a summarion of events from one time perfod
to another.
RANGE ACCL CONT EXP CONT TIME (hrs) EXPERIMENTAL

LENGTH (mr) SALINITY TEMP TEMP TEMP # ORC FRM START ’ ¢ f WVITH PERCENT

DATE MIN MAX (ppe) (¢) {C) (C) TESTED, OF TBST ALIVE DEAD L.0.2.2 MORT

9 Mar 77 115.5 163.5 24.0 10 10.0 3.9 10 0.0 10 - - -
' 0.1 10 0 7 0.0
3.0 9 1 6 10.0
24.0 1 9 1 90.0
32.0 0 10 [ 100.0

18 Apr 77 125.5 1641.2 23.6 14 14.2 9.2 10 0.0 10 - - -
72.0 10 0 1 0.0
76.0 .9 1 o] 10.0
96.0 9 1 L 10.0

A 17 118.6 140.7 24.0 14 14.2 5.3 10 0.0 10 - - -
18 Apr . - 0.1 10 o] 8 0.0
2.0 10 0 6 0.0
4.0 20 o] 4 0.0
2L.0 1 9 1 90.0
8.0 4] 10 - 190.0

1 57.0 76.4 2.7 20 20.0 13.0 20 0.0 20 - - -
5t - 96.0 20 0 0.0

55.5 7.0 22.8 20 20.0 9.2 20 0.0 20 - - -
5l 77 8.0 20 0 1 0.0
6.0 14 6 6 30.0
28.0 10 10 4 50.0
32.0 8 12 ? 60.0
48.0 0 20 v} 100.0

a.. Loss of equilfbrtun
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Table £1-222. The effects of sudden temperature decreases ar rlsing ambient vwater temperature on bay anchovy from February through August
1977. Times listed were of asignificant events although they may reflect a suzmation of events from one time period to another.

RANGE ACCL CONT EXP CONT TIME (hra) EXPERIMENTAL
. LENGTH (mmn) SALINITY TRMP >R ™" ¢ ORC PRM START ] [} $ VIiTH PERCENT
DATE MIN HAX {ppt) (c) () (c) TESTED OF TEST ALIVE DEAD L.0.E.2 MORT
2 Hay 77 46.9 58.8 21.6 10 10.3 1.2 19 0.0 17 - - -
i 8.0 17 0 1 0.0
28.0 17 0 3 0.0
32.0 17 0 3 0.0
48.0 12 ] 3 29.6
96.0 12 ] 0 29.4
2 May 77 48.5 67.0 23.5 10 10.3 4.6 19 0.0 14 - - -
: : 1.0 14 0 7 0.0
3.0 14 0 7 0.0
4.0 13 1 9 7.1
6.0 9 5 9. 35.7
26.0 0 14 0 100.0
6 Jun 77 45.2 62.3 23.2 14 4.9 13.1 .23 0.0 16 - - -
3.0 16 0 1 0.0
2.0 13 1 0 7.1
96.0 13 1 1 7.1
6 Jun 77 44,0 12.0° 23.2 14 14,9 10.0 23 0.0 19 - - -
2.0 19 0 1 0.0
8.0 18 1 3 5.3
24.0 16 3 0 15.8
76.0 4 5 0 26.3
96.0 14 5 1 26.3
46. 7. 21.0 15 15.1 12.4 21 0.0 20 - - -
31 May 77 6.8 3.1 . 1 09 n . ; o
28.0 19 1 0 5.0
72.0 1 0 5.0

19

a. Lomg of equilibrium,
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Table €1-222. (cont.)

RANGE ACCL - CONT [2+4 CONT TIME (hre) EXPERIMENTAL
LENGTR (wm) SALTINITY TEMP MNP TEMP # ORG FRM STRRT ’ [ ? VITH
DATE NIR MAX (ppt) (C) (%) (C) TESTED oY TEST ALIVE DEAD L.0.8.
31 May 77 48,2 71.9 23.0 15 15.1 10.5 il 0.0 22 - -
0.2 22 ] 1
8.0 22 0 2
28.0 20 2 4]
: 72.0 20 2 ]
24 May 77 44.0 72.0 23.9 - 16 15.1 9.3 24 0.0 19 - -
1.0 19 0 2
6.0 16 k] 2
26.0 11 8 3
32.0 8 11 0
96.0 S 14 0
26 May 77 43.8 67.8 24.5 16 15.1 6.4 r1) 0.0 18 - -
0.2 18 0 1
4.0 17 1 6
- 6.0 13 5 .4
8.0 13 5 9
26.0 0 18 ~
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Table C1-223. The effects of sudden tempcrature decreases at rising ambient water termperature on Atlantic sflverside frem February through
Auguat 1977. Times listed vere at significant events although they may reflect a sucmaticn of everts from ome tize perfed to

another.
RANGE - ACCL CONT EXP CONT TIME(hrs) EXPERIMENTAL
LENGTH (mm) SALINITY TEMP TEMP TEMP f ORGC FRM START [} ¢ # wite PERCENT
DATE MIN MAX {ppt) (<) © ) TESTED OF TEST ALIVE DEAD L.0.g.82 HMORT
14 Mar 77 66.3 106.4 24.0 10 10.0 6.0 10 0.0 11 - - - -
0.1 11 Q 3 0.0
1.0 10 1 9 9.1
3.0 9 2 0 18.2
28.0 8 3 0 21.3
72.0 7 4 0 36.4
14 Mar 77 66.5 96.3 26.0 10 10.0 1.1 10 0.0 11 - - -
' 0.1 11 o] 11 0.0
25.0 10 1 8 9.1
28.0 3 1 3 18.2
Tl.o 3 3 1 27.3
96.0 7 4 2 36.4
16 May 77 76.8 102.1 24,1 15 15.1 11.2 10 .0 10 - - -
: 48.0 9 1 0 10.0
96.0 9 1 0 10.0
16 Mav 77 T80 101.7 2.1 15 15.1 1.2 10 0.0 10 - - -
1 10 s} 0 c.
96.0 0 o] o 0.0
Q.1 22.8 11 10.0 16.8 10 0.0 10 - - -
18 Jul 77 18.4 3 o N N ; 0.0
4.0 9 1 1 10.0
8.0 9 1 1 0.0
140 8 2 0 20.0
5.0 8 2 0 20.¢

a. Loss of equilibrium,
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Table Cl1-223.

(cont .}

RANGE

ACCL CONT EXP CONT TIME (hrs) EXPERIMENTAL
. LENGTUL (o) SALINITY TEMP TP TEMP f ORC FRM START f ’ ¢ WITH PERCENT
DATE MIN MAX (ppt) (c) (<) (c) TESTED OF TEST ALIVE DEAD L.O.E. MORT
18 Jul 77 17.6 3.1 22.8 21 20.0 14.1 10 0.0 10 - - -
1.0 10 0 1 0.0
2.0 9 1 0 10.0
© 8.0 9 1S 1 10.0
264.0 8 2 1 20.0
96.0 8 2 1 20.0
18 Jul 77 17.1 33.0 22.8 21 20.0 12.7 10 0.0 11 - - -
4.0 10 1 4 9.1
8.0 9 2 k) 18.2
24.0 8 3 1 27.3
52.0 8 3 1 27.3
96.0 8 3 0 27.3
29 Jun 77 12.8 26.0 22.8 22 19.9 11.2 10 Q.0 10 - - -
’ ’ 3.0 6 4 1 0.0
4.0 5 5 1 50.0
6.0 3 7 1 70.0
8.0. 1 9 1 90.0
24.0 q 10 o 100.0
. - 22 19.9 6.3 10 0.0 10 - - -
29 Jun 77 15.2 22.9 22.5 o1 9 1 5 10.0
1.0 6 4 6 40.0
2.0 3 ? 3 70.0
3.0 1 9 1 90.0
4.0 0 10 0 100.0
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Tabte €1-224, The effects of sudden temperature decreases at rimlag ambient water temperature on northern pipefish from Fel;:uary through

August 1977. Timen listed were of significant eventa although they may reflect a summation of events from one time period
to another. :

RANGE ACCL CONT EXP CONT TIME (hra) EXPERIMENTAL

LENGTIl (mm) SALINITY . TEMP TEMP fyarid # ORG FRM START [} ¢ ©# wITH PERCENT

DATE MIN MAX (ppt) (©) () (C) TESTED OF TEST ALIVE DEAD L.0.2.° MORT

9 May 77 120.0 213.0 23.3 15 15.0 10.9 20 0.0 20 - - -
: o 52.0 19 v 0 5.0
96.0 19 1 0 5.0

9 May 77 108.0 196.0 23.3 15 15.0 7.1 20 0.0 20 - - -
72.0 20 o Y 0.0
96.0 20 0 0 0.0

4. Loss of equiltbrium.
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Table C1-225. The effects of sudden temperature decreases at rising ambient water temperature on winter flounder from February through

August 1977. Times listed were of significant events although they may reflect a summation of events from one time period
to another. .

RANGE ) ACCL CONT EXP CONT TIME (hre) EXPERIMENTAL

© LENGTH (mm) SALINITY e TEMP TEMP # ORG ~ FRM START [ ’ ¢ VITH PERCENT

DATZ MIN MAX (ppt) (€) (c): (<) TESTED OF TEST ALIVE DEAD L.0.E.® MORT

21 Mar 77 98.6 156.2 23.6 6 5.2 1.0 10 0.0 10 - - -
) 1.0 10 0 0 0.0
96.0 10 s} 0 0.0

25 Apr 77 96.5 160.2 21.3 15 14.9 1.0 10 0.0 10 - - -
1.0 10 0 10 0.0
3.0 10 0 B8 0.0
8.0 10 0 7 0.0
24.0 10 0 1 0.0
96.0 10 0 0 0.0

25 Jun 77 34.0 47.2 23.0 20 20,0 11.2 20 0.0 16 - - -
. . 96.0 16 0 0.0

25 Jun 77 3.0 42.8 23.0 20 20.0 5.7 20 0.0 18 - - -
1.0 18 [} 3 0.0
2.0 18 0 2 0.0
3.0 18 o 1 0.0
96.0 18 ¢} 0 0.0

a. Lloss of'o1u11£hriun.
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Nemfick! amd farfleld tempesatre in the Uvner Creek Generating tation discharge canal and Buncgil Bay under varinus operating regimes for the Uyswer (reek and Forked River Lenaating “tations.

Season

Predtcted Plume?

*fonth

Rav Temp. ()" Nearfield Temp. (C) Farfled Temp, (7). hy isatherm
A B c_ 0 4.4 3.9 1.3 .8 2.2 1.1 1.1 9.3 2.6
Non-tumrmer LAsTO? Jan 2.8 1e.8 10z 10,1 101 - 6.1 5.1 5.6 5.0 .5 19 3.6 3.4
Feh 3.9 n.1? 1.3 11,2 n.o - 7.8 .2 6.7 6.1 5.6 5.0 4.1 4.5
ar 6.1 13.9 13,5 13.4 13.4 - 10.0 2.4 8.9 8.3 "8 7.2 6.9 [
Ape mn.1 18.9 185 184 18,4 - 15.0 14,4 13.8 © 133 12,9 12.2 1.9 11,7
May 11,8 °s.6 25,2 251 25.1 - 21,7 211 20.6 20,0 19.5 18,9 186 10.4
Oct 158 23,3 22,9 2.8 224 - 19.¢ 19,8 182 11,7 112 16.6 153 18.1
Nev 10.0 17.8 1.4 1L3 17,3 - - 13,9 13,3 12,8 12,2 11,7 11 10.8  10.8
Dec 5.0 12,8 12,4 12,3 12,3 - 8.9 8.3 1.8 1.2 8.7 6.1 5.8 5.8
Summer LMSTO08 One dilurion pump
fun 23.3 .1 3.7 30,8 30.8 - 27,2  28.8 26.1 255 250 24.4 24,1 23.9
ful 26.7 345 34,1 34.0  34.0 - 30.6 10,0 29.5 289 284 278 21,§ 2193
Aug 26.1 .5 M,1 4.0 34.0 - 30.8 30,0 29.5 28.9 28.4 21.8 21.5 21.3
Sep 22.2 3.2 29.8 29,7 29.17 - 26,1 25,85 250 24,4 23,9 233 23,0 22.8
LASTOd Two Jdlluticn pumps
fun 23.3 29.8 29.5 295 29,4 27,7 27.2 26,6 26.1 255 250 %4, 24,1 239
Tul 26.7 33.2 2.9 229 3. 3.1 0.6 30,0 9.5 28,9 284 27, 27.% 270
Aug 26,7 3.2 2.9 39 w8 311 30.6 30.0 °9.5 28.9 284 7. 21,8 213
Sep o2 28,7 28.4 284 28.3 TR.6 26,1 5.5 5.0  t4.4 0,2 2 .0 22,8
Seavon Predicted Plume® *tonth Farfield, Area (10°m®) per tsotherm
[ I (U1 of 2 11 ni 0.6
h3H One dijoffon pur| .
Summer LTS fun P - n.76  1.31 1.98 .66 . 564 10,82 1615  25.4%
1l - 2.78 1.37 1,98 3.6 5.5 10, 2 16,15 25,48
“Auy - 0.6 1,31 1.98  3.67 5,84 10, %2 15,18 25,45
ep - LS 1.3" 1.98 3.66 S, A4 10, =2 e 1S L 0540
s iwo J{lutinn rn e
jun LS 3. 4.2 KIS S [ 3 14,1 0,09
Il [ 1 4.2 379 1n.21 14,91 24,54
Ane A 1.3 £.27 573 10.2t 14,91 24,09
op Tl 3,41 1.24 5,73 10. 21 14, M 24,03
1 )

P oKee Lawles,

Averyge Bay terneratire frow furns ant Lee, inc.
elly Fapineen (1977),

Manuke, ol

{1974y,
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Tahle ;]-‘_’.‘1. Torai numher anj nescent of Atlantic mentuaden collected from Barnecat Bay, New Jersey by sres from September 1976 through Auguit 1977,

NUMBER
Septenibes Qutobes Novemnbes Decembe January February March April May June July August Total
Croek Mouths - ki - - - - - - - - - 1 s
Forked River 14 $ 8 2 - - - - - 3 3 § 100
Oyster Creek “ 19 234 7 20 14 L3 - 1 s 36 10 434
(XS Screens 291 11. 161 18, 564 2,219 37 125 518 110 2 - M 890 38, 020
0OCGS Condenser Discharge 1 . 8 k) 4 114 1,348 187 - - 7 - 1, 123
fotsl . 0T 11, 191 18, 337 2,391 17 1,487 149 110 3 42 423 906 31, 340
Ta“le +1-227, {cont).
PERCENT
Cepiect her itoher Yover.ber Viecenther January February Aar-h April May june Tuly August
Ceeel Mouths - - - - - - - - - - 0.1
farked Plver 1.5 0.1 . 0.1 - - - - - .1 0.1 0.6
Oyster Creek 19.4 0.2 1.2 .0 11,7 1.9 0.5 - 33.3 9 A% 1.1
OCGS Srrcers 10.4 99,1 78,6 95,1 21.6 8.4 .2 100,0 66,7 - 82,1 98,2
OCGS Condenser Discharge 1.7 0.1 0.2 1.9 63,7 90,8 22.3 C - - - 1.1
Total 100.9 100,1 100,06 102.0 190, 0 100, 0 130,0 127.0 100, 0° 108,90 100.0 100.0




Table Cl-228. Number and percent of Atlantic menhaden in each age class far specimens examined
from September 1976 through August 1977, '

Age No. Specimens To
0 _ 1353 | _ ' 78.0
1 _ | : 18 4.5
2 ; 53 ' 3.3
3 ' 169 9.7
4 o : . 60 3.5
5 _ | ' 13 . 0.7
6 2 ' 0.1
1 _ . : 1 o _ T 0.1
8 : 1 : 0.1
‘Total 1735 1.00'. 0

Table Cl1-229, Number and percent of Atlantic menhaden by sex in each age class for specimens examined
from September 1976 threugh August 1977. ' '

Number ' Ga Significance
Age Male - Female Male Female _X2 (P20.05)
0o 242 196 55.3 4.7 4,83 ~ MD>F
1 37 3g- 50.7 . 49.3 0.03 NS
2 26 - 3é 44,8 - 55.2 0.62° - NS
3 BT 98 ' 42,0 58,0 . 431 - EDM
4 21 39 35,0 65,0 © 5,40 .' FO> A
5 9 4 - - N -
6 1 1 - - - -
7 1 0 - - - -
8 0 ! - - - -
Total | 408 409

c1-706
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Tahie (1-20100. Number of wale and femsle Atlantic menhaden examined from Sarnegat Bay. New lersey from September 1974 through Auguat 1977,

Creek Mouthy X2 Eothed Rives X2 _Oytter Creek X2, OCGS Screens  x? Cnndeor-c::\bchnge x2 Totals x?

\Msles Femrales test Malea Females tem Males Females test Males Females rtest Males Females test m‘_ gmeles  test
September [ 0 L] 1 4 L - 25 3s NS 4 1 - ag 5T NS
October _ . 0 1 [ 1 2 H - 23 6 (F>M 0 [ - 28 63 C(F>M
November [] [ 4 ] 20 25 NS s a7 NS s 21 CFDM (" “ NS
December 0 L] o 1 17 12 NS LR “ NS 13 NS 63 19 -
anuary [] [ [ 0. 2 2 - 10 s - 29 b NS 40 k1] NS
Februsry o 0 0 o 1 1 - 30 37 NS 25 18 NS 56 [ N§
\tarch ) 0 ] [ 0 3 3 - 3 40 NS as 3 NS 59 1% NS
Apetl 0 0 [ ] [] ] - 19 52 " (EDM 0 0 - 19 2 (M)
May [ 0 0 ] [ [ - 0. 1 - [ o - 0 1 -
fune 0 0 - 2 1 15 20 NS [] [ - .0 0 - 17 2 -
tuly . o 0 0 2 1 8 - 0 2 - 3 4 - 8 16 .
Auyut . 0 [J 1 9 3 4 - 17 6__ (> (] [ - 21 40 S (F>AD
Total ) 1 13 17 &R 95 247 M3 13 129 i1 58T

NS IEEYS) S (F>A) S B

" NS - not stunificant

« a2 significant st P 0,08
£ M = tiemhcently more females than males



Table Cl1-231. Summary of comparisons of mean lengths of male and female Atlantic menhaden from
‘Barnegat Bay, New Jersey by age class from September 1976 through August 1877,

‘Standard
Age . Number Mean Deviation Results®
0+ Male 243 . 113.8 13.8 437 = 1.04 NS
Female 196 115.2 14.2
1+ Male 31 151.9 28.6 _ t73 = 0.49 NS
Female 38 148.6 29.8
-2+ Male 26 2117.1 10.1 tsg = 1.16 NS
Female _ 32 211,6 _ 22.5
3+ Male ' 71 224.2 - 12.8 . 19g7 = 3.24 *
' Female 98 231.8 16.5 '
4+ Male 21 259.1 20.5 = 15g= 2,24 °
Female 39 246.5 _ 20.9

8 NS = not significant
* = achieved significance at P € 0.05
** = achieved significance at P < 0.01

Cl1-708



Table Cl1-232, Number and mean length of Atlantic menhaden by age examined from Forked River,
Oyster Creek, OCGS waveling screens, and OCGS condenser dzscharge from September
1976 through August 1977,2

Forked Oyster 0CGSs OCGS Condenser

Age _ River Creek Screens Discharge
o+ number 77 246 844 184
mean 111 103 111 108
1+ number - 40 32 -
mean - 132 1617 -
2+ number - _ - 40 . 13
mean - - 214 222
3t number - - - 102 57
mean - - o227 232
4+ number - _ - 25 26
mean _ - - 252 254

8  means calculated when 10 or mare specimens taken in an area.

Cl1-709



Table Cl-233. Lengths of Atlantic menhaden examined from September 1976 through August 1977 as
calculated from annulus measurements.

Number . Calculated Lengths Standard Standard 95% Confidence
Age Examined Min ‘Max Mean Deviation _ Error Interval
Males '
1 _ 165 90 178 126 18.6 1.5 123 129
2 B 130 141 227 178 1.2 - 1.5 155 181
3 104 m 255 212 17.3 1.7 209 215
4 32 184 285 247 22.5 4.0 239 255
5 11 23 287 265 16.9 5.1 254 276 -
Females |
1. 216 85 194 125 18.8 1.3 123 128
2 175 132 228 178 - 19.6 S - i75 181
3 143 163 2173 213 . 20.5 1.7 210 217
4 .45 194 301 236 22.5 3.4 230 243
5 6 - 229 200 271 26. 6 10.9“ 243 299

Table C1-234, Results of t-tests between calculated mean lengths of male: and female Atlantic’ menhaden -
from September 1976 through August 1977,

Age Results?
1 ty7g = 0.52 NS
2 R | : taoa - 000 N5
8 _ : - 145 = 0.40 NS
4 _ ' . tgg = 2,11 * (M>F)

NS = Not Significant at P < ,05
* = Significant at P < .05
M >F = Males significantly larger than females.

Cl-710



Table C1-235.The length-weight relationship of Atlantic menhaden taken in Barnegat Bay, New Jersey
from September 1976 through August 1877,

Males ' : Slope 2.9420
95% Confidence Interval 0.039
Intercept o e
Number Examined 505

Females Slope” - 2.9998
95% Conﬁdencé- Interval 0.044
Intercept : -4, 17873
Nurmnber Examined | 588

Pooled - Slope | ' 3,0437
95% Confidence Interval 0.020
Intercept -4, 8919
Number Examined 2081

C1-711



¢1L-1D

Table C1-236, Goned condition of male and female Atlantic menhaden examined from Barnevat Bay. New lersey from September 1976 through August 1977,

Immature Maure

Gonad Conditdon

Enlerged Ripe Spent . Total
Age Male Femnale Male Female Male Female Male Female Male Female Mele Female
0 243 196 - - - - © - - . - 242 196
1 36 R L) 1 - - - - - - - 1 38
1 12 ? : L] 15 ] s - - 1 s 96 ™
s 10 s - 3 18 38 8 1 3 1% 2 98
4 1 - 1% 19 § 19 1 - 1 1 21 "
5 - - [} b 1 1 - - 1 - 9 4
8 - - 1 - - - bl hd hud ] 1 1
Total B 301 S 60 90 30 41 10 2 ] 29 401 408
Pescentage of specimens fot each gonad condition
Gonad Condition X
Immature Mature Enlarged Ripe Spent Total
Age Mate Female Male female ale Female Male Female Male Female Mate Eemals
0 59,5 48.0 - - - - - - - - 58.5 48.0
1 8.9 9.9 0.2 - - - - - . - - 9.1 9.3
2 3.0 t.3 %.0 3.7 1.2 1.2 - - 0.% 0.1 6.4 1.8
s 2.5 0.7 1.9 13.0 4.4 8.9 2.0 0.8 0.7 2.9 17.8 24,0
4 0.2 - 2.9 4.7 1.2 3.2 0,3 - 0.2 1.7 5.0 9.8
13 - - 1.5 0.1 0.5 0.2 - - 0,2 - 2.2 0.9
[ - - 0.7 - - - - - b 0.2 9.2 . 0.2
Toted T4.1 60.9 14,7 22.1 7.3 11.5 2.5 0.5 1.3 5.3 99.9 99.8
i
Pucenl‘.g: of specimens In each gonad condition by sye clas
Gonad Cond ition
Immsture Manue Enlarged e Rlpe Spent Total
Ave Msle ve~ale Mate Female tale Fermate Male Female Male Female hiale Femsle
0 19¢.9 100.0 - - hd - b - - - 10,9 100.0
| 9.3 i00.0 2.7 - - - - - - - 100.0 1000
] 6.1 28.1 30.8 46.9 19.2 15.8 - - 3,8 .4 99.9 100.0
14.1 L ] . 1 2.4 28.6 11.3 7.0 4.9 12.2 100.1 100.0
3 4.9 - $1.1 48,7 23.8 33,3, N ] - 4,8 9 100. 0 99.9
‘ - - A7 16,0 22.1 5.0 - . To11,1 100.0 100,0
. - - 100.0 . - - - - - 100.0 100.0 100.0
L)
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Takle €1-237, Summary of results of one-way ANOVA or t-test and SNK multiple range test applied t condirion data for Atlantic menhaden examined from September 1976 duough August 1877,

Length {mm) Months Results of ANOVA t-test® Resulo of SNK multiple range end
50 - 109 Sept-Now F,205 = 25.32 . STA Oyster Creek OCGS Screems Farked River
. | S 19,87 16. 52 14.78
N 40 _ 46 2
N Condeoser - R
90 - 109 Dec-Feb F2,256 = 10.29 STA Oyster Creek 0OCGS Dicharge OCGS Screems
. K 18.91 18,09 . 16.89
N 56 11 . 1248
Coode nser
90 - 109 . MareMay tyr = 1.56 STA OCGS Discharge 0CGS Screern
NS K. 11,717 15.76
’ . N 20 19
00 - 100 Iun- g - : STA OCGS Screem
g K 11.84
N . 83

& o achieved sigalficance at P < U5
NS - not-slgntiicam

% <uatlon group, mean condition (V), and number of specimens examined (N} are given, Mears underlined are oot significandy different,



Table C1-238. The number and percent by category of Atlantic menhaden from Barnegat Bey, New JefSe)'
with abnormalities examined from September 1976 through August 1977,

% of All Specimens

. _ % of Each
Disease or parasite only: Number Category Examined
Lernaeenicus spp. 236 88.4 11.6
Olencira praegustator 22 8.2 1.1
Fin Rot 4 1.5 0.2
Lernaeenicus spp. and 0. praegustator _5 _1.9 0.2
' 2617 100.0_ 13.1
Mechanical damage only:
Probably dead at time of capture 3 . 0.3 0.1
Scales missing 813 90. 6 40.1
Scales and flesh missing 34 .3.8 1.1
Fin damaged 10 1.1 0.5-
Eye damaged 3 0.3 0.1
Scales missing and fin damage 34 3.8 1.7
897 99.9 44,2
Genetic only:
. Fin abnormality 4 100. 0 0.2
Miscellaneous only: _ _
Scar present 3 100.0 0.1
Mulngle trauma:
Probably .dead at time of. caprure and 3 0.7 0.1
Lernaeenicus spp. '
Scales missing and Lernaeenicus spp. 259 1.7 12,17
Scales missing and Q. praegustatx 42 : 10.0 2.1
Scales missing and fin rot T 1.7 0.3
Scales missing, Lernaeenicus spp., and 11 2,6 0.5
O. praegustatar :
Scales and flesh missing and Lernaeenicus 13 ° 3.1 0.6
Spp.
Scales and flesh missing and 0. Eraegustator ' 2 0.5 0.1
Scales and flesh missing, Lernaeenicus Spp. and 1.7 0.3
. praegustator
Fin damaged and Lemaeenlcus spp. 3 0.7 0.1
Fin damaged, Lernaeenicus spp. and O, praegustator 1 0.2 6.1
Eye damaged and Lernaeenicus spp. 2 0.5 0.1
Scales missing and fin damage : 15 3.6 0.7
Scales missing, fin damaged, and Lernaeenicus spp. 4 1.0 0.2
Scales missing, fin damaged, and O. praegustator 4 1.0 0.2
Fin abnormality and Lernaeenicus spp. . 1 0.2 0.1
Fin abnormality and scales missing 9 2.1 0.4
Scar and Lernaeenicus spp. 15 3.6 0,17
- Scar and scales missing 4 1.0 - 0,2
Scar, scales missing, and Lernaeenicus spp. 10 2.4 0.5
Scar, fin damaged, and Lernaeenicus spp. 7 1.7 0.3
' 419 100. 0 20.3
Normal: 441 100.0 21.17
Total 2031 99.6

Cl-714 -
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Table C1-239, Number and percent ®f all normal and abnormal Atlantfc menhaden examined from Barnegat Bay, New Jersey from September 1976
through August 1977,

Diseased . :
Number and Mechanically Genetic - Miscellaneous Number
Noarmal Parasites Dainaged Abnormalities Abnarmalitles Examined
Forked River 49 ' 31 13 0 0 95
Oyster Creek ) 121 113 118 3 5 339
OCGS Screens . 100 425 : 1,076 " 10 9 1,251
OCGS -Condenser Discharge 168 : 106 96 1 : 19 . 2
Totals 438 681 . 1,303 14 ’ 33 2,027
% Diseased - %o . %o : D
% and Mechanically - Genetic Miscellaneous
Normal Parasites . Damaged ___Abnormalities Abnormalities
Forked River 51.6 38,9 . - -13.1 - -
Oyster Creek 35.1 33.3 ' 34.8- 0.9 1.5
OCGS Screens : 8.0 34,0 86.0 - 0.8 0.7
OCGS Condenser Discharge 49,1 31,0 28.1 0.3 5.6

3 Because of multiple trauma, total percentage will exceed 100%;



Table C1-240. Number, mean length and standard deviation for each mode of bimodal frequency

diswibution of bay anchovy examined from July 1976 through December 1976 and
July and August 1977 from Barnegat Bay, New Jersey. '

July August : ‘September October
Number | 9 675 181 369 208 . 85 145 200
Mean 27 - 57 34 64 40 61 42 70
Standard Deviation 1.9 5.5 5.1 6.1 - 5.3 4.2 6.6 6.1.
November December _Julj : August
Number 51 39 5. 22 37 610 334 425
Mean _ 36 70 43 69 25 6 32 65
Standard Deviation 8.9 6.0 6.0 4.3 4.4 6.8 4.6 | 5.9

- Cl-716



Table C1-241. The length-weight relationship of bay anchovy taken in Barnegat Bay, New Jersey from
September 1976 through August 1977, _

Males Slope 3.1105
95% Confidence Interval 0.049
!ntercept | -5.2834
Numb& P;xamined 1318

Females Slope _ 3.1170

| 950 Confidence Interval 0.035

Intercept - -5.2825 .
Number Exﬁmined _ : © 1671 |

Pooled | 31o§e | 3.0747
95% Confidence Interval 0,039
Intercept ~5.2179

Number Examined 3294

c1-717
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Table C1-242, Sormoary of results of vos-way ANOVA anmi SNK muiripls range tast applied to conditios dets for bay ined from S

Leogth (wm) Moot Resuln of ANOVA® Reraim of SNK mubitole range seer®
w-u Sept-Nov LYPTRRR STA Crosk Mowly Oymer Creak Farksd River
: - x Ko7 e ae
n 23 b ”
0 - 69 Mar-May F3 133 = 423 STA Farked River Creak Moute Oywase Cresk
- 1 3 [ § ) .= 8%
N " @ 28
12°6-% fae-Avg Ty q12 = LM sTA Croakt Montts Oymer Creek Porksd River
NS K s.99 - 6.8 s.28
" p-) ) 129
60 - 89 . Jon=Aug '3.730 = 18.71 STA CQreck Mouthe Oyster Creek Farked River
- X : [ 9 ) ’ 8.88 8,49
N 188 161 220

5.28
185

! = o schioved rgnificance st #<0.01
NS = oot significam

% Searion group, mean conditoa (K), and mmbet of spocimens examined(N) ewa given. Meem exierlined ers oot rignificandy different.
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Table C1-249.

Number of male and female bay sochovy exsmined from Bamegst Bay, New jersey from Ceptember 1976 through Auguat 19717,

Cresk Mooty X3 8 Porked River x* Oyitar Croek X7 OCGS Scresra  X° All Specimens X2
Males Females test Males Femsles test Males Pemsles test Males Females tew Maley Females test
Septotnber - - - '] @ N 18 « NS © 80 n NS 13 1688 S (FOW
Octobee 20 1 NS ® L) NS 1] 1 N e ” NS 1| 180 ns
November - 1 - s H - ] 1 - [ n  ws os 10t NS
Decerbar - - - - - - 1 - - 1 14 NS 14 14 Ns
[ros - - - - - - - - - 1 - - 1 - -
February . - - - - - - - - - - - - . -
| March - - - . - - - - - - - - - - -
Awtl - - - - - - 18 s S(F>M N ] NS 107 lis NS
May . 50 NS " " OSEDM W “ NS " " NE 10 nus NS
1one ) n N = n s « s spdM - - - 16 BT S(OM
Inty ® 58 NS n 109 NS " 108 NS 54 M S(EOM ST M4 S (FOM
Augut - __ 80 S(F>M 48 101 S(r>M 80 [ ] NS 84 109 NS 226 _ 338 S (FOM)
Total 338 I E0 451 317818 490 881 1918 1670

NS S (F>M S (FOM) i S (F>M S (M

* M3« wot significent
§ « ggndficent at PS_D. 03
F>M » gignificently more femates than males



Table Cl-244. Number of msle and female bay anchory exsmined from Bamegat Bay, New fersey by gonsd condition from Septamber 1976 through August 1911,

0ZL-10

Creek Mouths” Forked Rives Oyttt Creek OCGS Screems

-1 M I R PS S 1 M E R . PS L] 1 M E R PS § 1 M .4 PSS

Sepramber Male - - = - - - 0 15 - - - - 1 1] ) - - - . g8 3% - - 8
Female - - - - - - 28 18 = - - - 33 9 = - - - 10 80 - - 1

October Male ¢ 14 - - - - 13 3¢ - - - - [ [ 2 - - o 1 88 - - 1
Female 8 1 - - - - 1 - - - 3 3 g8 = - - - s 8 - . =

November Male LI - 8 - - - - 8 1 - - - - - & - .- 1
Female - 1 - - - - - 1 « - - 7 - - - - - 9 - - 1

December Mala - - e - - - - - - - - - 1 - - - - . - 19 - - =
Female - - - - - - - - - - - - - - - - - - - 13 - - 1

fenuary Male - - - - - - - - - - - - - - - - - - ] - - - -
Fernale - - - - - - - - - - - - - - - - - . - - - - -

Febeuary Male - PO - - - - - . - - - - - - - - - - - - - =
Females - - - - - - - - = - - - - - - - - - - - - - -

March Mala - e e e e . e e e e - . T - e . - -
Female - - - e - - - - . e - - - . - - R - - - - -

Apefl Male - - - - - - - - - - -« 11 8 - - - - ?n - - -
Female - - - - - - - - - - - - M 1 - - - - 80 - - =

May Male - 14 48 [y . - - s &2 1 - - - 17 2 10 - - 8 13 - -
Female - 290 21 - - - - B & - - - - 9 38 - - - - 18 q - -

Jume Male - - 18 8 1 - - 1 n 3 1 - - 118 2w - - - - - - -
Female - 2868 - 1 - - 43 3 5 1 - emTm 1 1 - - - - - -

Taly Male T ¢ - S | - 1 2 n -85 1 - 2 4 16 4118 - . . 39 10
Female - =11 - 4 18 1 228 18 1 57 - 519 15 8 s - 22 1 3-38

August Mate 1 9 - - 14 12 172 1w - - 5 7 13 18 - 20 ) 2. 20 - 18 34
female 10 19 - - 8 45 7 & 1 1 103 18_18 4 - 8 - 8 18 - 118

S |« immature M« matue € v enlarged. R = tipe.

PS = partisily spent, S = spent



Table C1-245. The number and percent by category of bay anchovy from Barnegat Bay, New Jersey with

abnormalities examined from September 1976 through August 1977,

% of Each % of All Specimens
Number Category Examined
Disease or parasite only: _ ’
Lernaeenicus spp. 3. 75.0 0.1
Fin Rot ' 1 25.0 - <0.1
4 100.0 0.1
Mechanical damage only:
Probably dead at time of capure 47 1.6 1.4
Scales missing 2880 95.5 87.4
Scales and flesh missing 24 0.8 . 0.7
Fin damaged 1 <0.1 <o0.1
Eye damaged 22 0.7. 0.7
Scales missing and fin damaged 42 1.4 1.3
- ' 3016 100.0 91.5
Multiple trauma:
Probably dead at time of capture and 3 1.3 0.1
Lernaeenicus spp.
Scales missing and Lernaeenicus spp. 221 93.6 6. T
Scales missing and eye damage 3 1.3 0.1
Scales and flesh missing and Lernaeenicus spp. . 1 0.4 <0.1
Scales missing, fin damaged, and Lernaeenicus T 3.0 0.2
spp. :
Vertebral deformity and scales missing 1 0.4 <o0.1
236 100.0 7.1
Normal: 41 108.0 1.2
Total 3291 - 99.9

Cl-721
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Table Cl-246. Number and percent® of all normal and abnormal bay anchovy examined from Barnegai Bay, New Jersey from September 19786
through August 1977, o : : '

Diseased Total No,
Number . : and Mechanically ' Examined
Narmal : Parasites Damaged ' Each Area
Creek Mouths ' 3 12 531 534
Forked River 20 31 ' 893 ) ’ 913
Oyster Creek 9 26 7617 . 118
OCGS Screens 9 164 1,061 1,072
Totals 41 : 239 3,252 3,297
% Diseased %o
% and Mechanically
Narmal . ' Parasites Damaged
Creek Mouths ' 0.5 2.2 99.4
Forked River 2.2 4.1 97.8
Oyster Creek .2 - 3.3 98,6
OCGS Screens 0.8 15,3 99.0

2 Because of multiple rauma, percentages will exceed 100%,
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Table CI-241. Total mimber and percent by srea of Atlande stiverside collactsd by sses tn Samegat Bay,

New Jersoy fom Januery 1976 twough Augus 1977,

Number
1078 19M
Jan'  Feb® Mar A May  June fuly Aug  Sep Oct Nov Dec Jan  Feb Mm  Ap . Juna® } A Total
Soy 53 81 353 380 378 407 1,504 “ - 28 2 [ - = 2 a 33 5 488 4 o
Porked River [} LI L)) ™ ®m s 109 6 1m 188 - - 1 4 18 189 1. 148 a 1,888
Oywar Croak © a 1L, 3,39 18 1 88 n 1 28 Lim 10 13 1,85 168 2 10 4 a (Y1}
0CG3 Screem - - %991 1,300 1,081 _ 103 1 hd 5 28 s &7 1481 81 g som  1,m7 ] - 8 9 21,603
Toml 108 120 10,48 4,990 1,443 @3 1,87 208 96 5S40 32,&3 n 8467 2,81 322 18 @3 666 36,396
Percent
1978 : 1977
Jan®  Feb®  Mar _ Apr  May June  July _Aug  Sep  Oct Nov _Dec _fsn___ Feb Ma_ Ap  May' June® July?  Aug - Total
bay a9y «.5 3.4 13 13 63 M 22 - 5.6 01 03 - - 0,1 1.6 14,8 278 613 69,7 11.2
Forked Rive 6.8 67 37 07 54 a3 104 W4 TE 30 %S - - 1.2 01 07 1.4 187 166 6.8 4.0
Oyvtes Creek @2 S8 186 6,1 1.8 98 103 3264 22 63 52 3 41 158 336 61 9.8 858 280 9. 2.1
OCGS Scroem - - 76,9 26,0 T3.5 16,6 03 = 52  ®=.3 91,1 853 859 @9 68632 9.6 2.3 - 1.1 4.8 5.5

% OCGS studown for all or part of mooth,
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Table C1-248, Meso lasgth of wale, foroale, and undetermined Atlaasic sliversile exsmined by wes In Barmega: Bay, Mlnyﬁmlmylﬂawngulﬂ'l.

g Farked River Oystexr Cresk OCGS Screen
Undet. Malo Femsls Undet, Male Femsls Undez, _Mals _ Female Undet,  Male  Female Al Fih Young® Adute®

Jomuary 107 8.0 164 %0 - - - 2.0 Ul 8¢ . - - 101 - T e
Pebroary 0 8.9 9.3 - - 1.0 @ws M1 a1 - - - .7 - -
March - - - - - - - 9.9 1021 me 9.5 10,0 100.6 - -
Aptl - %1 9.9 - w91 - ms 1030 - %08 9.0 0.3 T - -
May - 2.8 081 (TR ¥ I X - 90.8 112.0 - .12 1.8 988 0y s
Jame - .0 k9 - - - a6 - 1080 - sa0 1077 L XY we Y}
Taly 0. T8.8 SO 57,6 6.3 €80 e - - - - - 8.9 1.1 101.8
August m3 6.4 T4 “®4 71 M @ e a1 - - - 8.1 a.s .4
Septamber - - - “ws Ty 81 80 84 T4 - - me 8.0 8.6 1000
October 3.0 T3 9.0 €.0 =e ©0 “®o =1 N3 a1 @1 s . 90.2 - -
November - 9.0 - 6.1 ™. 1 80 %0 ™90 s 7.8 M1 95 o4 5.7 . 98.4
Dece mber 81,0 8,5 1030 - - - 56,7 18,0 92.7 13,0 839 82 2.6 - .
January 1971 - - - - - - - 100 98,0 - 79.0 6881 8.4 = <
February - - - - - 13.0 - 16.4 109.0 - 2.8 97.0 .7 - -
Maech - - - - - - - 85.8  100.4 - %0.7 0.4 .2 - -
Apetl - 1.6 1041 L. o5 oLt - .S ws 90,1 98,6 95.4 - -
May - 88,0 108.7 - 91,0 108.3 - 1000 1080 06.0 103,0 104.4 - -
Juns 2.3 - 112,0 - - 112, 8 29.3  9&S 100.7 - - - R X N1 108.0
Jaly =.8 1.0 1059 .7 T8 ME s&.s .6 84 553 650 6a8 .8 8.8 100,0
August 574 ™S 703 53,8 61,4 702 58.2 69,8 7,0 $6,1 680 _ 151 [[% ] 84,9 1133
Totsl 50, 6 18,8 8R.1 53,6 18,9 91,4 51,4 11,2 93,8 85,8 89, 8 91,8 - - -

8 Mesrs given for monthe when birpodal frequency diswribution found.



Table C1-249, Number and mean length for each mode of bimodal frequency diswribution of

Atlantc silverside examined from May through September 1976 and June
through August 1977, '

May . June July August
Number 7 283 10 4 © 105 19 239 9
Mean 28 99 39 99 . s8 102 62 9
Standard Deviation 2.4 9.2 5.2 8.5 6.6 6.4 10,7 7.6
September . June _ . July l August
Number " 1 45 13 150 20 217 6
Mean 66 108 109 s 110 © 113
Standard Deviation  14.9 - 5.6 8.6 8.7 = 6.2 8.2 6.1

C1-725
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Table C1-250. Number of male and female Atk diverside !

d from Sanegat Bsy, New Jersey from January 1976 twough Augus 1977,

Crook Moute  X3*  _Poked Rive X2 _Opeer Creek X3 OCGS Screem X3 Totay x

— Males  Females _test Miles Females rest Males Females test _ Males  Females test Males Females  test
1
Jonamry MmN - - - u s - On - - - .
February : E2} 18 NS - 1 - 41 10 * (MR - - - (13 :: . :3:)’
tarch - - - - - - 10 a1 (F>M % 15 °* (F>M @ 158 (DM
Aptt : 28 58 * {(FOM) s 18 - 26 48 C(FOM 4o 88 * (F>M) 100 204 *(F>ap
May 18 0 (F>M 13 9 NS H - 10 - 87 48 * (F>M 88 WS *(FOM
fune 1 41 C(F>M - - - - 1 - 2 L] - s 51 * (FSM)
Tuly 11 21 (FOM 4 4 - - - - - - - 15 N (P
Augant L 2 °*(F>M 12 21 * (FOM 11 14 NS - - - - 8T 117 ¢ (FHM
Seprember - - - n [] - 11 20 NS - [} - 28 ] NS
October % 2 - “ s NS 3 4 - a 80 NS .0 1 NS
Novembes 1 - - 42 7 ° (M>n 13 13 NS 47 3 NS 163 130 NS
Decembe 2 1 - - - - = 35 (MDF) 4 5 NS 124 %0 *(M>A
1N .
January - - - - - - 1 3 - 4 17 - 1] 10 . -
Febroay - - - - 1 - 1] k] - 25 k) NS 30 42, NS
March - - - - - - 40 42 NS 97 135 ¢ (FHM) 197 1 *(F>M)
Apeld 18 1 (MDA [} [ NS 19 45 C(FDM 50 %4t (F>M @ 158 *(PoM)
May 2 N (FDM 20 85 * (FDM) ] 12 NS 1 2 - 2 10 *(F>M)
o . 1 - - ? - 2 1 - - - - 2 1 .
Tuly 3 1 - J 14 NS 9 15 - 1 4 - 21 40 C(F>M
A 16 30_(F>M) 10 12 NS . 15 38 (FoM) ] 18 (F>M) 49 98___"{F>M)
—M'roul 193 354 * (FOV) 174 217 (EDM) I8 429 NS 452 195 (F>M) 1202 1795 * (FOM)

NS = not significant

* » ugnificant at P 50,08

F M » sigoificantly more females than males
‘MM F = significantly mote males than fermales
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Table C1-251, Nurmber of male and femals . d d from get Bay, Mlmiygoadedﬂauhmlmqmmm Lo7e.

Bayd Farked River teg Creeh ] OCGS Scroe!
T M E_® ¥ % T—W T K’ T Teal
0

Yamnsty Male 1 8 - - - - e e = = e e - - . e . e e e = e a

Pemale e 11 . .- - e ® ® e = e 8 e & o= - o - -
1
Pelruary Male - U = e e = « ®© @ o = = - 3 o o = e - a = e = .
Pemals e 168 - e = = e« 1 e e o « § e e = = e e e = e . PTy
March Made - - . w = - e © o e « 1 9 e = = e 1T M e o ©»
Ffemale - - - - - - - - - - - - - - - 4 - - - - 10 108 - - - 158
Aptt Male e * 38 & = = - = § = = = - = 1 100 1 = - = 18 18 3 2 ”
Female - - 88 s - - - - 1 ] 3 - - 1 19 4 - - - 17 19 1 20 208
May Mala e« e o = 13 8 - = o 3§ 8 & - = 1 e - 1 - - 8 3 3% 29 0
. Famale - - - 7 13 10 - - 1 3 3 3 - - - 1 1 ] - - - 4 11 111
Juna Mals - - - . - 1 - - - - - - - - - - - - - 1 - - - 1 )
. Female e « =« 92 17 138 « @ ® « & = - « = e 1 = « 1 * e =~ 8 5
foly ) Mals s 2 - - 3 - 4 - - - - - - - - - - - - - - - - - 18
Female n 4 - - 4 8 L T - - - e . e ™
Avgut Male ¢ 18 - - - - s 4 - - - - 11 - - - - - - - - - - - 8
Female 1 18 e e - = 4 11 o o & = 14 = = * = = - e e m e e 1
Septetnber Male - - - - - - 1 9 - - - - 17 - - - - - - - - - - - [13
Fernale e e e e e = - g -~ e e = 18 4 =~ = = = e e e e e o= T
October Male 1 8 = e e = 4 38 = o e = e g e e e 1 4 - e - = "
Femsls « 3 e - e = . 2 M - = e = 1T 3 - e =« = - 80 - e« = = ) 102
November Mals - 1 - - . - 21 15 - - = - 1 ™ - - - - - 41 - - - - 163
Fermale - - - - - - ] 18 - - - - - ki - - - - - 3 - - - - 130
December Mals - 2 - e e - - . - e - - 18 66 - - . - - 40 - - = - 124
Female -l e e e = e e e e e e 8 20 . & = - B e e e . %
Tealk Mals M 9 28 - 18 4 “u e K] 3 [ ] § 46 196 2B/ 10 1 1 1 135 51 20 28 [-T)
femals 18 108 53 12 4 48 i N k1 ® H] 3 37T 129 60 5 8 - 158 122 23 58 138 1150
Combined o135 9 1431 12 13 8 _moms 85 3 1 8 1_3W 11343 180 1978

& |+ |mmanee, M » matue, € - enlarged, R ® ripe. PS = p:nhlly wpent, § = spent
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Table C1-28.Number of male and formals Atlantic

d from Bamengam Bay, New Jeney by gonad coumdftion from fapuary twough Augmst 1977,

Bayd Farked River Oystee Croek OCGS Screem
1 M B R PSS 1 M | ] R rs 8 { M £ R Ps 8 4 M 4 R Tota]

Jammsry Mals - - - - - - - - = - - - - 1 - - - - ¢ - - '
Pemale - - - - - - - - - - - - s - - - - L] - - 10

’.h‘.’ . Mals - - - - - - - - - - - - - [] - - - - - 98 - - 20
Permale - - - - - - - - 1 - - - - ] - - - - - 388 1 - 43

March Mals - - - - - - - - - - - - - 39 1 - - - - @ 3B - 191
Femala - - - - - - - - - o e - - 44 [ - - - - 80 48 - m

Apil Mals - - 18 3 - - - - [] - - - - - [ [ 1 - - - - 12 28 Ll
Fermale - 1 10 - - - - [ 1 - - - - 29 16 - - - 1 681 = 188

May Male - - - 2 - - - - 2 17 1 - - - - [ 1 - - - - 1 Lo
Femala - - - 17T 14 - - - 15 39 18 - - - - 4 LI - - - 2 114

Jure Male - - - - - - - - - - - - - - - - - 2 - - - - e
Femala - - - 2 - - - - - - 2 - - - - 2 4 1 - - - - 1

July Male b} - - - - 1 1 - - - 1 - ] 1 - - 1 1 1 - - - n
Femals 1 - - - 2 4 10 - - - 2 ] 10 2 - - 1 2 4 - - - ©

August Mals 14 7 - - - - 10 - = - - - 14 1 - - - - s 1 - - a
. Female 20 4 - - - 10 2 - - - - 3 -6 - - - - 14 2 - - 9
Toab Male 18 2 1§ [ - 1 17 - 8 17 3 - 20 47 9 13 2 3 T 92 41 20 38
Female 27 $ 110 19 18 4 20 2 21 40 19 2 42 S8 29 2 13 3 18 137 108 M 847

Combioed 43 1 25 U 18 ] 317 2 20 ST 21 2 &2 103 38 35 15 ] 235 229 155 83 999

. t = immatre, M = manze, E = enlarged, R - ripe,

PS = partially spent, S = spent




" Table C1-253. The number and percent by category of Atlantic sfiverside from Barengat Bay, New Jemsey
with abnormalities examined January 1976 through August 1977.

% of Each % of ALl Specimens

Number Category - Examined
Disease or parasite only: '
Lernaeenicus spp. : as 90.6 1.1
Lironeea ovalis ' . 3 6.9 0.1
Fin Rot 1 2.4 0.1
: - _ ' 43 99.9 1.3
Mechanical damage only:
Probably dead at capture 48 15.8 1.4
Scales missing _ . 88 29.0 2.5
Scales and flesh missing ' 36 11,9 1.0
Fin damaged ' 63 20.8 1.8
Eye damaged .30 9.9 0.8
- Scales missing and fin damaged 15 . 4.9 0.4
Hemmorrhage 23 1.6 0.6
303 - 8.5
Genetic:
Vertebral deformity 6 100.0 0.1
Normal: - . 3123 100,0 89.8
Total ' 3475 - 99.1

C1-729
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Table CI-254. Number and percent of all normal and abnarmal Atlantic silverside examined from Barnegat Bay. New Jersey from January 1976
- through August 1977, o : C

o Diseased
Number . ad ~ Mechanically .
Area ' Normal " Parasites Damaged “Total
Bay n1 8 9 - T34
Forked River : 507 14 6 527
Oyster Creek 907 : 6 21 . 934
OCGS Screem 1002 21 257 - 1280
Totals ) 3133 . 49 . 293 3478
Percentages Within Areas : _
% Dis‘eased_ %
% _ - and Mechanically " Total
Area Normal Parasites Damaged Percent
~ Bay 97,17 1.1 1,2 100, 0(
Forked River 96.2 2.7 - _ 1.1 . 100.0
Oyster Creek 97.1 o 0.6 _ 2.3 100,0
1,7 20,0 100,90

OCGS Screens 78.3



Table C1-255. Length-frequency distribution of threespine stickle-
back taken in the vicinity of OCGS from September
1976 through August 1977.

Length (mm) __ Total o % Frequency
20-24 1 1.7
25-29 - - 0.0
30-34 - . , 0.0
35-39 - - 0.0
40-44 - 0.0
45-49 - . 0.0
50-54 T 17
55-59 25 §2.4
60-64 23 | 39.0
64-69 | | 9 - 15.3

C1-731



Table Cl-256. Total number of northern pipefish taken by seine and trawl from September 1976
through August 1977. S , : '

12.2-m 45.7-m 4,9-m

seine seine twawl
September 5 _ . - . -
October 3 _ 18 2
November 1 | 2 . 2
December - - _ = 1
January - - | -
Febr;xary : ' - - : -
Mu;h - _ | - -
April 2 12 4
May 10 | 45 | 10
June | 2 : S £ ' 10
y ' 16 13 5
August - .32 i 35 _ : 1
Total - 71 - 140 35

C1-732



Table Cl-257. Total number of northern pipefish taken by area in Barnegat Bay, New Jersey
from September 1976 through August 1977, :

0CGS?® -

Creek - Forked Oyster Traveling

Mouths - River - Creek : Screens
September - o 5 - 131
October 15 5 3 1,705
i Noyember 2 2 1 ‘8,169
~ December _ - - 1 : _376 .
January - - - U
February .- - - - -
March - - - 310
April 8 4 6 2, 904
May 26 21 18 1,08
June : 6 5 ’ 16 -
July 12 14 8 1,123
August 25 35 8 . 484
Total 94 91 ' 61 - 11,2200

*  Estimated number
Estimated total reflects mean annual estimate (Appendix D-1, Table D1-49) and is not
a sum of the monthly estimates, .

C1-733



Table Cl-258. Number of northern pipefish taken in Oyster Creek and Forked River, New Jersey
during the day and night from September 1976 through August 1977. '

Oyster Creek Forked River

Day Night : Day Night

September - - . 3 2
October 1 2 : 2 3
. November ' - 1 - 2
December . 1 - . - -
January - _ - - ' -
February . - - - -
March - - : . - -
April 8 3 _ 2 2
May | 1 15 6
June 7 9 | 4 1
uly ' S B 3 1
August 5 . 3 _ . 9 26
Total 25 36 : 38 53

C1-734



SEL-TD

Table C1-259. Number sod mean length of northarn pipefish taken by area in Barnegst Bay, New Jersey. from Septembes 1978 dwough August 1977,

Croek Mautts Parked River
Male Male . Male Male Male
Juvenils {mmature Maawe Geavid Female juvenile Immanse Matwe Gravid Female
Masa Maan Mesa Mean Masn Mean Mean Mean Measn Mean
No, leogth Mo, length No, Length No. Length No, Langth No, length No. lemgth No. leogth No. leogth No. langth
Separuber - - - - - - - . .9 9 1 120 1 148 .- - 5 14
Ocwodar 3 110 - - - 10 18 1 L] - - - . . - 3 18
November 1. 110 - - . - - - . - - - - - - - 1 100
December - - - - - - - - - - - - - - . - - 1 18
Jaruay - - - - - - - - - - - - - - - - - - -
h"q .- - - - - - - - - - - - - - - - - - -
March - - - - - - - - . - - - - - - - - - -
Aptl - - - 1 138 - - s 1M - - 1 1 18 . . 1 188
May - . - 1 113 13 18,1 19 178 - - - - 1 1 15 138 s 1=
Jues 1 68 - - - 7 168 3 212 - - - - - - ¢ 1m 1 s
Toly - . - - . » I ¢ 129 I (] - - 1187 2 1es 10 129
A o - 1 102 s 128 11- 138 ) ) - - - - S 188 21 142
Toml 89 - 3 118 21 13 s1_158 1 M 3 119 4148 26148 48 148
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Table C1-259, (cont.)

Oyster Creek OCGS Traveling Screers
Male Male Mals . Male Mals Mala
Juventle immarere Mstsre Gravid Femala Juvenile Matwe Gravid Female

Septe mber - - - - - - 1 1% 2 188 1 1 - - 11 Im 12 157 7 14
October - - - - - - - - S 184 1 “ - - 6. 153 - - e 178
Novembe - - - - 1 12 - - s 158 1 L] - - 4 18 - - 103 165
December - - - - - - - - 1" 180 13 a7 - - 4 157 - - 63 159
Jammary - - - - - - - - .- - 3 .| - . - - - - 1109
February - - - - - - - - -~ - - - - - - - - - -
March - - - - - - - - - - - - ? 1141 12 151 - . 10 18
Apit - - - - - - - - 6 153 - 3 137 23 142 8 147 133 1@
May - .. 1 ” - - 1. 148 6 12 - - - . - 21 145 67 191
June 1 6 - - - - 13 1718 2 220 - - - - . - - - - -
wy . e . - - - - 3 1% 3 189 - - - - 24 167 2 168 54 169
August - . - - - - 3163 §_ 157 - - .= 17_ 157 26 165 49 161
Fotat 16 1 [ 1182 231 160 34 168 19 8s 11140 101 157 99_ 159 630 175




Table Cl-260. Length, weight, age, sex, and maturity of striped bass
taken at OCGS from September 1976 through September 1977.

Length (mm) Weight (g) Age Sex Maturity
305 341.2 2+ male immature
345 537.3 3+ female immature
384 777.5 3+ male mature
390 562.9 3+ female immature
490 1700.0 4+ female mature
504 1250.0 - female immature
810 7700.0 9+ female mature

C1-737
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Table C1-261. Number, mean length, and mean weight by'area of bluefish taken in Barnegat Bay, New Jersey from September 1976 through
August 1971,

September -~ November

Length . . Weight
Stand ard : Standard
- Location - Number Min Max Mean ° Deviation Min Max Mean Deviation

Creek Mouths 0 - - - - : - - - -

Forked River : 26 151 200 175.2 14,4 33.4 102,0 . 55,3 11,4
Oyster Creek : 119 121 268 179.0 26,6 20,8 275.4 7.5 . 40,5
OCGS Screens 346 - 85 237 133,2 4.1 0,4 164,0 35,3 33,6
OCGS Condenser Discharge 45 138 465 304,1 65, 8 ) 28.3 2150,0 521.1 429, 5

December - January

Length : Weight
: ' Standard ' Standard
Number Min Max Mean Deviation Min Max Mean - Deviation
Creek Mouths - - - - - - - - -
Forked River - : - - - - _ - - - -
Oyster Creek - - - - - - - - -
OCGS Screens - - - - - - - - -
OCGS Condenser Discharge 56 175 . 368 290.1 41.9 57.4 .638.0 376.9 142,17

July - August

Length : Weight
Standard Standard
: - Number Min ~Max Mean Deviation - Min Max Mean  Deviation
Creek Mouths 58 50 165 8.5 24.3 0.9 48.9 8.0 8.4
Forked River ' 29 53 151 101,5 - 34,6 1.1 43,2 15,6 13.17
Oyster Creek : 217 51 216  109.3 43.2 .1.1  115.9 22.5. 25.3
OCGS Screens 169 _ 33 210 91,8 37.2 ) 0.2 127.3 13,5 - 19,4
OCGS Condenser Discharge 25 - 185 197 149. 5 12.9 27.1 103,4 38,1 15,2

8 No bluefish were collected from February through June,
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Table Cl1-262. Total number, mean length, and mean weight of bluefish taken in Barnegat Bay, New Jersey from September 1976 through August 1977, .

Length ' Weight

: _ Standard Standard
Location Number Min Max  Mean Deviation Min Max Mean Deviation
Creek Mouths 58 50 165 84,5  24.3 0.9 . 48.9 8,0 8.4
Forked River ' 55 - 53 200 134.4 4.1 1.1 102.0 34.4 25.3
Oyster Creek . 146 51 268 166, 3 40,6 1.1 275.4 63.3 4.7
OCGS Screens 515 33 2317 121.6 45,5 0.2 164, 0 28,1 31.4
OCGS Discharge Condenser 126 135 465 267.2 76.3 ' 27.1 2150,1 361,3 322.5
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Table C1-283. Number, mean length, and mean weight by age of bluefish taken in Barnegat Bay, New festey fom September 1916 twough August 1977,

September
. Length Welght
Sex * Age Number > “n Max Mean Standard Deviaton Min Mx Mesn Standerd Oevistion
“Male 684 L] 83 100.0 80 286 12.8 “.4 52 314.7 §0.2 46.8
1 0 - - - - - - - - -
2 0 - - - - - - - - -
Female 3.4 [ a8 100.0 101 M 118,71 0.5 1.3 323.7 29.9 81.8
1 -0 - - - - - - - -
2 ] - - - - - - - -
October
Length Welght
Sex * Age Number %* Min Max Mean Standard Oeviation Min Max Mean Standard Deviadon
Male 2.8 [ 125 4.1 ‘90 mm 150.1 41.3 8.0 433.2 49.5 57,8
1 ] 3.8 240 340 305.0 41.5 174.9 645.0 459.9 1821
2 1 0.1 435 435 435.0 - 1450.4 1450. 4 1450. 4 -
3 1 0,7 4R 452 452.0 - 1540.3 1540, 3 1540. 3 -
Femmale 47,2 0 112 9%4.9 89 286 149.0 39.1 3.6 263. 8 45,1 4.0
1 2 1.1 307 N 320, 5 - 514.2 531,83 525.8 -
? ° - - - - - - - - -
3 4 3.4 412 463 441.3 11.9 1144.2 21%0.0 1513.4 451.3
November
Length Weight
Sex - Age Numbee L \lin Max Mean Standard Deviation Mix AMax \Mesn Standard Deviation
\Male 61.3 0 57 81,6 128 304 18,5 31.9 22.2 453.2 90,3 95.4
1 $ 1.1 268 s .0 20.5 295,17 518.2 428,17 ”.6
2 3 4.6 291 330 318.7 16.6 415,17 333.5 476. 5 §9.0
ter:ale as? 0 as 9.7 121 288 184,1 4.1 19.4 32,8 84.4 70.0
. 1 2 4.9 307 304.5 - 4512 453.3 - 452,23 -
2 1 2.4 225 325.0 - ) 47, 4 553.4 -
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Tabls C1-263. (coat.)

December
Length Welght
Sex % Age Number % Min Max Mean Standard Deviation Min Max Mean Stand srd Deviadon
Male 7.0 ] [ “.4 19 294 243, ¢ 35,0 R E I 224.8 101,1
1 1 ne 266 338 29681 1.6 20,0 573.4 408.§ 1169
2 3 16.1 300 350 .0 25,5 408.0 6980 - 5141 1686
Female 28,0 (] 3 . - 219 2463 . X ) 1783 3544 236,17 108.0
1 3 4.9 m »9 300.0 8.8 . 308.2 514.8 406.8 10%. ¢
] 1 4.8 £21) -1 28,0 - 4.1 34,1 4341 -
Januery
dength " . Weight
Sex + Age  MNumbm % Mia Max Moas - Sandard Devisdon Min Max Mecan __ Standerd Deviaticn
Male 51.1 [] ] 4“6 198 ny U 8.3 . CX] 480, ¢ 318.§ 150.4
1 1 4" 180 [ R 1Y ”.4 ) 198.8 01,0 20,3 119.7
t 1 (%] LT £ M0 - 8549 554.9 8549 -
Female  43.8 [} s 5.4 178 ne 2544 53.3 s1.4 an.y 1516 1888
| I | 54.8 08 0 ne.1 156 208.9 Mmoo - am. .0
1 [] - - - - - - - - -
Juty
: Length . Weight
Sex % Age Wumbe % Min Mex Mean  Staxderd Deviation Min Max Mean _ Standard Deviadon
‘Male X [] ”n 1000 109 . 118 197.1 . 19.6 8.4 51,6 30.6 18.4
1 . . - - . - - - - -
female 0.7 O B 1000 1 164 1585 1,0 0.9 @y s1.0 9.2
1 - b s > hd d = = - -
. Avpust
Length Welght
Sex . Age Nermbey o . ™Min Max Mean Swandard Deviation Ain Max Mean Standard Deviztlon
Male 49,3 ° 3% 100.0 101 210 130.9 3.0 © a8 121.3 4.9 .4

Female 50,7 o M - 100,0 103’ 2ns 130.9 T 25,3 8.2 115.9 6.0 21.5

1 - - - - - - - - - - -
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Table Cl1-264, Age composition by area of bluefish collected tn Barnegat Bay, New Jersey from September 1976 through August 1977,

: Age ' Age ' Age Age
Location 0 %o . 1 % 2 P 3 ) Total %
' Creek Mouths 58 1000 - - - . - - 58 6.5
Forked River 55 100.0 - - - - - - 55 6.2
Oyster Creek 145 99.3 1 0.7 - - - - 146 16,3
OCGS Screens 513 99.8 1 0.2 - - - - 514 57.6
Discharge Canal 69 51.5 36 30.0 10 8.3 5 4,2 120 13.4
Total 840  94.1 38 4.3 10 . 1.1 5 0.6 893 100.0
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Table C1-265. Number, mean length and mean waight by area and month of male bluefish taken {n Bamegat Bay, New Jersey from September
through August 1977,

Creek Mouths
_length . Welght
_ _ _ : . Standard Standard
Month Number Min  Max Mean Deviation Min Max Mean _ Deviaton

- September : 0o o= - - - - - - -
October ' 0 - - - - - - - -
November " 0 - - - - - - - -
December 0 - - - - - - - -
January 0 - - - - - - - -

July 5 104 142 116,0 15,7 12,2 31,1 18,6 10,4

August 3 110 165 132,0 29,1 18.1 48,9 26.4 19. 6

Forked River

Length ' Welght :

Standard Stand ard

Month . Number Min Max Mean Deviation Min - Max Mean  Deviation

September 18 151 195 167,9 11.3 33,4 89.0 50,6 12,0
October 2 165 171 168.0 - 47,1 62,7 54,9 -
November : 0 - - - - - - .- -
December -0 - - - - - - - -
January 0 - - - - - - _ - -

July S 105 144 132.6 15,17 10.2 43,2 28.0 11.8
August 1 105 105  105,0 . - 10,4 10,4 10.4 -
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Table CI-265. (cont,)’

Oyster Creek

Length Weight
Standard Standard
Month Number Min  Max Mean Deviation _ Min Max Mean  Deviation
September 16 151 210 174,3 20.5 31,1 118.6 60.9 26,4
October 36 130 268 180,9 - 30,9 24.1 275.4 78.0 49.6
November 18 128 231 171,17 24.1 22,4 .158.3 61.0 81,0
December 0 - - - - - - - -
January 0 - - - - - - - -
JTuly -8 113 163 135,3 18,1 15.0 51.6 32.2 15.3
August 5 119 170 141,8 19.3_ 19.0 58,6 34,17 15.4
OCGS Screens
- Length ) Weight
Standard Standard
Month Number Min Max Mean Deviation Min Max Mean - Deviation
September 42 80 219  133,2 46,4 5.2 135,2 36.5 - 34,9
October 86 90 220 134,17 33.3 8,0 118,0 31.4 28.3
November 33 131 206 173,8 20,1 _ - 22,2 9.4 - 61,2 20,6
December 0 - - - - - - - -
January 0 - - - - - - - -
July 3 103 178 133.7 39,3 8.4 56. 6 26,7 26,1
August 24 101 210 137.5 35.0 8.5 127.3 33.1 33.3
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Table Cl-265, (cont,)

OCGS Condenser Discharge

Length Weight

Standard Stand ard
Month Number Min Max Mean Deviaton Min  Max Mean _ Deviation
Septernber 4 138 286  223,8 63.2 28,3 314,17 168,3 124, 3
October 8 274 452 342,9 66,3 314.3 1540,3 732,3  482.2
November ‘15 216 330 287.7 27,7 135,6 533,5 401,1 103,9
December 19 220 350 286,86 39,2 150,8 638.0 32,9  156,0
January 16 195 368 295,17 46.6 88.2  602.0 3%4,9 143,5
July 13 135 167  148.6 9,6 27,1 54,2 36,3 8.8
August 1 197 197  191.0 - 103,4 103.4 103,4 -
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Tabls C1-268. Number, mesn length, and mean weight by ares and mouth of female bloafsh taken in Barnegat Bay, New Jersey from September 1976 through Augwse 1977,

Creek Monthe

Length W,
Mooth Number Min Max Maen__ Sugderd Doviptiog Min Max mim Ranisd Deviation
Sepeatober [] - - - - - - - -
October 0 - - - - - - . - -
November 0 - - - - - - - -
December [ - - - - - - - -
Japuary 0 - - - - - - - -
Jaly 1 13 - 113 13,0 - - 11.0 11,0 1.0 -
Auguse 4 101 130 114,0 58 13,8 18,0 16,9 1,8
forked Rives
Leogth Welght
Month Numbex Mio Max Mean__ Standard Devistion Max Meag _ Standsrd Deviation
Septernber L] 18 . 200 1799 21,9 w2 81.4 63.3 22.8
Octobet 1 195 183 198.0 - 102.0 102.0 102.0 -
November ° - - - - - - - -
Decamber o - - - - - - -
January 0 hd - - - - - - -
July 4 12 140 138,65 .4 29,9 3s.6 2,1 2.4
August 3 138 151 144.1 1.8 24.4 35,3 30,8 5, 8
Oyster Creek
. length Weight .
© Month Number Min Max Mean _ Standard Deviation Min Max Mesn _ Standard_Devisdon
September 12 149 258 194,8 33,8 2.6 250.4 91,1 0.2
Qctaber 20 131 216 18,3 22,0 24,4 12,2 .8 29,9
November 17 121 198 113,7 2.7 20,8 9.1 . 84.3 19.9
December ° - - - o= - - - -
laouary 0 - - = - - - =~ - -
July 2 130 L1 130, 8 - 26.0 28.9 26,8 .
August 1- 218 -218 - 218.0 L. 118.9 118, 9 118, 9 -
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Table C1-268, (cont.)’

OCGS Screerm
Weight
Moot Number Min Max Mesn _ Ssodard Deviation Min Max Mean__ Stsndard Devistion
‘Sepesmber 1 101, 133 139.9 s 7.3 1%, 8 3.0 0.6
Octobee ” » 21 1908 3.3 8.6 184.0 0.8 4
Novetnber 1 181 ) 176.8 0.9 19,4 103, ¢ e 2.8
December ° - - - - - - - -
Jenumy L} - - - - - - - -
Jaly . m 148 129.8 19,9 " 2.1 23,0 s
Augmt 28 109 198 1288 21,9 X .9 23,1 18,8
OCGS Condemer Discharge
Lo welghe
Moot Nomber Mia Ma Mesn___suniard Deviation Mia M Mean __ Sandard Deviston
Sepember ‘ 258 m 268.3 X7 193.0 23,1 2.1 OX]
Octobee 1 . am pres 3n.8 n1 263, 8 2150,0 103.1 66,1
November ] o 328 24,7 36,6 149.1 5584 34,9 1474
December ] 27 35 10,0 a6 175.3 530,39 63,0 1919
famery ) 178 20 1.4 45,9 874 ‘579.0 34,8 148.6
Juty n 139 184 48,3 1.9 29,0 4.9 88,1 6.9
Augmt L = - - = - - - -
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Table c1-267. Condirion of yong bluefish takes i Barvegat Bay, New jervey fovo September 1978 dxoogh Anguet 1917,

September K
location . Numbex Min Mi Me Standard . ) Condldon Factor
L o Y Devta M
Croe) : > ~ = 4__.________"92— _ln M-_x V‘_“‘ Snrd-f Devistion
Forked River _ 23 19 200 170.4 4.4 1,0 1.8 1,28 a1s
Oyt Croak 28 149 288 . 18,0 283 1.1 1,7 1.35 0.18
OCGS Sareem L : s .33 16.3 80,8 1.0 2.3 L8 0.38
. OCGS Condeossr Discharge 8 139 200 8.0 41,0 1,1 1.8 41 028
October
Coodition Factar
Location Number Mis Max Mean __ Suandad Devistion Mis Max Mesn __ standard Devistion
Crosk Moutbs [] - - - T - - - - -
Forked River L 168 198 17,0 18.9 1.3 1.1 1.49 0.25
Oystee Creek ss 1% 268 100,0 20.9 0.5 1.9 1.43 0.22
OCGS Scroem 191 43 297 12,0 1 0.9 2.8 1.47 0.26
OCGS Corderser Discharge 3 274 297 288,17 11,6 1.2 1.8 1.42 0.17
Nove mber .

. ] Condition Fscux )
Locadon Number : Min Max Mesn __ Standard Deviadon Min Max Mean __ Standard Devial
Qeek Mouts [] - - - - - - - -
Forkad River o - - - - - - - -
Oyster Creek as : 121 M 1m.1 2.7 1.1 1.8 L4 0,18
‘OCGS Scyoers so 121 208 14,7 20.1 1.0 1.7 1.38 0.15
0CGS Conderset Discharge 10 218 304 261,3 30,7 1.4 1,8 1.51 0.10

Decembes
. . lenpth - . . Condltlon Factor
Loead ]  Number . ™M Max Mcan __Standard Deviadlon Mig Max Mean __Standard Deviatlon
Cieek Mouths 0 - < = = . - h © «
Fatked River [} . i - - - - ] - - -
Oystex Cresk o ’ - - o - - - - .
OCGS Screens [ . - - - - - - - -

oGS Cond Discharge 10 . 220 294 249.8 28.6 . 1,4 1,8 1,56 0,18
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Tabls C1-267, (cont,)

Jamary
Leogth Condition Factor
Location . Nurmber B e Ty R —
— —Mesn __ Standaed Deviation
Creek Viowts 0 —Mia____Mu s d Min_Mkx Mean Savied Gasiign .
- Forked River [ - - - - - - - -
Oystar Crosk 0 - - - - - - - .
OCGS Scxeemm 0 - - - - - - - -
OCCS Condemer Discharge 1 118 2 268,8 81,8 1,3 2,0 1 48 Lz
Juoa_
Condition Factoe
Locadon Mg, Max_ Aean, . Standed Deyiation. . Min _ Max Mean  Standard D
CQreek Mouths 28 80 .18 6.2 1.0 1.6 2.4 2.04 0.29
Parked Rives 10 L] . a8 [ 5 1.4 1.8 2,11 0.22
Oyvtar Creck ’ a k¢ ] 0.3 [ X} ’ 1.4 2.1 2.08 .40
00GS Scream 3 L] 90 .0 8.7 1.7 1.1 1.7 0,02
OCGS Condemser Discharge 0 - - - - - - - -
July
Condition Factr
Location Number Min Max Mean _ Sunderd Deviation Min Max Mean _ Standard Devistion
Creek Mouths 13 7 142 9.8 16.1 1.3 2.4 1.% 0.27
Forked River 18 L) 14 118,17 2.7 1.3 1.3 1,80 0.3t
Oyste Crosk 1 [ ] 169 1%4.9 1.1 - 1.4 2.2 1.78 0.28
OCGS Screem [ (1] 178 .1 1.1 1.1 2.1 1.8 0.21
OCGS Conderser Discharge 24 138 167 141§ 8.8 1.2 1.8 1.47 0,18
August
Length Conditian Facter
Location Number in Max Mean __ Standerd_Deviadon Min Max \ean__ Standard Deviston
Creek Mouths 9 0 188 118,17 2.3 1.3 2.2 1. 85 0.3
Forked River 4 105 151 1.8 20.8 1.3 1.6 1 40 0.13
Oyvox Creek L} 119 k31 154.3 %9 1.4 1.6 1.46 0.07
OCGS Screems 108 9. 210 100.1 45,7 0.8 3.6 1,86 0.34
OCGS Conderser Dlscharge 1 197 1917 b1 ) 0.0 1.5 1.5 1.5 2.00
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Table C1-268. The number and percent of occurrence by location of bluefish from Barnegat Bay, New Jersey with abnormalities examined from
September 1976 through August 1977,

" Creek Forked "~ Oyster : OCGS OCGS Condenser
Mouths % River % Creek %o Screens %o Discharge %
Disease and Parasitism: ' .
L. ovalis 2 3.4 18 23,6 30 20.5 66 12,8 24 19.0
Lernaeenicus spp. - - 1 1.8 2 1.4 4 0.8 - -
Fin rot ' - - - - - 2 0.4 - -
Mechanical Damage:
Dead at capurre ' - - - - - 1 0.2 - -
Scales missing or abrasions 1 1.7 - - 1 .1 9 1.7 1 0.8
Scales and flesh missing - - - - 9 .2 27 5.2 3 2.4
Fin damage - - - - - 1 2,1 2 .6
Eye damage - - - - - - 1 0.2 -
Scales missing and fin damage 1 1.7 2 3.6 2. 1.4 3 0.6 - -
Hemarhage - - - - - - 1 0.2 - -
Genetic Abnormalities: _ : ,
Pusheaded - - - - - - 2 0.4 - -
Fin abnormality - - - - - - - - 1 0.8
Total with abnormalities ' 4 6, 8 16 29,0 44 30.2 1217 24,7 31 24, 6

Normal 54 93,2 39 71,0 102 69. 8 388 74,3 95 75.4
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Table C1-269, Stomach contenty of huefish taken in Barvegar Bay, New Jemey from Septamber 1978 theough August 1977,

ry Creek Mouths
Turon : wuembee * e Younme * Averige Number
T L'!E;E! At !n%’nsp Dispifcament (m vu_-m- Fu‘.s:mna
Anchos wp. 1 1 1.7 0.1 o l..
Anchos miwchait 1 1 11 os A 1.0
Menidia wp. 14 81 %1 1.1 as . “!
Apeltes qpadracns 2 L ] .6 0.1 0.1 l".
Prondopleuronectss smericanus k) 13 12,1 Y “:’ 1'!
Clam Polychseta 1 1 L1 0.1 0.7 1.0
Family Mysides 1 ] 1.1 - - " °
Family Pelaamonidae 1 1 1.1 01. 0.1 1o
Crangon septamepinase s 1 [%] 1.0 Py “e
Flh Gagments 19 - 7.4 5.8 .4 J
Plant_matter 1 - 1,7 0.1 0.1 .
Number exsmined S8 14.1
Number with food 41
Number empty 17
_Oyster Creek
. - Volume % Average Numbe
Texon Frequency Number Froquency Displacement (mi) Volume Pee_Stomsch
Srevocntia tyranous 2 2 1.8 14.5 13.1 1.0
Anchos micchittt 10 1 X 5.9 8.5 1.1
Cypinodon veriegeoms T L 1.5 5.3 9 3.0
Fundulus heterocliny 4 ) 3.0 5.9 5.6 2.9
Menidia wp. 17 43 8.8 10.8 10.2 .5
Menidia menidia ¢ & 3.0 15,2 14.4 1.3
Pomatomus saltsmix 1 1 6.1 - - 1.0
Batrdieila_chrynra 1 1 0.7 - - 1.0
Pseud opleuronectes americanus 1 3 1.4 . . - 2.0
Tenacus axtecus 1 1 0.1 0.1 0.1 1.0
Palaemoneres wiparis 3 4 2.2 1.2 1.1 1.3
Palsemonetes . 1 1 0.7 - - 1.0
Crangon scptemspinoma 13 43 9.8 1.0 6.6 33
Callinectet wpidw 1 1 0.7 - - 1.0
Flsh fragments 58 - 4.0 39.1 38,9 -
Inorganic matwee 2 b} 0.7 - - 0.5
tnvettebeste f{ragment 1 - - - - -
Number examined 135 . 108.9

Numbes with food too
Numbet empty 35
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Teble C1-269. (cont )

OCGS Condenser

Votome - oy
Turon: Prequency Ngmbeg _Proqueney Dimlscement(yn _ _ Volnme e
Brevoortia tyremnm 1 2 0.8 48,0 11.4 . 2.0
Anchos ®. - 1 1 0.8 1.0 ' 0.5 1.0
Anchoa mitchifli L] 9? 4.8 5.8 1.4 P
Rimola marginata 3 3 .4 41.2 10,4 1.0
Menidis manidla 2 2 1.8 1.9 0.5 1.0
Syrgrathis fusom 1 1 0.9 .0 1.0 Lo
Pomatomus sattawix 1 1 o8 8.6 21.8 1.0
Caranx hippos 1 1 0.8 40.0 10.1 1.0
Leimomus zanthorug ) L] 1.8 2.0 81 1.0
Prionots sp. t C 0.8 - - e
Family Mysidas 2 L] 1.8 1.1 0.8 a.s
Palacmoneotes volgarty 3 3 - - - 1.0
Palasmonetes . 1 1 9.8 0.2 0.1 2.0
Crangon &Em&d‘ L 1¢ 4.8 5.8 1.4 3.7
Fish fragmentn 41 - 2,5 181,98 332 ° -

umber examined 126 396.0
Numbes with food 60
Number empty 68
Farked River

- * Volume % Average Nimber
Taxon Frequency Number - Frequency Dusplacement _(ml) Volume _Por Swomach
Anchoa ®, 1 12 1.8 6.3 1.3 2.0
Anchoa mitchitlf 4 8 7.1 3.1 13.8 2.0
Menidis wp. 9 2 16.1 L 16.4 2.9
Menidia menidis 1 1 1.8 0.1 0.4 1.0
Preudopleuronectes ameticanu 2 1 3.8 4.4 19.8 2.8
Clan Polychaeta 1 1 1.8 0.1 0.4 1.0
Palsemonetes vulgaris 1 13 1.8 - - 15.0
Crangon septemspinoa 1 2 1.8 0.3 1.3 2.0
Fizh (ragmena ‘14 b 25.0 10.5 1 -

umbef cxam 22.8

3 &

Number with food
Numbet empty T4
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Table O-389. (ooor.)

0CGS Screems
% Volume %* Average Nummber

T axon __Pexency Numbee Troquency Displacement (vnl) Volume . Per. Swarnach
Conges_oosmaicus 1 1 - . - - 1.0 -
Anchos . . [ 6.9 1.8 1.9 188
Anchoa mriechii 19 " 6.0 29,1 u.e LR ]
Menidia s, 16 n LR I 3.8 (Y] 1.8
Menidia menidta 3 2 0.2 1.1 L3 1.0
Pomatorous sakiantx 1 1 - - - 1.0
Phylum Anoelida L 1¢ 0.4 1.1 1.8 [ X ]
Clss Polychseta L} = 1.1 s.1 6.1 [ 9 ]
Pamily Myddes 1 L e.9 0.1 0.1 80.0
Suborder Natantis 1 1 - - - 1.0
Crangon ssptemupinoes 1 16 . 2.9 1.4 LT 1.4
Flsh fragments 143 - 9.7 40,7 485 -
Plant mattes 3 - - - - -
tnorganic matver 1 - - - - -

anic meatter 4 - s hd - ol
Number examined 481 8.0

Numbe with food - 212

Number empry 189

e

ol mambes of each food ttetn found in yOmIche,
e

ha

, tage of

g pardcular food item.
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Table Q1=270, Number of weakfsh d and ined io Barnegat Bay, New jerssy from Seprember 1978 through August 1977,

Crosk Mouts, Forked River, ant Oyster Creek OCGS _Traveling Scresna” .
Numbet Collectad Numbez Numbes Total Toeal
Trawl_ Selne Gl et Exemioed Colinctad’ Examined Colloctad  _ Pxatined
 Sepambar 108 . : T 107 ’ oy 149 187 150
Octoba 2 1 T 18 ' 4, m 216 4,9 238
November s - N [ 3 'y LT ]
Decamber - ) - - - . - . -
Jaomary - - - - - - - -
Fatruary - - - - - - .- -
March - - - : - - - - -
AF“ - - - -. ] - - - -
May - - - - - - S -
Juns - ’. h - ° - M -
taly 1 - - 1 12 10 13 1
Auguse [ - - 50 : 2,130 118 2,18 28
Toul =8 s 12 187 7,941 625 8, 186 812

$ OGS shurdowa from 14 May through 11 Jaly,
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Table Cl-27L. * Mean length and welght by age of weakfish of undetermined sex snd of malss aad famales larger than 180 mm taken to Barnegst Bay, New Jemsey from Sepeember 1976 tdxough Augmt NT7,

_Leogth :
Malos y Pemalas - Undetermined
Standard - Standard - Scandard
A Nomber Mo~ Max _ Mesa Deviatfon Nutmbet Min Maxr _ Mesn Deviation Number Mtn  Max  Mesn _ Deviation
0 %0 1 20 18,1 18.0 38 188 21 19,2 26.2 Y 19 1% 102.7 9.1
1 - - - - - - - - - - - - - N - -
I - . - - - - . - - - - - - . -
] [ ] se9 4an 9%, 0 . 1 - - 418,0 - - - - - -
¢ ’ m 08 498.¢ 2.4 3 500 608, 7 11.7 - - - - .
s ] 08 = 5e.0 - 3 4 560 80,3 2.8 - - - - -
s 1 - - “ao - [} 609 8%2,0 21.2 - . - - -
7 - - - - - ) R - om,0 - - - . - -
- Welght
Males ’ Females . Undetermined
: Standeed Standazd . Standard
Age Numbey Min Max__ Meas __ Deviaticn Number Min Mz Mesn _ Devistion b Min Max  Mean  Devisdoo
ry 0 .1 7.9 163 183 38 51.4 1m0 883 28,2 7271 0.1 6.1 111 15.4
1 - - - - - - - - - - - - - - -
[ - - - - - - - - - - - - - - -
3 2 §12,0 1516 6M.T - 1 - - 198.3 - - - . - -
4 S 1140,0 15100 12742 224,17 S 1160.0 1500,0 1%21.7  170.6 - - - - -
11 3 1140.0 1695.0 14178 - 9 1%0.0 1700.0 1850.0  ?17.9 - - - - -
[} 1 - - 1m0 - 3 1510.0 18780 15091 .4 - - - - -
7 - - . - - 1 - - 3350.0 - - - - - i
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Table C1-272. Number and mean length of young weakfish examined from Barnegat Bay, New Jersey from September 1976 through August 1877,

Creek Mouths Forked River Oyster Creek - 0CGS Total
Mean : ~Mean Mean Mean Mean
Number Length ~_Number length Number Length Number Length " Number Length
September 0 - s 125.3 20  155.5. 149 - 110.4 244 1242
October | 0 - 11 134,17 6 1842 214  132.8 237  134.2
November 0 - 0 - 3 1500 73 1107 76 112.3
July 1 105.0 0 - 0 - 10 105.7 11 1056
-~ August 0 - 43 47,0 7 39,6 178 60.6 228 57,4




Table C1-273. The length-weight relationship for weakfish collected in Barnegat Bay, New Jemey
from September through August 1977. .

Males S Slope 3.1140
Confidence Limits 0.077
Intercept -=5,2978
Nt;. of Pafrs 38
Females _ Slope : 3.1351 -
Confidence Limits 0.055
. Intercept ' -5, 3514
No. bf Pairs 417
Pooled Slope 3,1205
Confidence Limits | 0.027
Intercept ~5,33317
No. of Pairs 812

C1-757
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kfish taken in Barvegat Bay, New Jerssy from Septamber 1976 thwough Auguet 1977,

Table A-274. § of 492
Average Number
. Total L per i Volume LY
Frequency Number® __ Frequency® Stomach Displacement {mi) Yolame
Fish fragments _ 10 - 85.0 - 181.9 58,1
Cynosclon regells 1. 2 0.0 1.0 49.0 18.7
Anchos w, “ 104 18.2 2.4 471 16,0
Menidls . 17 s 7.0 1.8 12.¢4 .3
tnverteleate fragmenty L4 - 27.9 - 9.0 8.1
Family Mykiea 54 8713 2.3 12.4 8.8 1.2
Palsemonstas p. 16 19 8.8 1.9 8.4 1.2
Crangon ssptemspinces s 1 2.3 L8 1.8 0.8
Organia detris 10 - 41 - 1.0 0.9
Ovder Auphipede 8 " L3 ] 3,0 0.9 0.3
Plaat macter [ - .1 - 0.8 0.3
Jarnscogicm . L ] 1.9 1,0 0.9 0.1
ClLms Polychssta 2 ] 0.8 1,0 0.2 0.1
Numbet ezamined " 293.9
Number with food U
Number_ompey 250
3Nurmd by g te food itam,
b Tousl mmber of esch food Imm fourd in somachs,
<p ge of s with food . P food ttem,
Table Q-21S. Swmach contenn of 9 adult weakfish taken by gill nat in the OCGS condenser dischbarge from October and November 1976,
Average Number
Total %* per Volume L )
Frequency Number Frequency Stomach Disptacement (im}) Volume
Fish fagments 8 - !0:.2 ;o - 3;.; 62,3
Cynosclon regalls 2 2 25, . 49, 36,3
Anchos wp, 2 2 25.0 1.0 1.8 1.3
Palsemonats o, 1 1 12.§ L0 0.1- 0.1
Number exarnined 9 ns.0

Number with food
Number empey
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Table C1-276, Swmach commaty of 39 weakfsh mkes tn Oysar Creek, New Jersey fom

Number empty °

P ber 1076,
Aversgs Number
Toel * pee Vokme *
Seprember Froquesoy Mumber Trequency Somach __Pisplacament (m) Yolums .
Menidis wp. | ] - 16 a1 L# 1.8 - “.8
Fih fagmesn n - e - &1 .0
Anches p. L [ ] 10,8 45 L X | 13,1 .
Family Mywise § " 20,9 ne 0.6 3.4
varivats fragmese 4 - - n.o . . 0.8 2.9
Ovder Amphipeda - 1 1 s Lo 0.1 0.6
Organio datrls 1 - L 8 ] - © 0. 0.6
Nurber exsemined 20 1.8
Numbtwr vith Sood 1"
Number empey b
Aversge Numbw
. Toml %* per Volerne %
Ocwober Froquency Number - Stomach Displacement {1oD) Volume
Fish fragments 8 - 100.0 - 96 .1
Anchos W 1 1 16.1 1.9 0.8 1.1
Tamily Mysise 3 “ 50,0 14,7 0,8 [X]
veresbests fragmects 8 - 13,0 ey 0.8 L8
Ovrder Amphipoda 2 ] 3,0 1.0 0,2 1.8
Number examined 8 3
Number with food [ ]
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Table CF278. (cont.)

Number with food 27
Numberempey 3

Aversge Nuwbes .
Tol L]  p= Vohimne [
Nowmbe Proqueacy Nouber Proqueccy Stomach isoemen (m Volume
Menidia . 1 1 8.0 1.0 - 0.3 Y
Falagmonens 1 s ©0.0 L0 0.9 o
' Larnssssioms g 1 1 ®,0 Lo 0.1 ..
Number axemined ] 0.1
Nomber with food s )
Number smpty 1
Average Number
Toeal ] per ’ Volame *
Total Frequency Nuwber Prequency Stomach Dfsplacement (1) Volume
Fish Bagmens 17 - a0 - 15,8 2.9
Menidia 1, ¢ 18 .9 1.8 (8} 21,8
Anchos mp. 3 10 ‘1.1 3.3 3.1 10.8
Famity ‘Mysidas ] us 29.8 31,6 1.2 'Y}
vertehrats fragmaon [} - 2.3 - 0.7 2.4
Order Amphipoda 3 s 1.2 1,0 0.3 1.0
Palssmonets wp, 1 2 .7 2.0 0.3 1.0
_Lernacenicul s 1 1 3.7 1.0 0.1 0.3
Organic deivis 1 - 3.7 . 0.1 0.3
Number exsmined 29 29.8
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Tabla C1-271, Stomach contents of 95 wealflsh taken In Farked River, New jersey foro September twough N 1976,
Averags Nomber
. Towad . ) Volsme .

ober Pregoency Nomber___ —Proquency Somech Dipiacement (mp Volme
Pl Bugments ] - .3 - 80,6 X
Aochos . 1 4 28,0 t.9 17.¢ 5.9
Family Myddss n 50 e 10.1 2.9 1.9
nverwtvate fragmenn 10 - 0.0 - LR ] .5
Menidtd sp. L} [ ] 1.8 1.2 .2.8 Y]
Queagon spesmupinos -1 s %1 L8 0.7 1.4
Palsemonates o, ] ] 3.1 1.0 0,8 (Y]
Larmssenices %, 1 1 1.0 Lo 0.1 (X
Organic datrls 1 - 1.6 - 0.1 0.8
Number examined n 49,1
Number with food o ’
Number_empty 13

Average Number
Total % par Volume L 3

Octobar’ Frequency Number Freqoency Stomach Displscement (py Volume
Plb fragmens 11 - . 8.6 - 15.0 . - 80,7
Aochos mp, 4 12 30.8 3,0 9.5 8.8
Invertsixste fragmenn 2 - ’ 18.4 - 0.2 - 0.8
Nomber examined 17 24,7

Numbar with food 13
Numbe empey 4
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Table CHIT1. (cont)

. Average Nambet
Total * par Volame %
November Prequency Number Prequency Stomech Displacement () Votame
rih fragments 1 - 100,0 - : a4 100,0
Nsmber examiced 1 [
Number with food 1
Number_stmpty 9
Avarage Number .
Total %* per Volume %
Total Feequeney Numbes Frequency Stomach _Displacement _{(ml)_ volume
Flsh fragments 48 - 6.3 : - 4“0 83,5
Anchos p. 20 49 36,0 2.6 27,1 33,0
Family Mysidss i1 500 4.3 - 16,1 3.9 4.7
invertsbraze fragmaon a8 - 3.7 - .4 4.1
Menidis sp, ] ] 6.8 1.t 2.8 3.2
Crangon sepws mepinasa 2 3 2.8 ‘1.8 0.7 o.3
Palsemonetes &, 2 ] 2.0 1.0 0.9 0.4
Lemassnics #p. 1 1 - 1.3 1.0 0.1 0.1
Orgenic delxis 1 - .3 - 0.1 0.1
Number examined | 13 : . 2.2

Nomber with food d
bet _empty 18
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Table C1-278, § h

of 358 vealdsh ken at the OCGS wavellng screstw ow September 1976 twough August 1977,

Average Number

, Toul * per Voloroe : .
September Froquancy Nuambes Stomach Displacement {wl) Volume
Anchos W 10 b 1} 2.3 .6 11.0 81,0
Fish fogments 16 - 1.2 .. 40 20.7
Tnvertstrats fragmans 10 - 28.3 - s.0 10.4
Menidis sp, 2 3 .0 _ 1.0 1.7 . 8¢
Parmily Mysdes ] . 41 3.0 0.2 1.0
Clae Polychasts L 3 47 1.0 0.8 1.0
Mant matter 1 - 2.8 ‘. 0.1 0.8
Organio dabels L - (%) . - 0.1 e.8
Number sxemined 138 0.9
Nurbe with food L]
ber_ompty L]
Average Number
Toeal L] : pee Volutme *
Octobar Nombee Frequency Stomach Displacemment {ml) Volume
Fuh tagments - 38 - 61.9 - 12.8 . 62.9
::;:: » [ [} (X} RN : ) 2.8 n.8
Tovertebests fragment 17 - .0. - | . 1.8
Pulaamonates e L] 1 11.3 1.0 ;: 5.4
Crangon sepcomspinces [} [ 9.4 1.0 : N 4.0
g::ﬂy M.;ﬂn L] 18 .4 3,0 0.4 2.0
plant matter 3 : 8.1 . 0.2 L0
Lernacenics wpp. 1 1 1.9 1.0 0.1 0.3
Number examined 168 20.4

Number with food £
Number_ampey 112
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Table C1-278. (conat.)

Aversge Number
Total * (] Volame %
Novembey ——Froquency Proquency Somech Divplsceenong (D Volyrs __
Pish fragments [ - 30,0 - 1.8 33.3
Pulagtoonsws . L} . 0.9 1.0 1.0 25,0
Family Mysidss 5 3 26,0 1.0 0.8 18.¢
toverssbrats Segomon 4 - 20,0 - 0.8 12.8
Anchos . 1 1 5.0 1.0 0.3 1.7
Organic deixis 3 - 18,0 - 0.2 &1
Plant matter 1 - &0 - 0.1 2.6
Number examined @ a9
Number with food 20
Number empty 22
Average Number
Towl * per Voluma %
July Frequency Number Frequency Stomach Displacement (ml) Volume
Anchos . 2 $ 22,2 2.5 0.7 309
Palsemonetes 5, 2 2 2.2 1.0 0.4 22.2
Ordes Amphipoda s N ) 1.3 3.0 0.3 18,7
Family Mysidss 1 1 1,1 L0 0.1 8.8
Divertsbrate fragment t - 11,1 - 0.1 8.8
Flsh fragments 1 - 1.1 - 0.1 5.8
Organic detris 1 - 11,1 - 0.1 58
Number exsmined 11 Le

Number with food
Number empry 2
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Teble Q218 (cont.)

Averags Nombar
Total % par Volame . [

August Proquency Number Stomach Displacetment /iy Vohime

Aochos . 1 B 18,7 3,0 0.5 88.1

Ovdar Amphipoda 2 12 L% ] .0 0.9 ne

Pamily Mytidse 1 ] .3 46 0.s . 1w

Organlc macar L - 2.3 - 0.2 109

Pish fagmens 1 - 16,7 - 0.1 71

hvermizate fragrmess 1 - 161 - et 1

Number examined 10 Le

Nombw with food [}

Number empty s

Aversge Number
Towml % pee Volume [

Touml Prequency Nomber Frequency Stomach Displacement () Volume

Fish Sagmenns ) - 4.5 - 182 8.8

Anchoa wp, 1w 43 4.7 2.9 15.1 ’ 2.8

Invertebeate fragments 2 - u.e - 4.9 10,8

Palsemongte ., 12 13 9.3 1.1 2.5 5.3

Menidls ep. 3 3 2.3 1.0 1.7 %8

Farmily Mysidae 18 68 1.8 4.4 ) 1.4 3.0

Crangon septemepinaa s s 3.9 1.0 0.8 L1
. Order Amphipads [ 1 3,9 4.2 0.6 1.3

Plant marter 5 - s.9 - 0.0 - 1.3

Organic dotria [ - 8.2 - 0,8 1.7

Clam Polychaeta B | 2 1.8 1,0 0,2 0.4

Leraneenicus spp. 1 1 0.8 1.0 . . 0.1 0.1

Numbes examined 358

Numbes with food 129

Number empty 229




Table C1-279.. The number and percent by category of weakfish from Barnegat Bay, New lersey
with abnormalities examined from September 1976 through August 1977,

% of each % of all specimens

: : Number category examined
Disease or parasite only: _ _ . '

lernaeenicus sp, 4 - 14,8 0.5

Lironeca ovalis 11 40,7 1.4

Fin rot . .2z 4.5 1.5

21 100,0 3.4

Mechanical damage only: _

_Probably. dead at caprure ' 43 10.0 5.3
Scales missing 297 69.4 36.6-
Scales and flesh missing : - 60 14.0 7.4
Fin damaged ' ' 16 3.1 2.0
Eye damaged 4 0.9 0.5
Hemmorrhage 1 1.6 0.9
Scales missing and fin damaged _1 0.4 0.1

428 100.0 52.8

Developmental: :
Pugheaded : ' _ 1 100.0 0.1
Normal: : : 356 - 43.8
Total: - 812 - 100.0

Cl1-766



Table C1-280. Length~frequency distribution by sex of northern kingfish
taken in Barnegat Bay from September 1976 through August
1977. :

Length (mm) Sex Undetermined Male Female . Total % Frequency

1-50 7 - - 7 20.0
51-100 | 9 - - 9 25.7
101-150 - s 5 4 14 40.0
151-200 0 1 2 3 8.5
201-250 0 o 1 . 1 2.9
251-300 0 0 o 0 0.0
301-350 0 1 0 1 2.9

Cl-767
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Table C1-281 . Number and mean length and .weight of summer flounder taken by area in Barnegat Bay, New Iersey' from September 1976

through August 1977,

Males
Length Weight
. : Standard : Standard
Area Number Min  Max Mean Deviaton Min - Max Mean _ Deviation
Creek Mouths 1 296 296  296,0 - 240.4 240.4 240.4 -
Forked River 8 122 - 328  196,6 8.1 17.0 348,0 107.9 121.0
. Oyster Creek -1 164 303 203,83 52.2 35,1 281,5 97.9 89,0
OCGS Screens _ 195 160 k1] 2417, 6 48,4 33,2 491.5 158.8 105, 6
OCGS Condenser Discharge 1 310 310  310.0 - - 278,9 278.9 278.9 -
- Females
Length Weight
Standard ' Stand ard
Area Number Min  Max Mean Deviation Min Max Mean Deviation
Creek Mouths 2 157 1718 161.5 - 27.6 51.6 39.6 -
Forked River 4 153 352  219,8 90.3 35.4 415.4 142.3 182.9
Oyster Creek 8 143 330 222.1 1.4 30.9 384.0 140.1 126.5
OCGS Screens 256 115 425 273.1 64.6 27.6 858.0 228.6 186.3

OCGS Condenser

Discharge .




Tabie C1~282. The length-weight relationship of summer flounder taken in Barnegat Bay, New jersey
from September 1976 through August 1977,

Males Slope : ' 3.1420
95% Confide’nce Interval 0.147
Intercept ' =5,31617
- Number Examined : 212
Females Slope 3.0430
| 950 Confidence Interval 0.189
l_nwce;;t | -5.1365
Number Examined _ 272
Pooled | Slope 8.0782
95% Confidence Interval 0.115
Intercept © =5,2281
Number Examined 4.98

Cl-769
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Table C1-283 , Number and mean length and weight of summer flounder by age collected in Barnegat Bay, New Jersey from September 1976 through

August 1977, : '

Sex Undetermined

Length Weight
. . ' Standard Standard
Age " Number ‘Min  Max Mean Deviaton Min =~ Max - Mean Deviation
0+ 1 ' 90 90 90.0 - : 1.3 7.3 7.3 -
1+ ' T 110 198 143,0 32.8 12,6 51.2 27,3 16.4
2+ 1 219 219 - 219.0 - 80.6 80,6 80. 6 -
3+ 0 - - - - . - - - -
4+ 0 - - - - - - - -
. Males - .
Length - Weight
. Standard Standard
Age ' " Number Min Max Mean Deviation Min Max Mean Deviation
ot 1 122 122 122,0 - ) 17.0 17.0 17,0 -
1t 33 - 125 225 182, 8 24,3 17.4 101.1 51.8 21.8
2+ 11 ' 167 344 244.8 81.4 45,7 394.6 142.5 63.3
3t 26 ' 248 ag2 322.17 35.1 143.3  491.5 334.1 96,1
4+ 2 . 351 359 355.0 - 398.6 471.7 435.2 -
Females
Length : ’ Weight
_ _ _ _ : Standard _ Standard
Age Number Min Max Mean Deviation Min Max Mean Deviation
0o+ 0 - = - - - - - -
1+ 27 143 238 184.6 25,6 ' 27.6 115,1 59.0 24,8
2t 116 ' 165 343 252,17 35,8 45,8 408.5 159.5- 75.8
3t 4 . 218 425 332.9 56.2 . 18,5 824.3 383,71 195,17

4* . : 17 340 425  393.5 24,8 377,1 858,0 631,2 . 146.0
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Table Cl-284. Mean length of summer flounder taken in Barnegat Bny. New Jersey from September 1976 through August 1977 as
calculated from otolith measurements,

Males

' . Stand ard Standard 957% Confidence Interval

Age Number Min Max Mean Deviation Error Low " High

1 160 64 14 101 16.6 1,3 99 104

2 126 128 241 1% 21.6 . 2.5 117 186 -

3 28 183 294 25_7 23,8 4.5 2417 266

4 2 296 : 297 297 - - - -

Females
. Stand ard Standard 95% Confidence Interval

Age Number Min Max Mean Deviation Error Low High

1 200 58 155 102 17,3 1,2 100 105

9 1718 127 2117 186 29,4 2,2 182 190

3 64 221 - 344 266 28,3 3.6 259 274

4 19 259 369 319 29.0 6.6. 305 333




Table C1-285,

Number of male and female summer flounder taken at the OCGS maveling screems

from September 1976 through August 1977,

Month Males [ Females %o
Septe.mber 56 46.2 65 53,8
October 68 48,9 1 51.;
November 7 25 2i 75
December 3 60 2 40
January 0 - 0 -
February 0 - 0 -
March 0 - 0 -
April | 9 25.7 26 74,3
May3 0 - 0 -
Juned ] - 0 -

. July 11 45.8 .13 _ 54.2
August 46 4.8 38 45.2

8 OCGS shutdown from 14 May through 12 July 1977,

C1-772
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.Table C1-286, Mean condition facter of age 1+, 2+, and 3+ summer flounder collected at OCGS from September 1976 throﬁgh August 19717,

12,9 10,3

Length Condition
_ . o Standard Standard
‘Number Age Min Max Mean Deviation Min Max Mean Deviation
Male 83 1 125 225 1. 8 24.3 1.1 12,2 9.7 1,08
Female 27 1 143 - 238 184,6 25,6 1.6 11,3 9.4 0.85
Length Condition
, Standard Stand ard
Number Age Min Max Mean Deviation Min_ Max Mean Deviation
Male 107 2 1mn 344 246.4 30,3 1.8 12,9 8.9 - 1.0
Female 113 2 183 343 2.4 34.4 1.2 12,8 9.9 1.03
Length Condition
Standard . Standard
. Number Age Min Max Mean Deviation Min Max Mean Deviadon
Male 26 3 248 1. ) 322,17 35,2 9.1 11.8 10,5 _o.’r
Female 44 3 218 425 332.9 56,17 8.2 1.1
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Table G1-287,

The number and percent by category of summer flounder from Bamegat Bay, New Jersey with abnormalities examined by area
from September 1976 through August 19717. :

)
Abnormality Type Number Occurrence
Creek Mouths : :
Mechanical damage Scaled/ abrasions 1 33,3
Total : 1 33,3
Forked River .
' Mechanical damage Scaled/ abrasions 1 7.1
Total - 1 7.1
Oyster Creek
: Mechanical damage Scaled/ abrasions 5.0
’ Hemorrhage 5,0
Total 10,0
OCGS Screens
Parasites/diseases Fin rot 1 0.2
Mechanical damage Dead at capture 1 0.2
Scaled/ abrasions 192 41,6
Scaled/flesh missing 8 1.7
Fin damaged 4 0.8
Scaled/fin damaged 17 1.5
- Hemorrhage 13 2.8
Genetic Pugheaded 1 0.2
Ambicolored -2 0.4
Staining 7 1.5
Total 236 51.2




Table C1~288. Comparison of calculated and actual mean lengths of summer flounder taken in
Barnegat Bay, N. J. in 1976-77 with those taken in Delaware Bay (Smith 1969),
and Virginiz (Eldridge 1962), ’

CALCULATED LENGTH AT TIME Of ANNULUS FORMATION

I 1 m S v VI
Smith (1969) 114 256 . 345 408 449 -
Eldridge (1962) 176 240 - 319 357 381 . 399
Barnegat Bay (calculated length) 101 182 257 297 - -
Barnegat Bay (measured length) 18 . 245 323 355 - -

FEMALES

I i 11 v vV w1
Smith (1969) 1271 279 381 460 512 568
Eldridge (1962) 170 240 311 424 471 518
Barnegat Bay (calculated length) 102 186 . 266 319 - - -
Barnegat Bay (measured length) 185 253 333 394 - -

2 Values' taken from Smith (1969). Eldridge reported estimated length at time of annulus
formation, ' : o

C1-775
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Teble C1-289, Number of vinter flounder collocted sod exsmined by sex and ares in Barmegat Bay, New jersey from September 1978 throngh August 1977,

OCGS Traveling Sareetw “Oyvter Creek Patked Rives
Nurober Number Bxsmined - Number Nomber Pxswined * Nomber Number Exsminad +
Collacted__Und Mals___ Female Cofloctsd _ Under, _ Mals _ Fewals Pxamined Collected _Undet, _ Malo Female  Exswined
Septambar 4 - 2 ] [] - 4 4 100,06 [ 1 s 2
. 5.5
Octobe 1 . 18 4 1 - 2] 4 1000 7 - . 3 100.0
Newe mber e - = 1% 15 - . [ 0.3 3 - 1 T 100.0
Decatmbar 2,08 - " 1e » - 28 0 ' - 2 4 1000
Iaouery w1 - 119 ™ s (1] - 30 . 9.8 « - 1 2 100.0
Felruary ) - %0 M 18 1 - 3 1 1000 - - - - -
March 50 1 n 29 L - 29 e 98.0 . - 28 1 100.0
Aptl e - “ 18 687 1 - [ 1 00,0 n - 10 1 100,0
May - - . - - - 10 - T s 80,0 184 - B R 4.9
Iune - - - - - a2 18 “ 80 9.1 ses " 18 “« me
Juty . 101 ] 29 29 e, 108 - 1 14 2.6 100 - a 4 90,0
A 4 - 2 1 8.0 - - - - - 1 - - 1 1000
Touwl §,030 3 SER <N LS . LI L &l 1Y L] ™ L T T
Creex Moot Toul :
Number ___ Number Exemi