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Cl-15 INTRODUCTION

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

conducted studies to determine and to assess the biological ,impadt' of the

Oyster Creek Generating Station (OCGS) and its discharges, and -IJA.% has

implemented an ecological survey of fin- and shellfish popu.lations1"n

Barnegat Bay, Oyster Creek, and Forked River. Samples were takenrpril-

marily in the central and western portion of Barnegat Bay from Celar--

Creek in the north to Double Creek in the south. e-The: central and-western

Bay is relatively deep and ranges from 1.2 to 3.7.m (National Oce-nic

and Atmospheric Administration, NOAA 1976).. Some specimens.wdrbl6so.

collected in the eastern portion of the Bay which contains ext.ensivd'

shoal areas (depth 0.2 to 0.9 m). qLife 'history stbudiesg-ýLf fish•es and

macroinvertebrates designated as important by the U.S. Nuclear Regula-

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

were conducted.

Data collected from September 1975 through August 1976 were reported

in Appendix Cl. 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

from September 1976 through February 1977 were reported by I.A. (1977),

and these data from March through August 1977 were reported in Tatham

et al. (1978a,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

Cl-142 through Cl-144.
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In addition to fisheries samples, collections were taken in Oyster

Creek and Forked River to determine the effect of the heated discharge

on macrozoo- and ichthyoplankton. Macrozooplankton (i.e., planktonic

invertebrates > 500 microns) included organisms that were planktonic

during their entire life cycle (holoplankton) and those that occurred

in the,plankton-only periodically or during a portion of their life

. .cycle ,(meroplankton). Emphasis was placed on forms designated as

important species by the NRC or the EPA. Important macrozooplankton

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

S*gitta elegans and Sagitta spp., the sand shrimp Crangon septemspinosa,

grass shrimp. Palaemonetes spp., the mysids Neomysis americana and

Mysidopois bigelowi, polychaete epitokes and individuals less than 1 vm,

and blue crab-zoeae and megalopae. Important ichthyoplankton were the

-eggs and larvae of the Atlantic menhaden, bay anchovy, threespine

stickleback, northern pipefish, striped bass, bluefish, weakfish,

northern kingfish, summer flounder, winter flounder, and northern puffer.
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CI. 16 l1WATER QUALITY,

Introduction

Water temperature, salinity, p4, dissolved:oxygnij and water clarity

were taken with each biological collection. Total chlorine was determined

for plankton samples taken at the OCGS discharge., These data were used

to describe the physicochemical regime, at four stations in western

Barnegat Bay (Fig. Cl-15) and at the intake to the. OCGS cooling •ater

system from September 1976 through August 1977. Thirteen stati~ns

(Fig. Cl-16) in the south branch of Forked RiveV_(int~ke caxia4 -and in

Oyster Creek (discharge canal) were sampled from March 1976 through

March 1977 to evaluate the physicochemical parameters associated with

fisheries collections in the OCGS thermal discharge.

Materials and Methods

Water temperature and dissolved oxygen were measured with a YSI

dissolved oxygen meter (Model 57A), and salinity was determined with an

American Optical hand refractometer. The pH was measured with either a

Photovolt pH meter (Model 126A) or a Corning pH meter (Model 610A).

Total chlorine was measured with a Fischer-Porter amperometric titrator.

For all biological collections (except seine collections) taken during

the day, water transparency was measured with a 20-cm Secchi disc.

Procedures for use.and calibration of these instruments were presented

previously (I. A. 1976).
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Surface and bottom water chemistries were taken with all trawl and

gill net collections and with impingement and entrainment (plankton)

collections at the intake to the OCGS cooling-water system. Bottom

*waer samples were obtained with either 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

collection of the day because surface and bottom chemistries were similar.

In the Bay, water chemistries were generally taken between replicate

collections or, for unreplicated sets of a gill net, at the beginning of

the collection. Chemistries associated with impingement and entrainment

samples were usually taken during or near the end of the collection

period. To determine instrument variability, the first and last chemis-

tries of any sampling date were replicated 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 replicates.

A paired t-test was also used to examine differences between surface and

bottom samples.

Results and Discussion

The mean monthly water temperature, salinity, pH, dissolved oxygen

concentration, and Secchi disc reading for stations at the mouth of
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Cedar Creek, Forked River, Oyster Creek, and Double Creek and within the

intake and discharge canal are summarized in Tables CI-146 through Cl-

149 and Cl-152 through Cl-158. Physicochemical 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 those 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 January

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

(accuracy of 1.1 C) maintained at the intake to the cooling-water system.

Although these data may be biased by occasional (4 to 22%) recirculation

of 0.9 to 1.7 C from the thermal discharge in Oyster Creek, this daily

record provided a better description of the temperature patterns in the

Bay than water 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 seasonal patterns were

found.

Similarly, the mean monthly increase in the temperature of water

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

Cl-352



*

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 that OCGS operated, the values reported by

Tatham (1977a) were recalculated.

Water Temperature

OCGS Discharge

When OCGS operated, the largest mean delta T (Table CI-145) occurred

in August (11.0 C) and the smallest in September (8.2). The mean yearly

delta T during periods of OCGS operation in 1976-77 (9.4 C) was slightly

higher than that in 1975-76 (9.2). The lowest mean monthly intake

(0.I C) and discharge (10.0 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) temperatures

in the Bay were recorded in December; however, no temperatures were

taken during January and February at stations unaffected by the heated

discharge because these stations were covered with ice (Table Cl-146).

During the previous year, the coldest Bay temperature (-1.5 C) occurred

during January (Tatham 1977a). The warmest 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
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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 Oyster Creek and at the other three

creeks were similar.

As in 1975-76 (Tatham 1977a), thermal stratification occurred

frequently at Double Creek. From April through August, the bottom water

was cooler than the surface water, but from October through March, the

bottom water was usually warmer. At other stations, stratification

occurred sporadically. Stratification in Barnegat Bay can be caused by

long wave infrared atmospheric heating or cooling, short wave solar

radiation, back-radiation of surface water, and density differences that

prevent complete mixing (Lawler et al. 1978).

Forked River and Oyster Creek

The mean monthly 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

temperatures (Table Cl-148). Highest mean monthly temperatures were

recorded from Forked River (27.6 C) and from Oyster Creek (29.8) in

June. Lowest temperatures were found in January in both Forked River

(1.7 C) and Oyster Creek (4.7).

Due to cooling and dilution, water temperatures decreased from the

immediate vicinity of the OCGS discharge to the mouth of Oyster Creek.

Because water in the vicinity of the OCGS discharge (Sta. 26) was

relatively undiluted by ambient temperature water from the dilution

pumps, the mean temperatures at stations in Oyster Creek west of Route 9
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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. In May 1976, however, the temperature

in the immediate vicinity of the OCGS discharge was less than temperatures

recorded elsewhere in Oyster Creek because OCGS shut down minutes before

the sample was taken. The temperature of the discharge water was there-

fore about ambient. Temperatures in Oyster Creek, however, 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 several hours after the water in the Creek had cooled.

Surface temperatures were often warmer than bottom temperatures in

the immediate vicinity of the OCGS discharge (Sta. 26) because the

heated water discharged from OCGS overrides ambient temperature 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-water system ranged from 1.2 C in January to

25.7 C in July and August (Table Cl-149). A paired t-test indicated

that the bottom water temperature was significantly greater than the

surface temperature in 1976-77 but not in 1975-76 (fable CI-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 temperature had

decreased 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

intake was 1.6 C lower in 1976-77 (13.3 C) than in the previous year

(14.9). The National Weather Service reported that the winter of 1976-

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

Salinity

Western Barnegat Bay

The lowest mean monthly salinities were always recorded at Cedar

Creek, the northernmost station, while the highest mean monthly salinities

were usually (8 of 9 months) found at Double Creek, the southernmost

station (Table Cl-147). The same trend was found in 1975-76 (Tatham

1977a). The mean yearly salinity was 20.9 ppt at Cedar Creek, 24.5 ppt

at Forked River, 234 7ppt at Oyster Creek, and 25.3 ppt at Double Creek.

The mean yearly salinity at each station was higher in 1976-77 than in

1975-76 even though slightly more rainfall was recorded the second year

(953 mm) than the first (899 mm, Table CI-151). During the year,

salinities were generally highest during September and October 1976 and

in August 1977 due, in part, to the cumulative effects of higher evapora-

tion rates and less runoff during the summer. Lowest salinities 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 those at the mouth of Oyster Creek in 8

of 10 months; this phenomenon was also noted by Tatham (1977a) during.

1975-76. Freshwater from the three branches of Forked River and from

Oyster Creek drained into Forked River and Oyster Creek between the

stations at the mouths of the two creeks. This freshwater input apparently

contributed.to lower salinities at the mouth of Oyster Creek.

Forked 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 CI-152). The slightly lower salinities in Oyster

Creek may be attributed, in part, to freshwater input from the south

3
.branch of Forked River (discharge of 0.06 m /sec) and from Oyster Creek

(0.71 m 3/sec). Seasonal fluctuations in salinities were also similar

between the two areas except for relatively minor differences from

January through March 1977. Lowest mean salinity (20.4 ppt) in both

areas occurred in April and the highest values (27.0) in July. The

4-ppt decrease in salinity from July to August was due to precipitation

from Hurricane Belle on 9 August. Tatham (1977a) reported a similar

reduction in salinity in other parts of Barnegat Bay during August 1976.

At most stations, the mean monthly bottom salinity was slightly higher

than the surface salinity.

OCGS 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 CI-149). During both 1975-76 and 1976-77,

salinity was significantly greater at the bottom than the surface.

(Table C1-150).

pH

Western Barnegat Bay

The mean yearly pH value ranged from 8.1 at the mouth of Oyster

Creek to 8.3 at the mouth of Cedar Creek (Table Cl-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 basic) than

those reported by Tatham (1977a) at the same stations in 1975-76. The

lowest monthly values wererecorded in December (7.8) and the highest

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

Forked River and Oyster Creek

From March 1976 through March 1977, the mean pH in both Forked

River and Oyster Creek was 7.9 (Table Cl-155), although differences in

pH occurred between canals in some months. The largest difference was

found in June when the mean pH in Forked River (7.6) was 0.3 units more

basic than that 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

October to 8.1 in August and were similar to those at stations in Forked

River (Table Cl-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 CI-150).

Dissolved Oxygen

Western Barnegat Bay

Mean monthly dissolved oxygen concentrations ranged from 6.8 ppm in

July to 12.0 ppm in December and January (Table Cl-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 averaged 9.2 to 9.3 ppm

at 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

stations. These higher values were probably due to the proximity 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 Cl-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 period, the mean dissolved oxygen concentration

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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OCGS Cooling-Water Intake

The mean surface and bottom dissolved oxygen 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 the Bay. Although

the dissolved oxygen concentration at the surface was significantly

greater than at the bottom in October 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 Cl-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 water transparency decreased during the summer as a result of

phytoplankton blooms. Greater clarity in the fall and spring was

associated with nutrient depletion and consequently low chlorophyll

(i.e., phytoplankton) concentrations.
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Forked River and Oyster Creek

Although samples in these two areas were not taken during the same

time period as those in western Barnegat Bay, similar trends in water

clarity were evident. The lowest mean Secchi disc readings were recorded

in July and the highest values in February (Table CI-158). Water clarity

steadily increased from July through February and then decreased after

spring. The mean yearly Secchi disc reading for Forked River (126 cm)

was comparable to that of Oyster Creek (125), and month-to-month variation

in transparency in the two areas was similar. The large decrease in

transparency from May to June may have been due to an increase in

phytoplankton.

Replicate Chemistries

Paired t-tests of replicate bottom water chemistries taken in the

Bay and of replicate surface and bottom water 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 between 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 effects of the OCGS heated discharge on the distribution of

fishes, 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 and abundance of organisms

in Oyster Creek and in corresponding areas of Forked River were analyzed

from collections 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 August) and on 18 and 19 August

during the subsequent operational period to determine differences in

catch in Oyster Creek before and after the addition of heat.

In addition to collections in Oyster Creek and Forked River, data

.were collected at the mouth of Oyster Creek, Forked River, Cedar Creek,

and Double Creek from September 1976 through August 1977. These data

were used to determine the species composition and relative abundance of

fishes, the sand shrimp, and blue crab in western Barnegat Bay and the

effect of the heated discharge on the distribution of these organisms at

the mouth of Oyster Creek. Although one station was influenced by the

OCGS thermal discharge, these data were the most representative of 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 Barnegat 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 Cl-159, Cl-160; Fig. Cl-15). Collections at all four stations

were made from October through December and from March through August.

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 January and February, samples could be taken only at the mouth of

Oyster Creek due to ice cover at the other three stations.

Two consecutive 5-min hauls of a 4.9-m semiballoon otter trawl were

made at each station during daylight and were repeated 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 stretch mesh codend

fitted with a 1.3-cm stretch mesh inner liner. It was hauled at 1,600 rpm

2from a 6.4-m MonArk work boat, and an average haul covered 771.75 m

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 (1.3-cm stretch mesh), with

a 2.4-m bag in the center, were made at each station. One collection

was made before and one after two consecutive hauls of a 12.2 x 1.5-m

nylon seine (0.6-cm stretch mesh). The 45.7-m seine was set in a

semicircle from a 4.3-m Starcraft with both ends at or near shore when

the net was fully deployed, and it was then hauled onto the beach by

hand. An average haul covered approximately 3,300 mr2 (0.5 11[45.7]rm2 ).

The 12.2-m seine was set by holding one brail stationary at the water's

edge and sweeping the fully extended net through the water in a semicircle.

The maximum area covered was 233 m (0.511[12 . 2  ). The 45.7-m seine

captured primarily larger fishes and macroinvertebrates found in shallow

water within about 50 m from shore while the 12.2-m seine took smaller

organisms found from shore out to about 12 m. Samples were taken at

each station during daylight and again at night at the mouth of Oyster

Creek and Forked River.

At times, schools of small American eel elvers and young (age 0+)

Atlantic silverside were observed in front of the 12.2-m seine, but most

escaped through the mesh of the net because of their small size. In

order to record the time and location of occurrence of these small

fishes without biasing catch statistics, two relative estimates of

abundance were used. The abundance of these small fish was recorded as

occasional (few specimens) and numerous (many specimens) according to

subjective estimates made by the biologists. This escapement generally

occurred only for a short period in spring because 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 estimate of abundant organisms was made by counting their number in a

known volume of the sample. The number in this subsample was multiplied

by the total volume of the sample to estimate the total number of these

organisms. Fish tangled in the net were removed by hand, counted, and

added to the estimated total. Prior to subsampling for abundant organisms,

the entire collection was examined, and all other organisms were removed.

All individualsof important species or a representative subsample

of at least 50 individuals from each station were initially preserved in

buffered 10% formalin. Fishes other than important species were identified,

counted, and discarded; uncommon species were preserved for the voucher

collection.

Invertebrates other than the sand shrimp or blue crab were identified

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 in Forked River and Oyster Creek

Samples with trawl, seine, and gill net were taken at 13 stations

in Oyster Creek and Forked River (Tables Cl-159 through Cl-161, Fig. Cl-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 immediate

vicinity of the OCGS discharge (Sta. 26). Although this station had no

comparable station in Forked River, it was sampled because many fishes
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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 February, only two stations east of Route 9 in Oyster Creek (Sta. 15

and 50) could be sampled because of extensive ice on the Bay, portions

of Forked River, and the lagoons off Oyster Creek. In 1977, additional

sets of collections were made in May-June and in July when OCGS was shut

down and again in August, several weeks after OCGS resumed operation.

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 C1-363) was used at three stations in Oyster

Creek (Sta. 15, 30,350) and in Forked River (6, 45, 46). At most stations,

two consecutive 5-mmn hauls were made in the direction of the current,

but in the short lagoons (Sta. 30 and 46), only a 2.5-min haul could be

made.

West of Route 9, two stations 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 towed at a standard throttle setting from a

4.3-m Starcraft powered with an outboard motor because 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

stations (Sta. 27, 48) and two consecutive 1-min tows were taken at the

westernmost stations (26, 49).

Although duration of tows of the 2.7 and 4.9-m trawls varied between

the gear and between stations for the same gear, data were not adjusted

to equalize tow duration. Chittenden and Van Engle (1972) found no

significant differences in the catch of blue crab or in the catch of

haddock (data from Clark 1973) from trawl hauls of different duration.

They believed that the relation of catch by trawl to tow duration was

not linear and suggested that a linear relationship 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 water, 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 many specimens were collected. The total

catch of the gill net was the number of fish collected and the number of

fish that were seen to fall from the net. 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 not available. The larger net was similar in construction to the

6 1.0-m net but had an additional 30.5-m panel of 70-mm monofilament

stretch mesh. From June through August 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). Prior to the use of this seine in April

1976, a 76.2 x 3.0-m seine (1.3-cm 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

periods were spring (29 March to 5 May), early to mid-summer (17 June to

13 August), late summer (19 August to 23 September), fall (18 October to

8 December), and winter (5 January to 9 March). A Hewlett-Packard 9830A

programmable calculator was used for data compilation and for some

statistical analyses.

A balanced two-way (station x date) analysis of variance (ANOVA)

was used to examine the spatial and temporal distribution of the most

numerous species with a particular gear. Since the data had to be

equally distributed among stations, data after December was not used

because some stations were not sampled in January or February. Data

were transformed by a ln (x+l) transformation in order to reduce skewness,

approximate normality, and make variances homogeneous (Sokal and Rohlf

1969). If the ANOVA indicated significant variation of a main effect
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mean (P< 0.05), then significant differences among means were determined

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 ordering among

these mean values varied considerably. Some interaction effects may

have been significant because of large main effects. A significant

interaction that is much smaller than the main effects may imply minor

variation between the main effects at different levels (Steel and Torrie

1960).

The length (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/length b, Ricker 1975) for

individuals 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 species was

taken from life history studies conducted in 1975-76 (Tatham et al.

1977a). Because condition is a measure of the relative robustness of a

fish (i.e., for specimens of the same length, larger condition values

are found for heavier fish), the condition of fishes in Oyster Creek and

Forked River was compared by a one-way ANOVA or t-test to evaluate the

effect of the heated discharge on these specimens. Sufficient data also

existed for the Atlantic menhaden 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
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differences in condition of the Atlantic menhaden that overwintered in

the immediate vicinity of the OCGS discharge were also examined.

Everhart et al. (1975) noted that sex, season, stage of maturity,

and size influenced the condition of an individual, and these parameters

should be as similar as possible when comparisons are made. Therefore,

condition data for all fishes were grouped by length, and data were

chosen to eliminate months when a species was not taken in all areas.

Individuals over a large size range were examined 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 it 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 differences in condition of species among stations. Various

combinations of stations,.dates, and lengths were used either to have

sufficient data for analyses or to meet the constraints of the Hewlett-

Packard 9830A computer 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 through August 1977

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

from September 1976 through August 1977 (Table CI-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 taken 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 fishes 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 from May through August, and the fewest specimens 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%), Atlantic 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% of the

specimens (n = 1,055) were taken in one set of the 45.7-m seine in

December. An additional 9.7% of the catch was comprised of the Atlantic

needlefish, oyster toadfish, northern pipefish, bluefish, Atlantic

menhaden, mummichog, striped killifish, and crevalle Jack. The remaining

6.5% was made up of 56 other fishes.

The abundance and distribution of fishes and macroinvertebrates

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 takenby 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 (8.7%) and spot (6.8%) were also

common (Table Ci-163). Few fish were taken by trawl from January through

April, and most individuals were collected from May through August. The

sand shrimp made upmost of the catch by trawl in December, March, and

April, and it was also abundant in May.

The Atlantic silverside (34.5%), blueback herring (18.1%), winter

flounder (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 Cl-164).

Most fishes were 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) with the blueback herring (68.1% of December catch of

fish) and Atlantic silverside (79.1% of March catch of fish) comprising

most of the fish caught in these months. The monthly catches during

October and November and from May through August were similar in number

(n 410 to 659). Two-thirds of the sand shrimp were taken in December,

and one-third of the blue crab were collected in July.

The catch of fish by 12.2-m seine (Table Cl-165) was dominated by

the Atlantic silverside (62.2%) and secondarily by bay anchovy (12.0%).
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Although not enumerated, elvers of the American eel were observed to be

occasional to numerous in May, and young of the Atlantic silverside were

numerous in June. Few fish were taken in January (n = 5) and February

(11), and the most in July (924) and August (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 August. Relatively

few blue crab were taken. Although both the 45.7 and 12.2-mr seines were

fished at the same locations in a similar manner, catches were markedly

different because 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 mullets were common in the

45.7-m seine while the smaller seine took mostly 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 larger 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 water. The 12 .2-m seine

caught mostly small individuals found closer to shore, although some

smaller fish and invertebrates also passed through the mesh.

More fish were taken during the night (53.2%) than the day (46.8%)

at the mouth of Oyster Creek and Forked River (Table Cl-66). Elimination

of the one large collection of blueback herring made during the day

increased the proportion of the catch at night to 58.7%. The Atlantic
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menhaden (66.0% of diel catch), oyster toadfish (88.6%), striped cusk-

eel (100.0%), Atlantic silverside (71.6%), weakfish (94.7%), spot (58.8%),

winter flounder (79.3%), sand shrimp (95.0%), and blue crab (59.6%) were

taken primarily at night. The bay anchovy (68.4%) and the mullets

(79.1%) 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.

Catches at the mouth of Forked River, Cedar Creek, and Double Creek

were generally similar in number and species composition (Table CI-167).

Fewest fishes were taken at the latter station perhaps because it was

the smallest and shallowest of the three creeks. The largest differences

in catch and species composition among the stations occurred between

Oyster Creek and the other stations during most months, and this difference

usually reflected the attraction or avoidance of organisms to the heated

discharge. 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 silverside and black sea bass, although the spot was also

common. An attraction of organisms to the heated discharge was also

evident in November and December when most blueback herring, Atlantic

menhaden, Atlantic needlefish, Atlantic silverside, spot, sand shrimp,

and blue crab were taken at the mouth of Oyster Creek. Similarly, the

increased catches at Oyster Creek mouth in March and April were probably

due to the attraction of species such as the bay anchovy, Atlantic

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 attraction or avoidance.

When OCGS did not discharge heat from 23 April to 4 August, the

catches at the mouth of Oyster Creek declined and were similar to or

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% (n = 5,297) of the bay anchovy were collected from May

through August, 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

when OCGS was shut down.

Almost all of the 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 throughout the Bay in July (n = 829), December (569), and August

(567), but very few were taken in January (5), February (10), and June

(18). Catches of Atlantic silverside by the 45.7-m seine were largest

in December and from 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 spot, n = 463), but

few were collected from December through June (3.8%, 40). It was primarily

taken by 4.9-m trawl (42.7%) and 4 5.7-m seine (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 flounder 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 (43.7%). Young were most common at Forked River, and

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 operation

when young were most abundant.

Most 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%, 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

discharge in August.

Relatively few blue crab were taken by trawl; most (51.7%) were

taken by 45.7-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.g., 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. In addition, the number of

stations and sampling frequency decreased from the first to the second

year. These differences were considered when comparisons of the catch

of a species were made between years. However, the increased abundance

of winter flounder and the decreased abundance of the Atlantic silverside,

fourspinestickleback, and blue crab from 1975-76 to 1976-77 represented

actual differences in the abundance of these species. Many fish popula-

tions have large annual fluctuations in abundance, and Marcellus (1972)

reported highly variable catches of the Atlantic silverside and other

fishes in Barnegat Bay during his 4-year study.

Many of the changes in abundance during 1976-77 were probably

attributable to environmental factors. Large year-to-year variations in

population of many fishes (e.g., spot) are probably due to environmental

fluctuations that influence spawning success (Joseph 1972). The large

number of young winter flounder produced in 1977 was probably a result

of the cold.winter of 1976-77. In Narragansett Bay, Rhode Island,

Jeffries and Johnson (1974) found that 78% of the variation in the

abundance of the winter flounder population was attributable to climatic

trends during the reproductive period. Substantial reproductive success

occurred in cold winters, while the reproductive success was poor during

Cl-377



mild winters. The winter of 1976-77, in which a substantial number of

young was produced in Barn.at Bay, was much colder than several previous

winters (Darling 1977). Although many young were produced, predation by

bluefish and perhaps 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 difference in tempera-

ture between the areas (7.9 C) occurred in April (Table CI-168, Fig. Cl-17).

The largest difference in temperature between adjacent stations occurred

between the station in the immediate vicinity of the OCGS discharge

(Sta. 26) and the station with the mixed flow of OCGS discharge and

ambient water (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 Forked 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 to June and remained warm (> 23 C) through September. A

rapid decrease occurred thereafter until the minimum temperature was

recorded in Forked 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 net included

189 collections in Oyster Creek and 177 in Forked River (Table CI-169).

The discrepancy in sampling effort was caused by ice cover in portions

of ForkedRiver during January and February. Since only five specimens

were taken at the stations sampled in January and February, the total

catch for the two areas was compared directly without correction for

dissimilar effort. Specimens taken by gill net in the vicinity of OCGS

discharge (Sta. 26) were not included in the total catch because no

station in Forked River was comparable. Similarly, data from the seine

collections were not included because two stations (Sta. 28, 29) were

sampled in Oyster 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 Cl-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 all

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

CI-170 through Cl-184), and the catch of the most numerous species was

summarized by season, gear, and area (Table C1-185). During spring

(Table Cl-186) and late summer (Table C1-187), the total 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 summer, more Atlantic menhaden,

bay anchovy, weakfish, and sand shrimp were collected in Forked River.

However during early and mid-summer (Table Cl-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 C1-195). The dominance of the Atlantic
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silverside during spring and the collection of the Atlantic needlefish

and 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 Forked

River than at either station in Oyster Creek, and differences between

the two areas were largest in fall. Attraction to Oyster Creek was

demonstrated by the larger number of the Atlantic menhaden, crevalle

jack, spot, mullets, and blue crab taken there. In late summer, however,

the bay anchovy, winter flounder, and sand shrimp appeared to avoid

Oyster Creek. Few 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 sampling duration differed. However,

the data demonstrated the species composition and relative abundance of

fishes in the warmest area of the heated discharge (Table Cl-196). The

Atlantic menhaden and bluefish were most common, and they were most

abundant in fall and winter. A few large 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 May through 2 June and

on 18 and 19 July when OCGS was not in operation. Samples were again

taken on 15 and 16 August about 2 weeks after OCGS resumed operation.

Water temperature was similar in the two areas in May-June and July

(Table Cl-168, Fig. Cl-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 temperature in Oyster Creek was 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 shutdown and operational periods varied for individual species

(Table CI-197). More Atlantic menhaden 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 trawl was

biased by one large collection of these organisms (78 sand shrimp, 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 afterwards. The catch of the

bay anchovy in May-June and July was similar between areas, but twice as

many bay anchovy were taken in Forked River than Oyster Creek in August.

More young of the winter flounder were taken by trawl in Forked River

(n = 40) than Oyster Creek (19) from May through July, 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 was 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 vicinity of the OCGS discharge

(Sta. 26) where more were taken by 2.7-m trawl in August (n = 68, bottom

water temperature of 32.3 C) than July (29, 28.6 C).

Large differences in catch by gill net (Table Cl-196) occurred in

the vicinity of the OCGS discharge (Sta. 26). Although 33 bluefish and

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 may be attributed, in

part, to differences in current. A large catch of the spot, white

mullet, winter flounder, and blue crab was made at the mouth of Oyster

Creek (Sta. 29) in July (29.5 C). However, in August (30.0 C) when the

current was substantial 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 OCGS discharge on abundant organisms

The distribution and abundance of the most numerous species with

respect to the OCGS heated discharge are discussed below (Tables Cl-198,

Cl-199). The conditon of selected fishes was also examined (Table Cl-200).

Most data used in the analyses are from collections made in Oyster Creek

and Forked River from March 1976 through March 1977. However, data from

collections made in western Barnegat Bay, particularly from the stations

at the mouth of Oyster Creek and Forked River, are used when appropriate

to further illustrate either attraction to or avoidance of the heated

discharge.

Cl-383



The distribution 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 Cl-201 through Cl-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 warmest 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 heated discharge, and it was taken in all months. More were

taken in Oyster Creek and Forked River by gill net (n = 254) than by

either 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

stations or by date, individuals were attracted to the heated discharge,

and about twice as many were taken in Oyster Creek than ForkedRiver.

Similarly, collections in western Barnegat Bay indicated that many more

Atlantic menhaden were taken at the mouth of Oyster Creek (n = 158) 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 returned 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 vicinity of the OCGS discharge

decreased after May, but Atlantic menhaden were abundant in the lower

portion 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 summer, but more specimens

were taken in Forked River during late summer as many fish avoided

temperatures above 30 C. However, a few.Atlantic menhaden were taken in

the immediate vicinity of the OCGS discharge at 36 C. After September,

almost all Atlantic menhaden were collected in Oyster Creek as the

heated discharge attracted fish emigrating from the Bay. From November

through early 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 Atlantic menhaden on 11 February.

Length-frequency distributions of Atlantic menhaden for which

condition was determined are given in Tables CI-206 and Cl-207. For

small (91 to 130 mm) Atlantic menhaden taken from June through December,

significant differences 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

adjacent lagoon. Large (221 to 280 mm) Atlantic menhaden taken in

Oyster Creek from March through November were in better condition at the

mouth of Oyster Creek (Sta. 50) than those taken either in the upper

Creek (15) or near the OCGS discharge (26). No difference was found

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

December.

Condition of Atlantic menhaden which overwintered near the OCGS

discharge was examined from 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 were 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 abundant 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 was attracted to the heated discharge in Oyster

Creek during March and April upon its return to the Bay. Despite the

attraction to and the earlier collection of this fish in Oyster Creek, a

similar number was taken there (n = 3,785) and in Forked River (3,523)

during 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 and 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 December 1976,

Most bay anchovy were taken at a temperature from 12 to 31 C, and

individuals 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 attributed 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 collections, Gallaway and

Strawn (1974) concluded that the bay anchovy preferred temperatures of

24.5 to 32.5 C although some were taken at 37.0 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. 47) in Forked River (Table Cl-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

lagoon (Sta. 30) and the largest at the seine station (47) in Forked

River.

The bluefish was attracted to and collected almost exclusively in

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

were taken by gill net. The bluefish was most abundant from June through
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September when 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 immediate

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 River

limited analysis of condition because large individuals were taken only

in the vicinity of the OCGS discharge and no bluefish were taken in

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 Oyster Creek and in Forked River from July through September

was not significantly different.

The jacks (primarily crevalle jack with some blue runner, lookdown,

and bigeye scad) were attracted to and taken almost exclusively in

Oyster Creek from July to October. Although many specimens remained in

Oyster Creek in fall, most probably died'during winter when the temperature

declined below about 9 C. Mortalities of jacks were noted during OCGS

shutdowns in November 1975 (ambient Bay temperature of about 7.8 C,

Tatham and. Metzger 1976) and in October 1977 (11.7 C). Hoff (1971)

reported mortality of the crevalle jack in the Slocum River, Massachusetts

when the ambient water temperature 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, mostly 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 temperature 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.

Condition data from juvenile weakfish (45 to 215 mm) taken throughout

Oyster Creek from August through 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 attracted 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 Creek (n = 384) and

Forked River (388), and the catch by gill net was not significantly

different among thestations in both 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 collected near the OCGS

discharge (Sta. 26) as compared to only 37 individuals taken in Forked

River west of Route 9. Most individuals collected near the OCGS discharge

were taken from June through September, and this indicated an attraction

to the immediate vicinity of the OCGS discharge despite the fast current

there. In Forked River, the mean catch was largest 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 Oyster Creek mouth in all months except

February and March while it was collected only from June through November

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 attracted to and collected at the mouth of Oyster

Creek when OCGS resumed operations in August.

.Although common in Oyster Creek during summer, the spot may have

avoided temperatures .above about 33.5 C. Landry (1977) found it was one

of the two fishes to establish a well defined resident population in the

heated discharge of the P. H. Robinson Generating Station near Galveston,

Texas. He reported that many individuals left the discharge canal when

the water temperature exceeded 32 C, and some dead or stressed 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 overwintering individuals

were taken in Oyster Creek at a temperature of 4 to 12 C during December

and January. 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 varied with

season and life stage. Adults were numerous near OCGS (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 none were collected

above 15 C. McCracken (1963) reported that older winter flounder preferred

a temperature 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 (elg., current) may have been

more important 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 at a temperature as high as 30.0 C in July 1977 when OCGS was not

in operation and current was reduced. These temperatures were greater

than the reported avoidance temperature for young (about 26.7 C) and age

I+ winter flounder (24.1 C) during summer, and they were just below the

avoidance breakdown temperature of young (30.6 to 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 distribution 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

were above 28 C, and only four specimens were taken there from June

through September. Some 329 sand shrimp were taken in Forked River

during the same period. Large catches of the sand shrimp were made at

the mouth of Oyster Creek in December when ambient Bay temperatures were

low, and these large collections may have indicated attraction to the

heated discharge.

The blue crab was taken by all gear from late March through December.

The attraction of this species to Oyster Creek was illustrated by the

significantly greater number of crabs taken by 2.7-m trawl 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 trawl 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 by gill net after September.

This decline 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 Creek, 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 (19.77) 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 that most specimens were taken at a temperature

less than 37.5 C. In 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 juveniles was 40.0 C. Several instances

of OCGS-induced mortalities were observed, but the number of blue crab

killed was relatively small

Observations of Mortalities

All but one specimen of the dead or stressed organisms observed

either in collection gear, in the water, or along the shore were found

in Oyster Creek (Table Cl-209). Although mortalities of 15 species were

noted, the mortality of most species was 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 from impingement on

either the OCGS screens (Appendix Dl, Section Dl.l1) or the condenser

tube sheet and then were released 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. Although 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 usually common during most other

months (Tables Cl-175 through Cl-178).

It was possible that some of the observed mortalities were due to

heat shock from the increase in the water temperature in Oyster Creek

from 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 in Oyster Creek (16.1 to 22.8 C). On 19 April, one

of the two dilution pumps in operation was shut off in accordance with

normal OCGS operating procedures (Fig. Cl-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 briefly on the morning of 4 May 1976 (Fig Cl-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

Route 9 (Sta. 15, 30, and 50) later in the morning. By afternoon,.

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 crab taken during

sampling was reduced considerably.

Low water temperature may have caused mortality of an unestimated

number of bay anchovy that were observed in the 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 LT50 of bay anchovy acclimated to 10.0 C was calculated

to be 6.4 C (Table Cl-211).

Observations were made throughout Oyster Creek and adjacent lagoons

on 26 and 27 April 1977 after a scheduled OCGS shutdown on 23 April.

The average OCGS discharge temperature decreased from 26.1 C on 22 April

to 21.1 C on 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 dead fish could not be estimated, but it did not

appear large.

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 was observed in

Oyster Creek on both 7 December and 11 January. Both individuals were

attracted to and remained in Oyster Creek during fall instead of emigrating

from the Bay. Since OCGS operated throughout this period, it is doubtful

that a 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

fishes, blue crab, and sand shrimp in Oyster Creek and to determine

their interaction with the heated discharge. When OCGS 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 and were attributed to attraction of organisms

to the heated discharge. The Atlantic menhaden, bay anchovy, Atlantic

needlefish, bluefish, jacks, spot, and winter flounder were the most

abundant fishes attracted to Oyster Creek. The temperature, 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 flounder, sand shrimp) between

Oyster Creek and Forked River. In addition, many fish and macroinverte-

brates introduced into Oyster Creek after either impingement on the OCGS

screens (Appendix Dl, Section D1.11) or passage through the dilution

pumps (Appendix Dl, Section D1.12) may have remained in Oyster Creek.

Attraction usually occurred upon the return of a species to the Bay

or, in the case of the blue crab, upon emergence from the bottom sediment.

During.the year, many fishes returning to the Bay were first collected

in or at the mouth of Oyster Creek. Some fishes, such as.the Atlantic

needlefish, jacks, and mullets, were taken almost 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 these fishes were made during this study, but few were

captured because of their distribution in the shore zone, their small

size, and the gear used in this study. Two other resident fishes, the

fourspine stickleback and northern pipefish, were evidently not attracted

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 anchovy, jacks, or a substantial number
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of weakfish were present during spring even when OCGS operated throughout

the winter. Even with the addition of a heated discharge (delta T of 9

to 10 C), temperatures from December 1976 through February 1977 averaged

6.7 C at the Route 9 bridge and 11.5 C in the immediate vicinity of the

OCGS discharge. However, except for the undiluted OCGS discharge, the

temperature in most of Oyster Creek may be belowthe thermal tolerances

of some fishes. Residence in the heated discharge during winter has

caused mortalities of some fish during OCGS shutdown, but the cessation

of dilution pumping during winter shutdowns apparently mitigated these

mortalities (Tatham and Metzger 1976).

In 1976, most avoidance of Oyster Creek occurred 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

shrimp and young weakfish avoided Oyster Creek to the greatest extent in

summer, but the absence of individuals of some other 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 immediate 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 Oyster Creek in late fall

upon their return to the Bay, and they remained throughout winter. In

spring adults left Oyster Creek when water temperatures exceeded 14 or

15 C. Based on field collections, young apparently avoided Oyster Creek

in the summer of 1976 when OCGS was in operation and the temperature was

about 24 C, but young were found there in warmer ambient water (30.0 C)

during the summer 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 found there. Marcy (1976) found that changes

in condition and rate of growth of fishes that resided in thermal

discharges varied among species and geographical location. Different

physiological responses 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.

significant differences in the condition of small bluefish, weakfish,

and winter flounder were found between Oyster Creek and Forked River,

and small Atlantic 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 condition than

those in Oyster Creek, this difference was not significant. Fish found

in the immediate vicinity of the OCGS discharge generally were in similar
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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-19).

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 of heat-shock mortality

have been reported, but these were under unusual operating or natural

conditions.

Fishes attracted to and residing in the heated discharge 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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Atlantic menhaden. However, recent operational changes (i.e., cessation

of dilution pumping immediately after shutdown) haveapparently decreased

mortality of fishes from cold shock during winter shutdowns.

The objectives of this study was to determine the effect of a

sudden increase or decrease in temperature (delta T) on important fishes

and macroinvertebrates acclimated to rising or relatively constant water

temperature in Barnegat Bay. Heat-shock temperatures lethal to 50% of

the organisms (LT 5 0 ) were determined for some species at ambient tempera-

tures of 5.0, 10.0, 15.0, 20.0, and 25.0 C, and cold-shock LTs 0 , were

determined for some species at ambient temperatures at 5.0, 10.0, and

15.0 C.

From February through August 1977, LT 5 0 's were determined at the

Oyster Creek Experimental Laboratory in a closed system with relatively

good temperature control. Prior to September 1976, heat-shock bioassays

were conducted in a flow-through system 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 temperature from 5.0 to 30.0 C. The laboratory was divided into a

holding facility and three (heat-shock, cold-shock, and control) test

facilities (Fig. Cl-20). Water for the experimental systems was initially

obtained from the discharge of the dilution pumps at the OCGS. Water

used to replenish the systems came either from this area or 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 system which included a

mechanical-biological stack filter. Each filter consisted of a 79 x 66

x 94-cm filter box and 37 x 66 x 94-cm temperature control box. The

filter box contained an upper layer of 5 to 20-mm pebbles, a middle

layer of 1 to 2-mm dolomite particles, and a lower layer of fine silica

sand. Water entered the filter box, percolated through the various

layers, and drained into the temperature control box where the temperature

was controlled by either a YSI model 73 RC (+ 0.6 C) or model 71 A (+

0.5 C) temperature 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 unit.

.Water was pumped from the temperature control box of the filter to

either the holding facility or the three test facilities. The holding

facility contained 2, 900-liter circular and 6, 200-liter oval fiberglass

tanks. Each test.facility consisted of 3, 76.2 x 66.0 x 76.2-cm test

chambers. Each chamber contained 2, 56-liter aquaria which were covered

with either a plastic grate or plastic mesh screen. Water from the

chambers overflowed through standpipes and was gravity returned to the

appropriate filter.

The temperature in the control chamber of a test facility was the

temperature to which the organisms were acclimated. Each temperature-

shock facility had water at three different temperatures. The water in

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

cold-shock or the smallest 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. Cl-20). Each.

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

had two series of vertical baffles. One-third of the water from the

temperature control box bypassed the bath and went to one of the three

test chambers. The other two-thirds were diverted into the two halves

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

temperatures were obtained by heating the water with a series of 4,

1,000-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 maintain the desired temperature. Water from each

half of the bath went to the other two chambers of the test facility.

The temperature in the test chamber was continuously monitored for the

duration of the test by a Leeds and Northrup Speedomax W Recorder.

Specimens were collected with a 4.9-m semiballoon trawl with the

codend modified to reduce collection stress, a 12.2 x 1.5-m beach seine,

a l.1 x 1.1 x 1.2-m pit sampler with 10.7-mm wire mesh, a 1.5-m cast

net,. or a 1-m diameter lift net. All specimens were brought to the

laboratory in either a 56-liter insulated cooler or a 1,000-liter transport

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 h prior to

.testing.

Lighting in the test facility was provided by cool-white flourescent

lights and an automatic timer which coincided with the natural 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, brine shrimp, and commercially-prepared flake (Tetramin) or pellet

(Purina #4 floater) food. Organisms were not fed during or 24 h prior

to a test.

For all species, handling during collection and testing was minimized.

A scoop made from a 4-liter plastic bottle was used to transport organisms

from the collection gear to coolers and from the holding tank to the

test aquarium. Individuals showing stress were not tested.

Organisms from the holding facility were placed directly into

either the control or the experimental aquaria. Although the number of

specimens per aquarium varied with the size and availability of organisms,

an attempt was made to place an equal number of specimens in each aquarium.

One chamber (two aquaria) in the control facility served as a control

for the heat-shock test and a second chamber as a control for the cold-

shock test. The temperature at which 50% of the organisms died (LT 5 0 ,

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

Y1 -Y2
M--

50- Y + MX
LT = M

Y1 = smallest mortality (%) greater than 50%.
Y2 = greatest mortality (%) less than 50%.X2 = 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 continuously for the first hour; hourly to

4 h; at 6, 8, and 24 h; and three times daily to the end of the test.

Mortality, loss of equilibrium, and any other significant event were

noted at each observation. Mortality was defined as either lack of

opercular movement for 5 min or no reaction when probed vigorously with

a glass rod. The inability of an organism to maintain its normal

orientation was considered loss of equilibrium. A test was invalid if

more than 20% of the organisms in the control died for reasons other

than mechanical failure of the system, and invalid data were not presented.

Temperature (at the first hourly observation and at every observation

thereafter), dissolved oxygen level, salinity, pH, and hydrogen sulfide

level were determined daily throughout the test to insure that the water

quality was similar between the test facilities.

Length of most specimens was measured, to the nearest 0.1 mm with

dial calipers. Fishes larger than 185 mm were measured to the nearest

1 mm on a blocked 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 ends of the anterolateral

spines) of the blue crab and total length (distance 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 were weighed to the nearest 0.1 g with an Ohaus Autogram or

Dial-O-Gram balance. Specimens of the sand shrimp were weighed to the

nearest 0.01 g on an Ohaus Cent-O-Gram balance.

Results

Heat-shock and cold-shock studies conducted from March through

August 1977 are summarized in Table CI-210 and Cl-211. This summary

includes only tests for which LT 50's were determined, but data from all

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

225).

Heat Shock

Nine heat-shock tests were conducted with the sand shrimp at

acclimation temperatures of 5.0, 10.0, and 15.0 C (Table Cl-212). At

5.0 and 10.0 C, little (5.10%) mortality occurred at the greatest delta T's

(17.0 and 14.6 C, respectively). However at an acclimation temperature

of 15.0 C, 100% of the organisms exposed to a delta T of 14.2 C were

dead at 48 h although no mortalities occurred at a delta T of 11.0 C.

The LT 5 0 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 mortality at 36.0 C or less (Table Cl-213).. At

both acclimation temperatures, mortality was observed at the lowest test

temperature (29.2 and 33.0 C, respectively), but this mortality was

attributed to cannabalism. Complete (100%) mortality occurred at both

acclimation temperatures when the test temperature exceeded 38.0 C. The

LT50 value for organisms acclimated to 20.0 and 25.0 C was 34.9 and

36.7 C, respectively.

Atlantic menhaden (57.4 to 181.6 mm) were tested at acclimation

temperatures from 10.0 to 24.0 C (Table Cl-214). At an acclimation

temperature of 10.0 C and test temperatures from 20.9 to 26.9 C, mortality

was 50%.or greater. When Atlantic menhaden acclimated to 14.0 C were

subjected to a deltaT of 17.0 C, all fish died within 0.5 hours; the

LT 5 0 for this acclimation temperature was 29.7 C. Young of the Atlantic

menhaden were acclimated to 20.0 C and were exposed to temperatures from

26.2 to 31.5 C; the LT 5 0 (29.6 C) was similar to that of fish acclimated

to 14.0 C. Young Atlantic menhaden acclimated to 24.0 C and exposed to

a temperature from 29.0 to 33.0 C had an LT50 of 32.0 C.

Heat-shock tests 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

Cl-215). The LT50 of fish (44.6 to 73.8 mm) acclimated to 10.0 C was

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
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21.0 and 22.0 C (Table CI-216). Atlantic silverside (68.9 to 101.5 mM)

acclimated to 10.0 C had an LT 5 0 of 24.5 C, and 69.1 to 114.7-mm individuals

acclimated to 15.0 C had an LT 5 0 of 29.8 C. Adults (48.4 to 108.8 mnm)

acclimated to 21.0 C had an LT50 of 28.9 C, and young (13.7 to 21.7 mm)

acclimated to 22.0 C had an LT50 of 28.3 C. The highest LT 5 0 (33.2 C)

was calculated 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 acclimation

temperature of 15.0 and 19.0 C (Table CI-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 mortality at a

test temperature as high as 30.0 C (Table Cl-218). However, bluefish

acclimated to 21.0 C had 100% mortality at a test temperature of 32.0 C,

andthe LT50 was 29.2 C. At an acclimation temperature of 25.0 C, the

LT50 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 in 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 5 0 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 LT 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 Cl-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 experienced 10% mortality at

3 h, 90% mortality at 24 h, and 100% mortality at 32 h (Table CI-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%

mortality (96 h), respectively. The LT 5 0 for these fish was 7.5 C.

Young Atlantic menhaden acclimated to 20.0 C had 100% mortality after

48 h at a test temperature of 9.2 C; the LT50 was 11.1 C.

Individuals of the bay anchovy (46.9 to 67.0 mm) acclimated to

10.0 C had an LT50 of 6.4 C (Table Cl-222). Although six tests were

500conducted at acclimation temperatures of 14.0 to 16.0 C, no LTso was

determined. At an acclimation temperature of 14.0 C, the lowest test

temperature (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 after 72 h, and a power failure terminated the test at that

time. At an acclimation temperature 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

36.4% mortality at both temperatures (Table Cl-223). At an acclimation

temperature 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 (<510%) mortality. Young of the Atlantic.

silverside (17.1 to 39.2 mm) acclimated to 21.0 C had less than 27.4%

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 Cl-224).

One of the 20 individuals 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 Cl-225).

Discussion

The highest LT50 value calculated for the fishes tested was 33.2 C

for Atlantic silverside acclimated to 25.0 C. No fish survived more

than 24 h when subjected to a temperature above 33.9 C regardless of

acclimation temperature, and as acclimation temperatures 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 LT50 values determined for Atlantic menhaden in this study were

higher than the temperatures that Powers (1977) reported as lethal.

Only 20% of the Atlantic menhaden acclimated to 24.0 C and tested at

31.1 C died; the LT 5 0 of these fish was 32.0 C. Powers (1977) reported

that temperatures 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 avoidance temperature of the

Atlantic menhaden was directly related to acclimation temperature 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 LT 50'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 5 0 for bay anchovy acclimated to 10.0 and 25.0 C (LT 5 0 of

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 of 29.0 to 32.0 C. The LT50 at an acclimation temperature

550of 16.0 C (LT 5 0 of 27.1 C) was in the range of avoidance temperatures

presented 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

temperature of 15.0 C although their organisms showed low thermal response

during several of these tests. Avoidance temperatures and LT 50's indicated

that the bay 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 Cl-226).
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As with the Atlantic menhaden, the LT50 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

anchovy in 24 h when ambient temperature exceeded 15.7 C, shock temperature

exceeded 25.2 C, and the delta T was greater than 5.1 C. However, he

found that the determination of well defined limits of mortality was

hampered by excessive control mortality.

At least 50% of the Atlantic silverside 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 LT5 0 ; the lower the acclimation

temperature the greater the delta T necessary to effect an LT 5 0 . 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 was

above the mean avoidance temperature (30.0 C) of this species (Gift and

Westman 1971).

Terpin et al. (1977) reported 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 LT5 0 (31.0 C) calculated for smaller (79.5 to 110.5-mm) bluefish

acclimated to 21.0 C. Similarly, based on the regression equation

presented by Terpin et al. (1977), the avoidance temperature calculated

for an acclimation temperature of 21.0 (avoidance temperature of 33.3 C)

and 25.0 C (34.1) were inconsistent with the LT 0's determined in this

study for acclimation temperatures of 21.0 (LT 5 0 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 limitations of
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this equation in the prediction of the avoidance temperature. At comparable

acclimation temperatures, the LT data presented in this study were
50

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 temperature 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 0+) 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 the winter flounder remain in the Bay

through the year, but they should avoid lethal temperatures in the OCGS

discharge during the summer months. The avoidance temperature of young

acclimated to 19.6 C (24.4 C, Gift and Westman 1971) was below the LT5 0

(27.0 C) for fish acclimated to 20.0 C.

The blue crab survived a substantially higher test temperature than

the fishes tested, and total mortality occurred only when test temperature

exceeded 38.0 C. Chung (1977) found that the temperature at which 50%

of the blue crab survived for 180 min varied from 37.0 to 40.0 C at

acclimation temperatures of 20.0 and 30.8 C and at delta T's of 9.5 to

18.0 C. In the OCGS discharge canal, the blue crab was collected at a

temperature as high as 36.1 C (see Section C1.17), and catches of the

blue crab in nature generally were relatively large at temperatures as

high as 37 C (Margraf 1977). Gift and Westman (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 higher 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 Cl-226).

Heat-shock data indicated that the LT5 0 generally was above the

temperature at which most species would avoid the OCGS heated discharge.

Therefore, most fishes and blue crab attracted to the heated discharge

should avoid lethal temperatures. Those fish and macroinvertebrates

introduced into the discharge canal after impingement on the OCGS screens

were probably not exposed to the maximum temperatures or delta T's

reported by Powers (1977) because of the relocation of the OCGS screen

wash sluiceway discharge into the dilution pump discharge. It is still

possible that some organisms washed from the OCGS screens or passed

through the dilution pumps may be exposed to lethal temperatures in the

OCGS discharge. 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 sluiceway.

Two documented incidents of heat shock have occurred in the past;

both were related to unusual natural or operating conditions. The

unexpected shutdown of the only operating dilution pump in August 1973

resulted in a rapid increase in temperature in the immediate vicinity of

the OCGS discharge. The temperature reached 41.1 C and even some blue

crab died. In April 1976 (see Section C1.17), 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 observed.

Based on data reported in this study and by Powers (1977), the

probable heat-shock mortality observed during April 1976 should not have

affected all individuals of the bay anchovy and blue crab in Oyster

Creek. Bay anchovy acclimated to 16.0 C and exposed to a 10.0 C delta T

(shock temperature of 26.0 C) experienced 26.3% mortality in 48 h

(Table Cl-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

of individuals acclimated to 20.0 C and tested at shock temperatures of

24.5 and 27.0 C. At an acclimation temperature of 25.0 C and test

temperatures of 29.0 and 31.1 C, mortality was less than or equal to 25%

(Table Cl-215). Data collected by Powers (1977) indicated that no

mortalities occurred at OCGS discharge temperatures of 26.5 to 29.8 C.

However on 21 April, the temperature in the dilution discharge decreased

from 26.0 to 21.0 C in a 2-h period. This temperature decrease may

partially account for some of the mortalities noted in this area on that

date and on 22 April.

From January 1972 through February 1975, the shutdown of OCGS

during winter months and the subsequent cooling of the water in Oyster

Creek resulted in the mortality of overwintering fishes, particularly

the Atlantic menhaden. 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 the 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

young and that a temperature of 5.0 to 7.0 C killed young acclimated to

a temperature of 15.0 C or above. Meldrim (1977) found that cold-shock

mortality of young Atlantic menhaden was 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 ceased during

OCGS winter shutdowns, and the canal cooled more slowly than during

previous shutdowns. Abell and Burton (1977) reported that the -likelihood

of mortality (to 120 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 December 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 temperatures below 10.0 C, and the LT50

calculated for the bay anchovy acclimated to 10.0 C was 6.4 C in this

study. Some 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 supersaturation of gases in

the heated water. Powers (1977) reported these effects for northern

pipefish tested in his experimental studies at OCGS; his experimental

work was conducted 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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CI. 19 LIFE HISTORY STUDIES

Introduction

Life history studies were undertaken for 12 fishes, the sand shrimp,

and blue crab. The Atlantic menhaden, bay anchovy, northern pipefish,

winter flounder, and blue crab were designated as important species by

the NRC. Additionally, the threespine stickleback, striped bass, bluefish,

weakfish, northern kingfish, summer flounder, northern puffer, and sand

shrimp were designated as representative, important species (RIS) by the

EPA. The life history of the Atlantic silverside was also studied

because it was an abundant forage fish in Barnegat Bay. Procedures

common to all studies are given below. All data were compiled and

analyzed with a Hewlett-Packard 9830A programmable •calculator.

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 the mouth of Cedar and Double creeks (creek mouths). All

physical anomalies, injuries, external parasites, 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 was determined to the

nearest 0.1 mm.

Selected individual fish and blue crab were weighed to the nearest

0.1 g with an Ohaus Autogram or Dial-O-Gram balance. Specimens of the

sand shrimp were weighed to the nearest 0.01 g on a Ohaus Cent-O-Gram

balance.

The length-weight relationship was determined by a geometric mean

regression (Ricker 1975), and the confidence interval (P:5 0.05) of the

regression coefficient was also determined (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 examination

of scales for annuli. Scales were removed from specimens, cleaned, and

stored in labeled envelopes. Scale impressions were made on acetate

slides and were read on an EPOI LP-6 Profile Projector at either 10 or

20X magnification.

Otoliths (left and right sagitta) were used to age winter flounder

and summer flounder according 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 left sagitta was used for ageing. It was immersed in

glycerin in a 0.5-mm deep culture slide and examined under lOX magnification

with a binocular microscope. The otolith-body length relationship was

determined and length at each year was calculated from annual measurements

(Tesch 1968).
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The age and growth of the bay anchovy, Atlantic silverside, and

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 according to

the methodology of Laroche and Davis (1973).

bThe allometric condition factor (weight/length ) was determined for

the Atlantic menhaden, bay anchovy, bluefish, summer flounder, winter

flounder, and ovigerous sand shrimp. The exponent b was the regression

coefficient of the geometric mean regression equation (Ricker 1975).

Conclusions based 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 coefficients

for each of the 2 years was small 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

preceding 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, mean weights, annuli measurements, 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 range test was used to determine

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. The significance level for all statistical tests

was the 95% level (P < 0.05).

Food habits were studied to determine the diet of weakfish and

bluefish in Oyster Creek in relation to individuals in Barnegat Bay.

After the stomach was removed, the contents were identified to the

lowest possible taxon, and the volume displacement of food items was

measured with either a 10- or 50-ml graduated cylinder. In addition to

identifiable food items, the volume of unidentified fish (fish fragments),

unidentified invertebrates (invertebrate 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

Atlantic coast from northern Florida to the Gulf of Maine (Nicholson

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 Schroeder 1953). The Atlantic menhaden is a planktivore,

and its diet consists mainly of diatoms, unicellular plants, and copepods

(Hildebrand 1964).

Atlantic menhaden reproduce primarily in the ocean (Hildebrand

1964). The time of spawning varies with location, but Reintjes (1969)

reported that most spawning in the mid-Atlantic probably occurred in

March and April and during September and October. Most fish mature by

age 3, and females produce from 38,000 to 631,000 eggs, depending upon

their size (Higham and Nicholson 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 length) in low salinity

water (June and Chamberlin 1959, Reintjes 1969), and both young (age 0+)

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 determined 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 posterior body cavity and

had a larger GSI value. Females with gonads at rest had small but

noticeable egg cells in the ovary, but the testes of males showed no

sign of convolutions. Mature fish with enlarged ovaries had many 0.3-

to 0.6-mm eggs, and testes showed some convolutions. Egg cells in ripe

ovaries exceeded 0.8 mm in size, and ripe testes were fully convoluted.

Gonads were considered spent when they became flaccid and showed a

decrease in size and GS1 value. Spent gonads were larger than gonads at

.rest, but convolutions in the testes and egg-cell diameters in the

ovaries were reduced from the ripe stage.

Age and rate of growth. were determined from scales. When possible,

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 measure the

distance from the centrum to each annulus and to the edge of the scale.

The body-scale relationship was determined and lengths at various ages

were calculated 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 specimens 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.

Results

The Atlantic menhaden was collected in all areas from September

1976 through August 1977, although none were taken at the OCGS screens

from 14 May through 11 July because OCGS did not circulate water during

this period. Most (93.8%) individuals were collected at the OCGS screens

(Table Cl-227). Since only three Atlantic menhaden were collected from

the mouth of Cedar Creek and Double Creek, these areas 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 individuals were taken in these

three areas during April and May because sampling with a gill net ended

in March and 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 at a water tempera-

ture of 9 to 11 C (Appendix DI, Table DI-63). Few Atlantic menhaden

were taken in January when water temperatures 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 78.0% (n = 1,353) of the 1,735

specimens that were aged (Table Cl-228). Age 1+ 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%) were

collected.

Since many specimens under 150 mm in length were difficult to sex,

the sex of only 50.6% of the specimens was determined. Although females

(n = 587) significantly outnumbered males (441) for the year, the ratio

of males to females varied with age. The sex ratio was not significantly

different from a 1:1 ratio for age 1+ and 2+ fish, but young males

significantly outnumbered females (Table CI-229). However for age 3+

and 4+ fish, females significantly outnumbered males. In comparisons by

month and area, significant differences in sex ratios were found in only

4 of 16 instances (Table CI-230). When data were pooled for all months,

females significantly outnumbered males in Oyster Creek and at the OCGS

screens but not at the other areas. In a comparison of months regardless

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

August.
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No significant difference in mean length between males and females

was found for young through 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 significantly greater than that of

males while age 4+ males were significantly larger than age 4+ females

(Table Cl-231).

The mean length of all Atlantic menhaden in each age-class was

determined, regardless of sex, to examine differences in length among

areas (Table CI-232). The mean length of young from Forked River and

the OCGS screens was the same (111 mm), and it was similar to that of

fish from Oyster Creek (103) and the immediate vicinity of the OCGS

discharge (108). However,the mean length of age 1+ fish from the OCGS

screens (167 mm) was greater than that of specimens collected 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 collected at the OCGS screens, but this difference decreased

with older fish.

The mean length of both males and females at ages 1 through 5 was

calculated from annulus measurements (Table Cl-233). The regression of

the scale radius to body length was body length = 47.643 + 37.137 (scale

radius), and the coefficient of correlation for this relationship was

high (0.912). The intercept of the regression was used as a correction

factor in the calculation of growth (Tesch 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 (Kurtz 1977a) and April of 1977. No

significant difference was found between the mean length calculated for

age 1 through 3 males and females at time of annulus formation (Table Cl-234),

but 4-year old males were significantly larger than age 4 females.

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

length of all specimens 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 determined for both male and female

Atlantic menhaden (Table Cl-235). Because a t-test indicated no signifi-

cant difference between the regression coefficients of the two equations,

the data were pooled to generate a single equation: log weight -4.8919

+ 3.0437 (log length) with a confidence interval of ± 0.020 on the regression

coefficient. The regression coefficient of the pooled regression from

1975-76 (Kurtz 1977a) was compared to that of 1976-77, and no significant

difference was found.

Gonad condition was determined for 815 of the 2,031 (40.1%) Atlantic

menhaden examined. Immature fish composed the largest 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

percentage of the Bay population that was immature was greater 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 Cl-236).
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All young and most (98.7%) age 1+ fish were immature, but only

36.8% of all age 2+ fish, 7.7% of age 3+ fish, and 1.7% of age 4+

individuals were immature. Most (10 of 12) ripe specimens were males.

The two ripe 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

those taken from either the OCGS screens or Forked River (Table CI-237).

The mean condition of fish from the OCGS screens was greater than but

not significantly different from that of individuals from Forked River.

Atlantic menhaden taken in the lower portion of Oyster Creek and in the

immediate vicinity of the OCGS discharge from December through February

were in similar condition, and specimens from both areas were in signifi-

cantly better condition than individuals from the OCGS screens. However

from March through May, the condition of specimens taken at the OCGS

screens was not significantly different than the condition of fish near

the OCGS discharge.

Analysis of condition through time was limited due to the availability

of specimens from comparable areas during each season (Table Cl-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) to 18.91

in winter (December through February). The condition value of individuals

collected at the OCGS screens improved slightly from fall (16.52) 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 Cl-238).

Most (91.5%) specimens infested with 0. praegustator had evidence of

gill erosion, and similar gill erosion was seen on 23 other fish although

no 0. praegustator were found. Gill erosion may be a better indicator

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. praegustator may have been

as high as 5.8%.

The percentage of unaffected Atlantic menhaden in each area (Table Cl-239)

indicated a lower percentage of unaffected Atlantic menhaden (8.0%) at

the OCGS screens than in Oyster Creek (35.7%), the immediate vicinity of

the OCGS discharge (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 (13.7% 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 nursery 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 (0.5% 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 generally agreed with the reported

temperature at which it occurred in other areas in the mid-Atlantic.

Bigelow and Schroeder (1953) reported that the Atlantic menhaden first

appeared in the Gulf of Maine at a water temperature of 10 C. However,

the temperature 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 impingement of the Atlantic menhaden substantially

increased in the fall was used as an indication of the temperature of

emigration of a large number of individuals in the Bay. Impingement at

OCGS appeared to correspond with the movement of fish within the Bay

rather than their occurrence in the Bay. The increase in impingement of

Atlantic menhaden at OCGS occurred at a water temperature of 9 to 11 C,

and this temperature was lower than the 15 C Reintjes (1969) reported 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 C1-163) than 1975-76 (0.04, Danila 1977b),

and greater numbers of individuals were impinged at OCGS from September

through December of 1976 (an estimated 89,387 individuals) than in

comparable months in 1975 (9,133; Appendix Dl, Table D1-47). However,

the water velocities in front of 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 larger year-class of young also explained why the percentage of

young to age 2+ fish in 1976-77 (85.8%) was greater than this percentage

in 1975-76 (67.3%, Kurtz 1977a). Elimination of young and adjustment

for the 1 year of growth from 1975-76 to 1976-77 indicated 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%) the following year. However, the percentage of age

3+ fish in 1975-76 (33.2%) was larger than that of age 4+ fish in 1976-

77 (15.8%), and 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 uncommon 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 1+, and age 4+ Atlantic menhaden during 1975-76

and 1976-77 were similar. However, the age 2+ (1974 year-class) and 3+

(1973) Atlantic menhaden in 1976-77 had a higher percentage of mature

gonads than age 2+ (1973) and 3+ (1972) fish examined in 1975-76.
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During 1975-76, only 1.5% of the specimens from the 1973 year-class

(age 2+) were mature from September through December 1975, and a similar

percentage of these gonads were mature from March through May 1976. In

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 mature 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 annulus

formation in 1976 (June) than in 1977 (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 agreement 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 that 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 significantly 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+ Atlantic menhaden examined

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 smaller 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+ Atlantic menhaden.

The reported condition of fish residing in heated 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 condition 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

OCGS screens and in Forked River (see page CI-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

OCGS discharge from November 1976 through March 1977 caused small (90 to

130 mm) Atlantic menhaden to lose weight, but this loss did not occur in

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

The incidence of Lernaeenicus radiatus increased substantially from

9.8% in 1975-76 (Kurtz 1977a) to 28.4% in 1976-77. The reason for this

increase was not known, but it probably represented 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 0. praegustator infestation in Barnegat Bay was substantially

lower than that reported in Virginia (39.3%) and Maryland (34.4%) by

Kroger and Guthrie (1972). This lower rate of infestation in Barnegat

Bay may occur because the Bay is near the northern limit of 0. 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 (1972).and McClain (1973) reported that it was the

second most abundant fish collected in the Bay from 1966-70 and during

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 (Schaefer 1970),

weakfish (Thomas 1971), and summer flounder (Smith 1969).

The life span of the bay anchovy appears 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 juveniles. Juveniles

and some adults remain in the estuary until November or December before

they emigrate to the ocean. The bay anchovy 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 the gonads under a dissecting

microscope. Testes were thin at the edges and leaf-like while ovaries

were rounded and bag-like (Stevenson 1958). Six stages of maturity were

used to distinguish gonad condition. Gonads were considered immature if

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. The size of mature gonads

increased progressively from at rest to ripe and then progressively

decreased in size. Ovaries at rest had a granular consistency, and most

eggs were small (< 0.1 mm). Testes at rest had thin edges, a firm

texture, and no visible convolutions. Enlarged ovaries contained numerous

0.2- to 0.4-mm egg cells, and enlarged 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 eggs larger than 0.5 mm were

present 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 because the gonads were indistinguishable.

Age and growth were determined by the length-frequency distribution

of specimens because scales, otoliths, and vertebrae were unsatisfactory

for age determination (Stevenson 1958). Length-frequency histograms

(5-mm increments) 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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fewest 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. Most bay 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

ascertain 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 0+). 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 August 1977 (Table C1-240). The mean length of the

larger mode in July was 57 mm and these were individuals found in the

Bay from April through June. In 1976, the mean size of the smaller mode

increased from July (27 mm) to August (34) to September (40), but from
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September through December the mean length was generally similar (36 to

43) with the smallest mean length (36) during November. The mean length

of the larger mode from September through December ranged from 67 to

70.mm. The mean length of each of the two modes in July and August of

1977 was similar to the mean length of these modes in July and August

1976. The estimated growth rate of young bay anchovy from mid-July

through mid-October 1976 was 0.16 mm/day.

The relationship between length and weight was curvilinear, and a

logarithmic regression of this relationship was generated for both sexes

(Table CI-241). No significant difference in regression coefficients

existed between males and females. The data were pooled to generate a

single regression equation: log weight = -5.2179 + 3.0747 (log length)

with a confidence interval of + 0.039 on the regression coefficient.

The mean condition of 35 to 44-mm bay anchovy collected from September

through November at the mouth of Cedar and Double creeks and from the

mouth of Oyster Creek was not significantly different, and these fish

were in significantly better condition than those impinged on the OCGS

screens and those collected in Forked River (Table CI-242). Fish from

Forked River were in significantly better condition than those from the

OCGS screens. In spring (March through May), 60 to 69-mm bay anchovy

from Cedar Creek, Double Creek, Forked River, and Oyster Creek were in

significantlybetter 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 Oyster Creek

were in significantly better condition than those from Forked River and

the OCGS screens, and those in Forked River were in significantly better

condition than those from the OCGS screens (Table CI-242).

The sex of 2,988 bay anchovy was determined. Over the entire

period, females significantly outnumbered males in all areas except at

the creek mouths. Females outnumbered males during September and from

June through August (Table CI-243), but the sex ratio was not significantly

different from a 1:1 ratio from October through December and during

April and May.

All fish examined from April through June were in some state of

maturity (Table C1-244). The sex of most immature fish examined from

July and August could not be determined. From September through December,

most fish had gonads that were either immature or at rest. Fish with

enlarged gonads were first collected in April from Oyster Creek, but

specimens with enlarged gonads were taken in all areas by May.

Ripe and partially 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 May, ripe in June, partially spent in July,

and either spent or at rest in August. The largest percentage of spent

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

August.

Cl-440



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 missing from most

(96.4%) fish, and this condition accounted for most of the mechanically

damaged specimens.

Few (0.1% to 2.2%) unaffected specimens were found in each area

(Table CI-246). The percentage of diseased and parasitized bay anchovy

collected from-the OCGS screens was approximately four to six times

greater than that from other areas. The percentage of diseased and

parasitized fish was similar among the other three areas. Most (97.8 to

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

Discussion

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 Bay by Kurtz (1977b), Marcellus (1972), and McClain (1973). The

estimated number of the bay anchovy impinged during 1976-77 was much

smaller than that reported for 1975-76. The estimated number of individuals

impinged at OCGS for 7 comparable months in 1976-77 was significantly

(P<0.2) less than the numbers that were taken during these months in

1975-76 (Appendix Dl, Table D1-47). Apparently the number of the bay

anchovy which returned to the Bay in 1977 was much smaller than the

large population which entered the Bay during 1976. In April 1976 an

estimated 1,084,658 bay anchovy were impinged, but only 38,315 individuals

C1 -441



were impinged in April 1977 (Appendix D1, Table DI-66). The catch by

trawl (63.6 n/coil) and seine (40.8) in 1975-76 (Danila 1977b) was also

greater than these catches in 1976-77 (42.4, 3.67; Tables Cl-163, Cl-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 distribution for bay anchovy from

Long Island and concluded that the modes represented age 0+ and 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 strength. The logarithmic regression of length and

weight was 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 the OCGS screens may have utilized body

reserves 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 crappie, 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 from March 1976 through March

1977 indicated that fish in the heated discharge may be in poorer condition

than those in Forked River (see page Cl-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. In 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 and parasites was similar

between 1975-76 (5.8%, Kurtz 1977b) and 1976-77 (7.1%). 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 the OCGS screens

was attributable to impingement and how much to collection technique.

However, scales are easily lost (Bigelow 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 collections (27% of

total catch) from September 1976 through August 1977 (Table C1-165). In

previous studies in the Bay, the Atlantic silverside ranked first (51%)

in seine collections from 1966-70 (Marcellus 1972), and first (57%) in

seine collections taken in 1971-72 (McClain 1973). it also was the most

abundant fish (53%) in seine collections from the nearby Mullica 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 commercial and sport fishes such as the bluefish, striped bass,

weakfish, and summer flounder, and it was found in the stomachs of

weakfish and bluefish in Barnegat Bay in 1976-77.

Materials and Methods

A life history study of this species 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 OCGS; 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 condition were determined by examination of the

gonads under a dissecting microscope. Testes were long, thin, leaf-like

structures while ovaries were rounded and sack-like. Mature gonads were

categorized as at rest, enlarged, ripe, partially spent, and spent.

Mature testes at rest were thin, elongated, and firm with no convolutions.

Ovaries at rest were small, contained eggs 0.1 to 0.2 mm in diameter,

and were coarse internally. Enlarged testes were partially convoluted

and filled a larger portion of the body cavity than testes at rest..

Enlarged ovaries had many 0.3 to 0.9-mm opaque eggs and a few large (0.9

to 1.2 mm) translucent eggs. Ripe testes were fully convoluted and soft

while ripe ovaries had many large translucent eggs and a few 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 spent testes were

soft and occupied a larger area of the body cavity than spent testes.

Spent ovaries contained mostly dead or arrested eggs with a few translucent

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

when probed.

.Results

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

1976 through August 1977; 59% were taken at OCGS, 25% from Oyster Creek,
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11% from the Bay, and 5% from Forked River (Table Ci-247). Most Atlantic

silverside were taken during March and April in 1976 (57% of all fish

taken in 1976) and 1977 (79%). Few specimens (< 2%) were collected

during January and February in either year.

A total of 3,475 specimens was examined from January 1976 through

August 1977. Overall, the mean length of females (93 mm) was significantly

greater than that of males (81). The mean length of both males (90 mm)

and females (98) taken from OCGS was greater than that of males (78) and

females (91) taken from all other areas, but this difference was significant

only for males (Table Cl-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 captured 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 found from June through August, and the two modes represented

age 1+ and young (age 0+) 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+ fish which 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 Cl-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 June through 31 August 1977

(0.38 mm/day). Most young reached 75 mm in length by October. The mean

length of age 1+ fish decreased each successive month from October

through April.

The sex of some 2,997 Atlantic silverside (86% of all fish examined)

was determined (Table Cl-250). Although females (60% of all fish sexed)

significantly 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%) males were collected at

the mouth of Oyster Creek, Cedar Creek, and Double Creek. However,

significantly more females were taken from March through August 1976 and

1977. In 1976, the percentage of fish that were male increased from 47%

in September to 56% in November, but the difference in the sex ratio was

not significantly different from a 1:1 ratio (Table Cl-250).

The sex of most Atlantic silverside smaller than 50 mm was undeter-

minable. These specimens and the few individuals larger than

50 mm that were immature (13% of the total examined) were captured from

May through November. The sex ratio of larger (50 to 70 mm) immature

fish was not significantly different from 1:1 (Tables Cl-251, Cl-252).

From March through June 1976, 97% of all mature Atlantic silverside

were in some stage of reproductive development (Table Cl-251). Enlarged

gonads were prevalent in March (91% of mature specimens during March)

and April (53%). Specimens with 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 were again predominant in

March (26% of mature specimens in March) and April (63%, Table Cl-252).

Ripe specimens were also most common in April (36%) and 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 (16%).

Nixon and Oviatt (1971) found larval Atlantic silverside to be the

predominant fish in eelgrass beds in southern New England, and the beds

of eelgrass and widgeon grass in the eastern portion of Barnegat Bay may

also be important to this fish. The Atlantic silverside spawns near and

attaches its eggs to vegetation (Fowler 1918, Bayliff 1950). Many

(n = 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 shallow 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/coll) in deeper (>1 m)

water further from shore. Many young (mean length of 45 mm) also were

collected with a 2.7-m trawl on 8 July 1977 in this area of the Bay.

Most (89.9%) of the fish examined had no parasites, 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%) had the
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parasitic isopod Lironeca ovalis. Overall, fish taken in Forked River

had a higher incidence of disease or parasites (2.7%) than Atlantic

silverside from either Oyster Creek (0.6%) or the Bay (1.1%, Table Cl-254).

Mechanical damage was noted for only 1.6% of the fish captured in the

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 Atlantic silverside is resident in New Jersey estuaries. It

was collected year-round in Barnegat Bay and the Mullica River-Great Bay

estuary (Thomas and Milstein 1973), but during winter it may leave the

shore zone for deeper water in the Bay or nearby ocean (Milstein 1973).

In mid-winter, fish were uncommon in seine hauls in Chesapeake Bay

(Bayliff 1950) and in southern New England (Warfel and Merriman 1944).

In Barnegat Bay, males significantly outnumbered females only in

winter. Bayliff (1950) found significantly more females than males

(2:1) in Chesapeake Bay in summer, but he reported that the ratio was

approximately equal 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 reported by Marcellus (1972) for young

in Barnegat Bay (0.4 mm/day) during the summer. Bayliff (1950) also

reported that the growth of Atlantic silverside was rapid in Chesapeake

Bay and that most young reached the size of adults by winter. Merriman

Cl-450



(1944) found that the growth rate of Atlantic silverside in Connecticut

was much slower than that of individuals in Chesapeake Bay, and he

stated that fish in Connecticut matured in 2 years.

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 I+) 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 estuary from 1972

(241.9 n/coil) 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.

Cl -451



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). In estuaries,

its diet consists of copepods, isopods, euphausiids, and other small

invertebrates (Leim and 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). Adults leave the shallow portion of estuaries in summer and spend

the winter in deeper water (Bige]ow 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 one individual was

collected 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.

physical abnormalities nor parasites were noted on any specimen.

Specimens ranged 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-
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frequency distribution of the specimens were evident, 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 at 3 years (Bigelow and

Schroeder 1953).

The threespine stickleback is a nest builder and spawns in shallow

areas where rooted aquatic plants are abundant (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 Lagler 1958). In 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 eastern Bay because most of the vegetation was found there. Spawning

coloration was evident on some specimens.

The threespine stickleback apparently was not as abundant in the

Bay during 1975-77 as it has been in other years. Marcellus (1972)

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 net collections in

the Bay in 1975-1977.

Although the cause of this decline in abundance is unknown, part of

this apparent decrease may reflect changes in the habitat at the sampling

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 these stations, but it appeared that vegetation

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 distribution.

Cl-454



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 commercial importance,

individuals have been found in the stomachs 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 and measured from a series of 5-mmn

hauls of a 2.7-m trawl on the eastern side of Barnegat Bay about 0.5 km

northeast of Sedge Island.

Sex was determined by the presence of the marsupium in males. When

sex was difficult to determine externally, the gonads were examined

under a dissecting microscope. Sex could not be determined for specimens

less than 100 mm in length. The reproductive condition of males was

recorded as immature (marsupium closely attached to the body), mature

Ci-455



(flap of marsupium easily separated from the body), or gravid (eggs

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

not determined.

Results and Discussion

A total of 246 northern pipefish was collected in the Bay from

September 1976 through August 1977 by 4.9-m trawl (14% of all individuals),

12.2-m seine (29%), and 45.7-m seine (57%, Table C1-256). It was the

eighth most abundant fish taken in collections in the Bay. Most northern

pipefish (86%) were taken from April through August while only one

individual was collected from 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) observed the northern pipefish in a torpid

state and sometimes partially imbedded in the bottom sediments during

winter. More specimens were taken in collections at night at Oyster

Creek and Forked River (59%) than during the day (Table C1-258).

Some avoidance of Oyster Creek was apparent. When OCGS was in

operation, a similar number of specimens was taken in collections during

the day from the mouths of Forked River (n = 38), Cedar Creek (43), and

Double Creek (51), but fewer (25) individuals were taken in Oyster

Creek. However, an approximately equal number of northern pipefish was

taken in collections in Oyster Creek (n = 40) and Forked River (42) from

May through July when OCGS did not operate and the differences in monthly
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mean water temperature between these two areas were less than 1.5 C. In

August the temperature was 3.6 C warmer at the mouth of Oyster Creek,

and only about one-fourth as many specimens were collected there (n - 8)

than at Forked River (35). No attraction to or avoidance of Oyster

Creek was evident in collections made from September 1975 through August

1976 (Moore 1977a).

Samples taken in a population survey of the central Bay during July

and August showed that the northern pipefish was concentrated in 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/m ) where vegetation was sparse (Appendix D1,

Table D1-99). Joseph (1957) felt that the association between the Gulf

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

so great that many of the ecological requirements 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.

While significantly more northern pipefish were 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 known (Appendix D1,

Table D1-47). In contrast to the impingement totals, the estimated

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

the summer than during 1976, and recruitment into the population contributed,

in part, to the higher estimate. Over the year, the number of specimens

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%). As in

1975-76 (Moore 1977a), significantly more females (72%, n = 763) were

collected than males (28%, 300), and the mean length of all females

(171 mm) was significantly larger than that of males (155 mm, Table Cl-259).

Females may be more common than males because of the greater stress

imposed on the egg-carrying male. For the Gulf pipefish, Joseph (1957)

suggested that spawning stress may have resulted in a higher mortality

rate of males.

Few young (age 0+) 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 DI, Table DI-I11) as compared to the 11,220 larger individuals

impinged on the OCGS screens. The greater percentage of young in seine

and trawl collections indicated that the gear selectivity was probably

not as 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 larger (mean length of

163 mm) than those taken by trawl and seine (147). Fish collected from

OCGS from September 1975 through August 1976 tended to be larger than

those collected elsewhere, but the difference was not significant (Moore

1977a).

More males were gravid (n = 177) than either mature (109) or immature

(14). Gravid males (88%) were taken primarily from May through August

with most taken in May (34%, n 60). In 1976, a few gravid males were

also taken in September. Mercer (1973) found most gravid males during

May and June in the York River, Virginia, and in 1i976 the greatest

number of gravid males was taken from OCGS in May and June (Moore 1977a).

Because of the OCGS shutdown in 1977, fewer gravid males (n = 21) were

collected during May and June 1977 than during this period in 1976

(133).

The relationship between length and weight was computed, but the

calculated relationship was not considered valid because of large variations

in weight among specimens of similar length. These variations occurred

primarily with smaller individuals whose weight apparently was near the

accuracy of the balance. The large variations in weight may account for

the fact that the regression coefficients 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 growth

(Kicker 1975). Therefore, the length-weight relationship reported by

Moore (1977a) was probably invalid.

The rate of growth and age-structure 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 northern pipefish collected from the eastern

portion of Barnegat Bay indicated that most specimens probably were

young (age 0+) spawned in 1977, although some larger individuals may

have been produced from late spawns of the previous year (Fig. C1-21).

A few age 1+ specimens were also found in June and July. This age-

structure 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 from 24 June to 23 September 1977. This increase

(0.79 mm/day) was less than the growth rate of 0.96 mm/day determined

from aquarium raised individuals which grew from 11 to 70 mm in 2 months

(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 reproductive population in

the following year. She noted the disappearance of larger individuals

in July, and this phenomenon was also found in collections made in

eastern Barnegat Bay.

No parasites were found on the 1,102 northern pipefish examined,

and only 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). In 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 around Barnegat Inlet has supported a limited sport fishery

(Porch 1977b), and Halgren (1973) estimated that 2,688 fish were caught

in the upper Bay by sport fishermen in 1972. McHugh (1977) estimated

that the total sport catch for the 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 unimportant 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

overwintered in the Mullica River and Great Bay, New Jersey (Hoff 1974).

A total of seven striped bass were collected from September 1976

through August 1977. Four individuals were impinged on the OCGS screens,

two were collected from the trash racks which precede these screens, and

one was taken by gill net. One specimen was collected in November and

the others were taken during March and April. Individuals ranged in

length from 305 to 810 mm with a mean length of 461 mm. One striped

bass was age 2+, three were age 3+, one was age 4+, and one was age 9+

(Table C1-260).

Two females age 4+ and 9+, and one male age 3+ were sexually mature.

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 3+. The number of

eggs produced by a mature female varied with size. Worth (1904) reported

as few as 14,000 eggs in a 1.4-kg fish and as many as 3.2 million in a

22.7-kg individual.

Physical anomalies, disease, and parasitism were noted in three

specimens. One fish had fin rot and also had lost some scales, probably

from passage through the trash racks and impingement on the OCGS screens.

The 810-mm specimen 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, therefore, few were impinged at OCGS. Striped bass

usually avoid trawls, and none were taken by this gear. A small school

of about 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. On several occasions in late

March and April, striped bass were observed near the trash racks in

front of the OCGS screens.
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BLUEFISH

Introduction

The bluefish is migratory and regularly occurs along the Atlantic

Coast from Cape Cod to Florida and occasionally in the Gulf of Maine

(Bigelow and Schroeder 1953). It is present in New Jersey waters from

May through November (Milstein 1974, Metzger 1977a).

The bluefish is one of the most abundant sport and commercial

fishes in the mid-Atlantic. In 1974, 84% of the commercial landings of

the bluefish on the Atlantic coast were from the mid-Atlantic (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 Cl-325). In

1972, an estimated 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 microscope. 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 analysis of condition among areas was made when a sufficient

number of specimens was collected in each area. Analysis of condition

of individuals within each age-class was limited to specimens with a

similar (+ 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 from September 1976 through

August 1977. The bluefish 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 were taken again in most areas from June through

August. The OCGS screens accounted for 57.2% (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 length and weight of bluefish examined

during various periods and for the several areas are presented in Tables

CI-261 and Cl-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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OCGS screens from September through November (133 mm), but bluefish

taken from these two areas (102, 98 mm respectively) during July and

August were similar in length (Table Cl-261). Although bluefish collected

in Oyster Creek were larger than those taken from all other areas of the

Bay during all months except August, these differences were not significant.

Bluefish from the immediate vicinity of the OCGS discharge were signifi-

cantly larger than fish from all other areas from September

through November and during July and August (Table CI-261).

The age of 893 bluefish was determined (Tables CI-263, C1-264).

Young (age 0+) accounted for 94.1% (n = 840) of the 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 vicinity of the OCGS 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 September.1976 to 323 mm in

January 1977, and those examined from July and August 1977 ranged from

33 to 210 mm. The length-frequency distribution of young collected in

July revealed a bimodal distribution similar to that found in 1976

(Metzger 1977a). The smaller of the two size-groups had a mean length

of 63 mm and the larger 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 spawn 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 I+ 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 were similar. Males ranged in length from 80 to 452 mm

with a mean length of 174 mm while the length of females ranged from

89 mm to 465 mm with a mean of 172 mm.

Young of the bluefish that were attracted to and overwintered in

the OCGS heated discharge probably grew during at least part of the

winter. Young collected in the immediate vicinity of the OCGS discharge

in January (mean length of 266 mm) were substantially larger than young

collected in this area in November (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 + 3.4165 (log length). The confidence limits on the regression

coefficient were + 0.084. For females (n = 275), the regression was log

weight = -5.8181 + 3.3919 (log length) with confidence limits of + 0.109.

The regression coefficients of the two equations were not significantly

different, and the subsequent length-weight equation for all specimens,

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 specimens sexed were immature. Generally, specimens under

100 mm in length could not be sexed due to undeveloped gonads. All

bluefish taken in June weresmall, and sex could not be determined.
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Significantly more young males were collected than young females

for the year. More young males were taken in all months except August,

but this difference was significant only in September (Table CI-263).

Neither sex showed a preference for a particular area (Tables Cl-265,

Cl-266). Although too few fish from age-classes 1+ through 3+ were

collected to make statistical comparisons of the sex ratio of males to

females during each month, significantly more age 1+ and age 2+ males

were taken for the year. Only five age 3+ bluefish were taken, and four

were females.

Condition of similar sized (mean length of + 10 mm) bluefish from

all areas was computed during months when a sufficient number of specimens

was taken in these areas (Table Cl-267). The condition of bluefish from

Oyster Creek (mean condition of 1.76) and Forked River (1.80) during

July was not significantly different, but in November bluefish from

Oyster Creek (1.44) were in significantly better condition than those

(1.36) collected from the OCGS screens. Individuals (mean condition of

1.92) taken at the creek mouths in July also were in significantly

better condition than those from the OCGS screens (1.61). The lower

condition values of specimens taken at the OCGS screens may reflect the

greater vulnerability of fish in relatively poor condition to impingement.

The condition of young taken in the immediate vicinity of the OCGS

discharge could not be compared to young from other areas because young

taken near the OCGS discharge were consistently larger than those from

other areas. 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 diseased, parasitized,

mechanically damaged, or had a physical anomaly (Table Cl-268). Various

types of mechanical damage were noted on 75 specimens, and missing

scales and flesh or damaged fins were the most common. Most damaged

fish were collected from 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 deformity (Dawson 1964, 1966, 1971), was observed in

two young collected at the OCGS screens, but they appeared healthy and

their feeding ability did not seem affected.

The largest percentage of anomalies occurred in fish examined from

Oyster Creek (30.2%) and in Forked River (29.0%), and it was slightly

higher than that of individuals collected at either the OCGS screens

(24.6%) or in the immediate vicinity of the OCGS discharge (24.6%). The

smallest 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 (20.5%), the immediate vicinity of the OCGS discharge

(19.0%), the OCGS screens (12.8%), and the creek mouths (3.4%). Two L.

ovalis (one in each gill) were found in 16.4% of the parasitized specimens,

and most of the specimens with two isopods were taken from September to

January in Oyster Creek.

Of the 856 stomachs examined, 411 (48.0%) were empty (Table C1-269).

Exclusive of fish fragments, 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 variations were found. For

example, young of the winter flounder were heavily preyed upon at the

creek mouths during July, and both mysids and sand shrimp were numerous

in the stomachs of bluefish taken in Oyster 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. Stomachs of

specimens taken near the OCGS discharge had more fish fragments 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 juvenile and adult bluefish are

largely correlated to water temperature (Freeman and Turner 1976). Lund

and Maltezos (1970) and Backus (1962) reported that bluefish arrived in

Long Island waters in spring when the water temperature was from 12 to

15 C. These temperatures were similar to the ocean temperature offshore

of Barnegat Bay when bluefish were first collected in the Bay during

May 1976 at a mean bottom temperature of 17.5 C (Metzger 1977c). In

1977, bluefish were not collected in the Bay until June but the mean

bottom temperature at the creek mouths during that month (16.5 to 17.5 C)

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

1976.
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Young bluefish in Barnegat Bay probably originated from several

areas in the mid-Atlantic. The first young (30 to 70 mm in length,

Metzger 1977a) collected in 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 spring (Bigelow and Schroeder 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 of

New Jersey in July (Freeman and Turner 1976) and probably produced the

small young taken in Barnegat Bay during August and September. Thomas

(1974) reported larval bluefish were taken off Little Egg Inlet, New

Jersey from July through September. The age at which bluefish mature is

not known, but all age 3+ bluefish taken in Barnegat Bay during fall

showed no evidence of maturation.

When OCGS operated during the summer, bluefish apparently avoided

areas of Oyster Creek at a water temperature above 32 C (Table Cl-201).

Only one bluefish was taken in the immediate vicinity of the OCGS discharge

in August when water temperature (mean temperature 36.3 C) exceeded

35 C, the temperature that Terpin et al. (1977) reported as lethal to

the bluefish. Bluefish from 90 to 221 mm in length that were acclimated

to 22 C had 20% mortality when exposed to a temperature increase (delta T)

of 10 C, but complete mortality 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 temperatures 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 Oyster Creek

from September through January, and significantly more were collected in

Oyster Creek and in the immediate vicinity of the OCGS discharge than in

Forked River and the Bay during this period. During these months, most

bluefish were found near OCGS discharge; relatively few individuals were

taken in Oyster Creek east of Route 9. The similar condition of young

taken in the immediate vicinity of the OCGS discharge from September

through January suggested that these individuals did not lose weight as

a result of residence there.

The size-distribution and age-composition of bluefish taken in

1976-77 were generally similar to those reported by Metzger (1977a) for

1975-76 although young comprised a greater percentage of the population

during 1977. However, this may reflect differences in gear because most

age 1+ and 2+ fish taken in May 1976 were captured by gill net, and

regular gill net collections were not taken after March 1977. For

example, 49 age 1+ and 2+ bluefish were taken in Oyster Creek during May

of 1976 while only young bluefish were taken there during this period in

1977. In addition, OCGS did not discharge heated water from 23 April

through 4 August and older bluefish in the Bay may not have been attracted

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 young 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
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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 Barnegat 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 the Atlantic menhaden, bay

anchovy, mummichog, Atlantic silverside, and tidewater silverside.

Richards (1976) reported that the stomachs of most bluefish examined

from Long Island contained locally common species such as squid, the

Atlantic menhaden, anchovies, and butterfish. In Barnegat Bay, the most

common fishes identified in bluefish stomachs were silversides and the

bay anchovy, fishes that were common to abundant in collections from the

Bay in 1976-77. In July, bluefish taken from the Bay fed heavily on

young winter flounder which were abundant then in the Bay (Table C1-164,

Cl-165).

The overall rate of infestation of Lironeca ovalis, the most common

parasite, was 15.0%, and this rate was similar to that reported for

bluefish from the Delaware River (19.5%, Lindsay and Moran 1976) and in

the vicinity of Little Egg Inlet, New Jersey (14%, Swiecicki 1974).

However, more bluefish in Barnegat Bay had two isopods (one in each

gill) than reported by Lindsay and Moran (1976). They found only 1% of

their specimens contained two L. ovalis as compared to 16.4% of the

parasitized bluefish from Barnegat Bay from 1976-77 and 29.8% in 1975-76

(Metzger 1977a). Since most of the instances of parasitism occurred in

bluefish attracted to Oyster Creek in the fall and winter, the concentration

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 reported 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 Carolina although the sport catch in 1970 was twice the

reported commercial catch (McHugh 1977). It was one of the most abundant

fish taken by anglers in New Jersey from 1972 through 1976 (Milstein et

al. 1977, Figley 1977). From September 1976 through August 1977, it was

the third most important fish (83,640 kg) landed in Ocean County, New

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

Materials and Methods

Weakfish less than 180 mm in length 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, sex

was determined by inspection of the gonads, and the age of these 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 1OX magnifi-

cation.

Results

A total of 8,186 weakfish was collected from September 1976 through

August 1977 (Table Cl-270), but no fish were taken from December through

June. Most (97.0%) individuals were captured at the OCGS screens. In

the Bay, more specimens were collected by trawl (n = 228) than seine (5)

because 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 collected

were examined.

Most (97.7%) of the specimens were young. Scales were taken to

determine the age of the 99 specimens larger than 180 mm, but the age of

14 fish could not be determined as the scales were unreadable. Some

77.6% (n 66) of these larger fish were young (age 0+)- that ranged in

length from 181 to 221 mm. No age 1+ or 2+ fish were collected; the

other 19 fish were age 3+ through 7+ (Table Cl-271). The mean length of

age 3+ fish (n 3) was 398 mm, age 4+ (6) was 502 mm, age 5+ (5) was

525 mm, age 6+ (4) was 536 mm, and one age 7+ fish was 681 mm. Most (14

of 19) of the older weakfish were collected from the immediate vicinity

of the OCGS discharge in September (n = 11) and November (3). The

remaining fish were collected at the OCGS screens, 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 Cl-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 1977 and from September through November 1976.

In August the mean length for 208 small young was 51 mm, while the mean

length of 16 larger young was 108 mm.

The 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 respectively) and the OCGS 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) during those months.

The length-weight relationship for 47 females was similar to that

for 38 males (Table Cl-273). Since the difference in the regression

coefficient between sexes was not significant, all specimens, including

young, were pooled to generate a single regression equation: log weight

= -5.3337 + 3.1205 (log length) with confidence limits of + 0.027..

The gonads of all fish examined were either immature or mature at

rest, and no significant difference was found between the number of

males (n 38) and females (47).

The stomachs from 492 weakfish were examined; most (n = 481) were

taken from young. Some 358 young examined were taken at the OCGS screens,

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 (Table Cl-274). By

volume, the diet of young weakfish consisted primarily of fishes (92.0%)

rather than invertebrates (8.0%). 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 CI-275). Unidentified fish (fish fragments) was the

most common item found (55.1% of total volume), And most of the fragments

were of small forage fishes. Anchovies were the most abundant fish that

could be identified; 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 Cl-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 limited to

September through 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 CI-276). In contrast, relatively few silversides were found in

the stomachs of weakfish from either Forked River (3.2%, Table Cl-277)

or the OCGS screens (3.6%, Table Cl-278). Several trends in food habits

were evident by area and through time. Mysids were found in more weakfish

stomachs from Forked River (40.3%) than in those in Oyster Creek (29.6%)

or at OCGS (11.6%). Anchovies declined in relative importance in the

diet of individuals taken at OCGS during the fall; in September 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 steady decline

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

during fall.

Some 3.3% (n = 27) of all weakfish examined were diseased or

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

had fin rot, 11 (1.4%) were infested with the isopod Lironeca 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 due to impingement on the OCGS screens or

damage during collection by gill net.

Discussion

The weakfish was present in Barnegat Bay from spring through late

fall. The failure to collect weakfish until July in 1977 was due to the

shutdown of OCGS from 14 May through 11 July rather than the absence of

the fish in the Bay. During 1976, Hillman.(1977a) first reported weakfish

at the OCGS screens at the end of April and during May. He also found

that the heated discharge. attracted weakfish during spring (primarily in

May) and fall. However, OCGS did not discharge heat from 23 April

through 4 August 1977, and during this period weakfish were not attracted

to or collected in Oyster Creek.

Barnegat Bay was unimportant to the reproduction of the weakfish.

Relatively few older, mature individuals were captured; their gonads

were at rest. Tatham et al. (1974) collected most weakfish larvae in
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the ocean near Great Bay, New Jersey, and they concluded that spawning

occurred in the ocean, 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 young.

The bimodal length distribution of young during August 1977 probably

reflected weakfish spawned in two different areas. Hildebrand and Cable

(1934) reported a protracted spawn of weakfish 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 Barnegat Bay in 1975-76.

Although two size-classes were present in Barnegat Bay in August, these

two size-classes could not be distinguished 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-population.

Other information on the life history of weakfish 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% 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 prey selection (Merriner 1975), and 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 somewhat by location, date, and size of the individual. Hildebrand

and Schroeder (1928) found that anchovies, silversides, and mysids

dominated stomach contents of weakfish from Chesapeake Bay. However in

Delaware Bay, the diet of young consisted primarily of mysid shrimp and

sand shrimp (de Sylva et al. 1962). In the Delaware River, 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 different feeding habits. Thomas (1971)

found that small (60 to 120 mm) weakfish from the 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 mysids found in

the stomachs of fish from Forked River (40.3%) as compared to Oyster

Creek (29.6%) from September through November may be, in part, related

to size. The mean length of the young weakfish examined from Forked

River (125 mm) was considerably smaller than that of 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 ForI~d Pived-.
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NORTHERN KINGFISH'

The northern kingfish ranges from southern Florida to Casco Bay,

Maine, but it is most numerous from Chesapeake Bay to New York (Bigelow

and Schroeder 1953). In Long Island, New 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 northern kingfish

spends the winter is unknown, Schaeffer (1965) speculated that it was

offshore in deeper water.

In the mid-Atlantic, the northern kingfish is more important to the

sport fishery than the commercial fishery (McHugh 1977). In 19.70, the

recreational catch from New Jersey to North Carolina was 3.5 times

greater than the reported commercial landings. It was the seventh most

abundant finfish taken by anglers in upper Barnegat Bay from December

1971 through November 1972 (Halgren 1973), but the recent catch has

declined.

A total of 35 northern kingfish was examined (Table CI-280). Most

(n=3 2 ) were taken from September through mid-November, and 65.7% (23)

were collected from the OCGS screens. Sex was determined for 14 indivi-

duals; seven were males and seven were females. Sex could not be

determined for most fish less than 135 mm in length because of the

relatively small size of the gonads. No physical anomalies or parasites

were noted for any specimens. The collection of small young (age 0+)

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 spawning began in June and

terminated in August (Welsh and Breder 1923), but neither eggs nor

larvae were found in Barnegat Bay during 1976 (Tatham et al. 1977b).

The northern kingfish has rapid growth. Welsh and Breder (1923)

found that northern kingfish reached a modal length of 120 mm by the

first winter, 250 mm by the second, and 350 mm by the third. However in

New York, Schaeffer (1965) found that individuals hatched in May or

early June attained a modal length of 250 mm by October. Specimens

collected in the Bay during 1976-77 ranged in length from 18 to 310 mm

with a mean length of 105 mm. All but the largest specimen (310 mm, age

1+) were young, and all fish were immature. Metzger (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 (mean

length of 161 mm).

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 Barnegat 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 collected each year declined from 220 in 1966-67 to 59 in

1969-70. From December 1971 through November 1972, McClain (1973)

collected only seven northern kingfish by seine in the Bay. Only 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 through

1975 (U. S. Dept. of Commerce 1966-76); in 1976 commercial fishermen

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 young 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 because

the northern kingfish is short-lived the abundance and size-distribution

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

classes.
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SUMMER FLOUNDER

Introduction

The summer flounder ranges from Maine to 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). Festa (1975) suggested that larvae

and young (age 0+) of the summer flounder entered New Jersey estuaries

from October through March.

The summer flounder 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 high ($0.91/kg in 1975, U. S. Dept. of

Commerce 1976) and often exceeds that of most commercially-harvested

flatfishes (Freeman 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 the gonads, but maturation

was not determined because most females 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 approaching

maturity.

Ageing was done by examination of the otoliths. Prior to examination,

they were soaked in 5% hydrochloric acid, dried, and submerged in glycerol

on a depression slide. The material comprising the outermost zone of

the otolith was recorded as either opaque or hyaline. Generally, the

left otolith was used for age determination, but if it was either damaged

or difficult to read, then the right otolith was used. Vertical measurements

(to nearest 0.1 mm) were taken from the otolith core to each annulus.

The first of December was considered the birthdate of a summer flounder

(Festa 1974), and if specimens taken at that date had no clear annulus

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

Results

A total of 498 summer flounder was examined from September 1976

through August 1977, and specimens were collected during all months

except January through March. Most (92.2%, n = 459) were taken at the

OCGS 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

was collected in the immediate vicinity of the OCGS discharge, and one

was taken at the OCGS dilution discharge.

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

425 -m 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 (Table C1-281). For the year,

females were significantly longer and heavier than males. Although

females were larger than males during each month, the differences in

length and weight were small in each month from April through August.

The difference in length between sexes was only significant in October.

The relationship between length and weight was not significantly

different for males and females. A pooled regression for all specimens

(n = 498), including a few individuals of undetermined sex, was log

weight = -5.2231 + 3.0782 (log length), and the confidence limits

were + 0.115 (Table Cl-282).

A total of 386 summer flounder were aged. The mean length and

weight of fish in the five age-classes (age 0+ to 4+) are given in

Table Cl-283. Age 2+ fish were most abundant and represented 59.1%

(n = 228) of all fish aged. Age I+ fish accounted for 17.4% (n = 67),

and age 3+ fish comprised 18.1% (70). Only two young (age 0+) summer

flounder were taken.

The accuracy of ageing by otoliths was indicated by a strong

correlation coefficient (males = 0.904, females = 0.936) between otolith

measurements and length of specimens. The regression of the otolith

width to body length for males had intercepts of 14.08 for males and

11.18 for females.. 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 length 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 males (297), the difference

was not tested because few specimens were collected.

Growth was calculated using annulus measurements of 361 summer

flounder (Table C1-284; Figs. C1-22, 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). Growth

slowed as the summer flounder became older, and by the fourth year,

yearly growth was reduced to 41 mm for males and 53 mm for females. The

annual growth increment for females was larger 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 edge of the

otolith. Otoliths taken from the two young specimens were composed

almost entirely of an opaque core.

Some 484 fish were sexed, and significantly more females (n = 272)

than 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 CI-283). At OCGS, significantly more females (n = 256) than

males (195) were taken for the year (Table CI-281), and significantly

more females than males were taken in November and April (Table C1-285).

In November, the ratio of females to males was 3:1 (n - 28) and during

April it was 2.9:1 (35). Too few specimens were taken in other areas

for comparisons.
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All summer flounder collected were considered 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 for the year for age 1+ through 3+

males and females collected at OCGS (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 anomalies were noted on specimens from each area (Table

CI-287). Some 51.4% (n = 237) of the summer flounder examined from OCGS

had some anomaly, primarily mechanical damage (e.g., scale or flesh

missing, fins damaged) 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

OCGS. One pugheaded male (168 mm) was captured in October; it was

probably age I+. Two instances of ambicoloration (dark pigmentation on

both dorsal and ventral surfaces) and seven instances 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

Cl-488



first appeared in Oyster Creek in April, the summer flounder apparently

neither avoided nor preferred Oyster Creek during the year. This apparent

lack of interaction with the thermal discharge may be attributed, in

part, to the local distribution of summer flounder. Hillman (1977d)

found that 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 sandy bottom 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 contrast, the western

Bay has primarily a mud bottom and, therefore, the number of summer

flounder (n = 31) taken there probably did not reflect the overall

population in the Bay.

The population of the summer flounder in Barnegat Bay and other

major estuaries in the mid-Atlantic (Eldridge 1962, Murawski 1963, Festa

1975) were comprised primarily of immature individuals. Generally,

older mature individuals remain just offshore during summer and rarely

enter lower salinity 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 Bay in October and November had ovaries

which contained enlarged eggs similar to those found by Murawski (1963)

in females Just prior to spawning. These larger females probably would

have spawned during the fall emigration to the ocean.
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The life history of the summer flounder 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, significantly more

females than males were taken at OCGS during 1976-77. More females than

males also were collected in the Delaware River (Smith 1969) and in

Great South Bay, New York (Poole 1961), but the statistical significance

of the differences was not mentioned.

The age-structure of the summer flounder population in Barnegat Bay

during 1976-77 was similar to that found in 1975-76 in that five age-

classes (ages 0+ to 4+) were present. During both years, the dominant

age-class was 2+, but during 1976-77 few young (age 0+, 1976 year-class)

fish were taken. Hillman (1977b) reported that young comprised 10.1% of

the summer flounder in Barnegat Bay during 1975-76.

The absence of young summer flounder during 1976-77 probably resulted

from natural fluctuations in reproductive success. Festa (1974) reported

that significant fluctuations in the summer flounder population have

occurred off New Jersey in the past 20 years. From 1962 through 1971,

the reduced inshore fishery reflected, primarily, the decrease in the

abundance of age 1+ 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 1+ summer

flounder. The absence of young summer flounder in 1977 may affect the

inshore fishery in 1978 since 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 September, Festa (1976) reported few summer flounder in Great Bay,

but on 20 September large catches of summer flounder were reported

there. The presence of individuals in the Bay at this time suggested an

interruption of the offshore migration by the anoxic ocean water.

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 mean length of summer flounder 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 (Powell 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 I year after hatching, summer 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 those of individuals

in Barnegat Bay.

Unlike the mean length of summer flounder, the calculated mean

length of age 1 to age 4 summer flounder 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 in growth Festa (1975) found in age 2+ summer flounder taken

in Great Bay, New Jersey during 1972 and 1973. Substantial differences

were evident among the growth rates of age 1 and age 2 summer 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 annual growth rates of

3 and 4 year old summer flounder in Barnegat Bay was similar to those of

fish from other mid-Atlantic estuaries (Table CI-288; Figs. C1-22,

Cl-23). Since the growth rates of age 3 and 4 individuals were similar to

those of summer flounder in other estuaries, this difference in growth

rate at annulus formation for age 1 and age 2 fish may also be partially

attributed to variation in spawning time.

Although the length-weight relationship of males and females in

Barnegat Bay was not significantly different in 1975-76 (Hillman 1977b)

or 1976-77, females generally were larger and heavier than males of the

same age because females apparently grew faster than males. Smith

(1-969) found no significant difference either in the length-weight

relation of males and females or between the lengths and weights of male

and female summer flounder in Delaware Bay, but females were slightly

longer and heavier than males. However, Smith (1969) found that females

were significantly (P< 0.05) longer than males at the predicted maximum

attainable length determined by Walford's growth transformation.

Although no parasites were found, nearly half of the specimens

taken at OCGS had some physical damage which was probably caused by

impingement on the OCGS screens. 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 environmental conditions prior to metamorphosis (Dawson 1962), was

found in two fish. Twenty-two ambicolored individuals were found in the

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 commercial landings (McHugh

1977). Some individuals of this species are found in estuarine waters

throughout the year. Adults return to their natal estuaries in late

fall, spawn in winter, and migrate offshore in spring, but young (age 0+)

and immature winter flounder remain in estuaries year-round. Due to its

estuarine-dependent life cycle and its value to the sport and commercial

fishery of Barnegat Bay, a study of the life history of the winter

flounder was initiated in September 1975 (Danila 1977c) 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), partially spent

(ovaries partially emptied of eggs), 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 males became ripe in their first winter, but

after February it was difficult to distinguish between testes of young

that were mature and the testes of those that remained immature. Therefore,

young males collected after February were classified as maturity unde-

termined. Total 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 frequencies).

Annuli formed on otoliths 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% sodium phosphate, and transferred to 100% glycerin for at

least one week before examination. Annuli appeared as thin brown lines

under reflected light (Poole 1966), and measurements (to nearest 0.05 mm)

from the center of the otolith core to the right margin of the left

otolith were made with an ocular micrometer. The right otolith was

usually more asymmetric and was not used for ageing except when the left

otolith was lost or broken. March I was considered the birthday of

winter flounder in the Bay; specimens that had not formed an annulus by

that date had 1 year added to their age (i.e., number of visible annuli)

and the measurement to 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 1977 (Table Cl-289), and 27.3% (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 during the

day on the OCGS screens (93.4%) and by trawl and seine (79.3%) at the

mouths of Oyster Creek and Forked River.

Most winter flounder (78.1%, n = 6,030) were taken from the OCGS

screens, and 48.2% of these were collected in December after the return

of adults to the Bay. The winter 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 were collected 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 the year although the

OCGS screens did not operate from 14 May through 11 July (Appendix Dl,

Table DI-49).

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

Oyster Creek (n = 680) and Forked River (708). More were collected in

Oyster Creek (n = 209) than Forked River (56) from December through

March because they were attracted to the OCGS heated discharge and

because of limited sampling in Forked River during January and February.

Although OCGS did not discharge heat from 23 April through 4 August,
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more winter flounder were taken in Forked River (n = 613) than Oyster

Creek (428) during this period. Most of this difference was due to a

larger catch of young in Forked River, especially in May. Adult winter

flounder apparently avoided the heated discharge in Oyster Creek before

OCGS shut 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 collected 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 the 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 Bay.

Examination of the catch of winter flounder during the blue crab

and northern pipefish population survey in late July and early August

revealed that more young were found in the Bay near the Inlet. Very few

young were taken in the deeper water of the northern Bay where the water

temperature ranged from 24.0 to 26.0 C. Some fish were 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 flounder 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 areas (Table Cl-290). Winter flounder

tended to be similar in size in Oyster Creek and Forked River. The

lengths of young taken from the four areas from June through August were

examined with a one-way ANOVA. In 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 Forked 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 than those from Oyster Creek (25, 59 mm) and Forked River (89,

58 mm).

Some 1,914 winter flounder were aged (Table Cl-291). The specimens

were tabulated by year-class because they entered the next age-class in

March, and therefore they were included in two age-classes during the

year. 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 11.7% of the specimens examined.

The number of fish examined and the mean length and weight of

winter flounder by age were summarized for various months (Tables CI-292,

Cl-293). No significant differences in length and weight were found

between young males and females except during November when males were

significantly longer (120 mm) and heavier (20.7 g) than females (i11 mm,

15.3 g). However, females age 2+ and older were always longer and

heavier than males. Except for specimens of the 1976 and 1977 year-

classes, females were significantly larger than males (Table Cl-291)..

High correlations between otolith width and total body length

(Figs. Cl-24, CI-25) were found in both years, and these correlations

indicated that the measurement to each annulus (Table Cl-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 body length had an intercept

of -56.2 for males and -82.3 for females, and these were used as a

correction factor in the calculation of growth (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

annulus... 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 overestimated if it is

negative. Because Danila (1977c) did not use a correction factor when

calculating growth of the winter flounder from 1975-76, these 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 corrected 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 1976-77 (0.935). The intercept of the

regression was 0.95, and this very small value would not substantially

change the 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 during the second

year; the largest error in calculated growth occurred at age 1. The

reason for the large difference between years for females is unknown,

but it may be related to the particular specimens examined.

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

females were significantly larger than males except at age I (Table C1-295).
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Growth attained by individual year-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 (128) of the abundant 1976

year-class was smaller (Table Cl-292) than the calculated growth of

males (152) and females (155) from all year-classes at age 1 (Table CI-295).

This slower growth of the abundant 1976 year-class in comparison to that

of the less abundant year-classes was an indication of density-dependent

.growth.

The logarithmic relationship of length and weight was calculated

for both males and females (Table Cl-296). Gonad weight was subtracted

from total body weight before calculation of the regression because the

gonads of gravid females often weighed as much as 25% of the total body

weight. The regression coefficient for females (3.2012 + 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 Cl-297; Appendix Dl, Table D1-47). The largest

portion of this difference between the years was in the 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% (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 more females than males of the 1976 year-class were

taken on the OCGS screens in November, December, and for the year, but

significantly more young males than females were taken in January (Table CI-298).

No significant 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 even

though females outnumbered males during February and March.

Condition of winter flounder was examined to determine if differences

existed between individuals impinged on the OCGS screens during the day

and night (Table Cl-299). Although various-sized winter flounder taken

at OCGS from November through April had larger mean condition values

during the day, no significant differences were found between individuals

impinged during the day and at night.

When a sufficient number of specimens was available, condition was

also examined among areas by month to determine if fish impinged at OCGS

or collected in the heated discharge were in different condition than

individuals in other areas (Table CI-300). No significant difference

was found between 60 to 159-mm winter flounder taken in Oyster Creek and

at OCGS in December. However, in January winter flounder from Oyster

Creek were in significantly better condition than those taken at OCGS

because the mean condition factor of specimens in Oyster Creek increased

substantially from December (4.45) to January (5.09). In March and

April, the condition of winter flounder in Oyster Creek decreased (4.42)
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and although it was significantly less than that of specimens at OCGS

(4.71), it was not significantly different than that of winter flounder

from Forked River and 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

taken 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 males began to ripen in October, and all mature specimens had

enlarged testes in November (Table Cl-301). Mean weight of enlarged

gonads was largest in December and decreased thereafter (Fig. Cl-26).

Although a few 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 poor condition.

Ovaries of females began to ripen in November, and the mean weight

of enlarged gonads increased each month through February (Fig. CI-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 winter flounder

from the 1974 and older year-classes was not significantly different
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from 1:1. However, significantly more females (n = 633) than males

(523) of the 1976 year-class were taken. For the 1975 year-class,

significantly more males (n = 40) than females (21) were found. The

largest differences in the sex ratio, regardless of year-class, occurred

in November, December, March, and April. In January, males outnumbered

females but the difference was not significant.

All specimens were examined for injuries, parasites, and anomalies

(Table CI-302). Because most (92.7%) mechanical damage was found in

fish taken on the OCGS screens 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 diseased or parasitized.(l.9%, n 41),

and most of these specimens were lightly infected. A 2.7% rate of

infection was found for fish taken on the OCGS screens, and the light

degree of infestation probably did not increase the rate of impingement

of these individuals. Fin rot was the most common disease but it occurred

in only 0.9% (n 18) of all specimens examined. Eleven of these were

adult females. Ten individuals (7 adult males) had lymphocystis. Eight

fish (seven young) had either leeches attached or scars from previous

attachment. Five individuals were infected with the microsporidian

Nosema (Glugea) stephani (Stunkard and Lux 1965, Sindermann 1970, Loin

1970), but only one of these specimens was severely infected.

Some 153 winter flounder taken from the OCGS screens (13.9% of

.those examined from 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 may have been introduced there after impingement at

OCGS. Very few damaged fish were collected at Forked River (0.7%), and

none were taken at the creek mouths. Injuries believed 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 the immediate vicinity of the

OCGS discharge 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 collected from one screen wash. Individuals

taken at the OCGS screens probably were flushed from the OCGS water box

and were transported in front of the screens through the tunnel which

recirculated water from the discharge tunnel to the OCGS intake structure

(M. B. Roche, personal communication). Three specimens were 249 to

275 mm in length, and the other fish ranged from 102 to 153 mm. Since

most specimens with condenser tube markings were small, few larger fish

may be able to get around or under the OCGS screens.

Genetic or developmental abnormalities 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

right 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, probably from the.

1975 year-class, was completely ambicolored in that pigment covered the

entire left side and the left eye had not fully migrated to the right

side (Norman 1934). Although not taken in regular sampling (Table Cl-302),

one partially albino young was taken in June near the mouth of Oyster

Creek during the collection of specimens for temperature-shock studies.

It was devoid of pigment except for very small scattered patches of

melanophores between the eyes, on the chin, and on both sides of the

caudal peduncle.

Two individuals with caudal fin abnormalities and one specimen with

a deformed jaw were also found. The deformity of the latter specimen

probably reduced successful feeding because it weighed considerably less

than other fish of the same size and sex, and its sexual maturation was

retarded. Nine specimens were found with healed wounds or scars; some

of these injuries (e.g., regenerated caudal fins) may have been caused

by predators.

Discussion

The occurrence of the winter flounder in Barnegat Bay in 1976-77

was similar to that in 1975-76 (Danila 1977c) as adults entered the Bay

about November and remained until April before moving offshore. Many

winter flounder were attracted to Oyster Creek during these months. Age

1+ winter flounder were collected in the heated discharge during April

at a temperature as high as 18 C, but larger adults apparently left

Oyster Creek after March when the temperature was between 10 and 15 C.

A similar movement was noted 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 of

12 to 15 C. South of Cape Cod, adults generally moved from bays to the

ocean in summer because their upper lethal temperature is 20.2 C, regard-

less of acclimation temperature (McCracken 1963). However, Olla et al.

(1969) observed 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. Young 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 popultion probably was more heat tolerant than that northern

population. This temperature of natural occurrence was also near the

avoidance breakdown temperature (30.6 to 31.1 C) determined by Gift and

Westman (1971) for young winter flounder from Great Bay, New Jersey.

They reported exposure to these temperatures for I h or less caused loss

of equilibrium 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 temperature as high as 29.8 C, but OCGS did not operate during that

month. When OCGS was in operation from May through August 1976, few

young were taken in Oyster Creek, in comparison to Forked River, even

though the water temperature was usually less than 29.8 C. With OCGS 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 difference 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 estuaries during the past few years (Danila 1977c,

Milstein et al. 1977). However, the 1976 year-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 year-class was even more abundant

(12.7 n/trawl and 2.6 n/seine from June through August in 1977) than the

1976 year-class (0.9, 1.4 respectively) was in comparable months during

1976, and it accounted for most of the winter flounder taken from May

through July of 1977.

Variable abundance of year-classes was probably related to environ-

mental effects, particularly water temperature (Jeffries and Johnson

1974). They found a relationship between decreasing catches and increasing

water temperatures in Rhode Island during a 7-year period. The relation-

ship between water temperature and the abundance of year-classes suggested

a complex interaction between time of spawning, length of incubation

period, metamorphosis of larvae, and presence of predators and prey.

Cushing (1973) noted that "successful correlations between year-class

strength and climatic factors is probably the match or mismatch of

larval production to that of larval food, because it is the only means

by which recruitment can be modulated by the weather." In 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 survival 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 winter

flounder 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

flounder were produced.

Older young also may suffer severe losses due to predation (Pearcy

1962). Predation on young may explain, in part, the large decrease in

the number of young taken from July to August 1977. Many young bluefish

were found in the Bay during late summer, and young winter flounder

frequently were found in their stomachs. Howe et al. (1976) reported

that the highest natural mortality and incidence of wounded juvenile

winter flounder occurred when young bluefish 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 have explained

some of the decrease in catch in the western 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. Cl-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 in response to

water temperature occurred. A preliminary analysis of the catch of

fishes after August 1977 indicated that winter flounder remained uncommon

in September and October after the water temperature in the Bay had

cooled. Consequently, the decline in number may have been primarily due

to predation or other natural causes of mortality rather than movement

from the western Bay.

Young taken at the creek mouths apparently grew faster than those

from either Forked River or Oyster Creek. Similarly, Pearcy (1962)

noted large differences in growth of young'winter flounder among his

stations in the Mystic River, Connecticut estuary. He suggested that

intraspecific competition may have accounted for these differences

because growth was much greater at lower population densities. He also

noted that most young tended to remain within the same area in summer,

so differences among stations were not due to influxes of larger fish

from other areas. Although differences in growth may occur between

stations in Barnegat Bay, the number of individuals taken at all stations

and the condition factor of these individuals were comparable.

The growth of winter flounder in Barnegat Bay was similar to that

found 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 were from the youngest age-classes although individuals,

especially females, from the 1975 year-class were uncommon. Females 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 and heavier

than males. Females were also heavier per unit length than males.

Likewise, Lux (1969) reported that females 300 mm and larger were

generally heavier than males of the same size.

The regression coefficients of the length-weight relationship for

both males and females in 1976-77 were significantly greater than the

values reported for each sex by Danila (1977c) 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 regression. Ricker (1975) noted that marked differences can

exist between populations of a species or for the same population from

year to year, and these differences may be associated with varying

nutrition.

The number, age, and sex ratios of winter flounder taken on the

OCGS screens differed between 1975-76 and 1976-77. Danila (1977c)

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 speeds 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 or a reduction in sustained

swimming speed of individuals because of lower water temperature which

would make them more susceptible to impingement. Impingement, 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

operation. A larger number of circulating pumps in operation in conjunc-

tion with a smaller number of screens would increase the mean water

velocity at the intake structure. In 5 comparable months (November,

December, March, April, and May) between the 2 years, a smaller mean

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 velocity of 0.30 m/sec) than 1975-76 (0.15 m/sec,

J. J. Vouglitois, personal communication). In addition, the mean monthly

water temperature at OCGS for November and December was considerably

less in 1976 (6.8 and 0.1 C, respectively) than in 1975 (12.7, 4.7 C),

and colder water temperatures lowered the sustained swimming speeds of

fishes (Terpin et al. 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 impinged was much

greater in 1975-76 (2.6 males:l female) 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 monthly differences

were also found in the sex ratios of young taken at the OCGS screens,

but these differences were due to one 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 not known.

Significantly more specimens were impinged at night even though the

winter flounder is usually active only during the day. Olla et al.

(1969) observed that individuals were quiescent at night and moved very

little, even when disturbed. Therefore, many winter flounder were

probably less able to avoid the OCGS screens at night. Condition was

probably not a factor in this diel difference as no differences in

condition were found between fish impinged during the day or night.

Similarly, the OCGS screens did not selectively impinge individuals that

were in poorer physical condition. Individuals collected at the OCGS

screens were usually (3 of 4 instances) in similar or better condition

than individuals taken elsewhere.

The time of reproduction in 1976-77 was similar to that of 1975-76,

and during both years winter flounder in Barnegat Bay, especially males,

matured at a relatively early age in comparison to males from some other

areas. Berry (1959) noted that some males in Rhode Island matured in

their first winter, 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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at 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

often observed in populations reduced by natural conditions. Accelerated

maturity may be evidence of the recent natural decline in the population

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

Mean gonad weights of females taken in 1976-77 were considerably

larger than those found in 1975-76 (Danila 1977c), but this was probably

due to the size of females examined. In 1975-76, 58.1% of the females

with enlarged ovaries were between 250 and 300 =mi in length and 26.7%

were between 200 and 250 mm. However in 1976-77, 59.5% of the females

with enlarged ovaries were between 300 and 350 mm and 36.5% were between

250 and 300 mm. The largest females usually had the heaviest ovaries.

As in 1975-76, few specimens were diseased or parasitized. Fin

rot, the most common disease, was not severe in any of the infected

specimens. Although fin rot is caused by bacteria and may be associated

with gross domestic and industrial pollution (Mahoney et al. 1973), most

of the affected specimens were large adults, and the source of the

infection is difficult to ascertain because of their movements within

and outside .of the Bay during the year.

Lymphocystis, a viral disease consisting of multiple nodules in the

dermis of the skin and fins, was recently reported for winter flounder

in Casco.Bay, Maine and the New York Bight (Murchelano and Bridges

1976). They noted that the response of winter flounder to lymphocystis
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was minimal in that lesions were small and were mostly confined 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 frequently at the OCGS screens, but

the percentage of damaged fish (13.9%) was less than the estimated

percentage of dead and damaged fish (55.3%) recorded at the OCGS screens

(Appendix DI, Table DI-57). Since fish exhibiting abnormal behavior

were also considered damaged for the latter estimate, it would appear

that much of the damage caused by the OCGS screens was behavioral.

Pigmentation anomalies were probably caused by environmental factors

during development (e.g., subnormal temperature) and were common in

specific year-classes in certain areas (Lux 1973a). Individuals from

seven year-classes in the Bay had the pigmentation anomaly of staining,

but ambicoloration and partial albinism, other color anomalies, were

rare. These pigmentation anomalies may be associated with wounds or

adverse environmental factors during development (Dawson 1967). Reversal

may be common in some 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 to deeper

water to spend the winter on the bottom (Bigelow and Schroeder 1953).

The time of spawning appears to be variable and occurs from May through

August in Long Island Sound (Wheatland 1956). Although of limited

commercial importance, it is a desirable sport fish. Halgren (1973)

estimated that over 30,000 individuals (12.4% of sport catch of fish)

were caught by Barnegat Bay sport fishermen in 1972. Only 13 specimens

were taken in all seine and trawl collections in the 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 Cl-325).

Materials and Methods

The sex and reproductive condition of small specimens were determined

by examination of the gonads under a dissecting microscope. Reproductive

condition was considered immature if the gonads were small, closely

attached to the dorsal surface of the body cavity, and weighed less than

0.5 g.
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The gonads of mature fish weighed more than 0.5 g and were 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 determined from the annuli on the vertebrae according to

the technique of Laroche and Davis (1973). The first seven vertebrae

were removed from each specimen and stained in a 4 to 8% solution of

potassium 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 an ocular micrometer.

Vertebrae with 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 CI-303), and about 77% of

these were impinged during September and October 1976. In 1975-76, most

northern puffer were impinged during May, June, and August 1976; few

were impinged at OCGS from September through November 1975 (Moore 1977b).

The impingement of more northern puffer at OCGS during the fall of 1976

than in the fall of 1975 reflected their greater abundance in 1976. No

specimens were impinged during May and June of 1977 because 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

August (Table Cl-304).

Sex could not be determined for about 8% (n = 29) of the specimens,

and males (178) outnumbered females (158) among the remaining specimens

although this difference was not significant. From September 1975

through August 1976, males also outnumbered females with three times as

many males as 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 because OCGS was shut down during most of the reproductive

season. During 1976, most (91%) of the specimens with enlarged or ripe

gonads were impinged in May and July (Moore 1977b), but in 1977 OCGS was

either shut down (14 May through 11 July) or withdrawing relatively

small amounts of water (23 April through 13 May and 12 July through

4 August) during these months. Two northern puffer impinged at OCGS

from 23 April through 4 August; both were males with enlarged gonads.

Spawning occurred in either the Bay or near-shore ocean because young

(age 0+) northern puffer (mean length of 22 mm) were 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 Cl-305), and these relationships were

not significantly different than those previously reported for individuals

from the Bay (Moore 1977b). The pooled regression equation for northern

puffer, including those of undetermined sex, was log weight = -4.9135 +

3.1341 (log length) with confidence limits of + 0.044 on the regression

coefficient.

Both mature and immature males were slightly smaller than corresponding

females, but these differences were not significant. Moore (1977b)

found that females were significantly larger than males collected at

OCGS 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 growth rate during the first season

(Laroche and Davis 1973).

Annuli measurements were used to calculate the lengths of northern

puffer taken in September and October (Table Cl-306). The regression

equation of body length (L) to vertebrae length (V) was L = 85.04 +

18.23 V, and it was substantially different than the regression equation

that Laroche and Davis (1973) reported for northern puffer from Chesapeake

Bay: L = 27.52 + 32.8 V. The intercept of the regression was used as a

correction factor in the calculation of growth (Tesch 1968).

In Barnegat Bay the calculated mean 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

Barnegat Bay (Table Cl-306). However at age 2, the mean length of

specimens from Barnegat Bay was not significantly different than that of

fish from Chesapeake Bay. This difference may be attributable to either

the limited number of specimens examined from Barnegat Bay or natural

year-to-year variation in growth.

The length-frequency distribution of specimens taken in September

and October indicated three age-classes of northern puffer (Fig. Cl-29).

Most young ranged from 45 to 65 -- in length and comprised 75% of all

specimens examined. Older individuals ranged from 165 to 245 mm with

age I+ fish comprising 20% and age 2+ fish 5% of the specimens examined.

Although age 2+ northern puffer were taken in Barnegat Bay in 1975-76,

no age 3+ specimens were found in 1976-77. Since only 5% of all specimens

examined in 1976-77 were age 2+, specimens age 3+ were not expected to

occur frequently. Laroche and Davis (1973) reported 4 year-classes of

males and females in Chesapeake Bay.

While groups of age 1+ and 2+ females were indicated by the length-

frequency histograms (Fig. CI-29), the age 1+ and 2+ males could not be

differentiated. The weighted mean length of age 1+ and 2+ male northern

puffer from Barnegat Bay (196 mm, n = 58) was similar to the weighted

mean length of specimens of the same age from Chesapeake Bay (188 mm,

278; Table Cl-307). Given the considerable differences between the

number of specimens 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. Unlike most other fishes impinged on the OCGS screens,

the northern puffer suffered little mechanical damage because its tough,

leathery skin was resistant to abrasion.

The population of northern puffer in Barnegat Bay and other New

Jersey estuaries has undergone a pronounced decline during the last 10

years. In a 4-year study of the fishes of Barnegat Bay, Marcellus

(1972) found that the northern puffer ranked fourth in abundance during

1966-67; the catch-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 it ranked 10th in abundance (0.3 n/coll). Fewer than 0.1 n/coll

were taken in seine collections during 1975-76 (Danila 1977b) and during

1976-77 (Table Cl-165). Although the northern puffer comprised 66% of

the sport fishing catch of boat fishermen in nearby Great Bay, New

Jersey in 1969, its population had declined to low levels by 1972 (Hamer

1972, Thomas and Milstein 1973). In July 1978, many young individuals

were 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

The sand shrimp ranges from Baffin Bay in Canada to eastern Florida

and is found from inshore water to 450 m (Whitely 1948). This common

caridean shrimp is a year-round. resident of Barnegat Bay. However, many

adults move out of the shore zone and shallow areas of the Bay to deeper

water during both summer and winter to avoid extreme temperatures. The

sand shrimp was one of the most abundant organisms taken in the Bay by

seine and trawl and impinged on the OCGS screens. Richards (1963) found

that the sand shrimp was forage for more than half the fishes in Long

Island Sound, and it was common in the diet of bluefish

weakfish and sunmer 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 the

dimorphic endopodite 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 estimated 596,471 + 100,860), col~ected 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 on the OCGS screens

(43%) and from Oyster Creek mouth (61%) during December, from Forked

River mouth during April and May, and from the other creek mouths in

October (Table CI-308). Some 9% of the 3,444 individuals examined were

from the creek mouths, 30% from Forked River, 27% from Oyster Creek, and

34% from the OCGS screens (Table C1-312). Most (95%) of the sand shrimp

taken in seine and trawl collections (Table CI-309) and in collections

at OCGS (99%) were caught at night (Appendix Dl, Table Dl-56).

From March 1976 through March 1977, additional samples were collected

in Oyster Creek and Forked River both east and west of U.S. Route 9 and

in a lagoon off Oyster Creek and Forked River (Fig. CI-16). Overall,

more sand shrimp were taken in Forked River (n - 1,939) than Oyster

Creek (930, Table C1-310). Nearly 13 times more sand shrimp were taken

in Forked River west of Route 9 (n = 714) than from a similar portion of

Oyster Creek (56). This largedifference 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 CI-308). However,

most of these shrimp apparently were not present throughout the winter
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because the number collected in January (n= 86) and February (276) was

small.

Avoidance response to the heated discharge was apparent in August

1977 when 573 individuals were collected at Forked River mouth but only

32 sand shrimp from Oyster Creek mouth. Similarly from May through

August 1976, more than twice as many sand shrimp were taken at Forked

River mouth (n = 900) than Oyster Creek mouth (422).

A relationship between length and weight was calculated for males,

females, and ovigerous females (Table C1-311). While non-ovigerous

females were significantly heavier than males of the same length, the

difference between ovigerous and non-ovigerous females was not significant.

The mean length of specimens impinged at OCGS (48 mm) was signifi-

cantly larger than that of shrimp collected 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 1977c). Because the OCGS screens selected larger shrimp, no size

comparisons 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 from the OCGS screens were gravid. No juveniles were taken

because they passed through the screens (Table C1-312).

In the Bay, significantly more females than males were collected

from all areas. Some 61% of the adult sand shrimp examined from the

mouth of Forked River, Cedar Creek, and Double Creek were females, and

nearly 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 all females) and Oyster Creek (27%) was not considerable, nearly

three times as many juveniles were taken in Forked River.

More than 75% of females examined from the OCGS traveling 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 February through May (47).

Enough specimens were collected from Cedar Creek, Double Creek, and

Forked River from March through May to determine the age-structure of

the population based on the length-frequency 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 juveniles may

have resulted from the loss of these small individuals through the mesh

of the collection gear and, therefore, they may have comprised a larger

percentage of the population (Fig. CI-30). Juveniles 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 again 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 April (26 mm, 36; 38 mm, 19). The distribution of females

was bimodal in March (34 mm, n = 35; 49 mm, 35) and April (34 mm, 140;

54 mm, 11).

The mean condition of sand shrimp of the same sex collected during

similar time periods at Forked River, Oyster Creek, and the creek mouths

was compared (Table CI-313). Because the OCGS screens selected for
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larger specimens, no comparisons were made with other stations. At the

Bay stations, no trends in condition were apparent. Although males

taken from Forked River during October and November were in significantly

po orer 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 Decembe r 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 Dl, 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 off 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

i mpinged 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 Inlet, but

many Individuals from the Bay population emigrated from the estuary to

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) suggested that the sand shrimp is a marine species

which uses estuarine waters as a nursery. Migration related to reproduc-

tion has been documented for other species of Crangon by Israel (1936)

and Allen (1960). Although zoeae of the sand shrimp are taken in plankton

collections throughout the yeari(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, Connecticut, the

sand shrimp moved into shallow water to reproduce during April and May

(Modlin 1976). Similarly, most ovigerous sand 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 spawn to smaller,

age 1+ females. In Delaware Bay, larger ovigerous females were the.

first individuals in thepopulation to spawn (Price 1962), and collections

taken from the OCGS screens indicated that the mean length of ovigerous

females collected at the beginning of the spring reproductive period

(March) was larger than that of ovigerous females taken during the

remainder of this reproductive period and in October and November. The

juveniles taken in the Bay from.March through May and during July and

August may represent a fall and a spring hatch, respectively.

The sand shrimp 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

number of sand shrimp occurred when the bottom temperature was from 5 to

11 C with fewer individuals taken when the temperature exceeded 15 C

(Haefner 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 thermal discharge occurred. Some sand 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

apparent in August, and during the summer few shrimp were collected in

Oyster Creek at a temperature greater than 28 C (Table C1-201). Sand

shrimp 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 mouth during June 1978 (water temperature of 24.8 C), but

only 15 individuals were taken at Oyster Creek mouth (26.5 C).

The number 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

temperatures. Since most night collections at Oyster Creek and Forked

River were made within several hours of sunset, the number of sand

shrimp collected then probably represented the maximum number of this

epibenthic shrimp which migrated off the bottom.
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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-Chesapeake Bay estuary (Haefner

1976) and collected by seine in the Delaware River estuary (Price 1962).

However, 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 shore

zone, and he felt that these collections may have biased the sex ratio

because a large portion of the spawning population (i.e., females) was

in the shore zone.

Unlike specimens collected from Chesapeake Bay during March and

April, males and non-ovigerous females examined from Barnegat Bay during

the year had significantly different regression coefficients for the

length-weight relationship. The regression coefficient for ovigerous

sand shrimp from Delaware Bay (Price 1962) was larger than that of

specimens from Barnegat Bay, but not significantly so. Little difference

occurred between the regression coefficients of ovigerous females taken

from Barnegat Bay in 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 locations for several consecutive

months to accurately estimate the growth rate of individuals in Barnegat

Bay. Other workers have 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 the growth of individuals from 20 to

30 mm in length was less than 0.4 mm/week in winter (5 C) but greater

than 1.1 mm/week in summer (20 C). They also reported that smaller

shrimp grew faster than larger specimens.

The age-structure of the sand shrimp population of Barnegat Bay was

similar to that of the Delaware Bay population (Price 1962). From March

through May, two year-classes of mature females, two year-classes of

mature males and one group of juveniles were present in Barnegat Bay.

Price (1962) also found two age-classes of males but reported three

year-classes of females.
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BLUE CRAB

Introduction

The blue crab is a swimming crab that is a year-round resident in

Barnegat Bay. It is generally active in the Bay from April through

December and burrows into the sediment during the other months. This

crab ranges from Nova Scotia to northern Argentina and is common from

shallow water 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 accounted for the greatest estimated biomass

impinged at OCGS in both years.

The blue crab is important to 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

Ocean County (U. S. Dept. of Commerce 1977). The blue crab comprised

65.9% of the sport fishery catch in the western Bay near OCGS from

September 1976 through August 1977 (Table C1-325) and 83.3% of this

catch from September 1975 through August 1976 (Hillman 1977d). The blue

crab made up 65.3% 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 blue crab were determined

by the shape of the abdomen. From the first crab stage, the male has an

inverted, T-shaped abdomen (Oesterling 1976). The abdomen of the immature

male is firmly 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 impinged at the OCGS screens. 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% (n = 329) were from Oyster Creek, 3.7% (119) from Forked

River, and 1.6% (50) from the creek mouths (Tables C1-314, C1-315).

The blue crab was collected throughout the year, but most (99.0%)

were taken from September through November and from March through August.

During 24-h sampling at the OCGS screens (Appendix D1, Table D1-56),

significantly more individuals were collected at night (85.1%) than

during the day (14.9%). More blue crab were also collected at night

(59.6%) by trawl and seine in Forked River and Oyster Creek (Table C1-166).

The blue crab did not avoid the heated discharge in Oyster Creek

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 length 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, C1-317). Exclusive of the

few individuals collected from December through February, the mean

monthly length of immature males ranged 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 CI-318). The largest immature male was

128 mm and the largest immature female 122 mm. For the year, the mean

lengths 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 of mature males collected from the creek mouths

(115 mm), Forked River (110), Oyster Creek (111), and the OCGS screens

(115) were significantly less than that 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 mature 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 limits of + 0.059. The regression coefficients

for the equations were significantly different; males were significantly

heavier than females at a given length (Table Cl-320).

Some 82.1% of all blue crab examined were immature, and they dominated

collections in all months. Overall, the ratio of immature males to

females was not significantly different 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 March through May, significantly more

immature male blue crab were taken in Oyster Creek, and from June through

August significantly more immature females were taken at the creek

mouths, Forked River, and Oyster 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

OCGS during September, October, April, and May, and significantly more

males during August (Table CI-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) separated 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 according to these categories revealed a

marked shift in the age-structure of the population from 1976 to 1977.

From March through August 1976, recruitment-size blue crab comprised

81.6% of the population in Barnegat Bay. Substantially fewer blue crab

of recruitment-size were collected during the same period in 1977 (47.2%).

From March through August 1977, growth-size blue crab represented 49.3%

of those examined, but during the same period in 1976, they accounted

for only 30.2% (Table C1-322).

In 1976, most egg-bearing females 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 estimated number of blue crab impinged at the OCGS screens

during 7 comparable months (September through December, 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

catch was generally similar between years with the population in the Bay

comprised of young (age 0+), age 1+, and age 2+ individuals. Immature

specimens dominated the catch during both years, although the percentage

of the population that was immature during 1975-76 (91.5%) was greater

than 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 mature female blue crab differed between 1975-76 and

1976-77. For the year, the mean length of females taken in all areas in

1975-76 (135 mm) was larger than that of females in 1976-77 (128). The

difference was not substantial and may be due to year-to-year variation

in growth. The length of males of the blue crab collected during both

years was nearly equal (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). The 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 recruitment-size ( < 59 mm). During a

trawl 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 underestimate of dead individuals

as most blue crab killed during the winter probably remained buried in

the sediment and were passed over by the trawl. The effect of this

mortality was demonstrated by the substantial decrease in the catch of

blue crab at the OCGS screens during 7 comparable months of 1976-77 as

compared to 1975-76 (Appendix Dl, Fig. D1-16). The loss of many small

individuals also 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 movements of the blue crab in Barnegat

Bay corresponded closely with those of other studies along the eastern

coast of the United States (Churchill 1917, Van Engel 1958, Fishier and

Walburg 1962, Miller et al. 1975, Oesterling 1976). After growth in

lower salinity waters, females mature and mate during the spring or

summer of their second year (Norse 1977). Two to 9 months after mating,

they migrate offshore 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).

After hatching, the young crab passes through a zoea and megalopa

larval stage. Zoeae require salinities greater than 20 ppt to develop

(Fishler and Walburg 1962); relatively few were found in the central Bay

from Cedar Beach to Gulf Point (Appendix D1, Section D1.17). Megalopae

were found primarily in the Bay near Barnegat Inlet. The megalopa

returns to less saline waters and metamorphoses into the first, small

(3.2 mm) crab (Sandifer 1975). Recruitment and growth-size crabs were

predominant 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 Barnegat Bay during the summer,

this would explain the greater number of immature females in the higher

salinity area (20 to 25 ppt) of the Bay that was regularly sampled.

The blue crab exhibits rapid growth and is short-lived. Van Engel

(1958) reported that blue crab spawned in June attained a length of

63 mm by the end of November and usually matured in 12 to 18 months.

The blue crab generally lives 2 or, rarely, 3 years, but Pearson (1948)

reported that individuals older than 2 years probably contributed little

to the reproductive population.

During population surveys of the blue crab in the past 2 years

(Appendix Dl, Table D1-98), most mature and gravid females were taken in

the higher salinity areas near the Inlet. The movement of mature females

to these areas from the central area of the Bay may account, in part,

for the significantly greater number of mature females impinged at OCGS

in both 197.5-76 and 1976-77. Mature males probably remained in low

salinity areas although they may have exhibited some movement to higher

salinity water during the winter. In South Carolina, the blue crab left

estuaries during winter months but remained in adjacent coastal areas

(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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CI. 20 SPORT FISHERIES

Introduction

Sport fisheries data for western Barnegat Bay, the south branch of

Forked River, and Oyster Creek were collected from September 1976 through

August 1977 to determine the species composition of the recreational

catch, the relative abundance of each species, and the effect of the

OCGS heated discharge on the local sport fishery.

Materials and Methods

A creel census was conducted in four areas of Barnegat Bay (Figs.

Cl-31, CI-32). Zone 1 encompassed an area of the western Bay from Cedar

Creek to the lagoon 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 located in the

western Bay from the lagoon between Forked River and Oyster Creek to

Waretown Creek, and it included Oyster Creek from its mouth to the Route

9 bridge. The eastern boundary of zones 1 and 2 was the Intracoastal

Waterway (Fig. C1-31). Zone 5 included three areas on the south branch

of Forked River: the north bank near Route 9, the walkway along the

Route 9 bridge, and the beach on the south bank around the Beach Blvd.

bridge (Fig. C1-32). Zone 4 included three areas in Oyster Creek: the

north bank near Route 9, the walkway along the Route 9 bridge, and 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

number of fishermen, 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 catch per boat (c/b) was computed for zones 1 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 lines. Fishermen who used fishing

rods and crab traps simultaneously were included separately as anglers

and crabbers. The catch per individual crabber and angler and the catch

per hour of crabbers and anglers were computed for each zone.

Results

Zones 4 and 5 were censused more frequently (56 times) than zones 1

and 2 (21 times) because they were more accessible during inclement

weather. No one fished in any zone during January and February because

of cold weather.

A total of 930 fishermen caught 2,719 specimens of 17 taxa (Table Cl-323),

and the overall c/h and c/i were 1.6 and 2.9, respectively (Table Cl-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 CI-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 (n 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 CI-324).

The c/h of crabs 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 month (Table CI-323).

Anglers expended less effort (937.75 h) than crabbers and landed

fewer specimens (n = 939). The largest number of anglers (n = 291)

expended the greatest amount of effort (564.0 h) in zone 4, and 80% of

those anglers fished near the Route 9 bridge (Table CI-323). The largest

mean c/i 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 C1-324). Most fish

(34.5% of all fish) were taken by anglers in August (Table CI-323).
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The census in the Bay (zones 1 and 2) was limited by inclement

weather, ice cover from mid-December 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 the 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 effort (836 h) was expended there (Table C1-323). The largest

monthly c/i for crabbers (15.4) and anglers (11.3) during the year was

in some portion of Oyster Creek, and fish were taken in every month but

January and February. In Forked River, 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 result of the greater

effort in Oyster Creek. The species composition also differed between

areas; fishermen took 15 species of fish in Oyster Creek, but only 4

species were taken in Forked River (Table CI-325).

Although this area of Forked River had a larger monthly c/h and c/i

for fishermen than the comparable area of Oyster Creek during September,

a larger c/h and c/i were consistently made in Oyster Creek throughout

the year (Table CI-324). Over the year, the mean c/i in Oyster Creek

was 3.3 as compared to 2.2 in Forked River. Although the mean angler

c/i in Forked River (0.9) was slightly larger than 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, respectively) 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 CI-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 result 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 individual near the bulkhead fished for about

0.5 h more than an individual near Route 9 (Table C1-324). 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 species

taken (Table C1-325). All were taken from May through September, but

the largest catches were made in July and August (Table CI-323). The

mean c/i for crabbers was 3.4 and the largest number was taken from 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 bluefish was the most numerous fish taken. It comprised 20.9%

of the total catch and 61.4% of all fish caught (Table C1-325). It was

taken in September and October 1976 and during July andAugust 1977.

Largest catches of the bluefish (n = 243) were made in Oyster Creek near

the Route 9 bridge.

Spot comprised 6.4% of the total 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 C1-325). 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 March and April.

Over the year, the sport fishery in the zones associated with the

heated discharge of OCGS (zones 2 and 4) differed very little from the

fishing in similar areas unaffected by the heated discharge (zones 1 and

5). The yearly 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, respectively;

Table C1-327). Although the harvest in zones 2 and 4 was 40% larger

than that of the other zones, more effort was expended 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 during the summer of 1977 than in 1976. With OCGS in

operation 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 when OCGS was shut down. The spot

(18.2% of total catch during the shutdown), bluefish (4.7%), summer

flounder (4.2%), and American eel (2.0%) comprised most of the fishes

taken.

During the OCGS shutdown, the angler c/h was similar in zones 1 and

5 (0.5) and in zones 2 and 4 (0.5). The crabber c/h in zones 2 and 4

(1.2) was slightly greater than in zones 1 and 5 (0.9, Table C1-327).

The greater c/i in zones 2 and 4 during the shutdown again reflected the

greater effort expended in this area. The number of fishermen and

fishing effort expended in the Route 9 area of zone 4 increased 28.3%

and 73.3%, respectively, from 1976 (Hillman 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 from other electric

generating stations on the local sport fishery is well documented.

Hillman (1977d) found that c/i and c/h were greater in zones associated

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 Spigarelli and

Thommes (1976) and Marcy (1976) reported increased catch-per-unit-effort

in the heated discharge of nuclear power plants. Although c/i was

greater in zones affected by the OCGS heated discharge in 1976-77, the

c/h during this period was similar to that in other areas, primarily

because OCGS did not discharge 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 affected by the heated

discharge, but the angler c/h was less.

The difference in harvest between zones associated with the heated

discharge of OCGS (zones 2 and 4) and unaffected zones (1 and 5) reflected

the difference in effort expended within these zones. Although the

harvest in zones 2 and 4 was larger than that in zones 1 and 5, the

average individual fished about 0.5 h more in zones 2 and 4 than in

zones 1 and 5. From December 1971 through November 1972, Halgren (1973)

found more bank fishermen on Oyster Creek than any other area of the Bay

censused.

During the year, the most notable effect of the heated discharge

was to extend the 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 occurred in Oyster Creek in the other 10 months.

Fishing occurred in the other zones during 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 overall decrease of catch, especially shellfish, throughout

the Bay in 1976-77.

Hillman (1977d) reported that the blue crab (82.0% of the total

catch), bluefish (12.1%), summer flounder (2.0%), black sea bass (1.3%),

and spot (1.3%) comprised most of the catch in a study 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) was the

only area of his survey that was not included in this study. From

September 1976 through August 1977, blue crab comprised only 65.9% of

the catch while bluefish (20.9%), spot (6.4%), winter flounder (3.4%),

and American eel (1.0%) accounted for most of the remaining catch. The

decrease in the catch of the summer flounder and black sea bass was

primarily attributed to the elimination of zone 3 because 98% of the

summer flounder and 77% of the black sea bass taken in 1975-76 were

caught in this zone.

The decline in the catch of the blue crab from 1975-76 to 1976-77

was probably due to a large mortality during the winter of 1976-77.

Birnbaum (1977) reported that 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 (Appendix DI, Section D..15).

The recreational crab catch (c/h and c/i) in i976-77 (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 December 1971 through

November 1972. Few weakfish and summer flounder were recorded in the

1976-77 survey because the areas censused were not. the best fishing

areas for these species. The northern puffer population has declined

along the New Jersey coast in recent years (Hamer 1972, Thomas and

Milstein 1973). The spot had shown large increases in population size

in recent years and has been taken more commonly in the sport catch.
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C1.21 EFFECTS OF THE OCGS HEATED DISCHARGE ON PLANKTON IN OYSTER CREEK

Introduction

The species composition, abundance, and distribution of macrozoo-

and ichthyoplankton collected in Oyster Creek (the discharge canal) east

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 examined to

determine the effect of the thermal plume from OCGS on primarily and

secondarily entrained 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 organisms in Oyster Creek did not experience the

maximum OCGS discharge temperature. With two dilution pumps in operation,

water 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 (range 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). In 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 main channel.

Stations generally were sampled sequentially (i.e., upstream in Forked

River and downstream in Oyster Creek) in an attempt to sample the same

water mass. Each station was sampled once a month from March 1976

through March 1977 although no collections could be made in either

Forked River or the lagoon off Oyster Creek (Sta. 30) in January and

February because of ice cover in these areas and in the Bay. An additional

set of collections was taken in July and in August 1976 to examine the

plankton in Oyster Creek during the period of the highest discharge

temperatures.

A 20-cm bongo sampler (505-micron mesh) was used to collect samples.

The gear was attached to a wire approximately 30 to 38 cm above a 17-kg

depressor. It was deployed and retrieved with a hand winch and boom 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 degrees from the

vertical throughout the tow. The wire was deployed at a constant rate

until the depressor touched the bottom and was then retrieved in a

similar manner.. The gear traversed the water column at least twice

during each tow.

Sampling began 0.5 h after sunset and two consecutive tows were

made at each station. The volume of water sampled was determined by a

digital flowmeter (General Oceanics Model 2030) located in the mouth of

the sampler. Tow time was from 4 to 6 min, but it was' shortened if

excessive clogging of the net occurred. Collections were preserved 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.

The laboratory procedures for the sorting, enumeration, and identifi-

cation of plankton samples were presented in Appendix D1, Section D1.16.

.Most macrozooplankton 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 and most statistical analyses.

The differences in the density of macrozoo- and ichthyoplankton

among stations in Oyster Creek and Forked River were initially examined

statistically (P< 0.05) with a two-way (date x station) ANOVA. The

densities were transformed by the In (X + 1) transformation in an attempt

to normalize the data. Since all stations could not be sampled in

January and February, these months were excluded in the statistical

analysis. ANOVA were computed for the four stations in the main channel;

the stations in the lagoons were excluded because of their dissimilarity

to the main channel stations. Data from the lagoon stations indicated

that densities were inconsistent between stations in the lagoon and the

*other stations and, therefore, the lagoon stations were not considered

representative of the affected biota,

The presence of interactions in the ANOVA also confounded analyses.

When interactions occurred, the mean densities were plotted to examine

the effect of the interaction 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 always greater than or

less than the density at another station), and, therefore, ,st ANOVA

were invalid (William H. Swallow, personal communication).

Since the parametric ANOVA could not be consistently used to examine

the differences in density of forms in Oyster Creek and Forked River,

the non-parametric Wilcoxon rank sum test (P - 0.05) was used to determine

difference in density between the uppermost station in Forked River

(Sta. 6) and the station in the mouth of Oyster Creek (Sta. 50). Since

substantial reproduction of some forms may occur in Forked River and

some forms may originate from the north and central branches of Forked

River, the uppermost station in Forked River was the best estimate of

the density of forms introduced into Oyster Creek. However, since

additional reproduction of some forms (e.g., the sand shrimp, gobies)

may occur between this station and OCGS, this estimate may still have

been low. Since dead plankton settles to the bottom (Carpenter et al.

1974, Marcy 1976, Tatham et al. 1977b), organisms collected at the mouth

of Oyster Creek were considered live. The density of a form at this

station was considered the best estimate of density of forms in Oyster

Creek after primary and secondary entrainment and passage down Oyster

Creek.

In addition to statistical analyses, the effect of the OCGS heated

discharge was also examined as the difference between the mean density

of a form at the uppermost station in Forked River (Sta. 6) and at the

mouth of Oyster Creek (50). The percentage difference in the mean

density of a form between the two stations was determined by dividing
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the smaller mean density by the larger and subtracting that value from

100. During the summer of 1976, OCGS operated at less than its full-

rated capacity (640 MWe) during June (mean daily electrical output of

548 MWe), July (526), August (569), and September (580). Because organisms

were introduced into 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 solely to primary entrainment. Reproduction of forms in

Oyster Creek at times may introduce eggs and larvae 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 temperatures below 18 C (cold period)

and another assemblage above 18 C (warm period; Table C1-328). The

dominant (> 5% of the community) macrozooplankton during the cold

period (March 1976 and October 1976 through March 1977) were the mysid

Neomysis americana (35% 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%). 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 were estuarine and

marine (Jeffries 1967).

N. americana and amphipods were the only dominant forms collected

3during all months. N. americana was abundant ( > 100/rn ) 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 amphipods), Jassa falcata

(26%), Microdeutopus gryllotalpa (16%), and Corophium spp. (8%,,Sandine

et al. 1977). From September through March 1977, 76% of all identified

Corophium spp. were C. tuberculatum, 20% were C. acherusicum, 4% were C.

bonelli, and less than 1% was C. insidiosum.

Zoeae of the sand shrimp were common from March through July aid

again during November. Mud crab zoeae occurred from April through

September but they were abundant only from May through July. Based on

collections from the OCGS discharge during this period (Sandine et al.

1977), the most numerous mud crab zoeae were those of Neopanope texana

(67% of all mud crab zoeae) and Panopeus herbstii(32%). R, octopunctata

occurred from November through April and Sarsia spp. from February

through April.

The species composition of macrozooplankton was similar in both

Forked River and Oyster Creek (Table CI-329). Although the species

composition of macrozooplankton collected at the lagoons was generally

similar to that of stations in the main channel, the densities of most

macrozooplankton were often substantially lower in the lagoons. For a

planktonic form whose horizontal movement was due primarily to the

movement of water rather than its swimming (e.g., most larvae), 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 independent 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 macrozooplankton from Forked River

(Sta. 6) and Oyster Creek (50) showed that some losses apparently occurred

in Oyster Creek because total macrozooplankton were significantly more

abundant in Forked River (Table C1-330). Only on 1 of 13 sampling dates

was the density of total macrozooplankton greater in Oyster Creek. The

greater density in Oyster Creek on that date resulted from a large

number of mud crab and grass shrimp zoeae there.

For the cold period, the density 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 Oyster Creek,

and the difference was significant for 11 of the 13 forms tested. The

33mean density of zoeae of the sand shrimp (4.3/mr in Forked River, 1.7/m3

at the mouth of Oyster Creek); the mud crabs Neopanope texana, Panopeus

herbstii, and Rhithropanopeus harrisii (88.2/m3 , 49.5/m3 ); Hippolyte

3 3 3 3spp. (0.11/m , 0.01/m ); Upogebia affinis (0.54/m , 0.08/m ); hermit

crabs Pagurus spp. (0.32/m 3 , 0.08/mi3 ); and spider crabs Libinia spp.

3 3(0.18/m , 0.03/im ) was greater in Forked River than in Oyster Creek

(Table C1-331). However, zoeae of the grass shrimp were more abundant

3 3in Oyster Creek (8.6/m ) than in Forked River (2.0/mr). Of the above

zoeae, the difference was significant for mud crabs and the grass shrimp
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(Table C1-330). Zoeae of Hippolyte spp., U. affinis, Pagurus spp., and.

Libinia spp. were tested collectively since they occurred on three or

less sampling dates, and the difference for this group was also significant

(Table C1-330).

These decreases in the density of many macrozooplankton from Forked

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 forms, or behavioral changes which altered their distribution

in the water column and, thereby, apparently made them less abundant in

Oyster Creek. Swain et al. (1975) found that the freshwater mysid Mysis

relicta moved down through the water column when exposed to elevated

temperatures, even if a lower level of the water column was warmer than

the water that caused the avoidance reaction. 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 into the Creek and, thereby, masked some

losses from entrainment. 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 secondarily-entrained macrozoo-

plankton introduced into Oyster Creek after passage through the dilution
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pumps. Therefore, temperature-tolerance data for adults andjuveniles

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

tolerance. In addition, these data generally agreed with temperature-

tolerance 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 collections.

N. americana was significantly more abundant in Forked River during

both the warm and cold periods, but the mean percentage difference

between the two areas was greater during the warm period (Table C1-330).

The decrease in density of N. americana in Oyster Creek during both

periods was generally larger than that expected from temperature shock

alone. Exposure of N. americana to temperatures above 35.0 C, from 32.5

to 35.0 C, and from 30.0 to 32.5 C resulted in a mean percent mortality

of 94%, 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 Creek 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 mortality

or negative thermotaxis (Swain et al. 1975, see page CI-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 significantly so (Table Ci-330). The form was most

abundant from March through June. Qualitative observations of sand

shrimp zoeae collected at the OCGS discharge indicated abnormal swimming

at discharge temperatures above 30 C. Regnault and Costlow (1970)

reported 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 passed through OCGS. This suggested that most individuals

passed through the OCGS cooling-water system were affected and that

individuals secondarily entrained were not generally affected when the

temperature in Oyster Creek was below 30 C. During the warm period,

sand shrimp zoeae were common only in May and June when the temperature

in the Creek exceeded 30 C. The average density 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 (Table C1-330). They were also more

abundant there during the cold period but not significantly so. Adult

and juvenile sand shrimp had 75% mortality at OCGS 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 30.0 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 account 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, in part, from a behavioral change of

individuals (Swain et al. 1975) and predation by fishes (see page Cl-447).

Zoeae of the grass shrimp Palaemonetes spp. were apparently thermally

tolerant, and they were significantly more abundant in Oyster Creek

(Table C1-330). Qualitative observations of OCGS discharge collections

indicated that grass shrimp zoeae were relatively unaffected by tempera-

tures as high as 35 C. Chase (1977) found .100% survival of grass shrimp

zoeae after an exposure of 180 min to temperatures of 36.0 to 37.2 C.

Since no collections in Oyster Creek were made at a temperature above 35

C, no adverse effect from temperature shock would be expected for second-

arily entrained individuals. On six of seven sampling dates from May

through September, grass shrimp zoeae were also more abundant at the

lower station in Oyster Creek (Sta. 50) than at the upper station (14).

The difference was greatest on two dates in July when the density at the

upper station was 4.4/m3 and 0.0/m3 while at the mouth it was 42.2/m3

and 2.5/mi3, respectively. These data indicated that grass shrimp repro-

duction occurred in the Creek. Furthermore, the heated discharge apparently

stimulated an earlier hatching of the eggs of females in the Creek

because grass shrimp zoeae were not collected at the upper station in

Forked River in May, but they were taken at the mouth of Oyster 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), but the differences in

density between the areas was not significant. At OCGS discharge tempera-

tures above 35 C, mortality of this form averaged 89%, and below 35 C it

did not exceed 33%.

Mud crab zoeae were significantly 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 crabs in Oyster Creek hatched earlier than those of females

in Forked River. Qualitative observations indicated that few mud crab

zoeae 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 survival 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 below for 180 min produced no mortality although exposure to 38 C and

above produced 100% mortality (Chase 1977). Mud crab zoeae occurred

from April into September and the temperature in Oyster Creek did not

exceed 32.5 C. Therefore, no mortality of secondary entrained individuals

should have occurred due to temperature shock, and the lower density of

mud crab zoeae 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 two areas from late

August to early November, and they were more abundant in Forked River

(Table CI-330). Megalopae of the blue crab 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 discharge canal at temperatures

below 38 C and 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,

however, 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 from the OCGS intake. This difference in

behavior may account for some of the apparent differences in density

between Forked River and Oyster Creek.

Epitokes of Nereis spp. were significantly more abundant in Forked

River during the warm period (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 these epitokes appeared to be

from adult Nereis in Oyster Creek which entered the reproductive stage

earlier than the rest of the Bay population. This earlier reproduction

was probably due to the elevated water temperature in Oyster Creek.

Epitokes of Nereis spp. appeared relatively tolerant of the tempera-

tures it encountered during primary and secondary entrainment. Mortality

was about 65% 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 25% at temperatures

from 27.5 to 37.5 C (Sandine et al. 1977). Therefore, the lower densities

of epitokes in Oyster Creek probably were not attributable to mortality

from temperature shock. Since Nereis 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 composition and relative abundance of ichthyoplankton

were similar in both Forked River and Oyster Creek (Table CI-332). The

common ichthyoplankton ( > 1% of all larvae and juveniles collected)

were winter flounder larvae (53%), larvae and juveniles of the bay

anchovy (21%), goby larvae (11%), sand lance larvae (10%), and juveniles

of the northern pipefish (2%). The eggs of the bay anchovy comprised

98% of the eggs taken; eggs of the tautog, cunner, and hogchoker accounted

for most of the remainder (Table CI-332). The abundance 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 was similar to that found in

Barnegat Bay (Tatham et al. 1977).

The cold season was dominated by larvae of the winter flounder (82%

of the larvae and juveniles collected from December through April) and

sand lance (15%), but few eggs were collected (Table C1-332). Larvae of

3the sand lance appeared in March 1976 (1.3/mi mean monthly density).

They also occurred from mid-December through March 1977 and were most
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3
abundant in March 1977 (1.9/m ). Winter flounder larvae occurred in

March 1976 (2.1/mr3) and again during February and March 1977 with maximum

abundance in March 1977 (15.8/m3).

The warm season was dominated by the eggs of the bay anchovy (98%

of all eggs during the period) and larvae and juveniles of the bay

anchovy (57% of all larvae and juveniles) and gobies (31%, Table Cl-332).

Northern pipefish juveniles (6.4%) and atherinid larvae (1.8%) were

common, but neither species had a well-defined period of maximum abundance.

Eggs of the tautog, cunner, and hogchoker were also collected. Bay

anchovy eggs were first collected in May, and the maximum mean monthly

density (137.5/m3 ) occurred then. After May, the mean monthly density

gradually decreased, and most spawning ceased by September. Bay anchovy

larvae were first taken in May, and maximum abundance (3.4/m3 ) occurred

in July. Larvae remained abundant through early August but decreased in

abundance during September as they grew to juveniles. Goby (Gobiosoma

spp.) larvae were first collected in May, were most abundant (mean

monthly density of 1.0/m3 ) in July, and gradually became less abundant

through September.

The Wilcoxon rank 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 juveniles 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). Only the density of

all larvae and juveniles combined was significantly greater in Forked

River than in Oyster Creek. Most larvae were abundant on only a few
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dates, 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 showed a decrease in density at

the mouth of Oyster Creek as compared to the upper station in Forked

River (Table CI-333). This decrease ranged from 42% for goby larvae to

86% for juvenile northern pipefish.

The decreased densities of most ichthyoplankton between Forked

River and Oyster Creek may have been attributable, in part, to entrainment

losses at OCGS. Some 47% of the water in Oyster Creek passed through

the OCGS cooling-water system. Therefore, a decrease of about 50% in

the density of a form at the mouth of Oyster Creek may have been due to

primary entrainment losses. Statistically significant mortality of

larvae immediately after entrainment through OCGS has been found (Appendix

Dl, Section D1.16). Losses from primary entrainment were expected to

exceed those from secondary entrainment because organisms passed through

the OCGS cooling-system were exposed to a higher temperature and to

greater mechanical effects than those secondarily entrained. Decreases

greater than 50% may represent additional losses from secondary entrainment

between the two areas. Some apparent differences in abundance may also

have been caused by the large natural variation in plankton populations

(Heinle 1977); this was particularly true for forms that were present in

low densities. In addition, the six stations in the two areas were

sampled Sequentially over an interval of about 4 h, and some differences

in density between thestations may be due to variability from vertical

migration and unequal distribution (patchiness) of organisms.
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The lack of a significant difference in the density of bay anchovy

eggs between Forked River and Oyster Creek may be due to either spawning

in Oyster Creek or a high survival rate after entrainment. Decreased

survival of secondarily entrained bay anchovy eggs was not expected

because the temperature in Oyster Creek was below 33.5 C. In laboratory

tests at a salinity of 12 ppt, Meldrim (unpublished) reported that 84%

of the bay anchovy eggs exposed to 33.5 C for 1 h hatched, and this

percentage was not substantially different than the 90% of the eggs

which hatched at ambient temperature.

Summary

The macrozooplankton community of Forked River and Oyster Creek was

characterized by one assemblage at an ambient water temperature below

18 C and another assemblage above 18 C, but the species composition in

the two areas was similar. The lagoon stations were generally areas of

lower abundance with the Oyster Creek lagoon having the lowest mean

density of all stations. On 12 of 13 sampling dates, densities of

common and important macrozooplankton were greater in Forked River; the

zoeae of the grass shrimp were an exception to this pattern. Because

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 changes (i.e., negative thermotaxis),

predation, and latent mortality may have caused these apparent differences

in abundance. Some forms also reproduced earlier in Oyster Creek.
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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 upper 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 CI-142. Alphabetical listing by common name of all vertebrates collected by fish and impingement
programs from September 1976 through August 1977.

Alewife - Alosa pseudoharengus
American eel -A rostrata
American shad - Alosa sapidissima
Atlantic croaker - Micropogon undulatus
Atlantic herring -Cupea hareng
Atlantic menhaden - Brevoortia tyrannus
Atlantic moonfish - Vomer setapimi
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 plgiuA
Blueback herring - Alosa aestivalis
Bluefish - Pomatomus saltatrix
Blue runner - Caranx cryso
Bluespotted cornerflsh - Fistularia tabacaria
Bluarnose stingray - asaths sayI
Butterfish - Peprilus triacanthus
Chain pickerel - Esox niger
Chain pipefish - Syngnathus louislanae
Cobla - Rachycentron canadum
Conger eel - Conger oceanicus
Crevalle Jack - Caranx hippos
Cunner - Tautogolabrus adspersus
Diamondback terrapin - Malaclemys terrapin
Feather blenny - Hypsoblennius henrzl
Flying gurnard - Dactylopterus volitans
Fourspine stickleback - Apeles quadracus
Fowler's tad - Bufo fowleri
Gag - Mycteroperca microlepis
Gizzard shad - Dorosoma cepedianum
Golden shiner - Notemigonus crysoleucas
Gray snapper - Lutanu ise
Grubby - Myoxocephalus aenaeus
Halfbeak - Hyporhamphus unifasciAtus
Hogchoker - Trinectes maculatus
Inshore Uzardflsh - Synodus foetens
Lined seahorse - Hippocampus erectus
Lookdown - Selene vomer
Mummichog - Fundulus heterocitus
Naked goby - Gobiosoma brsct
Northern kingfish - Menticirrhus saxatils

Northern pipefish - Syngnathus fuscus
Northern puffer - Sphoeroides maculatus
Northern searobin - Prionotus carolinus
Northern sennet - Sphyraena borealis
Northern stargazer - Astroscopus guttatus
Orange filefish - Aluterus schoepfi
Oyster toadfish - Opsanus tau
Permit - Trachinotus falcatus
Planehead filefish - Monacanthus hispidus
Pumpkinseed - Lepomis gibbous
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 variegats
Silver anchovy - Engraulls eurystole
Silver perch - Bafrdiella chrysura
Smallmouth flounder - Etropuis microstomus
Smooth dogfish - Mustelus canis
Smooth trunkfish - Lactophrys triue
Spiny dogfish - Squalu acanthias
Spot - Leiostomus xanthurus
Spotfin butterflyflsh - Chaetodon ocellatus
Spotted. hake - Urophycis regiw
Striped anchovy - Anchoa hepsetus
Striped bass - Morone saxatlils
Striped blenny - Chasmodes bosquianus
Striped burrflsh - Chilomycterus schoepfi
Striped cusk-eel - Rissola marginata
Striped killifish - Fundulus majalis
Striped mullet- Mugil cephalus
Striped searobin - Prionorus evolans
Summer flounder - Paralichthys dentatus
Tautog - Tautoga onitis
Threespine stickleback - Gasterosteus aculeatus
Tidewater silverside - Menidia beryllina
Weakfish - Cynoscion regalis
White mullet - M2 curema
White perch - Morone americana
Windowpane - Scophthalmus a
Winter flounder - Pseudopleuronectes americanus
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Table Cl-143. Alphabetical listing by scientific name of all vertebrates collected by fish and
impingement programs from September 1976 through August 1977.

Alosa aestivalis - Blueback herring
Almsa pseudoharengus - Alewife
Alosa sapidissima - American shad
Aluterus scho.pfi - Orange filefish

Ammodytes sp. - Sand lance
Anchoa hepsetus - Striped anchovy
Anchoa mitchil1- Bay anchovy
Au rstrata - American eel
Apls quadracus - Fourspine stickleback
Astroscopus guttatus - Northern stargazer
Bairdiella chryra - 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 btitrfish
Clupea harens - Atlantic herring
Conger oceanicus - Conger eel
Cynoscion eas - Weakfish
Cyprinodon variegatus - Sheepshead minnow
Dacrylopterus voltans - Flying gurnard
Dasyatis sayi - Bluntnose stingray
Dorosoma cepedianum - Gizzard shad
Engraulis eruystole - Silver anchovy

Esox ng - Chain pickerel
Etropus microstomus - Smallmouth flounder
Fistularia tabacaria - Bluespotted cornetflsh
Fundulus heteroclitus - Mummlchog
Fundulus majalis - Striped killifish
Gasterosteus aculeatus - Threespine stickleback
Gobiosoma bosci - Naked goby
Gobiosoma ginsburgl - Seaboard goby
Hippocampus erectus - Lined seahorse
Hyporhamphus unifasclatus - Halfbeak
Hypsoblennius hentzi - Feather blenny
Lactophys triquete - Smooth trunkfish
Leiostomus xanthurus - Spot
Lepomis gibbosus - Pumpkinseed
Lucania parva - Rainwater killifish
Lutjanu ise - Gray snapper

Malaclemys terrapin - Diamondback terrapin
Membras martinica - Rough silverside
Menidia ilina - Tidewater silverside
Menidia menidia - Atlantic silverside
Mentlcirrhus saxatlis - Northern kingfish
Micropogon undulatZ -Atlantic croaker
Monacanthus hispidm - Planehead filefish
Morone americana - White perch
Morone saxatilis - Striped bass
M il cepha - Striped mullet
Mugil cirema - 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 triacanthus - Butterfish
Pomatomus saltatrix - Bluefish
Prionotus carolinus - Northern searobin
Prionotus evolans - Striped searobin
Pseudopleuronectes americanus - Winter flounder
Rachycentron canadum - Cobia
Rissola marginata - Striped cusk-eel
Scophthalmus aqusu - Windowpane
Selar crumenophthalmus - Bigeye scad
Selene vomer - Lookdown
Sphoeroldes maculatus - Northern puffer
Sphyraena borealis - Northern sennet
Squalu acanthias - Spiny dogfish
Stenotomus .cýo - Scup
Strongylura marina - Atlantic needlefish
Symphurus plagiusa - Blackcheek tonguefish
Syn-gnath fuscus - Northern pipefish
Syngnathus loulsianae - Chain pipefish
Synodus foetens - Inshore Uizardfish
Tautog onltis - Tautog
Tautogolabrus adsperst.. - Cunner
Trachinotus falcatus - Permit
Trinectes maculatus - Hogchoker
Urophycis chuss - Red hake
Urophyc regius Spotted hake
Vomer setapinnis - Atlantic moonfish
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Table CI-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
Aeguerea spp. - a hydromedusa
Callinectes sapidus - blue crab
Callinectes similis - lesser blue crab
Cancer rratus - 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
Mercenaria mercenaria - hard clam, northern quahog
Mytilu edulis - blue mussel
Nemertea (phylum) - ribbon worms
Neopanope texana - a mud crab

Nosema stephani - a microsporidian parasite
Olencira praegustator - a parasitic isopod
Ovai ocellatus - a lady crab
Pagurus longicarpus - long-armed hermit crab
Palaemonetes pugio - grass shrimp
Palaemonetes vulgar - grass shrimp
Panopeus herbstii - a 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) - true jellyfishes
Squilla empusa - mantis shrimp
Urosalpinx cinereus - Atlantic oyster drill
Xanthidae (family) - mud crabs
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- S1 18.4 - 19.8 - 1.4

30 20.1 12.7 2.5
- 31 - 25.8 - 27.0 1.2
21 4 26.6 25.3 37.6 27.0 11.0 1.7

Momn AT- 9.4



Table C-NL6. MWal mlfae (3) ad 10*0 (3) vAmr t*npMaa at ther maynaecta ad affamed madam In wammu S2aglt Say from Septembe 2976 thoqk A"am 1"71.

Location --- = -0.) September Ocaber Novrab Decombe lm Fe ary MNrcI April Mey Jum fuall AMaM Teamly 2,•as

Motd Codu Croak (1) 1 - 23.6 6.1 1.6 km be 0.0 16.0 16.6 20.3 26.4 27.0 13.3
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1 IS.0 18.0 I0.6 IN, ka 11.8 16.5 16.6 20.6 3.6 62.3 20.8

kmah d PFomal War (4) 8 24L. to.$ U. 53.1.0 ke be 21.1 22.2 22.0 24.1 16.1 27.3 24.2
2 21.0 26.1 2S.6 22.4 ha I= 12.6 22.3 24.2 20.1 26.8 26.4 14.1
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1 26.5 26.0 .4. hea ln 24.0 14.6 25.6 21.0 28.2 28.0 SILO

unt 13 21.8 23.4 20.1 Ie he 21.8 11.3 12.6 14.4 22.6 16.8 23.5* 16.0 21.0 22.6 21.3 Im los 22.8 21.1 23.1 14.7 23.1 36.3 14.0
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3 25.0 31.5 23,3 1220 23.0 23.5 22.8 - 11. 21.0 24.7 24.6 24.0 22.4



I-'

Tabl Cl-148. Mean ef am (S) ad e (U) vim 'nmp a iam I- la4 O (. O &aQ1 ad O72M Creek (disabp cl firoum Ma 1976 d gi e sh • M .77

19I74 1977 yearty
L, (sude Ma, I March Aplr -MIT Iu, NIT Aughm leparnbu Octo-be oesub. Deembor Im, pehamy Mac wean

Forbad R . oir OAK, ofl. f9 bidg (6) S 11.6 2.1 14.0 26.3 24.6 24.4 M2.1 11.7 7.6 3.0 k, he 6.9 18.2
S11.6 22.9 14.6 26.4 14.6 24.5 2:1.1 13.7 7.6 3.1 So ba 1. 16.1

Forbad Rlie4 scib breaob, am o Beach S 12.3 22.6 14.5 27.1 23.9 21.3 213. 13.4 8.0 2.1 ae be 6.6 16.2
Mvd. bige (48) 1 12.1 22. 14.9 217.2 23.9 25.3 23.4 13.6 8.2 6 .2 hk IM 6.7 16.4
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Table CI-150. Results of paired t-tests
August 1977.

for comparison of surface and bottom water chemistries taken at OCGS from September 1975 through

TEMPERATURE SALINITY DISSOLVED OXYGEN pH

October - November NSa NS NS Surface > Bottom *

December Surface > Bottom " NS NS NS
OCGS Shutdown
March - May Bottom > Surface * NS NS NS
June - August Bottom > Surface * NS NS NS
September 1975 - August 19 7 6b NS Bottom > Surface NS NS

October - November'
December - February
March - May
OCGS Shutdown
July - August

oo September 1976 - August 1 9 77 c

Bottom > Surface "'

Bottom > Surface a

Bottom > Surface "

Bottom > Surface

Bottom > Surface a'

NS
Bottom > Surface

NS

Surface> Bottom
NS
NS

Bottom > Surface ""

NS
NS

Bottom > Surface "*

Bottom > Surface a"

NS NS

NSBottom > Surface *

a NS - not significant

= achieved significance at P<0.05
= achieved significance at P1 0.01

b No samples taken at OCGS from 24 December 1975 through 7 March 1976.
c No samples taken at OCGS from 14 May through 12 July 1977.



Table CI-15L Total preclpitatlon at the Oyster Creek site area from September 1976 through
August 1 9 77 a

Month 1975-76 1976-77
(inches) (mm) (inches) (mm)

September 5.60 142.2 .1.19 30.2
October 2.28 57.9 7.27 184.7
November 3.25 82.6 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 91.4
April 1.68 42.7 2.61 66.3
May 2.39 60.7 1.25 31.8
June 1.02 25.9 2.99 75.9

.July 3.06 77.7 3.59 91.2
August 7.45 189.2 7.73 196.3
Total 35.41 899.4 37.50 952.5

a Data from OCGS meteorological tower (D. R. Weigle, personal communication).
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Table C1-150. M.esa surface (S) *ad bocmtm () Sat•lIM (pp) In Fornked RAlin (intkak canal) mNd Oya. Creak (didchnge canal) from Maurh 1007 througb Mach 1977.

1916 
1077 Tealld AM Sad. No. Mach Ar•l Ma1 Inlu July Augsts S"eUmbe Octob NoembarDecember tamyT Felnary March MeanItOSM, LLT uNA•FCTE' D:

Forked RPf. Jo! eam c i. brldge (6) S 22.4 20.2 21.5 25.0 26.6 22.0 25.0 25.7 23.0 23.0 be ke 22.7 23.5a 22.8 20.2 22.0 25.0 26.9 22.0 25.6 26.0 23.0 23.0 ke Ice 22.5 23.6

Forked Rlivr. south Ibrnch. eamt d Beach S 23.0 20.3 21.0 24.6 31.0 22.4 25.0 26.2 23.5 22.3 ke Ie 21.9 23.4alod. brldge (45) a 23.3 20.1 21.6 24.5 26.7 23.2 25.2 25.3 24.0 22.7 100e 14e 22.1 23.5

Fioked luver. l•gow off n bok of south S 22.8 20.5 21.3 25.0 27.0 22.6 25.2 24.6 23.5 21.7 be Ice 22.0 23.2branch (46) B 22.3 20.8 21.7 24.6 237. 22.8 24.6 25.3 23.9 22.7 ke Ice 22.3 23.5
F ikd Rim. bueds a end d Kaaieeb Ave. 3 52.0 22.0 20.0 24.0 27.6 23.9 23.7 25.0 24.0 225. 0 e 2IWO 25.5 23.4(41) B 

- - -

buake Csai. jm won of IL. I bridg (40) 5 22.0 20.0 2G 2.0 21.5 21.9 2.1 25.5 23.5 20.0 250 U3.0 22.0 23.49 22.0 20.5 22.6 24.0 21.5 22.3 24.6 25.8 - 25.0 26.0 25.0 22.0 23.5

take CanaL just e do sary fenca (49) 3 22.0 19.8 22.5 24.0 21.5 21.8 24.68 2.0 22.5 25.0 25.0 23.0 31.6 23.4* 22.0 12.6 22.5 24.0 27.6 22.0 24.6 25.0 - 25.0 26.0 23.0 21.6 23.5Las S 22.2 20.5 21.5 24.4 21.0 25.6 24.6 25.8 23.6 22.6 25.0 23.0 22.1 23.5* 22.5 20.3 22.1 24.4 27.t 22.6 25.0 25.6 20.8 22.9 26.5 23.0 22.1 23.6

Immedlam vkcinty of OCGS condne dischkare S 22.0 20.1 21.6 24.0 26.4 22.2 54.6 25.6 23.0 26.0 24.1 15.0 22.0 23.5(26) a 22.0 20.4 21.5 24.0 27.1 21.9 24.8 26.5 24.0 25.0 24.7 25.0 22.0 23.1

Diaorng.e Canal bet•weo ralroa0d m=ntle and S 22.0 20.0 21.0 24.0 27.5 22.0 25.0 25.5 23.5. 22.0 26.0 25.0 21.0 23.8RI. 9 teldee 27) 6 22.0 20.0 21.0 24.5 271.5 22.0 25.0 25.5 23.5 22.0 25.0 25.0 21.0 23.4Mea. S 22.0 20.1 21.3 24.0 27.0 22.1 24.9 25.5 23.3 23.5 24.9 25.0 21.5 23.5a 22.0 20.2 21.3 24.3 27.5 22.0 25.2 25.5 23.1 23.5 24.9 25.0 21.5 " 23.6

I-

0

Oyse Creek. am of Rt. 9 bridge (21)

OyM Crmeb, amd* bAW6 acros From LA.
dock (28)

Oypt Creek. sumth dne. bat uP'a"m form
mouth (29)

oapt, cack" euam stMW lagoom (30)

Optw Creak. frm fitmaltu lagnSe to
mouth (20

S 22.2 20.3 21.0 24.5 27.1 22.0 25.1 . 25.7 23.4 22.S
6 22.0 20.5 20.9 24.8 . 28.0 22.1 25.1 25.3 23.0 22.0

S 21.0 21.0 20.6 24.0 25.0 22.4 ILS 24.0 24.0 22.50

S 21.5 21.5 20.5 24.0 26.6 22.5 25.0 24.0 24.0 2S.6

S 22.0 20.2 20.2 24.1 27.2 22.0 24.8 25.0 23.1 21.0
6 22.5 20.0 21.0 25.0 . 24.8 22.1 24.8 24.5 23.7 22.5

S 22.0 20.5 21.0 24.6 27.0 22.4 25.4 25.6 23.5 22.3
8 21.8 19.8 21.2 25.0 26.6 21.7 2M.3 26.0 23.7 22.4
S 21.7 20.7 20.7 24.4 26.6 22.3 23.8 24.5 23.7 22.3
B 21.0 20.1 21.0 24.9 26.8 22.0 25. , 22.2 23.6 22.2

23.3

22.1

22.6

23.0

ke

22.2
22.2
22.3

22.5

25.0 21.9 23.1
23.0 21.9 23.1

25.5 20.6 22.3

23.5 20.5 23.1

be 21.7 25.0
b0e 21.7 23.1

24.0 22.5 23.3
24.0 22.3 23.2
23.5 21.4 22.9
23.5 22.0 23.1



Tahho aJ-18. Moss sufec (11 an boo (31 pH in theri07 usaffemou mad affacon Rdo I s3 h atr ~InUSamgaZ Say &ma sagnstbo 1373 hog Augu 1917.

omb of ceda Crook (1) 3

dmka Fuft a3mga (4) 3
a

hiobo Do" Omeb (263 9

Sepuralve Ommkme HOmnb- D-Mmm jaMaIN Fthra" March Awil May law le.% A Ye mea q

LI. 610 6.1 ke be&L ILI LI Im. toe
S 6. 6.7 6.1 3m 3mo

LS L2 U. 1.5 14 Iffis
6L4 LI U. 1.6 bm INm

L2 8.3 7.1 ke 3m

6.2

L2
7.9

6.O
6.0

ILI 6.1
&I ILS

6.1 6.4
IL3 LS

6.6LI
6.3

LI6.1

6.1

I-

0•

mum 6.I 6.3 1.7 3m .m 6. lo ILI I3. I.: L.1
8 .41 .1 9.6 7.8 bw In LI L0 ILI a. IL

m O3tm07 C"k (17) 1 LI LI L .6 6. 0 LO ILI 6L. .7.6 LO L 3 LI
1 1.9 6L L6 1.7 7.6 60 3 ILI 7.8 1.0 LS 6.0

uas, r-164. 1,m&a Mnmday ref e (s) ,*, 3I m (o) xygen cina ma (Wvm) at awm,,ally mLu'safed am mfectmd nagtos to emot 3aofmt Bay &etm Sepemb)r e 116
Ifmftl Anowt 1377.

S of C-- Ca(1 1 - 10.0 10.7 11.1 low - 11.6 9.5 L.1 7.6 6., 6.6 6.3
I . 0.3. 13.2 n1.2 lm ,e 11.1 10.7 L.4 1.0 1.6 6.0 9.6

VAd&a Frm i (4) S 6.0 10.0 11.3 UI.? me me t0.6 6. 6.3 L6. 6,4 . 1.6 93.
9 6.9 6.0 12.3 12.7 3ms fe 11.4 11.1 6.3 6.1 6.6 6.6 0.6

Mol of Double mke (23) 3 - 10.2 112.4 U.5 3e 3m 10.5 .1 L. 1.9 7.6 10.8 3.7
a . 9.3 13.s 12.6 lo 3s 11.0 10.6 3.13 1. . .•. 10.2 10.1

Main S .0 10.3 11.1 U1, 3I 3m 11.6 6.4 6.6 7.9 6.6 6.6 9.4

3 6.6 0.2 12.4 12.5 3m,, 3s 12.3 10.6 8.7 7.7 7.5 3.0 .3.0

,w o( Orw Crook (M) S 1.• 20.1 10.6 11.7 12.0 10.3 .I 3.3 L.34 1.4 6.1 7.6 3.2

U 6.7 9.3 12.0 11.6 12.0 11.3 10.9 tO,4 t.0 7.4 6.1 7.7 6.6



C-,
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Tabl, Ca-15s. M.ea nefacme (8) and bottom (6) pH In Forked Rive (oaoke cartl) .in Oyse Creek (discharge canal) toou Mac h96" d1mg1 Maida 1911.

1976 1917 yearw40nndum ISwidnn Nn-I M61&rch Aliel Iary June July Aueuc September Octber November December liwary Febray March Means- ,RuMALLTr mJ•,FlCTEDI
Frked RS , eJaut ego of R c. bridge (8) s tO 1.9 8.0 7.5 7.4 Li 8.1 L.4 8.0 7.9 be &M 7.0 7.9I 8L0 7.9 7.9 7.4 7.5 8.2 k1 8,1 8, 0 L 1.9 be bae 1. 7.9

Forked Rlier. amuc tanc. Mut of Beach s 7.9 7.0 8.0 7.4 7.6 7.9 LI 8L4 6.2 8.5 Ioe Ie 8.1 7.9Blvd. bridge (48) 0 7.9 7.1 LO 7.4 7.6 7.9 8.2 6.4 8.2 6.4 be Ice 8I 7.9

Fmokd RIvar. lagow off naohi bank of mu c 7.9 1.8 7.9 6.7 1.9 7.7 g.2 8.4 8.2 8.&2 Ice f 7.. 7.9rasncl (46) a .8 79 . 79 8 8. . .. 9 7.9 1 1.5 LS 8.2 Ice roe 7.8 1.9

Forbad River. b46 1 at and of Kanehe AMv S 7.8 7.0 8.1 8.3 7.9 7.9 6.1 8. LS e ft. L .0 8L L
(47) a - - - -- -

buke CaoLn )ut wart fds. 9 bridp (48) IS 60 7.6 6.9 LS LOS 7.9 Ll 7.9 1.2 7.6 Ll 1.6 7.7
I8,1 7.6 8O L29 9.6 1.6 8.O 7.9 7.2 6.1 8L 1 1.? 7.7

Intakme C .L Justert ccuamemat by 7 (49) 9 8LO 7.7 " 8.0 8. - 1*, 8,1 8.0 L 7.2 7.0 8.1 7.7 .99 8,1 .1 8.0 8.L - 7.6 81 8I9,10 1. 1.8 8. 7.7 7.9Wean S 7.6 1.0 6.0 7.6 7.9 8.0 8.1 L2 8 Ll 1.9 7.9 8,1 7.6 7.9I9 6.0 7.• 7.6• 7.6 1.2t 1.9 6.1 6.2 6.2 7$.6 6.0 6.1 7.6 7ts..

JPMALLY APRCT!
Imumediate riklnlty o OCGS condeer 8,. 7.. 8.1 8L0 7.8 7.7 7.4 7. 7.0 LO9 7.9 7.6dbcbue (26) a80 7L 7 8.0 8.0 - 7.8 7.8 7.4 - 1.3 7.0 8LO 8.O 7.8

Dladge Canal hebetween flure"worths, 80 7.L 8.0 7.9 - 7.8 7.9 7.9 1.4 L0 8.1 8.9 7.9R. 9 brdgtle ) a 8.0 7.7 8.0 8.0 7.8 7. .9 7.9 1 .3 8.0 8.1 IL.1 7.9ean S 0 8O* .6 8 8 0 7.8 7.8 7.7 7.4 8.0 6,1 8L1 7.9a 8.0 7.7 8.0 8.0 7.8 1.9 7.7. - 7.3 8.0 8.1 6L2 7.9

Oy Creek, e. t of RL 99 brdge (1) 8.0 7.0 7.8 7.2 7.9 7.,9 O 6.3 6 8. 0 L 8.20 6. LO .0a L.0 7.9 7.6 6.8 7.0 7.9 6.1 8.3 8.4 1.9 - L,82 8,0 7.9

Oyn maihk.mdk be*k Scrll.rom LA. - 7.6 7.6 8.1 8L 1 8.0 7.6 6.0 8.6O 8.9 8.0 8.0
dock (28) " - "

Oyt Creek. wod1 dane , Jfin OPaam& om S 7.7 1.6 7.2 8.2 U .1 7.9 6.0 8LS - 8,6 8.1 7.9"noull (29)

Oyiuceek. eaeunnam lag•on(O) (37.1 6.0 7.7 6.9 7.6 .8.1 7.9 7.6 6.4 8.0 bw 8,1 890 7.9
7.5 L0 7.8 6.9 7. 8.1 "7.9 7.6 8.4 L.0 be 8,1 8.6 7.6

Oygw Crek.&0 fm e amot rl agwo tg o S 7.7 7.0 7.7 6.0 7.6 8.0 6.2 L.2 8. 8 .0 bO e 9.2 1.9 7.9
,,m-- 540) a 7.9 7.9 7.6 6.1 7.4 8.1 .1 8.2 8.1 8L0 Ie 6.2 8.0 7.9

Man S 7.8 7.9 7.7 7.2 7.7 8.1 8.0 6.0 8.2 8.2 -. 1 8.0 7.9
9 7.8 1.0 7.8 6.1 798 &.0 6.0 8.1 8.3 8.0 - .2 .0 7.9
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Table CIISL. MeMs iuiace (9) ad b1mes (6) dbwolvd emey. (ppm) €oncmezath is Forked ive, (intake candl) $d Oyrm OCaek (dhchmgs coanl) from Mcb Iis ftmgh Me ll11.

(o1m e Yearly

W~mMILY UNAFRZCTED: us flyS.tinbr IIu mk eebrlam aiay mrb 148

Fned River. Jur tm sea of. 0 bridge (6) 1 10.6 7.5 .LI 7.0 6.4 6.6 ?.3 Lg 11.3 M.I TOO in 11.4 L.8
2 10.6 7.2 La. .0 6.6 6.7 7.2 L.4 112. 12.0 ke ie 11.0 .LI

Fieord Sh•w, mda*Inramnk eam r oIeach S 10.8 7.6 0.2 7.4 1.7 7.1 7.1 6.2 11.1 12.2 be be 10.$ 4.9
Blvd. bridgp (48) I 10.7 7.5 0.2 7.2 1.s 7.1 7.1 L.0 11.2 12. kbe I' 10.1 8.8

Ford l . raion ofmfs bank o 2 10.9 1.6 6.2 1.0 6.8 U.2 7.5 6.3 11.5 12.0 I= I= 10.3 9.0
galk bra (46) 1 10.6 7.6 LI 6.8 6.7 7.6 7.2 L3 11.5 12.2 be be 10.6 LI

Pethr lu e, at ad o Kreml Ave, I U.1 8.0 0.2 6.0 7.1 7.6 7.1 0L. 10.4 11.2 Ie L2 12.e 9.2
(41) 0 . .... .

beli Cmel. Jmwtadr .o brge (46) S 0.4 7.4 0.5 7.7 L6. 7.0 7.8 6L7 - 11.4 11.4 12.8 10.8 9.6
8 L4 7.4 6.2 . 5 6.6 4.I 7.7 6.6 - 12.2 1M.4 11.6 0.0 LO

hakeCameL jnt setd of UY hie (49) 1 L4 7,4 9.8 r.6 6.0 7.0 to 0.1 - 11.2 11.6 12.6 o0.2 9.0
I L.4 1.6 .1; 7.4 6.7 7.0 7.7 1.2 12.1 10.8 12.8 10.2 1.0

*-S 16.0 1.7 LA 7.2 6.4 7.2 7.$ - 1- 11.1 12.1 11.6 1.1 10.6 6.2
a 0.7 7.8 Lit 7.2 6.2 7.0 7.4 0L$ 11.3 12.3 11.1 11.7 10.1 0.2

U.YMMLL APSTV1D
bunedlam ichday da OCS casme.mr dbch7eS 10.I 6.6 L03 7.5 IL. L.B 7.0 2.1 10.3 12.6 11.: 1.2 9 .1 L7

(26) 2 10.2 LI L2 ILI 6.6 5.5 7.7 LIt 1.0 12.0 10.6 11.1 9.1 L.7

Dbamqe Cmal beuvttre ralrboed uSanid I LI 7.0 L.6 7.2 6.6 6.6 7.2 0.0 10.1 12.O 11.0 13.4 0.7 2.9
If. I •rdm t27) a 0.12 .9 0.0 7.1 6.2 6.2 7.1 6.5 10.4 12.4 10.4 12.0 .6 L 8.

me". s 0.0 6.0 6.6 7.4 6.5 6.0 7.2 L.6 10.2 12.0 11.2 12.6 9.4 L.O
5 0.7 L. 0.6 7.6 6.4 5.0 7.4 LI 10.2 12*. 10.6 11.9 1.4 01,

OW OMSK emi dOtf . brid"ge (21) 1 10.1 L.7 I .0 6.5 6.4 6.6 7.4 0.2 11.0 10.4 10.2 6.6 10.7 L 5
1 0.7 6.1 62 L.2 6.L 8.8 7.2 .1 0.8 10.6 10.0 L4 10.3 L83

Oy~n Cleeb. boo &am henr LA. 0 16.6 7.0 0.2 0.7 6.0 6.8 6.4 L6 9.5 12.7 11o 71.1 10.6 0.3

deck (2a- - . - - - -

Oyvw eLa w obma* . I nquemam he 210.6 7.0 L.1 6.1 7.2 7.1 8.0 L. 0.3 12.2 14.4 1.8 11.5 9.1
Mot (26) 1 .. .

Oy7reeb Ok. eSm - lagem (Sm) 2 10.2 6.1 7.5 6.0 6.4 1.7 7.8 9.4 10.6 10.6 be be 0.7 6.4

i 10.0 6.2 7.6 6.3 6.0 7.1 6.0 6.2 16.0 11.0 bei be 9.0 2.

Oysm Creek. tom etrnnam t lpgse to 1 0.7 6.0 7.6 L.3 6.4 6.1 7.5 0.4 11.2 iLo 10.1 9.4 00.1 L.6

, ._ (.m 1 0.6 6.1 7.7 6.1 6.4 6.4 7.3 0.2 0.4 11.1 10.3 .2.0 10.0. L 3

mass S 10.3 6.4 8.3 6.3 6.7 1.0 7.2 0.0 10.4 11.6 11.6 6.4 10.6 6.7

9 9.6 6.0 7.6 4.2 L.2 6.1 7.2 9.2 0.7 10.0 10.4 L.7 0.0 6.4



Table C0-IS?. Wmes mumay Seochi dbe usadlap (Ote) At dimmUY ally utsi Bad infletftd stAti III WCe~s "Ata BAY frtos SePuemba, 1018 "bug Aug.a 1971.

Locades M (iaa o) Sapember October Navewme Deftnbi jamwat Peley Mares AU MA~y JI=@ Muy Augum Yearly Meas

bP~hd Camf Creek (1) - U - 120 Ind Im 140 110 140 ISO 65 so too

hMONOd PO&W 0 I0O(4) so 70 110 110 101 Ie 30 IN 120 s0 90 55 li

MothAt DOAM lak U23) 6 Be b ea It 100 IS0 140 110 70 70 too
soa 00 o6 110 105 In. Ici 100 10 133 107 70 8 105

lbTmagm afl eefti redimdu
Mouth ofOyster rek23) 73 so 90 00 175 1go too 110 Igo '70 so 5011

I

0
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Table CI-11l. M•m Sechbi dmc teadlnge (cm) fd! poked River (PR) and Oya Creek (OC) &bun kmh l es8 1o Much 1br17.

_tcadas (sumto N..) Much Awil M, jum July AuK= Seaerbw Ocmbet Nowembu Decembev ialugy pebrly Mrch Mean
1THVUAA. I UMAW3CTE I

prgked ivtem, YAM am odf l. I ru (8) 100 11n 120 S00 a so is a 111, 11g 109 SN IrO us

Fwbld Rive. noth bech.aindkk ou 21B 11s 50 i0 78 4 so 110 1a3 lie In I50 101
91,t. bup (48)

P.rbd am. Ingewe off brsi beak of 0 I132 ISO , at 7"9 70 11 107 We roe 1" U9
0oMe bruah (46)

PW rliver. m w at id o Kanmd 0 o 120 a0 46 G0 ?a so 60 20 Ig0 860 190 118
AM. (47)

OaIM CJL. Jt ar od L 0Is 90 b0 2d0 80 40 s0 73 00 s0 220 10 340 190 1n4(48)

09 106 119 70 51 60 72 79 83 184 Io 340 20o 122

UramAU.LT AP1'1T0w
Oyaw Cimh east f ft1 I9 bidlg (15) Or to@ 133 80 so go 72 "0 98 133 185 170 20. 112n

Immedwi emcdy o •GS cndenU 80 N 110 48 28 54 79 00 100 205 176 260 1lo 122
db,,wp (24)

Dfodahe Case bewtem ra•isrd amtle 1220 160 1to so 40 50 t8 Be 60 120 210 348 1O i2
mid RI. 9 hurp• *()

Oyiw Cee, eastuemost lelgocO (30) S0 IN 107 s0 a 70 88 87 S 133 4 - 341 104

Oy.rew cek. &am eftium ant lIgm 9g 120 103 so • 7 83 8r as 93 143 173 18 220 110
to mo7c 1 _

W~AR 02 118 211 53 01 so 71 71 93 181 188 281 202 125



Table C2-169.Description of trawl stations regularly sampled during Oyster Creek Generating Station

Ecological Studies.

Station 01: Cedar Creek Mouth

Area Sampled:

Depth Sampled:

Current:

Clarity:

Navigation channel in mouth of Cedar Creek. west of Intracoastal Waterway
can buoy C "63"; tow is made in mid-channel between flashing light FL "1"
and the third black channel marker inside Cedar Creek.

1.5 to 2.1 m.

Very slight, dependent on tide.

Clear to tannic brown.

Aquatic Vegetation: Zostera marina attached and detrital, Agardhiella, and Ulva occasional to
abundant.

Station 04: Forked River Mouth

Area Sampled:

Depth Sampled:

Current:

Clarity:

Mouth of Forked River, west of Intracoastal Waterway mid-channel marker
BW N "DI"; tow is made in north approach channel between buoys 5 and

6 outside of mouth and buoys 9 and 10 inside of mouth.

1.5 to 2.1 m.

Slight to moderate, westerly due to influence of OCGS.

Clear to turbid.

Aquatic Vegetation: Detritus (Zostera marina) none to abundant; Ulva and Codium none. to

occasionaL

Station 06: Forked River, east of Route 9 Bridge

Area Sampled:

Depth Sampled:

Current:

South branch of Forked River, west of Beach Blvd. bridge and east of Route 9
bridge; tow is made east to west beginning at last house on north bank and

ending near Route 9 bridge.

2.1 to 2.4 m.

Moderate, westerly due to influence of OCGS.

Clarity: Clear to turbid.

Cl-608



Table C0-19. (cont.)

Station 15: Oyster Creek, cast of Route 9 Bridre

Area Sampled:

Depth Sa mpled:

Current:

Clarity:

Oyster Creek. approximately 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.

1.2 to 2.4 m.

Moderate, easterly due to influence of OCGS.

Clear to turbid.

Aquatic Vegetation: Ulva. Zwstera, detritus and woody debris none to occasional

Station 17: Oyster. Creek Mouth

Area Sampled:

Depth Sampled:

Current:

Clarity:

Mouth of Oyster Creek, due west of Intracoastal Waterway mid-channel
marker BW N "El"; 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.

1.8 to 3.7 m.

Slight to moderate, easterly due to influence of OCGS.

Clear to turbid.

Aquatic Vegetation: Detritus (Zwtera marina) rare to common; Zostera and Codium fragile
none to occasional; shelihash occasional.

Station 23: Double Creek Mouth

Area Sampled:

Depth Sampled:

Current:

Clarity:

Mouth of Double Creek. southwest of Inuracoastal 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'.

2.1 to 3.7 m.

Slight, dependent on tide.

Usually clear.

Aquatic Vegetation: Zostera marina and detritus, occasional to abundant; Ulva and Codium fragie
occasional to common.

Cl-609



Table CI-159. (cont.)

Station 26: Discharge Canal at OCGS

Area Sampled: Discharge Canal from bulkhead at L.A. trallers to railroad bridge; tow made
along north bulkhead in condenser discharge.

Depth Sampled: 3.7 to 4.3 m.

Current: Strong easterly due to OCGS.

Clarity: Usually clear, sometimes turbid.

Aquatic Vegetation: Usually none, occasionally some detritus.

Station 27: Discharge Canal at OCGS

Area Sampled: Discharge Canal. approximately 100 m downstream from railroad bridge
towards Route 9 bridge; tow made in mid-channel

Depth Sampled: 3.7 to 4.3 m.

Current: Strong easterly due to OCGS.

Clarity: Clear to turbid.

Aquatic Vegetation: Usually none, occasionally some detitus.

Station SO: 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 juncture with Oyster Creek.

Depth Sampled: 1. 5 to 3. 1 m.

Current: Usually none.

Clarity: Clear to turbid.

Aquatic Vegetation: Detritus (Zostera marina), Ulva and Codium fragile occasional to common.

Station 45: Forked River, cast of Beach Blvd. Bridge

Area Sampled: South Branch of Forked River, from its juncture with the Middle Branch to
100 m east of the Beach Blvd. Bridge; tow Is made in mid-channeL

Depth Sampled: 1.8 to 3.1 m.

Cl-610



Table CI-16P. (cont.)

Current: Slight to moderate., predominantly westerly due to Influence of OCGS.

Clarity: Clear to turbid.

Aquatic Vegetation: Detritus, Zostera mar Ulva, Codium fragile. and woody debris occasional
to common

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; tow is made from easternmost side channel westwards
towards entrance from Forked River.

Depth Sampled: 1.5 to 2.8 m.

Current: Usually none.

Clarity: Usually clear, sometimes turbid.

Aquatic Vegetation: Detritus (Zostera marina). Ulva, and Codium fragile occasional to common.

Station 48: Intake Canal at OCGS.,

Area Sampled: Intake Canal, from first bend west of Route 9. to security fence tow made
in mid-channeL

Depth Sampled: 3. 7 to 4.3 m.

Current: Strong westerly due to OCGS.

Clarity: Clear to turbid.

Aquatic Vegetation: Usually none, occasionally some detritus.

Station 49: Intake Canal at OCGS

Area Sampled: Intake Canal, from security fence to 50 m east of log boom.

Depth Sa mpled: 3. 7 to 4.3 m.

Current: Strong westerly due to OCGS.

Clarity: Clear to turbid.

Aquatic Vegetation: Usually none. occasionally some detritus.
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Table CI-159. (cont.)

Station 50: Oyter Creek, from first lagoon to mouth

Area Sampled: Mouth of Oyster Creek, from juncture with first lagoon on south side to
juncture with Bay; itow is made in mid-channeL

Depth Sampled. 1.8 to 3.7 m.

Current: Slight to moderate, easterly due to influence of OCGS.

Clarity: Clear to. turbid.

Aquatic Vegetation: Detritus (Zostera marin occasional to common; Zostera and Codium fragile
none to occasional; she.lhash 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:

Clarity:

Aquatic Vegetation:

Off the easternmost peninsula of the north bank of Cedar Creek 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 I m; during extremely high tides entire beach is submerged to vegetation

zone.

Slight, dependent on tide..

Normally clear, turbid with surf.

None attached in immediate sampling area; small amounts of floating Zostera
marina and detritus sometimes encountered.

Station 04: Forked River Mouth

Area Sampled:

Beach and Bottom
Composition:

Depth Sampled:

Current:

Clarity:

At the easternmost point of the South bank of Forked River Mouth; area
sampled is approximately 60 m of a narrow (5 m) sandy beach in the cove

on the north side of the point.

Soft sand throughout sampling area with frequent patches of mud; slope gentle.

0 to 1.1 m.

Slight. westerly due to influence of OCGS.

Normally clear.

Aquatic Vegetation: Occasional patches of Zostera marina; floating Zostera. Ulva and detritus,
occasional to common.

Station 17: Oyster Creek Mouth

Area Sampled: North bank of Oyster Creek Mouth, opposite Sands Point. Area sampled Is
approximately 60 m of a narrow (5 m) sandy beach Immediately east of the

bulkhead at the mouth of Oyster Creek.
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Table C1-160. (cont.)

Beach and Bottom
Composition:

Depth Sampled:

Current:

Clarity:

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.

0 to 1.2 m.

Slight to moderate, easterly due to influence of OCGS.

Normally clear, turbid with surf.

Aquatic Vegetation: None attached in immediate sampling area; occasional floating Zostera marina,
Ulva, Codium, and detritus.

Station 23: Double Creek Mouth

Area Sampled:

Beach and Bottom
Composition:

Depth Sampled:

Curren~t:

Clarity:

Aquatic Vegetation:

North bank of mouth of Double Creek, area sampled Is approximately 60 m
of a 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 sampling area; slope gentle.

0 tol.1 m.

None to slight.

Clear to turbid.

None attached in sampling area; floating Zortera 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, across 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 approximately

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.

0 to 1.2 m.

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 7 era marMna Ulva,
C and detritus.

Station 29: Oyster Creek, south share, near mouth

Area Sampled:

Beach and Bottom
Composition:

Depth Sampled:

Current:

South bank of Oyster Creek, upstream of and across from bulkheaded area at
mouth. Area sampled is approximately 50 m of a narrow (5 m) sandy beach.

Hard sand and gravel from share to a depth of about 0.5 m. becoming soft
sand and mud. Slope moderate until edge of dredged channel where depth
increases sharply.

0 to L8 m.

Slight to moderate, predominantly easterly due to influence of OCGS.

Clarity: Clear to trubid.

Aquatic Vegetation: None attached in sampling area; occasional floating Zo'tera marin Ulva
C and detritus.

Station 47: Forked River at Kanoehe Avenue

Area Sampled:

Beach and Bottom
Composition:

Depth Sampled:

Current:

Clarity:

South bank of Forked River near eastern end of the South Branch at a narrow
(I m) and short (3 m) beach at the end of Kanoehe Avenue.

Soft sand and mud bottom, slope moderate. Beach comprised of sand and
debris with grass, weeds, and shrubs.

0 to 1.5 m.

Slight to moderate, predominantly westerly due to influence of OCGS

Clear to turbid.

Aquatic Vegetation: None attached In sampling area; occasional floating Zostera marina, Ulva.
C and detritus.
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Table CI-160. (cont.)

Station 53: Forked River at Waikiki Avenue

Area Sampled:

Beach and Bottom
Composition:

Depth Sampled:

Current:

Clarity:

Aquatic vegetation:

South bank of Forked River near eastern end of the South Branch at a
boat launching ramp at the end of Waikiki Avenue.

Soft sand and mud bottom, depth drops off rapidly from bank. Beach
and edge composed of Spartina gras, and weeds.

0 to 1.5 m.

Slight to moderate, predominantly westerly due to influence of OCGS.

Clear

Occasional Ulva and detritus. Spartina and other rooted vegetation attached
on shore.
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Table 0I-161. Description of gill net stations regularly sampled during Oyster Creek Generating
Station Ecological Studies.

Station 06: Forked River. east of Route 9 Bridge

Area Sampled: 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.

Depth: 1.5 to 2.1 m near banks, 2.7 to In mid-channeL

Direction of Set: Northeast to southwest, from River bank toward OCGS.

Current: Moderate, westerly due to influence of OCGS.

Clarity: Clear to turbid.

Aquatic Vegetation: Occasional to common Zostera marina. Ulva., and detritus.

Station 15: Oyster Creek, east of Route 9 bridge

Area Sampled: Oyster Creek, east of Route 9 bridge, approximately 1 mile upstream of
the Creek mouth.

Depth: 1.8 to 2.0 m near banks, 3.5 m In mid-channeL

Direction of Set: Northeast to southwest, bank to bank, approximately 180 to west of
bulkheaded pond on north bank.

Current: Moderate, easterly due to influence of OCGS.

Clarity: Clear to turbid.

Aquatic Vegetation: None to occasional, mostly Zostera marina and detritus.

Station 26: Discharge Canal at OCGS

Area Sampled: Discharge Canal at condenser discharge.

Depth: Approximately 3.7 m.

Direction of Set: Gill net set in semicircle from bulkhead on north bank to bulkhead by
LA. trailers in condenser discharge.

Current: Strong due to OCGS.

Clarity: Clear to turbid.

Aquatic Vegetation: Usually none.
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Table CI-161. (cont.)

Station S0: Oyster Creek, first lagoon

Area Sampled: First lagoon west of mouth on south side of Oyster Creek, midway from ends.

Depth: 1.5 to 2. 8 m.

Direction of Set: North to South, parallel to banks.

Current: 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 entrances to lagoons east of the Beach Blvd. Bridge.

Depth: 1.8 to 3.1 m.

Direction of Set: The net was set perpendicular to the main channel, but generally dragged
anchors due to soft bottom and currents and eventually fished from east to
west, parallel to channel.

Current: Moderate, westerly due to influence of OCGS.

Clarity: Clear to turbid.

Aquatic Vegetation: Occasional to common, Zorrera mariona 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 easternmtm side channel.

Depth: 1.5 to.2.8 m.

Direction of Set: East to unst, parallel to banks.

Current: Usually none.

Clarity: Clear to turbid.

Aquatic Vegetation: Usually none, occasionally some detritus and Ulva.
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Table CI-161. (cont.)

Station 50: Oyster Creek, from first lagoon to mouth

Area Sampled: Midway between first lagoon on side south of Oyster Creek to Juncture with
Bay. on south side of channel

Depth: 1. 8 to 3. 7 m.

Direction of Set: East to west. parallel to banks.

Current: Slight to moderate, easterly due to influence of OCGS.

Clarity:. Clear to turbid.

Aquatic Vegetation: Occasional detritu (Zostera marina) and Ulva.
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TABLECI-162. TOTAL NUXBER OF SPECDIMZS TAM By TL4AL ARD SEINE FROM SEPTEMBER 1976 THROUGH AUGUST 1977 AT THE MOUTH OF CEDAR CREEK. POR]= RIVER, OYSTERCREEK. AND DOUBLE CREEK.

O

0'
0

SPECIES
ANGUILLA ROSTRATA
CONGER OCEANICUS
ALOSA AESTIVALrS
ALOSA PSEUDOHARENQIS
ALOSA SAPIDISSImA
BREVOORTIA TYRANNUS
ANCHOA HEPSETUS
ANCHOK MITCHILLI
SYNODUS POETENS
OPSANUS TAU
RISSOLA MARGINATA
STRONCGLURA MARINA
CYPRINOOON VARIEGATUS
FUNDULUS HETEROCLrITUS
FUNDULUS MAJALIS
LUCANIA PARVA
MENBRAS 14ARTINICA
MENIDIA 8SRYLLINA
NENEDIA MENIDIA
APE LTES QUADRACUS
GASTEROSTEUS ACULEATU S
FISTULARIA TABACARIA
HIPPOCAMPUS ERECTUS
SYNGNATHUS FUSCUS
NORONE AMERICANA
CENTROPRISTIS STRIATA
PONATO7US SALTATRIX
CARANX CRYSOS
CARANX HIPPOS
SELAR CRUMENOPHTHALMUS
SELENE VONER
TRACHINOTUS FALCATU S
STENOTOMUS CHRYSOPS
BAIRDIELLA CURYSURA
CYNOSCION REGALIS
LEIOSTOMUS XANTHURUS
IENTICIRRBUS SAXATILIS
MICROPOGON UNDULATUIS
CHABTODON OCELLATUS
TAUTOGA OMITIS
MUGIL CEPHALUS
MUGIL CUREI4A
SPHYRAENA BOREALIS
ASTROSCOPUS GUTTATUS
CHASMODES BOSQUIANUS
HYPSOBLENMIUS UENTZI
GOBIOSOMA DOSCI
GOSIOSOMA GINSBURGI
PEPRILUS TRIACANTHUS
PRIONOTUS EVOLANS
ETROPUS MfCROSTOHUS
PARALICHTHYS DENTATUS
SCOPHTHALIMUS AOUOSUS.
PSEUDOPLEURONECTES
AME RICANUS

TRINECTBS MPCULATUS

SYP•J• RUS PLAGIUSA
LACTOPIHRYS TRIOUETER
SPfOEROIDES MACULATUS
CHILONYCTERUS SCHOEPFr
CRANGON SEPTE14SPINOSA
CALLINECTES SAPIDUS
CALLINECTES SIMILIS

SEP OCT NOV7 2 -

7 6 69
41 1 1

172 307 6
1 1 -

18 22 3
- 20 7

39 24 198
- 2 2
- 41 10
- 3 9

1 70 -
36 118 317

-- - 1-

5 23 5
1 4 5

12 30 5
9 50 13

1595 139 -

- 17 -
8 4 -
4 3 -

S 2 2
9 13 16
3 6 2

41 171 149
7 5 1
- 6 4
- 21 2
a 196
3 5
6 15 -
-- 2 -
- 1 -
3 3
- 13 -

7 3 2
- 21 13

4 9 is
4 7 2

- 1 -

2 - -

26 188 248
92 142 64

DEC JAN1-
2-

1069 1
1

48 20

1

2 2

8 -

9 2
39 4

- 2
569 -

13 -

5 -

26 -

1 -

1 -
3 -

Pee

9

2

10

2

276
3

MAR1

10
8

2

2

19
1

6
1556

11

3

52

1600
22

APR
8

1

1

109

1

3
60
97

29
214

4

18
.5

7

2
2

30

1061
36

MlAY10

9
9

I

1648

4

5

217
.5

65
3

4

2

2

3
5

170
2

1608
55

JUN JUL AUG TOTALS12 8 8 57

3 - 1094
. 1 - 20

- - 3 165
- - - 43

1313 1402 934 5892
- - - 2
4 36 175 265
1 1 - 38
7 1 6 275

; - 15
1 9 2 160
- - - 153

1 - 2
- - - 109

18 829 567 4456
5 20 s9

1 1

27 34 68 246
1 - - 29
- - - 47

46 41 24 183
-. 5

- 1 3 1458- - - 17
- .1 10 23
- I - I
1 - - 3
- - 10 48
- - 85 96
2 463 . 188 1052
- - 1 14

S- - 11

2
9 3 4 54
- 68 76

16 42 88

--- 2

- - 7

- 12
~2

S 1 2 15
- - - 47
6 16 6 33
2 - - 9

718 270 1 1317
3 6 1 36

2 - - '1

2 3 6 13
- 1 - 1

238 400 608 10573
87 187 132 933

- - 1 1

36

1

4240
13

2

8o

TOTAL SPECIMENS

TOTAL TAXA
TOTAL COLLECTTONS

581 1534 1175

30 47 2.9
14 36 36

6104 118
24 9
36 12

305 3294 1711 3833 2520 3724 2984 2783
8 23 22 27 26 29 6212 36 36 36 36 36 362



TABLECI-163.TOTAL NUMBER OF SPECIMENS TIAMN BY 4.9-M TRAWL TRON SEPTEMMEl 1976 TRIOUCFl A•UJJST 1977 AT TRE MOM OF CEDAR CREEK, FORKED RIVER. OTSTER CREEK.AN DOUBLE CR1EX.

SPECIES
ANGUILLA ROSTRATA
CONGER OCEANJCUS
ALOSA AESTIVALIS
ALOSA PSEUDOMARENGUS
BREVOORT!A TYRANNUS
ANCBOA XtTCHILLI
SYNOOUS FOSTRNS
OIPSANU8 TAU
RISSOLA NARGINATA
PUNDULUS NSTBROCL•IUS/
1SNSIDIA "NIDIA
APELT19S QUADRACrIS
SINGRATAU8 PUSCtS
NORONE. ANMRICANA
CENTROPRISTIS STRIATA
PONATONUS SALTATRIX
CARANX HIPPOS
8XLENI VONER
STENO•I•US CHRYSOPS
SAIRDIELLA CHRYSURA
CYNOSCION REGALI S
LETOSTOUS XANTHURUS

XICROPOGON UNDULATUS
I . CHASTODON OCRLLATUS

0' TAUTOGA ONITIS

SPHYRAENA BOREALIS
CHASHODES BOSQU JANUS
HYPSOBLENNIUS HENTZ I
GOBIOSOKA BOSCI
GOSIOSONA GIIISOURGt
PEPRILUS TRIACANTHUS
PRIONOTUS EVOLANS
ETROPUS NICROSTOMEUS
•PARALX•CiLHYS DENTATUS
SCOPHTHA I, US AOUOSU S
PSEUDOPLEURONECTES

AMERICANUS

TRINECTES MACULATUS
SPNOEROIDES MACULATUS
CRANGON SEPTEMSPINOSA
CALLINECTES SAPIDUS

SEP

67

4

4

4

23

OCT

4
299

1
4
2
I
2

2

2

I

4
6

101
5
2
2
1

1
4

1
2
2

1
7

16
35

NOV

54
2

2

6

2

23

4
6

2
2

41

20

1

4

4
2

41

DEC1
1

1
48

14
1
2

21

1
3

19

697
1

JAN

20

2O

1

1

39

FEB

9

17
17

3

MAR

2

7

39

817
17

APRs

1

4

7

1

MAY JUN JUL8 2 1

- 1 I

1620 1089 1346

.3 .1. 13

- 4 3

3 3 2

-1

1 - 224

AUG TOTALS3 20
- I
- 2

2
1 145

672 5092
- 1

20 49
- 6

- 15

35
- 6

6

1 12
2 4
- 4
- 3

- 4
85 94
62 449

- 6
2

3 17
- 1

- 3
- 7

2

- 2
2 6
- 14
4 13
- I

- 576
7 29
2 5

100 3220
40 218

27 26 258 2001 2 3 3
- - 2 -1

247 1007 193 46
20 13 18 28

TOTAL SPECIMENS
TaTAL TAMA
TOTAL COLLECTIONS

1.19
9

510 180
28 20
12 12

811 64 30 885
16 6 4 8
12 4 4 12

314 2696 1595 1877
l0 12 17 . 15
12 12 12 12

1005 1008516 40
12 120



TABLE C1-164.. TOTAL NUMBER OF SPECIT]NS TAKEN BY AS.7-N SEINE FROM SEPTEMER 1976 THROUGH AUGUST 1977 AT THE MOUTH OF CEDAR CRK. FORMED RIVER. OYSTURCREEK. AND DOUBLE CREEK.

0
0'%

SPeCIES
ANGUILLA ROSTRATA
ALOSA AESTIVALIS
ALOSA PSEUDOIARENGUS
AWSA SAPIDISSIMA
BREVOORTIA TYRANNUS
ANCOIIA HEPSETUS
ANCHOA NITCHILLI
SINODUS FOETENS
OPSANUS TAU
iISSOLA MARGINATA
STRONGYLURh MARINA
CYPRINODON VARXEGA•TS
FUNDULUS BETEROCL. ZUS
FUN13ULUS MAJALXS

MIMBRAS MARTINICA
NZNIDIA BERmLLINA
NINIDIA NEWIDIA
APELTES OUADRACUS
FISTULARIA TABACARIA
SYNGNATBUS FUSCUS
MORONE AMERICAN&
CENTROPRISTIS STRIATA
PONATOWJS SA LTATRIX
CARANX CRYSOS
CARANX HIPPOS
SELAR CRUMENOP UUTALMUS
SELENE VOMER
BAIRDIELLA CHRYSURA
CYNOSCION REGALIS
L-IOSTONUS XANTHURUS
TAUTOGR ONITIS
NUGTL CEPHALAJS
MUCIL CUREMA
SPHYRAENA BOREALIS
ASTROSCOPUS GUTTATUS
CUR SMODES BOSQUIANUS
BYPSOBLENNIUS HENTZI
GOSIOSOMA BOSCI
PRIONOTUS EVOLANS
ITROPUS MICROSTOMUS
PARALICHTHYS DENTATUS
SCOPHTHA LMUS AQUOSUS
PSEUOOPLEURONECTES
ANERICANUS

TRINECTES MACULATUS
SYVMP URUS PLAGIUSA
SPHOEROIDES HACULATUS
CHILOMYCTERUS SCHOEPPI
CRANGON SEPTENSPINOSA
CALLINECTES SAPIDUS
CALLINECTES SIMILIS

SEP

31
1

31

3
8

7

1
23

7

3
1

3

3

33

OCT
2

2.
1
3

17
14
24

2
6
1

2
55

I
18

3
28
so

5
137

17
4.
9

64
17

5
9
1
1
2

12
1

12

5

4S

Nov

15
I

. 5

197
2
2
2

72

2
3
1
7

13

125
4

9

10

17
25

Dec

1069.

4
2

17

444
1

3

17

1266
13

JAN

I
4

2

I

9

FEB

2

2

16

MAR APR MAY
1 2 1

10 - 9
8 - 9
- 1 -.

- 66 24

- - 2

2 9 1
- 15 -

1096 161 185
- 2 5

- 12 45
2 3 3

- 1 3

- 2 2
- 2 4

JUN
10

103

3
1
2

12

is
15

1

32

2
4

1

3
2

JUL
6
3
I

24

3

2

23

38

216
3

1

13

AUG TOTALS
4 26
- 1091
- Is

- I
1 19
- 2

25 345
- 1

48 75
23

6 260

- 8
1 26
- , 39
- 2

2
23 2086

1 10
- 1

35 140
- 20
- 32

22 157
5

1 143

- 179 14
2 31

122 561
1 36

67 75
42 52

- 2

21
2

- 20
- 1
- 26
2 20

1 634
- 7
- 61

- 1

31 1907
85 431
1 1

13

249
4

104

233
10

137

61
25

387 41

-l 1
18 2
51 142

TOTAL SPECIMENS
TOTAL TAXA
TOTAl COLLECTIONS

IJl
16

2

560
35
12

513 2846 17
20 14 5
12 12 4

21
4
4

1386 553 516 728 . 554 538 838310 16 17 18 22 2.3 50
12 12 12 12 12 12 118



TABLE C1-165. TOTAL NUMBER OF SPECIMENS TAKEN BY 12.2-M SEINE FROM SEPTEER 1976 THROUWN AUGUST 1977 AT T•hE MOUTR 0 CEDAR CREEK. FORKED RIVER. OYSTERCREEK. AnD DOUBLE CREEK.

SPECIES SEP OCT NOV DEC JAN rEB MAR APR MAY JUN JUL AUG TOTALS
ANGUILLA ROSTRATA 7 ..... -1 I - 1 1 11CONGER OCEANICUS - - - " -- - -- IALOSA AESTIVALIS . 1 - -- 1BREVOORTIA TYRANNUS .... . .. 1 1
ANCHOk HEPSETUS 41 .... 41ANCHO MtTCHILLI 106 5 4 1 - - 23 4 41 32 237 455
OPSANUS TAU 13 1 . ..- - - 20 107 141RISSOLA MARGINATA - 4 2 9- - - 3 - 9STRONGYLURA MARINA a -- .. .I 1 - 15CYPRINODON VARIEGATUS - - - 4 - - - 3 - - 7
FUNOULUS HETEROCLITJS - 34 a 7 1 2 17 51 4 1 7 1 133
FUNWULUS MAJALIS - 2 7 22 - - 1 82 - - - - 114
LUCANTA PARVA - I - - - - - -.- -
MENIDIA BERYLLINA 1 6e - - 2. 1 6 29 - - - 107
MENIDIA .ENIDIA 36 62 239 125 2 8 460 53 32 2 797 539 2355
AP9LTES OUAORACUS - - 1 a - - 4 2 - - 4 19 38GASTEROSTEUS ACULEATUS . .-.. I - - 1HIPPOCAMPUS ERECTUS- .. . . . . . .- I 1
SYNGEATHUS FUSCUS 5 3 . . . . 2 10 2 16 32 71O NONONE AMERICANA I -.. 2 - - - - 3
C•N•ROPRISTIS STRIATA 9 . . ..- - - - 9
POMATOMUS SALTATRIX I . . . .. . . . . . 11 1 1 14
CARANX HIPPOS 1- - - I.1IA SELENE VOMER 4 - . . . . . . . 1 STRACHINOTUS FALCATUS . 4 3 . . . . . - - - 1 - 8
BAIRDXeLLA CHRYSURA 2 - 3 - -... .. 8 13CYNOSCION REGALs 1 - - - 1LEIOST0o4US .RNTHURUS 8 6 1 .- 23 4 42
MENTICRHUS SAXATTLIS 7 5 1 . . . ..- - 1 14
MICROPOGON UNOULATUS. - 1 3 1 - - --
TAUTOGA ONTrS 1 - - - - - I
MUGIL CEP.AWS - - -- - - - 1 1
MUGIL CUREIMi 5 6 - - - 7 2 16 - - 36
CHASMODES BOSOUIANUS I - - - - - I
GOSIOSO4A BOSCI- . 1 - - 3
PRIONOTUS EVOLANS 6 1 1 - - - - - -- 8
E T R O P U S M I C R O S T O M U S - 7 .........-
PSEUDOPLEURONECTES

AMERICANUS 1 3 1 - - - 1 7 73 21 - 107
LACTOPHRYS TRIQUETER - 1 - - - I...-

SPHOCROIDES MACULATUS I ... - - -- 2
CRANGON SEPTEKSPINOSA 26 167 190 2277 32 243 534 561 540 27 352 477 5446
CALLINECTES SAP IDUS 36 62 19 1. - - 1 6 17 Is 17 7 184

TOTAL SPECIMENS 332 444 482 2447 37 254 1023 844 621 197 1293 1441 9415

TOTAL TAXA 24 22 16 10 4 4 7 is 11 -4 14 19 42TOTAL ZOLLECT1'ONS A 12 1., 12 4 4 12 12 12 12 12 12 124



TABLE CI-t66. TOTAL NUMBER OF SPECIMENS TAKEN DURING DAY-NIGHT COLLECTIONS BY TRAWL AND SEINE AT OYSTER
CREEK AND FORKED RIVER.

--- -- -- -- -- -- M--- -- R- OC--E NOV----R -- -- - -- - -- - -- - -- - -- - -- -
SEPTEKBER OCTOBER NOVEMBER ' DECEMBER

SPECIES DAY MITE DAY HITE DAY MITE DAY NITE

C")

ANGUILLA ROSTRATA - 7 - 2 - - 1 "
CONGER OCEANICUS - - -. 2
ALOSA AESTIVALIS -.... 1064 5
ALWSA PSEUDORARENGUS -.. . -

BREVOORTIA TYRANNUS - 7 2 2 53 16 - 48
ANCHOA HEPSETUS 2 39 - I 1 - -

ANCHOA MITCHILLI 68 104 24 36 - 4 - 1
SYNODUS FOETENS - - 1 - - "
OPSANUS TAU - 17 2 16 - 1
HISSOLA MARGINATA - - - 20 - 1 - 2
STRCNGYLURA MARINA - 8 7 17 172 26 -

CYPRINOOON VARIFGATUS - - I 3 1 - 1 6
FUNDULUS HETEROCLITUS - - 20 13 10 1 7
FUNDULUS MAJALIS - - - 8 4 33
ME N ID IA BE RY UL INA - a 8 -...
MFNIVIA MENIDIA 9 27 35 69 125 190 454 111
APELTES QUADRACUS - - - - I 9
FISTULARIA TABACARIA - - 1 - -

SYNGt4ArHUS FUSCVS 3 2 3 5 - 3 1 -
NORONE AMERICANA - 1 2 1 - 5 - 5
CENrROPRISTIS STRIATA 2 7 5 24 - 4
POMATORUS SA6TATRIX - 1 13 37 5 8 -

CARANX CRYSOS - - 5 . . . .
CARANX HIFPOS - 83 56 . . . .
SELAR CRUMCNOPHTHALMUS - - 17 .. . .
SELENE VOMKR 4 4 1 3 - - -

TRACHINOTUS FALCATUS - 4 3 . ....
STENO'ruMUS CHRYSOPS " - 2 . .. .
BAIRDIELLA CHRYSURA - 2 3 9 - 16 - -

CYNOSCION REGALIS 1 1 4 2 - 2
LEIOSrOMU5 XANTHURUS 10 8 51 98 3 146 5 21
MENTICIRROUS SAXATILIS 7 - 4 1 " 1 -

MICROPOGON UNDULATUS - .. . 2 - 3 " -

CHAETODON OCELLATUS - - 2 - - -
TAUTOGA ONITIS 1 - 2 8 2 4 1 1
MUGIL CEPHALUS - 1 4 - - -

MUGIL CURE - 5 15 - -1

SPHYRAENA BOREALIS - - 1 I -

ASrROSCUPUS Gu'rrATUS - - I -

HIYPSOBLENNIUS IIENTZI - I 12 - " -]
GoLiIOSOMA B03CI - -

G'iIIOSOIA GINSBURGI - - - - "
Ph'PRILJS rHIACANraiUS -3 2 - - -
I'RIONOrUS EVOLANS 3 4
,rkoPUS mICROSTOMUS - - 3 17 1 32 4 9

SEUODOPLEURONEcrES 2 6 - 14 7 27
AMFRICANUS

rRINECrES MACU6A'rUS - 4 . -7 . . -

sYMPHURUS PLAGIUSA -
LACIOPHRYS TRIGUETER . - - 1.- " --
:;PHOEROIDES MACULATUS 1 1 1
CHANGON SEP.rEM.PINOSA - 26 ; 5 57 14 185 1b3 4074
CrLLINECrES SAPIDUS 24 35 31- 53 I 50 - 13
-O-AL SPE-IMEN- 136 314 373 589 381 718 1706 4378
TOTAL TASA 1M 22 35 33 14 24 14 19

'r'rAL COLLEc'rIONS 6 6 12 12 12 12 12 32



TABLE Cl-166. (CONT.)

JANUARY FEBRUARY MARCH APRIL

SPECIES DAY NITE DAY NITE DAY NITE DAY N ITE

a'

U'

ANGUILLA ROSTRATA
ALOSA AESTIVALIS
ALOSA PSEUDOHARENGUS
ALOSA SAPIDISSIMA
BREVOORTIA TYRANNUS
ANCHOA MITCHILLI
OPSANUS TAU
RISSOLA MARGINATA
CYPRINODON VARIEGATUS
FUNDULUS HETEROCLITUS
FUNDULUS MAJALIS
MENIDIA BERYLLINA
MENIDIA MENIDIA
APELTES QUADRACUS
SYNGNATHUS FUSCUS
MORONE AMERICANA
LEIOSTOMUS XANTHURUS
TAUTOGA ONITIS
PARALICHTHYS DENTATUS
SCOPHTHALMUS AQUOSUS

1

20

1
1
9
7

29

1

2

1
4
2
5

1 1

- 8- 1

- 1

- 109
1

1
10

1
19

1

14
1
5

1535
3

3
26

3
23
13

2
5
1

2

160

5
4
8
1
1
2

2 3

1

AMERICANUS - 2 - 2 10 37 12 22

TRINECTES MACULATUS .- - -

CRANGON SEPTEMSPINOSA 2 78 49 227 17 1558 174 820

CALLINECTES SAPIDUS - - - 3 - 22 11 21

TOTAL SPECIMENS 3 115 61 244 50 3197 274 1171

TOTAL TAXA 2 9 4 6 7 13 12 17

TOTAL COLLECTIONS 6 6 6 6 12 12 12 12



TABLE Cl-166. (ClUNT.)

MAY JUNE JULY AUGUST

SPECIES DAY NITE DAY XI TE DAY NITE DAY NITE

ANGUILLA ROSTRATA 10 6 4 - 5 4 3
ALOSA AESTIVALIS - 9 1 - 1 2 - -
ALOSA PSEUDOHARENGUS - 9 - - -
BREVOORTIA TYRANNUS - 1 - - - 2
ANCHOA MITC0ILLI 509 229 856 87 275 222 259 226
OPSANUS TAU 1 1 - 2 3 19 20 153
RISSOLA MARGINATA - 5 - 1 - 1 -
STRONGYLURA MARINA - 2 - - - 2 2
FUNDULUS HETEROCLITUS 2 1 - - 4 2 -
MEMBRAS MARTINICA .- - I - -
MENIDIA 14ENIDIA 29 155 8 5 206 166 63 40
APELTES OUADRACUS I - - - 1 3 1 19
GASTEROSTEUS ACULEATUS - - 1 .....
HIPPOCAMPUS ERECTUS . . . . . . . 1
SYNGNATHUS FUSCUS 22 17 10 10 4 18 14 29
MORONE AMERICANA - 3 - - - - -
POMATOMUS SALTATRIX - - 12 2 17 1 5 4
CARANX HIPPOS - - - - 1 - - 2
SELENE VOMER . . . . 1 - - 10
TRACHINOTUS FALCATUS . I - "
STENOTOMUS CHRYSOPS - - - - - -
BAIRDIELLA CHRYSURA -. . . . . 1 9
CYNOSCION REGALIS - . - 84
LEZOSTOMUS XANTHURUS - 4 1 1 179 175 47 112
MENTICIRRHUS SAXATILIS - - - - - - 1
TAUTOGA ONITIS - 2 4 1 2 1 4 -
MUGIL CEPHALUS - - - - - - 27 3
MUGIL CUREMA 2 1 1 - - 26 6
HYPSOBLENNIUS HENTZI - - I - . . . .
GOBIOSOMA BOSCI - 1 - 1 - - - 2
PEPRIL.US TRIACANTHUS - - I - - -
PRIONOTUS EVOLANS - - - - 2
PARALICHTNYS DENTATUS - 3 4 1 - 15 5
SCOPHTHALMUS AQUOSUS 1 4 - 2 - - - -
PSEUDOPLEURONECTES

AMERICANUS 5 156 234 442 29 63 1 -

TRINECTES MACULATUS - 2 2 1 - 3 - 7
SPHOEROIDES MACULATUS - - 2 1 2 1 5
CHILOdYCTERUS SCHOEPFI - - - I - -
CRANGON SEPTEMSPINOSA 59 1533 a 206 11 389 5 600
CALLINECTES SAPIDUS 8 42 35 21 74 52 51
CALLINECTES SIMILIS . . ..

- - -- - -- -- -- -- -- - - -- -- : --- - -- -- :-------

TOTAL SPECIMENS 639 2187 1087 791 806 1044 533 1371
TOTAL TAXA 11 20 18 19 16 21 28 26
TOTAL COLLECTIONS 12 12 12 12 12 12 12 12

CI-626



Talit Cl-1T. Summary ofdo Su mba of flb. Und 4*wtw. AMd WIaD crab taken at Oyste Croak Faked Owes. Cedar amok, ae Do-bl-Ceek6 bY 4.9-m West. 415.7-mn sauas. an12.2-m mn se from Septeembar 2976 dtma As" 1977.

September uCISoin Mre Iembd Deceme u. Jm•Uwy February"Fa S5 9C F iS 1C F IS BC F SS _ F SS IC F sS 9C
4.9-n, awl - Day

0yitr Creek
Forked Ova.
Coed Cree
Double Creek

Nish:

Parked Ova.

71 - 3 5
NS NS HS 63
mS NM NS 106

s No NMS 161

3
- 18

7 is
7 10

I 2 -

7 21 7
4 is

2 32 -

2 5
I -
2

NS NS MS NS MS NS
NS NS MS NS NS MS
NS NS NM MS MS MS

It . 21 17 3
NM MS MS 107 S 1

as4 91 411 1 25 39 20 11 1
9 17 N7 MS MS MS MS S iS

45.7-m masc - Day
Oyster C lk so . 2 161
parked River 41 12 39
Ceda Creek NMS M MS SI
Double (oo*k NM MS NM 4

Oysere 6e MS MS MS m 1e s
Farked River 30 MS MS 246

I i1 212 1492 60
1 2 4 2
I - I S -

1, 34 11 to 69 1067 11
1 is I1 - . I

NS MS MS MS MS NS
MS NS MS NM MS NM
NM MS No MS MS Ms

us MS MS MS NB NM

12.t-m asia. - Day
, c ek 1t . 11 .21 1 is

Fa'kdRib Wr4 - 1 ?.- 11 2 2
Cod ree* W MS o M 17 n0 I

OyDstearok in to 26 S 6 U
Farked Oiver 132 29 4 65 49 4

T7
I

6* -

6 a

I -

46 64

1 2
4-

MS MS NS
MS NS s
Ms NS MS

10 49
MS MS MS
NM S NMS
NS Me NS

2-*

0'

09 Ise 10 10" 2019 1
101 42 - 1 198 -

1 2 30 1 104
NS MS NS NS MS NS

Mc Ao may Jm July As! F TotalF so BC F SS IC p Ss Bs 1C F so 11C F SS BC F 35B3F 1 11C
4.9-rn WI - Day

Faked wIm
Ceda Creek
Double Creek

C0,tr reek
Forked RIVI

2 S

6 14 -

S Ii 2 4 B 1 1111 2 5 46 13 - 1 511 60 10S 53 a 310 33 2 472 2 3 29 5 I 161 1 t ins 10l0 6I Is I 106 14 3 128 1 1 3 673 - 1 28 1 1361 26 15
1 i6 - all - 1 230- 64 St - 96 1 f111 so 19

1 3•59 17 16 38 10 is 73 4 61 33 4 47 26 9 66 10 3t 405 1079 f0o
29 436 - 17 1011 5 216 21 71 2 IN 151 s 123 21 is Io0 so 1 911 low t9

43.1-1"i Seloa - Day'
OyatorOCrack S3
Fakled Rive - -

Coda Creek 3
Double Crek 1 -

DinaCreek 1093 123 4
Faked River 4 63 -

6 4 1
14 2i 1
10
42 1 3

1
40
17
3S 1 1 61

1 14
5 10
1 6
- 7

73

87
41

s10 33
i 100

- 8 7

- 2 22140 22 90
8 21 SI1 38 go
- 211 306 4 67
- 8 273 6 51

220 20 1 61 S ,12 160
10 100 - 260 46 11 112

12.2-*M ale - DI%
Oyns Ceek
Faked River
Cedar Creek
nouble 0-ek

0rta Creekt

6 a 66 - 12 71 1 0 2149 1401 so
6 1 39 2 4 w0 7 5 627 356 32

a 7 166 1 - 4o -1 470 191 44
- 4 2 10 4 203 1 5 274 58 13
4 -,3 - 1 317 1 1 701 95 I
- 140 - - 111 1 470 68 14

- 9 * 19 4C 3
I - - 42 27 -

3 1 9
3 9 130 40

a
9

1 2
3 1

I1

40

10
to

471 406 1 34 so 3 10 341 12 45 6 3 5, 36 6 136 21 1120 3w 79

4 110 - 1 414 - 41 1ld 1 4 11 180 306 6 223 4s9 720 1795 11r. L4 ol,.-

r - oll fah
SS gAol s.inp

BC hl-I crab
NS .0nt ,anýPled



Table Cl-168. Mean surface water temperature (C) in Oyster Creek
New Jersey from March 1976 through August 1977.

and Forked River,

Month
March
April
• May
June
July
August
September
October
November
December
January A

Feburary a

March

May-June b

July b

August

Mean Temperature
Oyster Creek Forked River

15.8 12.9
29.7 21.8
17.2 15.2
32.8 26.9
28.4 24.3
29.4 24.8
27.7 23.2
17.8 13.5
11.7 7.3
7.5 2.5
4.8 1.5
7.9 3.9

10.5 7.3

Difference
2.9
7.9
2.0
5.9
4.1
4.6
4.5
4.3
4.4.
5.0
3.3
4.0
3.2

e 4.3Mean difference

21.8
29.5
30.6

21.0
29.1
26.2

0.8
0.4
4.3

26 2

a

b

Most Forked River stations
due to ice.

not sampled in January and Feburary

OCGS not in operation May through July.

Cl-628



TABLE 01-169.A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY TRAWL AND GILL
NET FR•M MARCH 1976 THROUCN MARCH 1977 IN OYSTER CREEK (STA.
15, 26, 27, 30. AND 50) AND FORKED RIVER (6, 45. 46, 48, AND 49).

OYSTER CREEK FORXED RIVER

TEMPERATURE, AIt -2.5 - 30.5 -1.0 - 32.0
SURFACE 3.6 - 36.1 1.4 - 31.3
BOTTOM 4.5 - 34.6 1.5 - 31.5

SALINITY: SURFACE 20.0 - 27.5 19.5 - 27.5
BOTTOM 19.5 - 28.0 19.5 - 28.0

OXYGENs SURFACE 5.0 - 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 - 8.6

SECCNI (CM) 35.0 - 360.0 40.0 - 350.0

SPECIES NO. NO.
ANGUILLA ROSTRATA. 9 13
ALOSA AESTIVALIS 24
ALOSA PSEUDOBARENGJS 14 3
BREVOORTIA TYRANNUS 261 128
CLUPEA HARENGUS 7 -

ANCHOA HEPSETUS - 1
AN CHOA MITCHILLI 5103 4498
SYNODUS FOETENS 1 -

OPSANUS TAU 18 38
UROPHYCIS REGIUS 3 4
RISSOLA MARGINATA 1 2
STRONGYLURA MARINA- .
FUNDULUS BETEROCLITUS I "
NENIDIA MENIDIA 15 11
APELTES QUADRACUS 8 24
SYNGNATHUS FUSCUS 35 23
NORONE AMERICANA 39 2
CENTROPRISTIS STRIATA - 3
POMATOMUS SALTATRIX 58 32
CARANX HIPPOS 10 -

SELENE VOMER 17
STENOTOMUS CHRYSOPS - 1
BAIRDIELLA CHRYSURA I
CYNOSCION REGALIS 35 142
LEIOSTOMUS XANTHURUS 1199 463
MICROPOGON UNDULATUS 1 1
CHAETODON OCELLATUS 2 -

TAUTOGA ONITIS 7 22
TAUTOGOLABRUS ADSPERSUS - 1
CHASMODES BOSOU IAUS 1 3
HYPSOBLENNIUS BENTZE 2 2
GOBIOSOMA BOSCI 2 8
GOBIOSOMA GINSBURGI 1 1

•PEPRILUS TRIACANTRUS I -
PRIONOTUS EVOLANS 11 11
ETROPUS MICROSTOMUS 8 4
PARALICHTHYS DENTATUS 7 3
SCOPHTHALMUS AQUOSUS 1 -

PS EUDOPLEURONECTES
ANERICANUS 132 48

TRINECTES MACULATUS 8 7
SPHOEROIDES MACULATUS 2 1
CRAk4GON SEPTEMSPINOSA 336 1792
CALLINECTES SAPIDUS 1401 650

TOTAL SPECIMENS .8782 7943
TOTAL COLLECTIONS 189 177

Cl-629



TABLE Cl-170. A COMPARISON OF THE TOTAL SFECIMENS TAKEN BY 4.9-.- TAIWL FROM 29 MARCH THROUGH 5 MAY 1976 IN OYSTER CREEK (STA. 15. 30, AND 50) AND
FORKED RIM (6. 45. AND 46).

LOCATION 15 so 30 6 45 46

TEMPERATURE: AIR 13.0 - 21.0 17.5 - 20.0 16.0 - 20.0 18.0 - 20.0 6.0 - 19.0 19.0 - 20.0

SURFACE 14.0 - 27.2 15.0 - 26.9 15.0 - 23.2 12.5 - 22.0 12.5 - 21.5 14.0 - 20.6

BOTTOM 14.5 - 23.0 15.0 - 27.1 15.0 - 22.9 12.0 - 22.0 12.5 - 22.0 13.0 - 20.4

SALINITY: SURFACE 20.0 - 23.0 20.0 - 22.5 20.0 - 22.0 20.0 - 22.5 19.5 - 23.5 20.5 - 22.5

BOTTOM 20.0 - 22.5 19.5 - 22.5 20.0 - 22.0 20.0 - 23.0 20.0 - 24.0 21.0 - 23.0

OXYGENs SURFACE 5.5 - 10.6 5.6 - 10.4 5.4 - 10.6 7.2 - 11.0 7.4 - 11.5 7.1 - 11.1

BOTTOM 5.4 - 10.1 5.5 - 10.2 6.2 - 10.4 7.1 - 10.9 7.3 - 11.5 6.9 - 11.1

PH: SURFACE 7.8 - 7.8 7.7 - 7.7 7.7 - 7.7 8.0 - 8.0 8.0 - 8.0 7.9 - 7.9

TOM 7.8 - 7.8 7.6 - 7.8 7.8 - 7.8 7.9 - 7.9 8.0 - 8.0 7.8 - 7.8

SECCHI (CM) 85.0 - 130.0 105.0 - 130.0 60.0 - 160.0 90.0 - 150.0 75.0 - 130.0 75.0 - 140.0

SPECIES NO. NO. NO. NO. NO. NO.

ALOSA AESTIVALIS 5 1 - -

ALOSA PSEUDORARENGUS 1 3 - 1
I CLUPEA HARENGUS -- 7 - - -

ANCHOA MITCRILLI 1746 1817 206 82 2801 638

L) OPSANUS TAU - 2 1 5 1 -

UROPHYCIS REGIUS - 2 - 2

MENIDIA MENIDIA 8 7 1 -

APELTES QEUADRACUS 1 5 2 - 21

SYNGNATHUS FUSCUS 12 9 - 7 4 2

TAUTOGA ONITIS 1 2 -3 - -

GOBIOSO04A ROSCI - 2 - 1

PARALICKTHYS DENTATUS 3 1 ...

PSEUDOPLEU RONECTES
AM4ERICANUS 2 2 1 1

TRINECTES MACULATUS 1 -

CRANGON SEPTEMSPINOSA• 100 61 95 240 390 348

CALLINECTES SAPIDUS 43 19 13 30 22 12

TOTAL SPECIMENS
TOTAL COLLECTIONS

1915 1921 339
6 6 6

373 3220 1026
6 6 6



TAKI.ECI-171 A COMIPARISO0E Of TN! TOTAL SPECIMENS TAKEN BY 4.9-m TRAWL FRtOM 17 JUNE THFROUGH 13 AUGUST 1976 IN OYSTER CREEK (STA. 15. 30. AND 50) ANPD TOR!J
RIVER (6, 45. AND 46).

LOCATION 15. 50 30 6 45 46
TEMPERATURE: AIR 21.5 - 30.0 20.5 - 29.0 21.0 - 29.0 20.0 - 25.5 21.0 - 28.0 21.0 - 28.5

SURFACE 29.5 - 30.5 28.0 - 30.8 27.7 - 29.4 24.6 - 25.7 24.0 - 26.2 24.8 - 25.9
BOTTOM 29.0 - 30.7 28.0 - 30.4 27.3 - 28.7 24.7 - 25.8 24.0 - 26.0 25.0 - 25.7

SALINITY: SURFACE 22.5 - 27.S 22.5 - 27.5 22.0 - 27.5 23.S - 27.5 22.5 - 27.5 22.5 - 27.0
BOTTOM 22.5 - 27.0 20.6 - 27.0 22.0 - 27.0 23.0 - 28.0 23.5 - 27.5 22.5 - 27.5

OXYGENt SURFACE 6.2 - 6.6 6.3 - 6.5 6.3 - 8.4 5.6 - 6.8 6.3 - 7.0 6.6 - 8.4
BOTTOM 6.0- 6.4 6.0 6.4 5.9 - 7.0 5.6 - 7.1 •6.0- 6.6 6.8 - 8.3

PU, SURFACE 6.7 - 6.7 6.4 - 6.4 6.5 - 6.5 7.2 - 7.2 7.1 - 7.1 6.2 - 6.2
BOTTOM 6.7- 6.8 6.7- 6.7 6.6 - 6.6 7.2 - 7.3 7.1 - 7.1 6.4 - 6.4

SECCHI (CM) 55.0- 60.0 50.0- 70.0 60.0 - 70.0 55.0 - 100.0 60.0 - 90.0 60.0 - 70.0

SPECIES NO. NO. NO. NO. NO. NO.

ANGUISLLA ROSTRATA 1 - I 1 1 2
BREVOOFTIA TYRANNUS 1 1 45 - 2
hNCHOA MITCHLLI 537 24 643 16 151 290
OPSANUS TAU 2 1 - 5 2
UROPHYCIS REGIUS - -- -

c7% ENIDIA MENIDIA - -.
w• APELTES QUADRACUS ....

SYNGNATHUS FuSCUS - - 1
POMATOMUS SALTATRIX 1 -I
CARANX HIPPOS 3 . -..

CYNOSCION REGALIS - 2 4 1 4
LEIOSTOMUS XANTHORUS 27 38 54 7 37 84TAUTOGA ONITIS 2 - - 6-"

HYPSOBLENNIUS HENTZI - I "

GORIOSO0A BOSCI " -

PEPRILUS TRIACANTMUS -1---

PARALICHTHYS DENTATUS ....
PSEUDOPLEU RONECTES 2

AUERICANUS - - 2
TRINECTES MACULATOS 2 .....
SPHOEROIDES MACULATUS - 1 -
CRAIGON SEPTENSPINOSA - 1 2 S 30 13

CALLINECTES SAPIOUS 34 65 12 30 39 21

TOTAL SPECIMENS 61o 134 761 72 264 417
a 6 6 6 6

TOTAL COLLECTIONS 0



TABLE C1-172. A COMPARISON OF THE TOTAL SPECIENS TAKEN BY 4.9-.. TRAWL FROM 19 AUGUST THROUGH 23 SEPT9ERBE 1976 IN OYSTER CREEK (STA. 15, 30, AND 50) AND
FORKED RIVER (6, 45. AND 46).

--- -- --- -- --- -- --- -- --- -- -- -- - --- -- --- -- --- -- -- --- --- -- --- -- --- -- -- --- -- --- -- --- -- --- -- -- --- -- --- -- --- ---5- -- --
LOCATION
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY% SURFACE
BOTTOM

OXYGENt SURFACE
BOTTOM

Pos SURFACE
BOTTOM

81CCal (CM)

15
22.0 -
26.9 -
27.0 -
21.5 -
21.5 -

7.0 -
6.8 -
7.9 -
7.9 -

50.0 -

24.0
28.0
28.3
25.5
25.5

7.7
7.6
7.9
8.2

80.0

5022.0 -
25.6 -
25.9 -
21.5 -
21.5 -
7.0 -
7.1 -
8.0 -
8.0 -

55.0 -

25.528.0
28.5
26.5
25.5

7.8
7.7
8.4
8.2

80.0

3023.0 -
25.6 -
25.6 -
22.0 -
22.0 -
7.0 -
6.2 -
7.5 -
7.5-

60.0 -

25.027.7
27.4
25.0
25.0

8a6
7.7
8.2
8.2

75.0

620.0 -
21.0 -
21.1 -
22.0 -
22.0 -
7.0-
7.0-
0.0-
8.0-

45.0 -

25.522.9
22.9
26.5
26.0

7.7
7.8
8.3
8.3

80.0

45
20.0 -20.9 -21.1 -
22.0 -
22.0 -

6.3-
6.7-
7.8 -
8.0 -

50.0 -

25.023.1
23.0
25.5
26.0

7.7
7.6
8.4
8.4

70.0

4620.0 -
21.7 -
21.8 -
23.0 -
22.5 -
6.9 -
7.1 -
7.9 -
7.9 -

60.0 -

25.023.0
23.5
25.5
25.0

7.7
7.7
8.4
8.3

80.0

-O - - - - -- - --.

I-.

0',

I,.)

SPECIES

ANGUILLA ROSTRATA
BREVOORTIh TYRA.NUS
ANCHOA BEPSETUS
ANCHOA MITCHILLI
OPSANUS TAU
SYNCHATHUS FUSCUS
CENTROPRISTIS STRIATA
POMATOMUS SALTATRIX
CARAN:C HIPPOS
SELENE VOMER
STENOTOMUS CHRYSOPS
CYNOSCION HEGALIS
LEIOSTOMUS XANTHURUS
TAUTOGA ONITIS
TAUTOGOLABRUS AOSPERSUS
CHAS1ODES BOSQUIANUS
HYPSOBLENNIUS HENTZI
GOBIOSOMA BOSCI
PRIONOTUS EVOLANS
PS EUDOPLEURONECTES

ANERICANUS
TRINECTES MACULATUS
SPHOEROIDES MACULATUS
CRANGON SEPTENSPINOSA
CALLINECTES SAPIDUS

NO.

2

3
4
1

2
1
9

9
76.

I

5

NO.

70
3

5

16

2

NO.

5

4

2

7
110

2

9

NO.

2

10
6
1
1

4
29

3
1

I
2

I

6
10

79
8

56
73

6

NO.
2
1

313
1
1

50
112

2

4

42 29

1I4 2

23
28 7

--------------

TOTAL SPECIMENS
TOTAL COLLECTIONS

158
6 1346 141 7249



TABLE cI-173. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 4.9-.m TRAWJL FROM 18 OCTOBER THROUGH 8 0ECIElE, 1976 IN OYSTER CREEK (STA. 15, 30, AND 30) ANDFORKED RIVER (6. 45, AND 46).

LOCATION . 15 50 30 6 45 46TEMPERATUREt AIR 5.5 - 13.0 5.0 - 14.0 7.0 - 14.0 6.0 - 11.5 7.0 - 10.0 6.0 - 11.0SURFACE 9.0 - 17.4 9.0 - 17.5 7.0 - 16.2 2.4 - 14.5 1.6 - 14.1 1.4 - 13.0BOTTOM 9.2 - 17.4 8.6 - 17.6 7.0 - 16.4 2.5 - 14.5 1.7 - 14.2 2.2 - 13.0SALINITY, SURFACE 22.0 - 25.0 21.0 - 26.0 21.5 - 25.0 22.0 - 26.0 21.5 - 27.0 22.0 - 24.5BOTTOM 21.5 - 25.5 21.5 - 26.0 22.0 - 24.0 22.0 - 26.0 22.0 - 25.5 22.0 - 24.5OXYGEN, SURFACE 8.5 - 9.4 8.8 - 9.8 9.6 - 9.7 8.4 - 11.5 8.2 - 11.5 8.1 - 11.8BOTTOM 9.0 - 9.4 9.4 - 9.8 9.8 - 10.1 8.2 - 11.5 7.6 - 11.6 8.1 - 11.6Pit SURFAC- 8.0 - 8.3 8.1 - 8.3 8.0 - 8.3 7.2 - 8.5 8.2 - 8.7 8.0 - 8.4BOTTOM 8.0 - 8.3 7.9 - 8.3 8.0 - 9.3 7.1 - 8.5 9.2 - 8.5 8.2 - 8.5SECCHI (CM) 70.0 - 140.0 60.0 - 150.0 70.0 - 140.0 90.0 - 160.0 90.0 - 120.0 55.0- 120.0----- -- -- -- ---------- -- -- ----

(ys
!i

w•

SPECIES

ALOSA PSCUDOHARENQJS
BREVOORTIA TYRANNUS
ANCHOA NITCHILL-
SyNOOUS FOETENS
OPSANUS TAU
FUNOULUS BETEROCLITVS
MENIDIA MENIDIA
SYNGNATHUS FUSCUS
MORONE AMERICANA
CENTROPRISTIS STRIATA
POMATOMUS SALTATRIX
CARANX HIPPOS
SELENE VOMER
BAIRDIELLA CHRYSURA
CYNOSCION REGALIS
LEIOSTOMUS XANTHURUS
HICROPOGON UNDULATUS
CHAETODOM OCELLATUS
TAUTOGA ONITIS
CHASMODES BOSOUIANUS
HYPSOBLENNIUS BENTZ I
GOS ZOSOMA BOSCI
GOBIOSOMA GINSBURGI
PRIONOTUS EVOLANS
ETROPUS MICROSTOMUS
PSEUDOP LEURONECTES

AMERICANUS
TRINECTES MACULATUS
CRANGON SEPTEMSPINOSA
CALLINECTES SAPIDUS

NO.

2
2
1
2

4
1

7
I
1

4
28

1
2
1

2

14.

NO.

51

4

5

2
1

4

NO.

1
7

34

1

7

3
2

1
2

30
1

I

I

1

NO.

3

3

I

1

8

12

1

9

NO.

4
5

2

I

1

3
22

4

2

NO.

109

9

1
16

1

1

- 4
71

6 4- - - - - - - - - - - - - - - - - - - - - - - - -

TOTAL SPECIMENS
TOTAL COLLECTIONS

85
6

69
6

93
6

34 56 154
6 6 6



TABLE CI-174. A fomrARTSON OF THE TOTAL SPECINENS TAKFN BY 4.9-m TRAWL FROM 5 JANUARY THROUGH 9 MARCH 1977 IN OYSTER CREER (STA. 15, 30. AND 50) AND FORKEDRIVER (6, 45, AN!) 46).
-------------------------------------------------------------------------------------------------------------------------------------------------------------------

LOCATION 15 50 30 6 45 46
. TEMPERATURE: AIR 0.0 - 9.0 0.0.- 9.0 8.0 - 8.0 7.0 - 7.0 8.0 - 8.0 8.0 - 8.0

SURFACE 4.5 - 10.9 4.5 - 10.4 9.9 - 9.9 6.8 - 6.8 6.4 - 6.4 6.6 - 6.6
BOTTOM 4.5 - 11.0 4.5 - 11.0 10.4 - 10.4 7.0 - 7.0 6.2 - 6.2 6.5 - 6.5

(7 SALINITY: SURFACE 22.5 - 23.5 22.0 - 24.0 21.5 - . 21.5 23.0 - 23.0 22.5 - 22.5 22.0 - 22.0w BOTTOM 22.0 - 23.0 22.0 - 24.0 21.5 - 21.5 23.0 - 23.0 23.0 - 23.0 22.5 - 22.5Z- OXYGENs SURFACE 8.6 - 11.4 9.4 - 10.2 9.6 - 9.6 11.8 - 11.8 10.3 - 10.3 10.4 - 10.4
BOTTOM 8.4 - 11.4 9.0 - 10.3 9.4 - 9.4 11.5 - 11.5 107.2 - 10.2 10.8 - 10.8

Pat SURFACE 8.0 - 8.2 7.9 - 8.1 8.0 - 8.0 7.9 - 7.9 8.2 - 8.2 7.9 - 7.9
BOTTOM 8.0 - 8.2 8.0 - 8.1 8.0 - 8.0 7.7 - 7.7 8.1 - 8.1 7.9 - 7.9

SECCBI (CM) 170.0 - 220.0 175.0 - 190.0 230.0 - 230.0 230.0 - 230.0 230.0 - 230.0 200.0 - 200.0

SPECIES NO. NO. NO. NO. NO. . NO.

ALOSA AESTIVALIS -. 18 -

ALOSA PSEUDOHARENaUS - 4
BREVOORTIA TYRANNUS - 4 --
MORONE AMERICANA " i - 1
PSEUDOP LEURONECTES 

2AMERICANUS 2 1 - 2
CRANGON SEPTEMSPINOSA - 2 3

TOTAL SPECIMENS 5 2 30 3 4 2
TOTAL COLLECTIONS 6 6 2 2 2 2



TABLE CI4175. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 2.7-m TRAWL FROM 29 MARCH THROUGH 5 MAY 1976 IN
OYSTER CREEK (STA. 26 AND 27) AND FORKED RIVER (48 AND 49).

------------------------------------------------------------------------------------------- -----------------

LOCATION 26 27 49 48
TEMPERATURE: AIR 12.0 - 22.0 16.0 - 22.0 15.0 - 23.0 15.0 - 23.0

SURFACE 15.1 - 30.2 16.2 - 27.5 13.5 - 23.5 13.5 - 23.0
BOTTOM 15.0 - 31.1 15.0 - 27.5 13.5 - 23.0 13.5 - 22.7

SALINITY: SURFACE 20.0 - 22.0 20.0 - 22.0 19.5 - 22.5 20.0 - 22.5
BOTTOM 20.5 - 22.0 20.0 - 22.0 19.5 - 22.5 20.5 - 22.5

OXYGEN: SURFACE 6.9 - 10.2 7.0 - 8.8 7.3 - 9.3 7.4 - 9.3
BOTTOM 6.9 - 10.4 6.9 - 9.2 7.6 - 9.3 7.4 - 9.2

PH: SURFACE 7.7 - 8.1 7.7 - 8.0 7.7 - 8.0 7.6 - 8.0
BOTTOM 7.6 - 8.0 7.7 - 8.0 7.8 - 8.1 7.8 - 8.1

SECCHI (CM) 80.0 - 110.0 100.0 - 120.0 90.0 - 120.0 80.0 - 120.0

SPECIES NO. NO. NO. NO.
ANGUILLA ROSTRATA 1 - 2 1
ANCHOA MITCHILLI 16 - 2
UROPHYCIS REGIUS 1
APELTES QUADRACUS 2 2
SYNGNATHUS FUSCUS 1 2
MORONE AMERICANA 3
PARALICHTHYS DENTATUS 2 1 1
PS EU DOPLEU RONECTES

AMERICANUS 1 1 1
CRANGON SEPTEMSPINOSA 24 5 265 162
CALLINECTES SAPIDUS .51 13 16 39

TOTAL SPECIMENS 101 18 285 209
TOTAL COLLECTIONS 6 6 6 6



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).

LOCATION
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE

26
22.5 - 24.0
31.8 - 36.1
28.1 - 34.3
23.0 - 26.0
23.0 - 28.0
5.0 - 7.8
5.1 - 8.8
7.8 - 8.0

27
21.0 -
29.0 -
28.5 -
22.0 -
22.0 -
5.5 -
502 -
7.9 -

49
26.0
34.2
32.8
27.5
27.5

7.2
7.1
7.9

21.0 -
23.8 -
24.2 -
22.0 -
22.0 -

5.9 -
5.7 -
7.9 -

30.0
31.3
31.5
27.5
27.5

7.6
7.4
8.2

48
21.0 -
24.0 -
24.0 -
22.0 -
22.5 -
5.5 -
5.6 -
5.5 -

28.0
28.0
28.0
27.5
27.5

7.7
7.5
8.2

BUTTOM 7.8 - 8.0 '7.8 - 8.0 7.9 - 8.2 5.6 - 8.2SECCHI (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



TABLE Cl-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 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 - 8.0c%

w 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 397 134 95 174

TOTAL COLLECTIONS 6 6 6 6



TABLE Ct-178. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 2.7-m TRAWL FROM 18 OCTOBER THROUGH 8 DECEMBER 1976 IN
OYSTER CREEK (STA. 26 AND 27) AND FORKED RIVER (48 AND 49).

LOCATION
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE
BOTTOM

SECCHI (CM)

26
4.0 - 8.5

10.0 - 22.6
5.0 - 23.0

23.0 - 25.5
24.0 - 25.5
7.8 - 12.0
8.1 - 12.3
7.4 - 7.4
7.3 - 7.4

80.0 - 220.0

27
4.0 - 8.5
8.0 - 18.9
6.6 - 16.2

22.0 - 25.5
22.0 - 25.5
9.0 - 12.0
8.8 - 12.4
7.4 - 7.9
7.3 - 7.9

70.0 - 190.0

49
2.5 - 10.0
3.0 - 12.6
3.5 - 13.4

23.0 - 26.0
23.0 - 26.0
9.2 - 11.3
8.3 - 12.2
7.2 - 8.0
7.2 - 8.0

60.0 - 220.0

48
2.5 - 10.0
3.0 - 13.2
3.2 - 13.4

23.0 - 26.0
23.0 - 26.0
8.7 - 11.4
8.6 - 12.2
7.2 - 7.9
7.2 - 7.9

60.0 - 220.0
oI-.

--------- -- ----- - - ---------- - - - - --------- -eeeeeeeeeeeeee-

SPECIES
BREVOORTIA TYRANNUS
SYNGNATHUS FUSCUS
MORONE AMERICANA
POMATOMUS SALTATRIX
CYNOSCION REGAL IS
LEIOSTOMUS XANTHURUS
TAUTOGA ONITIS
ETROPUS MICROSTOMUS
SCOPHTHALMUS AQUOSUS
PSEUDOPLEURONECTES

NO. NO.
2
1
1
1

NO. NO.

I

55 29
3

1

.6
61

13
1

AMERICANUS 2 9 3 1
CRANGON SEPTEMSPINOSA 2 18 14 2
CALLINECTES SAPIDUS 38 46 5 . 20

TOTAL SPECIMENS
TOTAL COLLECTIONS

97 ill 26 38
6 6 6 6



TABLE C1-179. 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).

-- --------------------------------------------------------------------------------------------- -------- m------

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 1.5 - 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

PH: SURFACE 7.8 - 8.1 8.0 - 8.3 7.6 - 8.1 7.6 - 8.1
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
-------------------------------------------- a--------- ---------------

SPECIES NO. NO. NO. NO.
SYNGNATHUS FUSCUS - - - 1
MORONE AMERICANA 3 - - -
POMATOMUS SALTATRIX 1
LEIOSTOMUS XANTHURUS 7
HYPSOBLENNIUS HENTZI -1
ETROPUS MICROSTOMUS 2 -

PSEUDOPLEURONECTES
AMERICANUS 94 19 17 10

CRANGON SEPTEMSPINOSA 3 5 11 8
CALLINECTES SAPIDUS 1 1 2

-------------- -- - - e e e e e e e -------------------- -

TOTAL SPECIMENS 111 26 28 21
TOTAL COLLECTIONS 6 6 6 6



TABLE C1-180. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 61.0- GILL YET MRCOM 29 MARCH rlROUCR 5 MAT 1976 IN OYSTER CREEK (STA. 15. 30, AND 50) AND
FORKED RIVER (6, 45, AND 46).

------------------------------------------------------------------------------------------------------------------------------------------------------------------

WIRA21URE: AIR
SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGENs SURFACE
BOTTOM

Pat SURFACE
BOTTOM

SECCHI (CMi

10.0 1 22.0
15.5 26.6
15.5 - 26.2
20.5 - 22.0
21.0 - 22.0
5.9 - 9.0
5.9 9.3
7.8 - 8.0
7.8 - 0.0

65.0 - 140.0

9.0 -0 23.0
15.8 - 26.6
15.8 - 26.6
21.0 - 22.0
20.0 - 22.0
6.8 - 9.2
6.0 - 9.2
7.5 - 7.9
7.8 - 7.9

95.0 - 100.0

9.0 30 21.0
15.0 - 23.4
15.0 - 23.3
20.5 - 22.0
20.0 - 22.0
7.5 - 9.8
7.2 - 9.4
7.6 - 8.0

.7.5 - 8.0
110.0 - 145.0

12.0 - 22.0
11.0 - 22.4
11.0 - 23.4
20.5 - 22.5
.20.5 - 22.5

7.6 - 10.6
7.5 - 10.6
7.9 - 8.0
7.9 - 8.0

95.0 - 120.0

4513.0 -
12.0 -
12.0 -
20.5 -
20.0 -
7.6 -
7.6 .
6.9-
7.1 -

95.0 -

21.0
22.4
22.4
22.5
22.5
10.9
11.0

7.9
8.0

120.0

13.0 22.0
12.6 - 21.6
12.9 - 21.0
20.5 - 22.0
20.5 - 21.0

7.2 - 10.5
7.1 - 10.4
7.8 - 7.8
7.8 - 7.9

90.0 - 120.0

SPECIES NO. NO. NO. NO. NO. NO.

ALOSA PSEUDOHARENGUS 1 - - 2
SEEVOORTIA TYRANNUS 19 22 1 8
mORON8 AMERICANA - - - I -

TAUTOGA ONITIS - - 2 -
PARALICUTHYS DENTATUS - 1
CALLINECTES SAPIZUS 20 1 - 12 4 -

I-0

C

TOTAL SPECIMENS
TOTAL COLLECTIONS

40
3

24
3

1
3

15
3

5
3

103



TABLE CI-IBI. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 61.0-- GILL NET FROM 17 JUNE THROUGH 13 AUGUST 1976 TN OYSTER CREEK (STA. 15, 30, AND 50) AND
FORKED RIVER (6, 45, AND 46).

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

LOCATION 15 50 30 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

SURFACE 27.7 - 31.0 27.7 - 30.7 27.2 - 30.3 24.0 - 27.5 23.7 - 28.0 24.6 - .27.7
BOTTOM 28.2 - 30.0 .27.7 - 30.7 .26.8 - 29.7 24.0 - 27.5 23.7 - 28.4 24.4 - 27.0

SALINITtY SURFACE 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 - 26.5 23.0 - 26.5 24.5 - 26.0 24.0 - 25.0 24.0 - 27.5

OXYGEN: SURFACE 6.6 - 7.0 6.5 - 6.5 6.5 - 7.4 7.0 - 7.5 7.4 - 7.8 7.2 - 9.9
BOTTOM 6.2 - 6.7 6.0 - 6.5 6.3 - 6.8 7.0- 7.2 7.4 - 7.8 6.3 - 7.5

PRI SURFACE 7.7 - 7.9 7.6 - 7.7 7.6 - 7.8 7.4 - 7.6 7.6 - 7.8 7.6 - 7.9
BOTTOM 7.9 - 7.9 7.6 - 7.6 7.8 - 7.8 7.6- 7.7 7.6 - 7.6 7.5 - 7.9

SECCRI (CM) 60.0 - 60.0 60.0 - 60.0 55.0 - 65.0 50.0 - 60.0 60.0 - 65.0 55.0 - 65.0
------------------- -- - - ---- -- -- - - - -------- - - - - - - - - - - -

SPECIES NO. NO. NO. NO.' NO. NO.

ANGUILLA ROSTRATA 1
BREVOORTIA TYRANNUS 19 - - 7
POMATOMUS SALTATRIX - 13 2 2 5
CARANX HlI PPOS 2 - -
LEIOSTOMUS XANTRURUS - 14 3 1 15
PS EU DOP LEU RON C? E S

AMERICANUS I
CALLINECTES SAPIDUS 133 11 a 28 14 8

TOTAL SPECIMENS 135 13 54 33 i1 36
TOTAL COLLECTIONS . 3 3 3 3 3 3

I.-
C7%I.D

I-h



TABLE Cl-182. A COKPARESON OF THE TOTAL SPCCIKENS TAKIEN BY 61.O- GILL NET FROM 19 AUGUST THROUGH 23 SEPTD{BER 1976 IN OYSTER CREEK (STA. 15, 30, AND SO)AND FORIKED RIVER (6, 45. AND 46).

--- -- --- -- -- --- -- -- --- -- - -- -- -- --- -- --- -- -- --- -- -- --- -- -- --- -- -- --- -- --- -- -- --- -- -- --- -- -- --- ---45---4 --
LOCATION
TEMPERATURE: AIR

SURFACE
BOTTON

SALINITTt SURIACK
BOTTOM

OXYGRU' SURFACE
BOTTOM

Put SURFKCZ
SOTaOm

SSCC3I (CN)

SPECIES

BjEVOORTYA TYRAN1IUS
OPSANMUS TAU
STRONGYLURA MARINA
SYNGINATHUS fUSCUS
POMATOMUS SALTATRIX
CARANX HIPPOS
CYIOSCION REGALIS
L.IOSTOMUS XANTh1URUS
CALLINECTES SAPIDUS

1521.0 -
28.0 -
27.8 -
20.5 -
21.5 -
6.2 -
6.1 -
7.8 -
7.8 -

55.0 -

25.028.5
28.5
25.0
25.0

7.5
7.3
8.3
8.3

80.0

s0
24.0 -
28.0 -
28.1 -
21.5 -
20.5 -

6.6 -
6.3 -
7.9 -
7.9 -

50.0 -

26.029.0
29.0
25.0
25.0

7.6
7.3
8.3
8.3

70.0

3023.0 -
26.8 -
26.8 -
21.0 -
21.5 -
6.7 -
5.5-
7.9-
7.9-

65.0 -

25.028.0
27.9
25.0
25.0

7.9
7.8
8.4
8.1

80.0

421.0 -
24.4 -
11.0 -

.22.5 -
22.5 -

6.8 -
6.6 -

7.6 -

7.6 -

60.0 -

31.025.5
25.6
26.0
26.0

7.8
7.7
8.4
8.4

80.0

4519.0 -
25.0 -
24.7 -
21.0 -
22.5 -

6.9 -
6.9-
7.5 -
7.8 -

50.0 -

32.025.7
26.5
25.0
25.0

7.6
7.5
8.4
8.4

70.0

4619.0 -
23.7 -
23.0 -
21.5 -
22.5 -
7.0-
6.0 -
7.4 -
7.4 -

40.0 -

32.028.6
24.0
25.0
24.5

8.6
7.4
8.4
8.4

80.0

-------------

0'J

NO.

1

1.

11

13
34

NO.

1
1
1
1
3.

NO.
20

2

100. NO.

4 25 70

i2 18

- 14.
14 6 2

--- --- -- --- - -- --- --

NO.

14

--------------------------

TOTAL SPECIMENS
TOTAL COLLECTIONS

60
3

.7
3

353 20
3

33
3

304
3



TABLE CI-IB3. A COMPARISON Of THE TOTAL SPECLUMNS TAKEN BY 61.0-m GILL NET FROH 18 OCTOBER THROUGH 8 DECEMBER 1976 IN OYSTER CREEK (STA. 15. 30, AND 50) AND
FORKED RIVER (6, 45, AND 46).

..........................................--............................. ..-..---------...................................................................................

LOCATION 15 50 30 6 45 46
TEMPERATURE: AIR -2.0 - 13.0 -2.5 - 13.0 -2.5 - 12.0 0.0 - 11.0 -1.0 - 12.0 -1.0 - 9.0

SURFACE 7.0 - 17.6 7.0 - 17.2 5.4 - 16.0 3.5 - 12.0 3.1 - 12.0 2.1 - 12.5
BOTTOM 7.0 - 17.6 7.5 - 17.0 7.5 - 16.0 3.6 - 12.0 3.3 - 12.1 3.8 - 12.5

SALINITT: SURFACE 23.0 - 27.0 23.0 - 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

OXYGENa 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 - 13.6 8.8 - 12.6 8.0 - 12.8 8.7 - 12.8 8.9 - 13.6 8.5 - 13.3

PH: SURFACE 7.9 - 8.6 7.8 - 8.4 7.5 - 8.6 8.3 - 8.5 8.1 - 8.2 8.3 - 8.5
BOTTOR 7.8 - 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 60.0 - 120.0 70.0 - 140.0 70.0 - 130.0 70.0 - 90.0
--- ----------- ------------------------------------------------------------------ ------- ------ -------- ---

SPECIES NO. NO. NO. NO. NO. NO.

ALOSA PSEUDOHARENGUS 4 1 2
BREVOORTIA TYRANNUS 29 1 3
NORONE AMERICANA I .
pOmATOMUS SALTATRIX 1 - 4 . -
CYNOSCION REGALIS - 5 1 5
LEXOSTOMUS XANTHURUS " 55
TAUTOGA ONITIS "1-

TOTAL SPECIMENS 28 1 93 1 10 0
TOTAL COLLECTIONS 3 3 3 33

.P

LO0'-
I,,



TARTI. C!-18. A COMPARISON OF T11E TOTAL SPECIMENlS TAKEN BY 61.0-. GILL NET FROM 5 JANUARY THROUGH 9 MARCH 1977 IN OYSTER CREEK (STA. 15, 30, AND 50) AND
FORKED RIVER (6. &5, AND 4.6).

LOCATION 15 50 30 6 45 46
TEMPERATUREs 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 - 10.5 7.2 - 7.2 6.8 - 6.8 7.0 - 7.0
BOTTOM 4.5 - 10.8 4.5 - 11.0 10.4 - 10.4 7.2 - 7.2 7.2 - 7.2 7.0 - 7.0

SALIlITTt SURFACE 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: SURFACE 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, SURFACE 8.0 - 8.2 8.0 - 8.1 7.9 - 7.9 7.8 - 7.8 7.9 - 8.0 7.7 - 7.7
BOTTOM 9.0 - 8.2 8.0 - 8.1 7.9 - 7.9 7.9 - 7.9 8.0 - 8.0 7.7 - 7.7

SECCBI (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 5 1 - - -
----------- -------------- -- --- -- -- -- -- -- -- ---

TOTAL SPECIIENS 0 5 1 0 0 0

TOTAL COLLECTIONS 3 3 1 1 1

0%II



Table Cl-IBS . Summry of tae catchda of the moat namnvo specie taken tn Oyutw Creek end Fokead Blva. New fam.y frorn Much 1976 through Mauch 1971.

29 March - 5May lae- 13 Auguat 19 Au6,t - 23 September
Oyte Creek Faked River Oyecr Creek Forked RIver Oveert Creek FaPked Rivet

4.9a 0 . C NC 4.9 2.1 GCN 4.9 2.7 GN 4.9 2.7 GC 4.9 2.1 GM 4.9 2.7 GN

brevoaratia tr -mu - 42 - B 41 4 19 2 -6 1 21 1 - 99

A choa mleW lt 3169 is - 2022 2 3 1204 47 - - 77 1 - 402 2

POWmAmIimU mWatl - - - 2 13 2 - 9 2 - 20 - 21

Cynmclam re".1b - 2 I - - 24 1 1 110 16 -

LelImm'm xamOhurt - - - 119 460 16 123 22 19 202 264 16 214 9 14

Psaetqcplowanectea mar lrnue 2i - 4 2 - - 2 - 1 - - 2

Crmgngaenp tes"ople 298 29 7911 427 S - 48 1e - I - 29 110 -

Callaiecm 8sopldus 75 64 21 64 15 12 111 416 .10 go 13.. 1580 U 332 41 45 124 22I-

U'n

18 October - 8 Decembet 5 lanuary - 9 Match
Oy.ter Creek Forked River Oyster Creek Forked River

4.9 2.1 GM 4.9 2.7 GN 4.9 2.7 GN 4.9 2.7 GN

bovou*tynacmm 60 2 48 7 - 4 4 - 6

Ancho mel"l1ill 36 - 114

Pormotorrma saltas 14 1 B - - I

Cymsdca reRmas 6 - 4 I1

LefmtomcJ .atahura 63 84 63 48 6 5 - 7 - -

Pie,,,oleuronecta amatlcanus 2 11 - 4 4 - 3 113 2 27

Ctnm~ot separ ropincs 12 20 11 6 8 19 19

camlnetea aaltd'ho 19 94 19 25 2 2 -

4.9-m :w at astaiont 15. 30. and 50 In Oyster Creek and . 45. and 46 In Faoked Rioe.
2 2.7-m wtow•Slt utiodis 26. and 27 In Oyoer Creek and 48. and 49 In Faked Rivet.

c r1.0-m gll net at statlora 15. 30. and 50 In 07Wtet Creek and 6. 45. and 46 In Fhked River.



TABLE CI-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 6
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 SEPTEMSPINOSA 285 1405
CALLINECTES SAPIDUS 160 135

TOTAL SPECIMENS 4359 5143
TOTAL COLLECTIONS 39 39

Cl-646



TABLE Cl1-87. 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).

TEMPERATURE: AIR
SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE
BOTTOM

SECCHI (CM)

OYSTER CREEK

20.5 - 30.5
27.2 - 36.1
26.8 - 34.6
22.0 - 27.5
20.6 - 28.0
5.0 - 8.4
5-.1 - 8.8
6.4 - 8.0
6.6 - 8.0

35.0 - 70.0

20.0 -
23.7 -
23.7 -
22.0 -
22.0 -

5.5 -
5.6 -
5.5 -
5.6 -

40.0 -

32.0
31.3
31.5
27.5
28.0

9.9
8.3
8.2
8.2

100.0

FORKED RIVER

SPECIES
ANGUILLA ROSTRATA
BREVOORTIA TYRANNUS
ANCHOA MITCHILLI
OPSANUS TAU
UROPHYCIS REGIUS
RISSOLA MARGINATA
MENIDIA MENIDIA
APELTES QUADRACUS
SYNGNATHUS FUSCUS
POMATOMUS SALTATRIX
CARANX HIPPOS
CYNOSCION REGALIS
LEIOSTOMUS XANTHURUS
TAUTOGA ONITIS
HYPSOBLENNIUS HENTZI
GOBIOSOMA BOSCI
PEPRILUS TRIACANTHUS
PARALICHTHYS DENTATUS
PS EUDOPLEU RONECTES

AMERICANUS
TRINECTES MACULATUS
SPHOEROIDES MACULATUS
CRANGON SEPTEMSPINOSA
CALLINECTES SAP IDUS

TOTAL SPECIMENS
TOTAL COLLECTIONS

NO.
5

70
1204

3
1
1

1
1515

3
601

3
1
1
1

2
1
3

679

2600
39

NO.
5
9

457
8
1
2
1
1
2

11

2

169
6

2

1

3

190
278

1148
39

CI-647



TABLE CI-L88. 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).

-------------- m---------------------------------------------------
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

OXYGEN: SURFACE 5.0 - 8.6 6.3 - 8.8

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 1
ANCHOA MITCHILLI 78 404
OPSANUS TAU 9 18
STRONGYLURA MARINA-1
SYNGNATHUS FUSCUS 6 2

MORONE AMERICANA 21
CENTROPRISTIS STRIATA 1
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 1 1
HYPSOBLENNIUS HENTZI 1
GOBIOSOMA BOSCI - 2
PRIONOTUS EVOLANS 9 11
PS EUDOPLEU RONECTES

AMERICANUS 2
TRINECTES MACULATUS 4 6
SPHOEROIDES MACULATUS 1 1
CRANGON SEPTEMSPINOSA 1 139
CALLINECTES SAPIDUS 457 191

TOTAL SPECIMENS 1066 1275
TOTAL COLLECTIONS 39 39

Cl-648



TABLE CI-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).

OYSTER CREEK FORKED RIVER

TEMPERATURE: AIR -2.5 - 14.0 -1.0 - 12.0
SURFACE 5.4 - 22.6 1.4 - 14.5
BOTTOM 5.0 - 23.0 1.7 - 14.5

SALINITY: SURFACE 20.0 - 27.0 21.0 - 27.0
BOTTOM 21.5 - 26.5 22.0 - 26.0

OXYGEN: SURFACE 7.8 - 14.2 8.1 - 14.0
BOTTOM 8.0 - 13.6 7.6 - 13.6

PH: SURFACE 7.2 - 8.6 7.2 - 8.7
BOTTOM 7.2 - 8.5 7.1 - 8.6

SECCHI (CM) 60.0 - 220.0 55.0 - 220.0
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

SPECIES NO. NO.
•ALOSA PSEUDOHARENGUS 5
BREVOORTIA TYRANNUS 110 11
ANCHOA MITCHILLI 36 114

SYNODUS FOETENS 1
OPSANUS TAU 3 6
FUNDULUS HETEROCLITUS 1
MENIDIA MENIDIA - 9
SYNGNATHUS FUSCUS 6 3
MORONE AMERICANA 11
CENTROPRISTIS STRIATA - 2
POMATOMUS SALTATRIX 20 -
CARANX HIPPOS 3
SELENE VOMER 1
BAIRDIELLA CHRYSURA 1 -
CYNOSCION REGALIS 6 14
LEIOSTOMUS XANTHURUS . 210 57
MICROPOGON UNDULATUS 1. 1
CHAETODON OCELLATUS 2 -
TAUTOGA ONITIS 1 7
CHASMODES BOSQUIANUS. - 2
HYPSOBLENNIUS HENTZI 1
GOBIOSOMA BOSCI - 1
GOBIOSOMA GINSBURGI 1 1
PRIONOTUS EVOLANS .2 -
ETROPUS MICROSTOMUS 6 4
SCOPHTHALMUS AQUOSUS i1
PS EUDOPLEURONECTES

AMERICANUS 13 8
TRINECTES MACULATUS 1 1
CRANGON SEPTEMSPINOSA 32 33
CALLINECTES SAPIDUS 103 44

TOTAL SPECIMENS 577 319
TOTAL COLLECTIONS 39 39

Cl-649



TABLE Cl-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,

48,AND 49).

OYSTER CREEK FORKED RIVER

TEMPERATURE: AIR -1.0 - 12.0 0.0 - 14.0
SURFACE 3.6 - 14.1 1.4 - 9.5
BOTTOM 4.5 - 14.6 1.5 - 9.6.

SALINITY: SURFACE 21.0 - 25.0 21.0 - 25.0
BOTTOM 21.0 - 25.0 21.0 - 26.0

OXYGEN: SURFACE 8.6 - 14.4 10.0 - 12.8
BOTTOM 8.4 - 12.0 9.0 - 12.8

PH: SURFACE 7.7 - 8.3 7.6 - 8.2
BOTTOM 7.8 - 8.3 7.6 - 8.1

SECCHI (CM) 150.0 - 360.0 130.0 - 350.0

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 2

TOTAL SPECIMENS 180 58
TOTAL COLLECTIONS 33 21

CI-650



TABLE CI-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 28 29 47
TEMPERATURE: AIR 12.0 - 20.0 13.0 - 20.0 13.0 - 20.0

SURFACE 15.0 - 25.0 15.2 - 25.0 .14.0 - 21.5
BOTTOM - - -. - - - a a

SALINITY: SURFACE 20.5 - 21.0 20.5 - 21.5 20.0 - 22.5
BOTTOM - - - - - - - -

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 - -. .a - - - .

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 1 56
APELTES QUADRACUS - 1 a

SYNGNATHUS FUSCUS - - 1
MORONE AMERICANA 3 - -
TAUTOGA ONITIS - - 1
GOBIOSOMA BOSCI a 1 -

TRINECTES MACULATUS 1 1 -
CRANGON SEPTEMSPINOSA 327 243 95
CALLINECTES SAP IDUS 79 32 32

TOTAL SPECIMENS 552 317 242
TOTAL COLLECTIONS 3 3 3



TABLE CI-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).

LOCAT ION 28 29 47
TEMPERATURE: AIR 23.5 - 28.0 23.5 - 33.0 23.5 - 33.0

SURFACE 27.0 - 30.6 26.8 - 31.2 23.9.- 28.0
BOTTOM - - - - - - - - -

SALINITY: SURFACE 23.0 - 25.0 23.0 - 26.5 8.0 - 27.0
BOTTOM .. ... ... ..

OXYGEN: SURFACE 5.7 - 6.9 5.9 - 7.2 5.8 26.5
BOTTOM - - - - - -

PH: SURFACE 7.6 - 8.1 7.2 - 7.9 7.5 8.1
BOTTOM - - - - - -

SECCHI (CM) . ... ... ..
-- - - - - - - - - - - - - - - ----------------

SPECIES NO. NO. NO.
ANGUILLA ROSTRATA 2 2 -

%-n BREVOORTIA TYRANNUS - 58 6
ANCHOA MITCHILLI 5 15 88
OPSANUS TAU - - 15
STRONGYLURA MARINA 3 23
FUNDULUS HETEROCLITUS 1 1 1
MENIDIA BERYLLINA - - 1
MENIDIA MENIDIA 4 2 3
MORONE AMERICANA 1 - -

POMATOMUS SALTATRIX 4 7 5

CARANX HIPPOS 19 17 -

CYNOSCION REGALIS - - 1
LEIOSTOMMUS XANTHURUS 207 187 17
MUGIL CEPHALUS 10 19 -

MUGIL CUREMA 28 1 -

•PRIONOTUS EVOLANS - 1 -

PSEUDOPLEURONECTES
AMERICANUS - 20

TRINECTES MACULATUS 22 -

CRANGON SEPTEMSPINOSA - 2 49

CALLINECTES SAPIDUS 37 233 62

TOTAL SPECIMENS 321 590 268

TOTAL COLLECTIONS 3 3 3



TABLE CI-193. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 45.7-tn SEINE FROM 19 AUGUST THROUGH
23 SEPTEMBER 1976 IN OYSTER CREEK (STA. 28 AND 29) AND FORKED RIVER (47).

-----------------------------------------------------------------------------------------------

LOCATION 28 29 47
TEMPERATURE: AIR 19.0 - 21.5 21.0 - 25.0 21.5 - 23.0

SURFACE 27.6 - 29.4 28.4 - 29.1 24.6 - 25.5
BOTTOM - - - - - - - -

SALINITY: SURFACE 12.0 - 25.0 22.0 - 25.0 23.0 - 25.0
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 - - - - -

SECCHI (CM) .....
-----------------------------------------------------------------

SPECIES NO. NO. NO.
ANGUILLA ROSTRATA -1 -.

BREVOORTIA TYRANNUS 2
o, ANCHOA MITCHILLI - 79
w OPSANUS TAU

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

a a a a a a a aa--- --- -- - - - - - - - - - - -

TOTAL SPECIMENS 205 115 107

TOTAL COLLECTIONS 3 3 3



TABLE CI-194. A COMPARISON OF THE TOTAL SPECIMENS TAKEN BY 45.7-m SEINE FROM 18 OCTOBER TI!FOUCH

8 DECEMBER 1976 IN OYSTER CREEK (STA. 28 AND 29) AND FORKED RIVER (47).
................................................................-----------------

LOCATION 28 29 47
TEMPERATURE: AIR 0.0 - 19.0 -2.0 - 21.0 -1.5- 19.0

SUR;.CE 6.3 - 18.6 5.5 - 18.2 2.1 - 15.5
BOTT22. 24 . 2 . 22.5 25

SALINITY: SURFACE 22.5 - 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
BOTTOM - - - - - - - -

PH i SURFACE 7.8 - 8.5 7.9 - 8.5 7.9 - 8.3
BOTTOM - - - - - -

SECCHICM) .... ...

SPECIES
ANGUILLA ROSTRATA
BREVOORTIA TYRANNUS
ANCHOA MITCHILLI
STRONGYLURA MARINA
CYPRINODON VARIEGATUS
PUNDULUS HETEROCLITUS
LUCANIA PARVA
MENIDIA MENIDIA
SYNGNATHUS FUSCUS
MORONE AMERICANA
CENTROPRISTIS STRIATA
PONATOMUS.SALTATRIX
CARANX HIPPOS
CYNOSCION REGALIS
LEIOSTOMUS XANTHURUS
MUGIL CEPHALUS
MUGIL CUREMA
HYPSOBLENNIUS HENTZI
PRIONOTUS EVOLANS
PSEUDOPLEURONECTES

AMERICANUS
TRINECTES NACULATUS
SYMPHURUS PLAGIUSA
CRANGON SEPTEMSPINOSA
CALLINECTES SAPIDUS

NO;

96

2
35
10

2
22

NO.

2

8

21

1

1
6

15
27
7

NO.
31
.7.

6

1

3
14

7

12
14

5

2

2
27

14
2

10
38

3

1

I

11

4343TOTAL SPECIMENS
TOTAL COLLECTIONS

253
3

153
3

Cl-654



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 (47).

-------------------------------------------------------------------------------------------------

LOCATION
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE
BOTTOM

SECCHI (CM)

28
1.0 - 13.0
6.5 - 8.6

20.5 - 23.5

7.8 - 11.6

8.0- 8.0

29
0.5 - 10.0
4.0 - 9.1

20.5 - 23.5

7.8 - 14.4

8.0 - 8.1

47
5.5 - 8.5
4.5 - 6.1

22.5 - 23.0

8.2 - 12.6

8.0 - 8.0

0l
I-.
0' SPECIES NO. NO. NO.

ALOSA AESTIVALIS -
CYPRINODON VARIEGATUS 3
FUNDULUS HETEROCLITUS 1
FUNDULUS MAJALIS 1-
MENIDIA MENIDIA 5 -1
PSEUDOPLEURONECTES

AMERICANUS 1 5
CRANGON SEPTEMSPINOSA 18 2 2
--------------------------------------------------------------

TOTAL SPECIMENS
TOTAL COLLECTIONS

26
3

11 3
3 2



Table C.1-196. N.nher of flitto Mn blue cOab tkabo by gill net At Station 26. Dischareg Canal at OOGS. (tomn Marchr 1919 tnirought Arrgr 2977,.

DIATE
29 22 4 is %3 13 20 .10 23 is 8 6 6 11 a 31 is isspOags mwcba Aprfl Maty Jone July A ougm Arjtsix Setroember Septeomber Octobes Nlovember December jntuaorno February March May Only AugusotAloat ponadobasezigrt - . - - - .- - - 1 2 -Oreoocl ty23 1 220 114 2 1 5 21 43 63 51, 4; it7 IClapes hvetrgru - I - - - - - - -- - - - - -Anchom mtohIUot~l - 15 -- - - - -- -- - - -Strnrgybar macin. 

3 6 - - - 2 -

pnrnato~mussfairilx- 2 1 2 2 9 0 1 1-5 27 31; 2 23 1Carsaw biprrm- - - - I - - - --Cynoocloo rgALk 
1 7 2 3LaInODMU Xn&oA~t~U 191 3 * 2?

mugfl ceplralrs ICnulecnoa~p1rs 35 50 2 1 - - - - 2 1is
Duration of $-plOrie t 60 40 45 60 60 60 Go 60 s0 60 so 50 60 60 30 60 s0 s0Total tsrecdtner 23 230 156 3 200 105 40 40 is 29 62 is 87 1,349 167 7 62 1Taza 1 4 2 2 4 4 . 4 2 25

I-,.
!\

Ln•
0'

a A 91.4-m SW n From Mach dthrough lune 1976 and a 61.0-rm gill nor tsed from July 1976 through August 1971.



Table CI-,91. Summary of the c.tehea of the most numerou specl. taken In Oyster Creek Aind Forkd Riv. Nei Jerey forn May dhrough August 1•17.

31 May - 2 June 18-19 July 15-16 Augr
Oyila Creek Forked River Oy•ter Creek Forked River Oyster Creek Forked I'ner

4 . 9a ,7 b GNC 4.9 2.1 GN 4.9 2.7 GN 4.9 2.7 ON 4.9 2.7 GN 4.9 2.7 GH

revancla tyrainnns II 40 1 111 to I 9 1 2 9 - a I S

Ancholm mltehllll 948 - 101 401 48 431 - - 94 - 199

Lel1atomunriannlortse - 2 2 - 3 49 9 3 as 22 22 11 69 1 9 4 2

Pteudopleuronecles American= 4 a 6 22 I a -

Crangon netretnlma 20 - - 118 4 i 4 - - - - 42 -

Callnwcta apidnu I - 9 6 1 S 48 3 9 9 2 a 7 4HC)

Ln
.j

6 4.9-m trawl at slattern 1S. 30. AMd 50 In Oyster Crek aMd 6. 45. and 46 In Forked Rivr.
b 2•1-n hauul at italf l 26 and 21 I Oyster Cleek aind 40 and 49 In Forked River.

c f.0 As, 91.4-mt gil ntt • i tni ent 15. 30. And 50 In yslter Creek aid S. 45. And 46 I Forked Rinar.



Table C1-198. Summary of results
March 1977.

of two-way analysis. of variance applied to trawl, seine, and gill net collections from March 1976 through

Species
A nchoa mitchlll
Lefostomus xanthurus
Crangon septemspinosa
Callinectes sapkdus

Time Period
March-November
June-November
March-May
March-December

July-January
December-March
March-August
March-November

Gear
4.9-m trawl
4.9-m trawl
4.9-m trawl
4.9-m trawl

Replicatea
NS
NS
0 (2> 1)
NS

Station

m4

Date

NS

Station x Date
Interaction

NS

Lelostomus xanthurus
Pseudopleuronectes americanus
Crangon septermsplnosa
Callinectes sapldus

2.7-m
2.7-m
2. 7-m
2.7-m

trawl
trawl
trawl
trawl

NS
NS
NS
NS

0S*

NS

NS

NS

0'

Brevoortia tyrannus
Lelostomus xanthurus
Callinectes sapidus

Callinectes sanidus

March-December
July-December
April-September

March-December

61.0-m gill net
61.0-m gill net
61.0-m gill net

45.7-m seine

- NS

- NS

NS

NS
NS

NS

a NS not significant
achieved significance at P _•<0.01

0 = achieved significance at P •!0.05

Largest mean replicate indicated where significant
Significant differences among stations and dates given on following table.



Table Cl-19O. Reuuu of ft Studena-Ne.mur-Kuels Multiple Range test app~le to main effect meats &Bm tw.o-way analyab of verlance Meord unerined ame not Oigelficaniy differemt

Andhoe nmltdhilhl
march - November

4.9-rn Va-1

station 46
mean

8
3.135

45 so 15 so
2.204 - .6 -- 1.104 1.535 0.738

date Apil May 1ur July
meinb 4.128 3.104 3.054 2.419

September 2 Mareb Auguat 2 Augu3t I September I November Ocrobe'1.851 1.274 1.194 1.102 1.065 0.842 0.715

OJN

%0

Let Us~c Wanduans
June Noember~e

4.9-m rn awl

Cr.Igon septerniplina
March - M~ay

Ba-t wl

Collinecera saphidu
Match - Dece mber

4.9-mntrawl

Lelttrnmus canthmnza
July - lauiat7'

2.1-m Bawl

stion 48 30 is 45 so I
mean 2.388 2.010 1.810 1.425 1.070 0.925

date August 2 faly September 2 September I October lune August I November
Mean 2.404 2.316 2.083 1.682 1.776 1.101 0.986 0.448

station 45 46 6 10 is 30

mean 3.710 3.330 3.226 2.630 2.169 1.535

station 15 so 45 6 46 30

mean 1.503 1.283 1.278 1.573 0.777 0.648

dale tume Aul.1s 2 July- May Apil Aug.8 I Much October September I September 2 November December

mean 1.820 1.744 1.722 1.882 1.149 1.124 1.000 0.886 0.847 0.502 0.496 0.173

station 26

nean 2.660
21 49 49

0.690 0.605 0.227

date July August I Aug1st 2 Ocobar September I September 2 December November January
mean 2.193 1.509 1.289 .1239 1.074 1.018 1.610 0.288 0.260

Neuuidonpleot cte srtam " icanta flatten 26 21 46 49

December -. N Mrd mean 2.183 4.9G4 0.10s 0.585
2.1-m trawl

date January March December February

"'ean 1.392 1.474 0.000 0.484



Crangan septemptnm*
Math

8 
- A"gw

2.7-m trawl

Cawndecter sapldw
March - Noenern~be

21.-M rnawl

callinectem *.Plww
April - Septemb"

61.0-m q111 net

btatio 48 48 27 28

me 2.3573 1.710 0.25" 0.230

date March May Auguwt 2 AprU July lune Aagut I

mea 2.132 1.721 1.472 1.321 1.208 0.489 0.087

Station 18 27 48 49
me"a 2.839 2.116 2.10g 1.210

date July September I August 2 August I tune Septemba 2 Odaber May April March Nomemwer

mesa 2.847 2,778 2.697 2.588 2.584 2,457 2.325 2.143 1.298 0.607 0.433

Itadon 15 a 45 50 30 48

mean 2.84S 1.741 1.210 0. 842 0.721 0. 55

date July August I lune Augut 2 September 2 May Srpteabm I ApriU

-ean 2.173 1.737 1.696 1.305 1.133 1.015 0.9922 0.499

I-,

0

3 Mean faord In (.x 1) trarrfarmed dauL.
b a add 2 refr to flat and womd sampling dates In August and Septemba.



Table Cl.'0o.Summs'y o insulIO of on0-way ANOVA cc t-tmt and SNK multiple range tat appiUad t• n ¢Ididam dati.

I-.

0%
H

berovorda tyrarso
91-130 mtu

lune - Oecouem

hewoorda rpaenrm
221-280 mm
March - Noftumbut

NCeoarMUtya tytaa
111-310 umm
Mudch - Ottemb 6

hevourda Mtan•au (StL26)
101!-20 mm
snuwy - Matcb

leactda t cyuiimw (SU. 26)
211-260 mm
November - Mmrh

Amrhoa mlrchblSl
51-60 mm
Marc- August

Anchoo michhiW
61-70 mm
Marcd - Aunt

P001110mW 1 1 t1120'

150-190 mm
J)"y - Septenner

•,yrnclon regasla
45-215 mm
404051 - Oc dan

ReatIn o AofOVA cc 1-an'
F9- 2. ? * 114.86

F . 1 .9, 11.88

F. 2o " 14.3t

F
4
, 121 3.02

Fe. 853 3.13

F6. 409 1'.8

146 2 1.47
N5

P.NUm at' INK avoldple rane Macth
Ste 50 43 30 48

K 14.564 1.98 10.76 8.58

a (On3 (28) (71) (41)

St So is 26
K 14.61 11.92 12.64

a (18) (23) (91)

Sm 26 1i

K .11.86 12.62
a (1811 (39)

date fan Feb MM

K 12.36 11.84 11.80

a (19) (30) (34)

date Mat Dec Feb lao Na,
K 13.87 13.84 13.14 13.12 13.08
a (35) (28) (19) (26) (18)

Ste 47 45 6 46 11.18 20.29 30
K 0.88 S. Is 5.75 5.$6 1.50 5.41. 5.36

(27) (132) (52) (81) (93) (42) (113)

Sts 41 46 6 41 15.28 50,29 s0
K 5.96 5.94 6.24 5.49 5.35 5.32 5.02

n

(54) (63) (38) (63) (•36) (70) (42)

Sts OC FR

K . 1.63 1.49

(29) (20)

Sto 48.45 CC FR
K 4.23 4.18 4.0,

I (22) (21) (65)

F2.221 0.66
ts



0
I-.

0'
0'
I~-)

spc tni of ANDVA a tfttests Resultsa( d 5K m~Idple rangetob

Paudoptemoneceta americarn F,. 15. 1.45 Sta 28.*27 OC 48.49
90-210 mm WS K 1.34 7.21 8.91
October - Match (1t08) (24) (

Ns2 " -, zlgncsflct
**achieved ligndIncaeStP•c.

-*adtdecad sigdfficazie at <00

b sution w iatarlo go". mean conditIon (K) andl number o( ottervatimst (n) given. bf1haj underUcied art unt ,Igrnicatly dlllmezt.



TaIble Cl-201 u. N mih o Pa -• ,tI un by imper.met @ of etected flahe end m ,oInv.tebratle In Oygtm Creek m t F orked RM er. New Je rey from Mamo h 12•6 dtr.t h M aCh 2977.

No. ,r vorwIla Arehoa Pom-tomul Cynoston exmoauo Pftudollctepnev Crior C'l-lgnnt
Collrhtm_ ryranom• mmchilli ,@6taftt regals xzhmnr a malcanuww tetrempinae •avidus

TCmp. (C) OC FR OC FR OC FR OC FR OC FR OC FR OC FR OC FR OC FR

I-,

26
35
24
33
22

31
so
29
to
27

;6

24

22

22
21
20
I9

is
17

16

I:

24
22

22
21

20

9

6
¶

4

2

0 0
1. 0
2 a
4 0

12 0

29 1

14 1
9 14

1 27
o 17
S Is

0 to

0 10
7 0

4 0

7 1
3 0

9 7

4 22
S it

7 7

4 2
I I
9 $

9 20

10 2
3

0 5
o 6

o 4

- - !

10l

47
34 12

I I It"

Ill6 23 9 - 21 2
I 2 9 7 I7 2

a - 197 2 - 6 -
1 1 11 .14 . - - 9 4- 9 20 - 4
- . - 4 - 4

- 12 is 9
- - 22 9 - .1S 1-

I -0 202 . " -. 2 °
- .. - 26 .-- . -

I 2 -1 - * -

sot 44t g

- 2 90 -2is * 4 2
to

67 1 .

9 1

-o 2. - --

2

9

9

17

4

4

48

3

2

S

2
2

20

t0

a6

4

29

22
79

22

3
2

26

22

12

26

10

1
3
9

29

16

26

1

20

1

2

9

6

4

S

9

10

9

2t. mumd 6 tnearen, *hle n/r-ll aM degle. C.



Table (1-202. Number per c•cltelon by temperatre of selected fishe arnd macironvertebrates taker, In Oyooeo Creek a Forked Rlvee. New lenrsy from Match and April 1976.

No. ORevocetla Anehoa PI'vedoplcuonecter Ctbqn, CsIlllnecte
Coller(ons tyrannus mitchflll amtrlcanuo ept'-m e .. pidug

Temp. (C) C R OC FR OC FR OC FR OC FR OC FR
30 2. 0 - - 4
19 .0 0 - " "
to 1 0 - - t
07*. S 0 2 458 is - I
26 0 0 - -

20 2 0 1 -. - 3 . - 3204 0• -" • -- - 11 -

2 5 2 • - 22 1 22 2 8
22 0 a - 23- - it
21 0 t - - 0- 1
10 2 0 - 2 -2

19 0 0 -
8 iI 0 - "

17 0 0 .
16 2 0 32 - -]
15 T0 0 - - 3031 00 - g

74 2 7 2 47 1 1 84 2 6
13 0 5 1 26 2

12 0 1

11 •0 1

rounded to neatat whole n/oIl land degree C.

0•



Table C0-203. Num.ber per mtllwdee by temperenze art Selecte Rd"~ old maawluffvetates~ In Oye Creek and Faked fivcw. New Jerey ter May 1976.

.No,. Sweet a Anclass cwagen Camellies
Callw'dreU tyame Michllu septrenylaos, uidaplm

Temp.(C) 0C: St OC FR OC FR Oc FR OC FR
go 5 02 - 0 -4 -5 -

II I .0 ~~~12
10 3 I - S 34 TO 4 1

I*7 0- - - -

Id 1 - - 2 2SS

13 a a - 1 3 52 12 6
14 0 2 -- 495 122 - 4

Jln
eomnde•d newemt wihole n/ell and de•t•ee C.



Table C1-204. Nurnbef per collection by tepes0sum of selected Men sand macoloverrebeanes in Oyster Creek and Forked River. New Jersey leon, June domegh September 1916.

No. Bre cost a Anob, pornsorow. Cynoacla Weorerowoa faropleooonetie Ctansom Cailneccms
Colleetie'u tyou 'alic~t1itl ,ehotrio .Realll eanthumo americanum imoepeoir e a vapoldw

T P.C) OC FR OC FR OC FR OC PR OC FR OC FR OC FR OC FR OC FR36 2 0 1 29

34 2 0 - - - - - - --

32 4 0 - - 41 -- 4 -31 12 2 - 34 - 11 I 2 23 6
30 10 0 1 - Is - I -. 6 11 - - i -
26 11 1 6 2 . 3 22 - -, - - 2628 25 61 I - I 2 - - 1 7 6
2? 61 9- 2 1 1 121 - 4
26 1, 14 1 2 11 24 - - 6 4 125 0 I6s - - -. to- 4 1 - 2 6
24 0 15 4 - 4 5 20 - 11
23 0 16 - - - 13 6 - - 10 - . 9 6

22 0 2 - - - 66 - - 13 - 19 - -
21 0 06-12

a'•

C%

. ndnd m nearest whole n/col and degfee C.



Table CI-20S. Number per collecron by fepeaauoe" of meleted fishas and mamoinveretabata taken In Oyster Creek and Faked Rive. New Je.,,y from October fmnrglb December 1916.

No. Bfeý tei Anechoa Pomnstonm Cynoci Lniowrr Pteudopleuroneoces QCangon Callinecrat
Collec•lios tYwSMUI mlrcill! gl• tinta ls -irmthrll amenralosanr itpi rtota iapidus

Te OC. (C) OC rR Oc O Oc PR Oc PR OC FR OC FR OC MU OC FR OC FR
23 2 0 - - - - is -
22 0 0
I1I 0 0 -- - - - -
20 ,0 0 - - - --
20 3 0 ] - - - I - - - -2
1S 4 0 - - - 2 - --
11/ 3 0 - - I I - * l
20 I S! 8 2 -I * 1 "/ - I 2 20
26 0 2 - 4 - - 4 -

14 0 2 1 - - 21 11 - - 2
23 2 "7 94 - 4 IS - ! I 3 I - 0 4
12 1 2 0 22 - 1 1 2 - S
11 0 0 - --- * -"
12 .1 O 4 * 9 *- - - - - -

U 6 0 -. " "- I
U 2 7 I - - - 5 - I
1 3 -1 -.- - 1I I
U 21 4 " - - -S - I I
5 1 0 24 - - 4 - -- --

4 0 I 2 " " - . . . .. --
31 0 S - - * * S-
1 0 6 .... l
I 0 2 . . . .- -" " -1

eortndred to muneu whole ru/co1l and degree C.

0%
-J



Table CI-206. Length frequency distribution of Atlantic menhaden measured for condition by
station from March through December 1976.

Station

Length (mrm)
41-50
51-60
61-70
71-80
81-90
91-100

101-110
111-120
121-130
131-140
141 -150
151-160
161-170
171-180
182-190
191-200
201-210
211-220
221-230
231-240
241-250
251-260
261-270
271-280
281-290
291-300
301-310

Oyster Creek
26 15 29 30 50

- - -6 -

- - - 15

- - 44 16 -

- 13 2 1

- 10 11
- 14 28

2 1 - 27 11
- - - 20 3

- - - 4 1

- - 21 -

2 1 - -

8 2 -1 1
11 1 -. 1

13 3 - - -

10 3 - - -

10 4 - 1 2

19 8 - 2 -

21 4 - 1 1

17 2 - - 3

10 3 - - 6

22 3 - - 3

19 3 - - 5
13 1 - - 2

6 - - - 1*
1 - - 1

Forked River

45 46

2
- 1

2

12 6

11 5

1 30
- 23

- 6

- 2
- 1

-1

1 4
- I
1.1

I I

341-350 2

C1-668



Table (1-207. Lenglh bequency dblbudoe of Aclzt menhaden rnewuted fw cidm•ldoA at "tAca0 26. OCGS condenser dhchmge. korm M'ch 1976 bvough Much 1977.

1978 1971
Mareb AprfI May& foembeg Demmober lanuu'y February MArch

Length i(m) 29 22 4 8 6 5 11 9

*19101-110 12 19l 111-120 - 0 11 13
(01 121-130 .*
I1[O 131-140- -

141-150

131-160
181-170 1
171-180 I RD

161-190 6 $ -

191-200 - 2 2 * 2
201-210. 7 7 3 -

211-120 4 1- 5 4
221-230 - 3 4 12 6 1
23T1-240 -3 4 is 8 16
241-250 ! - 44
251-260 1 1 5 2 1 4 -

261-270 4 1 11 5 1
211-290 9 2 3 1 - -

291-290 S 3 4 1 - 1
291-300 1 • 1 1
301-310

341-350 2-

a A total of 12 *ue taken an 5 dates forn 26 Jlune dtrougl 23 September SM were not IaICUJ O 1 a alyBe.



Tahhe CI-0B. Lengt frequency dt,•uborl of bay .cbhoavy measured far conditon by tatd from March trough Novmber 1976.

March - May lJue - August Forktediba - toquemb.
Oymer Ceck Fermm) Rive O1'3t 50eek Forked Rve3r Q4o35r Crack Faked Rivre

neditd(amm 15 50 30 28 29 6 45 442 4 15 50 302 29 a 45 48 47 15 so 30 a 45 45 47

21-25
W6-30-- 2 - - 3 6 - -

31-3l , 1 21 1 1

36-40-- , -I '1 'D• IS 39 18 I 1 9 2
41-45 4 4 2 1 $ 5 4 1 1 10 21 1 28 4. - 7 2 5
46-00 0 6 10 231 11 6 25 1 2 6 10 2 1I 5 11 1 2
1l-55 8 10 23 1 3 16 40 16 32 29 1 1 1 26 15 - 3 2 1 1 23 2
56-60 16 1 7 21 2 3 21 "4 1i 7 30 3 36 1 5 6 30 19 4 I 2 6
61-65 31 23 16 4 2 29 32 10 a 26 12 S 1 3 2 14 32 16 1 3
66-70 19 11 14 3 2 4 10 5 9 a 4 2 2 6 3 7 26 21 - 3
71-75 1i 11 2 - 2 1 4 1 5 5 4 1 2 2 16 - 1
76-60 9 6 2. 3 - 1 2 I 2 - 1 1 10 5 3 - 6
1o-65 0 13 2 1 4- -- 1 2 - I

86-90 - 2 -1 - - ---
91-91 - *I-

I

0..



I-

-.1.
'-a

Table CI-209. Obsmrl-onA Of collection, of dead or isressed specimenr in Oysute Creek and Forked vea. New Ferrerny from Much 1916 dt•rOh August 19117.

Laoeaion OC OC OC OC OC OC OC
Statin 28 119 116 is so
Otte 21 Aptil 76 ti AprI!l April 6 Aprail 76 " April 76 1Aprilt76 1April 76
112.1 1010 1048 1143 1150 1217 1240 1136
Ale Tetnpassa 1• 26.0 18.0 11.0 12.0 11.0 11.0 10.0
Water Temperature. moface 11.0 95.0 I0.21 27.2 117. 2 '11.2

bottern $11.2 17.6 17.6 239.0 12.9
Salinity. ,nrface .17.0 21.5 10.0 10.0 10.0 0.@0 20.0

bottom 0.6 80.0 20.0 120.0 20.0
Oxymet. srface 7.0 a". 6.8 1.0 7.0 S.15 5 .4

bottom - 0.9 6.9 6.8 5.4 4.2
pH. e. ace of7,1 7.? 7.7

bottom 7.6 7.7 7.7
arevOcrla iyraT8flna - - - I
Andchor mltrhtill 2
Umphycis reliu I
MuaiI cuiemn I
Cancc i,'1' IT'Of ttU -|

Calltnectea sapidu. I m_ t. - •

Remarks: OCser-ed ded Observed dead Deed and decom- Dead and decaom- Dead and deonm- Observed dead on Dead; In tWrlv
Mn •*ach on beach VAd psing;: in natse posing: In aul'a poring; In a.1 botch; tp'onnbiy many

in .tlet dead fish on tulface-

marny gO1t obtessed
reeding



I
oH
0',

Table C1-o0O. (Cnt.)

LocaUiOn OC OC Ot at at at at
Slslto.n 30 15 30 3'1 IS 26 30

Data 22 April 16 4 May 76 92 lNate '6 12 Auotgut 16 13 August 76 6 De-ember 76 7 Dneneba TO
Iur, 2347 1340 1240 2957 900 950 948
Air Temnpersture 20.0 - 29.0 26.0 29.0 •. • 11.0
Water Tempeatumre. surface 23.2 14.6 32.7 31.0 30.0 10.0 9.0

banorn 22.2 19.0 - 29.8 30.0 5.0 1.6
Salinity s•rface 20.0 90. 24.6 22.0 23.5 2.2 22. 0

bottom 20.0 20.0 - 22.0 22.0 29.5 92.0
Otygen. nrfaem 5,.4 7.0 8.9 0.7 6.9 12.0 8.0

bottom 6.2 7.0 5.6 6.1 12. 9 .6.
pit. mt~ace - 7.9 1.4 7.- 7.4 8.1

bottom - 7.8 '1.98 1.3 9.2
Anguilla rnosata -
Me~t.on t*X~t~lIS " . 2

rteopus rlcrou-.1o -

P redopl.mtoet imctt lcanot -"- - - 2
LItmulu. polyphemutt 3 •
Callineclt, gap id.. - teneta | 2 "

Remarks: Dead. .n rol Plant sIhu down Dead; tn trwl Dead; in trawl Observed dead Dead with on- Deed and doomtp,.n:
this A. M.. mobility a beach den.. tub, mnart: .In toan
or blue .ttab greatly In tawl
reduced



(-J

LI

Table (1-201. (MnL1

L-iedon Oc OC OC OC OC OC OC
Sts don is 26 so 27 so 20 26
Date 7 DecemberIs 70 5 fanuary 77 11 JIauary 77 11 February 77 11 Pebruary 77 1 Ulo 77 18 July 77
Hour 1101 502 1300 900 1200 030. 1021
Ak Telmperamrne 9.0 -1.0 12.0 0.0 21.0 29.6
WaIr Tempnzanx. Rfece 0.0 3.6 1.0 6.8 7.3 20.0 28.6

bottom 0.2 8.1 7.1 7.2 26.6
wintrly. Irlface 22.0 25.0 25.0 24.0 11.0 24,0

. bottom 21.5 25.0 25.0 24.0 - 24.0
OxyT*M. eurhfec 8.5 11.4 14.4 0.4 7.1 4.0

bottom 0.0 10.6 12.0 9.0 - 4.1
pH. surface 8.0 7.8 L .0 8.1 0.1

bottom 8.0 7.8 8.1 0.1 8.1
NkeveenlJ& ryeanall

AnckhO mlrchklM many)

Mujonuhl smesricarts ---
PO;'ls toms UIDlit acrtx

Cynaclton regalla

Seophthalmtr squire
pýe.udopleuroneeues amnericean-
Catl~nect ee naypi- - I aseveral
Remarim: Dead anu decoa- Dead (2 with Deud aldult Dead and Dead an decem- Obkeaned dead Deed and partalUy

pmoeft It trawl eorveuel tube (2.4 kg) found partially eaten; porlng: in trawl on beach eaten; in tawl
arld oubrrvd along marks): Lna traw en akh to tralwl
there



Table CI-20. (cont.)

Location
Station
Date
Hour
Air Temperature
Water Temperature,

Salinity, surface
bottom

Oxygen. surface
bottom

surface
bottom

FR
6

19 :uly 77
1107

31.0
30.0
30.5
26.5
26.5

6.2
5.8

OC
26

15 August 77
852
28.0
34.1
32.3
25.0
26.0

5.9
5.8

p=a
I

O•
•.j

pH. surface 8.1 7.7
bottom 8.1 7.7

Brevoortia tyrannus
Anchoa mirchllU
Morone americana 1 -

Pomatomus saltatrix - 11
Cynoscion regalls
Scophthalmus aquosus
Pseudopleuronectes americanus
Callinectes sapidus 1
Remarks: Dead and decom- Dead and

posing; in gill net decomposing;

in gill net



Table CI-210. Summary of heat shock studies for fishes and macroinvertebrates during a period of
rising ambient water temperature from February through August 1977. Only studies which
produced a LT5 0 are listed.

Experimental
Temperature (C) Mortality Mean

Date Acclimation Shocka Delta T C Percent Time (h)' LT50 (C) Length (mm)

-J1

27 April

25 July

28 July
19 August

18 April

15.0
15.0
15.0

20.0
20.0
20.0
19.0
25.0
25.0
25.0

14.0
14.0
14.0

26.0
29.2
32.0

29.2
31.9
34.9
38.7
33.0
36.0
38.0

25.9
29.0
31.0

11.0
14.2
17.0

9.2
11.9
14.9
19.7

8.0
11.0
13.0

Sand Shrimp
0.0

100.0
100.0

Blue crab
1 2 . 5 c
10.0

0.0
100.0

3 3 . 3 c
20.0

100.0

48.0
48.0

0.5

48.0
48.0
48.0

2.0
48.0
48.0
24.0

48.0
48.0

0.5

27.6

34.9

36.7

29.7

37.2
38.9
37.1

58.1
62.3
59.4
70.9
95.5
69.7

104.3

132.7
132.6
138.4

. Atlantic
11.9
15.0
17.0

menhaden
0.0

20.0
100.0

a
b
C

Mean temperature of all observations.
Time from start of test.
Some experimental mortality due to cannabalism, data not used to determine LT5o.



Table Cl-210. (cont.)

Experimental
Temperature (C) Mortality Mean

Date Acclimation Shocka Delta T C Percent Time (h)b LT50 (C) Length (mm)

11 July

2 August

I 2 May

24 May

11 August

20.0
20.0
20.0
24.0
24.0
24.0

10.0
10.0
10.0
16.0
16.0
16.0
25.0
25.0
25.0

10.0
10.0
10.0
15.0
15.0
15.0
21.0
21.0
21.0

26.2
29.0
31.5
29.0
31.1
33.0

18.0
21.0
23.9
26.0
28.9
32.0
29.0
31.1
33.9

20.9
23.9
27.0
26.0
28.9
32.0
28.1
29.4
31.9

Atlantic menhaden (cont.)
6.2 0.0
9.0 33.3

11.55 100.0
5.0 0.0
7.1 20.0
9.0 80.0

8.0
11.0
13.9
10.0
12.9
16.0
4.0
6.1
8.9

Bay anchovy
17.6

9.5
50.0
26.3
90.5
100.0

20.0
25.0

100.0

48.0
48.0
24.0
48.0
48.0
48.0

48.0
48.0
48.0
48.0
48.0

0.3
48.0
48.0
24.0

48.0
48.0

3.0
48.0
48.0

2.0
48.0
48.0
48.0

29.6

32.0

23.9

27.1

32.0

65.8
65.6
66.9
86.2
77.7
78.7

54.0
51.4
53.0
57.6
53.4
58.2
22.6
23.0
22.5

27.0
26.5
26.5
97.2

100.7
91.8
78.6
91.6
87.2

16 March

19 May

17 July

Atlantic
10.9
13.9
17.0
11.0
13.9
17.0

7.1
8.3

10.9

silverside
0.0

37.5
100.0

12.5
30.0

100.0
40.0
10.0
90.0

24.5

29.8

28.9



Table C1-210. (cont.)

Experimental
Temperature (C) Mortality Mean

Date Acclimation Shock' Delta T C Percent Time (h)b LT50 (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 31.7 11.7 100.0 0.5 40.6



Table CI-211. Summary of cold shock studies of fishes during a period of rising ambient WatCts
temperature from February through August 1977. Only studies which produced a
LT50 are listed.

Experimental

Temperature (C) Mortality
Date Acclimation Shocka Delta T C Percent Time (h)b LT5O (C) Length (mm)

18 April

5 July

14.0
14.0
20.0
20.0

10.0
10.0

9.2
5.3

13.0
9.2

7.2
4.6

Atlantic. menhaden
-4.8 10.0
-8.7 100.0
-7.0 0.0

-12.8 100.0

96.0
28.0
96.0
48.0

96.0
24.0

7.5

11.1

6.4

132.3
130.2

64.3
62.8

53.8
54.5

01
I-

00

2 May -2.9
-5.4

Bay anchovy
29.4

100.0

a.
b.

Mean temperature of all observations.
Time from start of test.



Table CI-212.The effects of sudden temperature increases at rising ambient water temperature on sand shrimp from February 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 UP CONT TDM(hre) EXPER hENTAL
LENGTH (m) SALINITY TEMP Tz TEMP I ORG FRH START 0 W ITH PERCENT

DATE MIN MAX (Opt) (C) (C) (C) TESTED OF TEST ALIVE DEAD L.O.E.a MRT

29 Mar 77 20.2 38.2 29.0 5 5.6 16.6 11 0.0 it- -
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 5.6 19.1 11 0.0 10 - - -

, 24.0 9 1 0 10.0
32.0 8 2 0 20.0

4 68.0 7 3 0 30.0
0•cy,j

29 Mar 77 23.9 44.9 29.0 5 5.6 22.0 11 0.0 10 - - -
48.0 9 1 0 10.0

i 1Apt 77 40.1 57.6 29.0 10 10.2 18.1 10 0.0 10 - - -

24.0 9 1 0 10.0
48.0 8 2 0 20.0

11 Apr 77 45.4 60.2 29.0 10 10.2 21.6 10 0.0 10 - - -

48.0 10 0 0 0.0

II Apr 77 41.0 58.6 29.0 10 10.2 24.6 10 0.0 10 - - -

6.0 9 1 0 10.0

48.0 9 1 0 10.0

27 Apr 71 33.1 42.1 29.4 15 16.9 26.0 10 0.0 10 - - -

48.0 10 0 0 0.0

0. Loss of equiltbrium.



Table CI-212. (coPt.)

RANGE ACCI. CONT EXP CONT TrME(hre) XP ERIMEMTAL
LENTH (rm) SALINITY TEMP TEMP TEMP I ORG FP, START # I VT"H PERCENT

DATE MIN MAX (ppt) (C) (C) (C) TESTED OF TEST ALIVE DEAD L.O.E. MORT

27 Apr 77 34.6 46.0 29.4 15 14.9 29.2 10 0.0 11 -
3.0 9 2 0 18.2
4.0 6 5 0 45.5
6.0 5 6 0 54.5

26.0 1 tO 0 90.9
0,. 48.0 0 11 0 100.0

27 Apr 77 33.5 42.2 28.5 15 14.9 32.0 10 0.0 10 - - -

O7 0.0 10 0 2 0.0
00 0.1 3 7 2 70.0
o 0.3 2 8 2 90.0

0.4 1 9 1 90.0
0.5 0 1i) - 100.0



TAble Cl-21]. The effecta of sudden temperature increases aý rising ambient water temperature on blue crab from February throufh AuRunt
1977. Times listed -pre at signilicant events although they m.v reflect a susnation of events from one time period to another.

RANGE ACCL CONT EXP CONT TL.E(hrs) EXPERIMENTAL
LENGTT faa) SALINITY TEMP TEMP TEPP * ORG FRK START W. H . I WTh PERCENT

DATE Him MAX (ppRO (C) AC) (C) TESTED OF TEST ALIVE DEAD L.O.E.8 MORT

28 Jul 77 56.3 80.7 31.0 .19 20.0 38.7 10 0.0 10

0.0 10 0
0.8 6 4
0.9 4 6
1.3 1 9
2.0 0 10

10
4
3
I

0.0
40.0
60.0
90.0

100.0

1
(71
00

25 Jul 77 42.3 73.2 31.2 20 19.9 29.2 11 0.0
32.0
48.0

25 Jul 77 46.0 76.0 31.0 20 19.9 31.9 11 0.0
48.0

25 Jut 77 48.3 75.2 31.0 20 19.9 34.9 11 0.0
48.0

19 Aug 77 67.7 121.0 32.0 25 24.9 33.0 9 0.0
24.0
48.0

8
0 12.5
0 . 12.5

0 10.0
10 -

9 1

10 - - -
10 0 0 0.0

9
8
6

3

2
2

0
0

0
0

19 Aug 77 55.0 84.2 23.0 25 24.9 36.0

19 Aug 77 78.6 133.4 32.0 25 24.9 38.0

0.0 10
1.0 9
6.0 8

48.0 8

0.0 9
0.2 9
4.0 9
6.0 7
8.0 7

24.0 0

11.1

33.3

10.0
20.0
20.0

0.0
0.0

22.2
22.2

100.0

0
0
2
2
9 0

a. Loss of equilibrium



r 1-214. The effectS of Rudden temperature Increagpq at rising ambient water temperature on Atlantic menhaden fromFebruary through August 1977. Tlmes listed were at significant events although they may reflect a suimm ton of events
from one time period to another.

RA NAC. E
LUlETl (emm) SALTNMT

DATlE MIN4 . MA ( )

ACCL CONT EXP CONT TIt (hrm)
TEMP TEKP TEM? ORG PPM START
(C) (r) (C) TESTET OF TEST

EXPERIMENTAL7 P. .PERCENT
MOR T

mn RT

9 Kar 77 102.4 181.6 25.8

I

00

10 1010 20.9 10 0.0
0.2
3.0
6.0

24.0
48.0

10 10.0 23.8 10 0.0
0.1
2.0
3.0

24.0
4S.0

9 x¶.-r 77 IO.4 12B.8 25.8

9
9
8

7
4
4

10
10
9

6

10
10
3

2
1
0

0
1
2

5

0
1
2

0

9

10

2
0
0

0

0

0
1

6
0

00

0.0
11.1
22.2
55.6
55.6

0.0
10.0
20. 0
40.0
50.0

0.0
70.0
80.0
90.0

100.0

9 Mar 77 114.4 14L.2 25.8 10 10.0 26.9 10 0.0
0. !.
1.0
3.0
4.0

24.0

2 M.ir 77 116.8 137.5 25.8 12 12.0 19.9 10 0.0
0.1

48.0

9
9
9

01 0.0
0 0 0.0

1-9" l'4.9 :5.9 12 12.0 22.9 i0 0.0
0.1

24.0
48.0

1010
10
1*0

0
0
0 0

0.0
0.0
0.0

3. Los. of equllibrium.



TAble CI-214. (cont.)

RANJGE ACCL CONT UXP CONT TrME(hro)
LE?9WTH (m) SALINITY MW~0 Me~0 T~le f 080 7821 START

MTN MAX (nrnr) .(C) (C) (C) TESTED OF TEST

EXPERD]rENTAL
* I I wI tH PERCENT

ALTVE DFAD L.O.E. MORT "flATI
DATE

2 .M4r 77 99.0 139.0 26.0 12 12.0 25.8 10 0.0 10
0.0 10
0.7 9
2.0 7

48.0 7

0

3
3

10
2
0
0

0.0
10.0

30.0

I

LA)

L8 Apt 77 176.6 1 .1.6

18 Apr 77 119.6 142.1

27.2 14 14.2 25.9 10 0.0 9 - - -
48.0 9 0 0 0.0

27.2 14 14.2 29.0 10 0.0 10
0.1 10
1.5
8.0

49.0

9
8
8

0
1

2
2

6
10

0
0
0

10

4
0

0.0
10.0
20.0
20.0

0.0
60.0

100.0

18 Apt 77 121.5 154.5 26.5 14 14.2 31.0 10 0.0 10
0.1 10
0.3 4
0.5 0

11 Jul 77 59.4 74.2 30.1 20 20.0 26.2 19 0.0
48.0

20 - -
20 0 0 0.0

11 iul 77 59.6 70.2 30.1 20 20.0 29.0 19 0.0
0.8
3.0
6.0

24.0
48.0

18
17
16
15
12
12

I

2
3
6
6

0
0
0
0
(0

5.6
11.1

16.7
33.3
33.3



RANG E ACCL CaNT EX?' CONT T I ME(h r) EXPERT16ENTAL

LF'NrT1I (m,) qALrNmT T82P " 4 TEMP TFY ORC FRJ4 STA.RT IF I WI wT PE.RCENT
tSATF 1618 MAX (rpt) (C) (C) (C) TESTED OF TEST ALIVE DFAO L.0.E. MO'RT

11 Jul 71 57.4 75.6 29.8 20 20.0 31.5 19 0.0 20
0.4 19
2.0 14
3.0 10
4.0 5

24.0 0

6
10
15
20

0
0
0
0
0

5.0
30.0
50.0
75.0

100.0

ON
4-I

13 Jul 77 118.5 130.8

29 Jun 77 105.2 126.3

30.7 20 20.0 29.0 13 0.0
48.0

13 - - -
13 0 0 0.0

28.8 22 20.0 31.9 21 0.0 20
1.0 19
4.0 17
6.0 12

24.0 5
68.0 4

3
8

15
16

0
0
0
0
0

15.0

40.0
75.n
P). D

2 Aug 77 69.1 93.5 31.0

2 Aug 77 6..8 83.4 31.0

24 25.0 29.0

24 25.0 31.1

5.0

46.00.0
6.0

8.0
1.8. C

9 ---

9 0 0 0.0

10 - -
9 .1 0
a 2 0
8 2 0

2 Au-, 77 71.4 89.0 31.0 24 .25.0 33.0 0.0 10
3.0 6
4.0 4
6.0 2

48.0 2

10.0
20.0
20.0

o0.0
60.0
80.0
90.0

6

8
8

0
0
0
0



Table CI-215. The effects nf suddon temperatttre inrenaes at rising ambient water temperature on bay anchovy from Februa-ry throogh August1977. Times llsted were at signilicant everti although they may reflect a qu-itron of events from one c'le perioo to anotne

RANGE ACCL CONT _X? CONT TIKE(hrs) EXI'ERIMENTAL
LENGTH (mam) SALINITY TERP TEMP TEMP 0 ORG FRM START I W I NTTH PERCENT

DATE KINM MAX (pet) (C) (C) (C) TESTED OF TEST ALIVE DEAD L.o.E.a MORT

2 May 77 44.6 73.8 28.9 10 10.6 18.0 19 0.0 17 -

r.

CIDtLn

2 Kay 77 45.1 56.6 28.4 10 10.6 21.0 19

6.08.0
24.0
48.0

0.0
1.0
2.0
3.0

48.0

2 Kay 77 44.8 58.1 28.2 10 10.6 23.9 19 0.0
1.0
2.0
3.0
6.0

24.0

17
17
14
14

21
21
20
19
19

14
14
13
12
9
7

19
18
15
14

14

21
21
16
10

2

0
3
3

0

1

2
2

0

1
2

5
7

3

0
5

11
14
19

1
0
0

0
0

2I

0

2
0

0

0
0

2
I

0
0

0.0
0.0

11.6
17.6

0.0
4.8
9.5
9.5

0.0
7.1

14.3
35.7
50.0

5.3
15.8
26.3
26.3

0.0
23.8
52.4
66.7
90.5

24 May 
7 7  

44.0 78.9 28.9 16 15.2 26.0 24 0.0
6. c;

24.0
28.0
48.0

24 Miy 77 43.3 64.7 28.9 16 15.2 28.9 24 0.0
0.1
1.0
2.0
3.0

48.0

a. ios of oqtltlriun.



Table CI-215. (cont.)

RAlCE ACCI. CONT a OONr T MO(hr) EXMPERIrDEAL
LEET1 (an) SALINI7TY TEMP TEMP TE I OR rN START I I WITH PERCEPTDATE KIN MAX (ePt) (C) (C) (C) TESTED OF TEST ALIVE DEAD L.O.Z. MRr

26 May 77 62.7 76.5 28.9 16 15.2 32.0 26 0.0
0.1
0.3

11 Aug 77 19.5 29.9 32.0 25 26.9 29.0

00

O'

28 0.0
0.8
26.0
48.0

23
23
0

15
14
13
12

11 Aug 77 18.7 26.8 32.0 25 24.9 31.1 28 0 24
0.3 23
0.4 22
4.0

28.0
48.0

11 Aug 77 19.5 28.1 32.0 25 24.9 33.9 28 0.0
0.1
0.8
1.0
3.0

26.0

0 23 0.0
23 - 100.0

21
20
18

20
19
11
10
5
0

1

2
3

1

2
3
6
6

1

9
10
1i
20

0
0
0

0
0
0
0
0

3

0
0
0
0

6.7
13.3
20.0

4.2
8.3

12.5
16.7
25.0

5.0
45.0
50.0
75.0

100.0



TibLe C1-216. The effects of s-dden temperature increases at rising ambient water temperature on Atlantic silverside from February through
August 1977. Times listed were at significant events slthqugh they may refle,2t a asuiation of events from one time period to

aoother.

RANGE ACCL .ONT EP" CONT TIKE(hrt) EXPERI MFTA.L

LENGTH (-) SALINITY TE? TEMP TEMP I ORG FRM START 0 F WITH PERCENT

nATR HIN MAEX (pptO (C) (C) (C) TESTED OF TEST ALMVE DEAD L.O.E.a MORT

16 Mat 77 83.4 103.4 27.0 to 10.0 20;9

10 10.0 23.916 Mar 77 77.5 101.5 . 26.5

9 0.0
1.0

32.0
48.0

9 0.0
1.5
4.0
8.0

24.0
48.0

10
10
10
10

8
7
7
7
5
5

16 KMr 77 68.9 Fl.5 26.5 10 10.0 27.0

00

0.0 10
0.1 10
0.4 6
0.6 5
1.0 4
3.0 0

0
0
0

1

3
3

5

6
10

0
0

0
0a

0
0
0

0

1
0
0

2
1
2
1
0

0
0

2
0
0

0.0
0.0
0.0

12.5
12.5
12.5

37.-5
37.5

0.0
40.0
50.0
60.0

100.0

0.0.
0.0

0.0
0.0
0.0

6 Apr 77 70.2 98.9 29.0 L5 14.9 22.9

16 May 77 87.3 104.3 28.5 15 15.0 23.0

10 0.0
1.0

48.0

9.
0.1
0. i

4R. 0

10
10
10

10
70

10
to

A Apr 77 6;.1 . 15 14.9 26.0 10 0.0 i
1.0 10

4R.0 10
0 0 0.0
' 0 0.0

a. Loss of equilibrium.



Table CL-216. (cont.)

RANGE
LENGTH (m)

DATE HIN KAX

19 Kay 77 83.9 101.9

16 Hay 77 84.1 95.4

EXFERLItENTAI.ACCL CONT UP CONh TDM(hre)
SAUNITY. TIM TEMP TE? ORG FRM START

(ppt) (c) (c) (c) TESTED OF TEST

27.5 15 14.9 26.0 10 0.0
0.3
2.0

48.0

28.5 15 15.0 26.1

CO
O000

6 Apr 77 69.8 84.7 29.0

19 Hay 77 92.4 114.7 27.5

15 14.9 28.9

15 14.9 28.9

9 0.0
0.1

48.0

10 0.0
48.0

10 0.0
0.1
0.2
0.3

48.0

9 0.0
1.0
2.0

48.0

t
ALIVE

8
8

7

7

10
10
10

10
10
9
8
7

10
9

7
7

10
10
5
3
1
0

0
1
I

0
0

2

0

2
3

3
3
3

0
5
7
9

10

DEAD L.0.E.

0
0
0

0
0

2

0
0
0

0
0
0

10
5
3
1

PERCNT
MERT

0.0
12.5
12.5

0.0
0.0

25.0

0.0
10.0
20.0
30.0

10.0
30.0
30.0

0.0
50.0
70.0
90.0

100.0

16 May 77 75.9 99.1 28.5 IS 15.0 29.2

19 Kay 77 82.3 104.7 26.9 15 14.9 32.0 10 0.0
0.1
0.2
0.3
1.0
2.0



Table CI-216. (cont.)

RANGCE ACCL CUN 9" CGMT TIME (hr.) KXPERDIMNTAL
LENGTHI (mi) SALINITY TDIP TEW TEW I RG FRM START # U VImH PERCENT

DATE KIN MAX (yPt) CC) (C) (C) TESTED OF TEST ALMV DEAD L.0.C. M(RT

25 Jun 77 13.7 21.7 29.0

17 Jul 77 68.4 98.9 29.9

2L L9.6 26.0 10 0.0 10
0.2 9

24.0 8
28.0 7
68.0 7

21 19.9 28.1

00(30

9 0.0
4.0
6.0
8.0

24.0
32.0

10
10
9
8
7
6

25 Jun 77 15.0 21.3 29.0 21 19.8 29.2 10 0.0 9
1.0 9
2.0 8

48.0 8

1

2
3
3

0
1
2
3
4

0
1

2

3
3

0
0
0
0

1
0
0
0

0
0

0

0
0
0
0

10.0
20.0
30.0
30.0

0.0
10.0
20.0
30.0
40.0

0.0
11.1
11.1

10.0
10.0

10.0
20.0
30.0
30.0

17 Jul 77 57.6 108.8 30.0 21 19.9 29.4 9 0.0
28.0
48.0

25 Jun 77 14.6 19.2 29.0 21 19.8 30.3 10 0.0
1.0
2.0

32.0
68.0

10
9
9

10
9
8
7
7



Table C1.216. (cant.)

RAIIG ACM? cwarT U CONT TIME(hy a) EXPER)CWTAL
Law=~ (m) SALINIT TEMP TOWP Tff f Oitc FRX START I VI1TO P3ERIMDATE I Hi A1 (DPI) (C) (C) (C) TESTED 0F TEST ALMV DEAD L.O.Z. HOR!

17 Jul 77 54.7 102.1 29.8

29 Jun 77 14.4 23.4 28.8

29 Jun 77 14.4 29.5 28.8

21 19.9 31.9

22 19.9 26.0

9 0.0
1.0
3.0
6.0

24.0
48.0

10 0.0
2.0
6.0
6.0

48.0

10
9.

3
1

10
9
a
7
6

10
9
7
7

1

2
2
7
9

I

2
3

3
3

3
6

0

01

0
0

0
0

0
0

0

0
0

0

0

10.0
20.0
20.0
70.0
90.0

10.0
20.0
30.0
40.0

10.0
30.0
30.0

11.1
33.3
66.7

0
%D
a

22 19.9 26.9 10 0.0
6.0

24.0
48.0

29 Jun 77 16.5 22.5

8 Aug 77 35.9 64.4

8 Aug 77 33.1 62.7

22 19.9 32.1 10 0.0 9
8.0 8

24.0 6
48.0 3

31.0 25 25.0 29.0

31.0 25 25.0 32.0

20 0.0 17 - -
48.0 17 0 0 0.0

20 0.0
6.0
24.0
48.0

a Aug 77 A0.1 61.4 31.0 25 25.0 35.0 20 0.0
0.5
2.0
3.0
4.0
8.0

20
19
17
17

22
21
15
12
a
0

I
3
3

14
7

10
14
22

0
0
0

0
0
1
I

3.0
15.0
15.0

4.5

31.8
45.5

63.6
100.0



Table CI-217. The effects of sudden temperature increases at rising ambient vater temperature on northern pipefish from February throughAugust 1977. Times listed vere at significant events although they may reflect a summation of events from one time periodto another.

RACE ACCL CONT UP CONT TIME(hre) EXPERDI.NTAL
LEZ"M (M) SALINITY TEMP TEMP TEMP f ORC FIN START #I WITH PEEClrDATE MIN NAX (pP) . (C) (C) (C) TESTED OF TEST ALIVE DEAD L.O.g.a MORT

•0

10 May 77 137.0 210.5

10 Kay 77 114.5 215.0

10 Kay 77 152.0 191.5

27 Jul 77 116.0 216.0

27 Jul 77 121.0 202.0

29.4

29.4

15 15.0 23.0 10 0.0
0.1

48.0

15 15.0 26.1 1o 0.0
0.1

48.0

29.4 15 15.0 29.1 10 0.0
0.1
0.3

48.0

31.5 19 20.0 29.0 10 0.0
0.2
0.5

48.0

31.5 19 20.0 32.0 10 0.0
0.3
0.4

24.0
28.0
48.0

10
10
10

10
10
10

10
10
10
10

10
10
9
8

10
9
a
6

4

0
0

0
0
0

0
1
2

2
4
6
8

0
0

1

0

0
0

0
0
2
0
2

0 0 0.0
0 0 0.0

0.0
0.0

0.0
0.0
0.0

0.0
10.0
20.0

10. 0
20.0
40.0
60.0
80.0

0.0
55.6
66.7
88.9

100.0

27 Jul 77 125.0 239.0 31.5 19 20.0 35.0 10 0.0 9 -
0.0 9 0
0.1 4 5
0.2 3 6
0.8 1 8
1.0 0 9

7
3
2
1
0

a. Loss of equilibrium.



T.th. C1-218. The effects of sudden temperature increasen at risloR ambient water temperature on bluefish from February through August
1977. Times tlited were At sgRnificant events aitltogh they may reflect a summation of eventn from one time period to another.

0
C")

NO3

RANGP. ACCL CONT EXV CONE TIM? (hra)
LEMII (m) SALINITY TEMP TEIP TV• I ORG FRM START

DATE KIN MAX (ppt) (C) (C) (C) TESTED OF TEST

30 Jul 77 91.3 133.6 30.0 20 19.9 27.9 10 0.0
48.0

30 Jul 77 97.5 138.3 30.0 20 19.9 30.0 10 0.0
48.0

21 Jul 77 79.7 100.6 30.8 21 19.9 26.4 5 0.0
48.0

21 Jul 77 79.8 110.l 30.8 21 19.9 32.0 5 0.0

0.4

0.6
2.0
3.0

48.0

25 AuR 77 116.0 166.0 30.4 25 24.8 31.0 i0 0.0
1.0
1.5
6.0
8.0

24.0

18 Aug 77 106.2 148.3 32.5 25 24.6 32.7 10 0.0
1.3
4.0

6.0
8.0

24.0

I
ALIVE

9
9

9
9

5
5

4

3
2

1
0

10
10

7

6

10
9
7
5
2
0

EXFERIMENTAL

DEAD L.O.E.a

0 0

0 0

0 0

1 0
2 0
3 0
4 0
5 0

0 1
I 1
2 2
1 2
4 2

1 0
3 0
5 1
8 0

10 0

PERCENT
MORT

0.0

0.0

0.0

20.0
40.0
60.0
80.0

100.0

0.0
10.0
20.0
30.0
40.0

10.0
30.0
50.0
80.0

100.0

a. Loss of .. 1u~Libriuro.



T.,blc 1:1-219. The effects of sudden temperature increases at rtisng ambient water temperature on winter flounder from February through
August 1977. Ti oeq listed were at significant ev-nrt although they may reflect a summnation of events from one time period
to another.

RANGE
DATE T11 (-)

DATE MTHI MAX

ACCL CONT EXP CONT TI1'E.(hrs)
SALINITY TEMP TE4P TEMrP I ORG FRM START

(n.,) (C) (C) (C) TESTED OF TEST

APIVKLP.O .TAL

ALIVE DEAD L.O.E.a
PERCENT

MORT

24 Mar 77 91.2 145.7 28.0 5.1 21.4 10 0.0
24.0
48.0

10
8 2 0 20.0

2 0 20.0

24 MKr 77 78.2 158.5 27.5 5.1 24.9 10 0.0 10
0.2 9
2.0 5
3.0 6
4.0 0

i

6
10

0

0
0

10.0
50.0
60.0

100.0
I

24 MXar 77 73.7 146.0 27.5

21 M..r 77 83.8 149.0 27.5

5 5.1 27.9 10 0.0
0.1
0.2

6 5.3 16.0 10 0.0
1.0

48.0

6 5.3 19.0 10 0.0
1.0

48.0

6 5.3 22.0 10 0.0
1.0

24.0
48.0

10
10

0

11
11it

to
10
10

i0

1010

21 XLir 77 44.6 127.7 27.5

0
0

0
0

0
3
3

0
0

0
0

0 6 0.0
10 0 100.0

0.0
0.0

0.0
0.0

0.0
30.0
30.0

21 Mar 77 93.5 155.8 27.5
0
0
0

a. Le!;g o( ,'qul'lihrtu:=.



T,,bl e C1-21). (o• .

RANGE ACCL CONYT EXP CONT TIME(hrs) EXPERTUIENTAL
LENGTH (m) SALINITY TE]P TE2IP TEMP I ORC FRM START 0 I IW ITH PERCENTDATE MIN MAX (ppr) (C) (C) (C) TESTED OF TEST ALIVE DEAD L.O.E. " ORT

25 Apr 77 103.7 181.0 28.9 15 15.0 25.9 10 0.0 10 - -
48.0 10 0 0 0.0

25 Apr 77 110.4 141.4 29.0 15 15.0 28.9 10 0.0 10 - -
1.0 6 4 1 40.0
2.0 1 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 - - -C 
0.1 0 10 0 10o.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
32.0 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 19 - -

24.0 17 1 0 5.6
48. 16 2 0 11.1

16 Jun 77 13.3 54.1 32.5 20 20.0 28.2 15 0.0 20 - - -
.6.0 19 1 0 5.0
24.0 0 20 0 10o.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 3 10 0 100.0



Table C1-219. (cont.)

RANGE ACCL CONT EXP CONT TI-4E(hrs) EXPERIMENTAL

LENGTH (mnn) SALINITY TEMP TEMP TKP * ORG FRM START I V ITH PERCENT

DATE MIN MAX (p~t) (C) (C) (C) TESTED OF TEST ALIVE DEAD L.O.E. MORT

16 Jun 77 29.6 50.3 32.5 20 20.0 31.7

12 Jun 77 32.0 48.4 32.3 20 20.0 32.0

15 0.0
0.1
0.2
0.3
0.4
0.5

10 0.0
0.1
0.3
0.3
0.4.

20
20
19
3
1
0

10
10
6
3
0

0

19
19

20

0
4
7

10

4
10

0

2
4

0

0.0
5.0

85.0
95.0

100.0

0.0
40.0
70.0

100.0

Un

AJ1



Table r.-220. The effects of sudden temperature decreases at riing ambient water tewp.rarure on sand shrimp from February throth Auguot
1977. Times listed were at significaot eveats although they may reflect a suýwation of events ftom one time period to another.

RAN.E ACCL COW? EXP CONT TrNE (hra) EXPERIMENTAL
LEtGTIl (rne) SALINITT TEMP TD- TE"' ORG FRM START I I I WIW" PERCENT

DATE MTN MAX (ppt) (C) (C) (C) T.STED OF TEST ALIVE nyAD L.O, .,a MORT

28 Mar 77 18.8 42.0 24.2 5 5.5 1.5 11 0.0 11 -
0.0 11 0 0 0.0

48.0 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

a' 96.0 10 0 0.0

a'

a. t.o•s of; eauillirium



T.able CI-221. The effects of sudden temperature decreaseo at rtsing ambienctwater temperature on Atlantic menhaden from Feburary throuighAugust 1977. Times listed were of significant events although they may reflect a summArion of events from one tioe periodto another.

RANGE ACCL CONT E"P CONT TIME(hra) EXPERIMENT'AL
LENGTH (-a) SALINITT TVMP TE[P TEMP 0 ORG FRH START I I I 'ITH PERCENT

DATE HIM MAX (ppr) (C) (C) (C) TESTED OF TEST ALIVE DEAD L.O.E.
8

MORT

9 Mar 77 115.5 143.5 24.0 10 10.0 3.9 10 0.0
0.1
3.0

24.0
32.0

0I

-.j

18 Apr 77 125.5 141.2 23.6

18 Apr 77 118.6 140.7 24.0

14 14.2 9.2 10 0.0
72.0
76.0
96.0

14 14.2 5.3 10 0.0
0.1
2.0
4.0

2'.0
28.o

10
10
9

0
0

10
10

9
9

10

10

0

0
1
9

10

0
1

0
0
0
9

10

7

6
1
0

1

0

8
6
4

0.0
10.0
90.0

100.0

0.0
10.0
10.0

0.0
0.0

.0.0
90.0

100.0

5 Jul77 57.0 76.4 22.7 20 20.0 13.0 20 0.0
96.0

5 Jul 77 55.5 77.0 22.8 20 20.0 9.2 20 0.0
8.0

24.0
28.0
32.0
48.0

2() - - -
20 0 0 0.0

20
20
14
10
8
0

0
6

10
12
20

4

0

0.0
30.0

50.0
60.0

100.0

a. Loss of eq,,lltbrtuo



r.ible .1-222. The effects of sudden t~eperature decreases at rising ambient water temperature on bay anchovy from February through August
1977. TLmes listed were of signiftcant events although they may reflect a sumnmation of events from on:e time period to another.

RANGCE ACCL CONT EXP CONT TU4E(hra) EXPERIMEN4TAL
LENGTH (mm) SALINITY TEMP TZ" TEMP I ORG P'K START 0 WITH PERCENT

DATE KIN KX (ppt) (C) (C) (C) TESTE OF TEST ALIVE DEAD L.O.E.a MORT

2 Kay 77 46.9 58.8 23.6 10 10.3 7.2 19 0.0
8.0

28.0
32.0
48.0
96,0

17
17
17
17
12
12

0
0
0
5
S

0",

2 May 77 48.5 67.0 23.5 10 10.3 4.6 19 0.0 14
1.0 14
3.0 14
4.0 13
6.0 9

24.0 0

0
0
I

5
14

0
1
1

1
3
3
3

0

7
7
9
9
0

1
0
1

6 Jun 77 45.2 62.3 23.2 14 14.9 13.1 23 0.0
3.0

24.0
96,0

6 Jun 77 44.0 72.0 23.2 14 14.9 10.0 23 0.0
2.0
8.0

24.0
76.0
q6.0

14

13

13

19
19
18
16
i4
14

20
20
19
19

0.0
0.0
0.0

29.6
29.4

0.0
0.0
7.1

35.7
100.0

0.0
7.1
1.1

0.0
5.3

15.8
26.3
26.3

0.0
5.0
5.0

0

1
3
5
5

0

1

3
0

0
0

31 May 77 46.8 73.1 23.0 15 15.1 12.4 21 0D0
6.0

28.0
72,0

a. Loss of equilibri,i•.



Table C1-222. (cont.)

RAKCE ACCL CONT EV CONT TDIM(hro) EERIHENTAL
LEMM (M) SALINITY Tvv TEKP To ORC PIN STIET 0 WITH PERCENT

DATE NI MAX (pt) (C) (C) (C). TSTED OF TEST ALIVE DEAD L.O.E. MORT

31 May 77 45.2 71.9 23.0 1s 15.1 10.5 21 0.0
0.2
8.0

28.0
72.0

22
22
22
20
20

0
24 May 77 44.0 72.0 23.9

24 May 77 43.8 67.8 24.5

16 15.1 9.3 24 .0.0 19
1.0 19
6.0 16

24.0 11
32.0 8
96.0 5

0
0
2
2

0

8
11

0
1
5
5

18

I

2
0

2
2

3
0
0

1
6
4
9

0.0
0.0

9.1
9.1

0.0
15.8
42.1
57.9
73.7

0.0
5.6

27.8
27.8

100.0

16 15.1 6.4 24 0.0
0.2
4.0
6.0
8.0

24.0

18
18
17
13
13

0



Tahle 01-223. The effects of sudden temperature decreases at rising ambient water te-peratuTe on Atlantic stiverside frcm Februorv rhrough
August 1)77. Times listed were at significant events although they nay reflect a su.ation of events from one time period to

another.

RANGE ACCL CONT UP CONT

LENUTlI (-n) SALINITY TE'? TEP TEMP 0 ORC
MTN MAX (nOt) (C) (C) (C) TESTED

TL95E.hrs)
FPR9 START

OF TEST

EXP ER LM•ETAL
# # # ,I T'

AL I VE DFAD L.O.Ea
PERCEnT

HORTDATE

14 Mar 77 66.3 106.4 24.0 10 10.0 6.0 10 0.0 11 - -
0.1 11 0 3
1.0 10 1 9
3.0 9 2 0

28.0 8 3 D
72.0 7 4 0

0.,0

0.0
9.1

18.2
27.3
36.4

0.0
9.1

18.2
27.3
36.4

14 Kor 77 66.5 96.3 24.0 10 10.0 3.1 10 0.0
0.1

21•.0

28.0

96.0

16 Mav 77 76.8 102.L 24.1 15 15.1 11.2 iI 0.0
1-8.0
96.0

16 Mfav 77 1.0 101.7 24.1 15 15.1 7.2 10 0.0
0.1

96.0

11

10
9

9

20
9
9

10
10
:0

10
9
9
9

8

0

2
3
4

11
8

1 00.0
10.0

0 C.0
0 0. 0

18 Jul 77 18.4 3Q., 22.8 21 20.0 16.8 10 0.0
0.8
4.0
9.0

24.0
960

2

1

2

0

0
0

10.0
10.0

20.0

a. L-5s of equillbtum,



r'able CI-223. (co..t.

RANGE ACCL CORY UXP CONY TIME(hre) EJUER1HENTAL
LEW=T~ (m) SALINITY TEMP TEMP TEMP I ORG F'RM START I i WITH PERCENT

MNI MAX (r)Dt) (C) (C) (C) TrSTED OF TEST ALIVE DM~ L.0.E. MORT
DATE

18 Jul 77 17.6 34.1

18 Jul 77 17.1 33.0

22.8 21 20.0 14.1 10 0.0 10 -
1.0 10 0
2.0 9 1
8.0 9 1

24.0 8 2
96.0 8 2

22.8

a
C)

21 20.0 12.7

22 19.9 11.2

10 0.0 11
4.0 10
8.0 9

26.0 8
52.0 8
96.0 8

2

3
3
3

1

0

I

4
3

0

0.0
10.0
10.0
20.0
20.0

9.1
18.2
27.3
27.3
27.3

40.0
50.0
70.0
90.0

100.0

10.0
60.0
70.0
90.0

100.0

29 Jun 77 12.8 26.0 22.8 10 0.0 10 -
3.0 6 4
4.0 5 5
6.0 3 7
8.0. 1 9
24.0 0 10

29 Jun 77 15.2 22.9 22.5 22 19.9 6.3 10 0.0
0.1
1.0
2.0
3.0
4.0

10
9
6
3

1
0

4
7
9

10

5

6
3

0
0



Table CI-721". The effects of squdden temperature decreases at ristig ambient water temperature on northern pipefish from February through
August 1977. Times ltqted were of significant events although they may reflect a summation of events from one time period
to another.

RANGE ACCL CONT EUP CONT TIME(hrs) EXPERIMENTAL

LENGTl (mt) SALIITT TEMP TEMP TEM? I ORG FI START I 0 WITH PERCENT
DATE MN MAX (pp) (C) (C) (C) TESTED OF TEST ALIVE DEAD L.O.E.a MORT

9 M.,v 77 120.0 213.0 23.3 15 15.0 10.9 20 0.0 20 - -
52.0 19 1 0 5.0
96.0 19 1 0 5.0

I-h 9 May 77 108.0 196.0 23.3 15 15.0 7.1 20 0.0 20 - - -
72.0 20 0 1 0.0

96.0 20 0 0 0.0
0

a. Loss of eqiillbri'u.



Table CI-225. The effects of sudden tetperature decreases at rising ambient water temperature on winter flounder from February through
August 1977. Times listed were of significant events although they m&, reflect a sumation of eents from one time period

to another.

RANCE ACCL CONT EP CONT TIME (hrs) EXPERIMENTAL

LENGTH (ms) SALINITY TEMP TEMP TYMP 0 ORG FRM START I I f WITH PERCENT

DATE MIN WAX (ppt) (C) (C) (C) TESTED OF TEST ALIVE DEAD L.O.E.5 MORT

21 Mar 77 9R.6 156.2 23.6 6 5.2 1.0 10 0.0 10
1.0 10

96.0 10

0
I-.

25 Apr 77 96.5 160.2 23.3 15 14.9 1.0 10 0.0 10
1.0 10
3.0 10
8.0 10
24.0 10

96.0 10

0
0

0
0
0
0
0

0
0

to

8
7

0

0.0
0.0

0.0
0.0
0.0
0.0
0.0

25 Jun 77 34.0 17.2 23.0

25 Jun 77 3..0 .7.8 23.0

20 20.0 11.2 20 0.0
96.0

20 20.0 5.7 20 0.0
1.0
2.0
3.0

96.0

16 - - -
16 0 0 0.0

18

18
18
18
18

0
0
0
0

3
2
1
0

0.0
0.0
0.0
0.0

a. Loss of -jultlhrium.



table r-.6. NenfleL f l nd s eW Ith3 em ,rr e In the )iltf CreS ek b Ge rssttln Ntation !Ushxsste u-ua1 -rd I .nnRe . Pay ond -J various ope ,gllm' nes for the Oyt e (seek anal F11 ud Riuer l.en cfla ln6  ,tation.

ason Pse, d tcted lun b loot h 90 Temper,()' Ne efield Temp. (Cl vsnlIe - Temp. (C) . by fot hen

Ab 8 C 2 4.4 3.9 3.3 2.8 2.3 1.7 .I1 0.3 0.6
Non-m•o-er LUST,-O Ian 2.8 16-.8 10.2 10.1 2.1 6.2 6.1 5.6 5.0 4.5 1.9 3.0 3.4

Feb 3.9 11.1 11.3 11.2 11.7 - , 8 7.2 8.7 6.1 S. 6 5.0 4.3 4.5
sl" 6.1 13.9 13.5 13.4 13.4 10.0 9.4 P.9 8.3 7.8 7.2 6.9 0.7

1A.t 11.1 18.9 18.5 18.4 15.4 15.0 14.4 ]3.9 13.3 12.8 12.2 11.9 11.7
Mla 17. 8 25.8 25.2 25.1 25.1 - 21.7 21.1 20.6 20.0 19.5 18.9 18.6 28.4
-Iet 15.5 23.3 22.9 22.8 22.8 - 19.4 15.8 18.3 13.7 17.2 16.8 16.3 16.1
No,, 10.0 11.8 12.4 1?.3 17.3 - 13.9 13.3 12.8 12.2 21.1 11.1 10.9 10.8
Dee 5.0 12.8 12.4 12.3 12.3 - 8.9 8.3 7.8 7.2 6.3 .1. 5.8 5.8

surnmn LMSTO8 One dilutlon pump

lfo 23.11 31.1 30.1 30.8 30.8 - 21.2 26.8 26.1 25.5 25.0 24.4 24.1 23.9
lUl 28.1 34.8 34.1 34.0 34.0 - 30.6 20.0 29.5 28.9 28.4 23.8 27,9 27.3
Aug 26.1 34.5 34.1 34.0 34.0 - 30.6 30.0 129. 28.9 28.4 27.8 23.5 27.3
Sep 22.2 30.2 29.8 29.1 29.7 - 26.1 25.5 25.0 24.4 23.3 23.3 23.0 2^. 8

LMt5O3 T.o dilutioo pump.
fun 23.3 29.8 29.5 29.5 29.4 23.7 27.2 26.6 26.1 25.5 25.0 '4.4 24.1 23.9
slI 16.1 33.2 32.9 32.. 32r.8 31.1 30.6 30.0 29.5 28.9 29. 4 37. 27. S 27.3
A3uI 26.7 33.2 22.9 32.9 .12.8 31.1 30.6 30.0 29.5 28.9 28.4 ý7.8 21.5 27.2
Sep 2 2q. 1 29.4 28.4 :8.3 20r.6 C 27(. 22 1.5 12S.0) 24.4 271.31 23.2 23.0 27. s

-4"

b Fq1elId Ares (A0n'lOom3ne soImhettm
c.r son 11 hNMIrtM

25 '111 2% t 22- 2.T I 1 o 11t t).,

5- c ri " L%'.5T06 'ItOe dlitlon pumnp
fun
I"I

.Aug
,Sp

0.76 1.37 1.98 3.66 . 5.64 10.92 16.15 25.45
-.).16 1.31 1.99 3.60 5.114 I0. R2 16.15 2^.4.5
-0.06 1.37 1.98 3. 6 5.64 10.R 1.;.15 25.45

- 7'. ; 1.3' 1.98 3.66 A. 4 10.5 2 2,.2 . '.5.45

.2i; I . .. 1.1 4.27 3, in 20.:1 14.34 24. S4
4. . .1 7.29l 1i 4.2 5.7 3 10.21 14.-1 ? ?1.2O

". ,2 2.22 3.2 4.24 59 10.22 1 2.24 24'1.0.8

r:ll

up

6A-'n e 
9

1y te,'e~a~te (to lien .1152 '-e, •n. 229"4).
ii sne. L.uius~. 1.l.iril*Ii'.. .h~ i•-le Fu•rnt'ra' (2q772.
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0
,....

T -M, ".-r27. TotlI ntro'os ilr .e)cent of Atlantic t'enhaden collecreol fom' Bamnpgat Bay. Nov leJey by, are. fro Spt-en.bft 196 though August 197t.

NUIMBER
oteoeo O-ohst Nove•ote 1ountmbto Inousry Ftb-uwy March April May June July Auust. Total

Creek Mod - 2 - - - 3
Foked mIvo 74 5 2 - - - 3 l S 100
Oyser Crek 44 19 234 73 20 14 4 39, 36 1. 494
gO2.S S-am. 291 11.161 1 R. 564 2.279 27 125 S18 110 2 - 311 890 35. 020

O•.(Y7$ -,..nmoa Dlor-aSe C l 31 43 114 1,.49 167 - - - 7 - 1. 723
t1otl I. 791 18. $17 2 391 171 1_49"8 149 110 3 42 42.3 906 3", 340

t'ale J[-'-. J,:gOI.J

PFlCEqT

.r:-'o *7:w~ t:~-n :!mrc~tr J anuay reoual-y Ma-c, Almel May luno ulo A0utu"

I.n'h •tto~i,4 - 0. 1

fmkod Ploet 1 . 9.1 * 0.1 --. 2 0.7 0.6

1) .tier Crook 17.4 0.2 1.2 3.0 11.7 1.0 0.5 33.3 99i.9 0.1 1.1

"'C -S noeo l0.4 99.1 1R.6 95.1 21.6 9.4 -7.2 100.0 66.1 89.1 90.2

X'uC ,S C -dtem , v t slum e 1 .? 0.1 0.2 1.9 0 . 7 90.6 22.3 - 0.1

total 7 )0.7 100.1 10.0 101.0 100.0 100.0 1.10.0 17".0 100.0 106.4 100.0 100.0



Table C1-228. Number and percent of Atlantic menhaden in each age class for specimens examined
from September 1976 through August 1977.

Age No. Specimens %

0 1353 78.0

1 78 4.5

2 53 3.3

3 169 9.7

4 60 3.5

5

6

7

13

2

0.7

0.1

0.11

8 1 0.1

Total 1735 100.0

Table C1-229. Number and percent of Atlantic menhaden by sex in each age class for specimens examined

from September 1976 through August 1977.

Number 5_1 Significance
Age Male Female Male Female X2  (P-<-0.05)

0 242 196 55.3 44.7 4.83 M>F

1 37 38- 50.7 49.3 0.03 NS

2 26 32 44.8 55.2 0.62 NS

3 71 98 42.0 58.0 4.31 F> M

4 21 39 35.0 65.0 5.40 F > M

5 9 4 ....

6 1 1

7 1 0

8 0 )

Total 408 409

CI-706



table t1-r:t3. Nitnilc 'r crl8, IMn fenale Atlantic menhaden "aintel. . om eotarneat Bay. New lasey frorn September 1
0

T7 through AuRou 1971.

t-reek Mbbu
'lain• F emal|es taJ

September

Ntemhel

Mt'r t,-IDmelte

Fehb..ry

\1rh

0
-a

0 *o

0 1

0 0

0 0

0 0

0 0

0 0

o 0

o 0

0 0

0 0

0 0
S I

OCGS
X2x Foked Rivet X . Oynlet Creek X

2
. OCGS Seree. X2 Comlenm l Dtnbge X2

at Male. Females ten Mlles Females taet hiles Females st Mal.a Females telt

a 22 4 9 25 35 NS 4 I

* 0 1 2 5 23 S6 *(F>Mk 0 0

4 0 20 25 NS Ss 37 NS 5 22 *I(FM)

0 6 17 12 NS 3 44 MS 13 22 NS

0 0. 2 2 - 10 5 - 20 31 NS

0 0 1 7 - 30 37 NS 25 is NS

0 0 3 3 - 31 40 NS 35 33 NS

0 0 0 0 19 S2 *I(F>k 0 0

- 0 0 0 0 - O. 1 0 t0

2 2 15 20 NS 0 0 • 0 0

0 2 I a 4 2 3 4

1 0 - 3 4 - 17 36 .l!>'2 0 0 -

1.1 1' Gt 95 247 145 113 129

NS " (F kAl * (F > M) n S

Torab X2

39 STi NS

25 3 * (lFtltn

84 64 NS

63 "/9

40 36 NS

56 go NS

69 7" NS

19 52 (F>Nq

0 1

i1 40 *(F>P-n

II(r > t.n

Apetl

%lay

lune

fuly

T,,, .1

aNS - not sltltrllcstt
a - iznlfl,.ni a, r< o.5

F > t ticlrnatlnl mine lernall than male.



Table Cl-231. Summary of comparisons of mean lengths of male and female Atlantic menhaden from

lBarnegat Bay, New Jersey by age class from September 1976 through August 1977.

Standard

Age Number Mean Deviation Results a

0+ Male 243 113.8 13.8 t4 3 7 = 1.04 NS

Female 196 115.2 14.2

1+ Male 31 151.9 28.6 t7 3 = 0.49 NS

Female 38 148.6 29.8

2+ Male 26 217.1 10.1 t5 6 = 1.16 NS
Female 32 211.6 22.5

3+ Male 71 224.2 12.8 t1 6 7 = 3.24

Female 98 231.8 16.5

4+ Male 21 259.1 20.5 t5 8  2.24

Female 39 246.5 20.9

NS = not significant

= achieved significance at P < 0. 05
= achieved significance at P < 0. 01

Cl-708



Table C1-232. Number and mean length of Atlantic menhaden by age examined from Forked River,
Oyster Creek, OCGS traveling screens, and OCGS condenser discharge from September

1976 tlrough August 1 9'77.a

Forked Oyster OCGS OCGS Condenser
Age River Creek Screens Discharge

0+ number 77 246 844 184
mean 111 103 111 108

1+ number - 40 32 -

mean - 132 167

2+ number - 40 13
mean 214 222

3* number •-102 5'7

mean 227 232

4+ number - - 25 26

mean - - 252 254

a means calculated when 10 or more specimens taken in an area.

C1-709



Table C1-233. Lengths of Atlantic menhaden examined from September 1976 through August 1977 as

calculated from annulus measurements.

Number Calculated Lengths Standard Standard 9516 Confidence

Age Examined Min Max Mean Deviation Error Interval

Males

1 165 90 178 126 18.6 1.5 123 129

2 130 141 227 178 17.2 1.5 175 181

3 104 172 255 212 17.3 1.7 209 215

4 32 184 285 247 22.5 4.0 239 255

5 11 233 287 265 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 1.5 175 181

3 143 163 273 213 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 Cl-234. Results of t-tests between calculated mean lengths of male. and female Atlantic menhaden
from September 1976 through August 1977.

I

2

Resultsa

t3 7 9 = 0.52 NS

t3o = 0.00 NS

t245 =0.40 NS

t75= 2.11 (M>F)

3

4

NS = Not Significant at P < .05
* = Significant at P < .05
M >F = Males significantly larger than females.

Cl-710



Table Cl-235. The length-weight relationship of Atlantic menhaden taken
from September 1976 through August 1977.

in Barnegat Bay, New Jersey

Males

Females

Slope

9516 Confidence Interval

Intercept

Number Examined

Slope

95% Confidence Interval

Intercept

Number Examined

Slope

95% Confidence Interval

Intercept

Number Examined

2.9420

0.039

-4.666

505

2. 9998

0. 044

-4.7873

588

3.D437

0.020

-4. 8919

2031

Pooled

C1-711
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Table CI-236. Gonld nondiim of maole aid female Atlantic menhaden anmined fore Sace•mat Bay. Nea ;ismey from Septemnber 1916 through Au•stI 1971.

Gonad Condtlion

Immture Mature Enlaritd Ripe Spent• Total

Age Male Female Male Female Male Female Male Female Mole Female Male Female

0 242 196 -242 196

1 3so Is I - T 38

1 I 9 0 Is 5 S I 2 16 32

3 10 . as S3 i 28 a 2 3 Is 71 g6

4 1 1 2 19 5 I1 t 1 7 21 29
S 6 $ 1 1 - -I - 4

Toltl 301 248 60 90 30 41 10 2 6 23 4017 408

Peceentage of specimens for each goatad condlilon
Gonad Condition

Immature Maitue Enlarged Ripe Spent Tota]

Age Male Female Male Female Mole Female Male Female Male Female Male Female

0 59.5 40.0 5 59. 5 48.0

. ..9 . - 9.1 9.1

2 3.0 2.2 2.0 1.7 1.2 1.2 - 0.2 0.7 0.4 7.-

1 2. 5 0.1 1.9 13.0 4.4 6.9 2.0 0.0 0. T 2.9 17.* 24.0

4 0.2 - 2.9 4.7 1.2 3.2 0. - 0.2 2.7 5.0 9.6

S 1.5 0.7 0.5 0.21 0.2 2.1 0.9
; 0.2 - - - 0.2 0.2 0.2

Total 74.1 60.9 14.7 22.1 7.3 11.2 2. 5 0.5 1.2 5.5 99.9 99. 0

Pecenlake of apeeiment In each S.ond condItIon by age clan

Gonad Condriona
[mmralae Ki.nue Enlarged Ripe eS-nt Tota

Ae Otale -ate Vate Female Mlle Female Mole Female Male Female Mate remote

0 110.0 1"0.0 -1,)0.0 100.0

91.3 00.0 2.7 .- 100.0 100.0

1 46. 1 29.1 30.8 4.9 19.2 15.6 3.8 0.4 90.9 100.0

1 14.1 3.1 4".1 54.1 25.4 29.6 11.2 7.0 4.11 12.2 100.1 100.0

4.8 51.1 4.17 23.0 33.2. 9.6 4.9 11•. 100.0 00.0
- Art. 7 75.0 22.2 22.0 0 1.2 100.0 100.0

-"100.0 - 100.0 100.0 100.0
0



T.,'c t-1t-37. Sunmmy of red, f onr-ay A.LIVA or t-te7 anl SINK multipie range teat applied to conlrlton data for Atlantl menhaden examined from Sptember 1976 dotough August 1977.

Length (mm) MonTfa ResunlO of ANDVA t-twe Ierola of SNK multiple rarnre tamtb

90 - 1og ,ept-Now F2 . 2 0 5 25.32 S"A Oate Creek OCGS Scre-. Forked RIve
K 19.87 16.52 14.78
N i40 46 22

Condenaer

gO - 109 IOec-Feb F
2
.
2
56 10.29 STA OyCne• Crock OCGS DlO•ýhage OCG& Sa-co

* K 19L91 18.09 16.89
N S9 77 126

Cogoseir

90 - 9oo - M M.m.y t37 1.56 STA OCGS Discharge OQGS Soremn.

NS K. 17.77 15.76
N 20 19

109 - 20, Im-.• STA OCGS SIceem

K 11.64

N 83

- c hlteved 11n9hfkance At P .9,5

NS " not. g1t0nUllcAn

b lallon gToup, mea•n condition (M.
7

, aol number of p•eltmern eaamnlol (?n me gvwen. ieauns underlined are not signi•i•a•tly diffe.ont.



Table CI-238. The number and percent by category of Atlantic menhaden from Barnegat Bay, New Jersey
with abnormalities examined from September 1976 through August 19.77.

% of Each % of All Specimens
Disease or parasite only:. Number Category Examined

Lernaeenicus spp. 236 88.4 11.6
Olerncira praegustator 22 8.2 1.1
Fin Rot 4 1.5 0.2
Lernaeenicus spp. and 0. praegustator 5 1.9 0.2

267 100.0 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 1.7
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

Multiple trauma:
Probably dead at time of capture and 3 0.7 0.1

Lernaeenicus spp.

Scales missing and Lernacenicus spp. 259 61.7 12.7
Scales missing and 0. praegustato 42 10.0 2.1
Scales missing and fin rot 7 1.7 0.3
Scales missing, Lernaeenicus spp., and 11 2.6 0.5

0. praegustator
Scales and flesh missing and Lernaeenicus 13 3.1 0.6

spp.
Scales and flesh missing and 0. praegustator 2 0.5 0.1
Scales and flesh missing, Lernaeenicus spp. and 7 1.7 0.3

0. praegustator
Fin damaged and Lernaeenicus spp. 3 0. 7 .0.1

Fin damaged, Lernaeenicus spp. and 0. praegustator 1 0.2 0.1
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 0. 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 Lernaeeruicus app. 15 3.6 0.7
Scar and scales missing 4 . .0 0. 2
Scar, scales missing, and Lernaeenicus spp. 10 2.4 0.5
Scar, fin damaged, and Lernaeenlcus spp. 7 1.7 0.3

419 100.0 20.3
Normal: 441 100.0 21.7
Total 2037 99.6

Cl-714



Table C1-239. Number and percent %f all normal
through August 1977.

and abnormal Atlantic menhaden examined from Barnegat Bay, New lersey from September 1976

Diseased
Number and Mechanically Genetic Miscellaneous Number
Normal Parasites Damaged Abnormalities Abnormalities Examined

Forked River 49 37 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 19 342
Totals 438 681 1,303 14 33 2,027

% Diseased • 010
0 and Mechanically Genetic Miscellaneous

Normal Parasites Damaged Abnormalities Abnormalities

Forked River 51.6 38.9 13.7 -

Oyster Creek 35.7 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

U..
LI'

a Because of multiple trauma, total percentage will exceed 100%o



Table CI-240. Number, mean length and standard deviation for each mode of bimodal frequency
distribution 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 67 42 70

Standard Deviation 1.9 5.5 5.1 6.1 5.3 4.2 6.6 6.1

November December July August

Number 51 39 5 22 37 610 334 425

Mean 36 70 43 69 25 65 32 66

Standard Deviation 8.9 6.0 6.0 4.3 4.4 6.8 4.6 5.9

C1-716



Table Cl-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%0 Confidence Interval 0.049

Intercept -5.2834

Number Examined 1318

Females Slope 3.1170

95016 Confidence Interval 0.035

Intercept -5.2825

Number Examined 1671

Pooled Slope 3.0747

9Wo Confidence Interval 0. 039

Intercept -5.2179

Number Examined 3294

C1-717
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Table oI-2. Semem of moaat of eom-way AIOVA &W SNK rnUIPhS cup tm app~md to codo date In bay aodway ma&Mlid be, Sepmrnw It"g~ng Avg= 1971.

i'uflaitcon Malabo 3sbs a AIVVA& tmo INK =Wft Bomb

$@W 4SaeNW Pj ~ - 1.f ITA mase Mof 0yin t"Ok Pa&W Mom, 00I ammos
- K 5.01 41.01 4.45 kLU

N 23 70I,5

so - 9 ME.may PS. s 6.5 IIs ETA Folo Ipo Dash Moli ayum OamebkM OSowme
- KLU $.a CLOG 4.11

N 4 48 3

211- 34 1--Aug Pto - 11. 6TA lo 06* f Oyamo ovak PONa RIVER
HS K 6.98 6.59 % 6.35

N 22 9 129

60 Ji-a soF .7o- 16.91 STA crek hoab Oyawr Qkek Paked RIM OCCS 3m.,.uf
- K L1.14 1.15 1.49 1.28

N lea 161 220 Igo

a - * aab1W dgoMeaae. at PC .02o
Ns* emo agulfcas

b kmtaim VMV. mom w~Ida (0q.a mW gabat of spodme,. msmbmtd(N Wa Siv~su. Wmsr WISIMUMM aG m nMl4P~flay diffeata



Table -0-243. Number of male and female bay sod~oy w lpenmd from larnegit Say. Nw le , my from veptembw 2976 through August 1297.

Creek Mo68 x a forked R Kw
1
' ()uti0 c•e X

1'  
OQS Scaeam X2

'  
All Sp.elmm v

Maln female M mkele Fermaes toat Maim Pemiloo tesl Maiam , aFermal,- toeo Male Females to

September - - 4so M 1 8 48 MS so0 71 NS its ISO 1 (V>,

Oetobw t0 it NS 40 so HS is 11 Ms SO ft HS in 160 NS

No.ember 03 - So S I U 5 MS H 201l MS

Deeroba, " - 2is 14 Ns 14 14 us

•eruary - - - i - 1 -
Ia

Ma,,rabw' - - " - - " "--

April -i- 35 S (FP>M) #I s Ns 107 U1S MS

May 64 so M3 07 S (FP>M) 27 41 Ns 14 14 HS IS0 11s WS

lIee 16 71 NS N O1 MI 43 as S (v>4& ISO 227 S (?F>

lya 49 53 MS a 109 "S U 102 Ms 64 79 S (F>) 267 344 S (F>•

Augut 44 so s (?>MI 46 01 S (FPM so 43 MS 64 lo0 NS 224 _38 s fV>P

Tolal 332 274 319 451 2? 276 490 282 1328 1070

NS S (F> NO S(F>M) S(FM S (F> W)

HS - set quiflin"

8 - a*1rdficaon at P:cJ)08
F>M * dg[tncsndy more females Oian male8



Table a-24. Number of male and Female bay anchoy casmind ftem Barnegat Bay. New IJeey by gonad conditio from Septembe 1976 through August 2977.
Creek Mouths FP're RIem Oyster Creek

•1 M, t PS S I M 9 R . S I M I R PS S

I-

0

Sqeember Male
female

Oct"bef Mals
Female

Nowember Male
Female

December Mal
female

January Male
female

February Male
Female

March Male
Female

AprO1 Male
female

May Mals
female

luie Male
Female

July Male
Female

6
S

14 -
U

I -

24 4

20 21

1 66

I-Sse

4

36

11 34
4

14

3w 42

.26 61 -

- 2-

2 2-

2 422

* 549

- I,

1 1 26

12 11 -
11 49 1

10

23
3

11
16

°S

6u

7

? -

2 -

6 7

II 4
34 1

7 10

1 IS
6t 77

1 4
5 29

1 -

47 15

8 5s

OCGS Screa-
I M t I PS S

10 91

$3 80 - - - -

89

1 3
is a -

- 22 IS 1 33

* IS 2

. 22 . 1 336

. 19 . 1 I 34
8 '76 * 1 7 15

!o

29

1

14
is

M.lale I
1

.1 7 11 3 16 20 1
10 3 18 18 4 - 8.• J AI• • Tn TM O qaFemale

a £ * mmate. M * marite. Iv enlarged. R * ripe, PS - partially Vpal&r. S * Vent



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
Number Category

LIc of All Specimens
Examined

Disease or parasite only:
Lernaeenicus spp.
Fin Rot

Mechanical damage only:
Probably dead at time of capture
Scales missing
Scales and flesh missing
Fin damaged
Eye damaged
Scales mising and fin damaged

Multiple trauma:
Probably dead at time of capture and

Lernaeenicus spp.
Scales missing and Lernaeenicu spp.
Scales missing and eye damage
Scales and flesh missing and Lernaeenicus spp.
Scales missing, fin damaged, and Lernacenicus

app.
Vertebral deformity and scales missing

3
1
4

47
2880

24
1

22
42

3016

3

221
3
I
7

75.0
25.0

100.0

1.6
95.5
0.S8

<0.1
0.7

1.4
100.0

1.3

93.6
1.3
0.4
3.0

0.1
<0.1

0.1

1.4
87.4
0.7

<0.1
0.7
1.3

91.5

0.1

6.7
0.1

<0.1
0.2

<o.1
7.1

L.2
99-9

1 0.4
236 100.0

Nor
Tot

mal: 41 l00.0
41 100.0tal 3297

Cl-721



Table CI-246. Number and percenta of
through August 1977.

all normal and abnormal bay anchovy examined from Barnegat Bay, New Jersey from September 1976

Diseased Total No.
Number and Mechanically Examined
Normal Parasites Damaged Each Area

Creek Mouths 3 12 531 534
Forked River 20 37 893 913
Oyster Creek 9 26 767 "178
OCGS Screens 9 164 1,061 1,072
Totals 41 239 3,252 2.297

Io Diseased 10
10 and Mechanically

Normal Parasites Damaged

Creek Mouths 0.5 2.2 99.4
Forked River 2.2 4.1 97.8
Oyster Creek 1.2 3.3 98.6
OCGS Screens 0.8 15.3 99.0

0--

r'

a Because of multiple trauma, percentages will exceed 100164



Table CI-4r. Total aumbe and percent by area of Atlentic silvutde totl&cWtd by uea 51 9aemffat Bay, New Jersy keO liawny 1976 4roub A"8ee 1077.

Humnbet

Iola 1977
Ian' Fab' Mar Apr . a law July Aun SeP Oct NMo Dec Ian Feb Mar Apr WY' Inne JZa AUi Teed

say 56 .1 a g3 s 80 o 27 407 1,80 44 - 28 2 8 - a 41 33 5 458 464 4.002
room ttv6vw 6 a S0 37 7T 3 i9s 109 88 281 16s - - 1 4 1i 1ea . 148 41 1.es

OyO eel: 43 611,749 3. = 8t #1 14 a 22 S1 228 1.16 10 3 1.664 168 21 180 24 a2 6084
OCGS sceem . 7. m 1. 2 , 1.061 100 1 1 2630 . SI7 l•481 81 88 360 7 2327 8 as 9 21,6011

ToWal 1 120 10.481 4.090 1,443 628 1.0t tol 86 520 4,200 2• M2 71 8 4,017 2.541 s22 16 03 866 36.395

Fercemt

1076 1977
JIan Feb& Mar Apr MaY Junm July Aug Sep Oct Nov Dec Ism Feb Mar Alr May'a JIma July Auj " Total

--4Li

say 21.6 0. 3.4 ".3 12.3 96.3 79.$ 21.2 o.6 0.1 0.3 0.1 1.U 14.5 27.8 51.3 L 9.7 1l.*
Foked Rive 6.8 4.7 3.7 0.7 5.4 6.0 10.4 3.4 T1.6 56.0 3.8 1.2 0.1 0.7 73.4 16.7 10.6 6.8 4.0

Oys6 Cmmek 40.8 80.8 16.8 60.1 1.8 6.8 10.2 26.4 23.2 8.2 5.2 44.3 14.1 15.8 33.6 8.1 8.8 65.6 22.0 9.0 U.1

OCGS Sc•.s. - 76.3 20.0 73.5 16.6 0.1 . 5.2 02.3 91.1 05.3 66.9 02.6 66.2 91.6 2.3 - 7.1 14.8 W.5

a OCOS ashdeO ter aell O part Ot moeds.



Table Ci-244. MeNS 10 d Omal. SImala. Ad udetmimd Atlanc ld- a mind o b ae Is 6iMnu Bay. Now leJuy hm aamuary ING gu Augh A 1 •1•.

"? Fraked U198 oem Crak o S Smesm
Ufdet. Main Peowl Unet8. ae Pomele Un5. MlAN Femual Un. Male Female All Fhb Tomas AdulWA

javy IoO 56.0 76.4 U.S 02.0 74.1 661.0 758.1
Feb0uay .0 3.0 01.. -1.0 48.6 7..1 6.- 70.? - -
March -- - 00.0 118. 78.5 U.S 100.0 160.6 -
Aima 1 06.1 ;.0 u.O ,.6 - 00.6 87.6 uLs -2
May8 02. 8 .1 • ILI OL 0D 60.5 112.0 22.2 102.5 96.8 28.8 08.

- 01.0 OLI o0.6o 100.0 00 10?7. "80.6 I8.6 91.9
l*y 60.0 . ..8 0 81..01 60.o.s eo.6 -aO.L 57.7 101.5
Aqugs M.2 46.4 71.4 40.4 0..7 72.4 4? 88.5 -IL 6L8.1 61.1 00.4
Seammbor. - 44.8 77.0 12.1 48.0 8P.4 71.4 9 1.0 L.o 5.5 101. 0
Otber 9. 0 •, 00.0 61.0 68. 68.0 44.0 68s.7 7.1 68.7 6.1 6.8 90.2 - -
November - .o - 81.1 73.1 8o.0 50.0 72.0 08.6 71.8 01.7 3.0 83.4 65.7 0 84
Docarmnb 61.0 61.0 103.0 - - - M67 16.0 02.7 73.0 68.0 88,2 W's
,anuary 1977 .-. . 78.0 96.0 - 79.0 68.1 86.4 -
February - 102.0 - 1.4 109.0 - 22.6 97.0 04.?
Mah . 85.6 100.4 - 90.7 61.4 04.2
Apfrl . 3.6 104.1 ;6. 68.2 62.2 99.3 . 90.1 68.8 65.4
May L8.0 108.7 1.0 106.1 - 100.0 108.0 - 96.0 102.0 104.4
In. 2.3 112.0 - 112.5 20.3 28.5 109.7 - . . . 48.9 31.7 108.0
July u.8 17.0 108.0 .56.1 71.5 1.6 58.6 78.6 68.6 M52 66.0 G6.# 64.5 O.L 100.6
A6 gt7.4 72.5 70. 83.68 67.4 70.2 68,2 69.5 72.0 56.7 66.0 r0.1 68.1 "A. 11.0
Total 50.6 788. 68.1 53.6 70.0 1.4 51.4 1712 9"3.8 868 80.8 91.8

|~

a tpas gten o mto b when bimodal fenoUencfy damition found.



Table CI-249. Number and mean length for each mode of bimodal frequency distribution of
Atlantic silverside examined from May through September 1976 and June
through August 1977.

May June July August

Number 7 283 10 54 105 19 239 9

Mean 28 99 39 99 58 102 62 99

Standard Deviation 2.4 9.2 5.2 8.5 6.6 6.4 10.7 7.6

September June July August

Number 74 1 45 13 150 20 217 6

Mean 66 108 32 109 59 110 .165 113

Standard Deviation 14.9 - 5.6 8.6 8.7 6.2 8.2 6.1

Cl- 725



Table CI-250.Nombo of mal, Wal female Atlantic silver~ ea " lntid fom Barneat Day. Now ilerM from January 1916 through, Augu 1977.

Creek Moutle X2 Parked River is - (2T Crc 0O OCSS" 2 Totak x'
Make Females rea mawm Females to MAIN Pamela late Make Female__CO Male Femnale, beer

O.-N

0'

I.-

May
law
July

September
October
Nocember
Doeember

19T7
January
Febmry,
March

May
June
July

26
24

26
16
1

11
24

9

2

I21 *(M~>P) . . U 2
16 HS 1 41

- - - - 0
58 *(F>*) 6 19 - 26
30 *(F>M) IS 9 "S 2
47 *(F>M) - - -

27 (F>0 4 4 -

0 • (F>M) it 21 (F>)A) 11
- 11 8 - 17

2 42 36 NS $
- 42 22 (I•A•) 73
I- 2

I * (%(>) - - -
20 •(M>F)
41 • (F>M) 39 11 • (P11 )
46 *F>M) 40 "~fFM
10 * 7 61 244 hc

2 - 2 2

14 1S
20 HS $

4 - 41 60 N1
73 NS 47 23 1S
35 , (M>F) 40 54 NS

6M I6 - (M>)P42 156 ( p
46 254 • (F>M)

loo 204 *(r•h

as l9o (P>M)
3 61 (FP>M)

16 31 " (F>M)
.51 117 (F>.M)

26 32 NS
9. 102 WS

163 130 NS
124 90 (M> F)

30 42. NS
21 117 1 (P>M)
87 156 (P>M)
32 110 * (P>M)
2 11

21 40 "(F >W)
49 96 (F P>k

1202 1795 (F *

1 3 4 7
1 S 3 - 25 39 MS

40 42 NS 97 135 •(F>M)
is 11 (M>F) a 6 NS 13 45 (F>W so 94 (F0M)

2 31 (F>FM) 20 65 (V>MV) 9 12 NS 1 2
- 2 - - 2 - 2 17
3 7 - 8 14 NS 9 15F- 8 4 "

is 30 (F5 NO 10_ _12 NS5 is 38 (F'>M) 8 1@ UP)M)
103 354 *(F>MJ) 174 211 (F> M) 383 429 NS 452 795 *FM

A ugufft

a S - not tirflneaof

I - ll~ificant at P •J. 010
F ki o Significantly more female, than Males
il>F a 11finificantly more males than females



TAWaM. C 51Ajmbw at mal. aid femnale Aflaadc d uel eunmind trowRm k gi Sqy. Now leuy by gousil es.'oen firem Jimmy dmoa~ Doaembw Mo7.

I M I C I S " • E R PS S [ v E R 'P3
I

-,J

I, WY

Ja-,

AP,

May

Jacmbw

timmb~

Ma 1 -

Potash * I . . . .- -

MAIN -4 --

raemake *1

Male
femt a

femas- - $

ai. . . - . 13 3
FMe - - 1 13 10

Male . 1. . .
femtals . . . 2 17 26

Mal. 6 2 3 -
Female 11 4 4 a

Male 4 6 - - -.
female 1 76 -

Milo
Female

Male 8 . . . .

Female 2 . . . .

Male I . .

Femsb . . .

Male - . . . .
female - I "

Win( 14 R1 so 111 4
female 12 106 M r. 12 4 44
Combpead r, 1"9 83 v so so

4

I

41

4
S

44

.9

- -" - " -o -- -- -

° -- as
I - -- - - S -

- 1 9

3 4 $ - 2 1

$ - --

do 3 . a .. . .19 2

71 - - - 1 - -94 - !1 - -

I - - - 16 4

I8 - - -
1 - - -1I $ -

15 - " I 1• -
II -. . . .- 71 -

. .. . .16 66( -

. .. . . 6 29

86e 3 3 6 8 49 19415
7! 5 9 S 3 371:61: :0
d3 I 11 1 3 I$ 0 2 S 68

10

to

IO

OCGS Safrxe

21 a '1 1 '*r 'I "'I UE - -

10 105

- 16 1 O u t

1 40 •S )

S 11 1 100

I - 4 1

I - - 312

-- 1 - - - I

- 1 40 °

* -33 - - - -

40

1 1 135 11 20 26 33

Tejal

41

is

U
So

4i

97

219

91

SIv
ies

13so

217

27

I,•

130

124
90

......... 

.T

I 916
23 S 7 - IO128 43 so 138A I a1 1 29M 113 43 94 ISO1

•82
1150
016~7- - . .,at I43 11 12 13 8

a I - Immahl. M - nmature., - enlagd. R ripe. PS - partiall spemt S - "oper!



Table 2-20.Rmbu ' mal aWd female AtaU-Mc %fvlalds Msmhndd fom BSuCM 04. Ww lamey by 90Wd coodtdon from Iamiy dirougt Aug= 1977.

.say F m.k low Oyws Creek OCCIS se
I U Ia R PS 2 I M I R PS s [ 9 £ R p8 1 U E R PS 3 TObI

laM-pr Mab ... . . - -. . -. . .
rem&% - - -- - - .... 10

Pelklry . . 6 - - 2 - -20
Female . . . . . . -: a -: ; -: S I - . a

Mach Mba . - -. ...... 9 1 -. . .. I as - - - 17
Femals . - - -.. . 42 0 - 0 - 2 177

Apil Mal - 15 1 - -6 - -is 3 - -12 28 - - T
-, Female . 1 10 - - -. 6 1 - - 29 10 1 6 161 32 - 16

00 may mob -- - 1 .IS3-

Fle-- . . 17 14 - 15 39 15 - 4 a - 2 - . 114

lung Male 2 2 9
Femals 2 - - - 2 - 2 4 1 --

fuly a I - - 1 1 - 1 - 6 1 . 1 . 21
Female 1 2 4 10 - - - 2 2 10 2 - 1 2 4 - • 40

Am " ale 14 2 - . 10 .. 14 1 . . . . 6 1 4
Fem sale 1 4 - - . . 10 2 . . . . 32 .6 - . 14 2 -

Totab Male is 21i . 1 17 - 817 2 20 41 9 13 2 3 1 92 47 20 - 3M
Femal e T 1 10 19 16 4 20 2 21 40 19 2 42 50 29 22 1S 3 1817 108 34 - . 647
Combie, 43 1 25 4 16 S 37 2 9 57 21 2 92 103 38 35 91 6 25 229 155 1 3 - - 999

a I - lmmalre, M - maMe, E - n•I~ged. I rLPe. PS - PaIaY 11m-14 S- ' eW1



Table Cl-253. The number and percent by category of Atlantic silverside from
with abnormalities examined January 1976 through August 1977.

Barengat Bay, New Jersey

~/o CI All Specimens
501 Each E xam Specimens

Examinedi
-Number Categarv

Disease or .parasite only:
lernaeenicus spp.
Litroneca ovalis
Fin Rot

Mechanical damage only:
Probably dead at capture
Scales missing
Scales and flesh missing
Fin damaged
Eye damaged
Scales missing and fin damaged
Hem morrhage

39 90.6
3 6.9
1 2.4

43 99.9

48
88
36
63
30
15
23

303

15.8
29.0
11.9
20.8

9.9
4.9
7.6

1.1
0.1
0.1
1.3

1.4
2.5
1.0
1.8
0.8
0.4
0.6
8.5

0.1
Genetic:

Vertebral deformity 6 100.0

Normal: - 3123 100.0 89.8
Total 3475 - 99.7

Cl-729



Table CI-254. Number and percent of all normal and abnormal Atlantic silverside examined from Barnegat Bay, New Jersey from January 1976
through August 1977.

Number
Normal

Diseased
and

ParasitesArea

Bay
Forked River
Oyster Creek
OCGS Screens
Totals

717
507
907

1002

8
14

6
21

Mechanically
Damaged

9
6

21
257
293

Total
734

527
934

1280
34753133 49

-!

0•

Percentages Within Areas

Area
Bay
Forked River
Oyster Creek

Pe•cent.ager Within Areas

o10
Normal

97.7
96.2
97.1
78.3

lo Diseased
and

Parasites
1.1
2.7
0.6
1.7

10
Mechanically

Damaged
1.2
1.1
2.3

20.0

Total
Percent
I00.0(
100.0
100.0
100.0

OCGS Screens



Table Cl-255. Length-frequency distribution of threespine stickle-
back taken in the vicinity of OCGS from September
1976 through August 1977.

Length (mm) Total % Frequency

20-24

25-29

30-34

35-39

40-44

45-49

50-54

55-59

60-64

64-69

1 1.7

0.0

0.0

0.0

0.0

0.0

1.7

42.4

39.0

15.3

1

25

23

9

Cl-731
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Table CI-256. Total number of northern pipefish taken
through August 1977.

12.2-m
seine

September 5

October 3

November 1

fla.n• H'er

January

February

March

April

May

June

July

AuTust
Total

45..7-m
seine

18

2

12

45

15

13

35
140

by seine and trawl from September 1976

4.9-m
trawl-

2

2

4

10

10

5

1
35

2

10

2

16

32
71

C1-732



Table CI-257. Total number of northern pipefish taken by area in
from September 1976 through August 1977.

Barnegat Bay, New Jersey

OCGSa .
Creek Forked Oyster Traveling
Mouths River Creek Screens

September 5 - 131

October 15 5 3 1, 705

November 2 2 1 3,169

December 1- 376

January - - 7

February ...

March- - 310

April 8 4 6 2,904

May 26 21 18 1.082

June 6 5 16 -

July 12 14 8 1,123

August 25 35 8 .. 484
Total 94 91 61 11,220b

a Estimated number

b Estimated total reflects mean annual estimate (Appendix D-1. Table DI-49) and is not

a sum of the monthly estimates.

C1-733



Table CI-258. Number af 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 " I - 2

December 1 - -

January - -

February = -

March - - -

April 3 3 2 2

May 7 11 15 6

June 7 9 4 1

July 1 7 3 11

Aug•s 5 3 9 26
Total 25 36 38 53

C1-734



TAMN Ct-239. Number Ad moeer length of notern plyfak taken by amt BS agt Say, Now leamy. from Sep tembe 1976 througb Aqug 1977.

0eek NvmI Parked lIM
Male male Maioma MAijJ

jauemnn Imms•ia Mature Gravid Female *JIe lamminf muitm Gravid Pemmi
Wao Mom tama e Mas, - -•saan Mw Maw Lim Mamk Mean

No. fela No. ,oop No. Lent, b No. Lengt No. tongth No. 1"US No. Lgi• No. Langtb No. t,,gt' No. ta

Septembme S 9 1 120 1 145 - 14"
October i 110 10 1i 1 73 - 16"
November 1. 110 - 1 160
Decembe " 1 167
lawnmy - - . .

Factoryh -'

April 1 "51 11' 1 148 1 leg
may I 1 11 13 151 13 178 1 112 16 136 5 inB
Ions 1 68 2 160 3 212 - 4 17 1 223
fully 3 137 8 12" 3 73 1 18f 2 let 10 129
ABT~et 3 V 1 102 3 125 11' 130 4 8 I -SM18 21 142
Total IJ •3 118 22 133 $1 ISO 11 84 2t 1111 4 14B 26 148 40 148

I.,'



Table Cl-2S9. (conL)

O•yetr Creek OCGS Travelinr Screere

Male Male maim Male Male Male

Juvenlhe lmm&aw. Mnture Gravtd Femall lunenile Immar-e Mantre Gerar Female

Meau Mean Man an Mass Mean Mea Wan M

.Ie. t,.Mtl No. Lenirl No. Length No. tlnloh No. Leafor No. Lnetlw No. - L.6h No. Lenft No. LhnfdI No. Lergd

Septmmber 1 139 2 183 1 114 - - il2 12 157 23 11

October 314 44 - 6. 153 - 68 178

Nowembe 1 2 - 1 518 1 90 . - - . 103 15s

December"'- - - - 1 160 13 87 4 157 - - 63 159

lanuary 3 91 . - - - 1 109
February - - * o

x.arcb-- - 9 141 12 151 70 165

April 6 13 - 3 131 23 142 6 147 133 1j1

hay- -2. 11 145 6182 -- - 21 - 1 145 67 191

lune 1 61 - 13 M1 2 220
Wy - - -3 155 3 153* 24 167 32 1H 54 169

Au•ust - 3 163 6 J57 - - 1' l17 26 165 49 167

rotal 1 61 I 91 1 152 • 31 160 34 165 i9 85 11 140 101 151 99 159 630 175

I-..



Table CI-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
345
384
390
490
504
810

341.2
537.3
777.5
562.9

1700.0
1250.0
7700.0

2+
3+
3+
3+
4+

9+

male
female

male
female
female
female
female

immature
immature

mature
immature

mature
immature

mature

Cl-737
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Table CI-261. Number, mean length, and mean weight by area of bluefish taken in Barnegat Bay, New Jersey from September 1976 through
August 1 9 77 . a

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 17.4
Oyster Creek 119 121 268 179.0 26.6 20.8 275.4 72.5. 40.5

OCGS Screens 346 35 237 133.2 44.7 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 57.4 638.0 376.9 142.7

July - August

Length Weight
Standard Standard

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 29 53 151 101.5 34.6 1.1 43.2 15.6 13.7

Oyster Creek 27 51 216 109.3 43.2 1.1 115.9 22.5 25.3

OCGS Screens 169 33 210 97.8 37.2 0.2 127.3 13.5 19.4

OCGS Condenser Discharge 25 135 197 149.5 12.9 27.1 103.4 38.7 15.2

a No bluefish were collected from February through June.



Table CI-262. Total number, mean length, and mean weight of bluefish taken in Barnegat Bay,

Length

New Jersey from September 1976 through August 1977.

Weight
I!

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 44.1 1.1 102.0 34.4 25.3

Oyster Creek 146 51 268 166.3 40.6 1.1 275.4 63.3 42.7

OCGS Screens 515 33 237 121.6 45.5 0.2 164.0 28.1 31.4

OCGS Discharge Condenser 126 135 465 267.2 16.3 27.1 2150.1 361.3 322.5

0

%-0
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Tabhl CI-21,. Numbe. .e.n length. aid men veighqt by age of blueilsh takes Iin Bmeat Bay. New Jý"y ftom Septemrb 1918 ftroob Auaust 2971.

%epxember
Lorth Weight

% Age Nuabee 6 Min Ma Mean Strded Devdot Ln Ma Mean SSat•dard Dootgion

at .e 68.a 0 83 100.0 80 286 1m2.8 44.4 5.2 314.7 50.2 46.8

1 0 - - - - - .- -

2 a

Female 31.4 0 38 100.0 101 277 172.7 60.5 7.3 323.7 89.9 8a.8
I *0 - - - . - - - - -
2 0 -

Lengib Weightr
S". 6 Age Number 6 Miff Mis Mean Stlawu D.etarl• Mitnt a Meo Standar Deomldon

m,*1. 028 0 125 94.7 80 297 150.1 41.1 8.0 433.2 49.5 51.8

1 5 1.8 240 340 305.0 41.5 174.3 645.0 468.9 182.1

2 1 0.1 435 435 435.0 - 1450.4 1450.4 1450.4

3 1 0.7 4M 452 452.0 15240.3 2540.3 1540.3

Fe.-le 47.2 0 112 94.9 89 286 149.0 39.1 3.6 283.8 45.7 41.0

1 2 1.7 302 334 320.5 - 514.2 531.3 525.8

2 0 . ... . .

3 4 3.4 412 465 441.3 21.9 3144.2 2120.0 1213.4 451.3

Novembcr

Length Weight

Sex , A.e Number Min 1M0ax Mean Standar Deviaton Mix M, .4-ean Standlard Deviation

Mkale Q1.3 0 27 89.0 128 304 183.5 31.9 22.2 423.2 90.3 95.4

1 5 1.1 268 318 2m2.0 20.5 295.1 218.2 428.7 92.8

2 3 4.6 291 330 313.7 16.8 415.7 233.2 476.5 59.0

-eI:alte 1... 0 39 92.7 121 290 184.1 34.1 19.4 3(,2. 0 84.4 7 0.0

1 2 4.9 302 307 304.5 451.2 453.3 452.3

1 2. 4 m;.5 - 25 3152.0 - N2.1.4 VM4 ',5:. 4-
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Table Ca-293. ((C.I

December

teneb Weight
St At. Number ' MIn Ma Mean Stadald Deviation MNa Me Mean Standad Deiataion

Male 71.0 0 a 44.4 190 294 243.0 5.0 irT.2 M3.9 224.2 107.1
I 7 38.L 166 235 1.L 1 t7.6 290.0 M71.4 408.1 114.0
2 S 16.7 300 150 3. 11.5 408.0 3L.0 514.7 111.6

Female 21.0 0 3 42.0 127 179 24. 3 211.4 175.9 354.4 236.7 101.0
1 3 42.9 171 132 106.0 I0S 308.11 114.3 406.8 103.6
1 1 14.1 310 32 32.0 3L44.1 4N4.1 434.1 -

Jauary

Sa n , Age Nomhb e MID Ma Mean Studid Devitidon min MN Mema Stnmdr Deiladn
Male 57.7 0 7 44.6 is 323 174. 1s 4.1 3.1 4U 116. aB.1 156.4

1 7 44.6 100 848 .31.6 14.4 205.2 6M.0 410.1 110.7
1 1 8.3 141 1413 s1.O S14.0 1"4.0 014.

Female 42.1 0 0 41.4 176 31B 104.4 53.1 87.4 471.0 151.6 2101. 0
1 6 14.0 2N 140 31L7 21.06 36L. 671.0 41.1 71.0
t 0 - * - -.

July
LaehllNn a WeightMen SadrDvito

Sex O Age havbb w Min Mur M Stamlaid Dealon MID Mu Mean Sicialee DevetaiOn

Mole t 9.1 0 U 200.0 101 li7 17.1 19.6 8.4 02.6 30.6 13.4

Female 40.7 0 22 100.0 221 1"6 228.1 11.0 9.0 48.0 21.0 9.2

August

Lengtkn Weight

Sen x Are membe, r Mt Ma Mean Stlud Dealatimi Mn Mu Mete StandIud 5e1.la.on
Male 49.3 0 34 200.0 101 210 130.2 33.0 5 117.3 24.0 31.4

FeMale 10.1 0 2 100.0 1032 216 120.9 22.1 8.2 222.9 26.0 21.1
2 - -- -



Table CI-264. Age composition by area of bluefish collected in Barnegat Bay. New Jersey from September 1976 through August 1977.

Age Age Age Age
Location 0 10 1 10 2 a 3 56 Total 10

Creek Mouths 58 100.0 . .. .. 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 57.5 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

-!



Table CI-265. Number. mean length, and mean weight by area and
through August 1977.

month of male bluefish taken in Barnegat Bay, New Jersey from September

IA

Creek Mouths
Length Weight

Standard Standard
Month Number Min Max Mean Deviation Min Max Mean Deviation
September 0 . . ... ...
October 0 . . .. . - -

November 0 . . .. ...
December 0 . . ... ..
January 0 . . ......
July 5 104 142 116.0 15.7 12.2 37.1 18.6 10.4
August 3 110 165 132.0 29.1 13.1 48.9 26.4 19.6

Forked River
Length Weight

Standard Standard

Month Number Min Max Mean Deviation Min Max Mean Devtation
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 -

N o v e m b e r 0 ...... - "

December 0 . . ......
January 0 . . ......
July 5 105 144 132.6 15.7 10.2 .43.2. 28.0 11.8

August 1 105 105 105.0 - 10.4 10.4 10.4 -



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 18 128 231 171.7 24.1 22.4 158.3 61.0 31.0
December 0 - - - - - -

January 0 -. . .....
July 6 113 163 135.3 18.1 15.0 57.6 32.2 15.3
August 5 119 170 141.8 19.3 19.0 58.6 34.7 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 90 220 134.7 33.3 8.0 118.0 31.4 28.3

November 33 131 ..206 173.8 20.1 22.2 94.4 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

40

X.



Table CI-265. (cont.)

OCGS Condenser Discharge
Length Weight

Standard Standard
Month Number Min Max Mean Deviation Min Max Mean Deviation
September 4 138 286 223.8 63.2 28.3 314.7 168.3 124.3
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 19 220 350 286.6 39.2 150.8 638.0 382.9 156.0
January 16 195 368 295.7 46.6 88.2 602.0 384.9 143.5
July 13 135 167 148.6 9.6 27.1 54.2 36.3 8.3
August 1 197 197 197.0 - 103.4 103.4 103.4 -

0~

-4

kJl
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Table CI-26g. Numbm. mean lendk. and mean Weight by Am lnd m lt do female bladfht Taken In Barmgal Say. Now Jmey fron Septmber 1976 thrugh August 1977.

Creek Mmorh

Moead Number ln M Mns Stidi Deptade lan mAi MMaa hbt•i mIin

-ep I 0 - -- - -

October 0 - - -

Deesmher 0 - -

~JAMM7 0-- -

JMly 1 11; III 132.0 "4170 1.0 17.0

A% 4 107 120 114.0 LO 1I1 15.9 1.8

Faked Rime

IA-,•e WeLsht
Momii Number Min Mar Mean Stmndar Devitaion Mll Mae Mean -t-ind Devifatiom

September 5 153 200 179.2 21.9 3L.2 87.4 63.3 22.8

October 1 105 195 18060 102.0 102.0 102.0

November 0

December 0 . -

Januay 0

July 4 132 140 1386. 3.4 29.9 35.6 53.1 2.4

AugM6 3 136 151 144.1 7.8 14.4 35.3 20.6 5.8

Oveum Creek

Lernth Weightt
month nlumba '.lz Met Mean Stanldar Deviatodn W" Max Mean Stantdad De•iation

Septembez 12 149 218 194.8 33.1 32.6 250.4 97.1 e2.2

Octobez t0 131 216 191.3 22.0 24.4 121.2 14.8 29.0

Novembe 17 121 198 173.1 21.7 20.8 91.1 64.3 19.0

rsedmbeer 0 • " "

lJnuary 0 - - -

July .2 130 131 130.6 26.0 ,22. 2 26.5

Auguft 1 216. *21 " 216.0 116.9 116.9 116.9
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TabM Ca-268. (cWn. I

OOS Scweer
LAME* walght

Nfumb. btsn Mmn Me=a U wda Duelad.. min -- M2m Mom Stua~d DuevLai.Sepsubw I1 101. =38 139.9 62.4 1.8 IN.$ 02.0 60.0
I00 20 13". 1 aS. 8.6 14. 0 34.1 3L.4M loebw 17 121 1" 176.4 20.0 10.4 10.6 611.9 Wo.6Demembw 0 ... ..

MUNT7 0 ....J4 In 14 19. 1..$ 1f ".1 13.0 14.4
AMMO 28 266. 19i 128.8 ,1.9 8 91.3 2S.1 16.6

OOGS Condenm Dachuge
Lem~ Welile

Numbe r Mz W4en StaiMld Devlaed. min mur Mean S1usid DevlUd.
Selu mbw 4 219 277 268.3 9.9 181.0 323.1 282.1 69.9Duch. I 2M 44 38M.6 73.1 262.8 2150.0 102.1 642.1
Iknesmb. T 222 328 262.? so.$ 149.1 .553.4 354.9 147.4
Deaemb. a 227 323 283.0 42.6 171.3 539.6 242.0 137.8
ainery 1i 175 340 280.4 46.9 87.4 873.0 364.8 144.5

luly II 139 164 144.t 1.3 29.0 48.9 28.1 6.3
AvRMm 0 "



Table cl-Ill. Conitione of yon bhae"l takes le ftregat Bay. New Weavy "mu Swaptmb 101 0mG Ast jell.

IACSCIOa Number
Cisek 8s 0
Forked Slim 23
Oyster Cloak 28
OOG8 Screen
OCGS Congener Wahelge a

Min n Meu Wn Stndad Devtatfta

181 200 170.4 14.4
148 125 183.0 21.2
41 233 118.3 $ m.8

1s8 2 N 24-.0 47.8

Cesdidef Facto
MIn Mu MWSS Sta'rd DAbhmdm

1.0 1.8 1.2 2 312
1.1 1.7 1.35 0.16
1.0 2.8 1.02 0.31
1.1 1.6 1_ati a ss

00
I-

-.1'

eStib Coodtoem Facto.
IAcaten Number MIN Max Wras Standad De•ydem min MAX MenS SUtafMd DevJation
Croek Momb. 0 - -
pFr. RMr 3 106 in 177.0 18.8 1.1 1.1 1.48 0.25
Oyil Creek 55 ISO 288 100.0 28.9 0.8 1.9 1.43 0.22
OCGS Screen 101 42 237 132.0 38.1 0.0 2.6 1.4? 0.26
OCGS Cer.-•-e DischaMre 3 274 297 280,7 11.8 1.2 1.5 1.42 0-17

Nmmember
tangth Conildee Feet.

L0cadoe Namb WoI M Mewn StsaJd DevLadSS MIS MA Mean Stadarwd De•e.Ia
Creek Mouths 0 -- "

F c • -k • I 0 * "-

Oyser creek 35 12l 231 172.7 22.7 1.1 1.0 L44 0.18
OCCS Screen so 127 100 214.! 20.1 1.0 1.1 1.30 0.12
OCGS Cd-rsea Dpische 10 218 304 267.2 20.7 1.4 1.8 1.57 0.10

Dece.ber

l.CCtdCI huln Max* wotn StardaNd Dev~ation
Cteek MeodU 0 - --

Oyser. crack 0- - -

OCCS Screern 0 - --

oc(t.S Co~aenetIIcde 2 220 294 242.8 20.6

ConditISS Fact.r

1.4 1.8 1.50 0;is
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Tabl, CI-261. (CoM.)

, ,, L a n C a r al lco a p s c rm

Locatian Numbr r Met Me- 0Md flc,,,d• M M.-As U,.. v' fl4,,4.
0- . .- - - - -

Forked Il 0 - -.

Oyste Qleeh 0- ---
OCOS 1~.m 0. - - -----

OSCodudniDbabut IS 176 IlS 2683. 52.8 1.2 2.0 0 43 a_1

1es6

-eae -b - -a -. M -4 -g - -.. -.. - fkLmn ML -Ica
Qeh Mouth to 50 76 U.S 7,0 1.6 11.4 2.w " ,2

Fewn m 9 . 10 U ? . n,$ 3., 1.6 2.6 2.11 0.12
Oyol e Ovk 7I ll.: 6.4 1.4 2.7 2.04 0.40
00113 Scres 9 36.6 &.7 1.7 1.7 1.70 0.02

O C G S c on e nsw O bD bc i 0 ....

lulil
L-Conditio Factr

Locadoun Number Min Mx MWan Standmld Dev.adca min Mm Mean St.anard Devtotto
zech Months IS 77 142 96.6 16.1 1.3 2.4 1.92 0.27

Forked iver is M 144 11.7 22.1 1.1 1.2 1.2o 0.31

Oyster Q&eek 11 1839 134.1 31.1 1.4 2.2 1.76 0.28

OCGS Scram 67 66 178 94. 11.7 1.1 2.1 1.61 0.21

OCGS Cordeiew Discauwe 24 135 167 147.5 86. 1.2 1.8 1.47 0.15

,tingt_ Cordition Facur

.csadoag ,umbi %n Max Mein Stridard Deviation Min Mx Moan Stanmdd Deladonl

Creek Mlouthb s 60 16i 116.7 21.3 1.3 2.2 1.65 0.33

Forbad hvc 4 103 151 134.6 20.6 1.3 1.6 1 40 0.13

Oyster Creek 119 216 1S4.1 94.9 1.4 1.6 1.46 0.07

OCtGS Scream 11. 210 200.1 45.7 6.0 2. 1.64 0.134

OCC.S Co•-dova Didharv 1 197 197 191 0.0 1.9 1.5 1.0 0-00



Table CI-268.. The number and percent of occurrence by location
September 1976 through August 1977.

of bluefish from Barnegat Bay, New Jersey with abnormalities examined from

Creek Forked Oyster OCGS OCGS Condenser
Mouths IV0 River "to Creek 10/ Screens 10o Discharge 1/o

Disease and Parasitism:
L. ovalis
Lernaeenicus spp.
Fin rot

2 3.4 13
1

23.6
1.8

30
2

20.5
1.4

Mechanical Damage:
Dead at capture
Scales missing or abrasions
Scales and flesh missing
Fin damage
Eye damage
Scales missing and fin damage
Hemorrhage

1

66
4
2

1
9

27
11
1
3
1

12.8
0.8
0.4

0.2
1.7
5.2
2.1
0.2
0.6
0.2

24

1.7

1.7

19.0

1
9

2

0.7
6.2

1.4

1 0.8
3 2.4
2 1.6

I.,
0n0

1 2 3.6

Genetic Abnormalities:
Pusheaded

Fin abnormality
Total with abnormalities

Normal

m 2 0.4
1 0.8m m m I

A r- I 9z 00 AA :Irv 0 1431 4A4 ( al zq-.V*2 IJ.U a- ..-.- -- --.- -- -

Q q~ 71 A ~9r R Th. 4rL4 Qq 9 .q• 71 fl 102 69:8 388 75.3 95 75.439 71 0 102 M 8 388 75 3
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Table L0-269. St'""Sch eme"'a af l'baar taken ID 1"waqs Say. Hel, Jersy Itoa September 1976 einargi Axugm 2977.

Taesfermk bw VO1DtoO 1. Amerge Number

Aq 1a 1.7 1

Affccalo IF, 1.7 . . 1.0

2 040.1 0.1 1.0
Ancas aplesmega maon. 1.7 0.2 .42.0

cum Poiyebast 1 11.? 0.1 0.1.0

Famtily Woldm 1 1.7 - 1.0.

Favily palawrocnalse . 1 1.7 0.1 2 .

Crangm P& WD I is &1 1.0 6.0 4.6
Rib Itagitmt 13 22.4 0.S 37.4

.Plant matte 1 *1.7 0-1 0.7
Number examined 10 14.7
Number wvi lead 41
Number empty 17

16Volume Aowae Number

Tiersn Freqooncy Number Frequency Dilvlacemwc Imil Volume par $VStuCb
lwaoct~a rRUMM 2 2 1.0 14.6 13. ? 1.0

Anchoe miedil"li 10 11 7.4 6.9 0.1 1.1
CyIndotoutoam* 1 1. 5.1 4.0 3.0

Fuoialas hJcroc9 4 93.0 5.9 1.6 2.3

M7enltti op. 17 42 12.6 10.6 10.2 2.05

Menldia meiddlek 4 6 3.0 11.0 14.4 1.3

pometnstas valtaffll 1 1 0.7 -*1.0

Saibdiol~deysur I 1 0.7 -- 1.0

Pseudoplmt!Ctnectt aemiantat 1 1.4 - 2.0

renseo siteciu 1 . 0.1 0.3 1.0

Paiaettonerts 1~al 4 2.2 1.1 1.1 1.3

Palsemonetimop. 1 1 0.7 - 1.0

cran,ýon sep~tenspince 12 43 0.6 . 6.6 3.3

callnoinee wap-j I 1 0.7 1.0

Ti41 fragments 58 -43.0 39.1 38.9

bt.augaic matter 2 0.7 - 5.

trovetelsdse Itagamel I

mumb.r excamined 135 101.0
Numbr lIth foul too
Number emrpty 35
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Table 0-288. (cmt.)

OCGS Condesem Dishre

Volume 16Averalle NumberTax FPreaemow Number Dbou.r" me tt1 Volume -o U __,•
boaev.. • to= 1 1 0.8 46.0 11.4 2.0
Ancluo P6 1 1 0.8 1.8 0.5 1.0

Anabos nt&1fl 6 9 4.8 L.8 1.4 L?
i__o_ m8 I 8.4 41.8 10,4 1.0
Meoddis_ ms_ 2 2 1.6 1.9 0.6 1.0
Svm I- I 1 0.8 4.0 1.0 1.0
PomAmmiu aeItelf I 1 0.8 ". 6 21.8 1.0
Carsu tdpM1 1 0.8 40.0 10.1 1.0
tAlmtemuI I8Osond 2 12 1.0 10.0 8.1" 1.0
Ftlmmbus op. I 1 0.8 L1
Family "AdMe 2 as 1.8 1.1 0.3 41.5
PsIaeome 1m 2 -1 3 1.0
PMaeomometet sp. I 2 0.8 0.2 0.1 2.0
Crangon lepteplnma 6 16 4.8 8.8 1.4 2.1
FIh 1f, LmeO1t 41 321.5 811. 33-2
Nuambm .ineu 126 396.0
Number wit food s0
Humber emply 04

Floked Rimi
Volume veragi Numbe

Tauo Frevency Number Feeencv Displacement (ml) Volume Pe Smlmac,
Arcohee p. 1 2 1.8 0.3 1.3 2.0
Auncho mitchit1 4 a 1.1 3.1 13.8 2.0

8ei-_._$ 2p. 21 16.1 3.7 16.4 2.2
Mtfdtw momuldl 1 1 1. 1 0.1 0.4 1.0
Pteudopleronectm ammluchuu 2 8 3.6 4.4 19.0. 2.8
Cla w Polych aeta I 1 1.9 0.1 0.4 1.0
Pa~l~e"MWeM vulgari 1 13 1.8 - - 12.8
Cattte imlete8upin 1 1 1.8 0.1 1.3 2.0
F lnt r,o ic.ni o .14 125.0 "" 10 . 5 i-
N uiel eu mliod .56 . 2.5
Numbe lith food 32
Numble empty 24



Table 0-11". (Goat.

OOG8 Scream
16 Votems Avfage Hatub

Tam, Prurincy Novelis FMrnsne D 'aaUt Mb u Par. Surnec
Coma w I I 

I .:And- IP 4 8 .8 1.8 a. III8.
Anhoe Uft~til 29 94 LO8 MI. 14.8 8.2
lmMulIS~ 1W is1 8.1 8.8 4.8N 1.9
Menidia 2al 0.1 1.1 1.8 2.0

Pe'Wm mtul11 -- 1.0
phlmAumlida I if 0.4 1.1 .8ILO

Cleve Polydhaeta 8 U 2 .1 LI U. A1
Favony Wddee I so 8.2 0.1 0.1 80.0
Subcade Neatods 3 1 1 " .cronme nFeefml-ghln it is. 1.8 1.4 1.7* 1.4
Fhbt kegns 1481 291.1 40.7 4MIS
Flai net Matter
loorgolem atters1 --
Oovilmi Menu 4 -

Member examuine 481 84.0
Humbor with food 212
?lumber empty 16n

0

II
wI

a Number of auMMIIcl oulalng the food tam.
bfa moate of auk food lama fcowA to ,Dumai-

Cpgcsvalsg of .umsebe examuines aoombq partcuMlear od turn.



Table C2-270. Numober dI weaslflb Collected aoM esurnied 10 Isnegat Bay. Now Jersey born September 1070 sthough August 1977.

Creek UMao.t Fwbad River and Oyse Oacb
Niambet Collcowl NuhmberAme

711MS set" GUI -t KSMUtm COIJOCIPW

Spstambo 103 4 1101 413

oclobm so 1 23 4.782

Movatubw I 6 314

December--

ocrS Traveling Somars'
Number TMWe

Faarnbua colueAmw

241, 781

216 4.1"

'73 382

Tina

230

Lfl
tS

Mulach

Mayr

June

July I 12 10 13 11

A ug Is 06 so 2.130 lie 2.216 226
TucAl 228 S 12 187 1,941 621 8,186 M12

6 O{ S ShuMlow horm 14 May throuSg 11 July.
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Table C14IL .ban .fenngkph -e@IWht b7 age of weskfhb of undeconnbod ses nd of mal.s und femals larger than Mmm iltak In toBaregat Say. Ne- ]enny fiýr Septembe 1076 thouglh Augas 197J.

Standar Sadard tandard

Al. NambW Mb MkW Mea Dealatlwm Numb.c MM _ x Sloan Deviatin Nunmber MM1 mar pean D-viat•on
0 s0 101 230 13.1 16.0 34 186 221 192.3 26.2 121 19 180 l0'.O 40.1

- -- - - - -...

S 1 s6o 411 310.0 I 416.0 -.-
4 S 477 816 491.4 21.4 3 B00 80 56t7 11.7

2 5 08 4 86.0 - 3 494 860 60.3 83. 1.
£ 1 5090 M W 60 EU 0 2 7.3 - . -
7 - 66.0D0 - - .

Ma wtue Females Unde tuilned
SUtimd Siuatsol stuadl .

Ate Number MM Mla wean Deviadtn Numb. MIA Max Mesu Deviatan Number mi Mar Mean De-tadon
' A0 .1 91. 11.2 IL62 36 1.4 162.0 8.83 28.2 127 0.1 61.7 17.1 18.4

3 * -

3 2 812.0 151. 634.7 1 708.3 - -3

4 3 1140.6 1510.0 1274.2 224.7 3 1160.0 IS00.0 1321.7 170.6
8 3 1140.0 169S,0 1427.8 * S 1300.0 1700.0 1650.0 217.8
6 1 - 158o.0 3 1 ,10.0 1815.0 1593.1 4.4

* . - I - 2350.0



Table Ca-272. Number and mean length of young weakfish examined from Barnegat

Creek Mouths Forked River Oyster Creek
Mean Mean Mean

Number Length Number Length Number Length

Bay, New Jersey from September 1976 through August 1977.

OOGS Total
Hean Mean

Number Lernth Number Lenwth

September 0 75 125.3 20 155.5 149 119.4 244 124.2

October 0 17 134.7 6 184.2 214 132.8 237 134.2

November 0 - 0 - 3 150.0 73 110.7 76 112.3

July 1 105.0 .0 - 0 - 10 105.7 11 105.6

August 0 43 47.0 7 39.6 178 60.6 228 57.4

I-fl
0'



Table CI-273. The length-weight relationship for weakfish collected in
from September through August 1977.

Barnegat Bay, New Jersey

Males

Females

Slope

Confidence Limits

Intercept

No. of Pairs

Slope

Confidence Limits

Intercept

No. of Pairs

Slope

Confidence Limits

Intercept

No. of Pairs

3.1140

0.077

.- 5.2978

38

3.1351

0.065

-5. 3514

47

3.1205

0.027

-5. 3337

812

Pooled

Cl-757



Table CI0-14. Stomach ciwno of 492 %eakib takeon Ino Eoqe DRay. New Iwosy from Sepmtmber 1976 ftwugh August 1977.

Average Number
Total pe r Volume
Numbab Frequency, Stomach DiBplacement (mnl Volume

Fils fragmeati 133 - ,5.0 161.9 55.1
cynCocia. regS1" 2 2 0.o 1.0 49.0 16.7A ntho q, 44 104 18.2 2.4 47.1 18.0.ienldls 9. 17 25 7.0 1.6 12.4 4.1
nteo t frqme 66 21.13 9.0 3.1Faodly Modd" fb 8 673 2.S 12.4 6.5 2.2

16tmaed W. 1i 6.6 1.2 9.4 1.t
croine nsoaptnea" 12 3.0 1.6 1.8 0.6Organel dedrb 10 4.1 1.0 0.8Orde Aoipb-4de 8 14 2.3 9.0 0.9 0.8FIS mterm 6 .1 " 0.8 0.1

9uMMeM V. a 1 l.2 1.0 0.8 0.1
CLIM Polychobeo 2 2 0.8 1.0 0.2 0.1

Numben arfar 'nd 491 293.9NumbW vit food 10
Numbe emtT 120

N•rabm I M-tthCn n - do . food Iteb
b Total umbnte of each food imm fo•nd Is amasd.
€
0

•.cvn82 of Itomact, wt* food oonago"B pedeufm food omm.

C,

Table 0-•13. Sornach Comment of 9 adult weabidd ukao by Sll oet D, dae OCcS cudema discharge bom Octobe and Novemba 197S.

Aamage Numbe
Total pe Volume

Frequency Number Fteauenc Stomach Dislacement tmli Volume
Ftd. fr Dragmeo - 100.0 84.1 62.3

Cynoscloo icMOlaS 1 2 2m.0 1.0 49.0 36.3
Andics op. 2 2 25.0 1.0 1.8 1.3
Ptlaomooo•o op. 1 1 12.5 1.0 0.1- 0.1

Number exambled 9 135.0
,iumb. with food a
Number woM I



I
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Table a-276. Swmacaa Ofib~ 29 55iMi UkMM to Oym Crak. Nov lauup frorn 3.-h glq Nenemb, 1076.

TOWl 16P Volume
Sepeambe Hoston ftetwur ianeA Dfrplama" den yhi

MMISb~~ 1 0.1 167.3 4.

1 5 6.5 .5.1 13.1.

h,.eaqu -U.0 0.5
ldrAp~oa1 1 .2 1.0 0.1 .

O~g~dW*1 5.2 0.1 0.5

Number 4nhd 20 17.5
Numbs vii foo is
Numb asw I,

Aua Numb.r
TOW! .Per Volume

Ocoborngas Number hSIUqMm ItAuMea Db.1auom Imnf Volume
Fb . s 100.0 5.6. 84.1
Anchas, o. 1 1 16.? 1.0 0.6 7.1
Fomdly hlyolu 3 540.0 14.7 0.6 5.5
Invortam *ogme" 2 - 5.0 0.3 1.5
Order Aeqiblymia 2 33 20 1.0 0.2 1.1

Number vsenbaud 6IL3
Number vii toaw
Number *mvw 0



Table CS-2716 (cooLi

AVWaa Membe.
TOW Per volume

Noebrpeusew Numbe ftm b uhim (ma2 Volume
Matilila W. I 1 0. 1.0 0.1 2.
P'SAlMuMaXS IP6 I 111 *.00. 0.8 l.l~aa~.I 0.0 1.0 0.1 14.6

Nterating n Mela . 0.7
Numb.r wft(a I
Number empty

Average Number
Tcaul .Par Volumea

TOWflqIw Nuumb. ftequeay Stomach Diephcement (mil Volume

-4

0

Fk1 lkmaim..
1.lanta op.

Family My~fi
Invocclsts fqMou"
Older Ampylppada
Palaamoc"M W.
Lumanesolcufl 96
organic daebi

17
9
3

3

1

16
10

113

2

13.6

11.1

3.7
2.7

1.
1.11

21.6

1•.0

1.0

1.0

,I. C

0.70.3?
0.3
0.3
0.1
0.1t

62.,
27.5
10.6

4.1
1.4

1.0
1.0
0.2
0.3

Numrnb egambad 26
Number vwis road 1

20, 0

Hurn empty 2
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TAUl M2-11. Stomtach cne~nts of 95 wesklbb taken In Forked RLVW. N4ew loesy Imm Spswmbm through Wovembw 1976.

Average Numbe

sompbu fiam Number pleosa tmach Diralsommei (WO Volume
Ptah ag 36 549.3 - 90.6 41.0
AG&O 9.1667.0 1.8 17.6 15.9
rain~b~mIiN 48.4 18.1 2.9 7.9
levunarsbrams almele6 40.6 -. 6.5
MMmU op. 7 .9 1.2 .2.6 9.3
Ctfo ME1lb 2 a5.1 1.8 017 1.4
Palomainew op. 2 2 .1 1.0 0.8 0.6
Lema.51e9 1 1 1.6 1.0 0.1 0.3
Orgadc 6@btab 1.6 .- 0.1 .. 0.3

Numbrwts rnmld 77 46.1
Number wift food 8
Numb.eraW so is

Average Number
Toed! Pat Vohin"

October Freguens Number Fr~qeemwn Stomach Dibplatmcen~t fmn Veinin
Pub kagints 11 9 4.6 -15.0 . 0.1
Ancho. q. 4 . 19 30.6 0.0 9.5 08. 5

=ewinros agnmeu 2 19.4 0.2 0.9

Numb.r asamkInd 17 24.7
Number with food 13
Number owtv~ 4



-J

TSMOCI-ng. (Cwt.)

Nal"ffburpoam Num'be Freop y SCMobm DbntamnwnM t'fm valuaft
Ili kag100.0 5.4 100.0

Number man'n 1 5.4
Number w fund I
Numbo. amow 0

A.wage Number
TOW 4 per VObIUns

Totsl Frcquaeney Number Frequency Stomnach oIaolace'ent fI ' votums
Fbb tamg'ee 48 92.2 44".0 52.2
Aicos op 3. 20 40 26.0 2.5 21.1 S3.0
Family &"soa 31 500 40.2 16.1 3.9 4.7
lawnusts, "Ramn 28 3.7* 2.4 4.1
Mwnidl up4 a . 1.' 2.5 3.2
ciaintofi setfshcs 2 2 .6:1. 0.7 0.8
Palasmoflem V. 2 22.0 1.0 0.3 0.4
't'n,.uancum op. 111.2 1.0 0.1 0.1
Oqgamic dabdoI 1.3 0.2 0.1

Number manineod 55 82.2
Number wUh food 77
Num'ber empqt is



I

Table Ql-17 Stomach conteu of SU3 v*ekfdbh u!aeu do iac~ CCI wvelf wead ho00 Seplabe 1976 through Aqutm 1977.

Tag Average Number

3@Tomipq w e Volume
"On"ch 1pmav ob~maoo Stomach Mtolaawost (am Volume

Aucton ~ 10 28 2s.3 1.8 11.0 67.0
nh *agub &, is 3.3 *4.0 I
Invrterat k&Igflin 10 - 3.1 *LO 10.4
Moniis Ml. s 7.0 1.0 1.? S

Faiy ~~mI646.? 3.0 0.1 1.0
cum Pedolyhaa 2 2 4.7 1.0 0.2 1.0

Oqlanh jadI 4? 0.1 0.5

Number empty to

AmeS.g Number
Total V6 Pe Volume

Nrem-W Member FrequeowT Stomach vb1sycecmout (MI)t Volume
pth*gto," 36 - 67.9 11.8 62.8
Ancos mp6 0 2 .4 131 2. 1.

kv sbaftu &igmeov 17 - 32.0. 2 .4 11.$
Falaboornaie w. 0 1 11.8 1.0 1.1 5.4
Croutn autm"M!or 6 6 9.4 1.0 0.5 4.0

Famdly Mywhao a 10 9.4 3.0 0.4 2.0

Plant maeu 3 5.? 0.2 1.0
Lauaeenitcrf Ow. 1 I 1.9 1.0 0.1 0.5

Number examfned 165 10.4
Numiber wifih food 53
Numnber empty 11.2
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T&bl CI-Il7l (CMOiL)

Avfep lNumbe

Tee•, 6 •ut plolmev

p ib keg0m e 30.0 1.0 S.5
psdminu yn4 4 10.O 1.0 1.0 "5.
Fondly Mh as 5 U $5.LO T.0 0.5 13.1
br, ooxt bra umin 4 W 5. 0.5 12.8
Androo ap. 1 1 5.0 1.0 o.s .
Orgoof 4dlls, $ - 15.0 5 0.52 Ll
p1.7mwr 1 L 5.0 0.1 2.5

Nonubu m&m&iM 41 3.9
Number ulh Food t0
Numbe ampl

Aveim5 Number
Toedo per Volume

lily Freency RoItber Purenumey Stomacd Dhplacemeat (m-) Volume
AnchdoN 8.2 15 2.2 2.5 0.1 39.9
pahsommomin p. *2 2 22.2 1.0 0.4 22.1
Orde Amphlp& 3 •t 3.3 3.0 0.5 16.7
Family "asa6 I 1 11.1 1.0 0.1 5.5
lover.' fragn•uns u 1 11•- 0.1 LO5

Pih kragmeofm 1 11. 0.1 5.6
Orga•iuc debr 1 11 0.1 -. 4

Number exembnd 11 1.8

Number with food 9
Numbr emlpty 2



0

I.,'j

:oTa c-.111. (ount.1

A',ffp Number
ToMI ' put Volume

_A~ult fbumm, Number . e'nuae, Skunsadh MDIeUlMM .. n Volume
Amuiqa 1p .I 1a.7 3.0 0.5 2L7
odes Aml~bpeda 2 12 U.3 ILO 0.8 11t.4

pMAV Ufa" 6 1 32.3 4.6 4.2 14.8
Ogeualo mam 1. MI.9 0.3 14.8
pb hgments 1 16.7 0.1 7.1
bme"b hee meuw 1 - 16.1 0.1 7.1

Numbr exlamed 10 L.4
Numbe wt4 feed a
Number empy 4

A ver. Number
TOW l6 per Volume

rel Pbewee .Nutmb.r Frequene Stmmrnsh Dplwaemet Vmn Volume
Fbth . K &e 6 i 60 46.3 1I.2 SL0
Anas V. 19 41 14.7 2.5 18.1 12.2
Invertebt agmnemn 32 - 14.8 4.9 10.5
palaemnedrn op. 12 12 9.2 1.1 L. 5.1
IlMidla op. 2 3 5.3 1.0 1.7 2.6
Fe&Mn "ADe 15 66 11.6 4.4 1.4 2.0

Craaiettmfe .e 1.0 0.8 1.7
.Odez Amplipede 6 21 3.9 4.2 0.6 1.3

Plat matter *$.9 0.3 1.3
Orle debris $ 0.2 0.1.'
Clm Polycieta 2 2 2.3 1.0 0.2 0.4
Lessneenic... q,p. 1 1 0.$ 1.0 0.1 0.1

,4umber exmined 358
Numb4 Wtl4 food 129
Numbr. emeaY 229



Table CI-279.; The number and percent by category of weakfish from Barnegat Bay. New Jersey
with abnormalities examined from September 1976 through August 1977.

01 of each Olo of all specimens
Number category examined

Disease or parasite only:
Lernaeenicus sp. 4 14. 8 0. 6

Lironeca ovalis 11 40.7 1.4
Fin rot 12 44.5 1.5

2"7 100.0 3.4

Mechanical damage only:
Probably dead at capture 43 10.0 5.3
Scales missing 297 69.4 36.6
Scales and flesh missing 60 14.0 7.4
Fin damaged 16 3.7 2.0
Eye damaged 4 0.9 0.5
Hemmorrhage 7 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

Notmal: 356 - 43.8

Total: 812 100.0

CI -766



Table Cl-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 Z Frequency

1-50

51-100

101-150

151-200

201-250

251-300

301-350

7 7

99

5

0

0

0

0

5

1

0

0

1

4

2

I

0

0

14

3

1

0

1

20.0

25.7

40.0

8.5

2.9

0.0

2.9

C1-767



Table CI-281 Number and mean length and weight of summer flounder taken by area in Barnegat
through August 1977.

Bay, New Jersey from September 1976

Males
Length Weight

Standard Standard
Area Number Min Max Mean Deviation Min Max Mean Deviation
Creek Mouths 1 296 296 296.0 - 240.4 240.4 240.4 -
Forked River 8 122 328 196.6 78.7 17.0 348.0 107.9 121.0
Oyster Creek 7 164 303 203.3 52.2 35.1 281.5 97.9 89.0
OCGS Screens 195 160 382 247.6 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 Standard

Area Number Min Max Mean Deviation Min Max Mean Deviation
Creek Mouths 2 157 178 167.5 - 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 71.4 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 - - - - -.

0-

00



Table C1-282. The length-weight relationship of summer flounder taken in
from September 1976 through August 1977.

Barnegat Bay, New .Jersey

Males

Females

Pooled

Slope

95160 Confidence Interval

Intercept

Number Examined

Slope

9,51o Confidence Interval

Intercept

Number Examined

Slope

95,5 Confidence Interval

Intercept

Number Examined

3.1420

0.147

-5. 3767

212

3.0430

0.189

-5.1365

272

3.0782

0.115

-5.2231

498

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 Deviation Min Max Mean Deviation
0+ 1 90 90 90.0 - 7.3 7.3 7.3 -
1+ 7 110 198 143.0 32.8 12.6 57.2 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
0+ 1 122 122 122.0 - 17.0 17.0 17.0 -

I + 33 125 225 182.8 24.3 17.4 101.1 57.8 21.8

2+ 111 167 344 244.8 31.4 45.7 394.6 142.5 63.3
3+ 26 248 382 322.7 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

0+ 0 . . ... ...
1+ 27 143 238 184.6 25.6 27.6 115.1 59.0 24.8
2+ 116 165 343 252.7 35.8 45.8 408.5 159.5 75.8
3+ 44 218 425 332.9 56.2 78.5 824.3 383.7 195.7
4+ 17 340 425 393.5 24.8 377.1 858.0 631.2 146.0



Table C1-284. Mean length of summer flounder taken
calculated from otolidh measurements.

in Barnegat Bay, New Jersey from September 1976 through August 1977 as

Males
Standard Standard 957o Confidence Interval

Age Number Min Max Mean Deviation ErrIor Low High
1 160 64 154 101 16.6 1.3 99 104
2 126 128 247 1"82 27..6 2..5 177 186.
3 28 183 294 257 23.8 4..5 247 266
4 2 296 297 297 - . .

Females

Standard Standard 951o Confidence Interval
Age Number Min Max Mean Deviation Error Low High
1 200 58 155 102 17,8 1,2 100 105
2 173 127 277' 186 29.4 2.2 182 190
3 64 221 344' 266 28.3 31.6 259 274'
4 19 259 369 319 29.0 6.6. 305 333

)-a



Table CI-285. Number of male and
from September 1976

Month Males

September 56

October 68

November 7

December 3

January 0

February 0

March 0

April 9

Maya 0

Junea 0

July 11

August 46

female summer flounder taken at the OCGS tavellng screens
through August 1977.

0o Females io

46.2 65 53.8

48.9 71 51.1

25 21 75

60 2 40

25.7

45.8

54.8

0

0

26

0

0

13

38

74.3

54.2

45.2

a OCGS shutdown from 14 May through 12 July 1977.

C1-772
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Table C1-286. Mean condition factor of age 1+, 2+, and 3+ summer flounder collected at OCGS from September 1976 through August 1977.

Length Condition
Standard Standard

Number Age Min Max Mean Deviation Min Max Mean Deviation
Male 83 1 125 225 182.8 24.3 7.7 12i2 9.7 1.08

Female 27 1 143 238 184.6 25.6 7.6 11.3 9.4 0.85

Length Condition
Standard Standard

Number Age Min Max Mean Deviation Min Max Mean Deviation
Male 107 2 171 344 246.4 30.3 7.8 12.9 9.9 1.0

Female 113 2 183 343 254.4 34.4 7.2 12.8 9.9 1.03

Length Condition

Standard Standard

Number Age Min Max Mean Deviation Min Max Mean Deviation

Male 26 3 248 382 322.7 35.2 9.1 11.8 10.5 0.7

Female 44 3 218 425 332.9 56.7 8.2 12.9 10.3 1.1



Table Cl-287. The number and percent by category of summer flounder from Barnegat Bay, New Jersey
from September 1976 through August 1977.

with abnormalities examined by area

-.1t

Abnormality Type Number Occurrence
Creek Mouths

Mechanical damage Scaled/abrasions 1 33.3
Total 1 33.3

Forked River
Mechanical damage Scaled/abrasions 1 .1

Total 1 7.1

Oyster Creek
Mechanical damage Scaled/abrasions 1 5.0

Hemorrhage 1 5.0
Total 2 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 7 1.5
Hemorrhage 13 2.8

Genetic Pugheaded 1 0.2
Amblcolored 2 0.4
Staining 7 1.5

Total 236 51.2



Table Cl-288. Comparison of calculated and actual mean lengths of summer flounder taken in

Barnegat Bay, N. J. in 1976-77 with those
and Virginia (Eldridge 1962).

taken in Delaware Bay (Smith 1969),

CALCULATED LENGTH AT TIME OP ANNULUS FORMATION

MALES
III IT[ IV V vi

Smith (1969) a
Eldridge (1962)
Barnegat Bay (calculated length)
Barnegat Bay (measured length)

114
1170

101
182

256
240
182
245

345
319
257
323

408
35•
.297

355

449
381 399

FEMALES
II II IV V VI

Smith (1969)
Eldridge (1962).
Barnegat Bay (calculated length)
Barnegat Bay (measured length)

a
Values taken from Smith (1969).

formation.

127
170
102
185

279
240
186
253

387
377
266
333

460
424
319
394

512
471

568
518

Eldridge reported estimated length at time of annulus

Cl-775



Tabla 0.,289 Numbsr of wimax floqunder collcted ad examined by sax and aro In Smguzla Say, New Jersey Aror September 1916 frongh August 1911.

£.peambor
Octmbi
Re~tomba
Docmorns
fauna"
reoleumy
March
A pril

o Mar

July
-j yux
a% Toa.1

OC.G$ TrsveUflg Screem
Membe Number bsmifl -
Colu-ted Undo. Male ltm'oo fsmhnd

4 - 2 .1114.0
t5 is 4 a0

714 a 133 20.1
2.900 . it s 1.

8I 113 79 21.5
5ig 40 GO 15.2
200 I 71 fr 26.9
215 64 15 6IL.1

101 a 29 19 81.1
4 - 2 1 15.0

6,030 il, 593 1V.1

.("Mu caeek forked RimlNImbor Momber Examine 16 Number Number bEmind
Colecud Undeg. Male Female bFamed! Coleetmd Under, Maio Femual bEumda

a . 4 4 100.0 a 1 4 2 87.5
7 .3 4 100.0 7 - 4 3 100.0

is - a 1 09.3 3 1 2 100.0
as - 2 so 98.1 1 2 4 100.0
67 - 30 53 92.6 4 - 1 1 100.0
14 - 3 11 100.0 - - - -
75 - t9 43 9.0 46 25 21 100.0
is a $ 1 100.0 21 10 11 100.0
10 3 B 2 00.0 144 - 3 . 49 00.9

312 . 21 4 o 0 388 74 t81 40 38,
10 - 11 14 23.6 100 - 47 43 90.0

61 . . . I - - 1 100.0
650 IS 163 I15 5T.9 705 75 115 17g 17.0

'Ma'

Number Number Examined
C ollcted Undet. Mule Female Sualmd

lepmmbs, - .
•Octos - It 100.0
Noyimbor I 1 100.0
Deceombm 2 t 50.0

Februmry

March - 3 2 100.0Apr11 4• 1 2 200.0
Apy 9 1 3 6 100.0

lane 1l0 7 31 00 91.6
u017 115 39 23 24 41.5

Au.t, " s , -.

Total701 is 6 1 . 6 MO 14

Number Number Examined Sexes %
Collected Under. Mul Female Combined Examined

20 1 10 8 IV 95.0
40 S 11 31 91.2
" - 0 143 223 $1.5

"I,94 - 119 2SO 259 9.1

982 * 144 114 250 28.8
$03 - 43 65 105 11.2
?1i 1 128 153 282 39.4

254 51 9e IS0 70.9
163 - 38 58 96 58.9
157 127 10 130 382 46.0

485 43 110 110 263 54.2

I 2 2 4 50.0

7,725 172 806 1.043 2.111 27.3
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Table CI-29q. Number and mean le"gb by tocaime d winter flounder taken In Bsmaegt say. Ne_ ley from o Sepembet 1916 *wough August 129T.

Male (lenth In mm) females (lenth In mm)
standard standar

Mooas Locatdio Number Min Mer Maen Dogtada. Numbw Mi n Mean DA-

Sep,-mber-Ombt. OCZGS bavlier inews 20 U 66 ,219.1 40.7 . 16 -4 9

y 7 .1u 1IE 69.1 6.4 8 11 114 101.6 7.9
Forbad Ever I as 2i 116.9 46.6 6 go 121 120.0 26.4

Crash meeth I - - . 87.0 - - - -
Whatemt Oca 01 vevedag poe 0 a tea 121.1 67.0 133,e To 300 117.9 34.1

Oyster Crelt 6 96 904 121.5 42.1 8 N 116 102.4 7.2

Forbad rdm I - - 127.0 - 9 79 1,8 109.6 -

Creek mWnoo I - 109.0 - - - - - -

December O0S orlow 94 11 343 145.6 79.6 116 74 390 156.5 84. 6

Oyo Creek 22 41 206 129.3 69.0 29 76 32' 131.6 1 0.6

Forked River 2 122 132 127.0 - 4 102 126 114.8 10.8

Creek menths . - - - I . . M.0 -
January 0OGS travelin $Mooee 1s 73 308 134.3 61.6 79 78 331 141.6 76.5

Oyster Creek 30 96 294 169.6 63.7 32 90 294 135.6 43.3

Forked River 1 293.0 - 3 101 381 201.2 194.0

Creek mouthms - - - - -

February O(GS as've" g ien8 40 so 291 140.4 52.5 54 79 315 216.8 95.1
Oys3t Cek 3 117 .19 161.0 40.3 11 95 217 110.0 44.7
Fortad , - - - - - - - - - -

Creek meude, -

muhOCGS treilng omoodt 71 319 157.7 58.6 81 .8 392 160.2 66.6
Oyrte Creek 29 99 228 131.5 21.0 43 97 285 143.6 36.0

Focked Wcer 26 71 256 122.0 35.2 21 Be 296 125.9 42.5

Creek moudth 3 113 156 121LO 24.3 2 100 224 162.0

ApeU OCGS Ueveling loreere 64 96 316 159.1 56.2 76 91 310 167.7 71.3

Oysw Creek 6 137 193 31M.O 50.4 7 94 199 147.9 30.4

Forbed ai-w 10 126 303 200.9 86.3 11 106 1s 239.6 27.8

Creek mouthe I - - 156.0 - 3 141 199 102.0 32.1

May 00S haceun g Means l - - - -.

Oyste Creek 2 1s 148 143.0 7.1 3 161 171 169.2 6.7
Fp.d 1.1cm 33 31 161 57.7 43.7 49 30 169 53.0 41.5

Creek Mineut1' 3 716 109 162.0 6.0 a 33 169 150.8 58.2

June 01S traveling screens -.
Oyster Creek 46 42 19 s' 2.3 19.8 s0 40 114 555. 1 24.6

Fmind k.t Z 28 40 I6 516.1 30.1 40 37 I9 06.9 32.0
re~k mtulha8 31 43 1 50.1 6.0 10 41 157 61.2 20.9

Ily.-Augut O5wS trsaeung screm 31 51 182 '1.15 29.9 30 so 214 18.5 33.4

Oyse Creek 11 4, 81 60.2 9.0 14 42 83 57.3 11.3

Fmobd Warc 41 39 96 30.9 16.3 44 39 155 59.8 24.4

Creek .ce,,he 13 6 92 62.5 6.0 14 51 90 80O1 6.3



!

Table C--2L. Lg& &Oeq-ecy dkbwlurtn bY Y-, clam &W aM of vlmo r flkmmn tikes Am fblmegat Boy. New /ar'ey f6im Seoptember 197 du9tig Alptw 1977.

Iengdik Yen ALS EAE

(mm) cl.as 1917-' 19?8 1975 1974 1913 1972 1971 1970 19716 1976 1975 1974 1973 1972 19'71 1970 1998J1-40 28

41-90 65L
51--0 78 - 78
91-"0 31 1 - 42 1
77-90 19 7 - - - 11 11 -81-90 11 312 - - - 12 2
01-100 S 1- - 1 U -

101-110 - 8 - - - -94 o
111-120 U - - to1 o -
1l1-130 - 10 - - --- -
131-140 - U . - ?3 --3
141-150 61 - -
1•1-160 - 5 - .4 -34
101-270 - 17 -
171-180 - 4 14
1i1-190 Io 2 4 .
191-200 1 3 $2
201-210 4

211-220 a - 2
221-230 4 3 -
231-240 - 4
241-250 9- 3 9 2 2
251-290 4 18 3 2
281-210 * 4 10 2 3 3 1
211-200 - 1 4 2 I 4 7
281-290 - 2 4 3 1 - 2 10 2
291-300 1 3 1 2 1 12
301-310 2 - 4 1 23 13 1
311-320 1 " 11 5 1 1 "
321-330 1 I 4 4 5 -
331-340 1 1 1 2 1
341-330 - 1 2
351-390 - 1 -
361-270 - - 2 -
311-380 

.

181-390 - 1 1
391-400 

t "
Total 239 523 40 55 16 6 5 2 275 k33 21 61 21 6 7 3 1

m.tean Lenghd 55.7 120.2 '31.5 250.1 275.1 300.1 299.2 320. 0 S3.8 121.D 2G .3 298.7 311.4 344.3 344.1 343.7 392.0

Numba of match 091G
Number of females 1628
Gland Total 1914

a An addltional 110 sd-ecimna of the 1971 ai-y-[- no, -eMd m-an ienth o( 5.1.6 n'}.
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Table C1-290. Nunmbe ad mat leq* by age of v,,- floumnud tlktn I Is z any, New laoey froma Svmba 1.21 d7ze. •uigi 1917.

Mai- (Ieul(t In mm) Femalks airi.•h In mm)
SuMdwd Standard

Mont Are Number Min Mix Mean Oeicdon Number MO Max Mean Detladi

saptamber-Odobei 0 10 71 128 94.8 18.2 is 63 126 90.2 17.8
1 3 210 231 211.3 11.8 - -
1 11 223 275 148.0 15.3 1 324.0

Novembe 0 a S 164i 1.19.8 17.5 130 i6 104 111.4 18.9
1 S IN 226 210.4 12.2 1 .. . 217.0
2 3 225 180 417.7 19.7 4 20 300 211.1 12.1
3 1 * .2U2.0 .-

December 0 96 a2 150 112.1 11.6 120 74 1"6 112. 18.1I
1 4 186 244 227.5 26.7 4 240 260 261.3 0.3
2 14 222 304 263.0 21.4 14 266 317 320.2 17.5
2 a 280 327 281.3 20.7 7 302 329 313.9 10.1
4 1 got 301 295.31 11.6 2 3126 .0 38.0 -
5 1 900 310 so. 0 - 3 336 290 268.7 19.1
6 2 291 .43 9. - - -

January 0 114 73 163 111.9 19.1 02 78 183 111.5 17.7
1 6 195 t22 224.2 23.1 1 241.0 -
2 15 238 307 263.1 18,5 9 271 316 294.1 13.5
3 4 247 192 264.5 21.0. 2 206 315 290.9
4 - . . 317.0

$ 292 306 298.0 8.7 -
6 "- 1 35o.0

Februar 0 36 90 170 121.4 19.2 35 79 170 129.9 14.0
1 2 196 282 201.5 - 3 210 273 237.1 22.2
1 4 248 291 256.0 19.1 14 270 312 298.9 10.7
3 2 - 164.0 - 5 289 331 310.6 16.9
4 - - I - - 339.0 -
5 4 214 365 339.68 1.26 1- - . - 320.0

much 1 108 77 266 124.7 10.5 120 63 108 128.2 22.1
2 0 228 2113 248 4 18.4 9 22 300 2978.1 18.8
1 6 230 264 2M.0 11.0 17 273 335 301.8 17.5
4, 1 - 195.0 4 305 325 312.0 5.2
1 2 270 322 303.1 1 344.0 *

9 -1 * 3 9 2 .0 -

ApU l 1 63 9g 132 136.5 15.2 9, 01 199 137.3 21.2
2 1 211 315 256.4 28&0 3 273 301 294.0 14.9
a 3 253 269 259.7 8.3 2 275 311 290.0
4 1 291.0 - 3 286 359 319.7 36.8
5 I 303.0 - I - 310.0 -
7 I . - I 330.0 -

May 0 27 31 70 37.0 7.6 4. 30 68 38.0 8.2
1 21 120 166 , 105 11.5 14 1'7 180 167.1 13.3

lung 0 102 40 a 32.2 7.2 123 37 72 51.5 7.2
1 3 161 260 169.0 n .87 147 1M0 162.0 13.0

July-Auoust 0 I20 30 98 M1.3 13.1 100 39 9 6.8 13.9
1 178 185 181n5 4 10 214 411.8 29.2
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Table -2./g Member -- mean weight by .age d vienv flounder taken Birw•nat Batay. New JWewy ben, September 19168 tmb A"m 1911.

Males (welht tin Sa Females (weight in X)

Mard Age N rmbes La Man ie an Deviation NMmber Wle W. WMan efig tie,

Septemneg-Ocobe 0 19 4.7 20.2 9.1 4.1 is 2.5 19.9 10.1 5.3
1 3 94.4 123.5 122.6 35.7 - -
1 11 72.9 241.6 138.7 51.6 1 369.5 -

•-,-,mbet 0 76 1.3 43.1* 30. 6.7 L16 3.1 41.3 10.3 7.9
1 6 64.0 14. 5 103. I. I 3 1 110.2. -

I s 120.1 261.6 191.1 10.t 4 181.0 358.6 .68 71L 9
3 1 - 19.1 . -

Deemnber 0 as .. 3" 36. 6 13.1 7.6 3 3.i6 4L9 18.4 6.6
1 4 00.1 174.0 13.9 40.4 4 203.6 232.6 339.6 16.0
2 14 160.8 342.0 216.6 S.L 14 23..6 43.4 378 7 13.9
3 S 163.4 324. 4 2M.3 41.6 " 404.0 42.4 429.9 24.9
4 3 51.3 $33.8 306.1 33.0 6 483.5 664.8 SL8.I -

2 3L8.0 332.4 3W.3 - 640.0 813.2 $31.4 191.9
6 20.0 66830 4M. 5 - .

Jaiuary 0 79 3.1 15.9 11.1 Is'? 65 4.4 47.2 18.0 10.6
I 6 81.6 239.5 139.1 5.6 1 1"9.6 -

2 16 151.0 33.3 209.6 58.4 9 2.51.6 427.6 340.4 59.7
3 4 161.2 273.2 208.2 47.0 2 347.0 39"Y. 9 372.4 -

4 -1 - 478. 6
.5 2 303.1 2389.9 342.5 43.9 - - -

- -C1 - 4.1 -
Febmay, 0 36 4.4 61.6 19.2 11.0 35 4.1 65.0 25.2 15.1

1 2 3.7 106.7 94.7 - 3 13.2 219.1 161.2 61.8
2 4 132.0 290.9 220.9 53.8 14 231.1 482.2 338.2 68.1
3 2 1 - 205.6 - 4,S..7 490.1 395.1. 63.6
4 - I 88 6.9 -

5 4 3179.23 72.0 646.6 143.4
69 1 437.07

Much 1 102 6.3 46.0 21.1 10.2 110 6.2 70.0 25.7 16.7
2 9 103.1 228.7 165.1 43.6 9 121.2 397.4 264.3 69.4
3 6 100.9 98.7I 117.9. 53.7 17 169.2 415.9 307.8 "6.7
4 1 - 269.0 4 317.2 35. 9 344.2 19.1
5 2 237.0 356. 0 294".6 - 4668.2
9 -- 1 672.0 -

April 1 63 9.1 79.0 30.1 55.0 94 50.2 121.8 33.2 19.4
2 11 94.4 362.5 190.3 7.13 3 248.0 299.8 279.8 217.
3 3 • 134.8 215.2 187.9 46.0 2 250.3 302.9 276.6 -

4 1 - - 246.0 3 279.6 996.8 411.0 216.4
S I - 343.0 1 - - 532.4 -
7 - - 1 365.0 -

May 0 27 0.1 3.6 0.1 0.7 44 0.1 3.4 D.6 0.7
5 15 26.3 68.0 46.5 12.4 14 3.3.3 10." 697.0 19.3

Iwne 0 502 0.3 5.4 1.3 0.7 123 0.2 4.9 1.3 0.1
3 56.2 70.2 61.5 7.6 7 39.8 95. 2 • S5.6 1.1

July-Auar 0 110 0.3 10.1 2.1 2.3 l0o 0.3 8.1 2.8 2.0
1 2 50.9 84.9 67.9 4 42.0 113.5 FA4.6 33.3



Table C1-294. Measurements to otolith annuli (in mm) by sex of winter flounder taken in Barnegat Bay, New Jersey from September 1976
through August 1977.

Standard Coefficient

Sex Number Mean Deviation of Variation

Annulus 1 male 151 0.90 0.08 9.4%
female 156 0.92 0.10 11.416

female = male (t 305 = 1.93, NS)

Annulus 2 male 104 1.19 0.10 8.5%o
female 111 1.24 0.12 9.41o

female> male (t213 = 3.31, P•0.01)

Annulus 3 male 31 1.27 0.10 7.91%
female 51 1.39 0.13 9.2%

female> male (t 92 - 4.77, p •.!0.01)

Annulus 4 male 14 1.34 0.07 5.6%0

oo female 24 1.48 0.12 8.33%
female> male (t 3 6 , 3. 54, p .0.01)

Annulus 5 male 10 1.44 0.09 6.51o

female 13 1.58 0.14 8. 8%

female> male (tgl = 2.75, p 0.05)



Table CI-295. Mean lengths of winter flounder taken in Barnegat Bay, N. J. from September

1976 through August 1977 as calculated from otollth measurements.

Calculated Lengths Standard Standard 9fo Confidence
Age Number Min. Max. Mean Deviation Error Interval.

Males
1

2
3
4
5

Females
1
2
3
4
5
6

150

104

37

14

10

3 56

11i
57

24
13

4

99
166
207
240
263

58
139
197
234
277
306

205
281
300
290
315

229
297
335
359
376
356

152
225
247
267
287

155
243
281
305
328
333

23.5

23.2

19.8

17.1

15.7

30.6

29.2

29.4

29.3
29.2

24.8

1.9
2.3

3.3

4.6

5.0

2.5

2.8

3.9

6.0
8.1

12.4

149-156

220-229

240-253

258-277

276-299

150-160

238-249

273-289

293-318
311-346

293-372

C1-782



Table C0-296. The length-weighta relatiomhip of winter flounder taken in Barnegat Bay, New Jersey
from September 1976 through August 197'7.

Males Slope 3.1592

9591o Confidence Interval 0.020

Intercept -5.3390

95o Confidence Interval 0.041

Correlation Coefficient 0.996

Number Examined 837

Females Slope 3.2012

9511o Confidence Interval 0.019

Intercept -5.4155

9517. Confidence Interval 0. 040

Correlation Coefficient 0.995

Number Examined 981

a Total weight minus gonad weight used in calculations.

C1-783



Table CI-297. Number of winter flounder collected and
1976-77.

examined from the traveling sreren at OCGS from November through May in 1975-76 and

t'-

1975-76

Number Number. . 1975 age class Older age classes
Collected Examined Examined Io Aged Males Females Males Females

Males Females Total Males Females n 10 n n 016 n 10
November 58 51 7 58 100.0 27.4 57.1 0 - 0 - 51 100.0 7 100.0
December 156 95 51 146 93.6 52.6 60.8 3 3.1 1 2.0 92 96.9 50 98.0
Januarya - - -.... - -

February - - - -...

March 83 67 16 83 100.0 31.3 62.5 11 16.4 1 6.3 56 83.6 15 93.7
April-May 58 34 18 52 89.7 61.8 83.3 2 5.9 - 32 94.1 18 100.0

1976-77
Number Number 1. 1976 age class Older age classes

Collected Examined Examined %o Aged Males Females Males Females
Males Females Total Males Females n 16 n 16 n I. n 0%0

November 714 82 133 215 30.1 100.0 100.0 74 90.0 128 94.0 8 10.0 5 6.0
December 2096 94 216 210 7.2 98.9 100.0 63 67.0 90 77.6 31 33.0 26 22.4
January 891 113 79 192 21.5 100:0 9-.5 92 81.4 64 81.0 21 18,6 15 19.0

February 579 40 54 94 16,2 108..0 98.1 34 85.0 26 48.1 6 15.0 28 51.9
March 500 31 B1 158 2S.9 98.6 9".9 54 76.1 58 66.7 17 23.9 29 33.3

April-May a 216 64 18 142 65.7 96.9 93.6 50 78.1 63 80.8 14 21,9 15 19.2

a OCGS not In operation from 24 December 1975 through 7 March 1976 and from 15 through 31 May 1977.



Table CI-298. Number and mean length. by age of winter flounder taken on the traveling screens at OCGS from November through May in 1975-76 and 1976-77.

MALES 1975-76 MALES 1976-77
Year Standard Year Standard

Month Age class No. Min. Max. Mean Deviation class No. Min. Max. Mean Deviation
November 0 1975 0 - - - 1976 74 88 156 120.9 17.5

1 1974 11 187 239 209.0 16.6 1975 4 192 226 212.0 14.7
2 1973 3 257 267 261.3 5.1 1974 3 225 260 247.7 19.7
3 1972 0 - - - - 1973 1 - - 243.0 -

December 0 1975 3 127 158 142.3 15.5 1976 63 81 150 111.8 17.3
1 1974 30 188 264 222.1 17.3 1975 2 236 240 238.0 -
2 1973 14 189 310 252.9 37.2 1974 13 222 287 260.3 18.4
3 1972 2 263 290 276.5 - 1973 8 260 327 281.3 20.7
4 1971 1 - - 282.0 1972 3 282 303 295.3 11.6
5 1970 0 - - 1971 2 300 310 305.0 -
6 1969 0 - - 1970 2 297 343 320.0 -

Januarya 0 1975 0 - - - 1976 92 73 163 108.6 18.2
1 1974 0 - - - 1975 5 195 261 222.6 25.4
2 1973 0 .... 1974 12 243 307 265.4 18.6
3 1972 0 - - - 1973 3 247 295 266.0 25.5
4 1971 0 - - - 1972 0 . ...
5 1970 0 - - - 1971 1 - - 308.0 -

February 0 1975 0 . ... 1976 34 80 161 120.1 17.8
1 1974 0 - - - 1975 1 - - 207.0 -
2 1973 0 . ... 1974 4 248 291 265.0 19.1
3 1972 0 . ... 1973 1 - - 264.0 -

March 1 1975 6 118 186 144.3 24.5 1976 54 90 166 126.5 17.9
2 1974 8 182 240 219.6 .19.4 1975 7 230 283 252.0 19.0
3 1973 6 215 315 - 267.2 36.8 1974 6 230 264 252.0 11.6
4 1972 1 - - 275.0 - 1973 1 - - 295.0

1971 0 - - - 1972 2 278 329 303.5
April-May a 1 1975 2 137 172 154.5 - 1976 50 98 171 131.9 16.4

2 1974 14 181 270 224.4 25.4 1975 9 211 315 255.7 32.0
3 1973 4 236 270 255.3 16.5 1974 2 253 257 255.0 -
4 1972 0 - - - 1973 1 - - 291.0
5 1971 0 . ... 1972 0 - - -
6 1970 1 - 275.0 - 1971 0 - -

I-

U'o

a OCGS not in operation from 24 December 1975 through 7 March 1976 and from 15 through 31 May 1977.



Table Cl-298. (cont.)

FEMALES 1975-76 FEMALES 1976-77
Year Standard Year Stardard

Month Age class No. Min. Max. Mean Deviation class No. Min. Max. Mean Deviation
November 0 1975 0 - - - 1976 128 76 156 112.1 15.9

1 1974 1 - - 232.0 - 1975 1 - = 217.0 -
2 1973 3 240 341 280.3 53.5 1974 4 269 300 281.3 13.3

December 0 1975 1 - - 143.0 - 1976 90 74 154 112.6 17.1
1 1974 13 222 285 250.0 21.4 1975 4 249 269 261.3 9.3
2 1973 12 242 322 284.4 20.5 1974 11 266 327 305.2 17.0
3 1972 3 284 305 292.7 11.0 1973 6 302 329 312.3 10.2
4 1971 2 312 338 325.0 - 1972 2 326 350 338.0
5 1970 0 - - - 1971 3 336 390 356.7 29.1Januarya 0 1975 0 - - - 1976 64 78 141 106.0 15.6
1 1974 0 . ... 1975 1 - - 241.0
2 1973 0 - - - 1974 9 277 316 294.7 13.8
3 1972 0 -- 1973 2 266 315 290.5 -
4 1971 0 -- 1972 1 - - 317.0 -

February 0 1975 0 - - 1976 26 79 157 121.7 18.1
1 1974 0 - -- - 1975 2 230 273 251.5 -
2 1973 0 - -- - 1974 14 270 312 296.9 10.7
3 1972 0 - - - - 1973 5 289 331 310.6 16.9
4 1971 0 - - - 1972 1 - - 339.0 -
5 1970 0 - - - 1971 4 314 365 .339.8 21.2
6 1969 0 - 1970 1 - - 320.0 -

March 1 1975 0 - - - 1976 58 83 174 125.9 21.1
2 1974 6 232 325 261.3 34.4 1975 6 270 309 290.5 15.1
3 1973 3 253 266 259.0 6.6 1974 16 273 335 301.9 18.3
4 1972 1 - - 281.0 - 1973 4 305 325 312.0 9.2
5 1971 0 - - - 1972 1 - - 344.0 -
9 1967 0 .- 1968 1 - - 392.0 -

April-May 1 1975 0 - - - - 1976 63 91 170 134.5 17.5
2 1974 13 227 295 270. 8 20.5 1975 3 273 301 284.0 14.9
3 1973 2 251 277 264.0 - 1974 2 275 317 296.0 -
4 1972 0 - - - - 1973 3 .286 359 319.7 36.8
5 1971 0 .... 1972 1 - 370.0 -

6 1970 0 .... 1971 0 -
7 1969 0 - - - 1970 1 - - 330.0

I-

0%",0
Co

a OCGS not in operation from 24 December 1975 through 7 March 1976 and from 15 through 31 May 1977.



Table CI-299 Comparison of the condition of winter flounder taken during the day and night from the OCGS traveliihg screens from
November 1976 through. April 1971.

Day Night
Standard Standard

Size Range (mm) Number Mean Deviation Number Mean Deviation Results of t-testa

70-109 40 4.38 0.81 182 4.19 0.81 t220 = 1.32 NS
110-139 61 4.59 0.61 293 4.47 0.71 t3 52 = 1.21 NS
140-169 38 4.72 0.79 76 4.71 0.66 tl12 = 0.01 NS
210-289 59 4.71 0.65 52 4.64 0.82 t109 = 0.97 NS
290-349 47 4.42 0.77 46 4.15 0.57 t 91 = 1.87 NS

a NS = not significant

00
-.J



Table C1-300 • Summary of results of one-way ANOVA or t-test and SNK multiple
December 1976 through August 1977.

range test applied to condition data for winter flounder examined from

D ate Size Range (mm) Results of ANOVA or t-testa Results of SNK multiple range testb

Dc ember 60-159 t196 = 1.42 NS sta

k
n

Oyster Creek
4.45
45

OCGS screens
4.28
153

January

March - April

June

90-159

70-189

30- 99

t176 = 5.42 =

F2,232= 4.11

F2 , 22 4 = 0.78 NS

F2 , 2 0 5 = 5.73

sta Oyster Creek OCGS screens
k 5.09 4.50
n 51 127

Forked River/
sta OCGS screens Creek mouths
k 4.71 4.63

n 203 51
sta Creek mouths Oyster Creek
k 4.34 4.20
n 61 102

0

co

Oyster Creek
4.42

81
Forked River

4.19
64

July - August 30- 99 sta
k
n

OCGS screens
5.13
48

Oyster Creek
4.62

25

Creek mouths
4.56

47

Forked River
4.54

89

a

b

NS = not significant
= achieved significance at P !. 0.05
= achieved significance at P <. 0. 01

station groups, mean condition (k), and number of observations (n) given. Means underlined are not significantly different.
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Table C-301 . Gatd com10100 by AVp d vslo flounder .Loe to lar"I"l Bay. New h4 Y &omn September 1076 throxub Aagum 1977.

MALES FEMALES
immatnl Manwle raleed Spent Uidetermined Im rnv, e Matwe Entaged Partially Spent Spent

MOe* AS, a 16 n a n "6 a 1, a % a 16 a
Septaabe-Ocwber 0 17 80 2 11 16 100 - - -

I - 3 75 1 25
S 1 10 " 30 60 - - 2100

Noember 0 31 38 80 U 138 100 -1 - I210 4 Ue-o -. I 2100 - -*
4 . . - 410 I

I - - 411000 -

1 - 100 - .-:

Decmmbe' a 80 so 35 41 •110 100
! 4 !oo - - ;4100 - -o * * 2880 1 1?i- .s. 14 100o . - 620 - - - - - - 110 . - -4 3 - " * 1 100 . .. . . 2 100 * *
* 1 100 . 1 .100 -
6 -1100ttO * ... . -

Jn3' 4 4 6. 1 * - 67•- " *9•t01. .. . . .
I . 6 l100 .. .. . . !2200 -S . . . 15100- .. .. . " 2100 to- .

- - 4 100 -. ... . . 2100 . -
4............................. .... . " 1 100 --

S1 100 - *

. .. . . .. . . ... 100"
Febtruay 0 12 33 2 6 20 so 2 6 - - 2 100

1 - - 1 50 2 80 . ... 1- 2 .1 -.
I - - - - 4 -o 1 7 12 79 I 7 1 72 10 to 5 1100
4 -- 1 100 -

..... . ... .. .. . " - 4 100 •
6 - - - - - - -- -- 100 -

M1cb 1 " - 4 4• 13 12 91 84 120 100 -
S4 44 1 21 4 44 - . :3 222 3 2 4 44

$ 3 o0 2 s1 o 1 17 6 3 5 . . - * 11 6S
4 - 1 100 2 .. 50 1 is 1 . 6

0' 1 so - 1 100

Apr 1 3 5 1 2 • 1 2 58 i 2 84 100 - I
2 I21200 - - 2100 - •
S3 1 00 1- 2100

4 1 100 " 2 67 .1 33
S 1 2 00 - - 2200
"1 - " 2 20 21 100May 0 2"7 100.. . 44 100 -" "

1~~ Ac - I 9 I 91 14 1 00 "* -"

unAu t 0 ^1- 100- - - -- 2 100
I 0 . -" 100 11 2 OO
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Table CI-o3l T, e me'Imber eel pumt by .4e7 d' W1yo I I1t D6 f 305Ite h 7 . e W Me" vIth a tb"UtiiL Gellimd by maRM & Sapremb 25 19"/ tro* Augrat 197.

Ps ' la5beumM Mechancal
No. Nme__ LymplbacvyoU Lesch a• .hem Deed a CeA W a o cf m aresad SImS vigg) rye(s) Cindems Fin &uW sCea. He

ibSmlee seOSlaaM Fin cot Dieae . (•Fe-cohdae) scaf capto . shar'ed" m-b, damaged damned rtbe murkIng, damag.e Hemob-g.- damaged

'A 0 a~ 16 _6 a e6 a% 16 0~ 1 a 1 aaa 6

S.O 6 - - 1 16 4 15.4 -Nov iLif 1 1.0 Q 1.9 - 1 0.5 1J 2.3 5I 1.4 21 5.3 S 0.9) - ] 0.15 1 0.5

Dee 210 - - 21.43 1.4 01.4 1P.4 S 0.5 Is 6 .1 - -
!m 1 1 0.5 3 1.0 8 1.4 - - - $ 1 0.5 43.1 -- 0.5 - -
Peb 1 - 4 4. .3 3 .3 4. 11.1 66.4 L4 . .
Me I 0. , - - 10.6 1443 3.16 55.0 $ I1. -0 I

Ap3 .1 - - 10 7.0 1 0.1 5 .L. 1 0.7 1 0.1 40 1 3 1.4May 0 . .. ..-- , - -

Jul-Avg 65 " -" " 9 . 1 1.3 " - -- - 1 1.5
Tota 1104 9 0.1 18 1.4 10 0.9 0.1 - 4 0.4 4.3 11 1.6 M 4.1 5 0.6 25 1.4 50.5 60. 9 0.

Dee U -i "-"-. .. . - I 1.9 - I 1.9 . . ..

fim 63 - 2.3.2 .. .. . .-. . 94.6 . - -
Feb 14 " - " 2 17.1 . - 1 .1 .-
VIUM! " - " 1 1.4 - . 1 1.4 .. . . -AF 2- - - - -$. .. . . . .. - - - - . -

M~ay 3 5- - -1.0 212 - * -° * . . . - . - . • .
Sal-A S . .... 22 - - - - - - .- - - -.

T OaW 9 4 - - 2 0 .5 . . . . . . - " 1 0 .5 - 1 0 .5 - 4 280 - - .

Pined Ilvi ns

kpO 21 4---- -. - - - - - o - -- -

Dec: 6 - - - - - . - - - - - -. -.
3-* 4 - - - -

lat 46 . -.. . .. - - * " 2 2.3 . . -
Ap• 22 - - . - -- - 1 3.5 .
May 2 2 2. 2 . . . - -- -- -.. . . .- -
iJe. 242 -" " ". -" .. . . "- . - ' . . -* .
lul-AoA 02 . ...-- -- - - . . .

-Total .404 I 0.2 - . - - • . -3 0aT .-

Creek .lnut•r
Sept-Oct 1 ".-

Nqov 1 ." - - - - -. - - .-
Due 2 - . - - - - . * - - -. - -. .-
San 0 . . .--. - -- . - *
Feb 0 . .
Aper r 5 20.2 - • --. - .

Mlay I 1 .-. •2.

Sw. 95 - * - . - -
JuloAn• , 3 . -" - 7 3.2 - " . - - .

rur'oal *204 1 0.3 1 2.4 -. . - . .
,•ai r,•ral 2111 5 0.2- 10 0.') 10 0.1 I (0.1 ,." 0.3 5 0'.2 II 2.3 21 0.5 00s 2.7 ,5 0,2 29 0.1) 5 0.3 1 0.2 3. 0.2
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Table a-30% (coaL)

No. PLO Ganctic/Dvlsolt law Mkted emdu

frmino abnormalUty A mbleolived R Heate Waite

-° "- . r. _

oco...s
NezOeV 215 - o6 1 3.69

6o 1011 1 . 11 6.1.
Del - - 1 0.6 j, 6.1 1 0.

4i181 (. . 6.1 - 1 0.6
aeb 6• " - 1 2.1 a 44 a at

UN a- - ! 0.6 - 3 l.a - .
2.1

*1O~~12 L2 - -6 1. 0.?
Apt 142 ... 2 1.4 2 (t.
MAy 0 - - - . °-°
Jm 0 - o - . - . - .

1, |-AmE 66 - - 6 4.6- . .

Total 1104 6 0. 1. 0.1 $ 0.3 41 S3. 7 0.1 0.6

Seap-Oct 16 i s
Nov 14 w - • 4 26.4 .
Doc 2 " " 1 1.0 ! 1.3

Feb 14 - -

Mar - - -7 2
Apr 13- -- ,, , .
may 15 ..
Jus, 1'- - - - . .

* lol-Aun 25 -. ! 4.0 It 6.0 -

Tm.d 304 - 1 0.2 6 LI - 1 0.2

NAOX 4 " -- 160

No w 3 ..
Dee 4 ... . -

Feb 0 ....
Mar 44 . ..
Apr 21 - - 4.6 -
May 82 2 -. 4

1"m 142
Jul-Aug 91 . ..

Total 409 -3 0.7 -

Creek Mouths
Sept-Oct I " "
NOV I .-

Dec I " ° °
ISO 0 ". • "
Feb 0 ..

Apt 4 " 20.0

% l a y 0 - - ! 2 5 .0

lun 98 .
luI-Aug 1 "" 1 (.2

Totlt 204 • - 1 0.05 2 1.0

;and To 21 1.ll 2 0.1 2 0.1 3 0.1 53 2.5 1 - 0,1 9 0.4



Table CI-,B03. Number of northern puffer taken in Barnegat Bay, New Jersey
through August 1977.

from September 1976

OCGSa
Traveling Screens Oyster Creek Forked River

September 179 1 1
October 1044
November 28
December -

January
February
March -

April 5
May 4
June 1 1
July 100 2 1
August 225 1 5
Total 1585 5 8

a Estmated number (Table

Cl-792



Table. C1-304. Number and mean length of northern puffer taken at the OCGS traveling screens from September 1976 through August 1977.

UNDETERMINED MALE FEMALE
Immature Mature Enlarged Immature Mature

Mean Mean Me an Mean Mean Mean
Number Length Number Length Number Length Number Length Number Length Number Length

September 2 66 22 97 13 193 - .13 97 20 189
October 4 49 47 109 46 198 - 66. 107 24 208
November - - 1 90 1 165 - 1 117 - -

December - - - " - - - - • -
January. - -..... " "
February ..........
M arch .........
April - - . 1 183 - - -

May a - . 1 177 - -

June 24 22 . - - 2 110 - -.

July 12 60 15 74 1 136 - 12 75 - -

August 11. 60 26 90 2 180 - - 21 96 1 115

TOTAL 29 59 111 97 63 195 4 142 113, 100 45 197

03

LA

a taken in seven 5-mfn hauls from the east side of Barnegat Bay (not included In total)



Table Cl-305 . The length-weight relationship of northern puffer taken in Barnegat Bay, New Jersey
from September 1976 through August 1977.

MALES slope 3.1901
95% confidence interval 0.069
intercept -5.0325
number examined 179

FEMALES slope 3.1105
95% confidence interval 0.072
intercept -4. 8615
number examined 161

POOLED slope 3.1341
95%16 confidence interval 0.044
intercept -4.9135
number examined 371

Cl-794



Table CI-306. Number and mean calculated length of northern puffer taken in Barregat Bay, N. I.
from September 1976 through August 1977 and in Chesapeake Bay from November
1969 through November 1970 (Laroche and Davis 1973).

BARNEGAT BAY CHESAPEAKE BAY
Male Female Male Female

Mean Mean Mean Mean
Age Number Length Number Length Number Length Number Length

156 149 35 158 307 131 455 147

2 9 178 9 186 117 182 140 .204

3 29 209 41 237

4 7 227 9 259

C1-795



Table C0-307 . Number and mean length of northern puffer taken in Barnegat Bay, N. J. from'
September 1976 through August 1977 and in Chesapeake Bay from November 1969
through November 1910 (Laroche and Davis 1973).

BARNEGAT BAY CHESAPEAKE BAY
Male Female Male Female

Mean Mean Mean Mean
Age Number Length Number Length Number Length Number Length

1+ 49 194 26 213 190 181 315 200
58 196 - - 278 188 - -

2+ 9 209 9 231 88 204 99 235

3+ - - - 22 224 32 256

4+ 7 236 9 274

a Weighted mean length of 1+ and 2+ males.

Cl-796



Table C1-308. Number of sand shrimp taken by area in Barnegat Bay. New Jersey from September 1976 thrDugh Aqust 1971.

September
October
November
December
January
February
March
April
May
June
July
August

Creek Mouths

116
49

5

25
67
16

5

Forked River
26
65
52

514

616
728

1152
175
339
573

Oyster Creek

7
147

3721
86

276.
959
266
440

58
61
32

OCGS
21

1.295
97.958

256. 280
51,542
16.202
94. 312
77, 080
1,763

11
7'I 3

TOTA L 286 4240 6047 596,471

Table CI-309. Number of sand
August 1977.

shrimp taken in paired collections by day and night in Oyster Creek and Forked River, New Jersey from September 1976 through

September October November December January February March April May June July August

Day
Night

0
26

15
57

14
185

161
4074

2 49 17
78 227 1558

174
820

59
1533

16
210

11
389

5
600



Table CI-31D. Number of sand shrimp coaUeted in Forked Rives and Oyster Creek, New Jersey from
March 19'76 through March 19'7.

March

April

May

June

July

August

September

October

November

December

January

February

March

TOTAL

West of Route 9

Frked River Oyser Creek

242 26

66 -

119 3

13

128

111 1

Between Route 9 and

Forked River

471

160

439

76

20

31

2

11

7

8

1225

Barnegat Bay

Oyster Creek

623

126

67

5

7

19

16

1

10

874

3

13

16

1

2

714

18

5

3

56

Cl-798



Table CI-311. The length-weight relationship of sand shrimp taken In Barnegat Bay, New Jersey
from September 1976 through August 1977.

MALES slope 2.8827
9516 confidence interval 0.035
intercept -5.0522
number examined 1143

FEMALES slope 3.0731
95W confidence interval 0.050
intercept -5.3076
number examined 1366

OVIGEROUS
FEMALES slope 3.1128

95% confidence interval 0. 027
intercept -5.3044
number examined 657

C1-799
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table a-912. Number sod mo boo ofmd sa" fthumi. by mao is Sraqat Bay, Ho8w emay frm SeptobutM 12 0ai August IM17

Caesk hMomib Fu~a k1vw
LjAn mals ?.wuh ..2XkRO. u Maio P.MalS ovg1 -

MO&s Mian Wons wmi Main SWUM Itsm MO&m
ft. LAMW6d M@6 LA~V48 N%. ISM* N. 1~v No. Law e. LOK No. Imaw No. tear& No. LAzw48

lapasibt *9 21- S 3 2 6 31
cl3 3 23 21 31 40 34 1 3 26 33 30 38 3 42
0move - 1,438 1 as 1 45. '27 6 4 m . 41 1 41

D.owneb . - . 4 39 - 6 2 30 36 31 38 2 m

lnmE? . - - 7 SO 4 40 -

February 1 20 4 36 10 39 3 55 .

Mitc S 20 7 33 12 37 1 44 n 23 34 a1 43 29 1it 3
AprI 25 .20 is S1 21 30 9 47 8 20 37 32 45 35 73 49
may . -*12 26 45 3. 7 40 10 16 84 29 51 32 48 3a.

UNS " 2 39 -) 3 . 30 27 31 9 34 27 S3
ly-- -40 21 26 27 55 33 1 24

AUtan - ] 30. 1 28 as 29 58 24 46 28

Total 33 20 93 33 394 34 26 44 179 21 353 30 342 35 711 44



Table 0-312. (am.)

Oyst eeb oc0Q Tuavmt Sca5m
joeus Maue Fole I ovfgemm juvemfloe mm Female OAwerouq

Mean Mean We4M uesa bassfi- Na Mean
NoD. Lez, No. Lmt * No. Lei @ Lew No. Legmth No. l14 No. Lenth N9. Length

Septem~ber - I 0 8
Octe 2 8 r 81 - - 9 48 10t 48 1i 48
Noem, b a 21 2 3 38 311 70 "9 - - 4" 4 44 49 3• 43
December 1 11 17 40 I8 42 9 82 -59 4 109 40 is I
lJauary 1440 32 48 8 08 00 44 135 48 10 0

Sotr is .48 30 47 16 a a- 34 44 9. 48 S9 88
ba"el 2 23 47 31 2 39 so a -t 48 3 48 93 04
Ar U 11 20 41 30 40 13 33 81 .g 10 43 9 50 so 52
May 8 2S 28 2 1 26 31 11 38 1 42. 2 50 34 47
fuor I 1i 12 34 14 41 13 43
July is 20 2S 27 it 30 - -- 1 39 1 31
Auust 17 19 9 21 7 28 - .- 3 40 -
Total a6 02 330 33 377 38 141 49 - 335 44 40408 320 51

0



Table CI-313. Summary of results of one-way ANOVA and SNK multiple range test applied to condition data for sand shrimp examined
from September 1976 through August 1977.

Months Results of ANOVAa Results of SNK Multiple Range Test

STA Creek Mouths Oyster Creek Forked River

Males October - November
F.2,130 =3.90 K

N
9.35

51
9.32
40

8.76
42

STA Oyster Creek

Males April S2,093 = 0. 40
NS

K
N

8.56
18pI-

0

Forked River

8.39
37

Forked River

Creek Mouths

8.38
41

Creek MouthsSTA Oyster Greek

Females April, - May
FF2.107 = 0.75

NS
K
N

4.90 4.87 . 4.13
21 49 40

a *=achieved significance at P_ . 0.05
NS = not significant
Means underlined not significantly different



Table CI-314. Number and mean length and weight of male blue crab collected by season in Barnegat Bay from September 1976 through August 1977.

0o0
oj

September - November
Length Weight

Location Number Min Max Mean S, Dev Min Max Mean S, Dev.
Creek Mouths 31 12 106 47.5 25.1 0.1 78 12.1 17.8
Forked River 56 20 110 56.1 24.1 0.7 75 15.9 18.8
Oyster Creek 159 9 135 57.3 27.3 0.1 146.6 21.1 25.0
OCGS Screens 636 12 146 70.6 31.4 0.1 217.3 3'7.1 3q7.9

December - February

Length Weight
Location Number Min Max Mean S. Dev. Min Max Mean S. Dev.
Creek Mouths 0 . . . ... . ..
Forked River 0. " .... . .
Oyter Creek 17 12 131 46.4 41. 7 0.1 160.1 25.9 49.5
OCGS Screens 7 18 89 37.1 24.9 0.6 51.5 10,1 18.5

March - May
Length Weight

Location Number Min Max Mean S. Dev. Min Max Mean S. Dev,
Creek Mouths 0 . . . ... . .
Forked River 2 12 12 12.0 - 0.1 0.2 0.2 0.1

Oyster Creek 2 11 18 14.5 5.0 0.2 0.7 0.5. 0.4

OCGS Screensa 374 11 199 51.2 25.9 0.1 138 16.2 18.2

June - August
Length__ Weight

Location Number Min Max Mean S. Dev. Min Max Mean S. Dev.

Creek Mouths 0 . . . ... ..
Forked River 0 . - - -

Oyster Creek 0 - - . . - . -

OCGS Screensa 236 27 154 75.1 27.8 1.9 238.2 42.8 41.7

a OCGS shutdown from 14 May through 12 July 1977.
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Table Cl-315. Number and mean length and weight of female blue crab collected by season in Barnegat Bay from September 1976 through August 1977.

September - November

Length Weight
Location Number Min Max Mean S. Dev. Min Max Mean S. Dev.
Creek Mouths 19 12 102 50.7 20.9 0.2 36.2 10.6 10.3
Forked River 58 16 155 74.7 31.4 0.3 142.3 33.4 34.3
Oyster Creek 144 16 142 68.5 34.0 0.1 136.3 30.4 36.7
OCGS Screens 841 13 161 80.0 36.0 0.1 230 45.0 42.9

December - February
Length Weight

Location Number Min Max Mean S. Dev. Min Max Mean S. Dev.
Creek Mouths 0 . ..- - -

Forked River 2 42 65 53.5 16.26 8.6 21.4 15.0 9.1
Oyster Creek 7 18 72 41.4 20.42 0.4 19.5 7.5. 8.4
OCGS Screens 4 11 50 25.5 16.94 0.4 10 3.0 4.7

March- May
Length Weight

Location Number Min Max Mean S. Dev. Min Max Mean S. Dev.
Creek Mouths 0 . . . ... ..
Forked Rivar 1 18 18 18.0 - 1.2 1.2 1.2 -

Oyster Creek 0 . . . ... ..
OCGS Screensa 308 12 147 62.7 38.3 .0.1 163 30.8 37.5

June - August
Length Weight

Location Number Min Max Mean S. Dev. Min Max Mean S. Dev.
Creek Mouths 0 - - - -... ..
Forked River 0 . . . ... ..
Oyster Creek 0 . . . ... ..

.OCGS Screensa 256 21 158 83.4 32.3 0.5 184.6 50.0 41.1

a OCGS shutdown from 14 May. through 12 July 1977.



Table CI-316. Total number and mean length and weight of male blue crab collected by area in Barengat Bay from September 1976 through August 1977.

Length Weight
Location Number Min Max Mean S. Dev. Min Max Mean S. Dev.
Creek Mouths 31 12 106 47.5 25.1 0.1 78 12.1 17.8
Forked River 58 19 110 54.5 25.0 0.1 75 15.4 18.5
Oyster Creek 1'18 9 136 56.8 29.2 0.1 160.1 21.3 28.7
OCGS Screens 1253 11 199 65.5. 30.1 0.1 238.2 31.8 35.6

Table C1-317 Total number and mean length and weight of female blue crab collected by area in Barnegat Bay from September 1976 through August 1977.

Length Weight
Location Number Min Max Mean S. Dev. Min Max Mean S. Dev.
Creek Mouths 19 12 102 50.7q 20.9 0.2 36.2 10.6 10.3
Forked River 61 16 155 73.1 31.8 0.3 142.3 32.3 33.8

Oyster Creek 151 16 142 67.2 34.0 0.1 136.3 29.3 38.2

OCGS Screens 1409 11 161 76.7 36.7 0.1 230 42,7 41.9

0

0
Lfl
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Table C1-31q Number and wesa lU•eg and wei)t by momb of Immeseb blue crab taken In Ine"ant lay from Seleembeff 1976 twough Auguat 1977.

MAML
C urek MUwe Parked RIM Oye creek OaGS Somerew Totlmeso MGM me" ble Mean Mean Mean Mean

muembr l 6 Weight Nwbere- 1 Weight Number J Weight Noumber . w NUVlb w 'September - 4413 6.4 14.8 3 .60.0 3L9 On 61.0 M4.t 373 80.6
OctobeU 40.4 6.5 27 48.0 .1 54 41.1 10.0 134 60.1 144 U.8 53.NMos hbe a 43.8 9.1 3 0 .0 8.2 47 M.4 12.4 44 19.6 .3. 101 45.3Deembe r - -*- 11 31.7 1.0 1 27.0 2.0 is 22.5
fam07ry . ... . . ! 100.0 54.1 1 45.0 10.0 2 74.5Vabeoam . . .. . . 48.5 6. 5 3 1.1 6.0 S 31.0Marc h - IS si.e - 40.6 120.6 0f 41.1AP1 6. 0 - 14.0 0.1 10 5.6 Joe 48.1 1t.5 in 4.0
May a 5.5 1 40.9 1 37.9 - 133 54.6 1. in7 0.8une 8 08.4 8 67.6 - 6 56.1 - 2 2 60.3fury 7 6.1 7 ! 40.4 12 44.0 150 ;.0 M. 8 Igo 66.1
Auzumt 4 97.3 8 61.6 19 70.1 71 70.4 17.7 102 99.3
Total so 52.6 94 60.2 -223 50.4 1085 56.5 1411 55.0

FEMAIL
crek Mo•uie Forkad Rive 0"M Creek OcG$ Sotenrs Total

Mean Meno Mean MeNa Meam Mean Mean Mean Meo
Number tamth Weight Number LUNA Weight Number Length Weight Number Le. dh Weight Number Length

Septmber 24 68.7 25.2 40 6.L 27.7 403 66.0 16.9 467 65.4
October 1 47.3 9.5 17 50.1 12.1 33 50.1 18.2 164 68.0 21.0 225 57.8
Nowembw 4 61.3 14.7 2 6.5 34.1 48. 47.2 9.8 46 39.6 8.9 97 44.9
Decemt•e r - 6 40.8 7.6 - - 1 40.a-nuar . - $ 30.3 1.6 . 50.3Febuar7 . * 2 63.5 15.0 1 45.0 0 1 11.0 0.4 4 40.8

March . - . - . 619.0 -1 40.7 16.4. 69 44.6
ApU 3 42. 3 5 34.0 0.2 6 45.8 132 48.8 14.2 146 46.2
,Ily 2 73.5 a 66.8 - 4 44.0 635 57.4 19.8 79 57.9
lune 12 66.0 8 64.8 20 3&.1 - 40 51.4
July 21 81.2 32 55.8 - 19 18.2 S1O6 70.6 3$.5 238 28. 5
AM . 1o . 76.4 17 61.5 - 21 73.3 50 73.9 21.2 107 75.2Totl 167. I 1 62.6 203 56. 7 1090 60.8 1475 60.6

OC25 sbudslo, •rom 14 May through 12 July 1977.
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Table C-1-319. Number San m lengtb aud wegbt by mofd € matn hle no, tabken In f"g&t o f &M September 101S 4to. A"gt 1'7l7.

MALE
crek M•ut,• PFaked River - Qeb Croak 0 S,. Screens_ Total

Mass Ma sn Mass Week &AM Me Meas
NMmbe. 1t*s Weab Number Lar& WWAbt Number !e"n Weigh Nmb laOu wow Numb. let

Summm - - - 4 0.I 1 0.5 18 108.8 .81.2 38 10O.9 70.2 58 109.9
Octbe 1 108.0 18.0 8 10o.0 0o.0 1 3.0 9B.4 Be 111.4 100.8 a 118.4
Norambu 1 3.5 48.0 - 4 212.0 01.0 2 121.0 O0.I 1 111.8
D ece m b er .... 116. , 1 1 1- - 51 1 18 .5
fmmry " " " - - " o
Febrry- - - 1 180.0 120.1 1 89.0 81.8 t 1o0.5

1mar ......hS 1 0 60 .? 74 . 9 8 1 0 6 . 7
r - -OL 8.5 8 08. 87.8 10 9.$

May -1 n.0 t 50.5 1 118.1 11.8 t1 104.8Iun.. - 1 50.0 * 08.6 - - $ 987.
July 14 115. 7 118.4 4 1:Ia. 29 110.1 112.0 54 119.0
A• 8 114.6 8 122.0 10 120.7 30 116.4 48.1 48 118.4
Total 22 114.8 to 109.8 - 43 110.8 198 115.2 282 114.1

FEMA•E.

Creek Meudw Forkad lRive Oyst Creek OCZS .r,• Total
Mvin "ean Me48 Meas Mean Mtet Mean Mean Wa

Number LAnei Weilht Number Length Weight Number Laength Weght Numbot Lergth Weight Number 2..gb
Speqmba 10 230.1 07.7 15 131.0 109.6 56 121.8 98.1 81 128.8
October 1 100.0 55.5 2 116.0 91.6 120 130.8 105.2 123 130.8
Noembe. - 2 130.0 8.1 30 128.8 108.1 33 128.0

Faotfy-- . - . -

Marh- *.2 11.1 23.7 03.8 B 122.2
ApiU " 4 129.8 -28 121.1 01.3 32 123.,%- 1 121.0 26- 12 220.8 94.6 27 120.7
Iwe 2 211.5 - 1 128.0 - 3 1222.3
laly - 3 14.3 " 1 14.20 28 12;. 2 110.3 32 118.3
Auxurt 1 125.0 1 141.0 " 1 111.0 22 124.3 86.1 , 12 .•
Total 3 131.3 1 2 139.4 20 130.9 300 127.0 -$4 128.2

OOGS shulofn from 14 6may clrouigh 12 July 1907.



Table CI-32Q The length-weight relationship of blue crab taken in Barnegat
September 1976 through August 1977.

Bay, New Jersey from

Males

Females

Pooled

Slope

950b Confidence Interval

Intercept

Number Examined

Slope

9516 Confidence Interval

Intercept

.Number Examined

Slope

9576 Confidence Interval

Intercept

Number Examined

2.8167

0.052

-3.8119

1520

2. 7019

0.059

-3. 6411

1640

2.7468

0.039

-3. 7069

3160

Cl-808



Table C-3"1. NO mb nd percen d muswe mid immatus. asw mnd female ba ds m cra etlau b, ais mM litoy fom Sepaember 1970•6dlo•h Augsit 1971.

Imm a. Immatur Total ommurse mUe Marwe TotaI tLunn Quid
MAIM Pemalae No . maim ~ Female -NHo. 16 Total

b Osrnm- 37 1111.2 447 47.1 a0n U.! 88 $.6 a I.8Io 15 1.$ t"d 27.4

Oube 13 86.4 no9 " 5.L 487 71.5 a 9.6 1in 1. 1N 35.6 L68 18L.

Noaer 101 3ILI 07 7.1 in9 741.1 " 1 . • 1u tL7 is 23.11 280 7.3

Deember, is U.9 a 1s.6 ai9 U0.S 2 9.1 0 - 2 9. *1 0.6

Isiomy 44.0 a 01.0 a 100.0 0 0 - 0 - 5 0.1

Peuwary 8 41.5 4 31.4 9 81.1 1 15.1 0 2 15.1 11 0.1

Mwl 67 48.2 59 43.1 116 U.0 3 1.0 a &.j 11 1.0 117 3.9

Aprl 1 40.1 14" 19.1 3s 111.1 10 1.1 3 8.6 41 11.4 370 10.4

May 117 73.3 73 251,5 1 18 5.! 11 4.0 2? 9.9 18 .13.9 274 7.7

Jame 2 31.4. 40 51.1 . 1181. 6 7.1 3 4.3 8 11,4 70 1.0

July 190 37.0 230 46.3 4B 8013. 54 10.6 32 6.1 N 16.7 514 14.4

Au3n. 131 17.5 101 ".8 1209 16.1 49 17.6 is 5.1 93 21.2 171 T.6

Total 1452 40.0 1475 41.4 2127 W.1 232 7.9 354 .0.0 66 17.9 3ba3 100.0



Table CI-32% Number and percent of recruitment (1-59 mm),. growth (60-119 mm). and mature ( >120 mm) size classes of blue crab collected by
season from December 1975 through August 1977.

Dec 1975 - Feb 1976 Mar - May 1976 Jun -- Aug 1976. Sept - Nov 1976
No. No. 10 No. IQ No. I.

Recruitment (1-59 mm) 600 97.7 2333 83.2 3366 80.5 884 45.4

Growth (60-119 mm) 13 2.1 324 11.6 684 16.4 815 41.8

Mature ( 120 mm) 1 0.2 147 5.2 133 3.2 250 12.8

Dec 1976 - Feb 1977 Mar- May 1977 Jun Aug 1977
No. lo No. /o No.'

Recuritment (1-59 mm) 29 78.4 451 56.9 319 33.5

Growth (60-119 mm) 6 16.2 295 37.3 534 56.0

Mature (> 120 mm) 2 5.4 46 5.8 100 10.5

0-0

0
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Table CI.323. Spun ffdbeim clath and affort for all wore arom Septembe 197s Itoh Au"uc 1IM7.

zoos 1 Zone 2
NO. HP. N4o. Mrs. No. N. No. life. No. Hn. NO. Ni.

libmm flied Catch ailgb,. flated Cacb cratbbeu fthhed Catch hmo fished Catch &tkm fished Catch €rabbene fibed Catch
Septmber --.. . . ..

October . . ..
Nomb- - - " 1 1.11 1.20 2.25
Decmber ..

April . .. . . a io " 5 5.0 1 1.2
May 6 i.e a i 7.5 3 * 11 .4.5 21 20.5 1 5 L0 I
left 20 14.0 is I L0 2 11 15I 14 U1 6.0 so 15 44.0 2 of 14.0 48
Jily 39 25.0 41 10 7.8 4 is 15.0 44 67 81.0 4 11 1L.0 is s6 70.5 K
Asnll; 145 236.l 5114 45 11.1 144 IS 223.6 420 I8 134.0 Bo 14 1110 11 so 113.5 2u4
Toal 201 23.0 631 1 log.s 153 172 257.0 478 211 33F.25 43 101 111.20 44 151 219.0 405

Zos I (Forked Rive)
Pouts 9 Area Beach Bled Area

NO. H111. No. Hra. No. Hn. No. HM. No. pi. No. HN.
tabhel fbb Catch aoxier 14bed Catch lbbn fitsed Catch ebtan fiabed Catch &!glen f1b6 Catch orabbers fbb6. Catch

September 9 12.5 104 4 3.5 19 a 10.0 as *
Octob er - - -
November - "

Decembe• 2 $.o 2 3.0 2 -

Mmch 6 1 i1.5 3 6 5.3 3 - 2 3.0 1 2 3.0 1 -
April 21 44.5 6 28 44.5 6 3 2.6 2 2. - - -

May 4 14.0 S 5 5.0 5 4 L.0 4 3.0 2 2 1.0 - 3.0 2
Juna 4 3.0 4 3.0 4 7.0 4 4 1.0 2 2 5.0 5
July is .0.0 2 5 10.50 11 a 5.0 7 a* 5.0 4 4 4.0 9
AugmM 1i 20.0 117 7 2.0 1i 1 10.5 22 24 44.5 103 24 44 . 113 21 41.0 40
Total 98 191.5 219 63 90.0 50 39 !18.5 160 43 .65,0 167 41 63.0 120 29 12.0 47

Toul at zooe 5
No. l .No. 'nr. No. )lI .

taho fihed Catch fn~tcfs fished Catch €rabbeur fbhed Catch
S pte mb.1 0 192.5 104 4 3.5 10 6 10.0 80
October - - - -
Nov. ~e rides'.

Decemmb I 3.0 2 1 3.0 2
March I 12.5 4 8 11]. 4
AprIl It 47.0 6 31 47.0 6

2ay 13 17.0 1 7 10.0 5 - 6 10.0 2

lune 0 t0.0 4 9 10.0 2 5.0 2
lui 322 95.0 -9 14 13.5 13 24 88.0 56

Ai.uat 39 G4.1. 190 31 52.5 128 30 57.6i
Total 141 ICA0.5 1Re, 104 IS1.0 179 68 11 20"



Table CI-322. (coumj
Zee. 4 fOm- I-ek

September
Oct"h
Noisembor
Deammbw
Mock
Apfl
Mal
law
inky

Augm:

Me. JIM.
Woko fied Catch

M1 - 50.20 173
39 10.2 14"
s0 64.78 72
13 U3.5 Is

1 16.00 2
1 33. 0 17

is U4.00 11
3• "4. 00 so

34 i .00 181
20 525 1tf

27T0 OU.21 7

Room I Area
Noa. NIM

MAI fhad Catch
30 36.26 96
39 80.25 122
30 4. is 48
is 23.60 1i
9 IS.0 2

13 3.00 27
is MO.0 4
11 U." n2
30 U.00 7
it 26.00 U4

223• 456.16 454

No. HI.
cabbo fbhed Catch

5 32.00 "7
2 7.26 24
3 6.10 24

10 10.00 45
111. Is

62 01.1 I'44
9 1. 440

Me. Sirs.
fisma flased Catch

6 12.75 69
10 20.00 39
1 2.00 a

10 6.00 5
s0 54.10 11
4 7.00 1
1S 1.00 6

1i 27.00 "
96 253.70 378

e umLke n Area
NO. Hm.

magians fished Catch

4 1.75 45
20 20.00 39
2 1.00 3

10 8.00 S
to 5L 50 31
10 6.00 24 1%00

I 6.00

S 2.10 -
2 1.60

58 207.21 129

Poo. Mrbs.
cabbers flied Caoch

2 7.0 24
3 5.0

2 1.0
I 4.0 2.

6 26.0 .1
I1 It. 0 inI
14 26.1 44
411 1t86 24£

Na. Sits.

As its LL S"

I00

SeptamliU
October
Noasnerb
Dom 6mbui
March
April
May
IVa=
July,

August

No. Hrs.

rihmn fished Catch
38 72.00 242

49 100.21 185
32 £1.16 is

11 23.50 I5
is 23.00 1

43 68.00 54
22 31.00 is

41 90.00 129
" 226.50 217
U 110.00 246

762 106.00 1250

Total of 70os 4
No. Hrs.

asnlen fished Catch
34 64.00 141
49 100.21 191
32 $6.11 51
13 23.50 Is
19 22.00 1
43 68.00 64
17 21.00 4
is 60.00 23
33 66.10 73
22 29.00 24

291 564.00 563

No.

I

3

Is

43

Na. Sin.H".
fished Catch
3L.00 101
12.26 24

6.50 24

2.00
29.40 Is
44.00 •4

203.50 205

433.26 687

No0. Hm1.
fshma fnied Catch

47 94.50 544

48 100.25 185
33 68.00 76

14 28.50 17
32 40.00 14

77 140.00 70
43 80.00 22

11. 215.00 18a
188 427.10 409

306 54r 00 2302

GrWd Total
No. Hm.

ainlem fbhed Catch
38 67.5 160
40 100.25 161

53 66. 00 01
14 26.50 17

32 40.00 14
77 140.00 1*
so 63.00 13
14 122.00 29

98 126.50 100

16 184.00 34
167 057 71 100

No. HM.
ucabbez fished Ctch

15 48.00 106
a 12.26 24

3 8.10 24

1 1.00
33 47.50 19
Be 92.10160

144 380.00 $80
210 4. .00 9oi
00 Sl n76 11 t00

132 93 0 1716 75 2119 W 917 75 Mo 529 1077 75 11 W
iotal 365 838.00 1250

2 si F~g. CI-32 arnd C-33.



I00

Table CI-324 Sp••, flaba cao/hbom ed coacb/indlidual by on from S"tsmbr 9610 trouogh. August 19".

Catch/bour Catch/tindivldual Ctch/boat

M b Tm nmom rman fC Total FlnflIh Blue cab TOtal Flnflb Blue crab Total P11f11 Blue corb

AprlJ 2L2I6. ....

May 119. -1t0.0 a.4 0.4 o04 o .6 0.7 0.7 -
lase 21L0-.L0 0.1 0.1 0.9 0.8 0.3 2.2 2.0 0.4 2.l
July II 2-Ir.0 2.1 0.8 1.4 1.5 0.4 0.l 1.7 1.0 8.1
-0 9*210. 6 1.4 !.1 1.9 1.8 9.0 3,2 11.1 0.4 8.9
Total 21.2-60.5 2.2 1.4 1.0 3.1 2.2 2.8 0.9 2.9 8.0

Notemlbr 9.0 -. 6. 0.0 0.0
uMach 2t.l 0. 0. 0.6 0.6 1.0 3.0
APOl 111.-111.0 "- .-

May 21.8-16.0 0.1 0.1 0.1 0.1 *0 0.3 0.. 0.1 2.0
gumo "0.me. 0 0.6 0.1 2.9 1.0 0.1 1.0 2.5 0.2 4.8
July 1&201.0 2.1 0.8 2.1. 1.4 0.4 0.5 4.5 1.0 4.9
August 25"1.0. 1 .2. 2.8 2.4 4.6 2.0 4.6 13.1 2.9 12.1
Total I .0-18. A 1.2 0.4 1.0 2.2 0.4 2.7 6.0 0.9 8.0

zone 5

(Fmoked RIUw

September 1. 0-18, 5 8.3 5.4 0.5 211. 6 4.0 14.1
October IL 1.00.0 - "

December 1.0-5.0 0.7 3.8 2.0 1.0
Match L1.-1.0 0.4 0.4 - 0.5 0.5
April 241.1"7.0 0.1 0.1 - 0.2 0.2 -

May 1.& 4.0 0.4 0.6 *0.6 0.6
luob 1I.0"i.0 0-

MYly 123."17.0 0.1 0.9 0.8 1.4 !.1 2.7
Aun"st 1S2 1.10 1.0 1.6 1.3 2.5 2.1 2.4
Total 1.0-18.0 1.2 0.7 1.4 2.2 0.9 4.1

zone 5(F•oba Slo
(Faked Itives'

llach IMd waro
match LO'-12.0 0.3 0.2 0.5 0.2
Apoul 14.0-11.0
May .21.0-24.0 0.7 -1.0 0.3 - 1.0

1 0 . 1.0lgue 7."0-26.0
loly 1. 0-418. 0

2.4
1.4

0.,3
0.8 0.8

1.2 0,7 0.o

,A.h'.llt 2 .0-29. 0 3.4 2. $.".oa .- 00.. .~ 0 -m "I0 - _ .
T,•I .0-29.0 2 1.9



Taiba 0111 (com.)

~ twigtth/TugcPur Blial 491 Tl

Sep.4wlbw 004h13. . .6 . .3 . 2 .
limas 0 weal

Swfegmbe• 114, 2l.S .9 2.,r tIL L .4 L.2 141.4
Ocmbe . 141526. 1. 1. LI LT? L1 12.0
Novembr 1. -M4.0 1.2 L.T L. 1.4 1.1 e.e
Denempb 0.4,i OS L. - 2.1 1.
Marc h.0210 0.1 0.1 L 0.3 0.3
April S10-119 11.9 00. - 1.3 . .2.
M"y IL 2 4-L 6 0.1 0.3 0.0 0.0 0.8 0.3

0• few U."141,1 12. 0.4 2.8 L.1 0.0 4.6l', July 2141046.0 Ls 0.9 0.1 4.3 3.4 1.7I0. Aajs 3,.0-$1.0 2.4 0.9 3.6 6.6 1. 1 .7
T.au Total LS'.61.0 I's 12.3 I's 3.3 0.8 4.9SZane 4

Sepormbn 34,139. 5.4 7.3 8.4 21.1 11.2 12.0
Ocu&• 314.11-16.0 1.0 11.0 3.9 3.6 -
Nowetber 7.5-14.0 3.6 2.5 - 1.3 1.3 .
Mapch 16.0-15.0 0.6 0.6 0.1 0.5
Ap

4
l 14.0-36.0 .11 0.1 1.. 2.6 -

May . O. 0-4. 0 0. - 0.3 0. • - 1.0
tons 11.1-21.0 1.6 3.0 6.4 . 6.4
July 11.0-1.S4 1. 3 2.4 . $.' - 7.
A33l_ te.0-•,. • 1,6 - 1.7 1.,, - 3.1
Total 7.1-31.0 1.2 2.3 1.5 3.. 2.1 .11

Total Ceatb
Sep.4mbe " it. 0-10. 5 4.6 ".4 8.3 7.4 1.7 24.3
Ocueo 11.41t16.0 1.* 1,.6 .0 1. 3.3 4.6
1oveytmba 7.5-14.0 2.1 9.7 3.7 .3 1.8 6.0
December 1.0-9.0 0.8 1.2 1.1 -
Muclh 6.0-15.0 0.4 0.: 0.4
April 24.0-52.0 0.2 0.6 0.
Ma.y 3.5-114.0 0.5 0.4 0.4 0.4 0.2 0.6
fund 17,0-24.0 0.9 2.9 .9 1.6 0.4 1.7
July 1i, 0-19. 0 2.2 1.0 1.0 2.0 1.7 3.7
A., u at 24.0-31.0 ".3 11.0 2.0 4.3 2.0 1.6
Total 1.0-31.0 1,6 1.7 117 2.9 1.7 3.4

b Mlly mon~tbi during olitck ,Wet flhcomvwere am rcent Are Indlicated.
c . jte don~ 0. VF,



Table Ca-3l Spot fhaboalu catch tn v~emo aimejgat lay by pectsl and sone* from September 174 Id•qh Augiut 1077.

Zone I zone S o 5 (Zroked 5(F ., - Zon. 4 loyaoe cr.ck
z .IW lab kvd aree Total ama Bulkhead rea Total Total Catc

sgeol. No. O. Mo. $ No. 6 No. M No. % No. % Nm. 1, No. %
Was aeb 4118 7L1 408 90. 160 18.1 471 IL1 107 U1.4 441 80.1 2i31 67.8 888 8. 2701 61.9

91sm!A 14.4 21 4.6 40 23.8 100 81 249 31. 148 iIl 6I 11.4 308 Is S 21. s.9
Spo 1 8 .1 1 .8 -7 • 18.1 92 1.0 11 8.4
Winterm• - - 0.1 8 4.1 1 0.0 10 8.6 II 8.. 1, 7.5 17 S- t i
AunmmicAm . 4 0.9 3 3.1 1 0.9 8 3. S 0. .- 0 0.4 1. 1.0
Soup I 0.3 1 0.3 - - -.2o 2.s 1.o o.8
summ flo - 3 0.4 0.. , 1.9 - 9 0*7 11 .4

Witst pur - 0.8 4 !.4 0 2.8 8 0.3 I 0.1 5 8.1 9 0.1
Nortempr 1 0.1 5 1.1 *1 0.2 *.0 7 0.3
Slack ma i • - I 0.1 1 0.8 5 0.1 - - 0.1 4 0.1
Oy ang• sh 1 0.1 -. 2 1.1 2 0.8 1 0.1 -1 0.1 4 0.1
Swp ri.n 1 1.2 2 0.6 1 0." - 1 0.1 3 0.1
Taotn * n 1 0.1 1 0.1 - - . 0.1 1 0.2
Northern hu ingL . .... 5 0.1 - I 0.1 I 0.2
Silver parc 1 0.1 1 0.1 1 b

Smoothdoglu - 1 0.1 1 0.1 I *

Atlmnoc nodlelh 0.3 1 0.1 .

0

t-0
g.n

Swe Fl. c0-1n anM 0l-31.

b * lea than 0.1%



Table Cl-37. Spart fI0 catch Wd offot fo(a s sereUlaited with ft thral plooew (mais I red 4) and totffected are (sensel and 0) ioa, Septmaber 1916 through Augus 1971.

September
October

Mayb
June

Tooal
Bas to apestidoin

NO.
Temperatm Mo. (C) • h mo

19.0 21.5 9
11.0 *20.0

1.0 -. 0 1
klO ILO a

14.0,- 1.0 6
1.9 - ZL.O 1i

17.0 - 2LO 8
13.5 - 21.0 a
14.0 - 2.6 t6o
1.0 - 29.6 15.
1.0 - 29.5 237

IL6.- 7.0 101

Fin.
ft~hed

12.5

3.0
11.5
47.0
14.6
34.0

10.0
101.0
623.6

376.0
178.65

Catch
104

4
6

If20
to

117
714

1417

No. HM0.

4 3.9

6 11.6
32 47.0

1 17.6
16 16.0

24 23.0
70 12.0

176 26.6
123 104.0

s 08.6

,Zones I and 8
No. Hnl.

Catch crab~bers fl
19 1 10.0

1 * -

4 1 o

1 0 10.0
4 is 20.6

17 40 104.0
271 168 201.0
32 240 47. 6
303 179 291.0

29 6a 156.6

Catchash

2
1s

1o0
482
668
667
118

* Catch/boa CatchJhaIh4imaI Catch/04aa~'
Total Antlal Clabber Total Anlel C•abber
8.5 5.4 6.6 11.6 4.8 14.2

0.7 0.7 - .0 2.0 -

0.4 0.4 0.6 0.l6.
0.1 0.1 - 0.3 0.3
0.4 0.6 0.2 0.8 0.7 0.6
0.6 0.2 0.8 0.1 0.1 1.2
1.0 0.7 0.t 2.1 0.7 0LO
2.6 2.0 1.1 4.0 3.4 2.6
1.8 1.8 1.6 3.0 1.9 2.9
2. 1.6 2.0 2.7 2.6 3.3
0.8 0.6 0.6 1.6 0.6 1.7

ToCstch/boar"ToAge Aotlt Qabb -

0.1F i.1 -

1.0 0.4 2.6
0.7 1.0 5.7

11.1 3.4 L.t
6.9 2.9 6.0

11.0 1.8 L.2
2.9 0.4 2.4I Mo I& S - 27.0 101

0--

Zones 2 and 4
No. Hb. No. HIS. No. Ni. Catcb/hour Catch/tloiddual CaadhIboa6b

Temperaure r!3e (C) (hamo t1had Catch anglei fished Catch rasbben RIhAd Catch Total Ailor Ctabber Total AnCles, abu TCraa Abe CtobberSeptmber U4.6 - 29.5 38 72.00 242 34 64.00 141 1 06.00 101 3.4 2.2 2.7 4.4 4.1 14.4 -October 14.6 - 26.0 49 100.20 126 46 100.25 161 $ 12.25 14 1.6 1.6 2.0 3.6 B .2 4.6 -No-ombr 7.5 - 14.0 33 6t.00 75 3a 08.00 61 5 8.60 24 1.1 0.6 3.7 2.3 1.6 6.0 0.0 0.0 -Decmnb•r S.5 - 6.0 13 23.50 is 13 23.50 1i 0.6 0.6 - 1.2 1.2 --March a.0 - 1.0 24 28.50 10 24 28.50 10 0.4 0.4 0.4 0.4 1.0 1.0APU 1.0 - 21.0 44 93.00 64 45 93.00 64 3 2.00 0.7 0.1 0.0 1.4 1.4 0.0
May 13.8 6 -4.0 40 40.10 7 38 4.so0 6 21 $7.00 17 0.1 0.1 0.6 0.2 0.1 0.6 0.0 0.2 4.6
on= 17.6 - 26.0 @1 181.00 169 66 104.00 26 45 12.00 144 0.6 0.9 2.0 2.1 0.2 5.4 2.5 0.2 4.8
tely 25.0 - 29.0 123 307.00 312 81 103.5 83 91 214.00 189 1.2 0.6 1.1 3.0 0.8 3.0 4.5 1.0 4.9
Autust 26.0 - 31.0 118 244.0 540 so 41.0 32 104 209.00 498 2.3 1.2 1.4 4.6 1.4 4.8 13.1 1.9 13.1
Total 1.6 - 51.0 142 1173.21 1702 392 675.25 607 2W9 652.25 109l 1i' 0.6 1.7 2.9 1.8 3.8 6.0 0.9 8.0
OS•S in operation, 5.5 - 31.0 338 633.75 1154 235 422.75 494 121 268.75 645 1.. 1.2 2.4 3.4 2.1 5.3 10.1 1.1 9.5
OCOS shutdovn 13.6 - 29.0 244 537.50 146 151 2M.5 113 181 ASO.5 450 1.0 0.1 1.2 2.3 0.7 2.7 3.1 0.3 2.9

a • thl abted only whe sport fbhere-n wae pres .
b c/b c.mpuod only I tonest I and 2.

c OCS operated bfom Septembet 1970 thotb AU 1677. mi rumrned opratsra to August 1077.



Table. CL-328. The mean density of the dominant (> 5$) forms of macrozooplankton in the intake canal
to the Oyster Creek Generating Station at water temperatures below 18 C (October through
March) and above 18 C (April through September) from March 1976 through March 1977.

Mouth South Branch Route 9
of Forked River Bridge

Below 18 C

Neomysis americana 44.056 38,893

Sarsia spp. 26.050 23,328

Rathkea octopunctata 20. 553 23, 326

•Crangon septemspinosa (zoeae) 11,104 9,296

Total Macrozooplankton 120.387 117, 388

Mouth South Branch Route 9
of Forked River Bridge

Above 18 C

Xanthldae zoeae 46,355 88.153

Amphipod a 18.906 26,120

Crangon septemspinosa (zoeae) 11,073 4. 305

Neomysis americana 10,398 22,087

Total Macrozooplankton 109,404 169, 700

Cl-818



TABLE CX-329. YEARLY MEAN DENITIES (0/10OO 3
) OF MACROZOOfLAJIKTON THAT COMPRISED 952 OF THE SPECIES

cMoSmTTom N AT XCE OT OR THREE STATIONS I. FORKED RIVER AND AT EAuC OF Tr TmHRE
STATIONS ZR OY8TOR cn FROM MARCH 1976 T.OUGH MARCH 1977.

FORM RIVER MOUTH (45)

SPECIES

TOTAL
NEOMYSTS AMERICANA
FAMILY XANTMIDAE
SARSIA SPP
CRANGON

SEPTEMSPINOSA
RATHREA OCTOPUNCTATA
UNIDENTIFIEo

AMPHIPODA
OXYUROSTYLIS SM $THI
AMPELISCA SPP.
'YSIDOPSIS BIGIGEOWI

CLASS POLYCHAETA
BARNACLE CYPRIS
PALAEMONETES SPP
SAGITTA ELEGANS
ORDER CAPRELLIDOA
LEUCON AMERICANUS
FAMILY SYLLIDA:

LIFESTAGE FREOUENCY YEARLY MEAk4 STD DEV I COMPOSITION

00 DETERPM.
SOUAL
NO DETER4.

SOUAL
NO DETERM.

NO DETERM.
NO DETERM.
NO DETERM.
NO DETERM.
LARVAL
LARVAL
ZOEAL
NO DETERM.
NO DETERM.
NO DETERM.
NO DZTER• .

26 118112.70
26 28779.40
12 21190.20

5 14208.90

19 13065.70
4 11210.50

24 9206.90
17 2866.21

7 2333.81
14 1767.81
11 1718.81

2 1698.00
9 1339.20
2 879.95

17 .846.39
22 805.70

9 700.95

FORKED RIVER I01 9 NXIDaC

10395.80
6804.28
869.40

5958.66
1058.05

13812.90
2622.30
5663.65
1511.01
1650.47
4148.01
4540.64
1041.00
743.29
587.08
695.37

(6)

24.37
17.94
12.03

11.06
9.49

7.80
2.43
1.98
1.50
1.46
1.44
1.13
0.75
0.72
0.68

0. 59

SPECIES LXFESTAGE FREQUENCY YEARLY MEAN ST7 0EV I COMPOSITION

TOTAL
FAMILY XANTHIDAZ
NEOMYSIS AMERICANA
SARSrA SPP
RATh KEA OCTOPUNCTATTA
UNIDENTIF IED

ARPHIPODA
CRANGON

SEPTEMSP INOSA
AXPELISCA SPP.
OXYUROSTYLJS SMITHI
CLASS POLYCHAETA
BARNACLE CYPRIS
SAGITTA ELEGANS
MYSIDOPSIS BIGELOWI
LEUCON AMERICANUS
ORDER CAPRELLJDEA

OEAL
NO DETERN.
NO DETERM.
NO DETERI.

26
14
25

4
6

146792.44
45806.50
30101.00
12724.30
12723.30

N

N

SPECI ES

TOTAL
NEONYSIS AMERICANA
RATHiKEA OCTOPUNCTATA
FAMILY XANTHTOAE
SARSIA SPP
CRANGON

SEPTEMSPINOSA
MYSIDOPSJS BIGELOWI
UNIDENTIFIED

AMPHJPODA
LEUCON AMERICANUS
CLASS OLl GOCHAITA
CLASS POLYCHAETA
AP•PELISCA SPP.
BARNACLE CYPRIS
MhlEMJOPSIS LETIDI

NO DETERM. 26 10226.60

ZOEAL 21 7729.95
10 DETERM. .5 5294.04
NO DETERP. 20 4094.20
LARVAL 10 3212.59
LARVAL 2 2902.45
10 DETERM. 2 1781.45
10 DETERI. 13 1302.45
10 DETERJ4. 23 1238.15
90 DETEZR. 19 1198.29

FORKED RIVER LAGOON (46)

LIFESTAGE FREQUENCY YEARLY MEAN

25 73351.64
0O DETERI. 25 44431.80
0 DETERM. 4 7678.50
OEAL 14 2775.44
10 DETERM. 6 2675.90

OEAL 17 2641.01
0 DETERM. 15 2630.70

1O DETERM. 16 1370.31
0 DETERM. 18 1277.09
0 DETERM. 1 1233.00
ARVAL 6 1124.40
0 DETERM. 6 970.95
ARVAL 2 757.27
O DETERM. 6 527.34

STD DEV ; COAIPOqITION

16616.80
25712.10
8206.41

16788.60

6084.46

2077.78
11025.20
1962.86
4334.53
5445.95
2090.20
2213.26

773.45
715.10

31.20
20.51
8.67
8.67

6.9 7

5.27
3.61
2.79
2.19
1.98
1.21
0.89
0.84
0.82

L
N

L

N8

N
L
N
L
N

52699.10
3720.93
1303.64
724.06

2272.33
3868.74

2385.26
1506.26

0.00
2922.27

533.72
614.87

1084.21

60.57
10.47

3.78
3.65

3.60
3.59

1.87
1.74
1.68
1.53
1.32
1.01
0.77

Cl-819



TAIL! CI-329. (CONT!.)

OYSTER CREEK NDUTl (5O)

LoFESTAGE FREQUENCY YEARLY MEAN . STD DEV I COlPC!ITITJOSPECIES

TOTAL .26 56401.58
FAMILY XAIH'JIDAE ZOEAL 16 20211.20 38655.20 35.83
NEOlIYSIS AMERICANA NO DETERM. 26 8344.85 2192.66 14.80
SARSIA SPP NO DETERM. 4 5564.90 5585.19 9.87
CRANGON

SEPTEMSPINOSA ZOEAL 16 3806.01 2022.84 6.75
PALAEMONETES SPP ZOEAL 15 3288.53 7023.60 5.83
SAGITTA ELEGANS NO DETERJ4. 2 3229.95 3100.14 5.73
UNIDENTIF I'ED

AMPHIPODA NO DETERM. 24 3160.88 1635.56 5.60
RATHREA OCTOPUNCTATA NO DETERM. 6 2155.59 1568.74 3.82
NEREIS SPP EPITOKES 12 1053.38 1942.75 1.87
LEICON AMERICANUS NO DETERM. 21 782.30 453.37 1.39
OXYUROSTYLIS SMITHl NO DETERM. 13 637.18 318.63 1.13
CLASS POLYCHAETA LARVAL 10 630.52 764.22 1.12
ORDER CAPRELLIDSA NO DETERM. 12 386.68 668.22 0.69
MYSIDOPSIS BIGELO-W NO DETERM. 16 360.70 389.79 0.64

OYSTER CREEK LAGOON (30)

SPECIES LrFESTAGE FREOUENCY YEARLY MEAN STD DFV 6 C"IPOS7TTION

'OTAL ,.26 33006.54
FAMILY XANTHIDAE. OEAL 14 9469.54 13853.20 28.69
NEOMYSIS AMERICANA NO DETERM. 26 7259.15 3264.10 21.99
SARSIA SPP NO DETERM. 4 6742.77 4917.27 20.43
CRANGON

SEPTEMSPINOSA IOEAL. 17 3007.09 609.09 9.11
MYSIDOPSIS BIGELOW NO DETERM. 17 1265.83 912.34 3.84
UNIDENTIFIED

AMPHIPODA NO DETERM. 25 1212.92 1415.96 3.67
PALAENONETES SPP ZOEAL 14 1020.24 1606.44 3.09
SAGITA ELEGANS NO DETERM. 2 525.59 107.67 1.59
LEUCON AMERICANUS NO DETERM. 15 252.64 429.67 0.77
RATHKEA OCTOPUNCTATA NO DETERM. 4 221.73 445.82 0.67
NEREIS SPP EPITORES 5 203.00 210.04 0.62
OXTUROSTYLIS SMTTlHi NO DETERM. 13 146.36 232.19 0.44
BARNACLE CYPRrS LARVAL 2 127.77 97.43 0.3q

OYSTER CREEK ROUTE 9 RIDGE (14)

SPECTES

TOTAL
FAMILY XANTHIIDAZ
NEOMYSIS AMERICANA
AIELISCA SPP.
CRANGON

SEPTENSPINOSA
UNJI•ENTIFIED

AMPHIPOO.
SARSIA SPP
RAT REA OCTOPUNCTATA
SAGITTA ELEGANS
PALAEMONETES SPP
OXYUROSTYLIS SMITHI
LEUCON AMERICANUS
BAfRNACLE CYPRIS
CLASS POLYCHAETA
MYSIDOPSIS BIGIR.OH

LIFESTAGE PREOUENCY

26
WOEAL 13

NO DETERM. 26
NO DETERM. 4

WOEAL 15

NO DE'TERM. 26
NO DETERM. 4
NO DETERM. 4
NO DETERM. 2
ZOEAL 12
NO DETERM. 16
NO DETERM. 20
LARVAL 2
LARVAL 7
NO DETERM. 14

YEARLY MEAN

80194.43
.28640.50
16059.90
7911.49

4336.59

4116.79
3992.90
3575.27
1899.04
1555.20
1250.12
740.11
739.32
720.39
687.25

STD DEV l CDMPOSITION

19858.80
5845.56
7058.36

1617.81

1245.44
3626.79
786.30
861.97
822.14
996.03
450.96
142.63
813.41
476.55

35.71
20.03
9.87

5.41

5.13
4.98
4.46
2.37
1.94
1.56
0.92
0.92
0.90
0.86

Cl-820



Tablea Cl-IO. OMpwaimon of be mean deeady Of Cmminoo and important macraooplarilton between Forked River ( Sm. 6) and OCian IDeb (60) far.m
Llaoch 1976 though Maro 1977.

Myophk bigefout

Unefdntffef Arnpftipoda

C. kJ460P~nor (Weree)

Edota. IMoAM

PainenMoeetes app.

FolydIet lar Ivae

Leucoi *,,.eicanu

Iathkes ocwpanstat

Xanthfiame (&,zat)

PA~alanetm sapp. (m~egop)

NUOSb qpp. (spihiaef)

AnmpoLhoa app.

ximnetnopsh loldyl

loeo oname

Total M&0ooplftnk@b

An~

lei" is C
Above I1I C

Man Demlty tjom/I00m)
POMW Wr:v or"0 Q'een
28, m 13.663
16.081 1.W06

Olt 3121.101 610

'72?1 3,164
18.354 3,643

212 22
184 .10

9.294 4.950
4.305 1.746

101 16e
1, 66 m95

77 2 0

87 134
4.10 1,029

9n 114

8,024 . 931

3.00 807
M4 695

2.263 1.001
93. 88 190.202

a, 326 1.952

KIM 49.488

1,994 8.Goo

1.882 338

228 64

SlIM 107

7.004 560

430 136

87 29
117,188 46. 764
186.'/00 710. 46

J I I

PercetvDano~e
Differsence

-65

-14.14
-80
-80

-93
-47
-50
-40

-84
-64

105
-16
-60

-92
-83-69

0

-83

-44

-07

-70

-71

-70

-93

-88

-67
.88
.0z

DII luerco
ki,.ten Canal.

NT

N

T
N
N

N
N

N'tNT
NT
NTy

N
Y
NT

N•T

Y

Ni

NT
Y

Numb-a ,(
Data Poemit" at

-6> so•

6 of 6

6 of 7
3 of 4

4 of
2 of 0

6 of 7

3 of 4
a of 0
6 of 6

4 of 5
1 of j
I of 1

2 of 6

4 of 7
2 or 4

3 a. 52o|4

4of ,

3 of C

6I f "
2 of -2

2 of '

I of 7

3of 3

8 of 7

2 of '

2 of .

I of 2
* Of 6

a lfo.. It C. March 1916 Mal Oeepb, msough Moardi Xboa. IS C Afpia thmnqh Supteanbe

c NWt fested
d Imicludim Hitodya app.. 1.19etebl ap,. Patam pp., &Wa Ublina app.

N 6 of I

C1-821



TABLE CI-331. MEAN DENSITIES (a/100ON3) OF MACROZOOPLANKTON 0DLLECTrU AT STATIONS I3 1oR LIVER AND OYSTER CREEK FROM MAY THROUGH SEFrTOIE 1976
(WArER TDEMERATURE ABOVE 18C).

ROMTE 9 sayDGE

-ORKED RIVER (6)

SPECIES FREO l-mAN MIN MAX SDEV CVAR

OYSTER CREEK (14)

F-R-EQ EAN H MAX S0EV CVAR

0o

3,,

LIFE STAGE: No DETERMINATION

CLASS HYDROZOA. 1
TURRITOPSIS HNTRICOLA 8
OROER ACTINIARIA 0
PHYLUM CTENOPHORA 1
3@4EMIOPSIS LEIDTZ S
REROE SPP 2
CLASS DIVALVIA 1
ENSIS DIRECTUS 0
CLASS POLYCHAETA 3
FAMILY PHYLLOOOCIDAE 2
FAMILY SYLLIDAE 4
NEREIS SPP 4
FAMILY CAPITELLIDAE 3
SCOLECOLEPIDES VIRIDIS I
DIOPATRA CUPREA 5
CLASS OLIGOCHAETA 0
SUBPHYLUM PYCHOGONIDA 7
ORDER CUNACEA I
CYCLASPIS VARIANS 4
LEUCON AMERICANUS 13
OXYUROSTYLIS SMITHI 11
COROPHIUM SPP 2
ORDER CAPRELLIDEA 13
UNIOENTIFIED MYSIDS I
MYSIDOPSIS BIGELOWI 9
NEOMYSIS AMERICANA 13
PALAEMONETES VULGARIS 2
PALAEMONETES SPP I
CRANOON SEPTEMSPINOSA 9
SAGITTA SPP 1
LEPTOSYNAPTA SPP 4
SUBORDER DORIDACEA I
INVERTEDRATE FRACMENTS 0
SCOLOPLOS SPP 3
PECTINARIA GOULDII 1
PODARKE OBSCURA 5
GLYCERA SPP 2
LISONECA OVALIR 3
IDOTEA BALTICA S
EDOTEA TRILOBA . .12
ERICHSONELLA 5P 2
U•IJDENTIFtED A;.%PHIPODA 15
AMP .LISCA SPI'. 4

LIFE STACEi JUVENILES

CALLINECTES SAPIDUS 7
(-NLL I ::ECT L"- 1P.

14

83 1164 1164
575 133 3149

130 1813 1813.
430 159 3256
87 133 1087
18 250 250

52 36 500
26 48 318

.198 192 1164
81 33 500

116 192 1115
3 35 35

126 33 1106

576 192 3005
11 159 159

152 290 769
2263 192 5333
6429 580 28546

485 385 6400
3024 558 6667

34 476 476
2107 769 7143

.25087 36 156000
10 67 73
77 34 577

134 36 688
10 133 133
13 34 63
27 376 376

11 40 71
80 1115 1115
69 73 592
.10 40 96

10 33 73
33 33 238

1886 192 5575
80. 48 1067

18156 140f0 52571
7964 .690 73143

133 63 946
c5 48 q01

7085P

311
8o1

485
890
290

67

139
85

387
170
303

9
305

939
42

279
1699
9636
1706
2176

127
2308

44875
25

152
209

36
22

100

23
298
157

27
22
66

1831
284

15375
19705

248
213

374
153

374
207
333
374

267
325
196
210
261
374
242

163
374
184

75
150
3S2

72
374
110
179
254
197
156
374
171
374

209
374
227
278
217
198

97
357

85
248

187
325

0
3
3
1
4
3
0
1
4
2
4
3
1
0
2
1
8
0
1

13
12

3
12

1
9

14
1
6
6
0
2
1
2
0
0
6
0
4
7
7
1

14
4

7

2

14

171
28

5
156

14

3
73
14

106
13

2

10
41

289

16
1114
2172

125
1490

12
1028
6331

119
33

6
24
24

43

47
295
325

12
6413

12507

90
11

33172

150 1667
63 18.4
75. 75
84 1078

54 75

40 40
36 635
46 149

217 574
.46 72

34 34

46 100
574 574
168 1111

217 217
250 2867
140 9176
168 1085
542 5378
168 168
840 2909

1111 20313
10i 108

39 778
36 125

42 46
336 336
149 184

34 336

46 479
34 1600

217 1008
168 168

1147 12218
563 103051

42 574
.39 109

4s8 267
60 217

20 374
346 222

29 201

11 374
174 238

41 293
192 181

26 203
9 374

29 274
153 374
368 127

58 374

700 63
2832 • 130

308 246
1502 101

45 374
918 89

6053 96
29 374

251 210
45 135

16 255
90 374
61 256

89 208

127 271
510 173

389 120
45 374

3326 52
32018 256

159 176
30 285



TAILZ Cl-331. (CONT.)

ROOTE 9 BRIDGE

NORKED RIVE (6)

FREQ MEAN MIN MAX 80DV CVAR

OYSTr CURE (14)
FREO MEAN MIN MAX so9r CYAR

00
wd

SPECIES

LIFE STAGEr GRAVID

CLASS POLYCSAETA
FAMILY SYLLIDAC
SUsPHYLUm PYCNOGONIDA
Co3OPH IUm SPP
NEOMYSIS AMERICANA
PALAEMONETES VULGARIS
PALAEMONETES SPP
CRANGON SEPTEMSPINOSA
IDOTEA BALTICA
UNIDENTIFIED AMPHIPODA
AMPELISCA SPP.

LIFE STAGE: LARVAL

CLASS POLYCHAETR

LIFE STAGE: ZOEAL

ORDER DECAPODA
PALAEMONETES SPP
RIPPOLYTE SPP.
CRANGON SEPTEMSPINOSA
UPOGESIA AFFINIS
PAGURUS SP
LIBINIA SPF
FAMILY XANTHrIDAE
UCA SPP.
INFRAORDER BRACHYUJRA

1
4
I
I
1
I
2
1
3
4
0

159
271

11
152

71
3
5
2

45
459

2230 2230
533 1746
159 159

2133 2133
1000 1000

36 36
33 35
34 34
49 61
36 3148

596
515

42
570
267

10
.12

9
23

990

374
190
374
374
374
374
254
374
205
216

1 16 217 217 58
4 131 299 750 236

1 5 72 72 19
0 - -

4 109 63 737 235
2 237 1147 2170 635

4 922 192 10592 2822 306 1 16 217 217 58

I
9
4
9
7
7
3

14
2
2

11
1994

108
4305

537
317
180

R8153
92

190

159 159 42
133 7467 2632
159 S82 196
376 26760 8549
192 3148 893
133 1746 491
192 1746 478
192 406893 127722
290 1000 212
376 2286 611

374
132
181
199
166
155
266
145
296
322

0 - - - -

12 3027 479 6984 2847
2 125 149 1600 426
4 1379 84 9176 3131
5 365 168 2909 848
4 137 217 582 240
1 78 1085 1085 .290

12 53708 5217 247104 74945
1 31 435 435 116
4 571 168 3797 1303

374180

374

216
268

374

94
341
227
233
175

.374
140
374
228

171
199

99

LIFE STAGE: MEGALOPAL

CALLINECTES SAPIIUS 3
INFRAOROER BPACHYURA 4

LIFE STAGEs EPITOKES

NEREIS S9 11.

14

223 750 1600 482
2191 192 2133 607

383 105 938 323

99842

216 4 65 140 299 Il1
216 3 97 420 500 193

84 9 155 40 380 153

14 60249



TAsL! CI-331. (WOIG.)

vo~ arm (45) o~sm CRm (30)

0

SPECIES FREO

LIFE STAGER NO DETERMINATION

TURRITOVPSIS NUTRICOLA 4
ORMER ACTINIARIA 0
|4EMZOPSIS LEIDYI 6
8ESOE SPP 3

CLASS GASTROPODA 1
ORDER NUD!RRANCEIA 1
CLASS "IVALVIA 2
ENSIS DIRECTUS 2
LOLlGO PEALE! 0
CLASS POLYCHAETA I
FAMILY PRYLLODOCIOAN 5
FAMILY SYLLIDAB 6.
FAMILY NEREIDAR 1
NEREI9 SPP 7
FANILY CAPITELLIDAE 3
FAMILTI OAE SPIONIDAB 1
DIOPATRA CUPREAA a
SUsPhYLuM PYCHOGN IDA 9
CYCLABPIS VARIANS 2
LEUWON AMERICAMU6 12
OXYUROSTYLIS SMITHZ 9
MICRODEUTOPUS

GRYLLOTALPA 1
CONOPHIUM SPP 1
FAMILY GAMKARIDAE 1
JASSA PALCATA 0
MELITA mITIDA 0

.FAMILY STENOTHOIDAE 1
ORDER CAPRELLIDEA 10
MYSIDOPSIS BIGELOWI a
MEOMYSIS AMERICANA 14
ORDER DECAPODA 0
PALAEMOIIETES VOLGARIS 1
PALAEMONETES SPP 11
HIPPOLYTE SPP, 1
CRANGON SEPTEMSPIMOSA 6
LEPTOSYNAPTA SPP 2
SUBORDER DORIDACEA 3
SUBORDER AEOLIDACEA 2
INVERTE8RXTE FRAGMENTS 2
RYDROIDES DIANTMUS 1
SCOLOPLOS SPP S
PODARKE OBSCURA 8
STAURONEREIS RUDOLPH 0
GLYCERA SPP I
ORDER ISOPODA 1
LIRONECA OVALIS S
CHIRIDOTEA NIGUESCENS 0
IDOTEA BALTICA 7
EDOTEA TRILORA 8
ERICHSOMELLA OP 3
UNIOENTIFIED AMPHIrPODA 13
AMPELISCA SPP. 6

rEw= RIVER (45)
MEAN Him MAX SOWV CVAP P320O MEAN'3 MINZ50

269

312
57
30
11
95
so

39
120

1130
24

169
138

54
310

472
42

1166
5062

160 2963 786

337 1204 414
160 374 120
419 419 112
153 153 41
209 1123 301

43 1185 316

539 539 14;
35 1199 324
37 8927 2706

336 . 336 90
37 1116 306
70 1714 456

750 750 200
36 1778 573
37 2424 701

153 420 11l
16 3529 992
160 30215 9291

171 2397 2397 641204 2657 2657 764
86 1199 1199 320

66 1199 1199 320
1863 640 $657 2066
1210 523 5562 1773

10396 356 23529 6002

6 107 107 29
272 43 1213 351

9 131 131 35
57 37 250 e5

9 35 84 24
69 209 613 194
16 37 209 56
14 70 131 38
33 460 460 123

203 160 1393 494
84 43 426 11l

6 80 80 21
5 74 74 20

22 36 160 43

191 34 1259 366
844 160 3556 1300

35" 35 303 87
14996 1920 74464 216R2

3534 672 28071 7832.

293

133
212
374374
316
360

374
270
239374
1et
329
374
3654
149
205
84

184

374374
374

374
111
147
77

174
129
374
149
278
218
319
268
374
175
141

374
374
194

192
154
249
145
222

174254

6
1
4
3

.0
0
1

1
2
2
0
2
1

.0
2

.2
2

11
9

0
3
0
0
1
0

10
11
14

0

1

0
3
1
0
0

2
12

0
1
4
1
0
0
3
I
7
9
2

12
7

212
11

136
29

3

14
6

25

6
45

46
94
24

1097
1118

94

22

45

933

550
1806

41
16

116

41

11

3
37/
10

1;

2
230
295

9
3643

SRO

136
147
338

74

3;

69

193
39

147
36

623

266
455'
138
139
242

202

311
623

256
59

441
580
254

64
36

571

147

3636
136

36

32
59

143
59

298
48

MEANM CREK MAE00)YA

•MAX SOLIV CVAR

1296 367 173
147 39 374
608 235 172
207 63 219

3; 10 374

69 1i 374

193 52 374
71 21 266

202 64 258
46 15 257

623 167 374

392 i25 258

660 252 268
193 61 256

3416 1194 109
5385 1754 157

694

311
623

4040
2020
4638
560
254
605

54

571

147

36
374
138

14;

32
1779
1212

71
13786

3551

242
83

167
1316

641
1451

155
68

165

20
153

39

10
99
37

41
9

490
353

24
4308
1028

259

37437/4

141
117
80

374
374
142

20;
374

374

374
267
374

244

374
209
119
255
11e
177

LIFE STAGER JUVENILES

OVALIPES OCELLATUS
CALI.INECTES SAP

T
IOUS

C.\LLIZCTTUS SPP.
FAMILY XAP•'TIDAE
- - - - - - - - - - --

0
.9
'2
0

I5O 35 AS711 75 711

275
24

1 3 36
96 39

0 - -1 46 676

36 10 374761 213 221

676 191 37/4



TAsLz CL-331. (Comr.)
....... .m ..... , m -------------------------------------------------------- ....---------- -------------------------- - ---- - ------- ------- .....--------------

0
00

SPECIES

LIFE STACE: GRAVID

FAMILY SYILLDAX
CYCLASPIS VARIANS
LWCON AMERICANMS
OXYUROSTTIs SMITH"
COMOPHION SPP
NVSIDOPSIS BIGELOW
NWOMYSIS AMERICANA
PALARE3NETES VOLGARIS
IDOTEA BALTICA
UNIDENTIFIED ANPUXPODA
AMP EwISCA SPP.

LIFE STAGEr LARVAL

ORDER NUDISRANCHIA
CLASS POLYCHAETA

LIFE STAGE: 2OEAL

PALAEMONETES SPP
HIPPOLYTE SPP.
CRAN GN SPPTEMSPINOSA
FAMILY CALLIANASSIOAE
UPOGESIA AFFINIS
PAGURUS SP
LIBINIA SPP
FAMILY XANTHIDAE
UCA SPP.
INFRAOROER BRACHYURA

LIFE STAGE: PEGALOPAL

CALLINECTES SAPIDUS
INFRAORDER BRACIIYUJRA

LIFE STAGE: EPITOKES

NEREIS !PP

OlRM RIVER (45)
31O •MEAN MIN MAX SDEV CVAR

4 92 153. 480 166 18O
0

1 41 571 571 153 37;

2 5 35 37 13 254
1 3 36 36 10 374
1 6 04 84 22 374
2 141 153 1821 485 344
1 72 1008 1008 .269 374

1 13 178 178 48 374
4 296 178 2060 . 616 208

9 3941 179 34556 9246 235
1 22 307 307 82 374
7 11073 336 69614 21304 192
1 11 153 153 41 374
8 755 419 3556 1097 145
6 175 131 766 256 .147
2 "107 307 1195 321 301

12 46355 8107 138105 47315 10;
2 90 428 838 244 26'
S 549 571 4310 1159 21]

5 690 336 2995 1117 16
S 329 178 2139 622 18

9 338 80 114A 403 11

14 65103

OYSTER CRK (50)

tRcO MEAN MPN MAX SD9V CVAR

2 33 54 414 110 330
1 18 256 256 68 ,374

- 2 123 580 1143 332 270
1 ' 3 .48 48 13 374
1 45 623 623 167 374

- 1 3 48 48. 13 374* 0
* 3 36 36 10 374

1 3 47 47 13 374
I 3 128 32 1714 457 356

1 4 Sl 51 14 374

2
92

9

0 -
3 114

14 8600
1 14
5 1746
0 "
2 81
4 83
2 25

14 49488
0-
3 201

4 64
3 60

143 934 274 241

147 45143 14489 168
202 202 54 374
215 8492 3119 179

569 571 207 254
138 571 165 198
143 202 64 258
598 275464 77849 157

80a 1143 405 202

138 374 118 104
179 386 126 210

39 S44 148 1199 10 107

14 609447



ABLE CI-331. (CONY.)
-- - - - - - - - - - - - - - -- - - - - --o- - - - - - - - ---------------------------------------------------------------l -ll ---i------- - - - ---------- Di oo I~l e~ l l ll lll ~ i~ i e e.... . U

Poll= 319t (46)

FPEQ MEAN MIN MAX SDEV CVAR

OTSTR CREE (30)

SPECIES FRED MEAN MIN 4qAx SDE'V

I-a

CO
No
0'1

LIFE STAGEt NO DETERMINATION

CLASS RYDROOA 0
TUJRRITOPSIS NOTRICOLA 3
PHTLOM CTRNOPHORA 0
lNEMIOPSIS LEIDYI 6

BE1E SPP 3

CLASS BIVALVIA 0
CLASS POLYCHAETA 2
FAMILY PHoLODOCIDAE 3
AUTOLTEUS FASCIATUS 0
FARTLY CAPITULLTDA9 0

FAMILYNIDAE SPIONIDAE 1

DIOPATRA CUPREA 0
CLASS OLIGOCHAETA 1
SUBPHYLUM PYCNOGONIDA 1

ORDER CU'MACEA 1

CYCLASPIS VARIANS 4
LEUCON AMERICANUS 10
OXYUROSTYLIS SMITHI 4

'aOROPHIUM SPP 0
ORDER CAPRELLIDEA 5
MYSIOOPSIS BIGELOWI 10
NEOMYSIS AMERICANA 14

PALAEMONETES SPP 4

CRANGON SEPTENSPINOSA 0
SUBORDER DORIDACEA I

SUBORDER AEOLIOACEA 0
INFRAORDER BRACHYURA 0

SCOLOPLOS SPP I
FAMILY AM4PHARETIDAE 3

GLYCERA CAPITATA I
PODARRE OBSCUPA 0
FAMILY HESIOeIIDAE n)

ORr)FP ISOPODA I
LI ONTFCk OVAT.IS S
IDOTE% HALTICA 4
EDOTEA TRILOBA 4

UNIDENTIFIEO ArPHIPOnN 14

A.MPCLISCA SPP. 4

LIFE STAGE: JUVENILES

CALLI M C'FcS SAP[DUS 0

14

90

1657
39

3;
29

70

969
15
28

138
2176

266

193
6505

23454
92

18

18
74
31

is
47
28

103
2879
1156

40127

252 709 205

53 8817 3158

76 284 88

243 284 96

53 258 72

976 976 261

13563 13563 .362
206 206 55
335 385 . 103
284 745 252
774 8302 2498
206 1584 556

303 1031 312
1212 27302 7576

850 69161 21401
71 619 204

248 248 66

258 258 69
41 792 214

430 430 115

212 212 57
41 303 92
53 152 49

142 792 221
426 11087 3465
792 6235 2291

227

191
225

255
246

374

374
374
374
182
115
209

161
116

91
223

374

374
288
374

374
198
180
214
120
198

1

6

0

1
6
2
0
3
1
1
1

9
10

3
1
2
0
3
S

10

2

9
10
14

8
1
0

.1
1

1
0
6
2
Cl

5

6
14
.2

35
59

4
168

47
3

38
3

.0
18

19
107

76

56
558
353

86
208

2708
3010

217
9

13
17

0
21

24
19

"I
44

123
2219

163

485

los
62

265
146

38
86
38

6
247

52
1498

171

121

6
1199

146
986
141
123
123

.15
242

6
300

6
53

35
S2

141
123
48S

485 130
185 73
62 17

648 223
513 140

38 10
300 07

30 10
6 2

.247 66

15; 45
1498 400

895 240

342 121
3333 963
1875 517
1199 320

625 207
9684 2770

11364 3938
1368 359

123 33

185 49
242 65

6 2
300 80

104 36
208 56

449 146
309 86
421 164

10208 2994
1798 488

C'VA..

374
123
374
132
297
374
230
374

374

232
374
315

216
173
147
374
100
102
131
165

374

374
374

146

302
iqO
IO194133
135
lR9

99- 8 39

14 10545

38 105 39



TAsLE CL-331. (CONT.)

LAWOON

FORKED RIVE (46) OYTER CRE (30)

SPECIES FREQ MEAN MIN MAX SDEV CVAR PREQ MEAN MIN MAX SOEV CVAR

LIFE STAGE: GRAVID

FAMILY SYLLIDAE 1 10 142 142 38 374 2 21 141 146 52 254L.EcoN AMERICANUS 0 - - - - - 2 59 202 625 172 290CO ROPIUM SPP 1 3 41 41 11 374 0 - - -HYSIDOPSIS BIGEOWZ 0 .- - - - 3 54 121 421 122 229NBONYSIS AMERICANA 6 354 152 181s 552 156 3 249 970 1474 506 203IDOTEA BALTICA 0 - - - - 1 6 as 86 23 374UNIDENTIPIED AMPHIPODA 1 57 792 792 212 374 2 25 140 208 65 260AIPELISCA SPP. 0 - - - 1 21 300 300 s0 374

LIFE STAGEt LARVAL

CLASS POLYCNAETA 0 - - - - - 1 5 64 64 17 374

LIFE STAGE. 20EAL

PALAEMONETES SPP 8 798 303 3093 1071 134 13 2238 141 8090 2419 108HIPPOLYTE SPP. 0 - - - - I 0 6 6 2 -
CRANGON SEPTEMSPINOSA 7 1717 206 9756 3421 199 6 1778 208 9333 3257 183UPOGEBIA AFFINIS 2 125 774 976 320 256 8 233 64 1094 368 158PAGURUS SP 2 26 152 206 66 258 4 41 62 242 80 198
LIBINKA SPP 1 15 206 206 55 374 4 86 121 421 158 183
FAMILY XANTHIDAE 12 5622 248 17935 6604 117 14 22033 439 70260 21777 99
INFRAORDER BRACHYURA 1 64 891 891 238 374 2 67 202 741 201 299

LIFE STAGE: MEGALOPAL

CALLINECTES SAPIDUS 2 95 426 909 260 273 3 57 185 423 125 219
INFRAOROER BRACHYURA 6 783 430 4546 1322 169 5 169 128 1026 321 109.

LIFE STAGES EPITOKES 
.... ....

NEREIS SPP 9 223 63 810 294 132 3 16 38 121 36 225

14 9889 14 27159
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tABLE C1-332. Monthly mean densities (n/a3) and blames (mg/u
3

) of ichthyoplankton collected at three ststiona (I1. 30. 50) in Oyster Creek east of the Route 9
bridge and three stations (AS, 46. 6) in Forked liver east of Route 9 bridge from March 1976 through March 1977.

--------------- ------------ -- -- --- ----- - - -------- ----------

MONTH MARCH

LOCATION 6 14 46 30 45 so
TENPERATURZ, AIR 1.0 -. 1.0 0.0 - 0.0 1.0 - 1.0 .0.0 - 0.0 1.0 - 1.0 0.0 -" L.0

SURFACE 8.2 -. 8.2 11.3 - 11.3 8.8 - e.8 9.5 - 9.5 .8.0 - 8.0 11.5 - 11.5
BIOTTOM- - - - - - -

SALINITYt SURFACE 22.0 - 22.5 21.5 22.0 21.0 21.0 20.0 - 20.0 22.0 - 22.0 22.0- 22.0
BOTTOM - - - - - - ---- -- --- --

OXYGEN: SURFACE 11.6 - 11.6 11.0- 11.0 11.0- 11.0 10.8- 10.8 11.2 - .2 10.9 10.9
BOTTOM - - - - - - - - - -

Put SURFACE 7.5- 7.5 7.4 - 7.4 7.5- 7.5 7.4 - 7.4 7.5 -7 .5 7.5 - 7.5
BOTTOM - - - -. . - - - - - -

DENSITY BIOMASS DENSITY BIOMASS DENSITY I6OASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS

JUVENILES
ALOSA AESTIVALIS - - 0.024 ....

LARVAE
ANGUILLA ROSTRATA 0.198 - 0.330 - 0.391 - 0.233 0.122 - 0.324 -

BREVOORTIA TYRANNUS - - 0.047 - 0.040 - .- - -

CLUPEA HAENSGUS 0.024 0.5 0.024 - 0,039 -.....

FAMILY ATHERINIDAK - 0.024 - -...
AMUDYTES SP. 2.125 1.364 - 0.816 - 0.868 - 0.654 - 2.071
PSEUDOPL EU RONECTES

AI9ERICANUS 1.257 0.1 1.716 0.4 1.926 - 3.073 - 2.597 0.0 2.070 0.3

EGGS
UNIDENTIFIED FISH . ---- -.. 0.101 - -

TOTAL LARVAE & JUVENILES 3.603
TOTAL EGGS 0.000
TOTAL COLLECTIONS

0.6 3.527 0.4 3.211
0.0 0.000 0.0 0.000

2

0.0 4.173
0.0 0.000

0.0 3.373 0.0 4.465 . 0.3
0.0 0.101 0.0 0.000 0.0

2



00NQo

TABLE CI-332. (coir.)

MONTH APRIL

LOCATION 6 14 46 30 45 50
TIxPERATURet AlR 22.0 - 22.0 17.0 - 17.0 19.5 - 20.0 17.0 - 17.0 19.0 - 19.0 18.0 - 11.0

SURFACE 21.0 - 21.0 25.5 - 26.0 21.S - 21.3 22.5 - 22.5 20.5 - 20.5 25.7 - 25.7
BOTTOM 21.0 - 21.0 25.5 - 26.0. 20.5 - 20.5 17,5 - 17.5 20.9 - 20.9 25.5 - 25.5

SALINITasUI 22.5 - 22.5 22.0 - 22.0 21.0 - 21.0 21.0- 21.0 22.0 - 22.0 21.5 - 21.5
BOTTOI 22.0 - 22.0 21.5 - 22.0 22.0 - 22.0 21.5 - 21.5 22.0 - 22.0 22.0 - 22.0

OXYGENs SURFACE 9.7 - 9.8 7.6 - 7.8 10.0 - 10.0 6.6 - I.6 9.3 - 9.3 8.6 - 8.6
BOTTOM 9.6 - 9.6 7.6 - 7.9 10.0 - 10.0 6.6 - 6.6 0.8 - G.m 8.2 - 8.2

PM. SURFACE 7.9 - 7.9 8.0 - 6.0 8.1- 8.1 6.1- 6.1 $a.0- 8.0
OO DM 7.9 - 7.9 8.0 - 9.0 7.5 - 7.5 7.6 - 7.6 8.1 - 8.1 - - -

DENSITY B1IOMASS DENSITY BIONASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS

LARVAE
ANGUILLA ROSTRATA - - 0.146 - - 0.352 - 0.093 0.19
BREVOORTIA TYRANNUS - - - 0.027 5.0 - - -

EGGS
ANCHOA MITCEILLI .. ..... 0.109
TAVTOGA ONITIS - - - 0.121 ... 0.05SS

- ----------------------------------------------------- ----------------------------- -

TOTAL LARVAE & JUVENILES
TOTAL EGGS
TOTAL COLLECTIONS

0.000
0.000

0.0 0.146 0.0 0.027 5.0 0.352 0.0 0.093 0.0 0.139 0.0
0.0 0.000 0.0 0.121 0.0 0.000 0.0 0.000 0.0 0.163 0.0

2 2I 2 2



TABLE CI-332. (CONT.)

MONTH MAY

LoC&Ifao 6 14 46 30 45 sa
TEMP8RATOEUIt AIR 9.5 - 9.5 10.0 - 10.0 10.0 - 10.0 6.0 - 9.0 9.0 - 9.0 8.0.- 9.0

SURFACE 20.0 - 20.0 25.5 - 25.5 19.5 - 19.5 24.0 - 24.0 19.5 - 19.5 24.0 - 24.0
BOTTON 18.0 - 18.0 - - 18.5 - 18.5 21.0 - 22.0 18.0 - 18.0 21.0 - 22.0

SALINITrt SUhRACE 22.5 - 23.5 22.5 - 22.5 22.5 - 22.5 22.5 - 22.5 24.0 - 24.0 22.5 - 22.5
sOTIVN 22.5 - 23.0 - - 24.0 - 24.0 22.5 - 22.5 24.0 - 24.0 22.0 - 22.5

OXYGENt SURFACE 8.2 - 8.9 - -
BOTTOM 8.0 - 8.0 - -

PH, SURFACE .- -.
BOTTOM . ... .

- --- - - ---------------------------------- -----

0 DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS

JUVENILES
SYNGNATHUS FUSCUS"
POMAT•WS SALTATRIX

1.089 - 0.097 .-.. 0.145
..-. 0.018 - -

LARVAE
ANGUILLA ROSTRATA - - - 0.018
ANCHO N1TCHULL, - - 0.040 - - - 0 - - - -

FUNDUWUS HETEROCL1TUS - - - - 0.019 - -
FAMILY ATHERINIDAR - - 0.254 - 0.041 - - 0.075 - -
FAMILY .LENNIIDAN - - 0.038 - -

FAMILY GOSIXOAS 2.232 - 0.685 - - - 1.170. - 1.123 - 0.759

EGGS
ANCHOA MITCHILLI 243.972 - 50.176 23.077 - 29.841 - 435.615 - 42.392 -
TAUTOGA ONITIS 1.089 ....- 0.600 - 0.623 -

TAUTOGOLABRUS ADSPERSUS - - - - - - 0.312 -
TRINECTES MACULATUS 2.232 - 0.318 - - 1.049 - - 0.224 -

UNIDENTIFIED FISH 2.232 - 1.s86 - - 2.907 - - 1.118 -
-- -----------------------------------------------------------------------------------

TOTAL LARVAE & JUVENILES 3.320
TOTAL EGGS 249.522
TOTAL COLLECTIONS

0.0 1.076 0.0 0.041
0.0 52.081 0.0 23.077

0.0 1.244
0.0 33.796

0.0 1.361
0.0 436.214

0.0 0.759
0.0 44.867

0.00.0

2 2 2



TABLE CI-332. (ODNT.)

MONTH JElm

LOCATION 6 14 46 30 45 50TENPERATUJRE: AIR 14.5 - 14.5 13.5 - 13.5 13.5 - 13.5 13.5 - 13.5 14.0 - 14.0 13.5 - 13.5
SURFACE 18.5 - 19.5 23.5 - 23.5 19.1 - 19.1 22.1 - 22.1 18.1 - 19.1 23.1 . 23.1
BOTTOM 18.5 - 16.5 24.0 - 24.0 19.0 - 19.0 22.2 - 22.2 16.2 - 10.2 23.0- 23.0

SALINITsr SURFACE 22.0 - 22.0 22.0 - 22.0 22.5 - 22.5 22.5 - 22.5 22.0 - 22.0 22.0 - 22.0
BOTTOM 22.0 - 22.5 22.0 - 22.0 23.0 - 23.0 22.5 - 22.5 22.0 - 22.0 22.0- 22.0

OXYGEIt SURFACE 9.1 - 9.3 3.8 - 6.3 9.5 - 9.5 8.9 - 8.9 8.9 - 8.9 66 - 3.6BOTTOM 6.0 - 8.6 8.1 - 8.1 9.0 - 9.0 3.1- 3.1 8.0 - 8.0 7.7 - 7.7
Pat SURFACE 8.1- 9.4 3.0- 0.0 7.9 - 7.9 7.5 - 7.5 7.9- 7.9 7.8 - 7.3

BOTTOM 8.1 - 8.1 7.9 - 7.9 3.0 - 3.0 7.S - 7.8 7.9 - 7.9 7.9 - 7.9

DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS

0

Ij

JUVENILES
ANGUILLA ROSTRATA
SYNMNATHUS FUSCUS

LARVAE
FAMILY ATIER INIDAR
APELTES QUADRACUS
FAN MILY LENNIZDAE
FAMILY GO8IIDAE

0.035 - - -- - - 0.022
1.224 - 0.089 0.136 - 0.092 - 0.726 - 0.281

0.576

0.017

2.285

0.056

0.031
0.252

0.031

0.274
0.793

0.019
0.022

0.022

0.105

0.290
0.291

EGGS
ANCHOA KITCHILLI 84.419 - 216.295 - 47.636 - 53.152 - 345.113 42.864 -
TAUTOGA ONITIS 0.558 - 1.131 - - - 0.031 - -

TAUTOGOLABRUS ADSPERSUS -16 - -- 0.396 0.062 - 0.857 -

TRIMECTES MACULATUS - 6.168 0.031 - 2.A26
UNIDENTIFIED FISH - 0.287 - 0.257
------------------------------------------------------------------------- -- -- --

TOTAL LARVAE & JUVENILES 1.835
TOTAL EGGS 84.976
TOTAL COLLECTIONS

0.0 2.390
0.0 223.871

0.0 0.473 0.0 1.169
0.0 48.032 0.0 53.276

2

0.0 0.809
0.0 345.970

0.0 0.966
0.0 45.947

2 2

0.0
0.0

2



0
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TABLE CI-332. (CONT.)

MONTH JULY

LOCATION 6 14 46 30 45 50
TEMPERATUREt AIR 21.0 - 23.0 20.0 - 23.0 21.0 - 23.0 20.0 - 23.0 21.0 - 23.0 20.0 - 23.0

SURFACE 27.5 - 28.0 29.7 - 31.8 26.2 - 27.0 26.8 - 29.2 26.9 - 27.7 29.4 - 31.7
BOTTOM 27.2 - 28.0 30.5 - 32.0 26.3 - 27.3 27.0 - 28.5 27.6 - 27.7 30.4 - 31.5

SALINITY: SURFPACE 27.0 - 28.0 26.5 - 27.5 26.0 - 28.0 26.0 - 27.5 26.0 - 28.0 26.5 - 27.0
BOTTON 27.0 - 27.5 26.5 - 27.0 27.5 - 30.0 26.0 - 27.5 27.0 - 28.0 27.0 - 27.5

oXYGENs SURFACE 6.1 - 7.2 6.0 - 6.6 6.9 - 8.4 6.8 - 7.0 6.1 - 7.3 6.1 - 6.6
BOTTOM 5.4 - 7.0 5.8 - 6.7 5.2 - 7.6 6.1 - 7.5 6.5 - 7.1 6.0 - 6.6

PHu SURFACE - - - - - - - -..
BOTTOM

DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS. DENSITY BIOMASS DENSITY DIOMASS. DENSITY BIOMASS

JUVENILES
A NGU ILLA ROST RATA 0 .008 .........
ANCBOA MITCHILLI - 0.058 - - - 0.038 -
STRONGYLURA MARINA . ... - - - 0.009
MEMBRAS MARTINICA - - 0.021 .......
MENIDIA MENIDIA - 0.021 -....
SYNGNATHUS FUSCUS 0.055 - 0.025 - 0.042 - 0.026 - 0.217 - 0.027 -
C ARA NX HIPPOS 0 .008 . ....- -.
CYNOSCION REGALIS 0.008 ooe .. .-
MUGIL CURENA - .-.. 0.009 - - .
HYPSOBLENNIUS H NHT ' -I . ..- 0.013 .-..
GOB IOSNA SOSCI - -- 0.011- .... 0.026 -
GOBIOSOMA GINSOURGI - - 00023 ....- -

LARVAE
ANCHOA MITCHILLI 2.794 1.575 7.157 - 4.196 - 2.395 - 2.058 -
FUNDULUS HETEROCLITUS 0.017 - - - - -
FAMILY ATHERINIDAE 0.093 - 0.013 - - - 0.019 - .0.064
CYNOSCION REGALIS 0.010 .....- -.
ASTROSCOPUS GUTTATUS -.... 0.013 .- -

FAMILY BLENNIIDAE -- - - - 0.019 - 0.098
FAMILY GOIIDAE 0.453 0.775 1.657 - 0.97 - 1.376 - 0.786
TRINECTES MACULATUS .- - - - 0.072
UNIDENTIFIED FISH ...... 0.010 -

EGGS
ANCHOA MITCHILLI 14.138 - 32.014 - 15.326 17.962 - 144.784 13.733. -
TRINECTES MACULATUS 0.333 .- - 0.150 - 0.113 - 1.588 -

UNIDENTIFIED FISH 0.512 ..- . 0.073 - -
--------------- ------ ---------------------------------------------------- -- --------

TOTAL LARVAE 6 JUVtNILES
TOTAL EGGS
TOTAL COLLECTIONS

3.447
14.983

0.0 2.507 0.0 . 8.882 0.0 5.213 0.0 4.082
0.0 32.014 0.0 15.326 0.0 18.120 0.0 144.970

0.0 3.129 0.0
0.0 15.321 0.0

44 4 4 4



TABLE CI-332. (CONr.)

MONTHi AUGUST

LOCATION 6 14 46 30 45 s0
TE'PERAM U3I' AIR 25.0 - 25.0 25.0 - 25.0 25.0 - 25.0 25.0 - 25.0 26.0 - 26.0 25.0 - 25.0

SOURACE 24.8 - 28.6 23.5 - 32.6 25.5 - 27.6 28.5 - 30.7 24.8 - 28.6 20.0 - 31.6
BOTTOM 28.5 - 28.5 32.6 - 32.6 25.0 - 26.6 28.0 - 29.5 24.9 - 28.6 23.0 - 31.6

SALINJTY. SURFICE 22.0 - 25.0 22.0 - 25.0 22.0 - 25.0 22.0 - 25.0 22.0 - 25.0 22.0 - 25.0
BOTTON 25.0 - 25.0 25.0 - 25.0 22.0 - 25.0 21.5 - 24.0 22.5 - 25.0 22.0 - 25.0

OXYGENs SURFACE 7.6 - 7.7 6.0 - 7.5 6.0 - 9.4 6.2 - 7.0 6.2 - 7.9 5.8 - 7.3
BOTTOM 5.3- 5.0 5.6 - 5.6 5.0 - 8.2 5.5 - 7.0 5.3 - 7.7 5.5 - 5.5

PU. SURFACE - -
BOT7OH - -

DENSITY BIOMA88 DEN81?TY BIO1AS8 DENSITY BIOMASS DDISITY BIOMASS DENSITY BIOMASS DENSITY 10KA.S

JUVENILES
ANCNOA MXTCHILLI 0.120 - 0.044 - 0. 36 - - 0.061 - 0.010 -
ml4D4RAS NARTINICA 0.012 -- - 0.014 - - -

SYNGNATHUS FUSCUS 0.036 - - - 0.062 - 0.016 - 0.013 - - -

LARVAE
ANCHOA NITCHILLI 5.296 - 1.618 - 3.040 - 1.772 - 1.883 1.132
FAMILY ATUIIEXNIDAB 0.086 - . 0.014 - 0.001 - .0.087 - 0.069 - 0.027
FAMILY GOBIIDAS 1.013 - 0.638 - 0.643 - 0.653 - 0.407 - 0.473 -

EGGS
ANCHOA MITCHILLX 0.564 - 0.449 - 0.054 0.855 - 1.399 1.060 -

UNIDENTIFIED FISH - - - - - 0.142 -

---------- -------------- ------------- - ------- - - ------------- ------ --- - - - - - -

I

TOTAL LARVAE & JUVENILES
TOTAL EGGS
TOTAL COLLECTIONS

6.571 0.0 2.314 0.0 4.212 0.0 2.528 0.0 2.446 0.0 1.693 0.0
0.564 0.0 0.449 0.0 0.054 0.0 0.855 0.0 1.399 0.0 1.201 0.0

4 4 4 4 4 .4



TABLE CI-332. (CONT.)

MONTH SEFTDhZER

LOCATION 6 14 46 30 . 45 50
TEM/PBRATUREI AIR - - - - - - 22.0 - 22.0 -

SURFACE 24.6 - 24.6 26.7 - 29.7 24.9 - 24.9 27.0 - 27.0 2;.,9 25.9 2;.0 29.0
BOTTOM 24.6 - 24.6. 28.7 - 26.7 24.9 - 24.9 25.7 - 25.7 25.5 - 25.5 29.0- 29.0

SALINITYs SURFACE 25.0 - 25.0 25.0 - 25.0 25.0 - 25.0 25.0 - 25.0 25.0 - 25.0 25.0 - 25.0
BOTTOM 25.0 - 25.0 25.0 - 25.0 2S.0 - 25.0 25.0 - 25.0 25.0 - 25.0 25.0- 25.001,00,. SURFACE 7.9 - 7.9 7.4 - 7.4 9.4 - 9.4. 7.6 - 7.6 6.2 - 8.2 7.4- 7.4BOTTOM 7.9 - 7.9 7.4 - 7.4 9.4 - 9.4 7.6 - 7.6 6.2 - 0.2 7.4- 7.4

PH, SURFACE 6.1 - 8.1 8.3 - 8.3 8.0 - 9.4 8.3 -- 8.3 8.0 - 8.0 8.3 - 8.3
BOTTOM 8.1 - 8.1 0.3 - 8.3 8.0 - 9.4 8.3 - 8.3 6.0 - 6.0 8.3 - 6.3

DENSITY BIONASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIONASS DENSITY BIOMASS

JUVENILES
ANCHOA MITCHILLI -. . . 0.299 - 0.107 0.066 - - -
MEMBRAS MARTINICA 0.048 - -....
SYNGNATHUS FUSCUS - - - - 0.036 ..... .

LARVAE
EWOPS SAURUS . . . .. 0.037 -- - -
ANCHOA MITCHILLI 0.581 - 0.329 - 0.625 - 0.929 - 0.368 - 0.326
FAMILY ATHERINIDAE 0.048 . - - 0.072 - -.
FAMILY BLENHIIDAz 0.507 - 0.255 - 0.294 - 0.141 - 0.216. - 0.210 -
FAM4ILY GOBIZDAE 0.618 - 0.327 - 0.074 - 0.212 - 0.305 - 0.141 -

EGGS
ANCHOA MITCHILLI 0.034 - - - - - 0.053 -

('•wa
!

co
•u

TOTAL LARVAE A JUVENILES 1.802
TOTAL EGGS 0.034
TOTAL COLLECTIONS

0.0 0.910 0.0 1.326 0.0 1.496 0.0 0.955 0.0 0.676 0.0
0.0 0.000 0.0 0.000 0.0 0.000 0.0 0.053 0.0 0.000 0.0

2 2 2 2 2



TABLE CI-332. (CONT.)

MONT• OCTOBER

LOCATION 6 14 46 30 4S SO
TZWNPBTURBS AIlt 14.0 - 14.0 16.0 - 16.0 14.0 - 14.0 16.0 - 16.0 14.0 - 14.0 16.0 - 16.0

SURFACE 13.0 - 13.0 17.0 - 17.0 12.0 - 12.0 16.0 - 16.0 13.0 - 13.0 17.0 - 17.0
BO1TTON 13.0 - 13.0 17.0 - 17.0 12.0 - 12.0 16.0 - 16.0 13.0 - 13.0 - - -

SALINITY1 SURFACE 23.5 - 23.5 24.0 - 24.0 24.0 - 24.0 24.0 - 24.0 24.0 - 24.0 24.0 - 24.0
BOTION 24.5 - 24.5 24.0 - 24.00 23.5 - 23.5 24.0 - 24.0 2S.0 - 25.0 - - -

OXYGENs SURFACE 10.0 - 10.0 10.4 - 10.4 9.0" 9.0 9.5 - 9.5 9.6 - 9.8 10.0 - 10.0
BOTTOM 9.9 - 9.9 10.0 - 10.0 9.1 - 9.1 8.2 - 8.2 10.0 - 10.0 - - -

Pis SURFACE 7.8 - 7.8 7.8 - 7. 7.9 7.9 7.6 - 7.6 7.8 - 7.8 7.8 - 7.8
nO) 7.8 - 7.8 7.9 - 7.9 7.5- 7.5 7.S - 7.8 7.8 - 7.6 - - -

DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS

JUVENILES
ANCHOA MITCHILLI 0.649 - 0.138 - 0. 700 - 0. 297 - 0.254 - 0.112 -
POMATOKUS SALTATRIX - ..... 0.017 - -

LARVAE
ANCNOA MIT• HILLI - 0.023 - 0.049 .....
MICROPOGO N UND)LATUS 0.019 .... 0.025 ....
PANILY GOBIIDAE 0.018 0.023 - 0.021 0.025 .....

--------------------------------------------------------------------------------

Co

Ln

TOTAL LARVAE A JUVENILES
TOTAL EGGS
TOTAL COLLECTIONS

0.665
0.000

0.0 0.184 0.0 0.721 0.0
0.0 0.000 0.0 0.000 0.0

2 2 2

0.395
0.000

0.0 0.271 0.0 0.112 0.0
0.0 0.000 0.0 0.000 0.0

2 22



TABLE CI-332. (Conr.)

MONTH NOVEMBR

LOCATION 6 14 46 30 45 s0
TENPERATURE AIR - - - - - - - - - - - - - - - - - -

SURFACE 4.0- 4.0 6.0- 6.0 4.0- 4.0 7.7- 7.6 4.0- 4.2 8.0 - 6.1

SALINITYt SURFACE 20.0 - 22.0 22.5 - 22.5 22.5- 22.5 22.0 - 22.0 22.0- 22.0 22.5- 22.5
BOTTOM - - - - - - - - - - - - - -

OXYGENt SURFACE 11.2 - 11.4 11.0 - 11.1 11.2 - 11.3 10.8 - 10.8 10.9 - 11.4 11.0 - 11.1
BOTTOM - -- - - - - - - - - - - -

PHt SURFACE 6.1 - ;.1 6.1 - .8.2 8.0 - 8.1 8.1 - 8.2 7.6 - 7.8 8..2 - 8.2
BOTTMI - - - - - - - - - - -

DENSITY BIOMASS DENSITY . BIONASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS

JUVENILE
ANCHOA IITCHILLI . .. . - 0. 033 - -
SYNG•ATKUS FUSCUS - .. . 0.065 - 0.020 - -

LARVAE
MICROPOGON UNDULATUS 0.065 0.040 0.033 - 0.038 -

SCOPHTHALMUS AOUOSUS - 0.033 - .
-- -- - --------------- - -------- ------------- ---------- ------ -- -- -- -

00

TOTAL LARVAE & JUVENILES 0.065
TOTAL EGGS 0.000
TOTAL COLLECTIONS

0.0 0.000 0.0 0.040 0.0 0.163 0.0 0.058 0.0 0.000 0.0
0.0 0.000 0.0 0.000 0.0 0.000 0.0 0.000 0.0 0.000 0.0

2 2 2



TABLE CI-332. (CoNr.)

MOUNTH vzCom

LOCATION 6 14 46 30 45 50
TEMPERATURE: AIR 1.5 - 1.5 1.5 - 1.5 2.0 - 2.0 2.0 - 2.0 1.0 - 1.0 2.0- 2.0

SURFACE 3.6 - 3.6 3.0 - 3.0 2.0 - 2.0 4.7 - 4.7 4.0 - 4.0 I.0 - ..
IOTTON 3.3 - 3.3 7.8 - 7.3 3.0 - 3.0 6.0 - 6.0 4.0 - 4.0 7.6- 7.0

SALINITY: SURFACE 22.0 - 22.0 22.0 - 22.0 21.0 - 21.0 20.0 - 20.0 22.0 - 22.0 22.0- 22.0
BOITTO 22.0 - 22.0 22.0 - 22.0 21.0 - 21.0 23.0 - 23.0 22.0 - 22.0 21.0- 22.0

OXYGEN$ SURFACE 11.6 - 11.6 12.2 - 12.2 11.5 - 11.5 11.8 - 11.8 11.0 - 11.0 11.6 - 11.6
BOTION 11.8 - 11.8 11.6 - 11.6 11.8 - 11.8 11.6 - 11.6 11.6 - 11.6 11.3 - 11.3

PUl SURFACE 7.7 - 7.7 7.7 - 7.7 7.7 - 7.7 7.7 - 7.7 7.7 - 7.7 7.7 - 7.7
BOTION 7.7 - 7.7 7.7 - 7.7 7.7 - 7.7 7.7 - 7.7 7.7 - 7.7 7.7- 7.7

DENSITY BIOiASS DENSITY BIONASS DENSITY SIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIO3mSs

JUVENILES
ANCUOA MITCSILLI - 0.041 -
SYNGNATHUS FUSCUS 0.020 - - --

LARVAE
AMMODYWES SP. 0.039 - 0.037 .....

EGGS
UNIDENTIFIED VISE - 0.1.79 -

----------------------------------------------- ----------------------------- - -- ---------

00

TOTAL LARVAE & JUVENILES
TOTAL EGGS
TOTAL COLLECTIONS

0.059 0.0 0.037 0.0 0.041 0.0 0.000 0.0 0.000 0.0 0.000
0.000 0.0 0.000 0.0 0.000 0.0 0.000 0.0 . 0.000 0.0 0.179

0.0
0.0

2 2 2 2



TABLE Cl-332. (CONT.)

MOUTH JANMAT

LOCATION 6 14 46 30 45 s0
TIMPERATURrE AIR - - 1.0 - 1.0 . .. .. 0.0 - 0.0

SURFACI 3.0 - 3.0 -- - 3.0 - 3.0
BOTTON 5.5 - 5.5 - - 4.5 - 4.5

SALIITat SURFACE 22.5 - 23.0 - - 22.5 - 22.5
BOTTOM 22.0 - 22.5 - - 23.0- 23.0

oXYGENs SURFACE 12.4 - 12.4 - - 13.0- 13.0
BOTTOM- 13.0 - 13.0 13.2 - 13.2

Put SURFACE -" -

BOTTOM -- - --

DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY DIOMASS

LARVAE
AMMOD1TES SP. - - 0.187 ...... 0.232 -

00
(-A
IO

TOTAL LARVAE & JUVENILES
TOTAL EGGS
TOTAL COLLECTIONS

0.0004 0.0 0.187
0.000 0.0 0.000

0

0.0 0.0004
0.0 0.000

0.0 0.0004
O.0. 0.000

0.0 . 0.000' 0.0 0.232 0.0
0.0 0.000 0.0 0.000 0.0

2 0 0



TABLE CI-332. (CONT.)

MONTH rttunAKy

LOCATION 6 14 46 30 45 so
TEMPERATURE: AIR 5.0 - 5.0 - - 2.0 - 2.0 - - - 2.0 - 2.0

SURFACE 9.0 - 9.0 - - - 7.0 - 7.0 - - 7.0 - 7.0

BOTTON - -. 2- 8 .2 6.2 - 6.2 - - 7.0- 7.0
SALINITY1 SURACt - - - - -

BOTTON - - -- -

OXYGENs SURFACE - - 8.0 - 6.0 7.7 - 0.7 - -1.5 - 6.5
BOTTON - - 0.0 - 8.0 -9- - 0.5- 6.5

PUt SURFACE 6.0 - 6.0 6.0 - 8.0 - -- 0.0.- 8.0
BOTTOM 6.0 - 8.0 8.0 - 0.0 - - 0.0 - 8.0

DENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS DENSITY NIOPMAS DENSITY romAss DEISITY BIOMASS

LARVAE
AMJODYTES SP. - 0.118 - 0.242 -... -

PSEUDOPLEDRONECTES
AZERICANUS - 0.354 - 0.96. ---.

EGGS
ANNODYTES SP. 0.027 -......
PSEUDOPLEURONECTES
AKNS ICANUS 0.643 -... --

0

(Ao

TOTAL LARVAE 4 JUVENILEtS
TOTAL EGGS
TOTAL COLLECTIONS

0. 000
0.000

0.0 0.472 0.0 0.000
0.0 0.670 0.0 0.000

0 2

0.0 1.210 0.0 0.0001 0.0 0.000
0.0 0.000 0.0 0.000 0.0 0.000

0.0
0.0

0



TABLE C-332. (CONT.1

LOCATION 6 14 46 30 45 50
TEMPERATURZt AIR 7.0 - 7.0 7.0 - 7.0 7.0 - 7.0 6.S - 6.S 7.0 - 7.0 6.5 - 6.5

SURFACE 0.2 - 8.2 11.3 - 11.3 8.4 - 0.4 11.0 - 11.0 8.4 - 8.4 11.4 - 11.4
BOTTON 8.3 - 8.3 11.3 - 11.3 0.2 - 8.2 10.4 - 10.4 8.2 - 8.2 11.4 - 11.4

SALINITYt SURFACE 23.5 - 23.5 23.0 - 23.0 23.5 - 23.5 22.S - 22.5 23.0 - 23.0 22.5 - 22.5
BOTTMN 24.0 - 24.0 23.5 - 23.5 24.0 - 24.0 22.5 - 22.5 23.0 - 23.0 22.5 - 22.5

OXYGENt SURFACE 12.6 - 12.6 12.6 - 12.6 12.4 - 12.4 12.4 - 12.4 12.6 - 12.6 12.4- 12.4
BOrTON 12.4 - 12.4 L2.2 - 12.2 12.6 - 12.6 12.2 - 12.2 12.4 - 12.4 12.0 - 12.0

P H s S U R F A C E -• .. . .. . - -
BOTTOMN - - -

DENSITY BIOMASS DENSITY BIONASS DENSITY BIOMASS DENSITY BIONASS DENSITY BIOMASS DENSITY BIONASS

LARVAE
ANGUILLA ROSTRATA 0.032 - 0.086 - 0.027 - - - 0.068 0.104 -

AMMODYLES SP• 3.609 - 0.900 - 1.140 - 1.831 - 2.796 - 1.107 -

PSEU DOPLE RON BCT? S
AKERICANUS 27.059 5.405 - 23.001 - 17.255 - 15.228 - 6.7168

01

0

TOTAL LARVAE & JUVSNILES
TOTAL EGGS
TOTAL COLLECTIONS

30. 700
0.000

0.0 6.390 0.0 24.168 0.0 19.086 0.0 18.092 0.0 7.929 0.0
0.0 0.000 0.0 0.000 0.0 0.000 0.0 0.000 0.0 0.000 0.0

2 2 2 2 2

aNo Samplee Taken--stStions were iced in.



TableCl-333. Comparison of mean density of common and -important ichthyoplankton between the intake
canal (sta. 6) and discharge canal (50) fromn March 1976 through March 1977.

Form
F Sleudopleuffonectes

atnericanus -larvae

Mean Density (n/m 3 )

Intake Discharge
Canal Canal

.14.158 4.394

Months Analysed
March 1976, March 1977

Percent
Difference

-69

Ammodytes sp.
larvae

Anchoa mizch/i1
eggs

Anchoa mftchilhl
larvae and juveniles

Gobffdat larvae

Syngnathus fuscus
juveniles

Atherinidae larvae
and juveniles

may through August 1976

July through October 1976

May through September 1976

2.867. 1.589 -45

59.632 19.174 -68

2.750 1.156 -58

0.908 0.530 -42

" 0.357 0.048 -86

0.068 0.038 -44

Cl-841
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Fig. Cl-15. Sispling locations for biological collections taken for theoD ecological study.
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Fig. C1-16. Sampling locations for biological collections for OCGS thermal effects studiesfrom March 1976 through March 1977.
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Station.
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Fig. C1-22. Mean annual growth increments of male summer flounder, taken In Barnegat Bay, N.J., Delaware
Bay (Smith 1969). and Virginia (Eldridge 1962) as calculated at the time of annulus formatlon.
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Fig. CI-23. Mean annual growth increments of female summer flounder taken in Barnegat Say, N.J., Delaware
Bay (Smith .1969),.and Virginia (Eldridge 1962) as calculated at the time of annulus formation.
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DI. 10 INTRODUCTION

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

conducted studies to determine and to assess the biological impact of the

Oyster Creek Generating Station (OCGS), and I.A. has implemented a general

ecological survey of Barnegat Bay, Oyster Creek,. and Forked River. Sam-

ples were taken primarily in the middle portion of Barnegat Bay from Good

Luck Point in the north to Gulf Point in the south (volume of 118,774,000 m3 ).

The eastern part of the study area contains extensive shoal areas (depth

0.2 to 0.9 m), but the central and western Bay is deeper (1.2 to 3.7 m).

Data collected from September 1975 through August 1976 were reported

in Appendices Cl and Dl. This addendum to Appendix Dl summarizes informa-

tion collected from September 1975 through August 1976 as a part of many

continuing studies. Data from individual collections at OCGS and in

Barnegat Bay were presented by I.A. (1977) and Tatham et al. (1978a,b).

Life history information on impinged fishes, the sand shrimp, and the

blue crab were presented in Section C1.19 in Appendix Cl; the references

cited in this addendum were included in Section C1.22. Some data from

1975-76 were analyzed further in this addendum, and some data were

reevaluated or recalculated in light of either additional data collected

during 1976-77 or a statistical critique of the 1975-76 data.

In addition to fin- and shellfishes, collections were taken at the

OCNGS and in the bay to determine the magnitude and effect of entrainment

losses. Microzooplankton was defined as planktonic invertebrates (<500

microns in length) that were retained in an 80-micron mesh net. Macro-

zooplankton was defined as planktonic invertebrates larger than 500

Dl-287



microns. Micro- and macrozooplankton included organisms that were

planktonic during their entire life cycle (holoplankton) and those that

occurred in the plankton only periodically or during a portion of their

life cycle (meroplankton). Emphasis was placed on forms designated as

important species by the U.S. Nuclear Regulatory Commission (NRC) or the

U.S. Environmental Protection Agency (EPA). Important microzooplankton

were the larvae of bivalves, particularly the northern quahog (Mercenaria

mercenaria), and polychaetes.. Important macrozooplankton were the

ctenophores Mnemiopsis leidyi and Beroe spp., the arrowworms Sagitta

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

shrimp Palaemonetes spp., the mysids Neomysis americana and Mysidopsis

bigelowi, polychaete epitokes and polychaete larvae greater than 1 mm,

crab zoeae and megalopae. Important ichthyoplankton were the eggs and

larvae of. the Atlantic menhaden, bay anchovy, threespine stickleback,

northern pipefish, striped bass, bluefish, weakfish, northern kingfish,

summer flounder, winter flounder, and northern puffer. The common and

corresponding scientific names for fishes and some invertebrates are

given in Tables DI-44 through D1-46.
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D)I.11 IMPINCEMENT OF FISHES AND MACROINVERTEBRATES
ON '11VW TRi.\V\I.N 1 WN: Ci. -'N

Introduction

Ichthyological Associates, Inc. has studied the effect of the

impingement of organisms on the verticaltraveling screens which protect

the intake to the OCGS cooling-water system since September 1975.

Miller (1977) reported impingement data from 8 September 1975 through 4

September 1976, and Tatham (1977b) evaluated the effect of these losses.

Data presented here are a continuation of those studies and include

collections from 5 September 1976 through 2 September 1977. The objectives

of these studies were to determine the species composition of organisms

impinged on the OCGS screens, their abundance, and their survival rate

when returned to the Bay. The evaluation of these losses on the populations

in Barnegat Bay was discussed by JCP&L (1978).

Materials and Methods

Samples of impinged organisms were taken from the sluiceway after

the last traveling screen and from the sluiceway pit (Fig. Di-10). A

45.7 x 50.8 x 61.0-cm wire basket (10.7-mm mesh) was used to collect

organisms from the sluiceway (Sta. 8) to determine their condition

(Fig. DI-II). A-101.6 x 101.6 x 121.9-cm wire basket (10.7-mm mesh) was

used to collect organisms from the sluiceway pit (Fig. DI-il).
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Samples were taken during two to four periods a day, 3 days a week.

Period 1 was from sunrise to 6 h before sunset; period 2 was from 6 h

before sunset to sunset; period 3 was from sunset to 6 h after sunset;

and period 4 was from 6 h after sunset to sunrise. Early in the week,

*periods 1 and 3 or, on alternate weeks, periods 2 and 3 were sampled.

In the middle of the week, all periods were sampled consecutively during

a 24-h period, and late in the week, periods 3 and 4 were sampled.

Occasionally, periods 3 and 4 were sampled early in the week and either

periods 1 and 3 or periods 2 and 3 were sampled late in the week. On 30

November and 12 December, additional collections were taken to determine

the condition of organisms impin ged during continuous rotation of the

screens.

After the screens were washed at t he beginning of the sampling

period, the pit sampler was lowered into place. Subsequently, the

screens washed automatically either every 2 h or when the pressure

differential across the screens reached a critical level. The screen

wash usually involved one complete rotation of the screens and lasted

from 10 to 11 min. However, after the automatic timer was replaced in

early February, screen washes initiated by the timer involved about two

complete rotations of the screens and lasted for approximately 20min.

Screen washes triggered by differential pressure still lasted for only

10 to 11 min.

After the screens had wa shed for 1 min, the sluiceway sampler was

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

present, it was removed and the organisms were placed on a 3.9-in
2
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sorLing Labic. The sul ceway sampler was replaced, and the procedure

repeated until a maximum of six, 10-min samples was taken during each

screen wash. For 20-min screen washes, the sluiceway sampler was used

only during the first 11 min of the wash.

Collections from the sluiceway sampler were rapidly processed on

the sorting table. Fishes were placed into water in insulated coolers,

and crabs were placed into 10-liter plastic buckets. The condition

(live/dead/ damaged) of the organisms was determined 5 to 10 min after

the last sluiceway sample was taken. Live denoted a specimen which had

no apparent damage and which was swimming normally. Damaged specimens

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

•abnormal behavior. Dead fishes showed no opercular movement, and dead

invertebrates showed no movement of appendages. The difference in the

condition of organisms impinged during the day (Periods 1 and 2) and at

night (3 and 4) was determined by the binomial proportion test (Snedecor

and Cochran 1967).

Organisms washed from the screens and not collected in the sluiceway

sampler passed into the pit sampler; at the end of the screen wash this

sampler was removed and the specimens were processed. The number and

weight of abundant species were estimated volumetrically. After all

other species were removed from the sample, the remaining debris and

abundant organisms were thoroughly mixed and a known volume removed.

The number and. weight of the abundant species in this subsample were

determined and were used to estimate the number and weight of. these

species in the total sample. Physicochemical parameters were recorded
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with each collection and an analysis of these parameters was presented

in Appendix Cl, Section Cl-16.

All specimens, or a representative subsample, of important fishes

and the sand shrimp were preserved for life history studies. A represen-

tative subsample of the blue crab was analyzed immediately after collection

for length, weight, sex, and stage of maturity; all crabs were then

released.

When the screens washed frequently or continuously, it was not

always possible to collect all organisms impinged because the screen

wash overflowed the pit sampler. When this occurred, the pit sampler

was removed before it overflowed, and some portion of the screen wash

was missed. The total impingement during a period was then extrapolated

from collections taken during the portion of the period that was sampled.

For a week, estimated impingement during a period (W) was calculated
a

by the formula:

W=P -a 7

a s

P = actual or extrapolated number of specimens impinged
during a period.

s = number of times a period was sampled during the week.

The sum of the'estimated weekly impingement during each of the four

periods was the total weekly impingement estimate. A Hewlett-Packard

9830A programmable calculator was used for data compilation and statistical

analyses.

To determine if fish impinged on the OCGS screens were in poorer

physical condition than fish in other areas, the allometric condition
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factor (Ricker 1975) was determined for some fishes collected at the

OCGS screens, Forked River, Oyster Creek, and the mouth of Cedar and

Double creeks. The methodology and limitations of this analysis are

presented in Appendix Cl, Section C1.19,. and the results of the analysis

for individual species are reported in the appropriate life history

section.

The mean immediate mortality of a species after impingement differed

slightly from the percentage of the estimated number of specimens lost

immediately after impingement during the 2 years because each percentage

was estimated differently. The mean immediate mortality for 1976-77,

for 7 comparable months between the 2 years, and for the 2 years.combined

was calculated as the number of dead specimens collected during a time

period divided by the total number of specimens examined during that

time period. The percentage of the estimated number of specimens lost

immediately after impingement (Y) during the 2 years was determined by

the formula:

Y=ZM NN m

M = monthly mortality ratem

N = estimated number of individuals impinged during the
month.

The total number of live and damaged individuals that suffered delayed

mortality was estimated from data collected in 1975-76 (Rode and Boyle

1977b) and 1976-77 (Table D1-86).

Continuation of the impingement program depended on the.statistical

predictability of the data collected from 1975 through 1977. The program
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would not continue beyond March 1978 unless the estimated number of

impinged organisms that were killed during the first two 12-month periods

were significantly (P<0.2) different (JCP&L 1976).

The comparison of the total impingement loss during the 2 years was

examined by comparing the estimated number of organisms impinged during

each year. Because OCGS was shut down during January and February 1976

and from May into July 1977, the data from 7 months (September through

December, March, April, and August) were used to compare the two 12-

month periods. Use of the abundance data for this evaluation of total

loss was valid because the difference (P< 0.05) between the percent.

mortality of 7 of 11 abundant species impinged, as determined by the

binomial proportion test (Sokal and Rohlf 1969), was not significant

during the 7 comparable months of the 2 years (Table D1-47).

Stratified sampling with optimal allocation (Snedecor and Cochran

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

species impinged during the 7 comparable months and during all months

sampled in a year. These estimates were not used for statistical comparisons

but were used to demonstrate the magnitude of the difference in the

total number impinged between the 2 years.

The methods that Miller (1977) used to estimate the number and

weight of impinged organisms during the first year (8 September 1975

through 3 September 1976) differed from those used during the second

year (4 September 1976 through 2 September 1977). The first year's

estimates and the recalculated stratified estimates for that year which

are reported here differed because the first method was an extrapolation
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based on the sum of the estimated weekly impingement. The second method

was a statistical estimator which also determined the variance and

provided confidence limits for each estimate. The first year's estimate

was within the confidence limits of the recalculated estimate for that

year.

The mean number impinged during the 7 comparable months (Y st7) and

for each year (Ystl2 was estimated by the formula:

Y = sample mean in stratum aa

N =.number of sampling units in stratum aa

N = number of sampling units in all strata

The strata were the four time periods sampled during a day. The sampling

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

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

the number of individuals taken from all samples collected during a time

period by the total duration of these samples. This weighted mean of

the number impinged per hour was used as a single sample because the

duration of individual samples in a time period was unequal.

The total number of individuals impinged during the 7 months (Y 7 )

and for each year (Y 1 2 ) was computed by the formula:

Y =Y D - 24 hst

D = the number of days the OCGS screens operated
during the 7 or 12 months of the year.

A three-way (year x month x time period) analysis of variance

(ANOVA) was used to determine if the total number impinged was significantly
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different (P < 0.2) between the two 7-month periods. The monthly stratified

IeCan (Ys) for each year was estimated by the formula:

stm ZF([N aI] - am

Y = sample mean in stratum a during a month
am

N = number of sampling units in stratum a during a
month

N = number of sampling units in all strata duringm
a month

The stratum means were used as observations in the ANOVA because a

balanced design was required .for the Hewlett-Packard ANOVA program.

In some cases the 7-month estimates were higher than the yearly

estimates due to the seasonal presence and absence of particular species.

A yearly estimate may have included more months in which the form was

absent and, therefore, the 7-month estimate may exceed the yearly

estimate.

For 13 of the 20 months sampled during the 2 years, OCGS had all

four circulating-water pumps in operation. The mean velocity in front

of the trash racks with six traveling screens in operation varied from

0.17 to 0.22 m/sec although the velocity at an individual location

ranged from less than 0.01 to 0.67 m/sec. From September through December

1975, however, only three circulating-water pumps were in operation;

both the mean velocity before the trash racks (0.06 to 0.21 m/sec) and

the velocity at an individual location (0 to 0.27 m/sec) were considerably

lower (M. B. Roche, personal communication)..
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Results

A total of 944. collections was taken from 5 September 1976 through

2 September 1977, and physicochemical parameters associated with each

collection were summarized weekly (Table DI-48) and monthly (Appendix Cl,

Table C1-149). Water temperature, by month, was summarized in Fig.

DI-12. No collections were taken from 14 May through 12 July because

OCGS did not circulate water during this period. Some 352 collections

were made during the day (170 in period 1, 182 in period 2) and 592 at

night (356 in period 3, 236 in period 4). Each collection represented

the organisms impinged for a duration of 20 min to 7 h 38 min.

An estimated 1,481,396 + 132,597 specimens, weighing 27,500 +

2,387 kg, of 122 taxa were impinged (Table DI-49), but only 487,178

specimens (Table DI-50) weighing 7,988 kg (Table D1-51) were actually

collected. Invertebrates comprised 59% and fishes 41% of the estimated

specimens impinged.

The most numerous fishes were the bay anchovy (25% of the estimated

fish impinged), Atlantic menhaden (16%), spot (10%), smallmouth flounder

(10%), and Atlantic silverside (6%). The most important fishes by

weight were the Atlantic menhaden (34% of the estimated fish biomass

impinged), spot (14%), winter flounder (10%), and summer flounder (4%).

The most numerous invertebrates were the sand shrimp (68% of the estimated

invertebrates impinged), blue crab (26%), and grass shrimp (3%), but the

blue crab accounted for more biomass (84% of the estimated invertebrate

biomass impinged) than the sand shrimp (5%).
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Most of the organisms were impinged from fall into winter. About

68% of the estimatedfish impinged and 68% of the estimated fish biomass

were taken from 26 September~through 27 November (Tables D1-52, DI-53).

Most of these fish were the bay anchovy, Atlantic menhaden, spot, and

smallmouth flounder. Few fish (0.3%) were impinged from 16 January

through 19 February. A total of 69% of the estimated invertebrates were

impinged from 5 September through 15 January; the sand shrimp and blue

crab comprised most of these specimens.

The total weekly impingement estimate expressed as the number of

specimens impinged per hour and per million gallons of cooling-water

flow also indicated that most organisms were impinged during fall and

that few were taken during late winter (Table D1-54). The most specimens

(736) were collected per hour from 21 through 27 November and the least

(15) from 30.January through 12 February. -The average number per hour

during the year was 217 specimens. The most specimens (29) collected

per million gallons of cooling-water flow occurred from 12 through 18

December and the least (1) from 23 January through 12 February. Few

specimens (I to 2) also were collected from 24 April through 14 May when

the number of circulating-water pumps in operation was reduced. The

average number impinged per million gallons of cooling-water flow was

nine specimens.

During 24 h samples, 50% of the fishes and invertebrates were

impinged in the 6 h after sunset, and 41% from 6 h after sunset to dawn

(Table DI-55). Most of the bay anchovy (86%), Atlantic menhaden (85%),

sand shrimp (99%), and blue crab (79%) were impinged at night. (Table

DI-56).
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Some 28,436 organisms were examined for condition; 41.7% were live,

.29.67% dahaged, and 28.7%. dead (Table DI-57).. Since the estimated mortality

for 7 of the 11 most abundant fishes and macroinvertebrates was not

significantly different between 7 comparable months for the 2 years

(Table D1-58), data from the 2 years were pooled to generate a single

estimate of condition for abundant species (Table DI-59). The signifi-

cantly different mortality between years for the bay anchovy, Atlantic

silverside, weakfish, and smallmouth flounder may reflect differences in

either the physical condition of these fishes or operational characteristics

associated with the OCGS screens. For the bay anchovy and Atlantic

silverside, the difference in percent mortality between the 2 years was

.relatively small (<10%), and for the other two fishes the pooled mortality

estimate for these species approximated. their mortality over both years.

Fishes with high (> 70%) survival and low mortality (< 15%).immedi-

ately after impingement included the northern pipefish (90% survival),

oyster toadfish (85%), and fourspine stickleback (85%). Macroinvertebrates

with hard exoskeletons, such as the blue crab (64%), sand shrimp (77%),

and grass shrimp (87%), also passed from the screens with minimal damage

and mortality (Table Di-59), but molting invertebrates were often dead.

Although only 64% of the impinged blue crab were live and undamaged

after impingement, few (7%) were dead. Most damaged crabs (29%) were

missing one or more appendages, a condition which is not uncommon in

nature and which probably did not affect the ultimate survival of these

individuals.
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The striped cusk-eel (41% survival), black sea bass (37%), striped

searobin (55%), smallmouth flounder (36%), summer flounder (53%), and

winter flounder (46%) had moderate immediate survival and low (<30%)

immediate mortality (Table DI-59). Much of the damage to the flatfishes

consisted of abrasions on the body and missing scales. Many damaged

flatfishes and striped searobin also had split fins. The Atlantic

silverside had moderate survival (34%) and mortality (38%). Striped

cusk-eel and Atlantic silverside were often observed tangled in the mesh

of the screens.

The immediate survival and mortality of three flatfishes showed a

correlation between body size and survival rate. The smallmouth flounder

(mean length about 70 mm) had lower survival and higher mortality than

the larger summer flounder (255 mm) and winter flounder (161). The

thicker musculature of the larger flatfishes may afford more protection

to internal organs and hence increase survival of these fishes.

The alewife (12% survival), blueback herring (17%), Atlantic menhaden

(8%), bay anchovy (7%), bluefish (20%), weakfish (15%), and spot (19%)

had low ( < 30%) immediate survival and usually more than 50% immediate.

mortality (Table DI-59). Although the mortality of the three clupeids

was less than 50%, many (41% to 64%) fish were damaged, and these

individuals were severely stressed. They displayed loss of equilibrium

and frequently lay on the bottom of the cooler. Similarly stressed

clupeids and bay anchovy were often observed at the discharge of the

screenwash flume where they were prey for sea gulls. .
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Over the 2-year period, seasonal differences in immediate survival,

damage, and mortality were evident for several species where data were

sufficient to follow seasonal trends. The survival and mortality of the

bay anchovy and blue crab followed seasonal changes in water temperature.

Mortality of both species increased during the spring to a maximum

during the summer and then decreased in the fall (Figs. DI-13, D1-14).

Molting blue crabs were more common at warmer water temperatures, and

many molting individuals were dead. The percentage of live blue crab

and bay anchovy decreased during summer, and the lowest percentage of

live individuals was found during this season. The substantial decrease

in blue crab survival (i.e., live and undamaged crabs) during summer

corresponded primarily to the large increase in damaged specimens rather

than a large increase in dead individuals. The increased activity of

crabs, both in nature and in the collecting device, during periods of

warmer ambient temperatures probably accounted for the increased number

of individuals which were damaged (i.e., missing appendages).

Monthly variation in immediate mortality also was apparent for

other species (Table D1-60). Mortality of the Atlantic menhaden also

followed water temperature with decreased mortality from September

through December and increased mortality from March through May. Atlantic

silverside mortality decreased from November to December and also from

March to April. Sand shrimp mortality was greatest in December and

January and least during March and April.

The diel difference in condition was examined from collections from

September 1976 through August 1977 (Table D1-61). At OCGS, specimens
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impinged during the day had slightly higher mortality (32%) than those

impinged at night (28%), and specimens collected at night had better

survival (43%) than those impinged during the day (31%). Fewer damaged

specimens were impinged at night (29%) than during the day (37%).

Although differences were found for several species, the trends were

inconsistent. More live Atlantic silverside, bay anchovy, and grass

shrimp *were collected at OCGS at night and more dead or damaged individuals

during the day. However, significantly more live Atlantic menhaden and

spot were collected during the day and more dead individuals at night.

The difference between the percentage of live, damaged, and dead blue

crab and northern pipefish was not significant between day and night

collections.

The allometric condition factor of the limited number of specimens

examined indicated that impinged fishes often were in poorer condition

than those from other areas. From September through November, March

through May, and June through August, the condition factor for the bay

anchovy taken from Oyster Creek, Forked River, and the other creek

mouths was significantly better than that of individuals taken from the

screens (Appendix Cl, Table Cl-242). From September through November,

Atlantic menhaden from Oyster Creek had a significantly better condition

factor than .those impinged (Appendix C1, Table CI-237), and from December

through February, individuals from Oyster Creek were in significantly

better condition than those from the screens.

For some fishes, however, the condition of impinged organisms was

similar to or greater than that of individuals from other areas. From
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March through May, condition of Atlantic. menhaden impinged at OCGS was

not significantly different from that.of individuals taken from the OCGS

discharge (Appendix Cl, Table C1-237). Similarly, the condition factor

for winter flounder impinged during December was not significantly

different from that of specimens taken from Oyster Creek (Appendix Cl,

Table CI-300). In January, winter flounder taken in Oyster Creek were

in significantly better condition than those impinged. Individuals

impinged from March through April were in significantly better condition

than those taken in Oyster Creek, and impinged specimens from July

through August were in significantly better condition than those from

Oyster Creek, Forked River, and the other creek mouths. During November

the condition of bluefish from Oyster Creek was significantly better

than those from the screens, and bluefish collected from the creek

mouths during July were in significantly better condition than individuals

from the screens (Appendix Cl, Table C1-267).

Although a limited number of specimens was examined, it appeared

that continuous operation of the OCGS screens decreased immediate mortality

and increased immediate survival of the Atlantic menhaden, Atlantic

silverside, and winter flounder (Table DI-62). These differences were

most dramatic for fishes which had relatively low survival under normal,

intermittent screen operation. The immediate survival of the Atlantic

menhaden impinged in November and December increased from 9% with

intermittent screen rotation to 25% under continuous operation while

mortality decreased from 23% to 9%. Similarly, the survival of the

Atlantic silverside increased from 27% (intermittent operation) to 65%

DI-303



(continuous operation), and mortality decreased from 43% to 14%. The

apparent decrease in survival of the smallmouth flounder and sand shrimp

under continuous screen operation was attributed to the very cold air

temperatures on the nights that these samples were collected. Since

these small organisms were often obscured by and hidden in detritus and

vegetation, they often remained on the sorting table and exposed to the

cold air longer than the larger, more visible fishes.

The estimated number of fishes and macroinvertebrates impinged at

OCGS during the 7 comparable months in 1975-76 and 1976-77 varied widely

(Table DI-47). The difference between the estimated number impinged was

significant for the total number of organisms impinged and for 13 of the

16 species tested. Only the estimated number of the blueback herring,

Atlantic silverside, and striped searobin was not significantly different

between the 2 years.

From 4 September 1976 through 2 September 1977, nine species accounted

for 87% of the estimated 1,481,396 specimens (27,500 kg) impinged, and

for the 2 years, 98% of the estimated 12,967,509 specimens (94,896 kg)

impinged were of 10 species (Table DI-49). The abundance, mortality

rate, impingement in relation to water temperature (Table D1-63), diel

occurrence, and differences in these parameters between 1975-76 and

1976-77 for these 10 species and for other species which were considered

important by the NRC and EPA are discussed in order of their numerical

abundance.
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1. Sand shrimp

An estimated 600,278 sand shrimp (606 kg) were impinged during the

second year (Table DI-49) with 68% of the specimens impinged from 21

November through 15 January (mean weekly temperatures of 6 to 0 C) and

22% from 20 March through 23 April (7 to 17 C). Although it was the

most numerous organism collected in the second year (41% of all specimens),

it accounted for only 2% of the biomass.

More sand shrimp were estimated to have been impinged the first

year (3,342,143 shrimp; 2,883 kg) than the second year. More than three

times as many sand shrimp were estimated to have been impinged during

the 7 comparable months of 1975-76 (n = 1,740,571) than during 1976-77

(526,618). The sand shrimp was collected throughout both years, but few

were impinged in August and September of either year. For the 2 years,

96% of the individuals were impinged at a water temperature of -1 to

20 C (Table D1-63). The increase in the impingement of the sand shrimp

in the fall occurred earlier in 1976 (November) than in 1975 (December).

Substantial impingement apparently occurred earlier (late March through

April) in 1977 than in 1976 (May through June), but OCGS did not circulate

water during half of May and in June of 1977 (Fig. DI-15). Most individuals

were collected at night during both 1975-76 (94%) and 1976-77 (99%).

For the 7 comparable months, the percent immediate mortality during

the first year (14% mortality) was not significantly different than that

during the second (15%, Table D1-58). The mean immediate morrality for

the 2 years was 14%, and during this period an estimated 840,053 sand
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shrimp (21% of those impinged) experienced immediate (n = 391,770) and

delayed (448,283) mortality (Table DI-64).

2. Blue crab

In both years, the blue crab accounted for the most biomass (51,399 kg

the first year; 10,837 kg the second) impinged at OCGS even though the

estimated number of crabs impinged during the second. year (n = 230,691)

was much less than the estimated 5,626,253 blue crab impinged during the

first year (Table DI-49). This large difference in the number impinged

was due in part to a substantial mortality of blue crab during the

winter of 1976-77 (Appendix C1, Section C1.19) and to the 1977 OCGS

shutdown from 14 May through 11 July, a period when crabs were most

abundant in 1976. A similar percentage of crabs were impinged at night

during both the first (83%) and second (79%) year.

In 1975-76, OCGS operated during all months that the blue crab was

abundant with the most crabs impinged during June and July (Table

D1-65). During the second year, 65% of the blue crab were impinged from

5 September through 6 November (mean weekly water temperature of 25 to

10 C) and 31% from 17 July through 3 September (24 to 28 C). During the

2 years, 99% of the crabs were taken at a water temperature of 9 to

29 C, and relatively few individuals were impinged from December through

February. During 1975, the blue crab was common and infrequently abundant

in impingement collections through December, but in 1976 they were

abundant only until the beginning of November (Fig. DI-16). In 1976,

blue crabs first became abundant in March, but they did not become

abundant until April during 1977.
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Immediate mortality of the blue crab was not significantly different

.between the 7 comparable months in the first (7% mortality) andasecond..

(6%) year (Table DI-47); the average mortality for the 2 years was 7%.

An estimated 10% (n = 600,087) of those individuals impinged experienced

either immediate .(403,573) or delayed (196,514) mortality (Table D1-65).

3. Bay anchovy

The estimated 147,202 bay anchovy (477 kg) impinged during the

second year domprised 10% of the specimens impinged but only 2% of the

biomass. More bay anchovy (59% of all individuals impinged) were impinged

during the fall of 1976 (12 September through 13 November; mean weekly

water temperature of 25 to 7 C) than during the spring of 1977 (23% from

10 to 23 April; 13 to 17 C). During the first year, an estimated 1,811,550

bay anchovy (4,954 kg) were impinged; most (95%) of these specimens were

impinged in the spring (21 March through 29 May, 11 to 21 C) of 1976.

Although OCGS did not operate four circulating-water pumps from 23 April

to 12 May and did not circulate water during the remainder of May in

1977, the difference in time of greatest impingement between the two 12-

month periods was primarily explained by a larger number of bay anchovy

in the Bay during 1976 than during either 1975 or 1977. The time of

greatest impingement during each of the two, 12-month periods was during

1976.

The large number of bay anchovy impinged in March and April of 1976

and the shutdown of OCGS from 14 May through 11 July 1977 accounted, in

part, for the greater number of bay anchovy impinged during the first
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year (Table DI-49). Most bay anchovy were impinged in spring (March and

.April) and again in fall (October through December). During spring,

most impingement occurred in March during 1976 but not until April in

1977 (Fig. D1_17). Few bay anchovy were collected from January through

March during either year because they left the Bay during late fall and

early winter (Table DI-66). Ninety-two percent of the bay anchovy were

impinged at a water temperature of 9 to 22 C. The bay anchovy was

impinged primarily at night during 1975-76 (61%) and 1976-77 (86%).

The immediate mortality of the bay anchovy was high during both the

first (72% mortality) and second (81%) years, and during the 7 comparable

months mortality was significantly greater during the second year (Table

D1-58). The average mortality for the 2 years was 78%. Most (96%) of

the bay anchovy impinged in the 2 years were lost due to immediate

(n = 1,506,768).and delayed (366,341) mortality (Table D1-66).

4. Atlantic menhaden

Most (90%) of the estimated 94,960 Atlantic menhaden (5,003 kg)

impinged during the second year were impinged from 17 October through

18 December when the mean weekly water temperature decreased from 13 to

0 C. Although the Atlantic menhaden comprised only 6% of the specimens

impinged, it accounted for 18% of the biomass. Fewer (17,788 fish;

1,218 kg) Atlantic menhaden were estimated to have been impinged during

the first year (Table D1-49). Although most of those impinged during

the first year were also impinged in the fall, they were most-abundant

from 30 November through 27 December (Table D1'67, Fig. D1-18). About
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87% of the individuals taken during the 2 years were impinged at a water

temperature of 0 to 13 C. The Atlantic menhaden was impinged primarily

at night during the first (71%) and the second (85%) year.

Mortality between years for the 7 comparable months was not signifi-

cantly different for the first (27% mortality) and the second (25%) year

(Table DI-58). The mean immediate mortality for the 2 years (28% mortality)

was higher than the mortality for the 7 comparable months because the

high mortality during July of the first (54%) and second (67%) year was

not included in the estimated mortality for the 7 comparable months.

Some 110,448 Atlantic menhaden (98% of those impinged) were lost due to

immediate (n - 31,822) and delayed (78,626) mortality during the 2 years

(Table D1-67).

5. Spot

Most (81%) of the estimated 61,573 spot (2,084 kg) impinged in the

second year were impinged from 17 October through 27 November at a mean

weekly water temperature of 13 to 5 C. During the second year, the spot

comprised 4% of all specimens impinged.

During the first year an estimated 48,059 spot weighing 191 kg were

impinged (Table D1-49). Few spot were impinged before June (Table

DI-68), and most (91%) were taken from 13 June through 31 July when the

mean weekly water temperature ranged from 26 to 29 C. Fewer spot were

impinged in the fall on 1975 than the fall of 1976, and this may have

been due to a smaller 1975 year-class (Fig. D1-19). During 7-comparable

months, only an estimated 4,682 spot were impinged during the first year
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while an estimated 60,153 were impinged during the second. Most of the

spot were impinged at night during the first (91%) and second (81%)

year. During the 2 years, 58% of the spot were impinged at a water

temperature of 4 to 13 C and 28% at 23 to 29 C.

The mean immediate mortality for the 2 years was 48%. An estimated

47,789 spot (44% of those impinged) died immediately after impingement

(Table DI-68). The lower percentage of the estimated number lost immedi-

ately after impingement was attributed to the lower mortality of the

spot during October (32% mortality) and November (22%), months when this

fish was most abundant.

6. Smallmouth flounder

The smallmouth flounder was substantially more abundant during the

second year (an estimated 57,773 fish; 359 kg) than during the first

year (8,022; 54 kg), and this difference was significant for the 7

comparable months (Table DI-49).

In both years, most smallmouth flounder (99.8%) were taken from

late October through December with few taken in other months (Table

D1-69, Fig. DI-20). A total of 99% of the specimens was impinged at a

water temperature of -1 to 11 C. In 1975, the smallmouth flounder was

abundant in impingement collections during November (mean monthly water

temperature of 12 C), but it was abundant about a month earlier (October,

14 C) in 1976. Ninety-seven percent of the smallmouth flounder were

impinged at night during the second year, and 86% were impinged at night

during the first year.

Significantly more smallmouth flounder were killed during the 7

comparable months of the second year (29% mortality) than the first year
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(17%, Table D1-58). Overall, the mean immediate mortality for the 2

years was 26%. An estimated 18,714 smallmouth flounder (28% of those

impinged) were lost to immediate mortality (Table DI-69), and 81% of

these fish.were lost during November 1976.

7. Atlantic silverside

An estimated 35,051 Atlantic silverside (185 kg) were impinged

during the second year as compared to 61,272 (314 kg) during the first

year (Table Di-49). More Atlantic silverside were also impinged during

the 7 comparable months of the first year (n= 56,567) than the second

(33,766), but no signficant diffference occurred between years. Most

fish were taken during November and December and again during March and

April of both years (Table D1-70); 95% of the Atlantic silverside were

taken at a water temperature of -1 to 14 C. During the second year, 41%

of the Atlantic silverside were impinged from 7 November through 18 December

(mean weekly water temperature of 7 to 0 C) and 46% from 14 March throgh

16 April (7 to 13 C). Atlantic silverside occurred mostly in December

during the fall of 1975, although most specimens were collected during

November in the fall of 1976. They occurred in March during both years

but were taken longer (into May) in 1976 (Fig. D1-21). Fewer were

impinged at night during the first year (55%) than the second (66%).

The mortality of the Atlantic silverside was significantly different

for the 7 comparable months between the 2 years even though the mortality

between the first (38% mortality) and second year (34%) differed by only

4% (Table D1-58). Overall, the mean mortality for the 2 years was 38%.
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An estimated 53,395 Atlantic silverside (55% of those impinged) were

lost due to immediate (n = 39,073) and delayed (14,322) mortality (Table DI-70).

8. Grass shrimp

An estimated 29,885 grass shrimp (18 kg) were impinged from 4 September

1976 through 2 September 1977. Some 39% of these individuals were

collected from 6 March through 23 April (mean weekly temperature of

7 to 17 C). It comprised only 2% of the specimens impinged during the

second year, but it ranked fourth in numerical abundance for both years

combined because more grass.shrimp were impinged during the first year

(an estimated 373,288 shrimp; 241 kg). than the second (Table D1-49).

.Similarly during the 7 comparable months, more than 6 times as many

grass shrimp were impinged the first year (n 171,904) than the second

(25,535).

Specimens were collected throughout the year, and 85% were impinged

at a water temperature of -1 to 22 C (Table D1-63). Few individuals

were taken in September (Table D1-71), and most grass shrimp were impinged

in June of 1976. In the fall of 1975, the grass shrimp became abundant

during November whereas in the fall of 1976 they first were abundant in

impingement collections during October (Fig. D1-22). Ninety-four percent

*of the grass- shrimp were impinged at night during 1975-76 and 96% during

1976-77.

No significant difference was found between the immediate mortality

of the grass shrimp for the 7 comparable months (Table D1-58).. Mortalities

were similar during the first year (8% mortality) and the second (6%),
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and the average mortality for the 2 years was 8%.. Because the mortality

of the grass shrimp impinged in June 1976 was only 5% and many individuals

(n = 144,512) were impinged then, the percentage of the estimated number.

of specimens lost immediately after impingement during the 2 years

(n=22,633; 6% of those impinged) was less than the average immediate

mortality (Table D1-71).

9. Striped searobin

Most (87%) of the estimated 28,371 striped searobin (516 kg) impinged

from 4 September 1976 through 2 September 1977 were impinged from

26 September through 30 October when the mean weekly water temperature

decreased from 20 to 11 C. An approximately equal number of striped

searobin was impinged during the first year (32,254 fish; 369 kg; Table DI-49).

No significant difference was found between the abundance of the striped

searobin for 7 comparable months during the first (n = 34,251) or second

year (28,109, Table D1-47). During both years, most striped searobin

were taken from August through November (Table D1-72, Fig. DI-23), and

83% were taken at a water temperature of 11 to 22 C. Some 97% were

impinged at night during the first year and 95% during the second year.

No significant difference was found between mortalities of the

striped searobin for 7 comparable months of the first year (12% mortality)

and the second year (14%, Table D1-58). Some 16,096 striped searobin

(27% of those impinged) experienced immediate mortality (Table DI-72),

but no specimens were lost to delayed mortality. The mean immediate
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mortality for the 2 years (18% mortality) was less than the percentage

of the estimated number of fish lost immediately after impingement

because many (n = 10,534) striped searobin were impinged during August

1976 when immediate mortality was 57%.

10. Blueback herring

An estimated 27,496 blueback herring (197 kg) were impinged in the

second year, and 79% of these were impinged from 5 through 25 December

when the mean water temperature was 0 C. The estimated 28,120 blueback

herring (268 kg) impinged during the first year was similar to the

number of individuals impinged during the second year (Table DI-49). No

significant difference was found between the abundance of the blueback

herring for 7 comparable months during the first (n = 26,070) or second

(26,113) year. For 2 years, most blueback herring were impinged in

December (68%) and from March through May (28%, Table D1-73). Some 94%

of those impinged were collected at a temperature of -1 to 12 C.

Although blueback herring were most abundant in December during both

winters, they were more abundant in impingement collections during the

early portion of December in 1976 (mean weekly water temperature 3 to

0 C) and during the later portion of the month in 1975 (7 to 1 C,

Fig. DI1-24). About 80% of the blueback herring were impinged at night

during the first year and 85% during the second year.

Although the mortality during the 7 comparable months of the first

year (43% mortality) was slightly higher than that during the-second

year (41%)., the difference was not significant. The mean immediate
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mortality for. the 2 years was 42%, and an estimated 36,137 blueback

herring (65% of those impinged) were lost from immediate (n = 23,104)

and delayed (13,033) mortality (Table D1-73).

Other Fishes

Although the threespine stickleback, striped bass, northern kingfish,

and northern puffer were designated by the EPA as important fishes for

an evaluation of the thermal discharge from the OCGS, few individuals

were impinged, and these species were not discussed. The impingement of

other important fishes that were designated as important by the EPA or

the NRC but which did not rank among the ten most numerous fishes and

macroinvertebrates impinged are discussed below.

Northern pipefish

The estimated 11,220 northern pipefish (25 kg) that were impinged

from 4 September 1976 through 2 September 1977 was substantially less

than the 36,066 (86 kg) individuals impinged during the first year

(Table DI-49). The abundance of the northern pipefish was significantly

different between the first (n = 29,379) and second (8,780) years for

the 7 comparable months. In the 2 years, most were collected from

October through December and from March through June. However in the

fall, the northern pipefish was most abundant in December (mean monthly

temperature .4 C) of 1975 and in November (6 C) in 1976 (Table DI-74).

In the spring, they were most abundant during March (9 C) in 1976 and

during April (14 C) in 1977 (Fig. D1-25). For the 2 years, 84% of the
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specimens were impinged at a water temperature of 4 to 17 C. More

individua1l were impinged at night during the first year (86%) than.

during the second year (75%).

The mean immediate mortality for the 2 years was 5%, and mortality

was not significantly different in the 7 comparable months of the first

(4% mortality) and second year (5%). Some 11,693 northern pipefish (25%

of those impinged) were lost through immediate (n = 1,877) and delayed

(9,816) mortality in the 2 years (Table D1-74).

Bluefish

Fewer bluefish (3,935 fish; 153 kg) were impinged during the second

year than during the first (14,086, 64 kg; Table D1-49). However for the

7 comparable months, significantly fewer (n = 1,474) bluefish were

.impinged in the first year than the second (3,313). The shutdown of

OCGS from 14 May through 11 July 1977 may have accounted for part of the

apparent difference in the number of bluefish impinged between the 2

years. In 1976, most fish were taken in May (20% of all impinged bluefish

in 1975-76; mean monthly water temperature 20 C), June (45%, 26 C), and

October (11%, 14 C; Table D1-75, Fig. D1-26). For the 2 years, 78% of

the bluefish were impinged at a temperature of 17 to 28 C. Only 62% of

the bluefish were impinged at night during the first year while 79% of

those impinged during the second year were taken at night.

The mean immediate mortality for the 2 years was 59%, and the

immediate mortality during the first year (61% mortality) was similar to

that during the second year (56%). An estimated total of 9,781 bluefish
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(54% of those impinged) was lost to immediate mortality during both

years (Table DI-75). The total percentage of the estimated number of

fish lost immediately after impingement was lower than the mean percent

mortality for 2 years because of relatively low mortality (46%) during

October 1976.

Weakfish

An estimated 11,790 weakfish (185 kg) were impinged during the

first year as compared to 27,297 individuals (559 kg) that were estimated

to have been impinged during the second year (Table D1-49). During 7

comparable months, more than twice as many weakfish were impinged during

the second year (n = 26,899) as compared to the first year (11,448);

this difference was significant (Table D1-47). During the 2 years, most

(99%) weakfish were collected from August through November (Table D1-76).

It was not as abundant in the fall of 1975 as in the fall of 1976, and

its greatest impingement occurred earlier in the fall of 1976 (October,

mean monthly water temperature 14 C) than the fall of 1975 (November,

12 C; Fig. D1-27). A total of 70% of the estimated impingement occurred

at night during the first year, but 86% occurred at night during the

second. Some 83% of the weakfish were impinged at a water temperature

of 11 to 26 C.

The immediate mortality rate of the weakfish was significantly

greater for the 7 comparable months of the second year (60% mortality)

than during the first year (44%, Table D1-58), and the mean immediate

mortality for each of the 2 years was 59%. A total of 23,836 weakfish
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(61% of those impinged) experienced immediate mortality during the 2

years (Table D1-76).

Summer flounder

More (4,266 fish; 908 kg) summer flounder were impinged during the

first year than the second (2,380, 601 kg; Table DI-49). Similarly for

the 7 comparable months, significantly more summer flounder were impinged

the first year (n = 3,147) than the second year (2,273). Most summer

flounder were impinged a month later in the fall of 1975 (November;

mean monthly water temperature 12 C) than the fall of 1976 (October,

14 C; Table D1-77, Fig. DI-28). Sixty-three percent of the summer

flounder were impinged at night the first year, but substantially more

(85%) were taken at night the second year. Some 83% of impinged specimens

were taken at a water temperature of 8 to 25 C. The mean immediate

mortality of the summer flounder for the 2 years was 9%. A total of 543

summer flounder (8% of those impinged) experienced immediate mortality

(Table DI-77).

Winter flounder

An estimated 18,618 winter flounder (1,400 kg) were impinged from

4 September 1976 through 2 September 1977, but only an estimated 3,908

winter flounder (368 kg) were impinged during the first year (Table D1-49).

Significantly more winter flounder were impinged during 7 comparable

months of the second year (n = 14,285) as compared to the first year
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(1,214). In the 2 years, most were impinged from November through March

and in June. The winter flounder entered the Bay in the fall, and they

were taken on the screens earlier and in greater abundance in November 1976

(mean monthly water temperature 6 C) than in November 1975. (13 C; Table

D1-78, Fig. D1-29). Most (87%) of the fish were impinged at a water

temperature of -1 to 8 C. Young of the winter flounder were abundant in

June 1976, but none were taken in 1977 because OCGS was shut down during

this month (Fig. D1-29). Most (93%). of the winter flounder were taken

at night during the second year, but only 81% were taken at night during

the first year. The mean immediate mortality for the 2 years was 15%,

and an estimated 5,070 winter flounder (23% of those impinged) were lost

from immediate (n 2,909) and delayed (2,161) mortality during the 2

years (Table D1-78).

Discussion

A multiple regression analysis of 1975-76 data indicated that water

temperature was a factor affecting impingement and that most fishes were

impinged when the water temperature was seasonally increasing or decreasing

(Miller 1977). Changing water temperature influenced the movement of

specimens either into, out of, or within the Bay, and most fishes were

generally imp inged during these. periods of movement. The period of

maximum abundance of an organism in the Bay did not correlate well with

impingement. The bay anchovy, Atlantic menhaden, bluefish, Atlantic

silverside, spot, and weak fish were present in the Bay throughout summer,

but most individuals of these species were impinged during spring and
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fall when these species were moving within or out of the Bay. Low water

temperature, particularly from October through December, may also have

reduced the ability of fishes to avoid impingement.

The correlation between water temperature and time of maximum

impingement also was illustrated by the shift in the date when the

greatest impingement occurred in the fall between the 2 years. The

water temperature decreased more rapidly in the fall of 1976 than during

the previous year. The mean water temperature by month was considerably

lower during October (14.0 C in 1976, 16.4 C in 1975), November (6.0,

11.8), and December (2.0, 4.4) of 1976. This earlier cooling of the Bay

was reflected in the earlier movement and impingement of the Atlantic

menhaden, Atlantic silverside, northern pipefish, summer flounder, and

winter flounder in the fall of 1976.

The survival of impinged organisms is an important parameter when

these organisms are returned to the receiving body of water because it

minimizes the impingement losses of these organisms. At OCGS, the

recent rerouting of the screen-wash flume from the area of the OCGS

heated discharge to the ambient temperature water in the dilution pump

discharge insures that organisms returned live from the OCGS screens

will not be subject to a temperature shock at the point of release.

Furthermore,, this area of ambient temperature water in the uppxer part of

the discharge canal should provide an area for fishes and invertebrates

to avoid the maximum discharge temperatures.

The rate of survival and mortality for impinged fishes and'macro-

invertebrates varied widely, and the impact of impingement must be
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weighed on a species-by-species basis. Overall, organisms which have

beet traditionally regarded as hardy (e.g., blue crab and northern

pipefish) had relatively good survival while fishes which are traditionally

difficult to collect and handle in good condition (e.g.,.Atlantic menhaden,

bay anchovy, and young weakfish) had poor survival. Organisms with a

hard exoskeleton (e.g., blue crab), bony plates (e.g., fourspine stickle-

back, northern pipefish) or a defensive mechanism (e.g., northern

puffer) had high immediate survival.

The survival rate of the bay anchovy and blue crab decreased during

the summer, and seasonally variable injury rates (individuals obviously

dead and damaged) were also reported by Landry and Strawn (1974). They

reported that the injury rate of the bay anchovy was lowest in February

(7.4%) and March (18.6%) and highest during August (64.8%) and September

(75.9%). The injury rate of the Gulf menhaden increased from a low in

February (0.1%) and March (2.3%) to a high in September (43.1%) and

October (32.1%).

Seasonal variability in survival and mortality must also be considered

in an evaluation of impact. At OCGS, the periods of maximum impingement

of fishes were during seasonally increasing and decreasing water tempera-

ture. Immediate survival of the bay anchovy was at least 10% greater

during spring and fall than during summer. However, the maximum mortality

of blue crab was during summer, the time of its greatest impingement.

Landry and Strawn (1974) reported that injury rates (individuals

obviously dead and damaged) of fishes impinged at the P. H. Robinson

Power Plant in Texas depended on the time of collection. They found
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that more injured fishes were collected during daylight. Although the

overall trend in survival at OCGS was similar to that reported by Landry

and Strawn (1974), the difference between the condition of individual

species in day and night collections was inconsistent.

Continuous operation of vertical traveling screens appeared to

.increase survival and decrease mortality of fishes. At the P. H. Robinson

Power Plant, Chase (1975) found that the percent of live blue crab

impinged during a 20-min continuous rotation of the traveling screens

(95% survival) was about 14% greater than the survival of blue crab

.impinged for 2 h (80.8%). He also found better survival of the Gulf

menhaden during continuous rotation (20% survival) than during intermittent

rotation of the screens every 2 h (2.6%). At the Bowline Point, Roseton,

and Danskammer Point power plants on the Hudson River, King et al.

(1978) reported that the survival of young white perch, Atlantic tomcod,

and striped bass generally increased as the time between screen washes

decreased. They also found that the highest probabilities for survival

of young white perch and striped bass were during continuous operation

of the screens.

The Ristroph screen, a modified traveling screen which dramatically

increased the immediate survival of the blueback herring (90.4% survival),

alewife (90.7%), Atlantic menhaden (94.9%), bay anchovy (82.0%), weakfish

(59.2%), and summer flounder (97.4%) impinged at Virginia Electric and

Power Co.'s Surry Power Station on the James River, Virginia (White and

Brehmer 1977), was also operated continuously. Although it may not be

practical to continuously rotate traveling screens at all times, continuous
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rotation during periods of high impingement may substantially reduce the

environmental impact of these screens.

Other factors may also affect survival of impinged organisms.

Chase (1975) found that the survival of the blue crab and Gulf menhaden

impinged on continuously rotating traveling screens with low volume flow

(95% and 20% survival, respectively) was higher than survival of these

species at screens with higher volume flows (64% and 13.7%, respectively).

Anderson et al. (1975) also attributed higher impingement mortality at

Unit 4 of the Salem Power Station in Massachusetts to greater intake

velocity at that unit. Differences in flow and intake velocity immediately

before the OCGS screens existed between 1975 and 1976 and may explain,

in part, some differences in the mortality estimate of certain species

between the 2 years. Physical condition of individuals also affects

survival of impinged organisms and for a number of species the condition

factor of individuals impinged at the OCGS screens was significantly

less than that of individuals from other areas of Barnegat Bay.

A comparison of the number of specimens impinged per hour and the

number of specimens impinged per million gallons of cooling-water indicated

that most (736 per hour) specimens were impinged from 21 through 27 November

1976 and most (29) specimens per million gallons of cooling-water were

impinged from 12 through 18 December 1976. During the first year, the

most specimens (7,005 per hour and 254 per million gallons of cooling-

water) were impinged from 13 to 19 June 1976. The difference

in these periods of impingement between the 2 years was attributed to

both the increased impingement of fishes in the fall of 1976 and the
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decreased catch of the blue crab in 1977. This decrease in the catch of

the blue crab reflected both its reduced abundance in the Bay in 1977

(Section D1.15) and the shutdown of OCGS from 14 May through 11 July.

Since the abundance and, therefore, loss of most (13 of 16 species)

fishes and macroinvertebrates impinged at OCGS was significantly different

between comparable months in 1975-1976 and 1976-1977, it was apparent

that statistical predictability of the annual abundance and loss of

impinged organisms has not been achieved. The significant difference in

the number of impinged organisms was not surprising because the populations

of estuarine species vary greatly from year to year. Marcellus (19.72)

reported 50 to 100% fluctuations in the abundance of various fishes from

year-to-year. Populations of fishes (e.g., Sciaenidae) undergo natural

cycles in abundance, and drastic changes in these populations can occur

in a period of a few years (Joseph 1972).
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D1.12 PASSAGE OF FISHES AND MACROINVERTEBRATES
THROUGH THE DILUTION PUMPS

Introduction

The dilution pumps pass ambient temperature water from Forked River

(the intake canal) to Oyster Creek (the discharge canal) to dilute the

heated water discharged from OCGS. This ambient temperature water and

water discharged from OCGS remain somewhat discrete in about the upper

60 m of the discharge canal, but they are effectively mixed near the

bend in the discharge canal (Fig. D1-1O). After mixing, the water in

the discharge canal averaged about 4.5 C (range of 2.0 to 7.5 C) above

ambient with two dilution pumps in operation (M. B. Roche, personal

communication). The capacity of two dilution pumps (5.2.x 105 gallons

per min, GPM) was slightly greater than that of the four circulating-

water pumps (4.6 x 105 GPM).

The intake to the dilution pumps is preceded only by trash racks,

and large fish and invertebrates pass through the pumps. The species,

abundance, and condition of organisms immediately after passage through

the dilution pumps were determined and compared with those of organisms

impinged on the traveling screens that precede the intake to the OCGS

circulating-water system. These studies were a continuation of the work

begun in 1975 by Rode and Boyle (1977a). Delayed mortality of organisms

passed through the dilution pumps was examined in a separate study.
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Materials and Methods

The dilution pump sampler consisted of a steel frame (91 cm long)

2 2
which opened from a 1.2-m2 mouth to 1.5 m2 ; a 3.3-m section of 38-mm

stretch mesh netting; and a 97 x 128 x 97-cm aluminum live box with 9.5-

mm mesh netting (Fig. DI-1i). After November, the live box was replaced

with a 78 x 87 x 92-cm box (6.3-mm mesh netting) because the larger box

was in disrepair.

A boom was used to lower the sampler near the bottom of the discharge

of dilution pump number three (Fig. D1-10), but the live box floated at

the surface. After organisms were taken from the live box, crabs and

fish were placed in separate, insulated coolers. All specimens were

identified, and their condition was recorded as live, dead, or damaged.

Collections were taken once a week from sunset to 6 h after sunset

(period 3) and were concurrent with sampling at the OCGS screens when

OCGS was in operation. The duration of each collection was usually 1 h.

Half-hour samples were taken at the surface and bottom of the

dilution pump discharge during five, 6-h periods from 10 through 24 October

1977 to determine differences in the vertical distribution of organisms

discharged from the pumps. The significance of these vertical differences

in distribution were determined with a Wilcoxon's Signed Rank Test

(P< 0.05).

The estimated number of abundant fishes and macroinvertebrates

passed through the dilution pumps was compared to the estimated number

of specimens impinged on the OCGS screens during the same sampling
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period. The estimated number of an organism passed through the dilution

pumps was calculated from the number in each collection divided by the

portion of the dilution flow that was sampled. Flow through the dilution

pumps was determined from OCGS records, and volume sampled by the

dilution pump sampler was calculated from the flow rate in the mouth of

the sampler, the area of the sampler mouth, and the duration of each

sample. Flow rate was not determined for each collection, but it was

measured periodically with a digital flowmeter (General Oceanics Model

2030) mounted in the mouth of the sampler. Because flow rate changed

with different numbers and combinations of pumps in operation, the flow

rate was determined for each operating condition that was sampled. When

the volume passed through the dilution pumps (two pumps in operation)

was approximately the same as that passed through the OCGS cooling-water

system (four pumps in operation), it was unnecessary to adjust the

estimated number of organisms passed through the dilution pumps or

impinged on the OCGS screens for the volume of water pumped at each

location. When different configurations of pumps operated (8 of 27

times) adjustments were made to compensate for the different volume

pumped.

Results and Discussion

From 7 September 1976 through 7 September 1977, 262 collections

were taken, and 7,138 invertebrates of 10 taxa and 5,671 fish of 56 taxa

were collected (Table D1-79). The number of collections per month

ranged from 29 during November, June, and August to 5 during January

when ice blockage at the intake of dilution pump number three forced the

shutdown of this pump from 8 January to 14 February 1977.
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The half-hour samples taken at the surface and bottom indicated

that the distribution of the catch in the discharge varied by species.

Although the number of the Atlantic silverside and blue crab collected

in surface and bottom collections was not significantly different,

significantly more bay anchovy and northern pipefish were collected in

bottom samples (Table Di-80). Although the greater abundance of some

organisms in bottom collections may have resulted in an overestimate in

the abundance of these species, data were not adequate to adjust the

catch on a species-by-species basis. In light of the magnitude of the

difference for the bay anchovy (surface to bottom ratio of 1:1.4) and

northern pipefish (1:1.6), these differences were not considered substantial

enough to invalidate conclusions based on the unadjusted abundance data.

The spot (n = 1,503), bay anchovy (1,094), winter flounder.(722),

and Atlantic menhaden (386) comprised 70% of all fish taken (Table DW-79).

The ten most abundant species comprised 93% of all fish collected. Many

of the additional 378 Atlantic menhaden collected during March and April

were not passed through the dilution pumps but were individuals attracted

to and feeding in the discharge canal. Unlike Atlantic menhaden passed

through the dilution pumps, many of the fish collected during March and

April had little scale loss and were generally in better condition.

The immediate condition of common fishes passed through the dilution

pumps varied by species (Tables D1-81, D1-82). Although only 9% of the

bay anchovy collected were live (28% damaged), the percentage of other

abundant fishes passed through the pumps undamaged was considerably

higher. Some 74% of the smallmouth flounder, 83% of the spot, and 94%
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of the striped cusk-eel were undamaged immediately after collection.

Only 4% of the Atlantic menhaden passed through the pumps (all months

except March and April) were dead and 30% were damaged. No winter

flounder were dead immediately after collection, and only 1% of the

specimens were damaged. The percentage of individuals which were passed

through the dilution pumps undamaged was lower for less abundant fishes

such as the bluefish (34%), weakfish (47%), and Atlantic silverside

(59%).

The sand shrimp (n = 5,289) and blue crab (1,549) were the dominant

macroinvertebrates and comprised 96% of all invertebrates collected

(Table D1-79). Most sand shrimp were taken from November through June

with the greatest number of individuals (61%) collected during December.

Of the 3,051 sand shrimp examined,.6% were dead and 2% were damaged

(Table DI-81). Most blue crab were taken from April through August, and

7% of the 770 specimens examined were dead and 25% damaged.

The estimates of immediate condition were considered to be fairly

accurate because the dilution pump sampler and collection technique

caused little additional mortality or damage to the organisms. Many of

the Atlantic menhaden collected in March and April had not passed through

the dilution pump. Although the Atlantic menhadengenerally is considered

a delicate species, none of these individuals were dead and less than 4%

were damaged (Table DI-83).

The condition of the Atlantic menhaden, winter flounder, sand

shrimp, and blue crab passed through the dilution pumps during 1975-76

(Rode and Boyle 1977a) was similar to the condition of those examined in
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this study (Table DI-84). However in 1976-77, the percentage of dead

and damaged striped cusk-eel decreased substantially over those reported

for 1975-76. In contrast to the striped cusk-eel, the number of dead

and damaged bay anchovy showed a marked increase from 1975-76 (54%) to

1976-77 (91%). The reason for these differences may be attributed, in

part, to the relatively few individuals examined in 1975-76; the values

for 1976-77 were considered to be a more realistic estimate because they

were based on a larger sample.

The immediate condition of the sand shrimp, blue crab, and the ten

most abundant fishes passed through the dilution pump was compared with

the condition of those impinged on the OCGS screens (Table D1-81). For

all 12 species, a greater percentage of live individuals was found in

collections at the dilution pump discharge and a greater percentage of

both dead and damaged individuals in collections from the OCGS screens.

The differences in percent live were greatest for the Atlantic menhaden

(66% of individuals from dilution pump collections, 9% of those collected

at OCGS screens), striped cusk-eel (94%, 44%), spot (83%, 14%), and

winter flounder (99%, 45%). Although the survival of the bay anchovy

passed through the dilution pump (9%) was greater than that of specimens

impinged at the OCGS screens (4%), .this species had high mortality at

both locations because it was very sensitive and easily damaged during

handling. The percentages of blue crab that were live, dead, and damaged

after impingement on the OCGS screens were similar to the percentages of

those passed through the dilution pumps (Table D1-81). Overall, more

than 69% of the ten comparable fishes and 87% of. the blue crab and sand
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shrimp taken from the dilution pump sampler were live in contrast to 20%

of these fishes and 75% of the blue-crab and sand shrimp examined from

the OCGS screens.

The species composition of the catch of fishes and macroinvertebrates

passed through the dilution pump was similar to that from collections at

the OCGS screens. The sand shrimp and blue crab were the dominant

invertebrates taken at each location. The bay anchovy, spot, and Atlantic

menhaden were the most abundant fishes collected at the OCGS screens and

they were among the four most abundant fishes taken in dilution pump

samples.

The estimated number of sand shrimp, blue crab, and ten abundant

fishes passed through the dilution pumps was compared with the number of

those impinged on the OCGS screens during a comparable period (Table DI-85).

More fish (80,746), sand shrimp (127,261), and blue crab (25,799) were

estimated to have passed through the dilution pumps than were impinged

on the OCGS screens (32,302 fish; 36,801 sand shrimp; 11,652 blue crab).

The estimated number of bluefish (1,121 passed through the dilution

pump, 275 impinged on the OCGS screens), spot (30,126, 7,929), and

winter flounder (18,009, 2,884) passed through the dilution pumps were

nearly four times greater than the estimated number impinged at OCGS.

Operation of the dilution pumps also may reduce the number of organisms

impinged on the OCGS screens. On several occasions, the number of

organisms impinged at OCGS noticeably declined in the several hours

after a second dilution pump was put into operation.

Dl-331



The difference between the larger mesh size of the OCGS screens

(10.7 mm) and that of the dilution pump sampler live box (6.3 mm) probably

introduced some bias, particularly for the smaller individuals of the

bay anchovy, northern pipefish, and sand shrimp. These individuals

would be more likely to pass through the OCGS screens and the impingement

sampler, and this would result in a comparatively low estimate.

.Different water velocities at the intake of the dilution pumps and

circulating-water pumps may account, in part, for more organisms passed

through the dilution pumps than were impinged at OCGS, even though a

similar volume was pumped at each location. The velocity of water at

the intake of the dilution pump was considerably greater than the velocity

of water through the trash racks that precede the OCGS screens. On

1 April 1977, the one date that velocity measurements were available at

each location, the mean velocity in front of the intake to the two

operating dilution pumps (73 cm/sec) was twice the velocity in front of

the OCGS trash racks (35 cm/sec) with three pumps and five screens in

operation (J. J. Vouglitois, personal communication). Under normal

operation (four pumps) at OCGS, this difference in velocity may be even

greater. From May through November 1976, the mean velocities before the

trash racks (17 to 20 cm/sec) with four circulating-water pumps and six

traveling screens in operation were substantially lower than during

April 1977.

Higher velocities at the intake to the dilution pumps may account

for the greater number of most fishes passed through the pumps because

individuals may be unable to escape these velocities. The critical
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swimming speeds of young (age 0+) bluefish (65 to 72 cm/sec) at 23 C,

young weakfish (35 to 70 cm/sec) at 12 to 22 C, young spot (48 cm/sec) at

15 C, and adult winter flounder (33 to 48 cm/sec) at 3.3 C, as reported

by Wyllie et al. (1976) and Terpin et al. (1977), exceeded the intake

velocity (17 to 20 cm/sec) at the OCGS screens under normal operation.

However, the velocity at the dilution pump intake with two dilution

pumps in operation (73 cm/sec) was greater than or approximately equal

to the critical swim speeds of these fishes.

Dl-333



D1. 13 DELAYED MORTALITY OF FISHES AND MACROINVERTEBRATES

Introduction

After impingement on the OCGS screens or passage through the dilution

pumps, organisms are passed into the discharge of the dilution pumps.

Although this water is at ambient temperature, the only route by which

organisms can leave this area is through the mixed flow of heated and

ambient water in Oyster Creek. This study was conducted to examine the

latent effects of impingement, dilution pump passage, and exposure to

increased temperature on fishes and macroinvertebrates. It is a

continuation of the work reported by Rode and Boyle (1977b).

Materials and Methods

Live and damaged fishes and macroinvertebrates collected in the

dilution pump discharge and during both normal (intermittent)

and continuous washes of the OCGS screens were held

for 48 h after collection. Organisms were held in either a 900-liter

circular fiberglass tank or one of two 60 x 80 x 120-cm wooden holding

tanks. Specimens were maintained under flow-through conditions in

either ambient temperature water or heated water discharged from OCGS.

Prior to January 1977, heated water was pumped to the holding facility

from a point approximately 50 m from the OCGS discharge, but after

January heated water was pumped directly from the OCGS discharge. Since
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organisms are released in ambient temperature water, they are probably

not subjected to the maximum holding temperatures used for testing.

The condition of fishes, the blue crab, and sand shrimp was recorded

as live, dead, or damaged, Condition was

determined immediately after collection and, thereafter, twice daily for

48 h. Specimens exhibiting loss of equilibrium were recorded as damaged.

Results and Discussion

OCGS screens - normal (intermittent) washes

Individuals of 26 taxa were held for delayed mortality studies.

For the year, the greatest mortalities were among the herrings (Alosa spp.),

Atlantic menhaden, bay anchovy, black sea bass, and weakfish (Table DI-86).

Most (63..8%) of the organisms held for delayed mortality studies were

damaged prior to testing.

The delayed mortality of herrings maintained in ambient water

(42.4%, 14 of 33) was less than that of individuals held in heated water

(58.3%, 14 of 24). Most of the bay anchovy held in either ambient

(92.6%, 25 of 27) or heated (88.0%, 22 of 25) water were dead after

48 h, and most individuals were dead at the first observation. All bay

anchovy were damaged at the beginning of the test. Both the bay anchovy

and the herrings are generally considered delicate fish, and the method

of collection and handling may have introduced stress which contributed

to the delayed mortality.

Delayed mortality of some fishes was apparently unrelated to tempera-

ture because mortality of fishes held in ambient temperature water exceeded
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that of organisms held in heated water. All 1.8 Atlantic menhaden held

in ambient water died while only 9 of 16 specimens held in heated water

were dead. Some 17 of 18 weakfish maintained at ambient temperature

were dead, but only 10 of 15 individuals held in heated water were dead

after 48 h. More mortality of the black sea bass also occurred in

ambient (14 of 17 individuals) than in heated (5 of 13) water. Although

relatively few individuals of the striped cusk-eel (27) and spot (16)

were tested, a greater percentage of fish held in ambient water were

dead at 48 h. All of these species were tested during decreasing ambient

water temperature, and the heated water from the OCGS discharge may have

mitigated, to some extent, the latent effect of impingement on these

species.

The Atlantic silverside had relatively little delayed mortality

although .mortality was less in ambient* (17.8%) than in heated (29.6%)

water. The mortality of individuals held in the heated water was

apparently related to the condition, of the fish immediately after

collection rather than the temperature increase (delta T) or absolute

temperature (Table D1-87). All organisms that were live at the start of

each test were live at 48 h, and all individuals dead at 48 h were

damaged after collection.

Little (< 2.0%) delayed mortality occurred among the 45 striped

searobin held at ambient temperature and the 41 specimens held in the

heated discharge. Similarly, none of the, five white perch or the six

winter flounder tested were dead after 48 h regardless of the temperature

at which they were held. Two of the 15 sand shrimp held at ambient
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temperature and 4 of 15 shrimp held in the heated water were dead at

48 h.

Most fishes with high delayed mortality also had high mortality and

damage immediately after impingement on the OCGS screens. Mortality

determinations made immediately after impingement (Table D1-59) indicated

substantial mortality of the bay anchovy (78%), and many individuals of

the alewife (88%), blueback herring (83%), Atlantic menhaden (92%), and

weakfish (85%) were either dead or damaged immediately after impingement.

Organisms with relatively little delayed mortality also had lower rates

of mortality and damage immediately after impingement: Atlantic silverside

(66% immediate mortality and damage), striped searobin (45%), winter

flounder (54%), and sand shrimp (23%).

OCGS screens - continuous washes

A total of 14 species collected during continuous screen washes on

30 November and 12 December were held for delayed mortality studies

(Table D1-88). As with individuals collected during intermittent screen

rotation, winter flounder (n = 33) had little mortality when held at

either ambient (1 of 17) or heated discharge (1 of 16) temperatures.

Similarly, the sand shrimp had little mortality in either ambient (4 of

30) or heated (6 of 37) water. The total number of sand shrimp that

died in 48 h (10 of 67), regardless of temperature, was similar to the

delayed mortaltiy of individuals impinged during intermittent screen

washes (6 of 30). The mortality of the smallmouth flounder held for

48. h in the heated water (5 of 14) was slightly greater than that of
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individuals held in ambient water (3 of .12). Overall, the delayed

mortality of the smallmouth flounder (8 of 26) impinged during continuous

washes of the OCGS screens was less than that of individuals impinged

during intermittent screen washes (17 of 30).

OCGS Dilution Pump

The delayed mortality of organisms held at ambient and heated

discharge temperatures was discussed for 8 of the 31 taxa tested. The

bay anchovy, weakfish, Atlantic menhaden, and bluefish, species which

had substantial delayed mortality after impingement on the OCGS screens,

also had the greatest delayed mortality after passage through the dilution

pumps. Although unequal numbers of specimens were tested, a greater

percentage of mortalities was observed for individuals held at heated

temperatures (Table DI-89). Relatively few weakfish were tested but

delayed mortality was high for specimens held in both ambient (6 of 11)

and heated (5 of 8) water. Two of 15 bluefish held in ambient water and

two of five fish held in heated water died during the 48 h.

The delayed mortality of the Atlantic menhaden was less in ambient

(20.0%, 7 of 35) than in heated (50.0%, 13 of 26) water. Rode and Boyle

(1977b) found 45.7% mortality (1.6 of 35) for Atlantic menhaden held in

ambient water and complete mortality of all 18 fish held in the heated

discharge. During both years, most of the mortality of the Atlantic

menhaden held in the heated water was noted at the first observation.

The difference in the mortality of individuals held in the heated water

during. 1975-76 (Rode and Boyle 1977b) and 1976-77 was probably related
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to temperature. Rode and Boyle (1977b) held specimens during June

through August when the OCGS discharge temperature was high (31.5 to

37.0 C). The 11 individuals tested at 32.8 to 33.3 .C during this study

died, but only 2 of 15 held at 22.9 to 25.1 C died.

Most bay anchovy (73.9%, 51 of 69) held in ambient water and all

four individuals held in heated water were dead at 48 h. Most (72 of

73) of the individuals were damaged after collection. Rode and Boyle

(1977b) also reported high mortality of the bay anchovy held in ambient

(88.0%) and heated (100%) water.

Although 17 of 30 spot (56.7%) held in heated water died, only 1 of

195 (0.5%) sp ecimens tested in ambient temperature water was dead after

48 h. Spot held at a temperature in excess of 32 C or a delta T greater

than 10 C showed the greatest mortality (Table D1-90). Little mortality

(3.1%, 8 of 255 individuals) was noted in ambient water during-both

yea rs, and this coincided with the highest mortality of the spot held in

heated water. Powers (1977) reported that spot survived a maximum of

4 h when exposed to a discharge temperature of 34.6 to 36.2 C (delta T

of 8.5 to 9.4 C). Rode and Boyle (1977b) reported 16.7% (12 of 72

individuals) mortality of spot passed through the dilution pumps and

held at ambient temperatures and 52.5% m ortality (42 of 80) of those

held in heated water. All of these spot we re tested from May through

August 1976 when ambient water temperatures were rising.

Two fishes and the sand shrimp bad little or no delayed mortality.

One of 40 winter flounder tested was dead, and that individual was held
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in the heated discharge. No mortalities were observed for the 36 striped

cusk-eel or 17 sand shrimp maintained in either heated or ambient water.

Rode and Boyle (1977b) also found high survival for the striped cusk-

eel, winter flounder, and sand shrimp held in ambient water. Although

they reported substantial mortality (91.0%) for the striped cusk-eel in

heated water, their tests were conducted at discharge temperatures from

32.8 to 37.0 C while the OCGS discharge temperatures at which organisms

were held in this study were considerably lower (22.9 to 25.1 C).

Individuals of several species that were passed through the dilution

pumps and were maintained in either ambient or heated water had less

delayed mortality than individuals impinged on the OCGS screens. At

ambient temperatures, the mortalities were lower for the Atlantic menhaden

(delayed mortality of 17 of 18 impinged fish, delayed mortality of 7 of

35 fish passed through the dilution pumps); weakfish (17 of 18, 6 of

11); striped cusk-eel (9 of 16, 0 of 34); and sand shrimp (2 of 13, 0 of

17). Individuals of the bay anchovy held in ambient temperature water

had less delayed mortality after passage through the dilution pumps

(73.9%) than after impingement on the OCGS screens (92.6%). The high

mortality of the bay anchovy collected and tested from both locations

suggested that stress from collection and handling may have contributed

to these high delayed mortalities. For organisms held in ambient water,

Rode and Boyle (1977b) reported less delayed mortality of Atlantic

menhaden and bay anchovy passed through the dilution pumps than of those

taken from the OCGS screens.
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D1. 14 COMMERCIAL FISHERIES IN BARNEGAT BAY AND OCEAN COUNTY

Introduction

Data were compiled to determine the magnitude of various commercial

fisheries in Barnegat Bay and in Ocean County, New Jersey. Although

commercial landings have value only as a relative index of the size of

the population of a species, they may give some perspective to the

biomass of fishes lost through impingement. These data are not estimates

of absolute abundance because catches may not be accurately reported,

fishes caught in one area may be landed in another, and fishing effort

is selective and dependent on the current economic value of the fishes.

Materials and Methods

Commercial fisheries data for Barnegat Bay were obtained from the

National Marine Fisheries Service (NMFS) in Toms River, New Jersey. The

data were from 19 crabbers, 5 fyke netters, 3 eel potters, and 10 clam

wholesalers who reported their catch in Barnegat Bay from Toms River to

the Manahawkin Bridge. This represented all of the commercial fishermen

in the Bay (E. LoVerde, personal communication). An individual was

included in more than one category if he fished several types of gear.

Commercial fisheries data for Ocean County were obtained from the

preliminary monthly New Jersey landings (U. S. Department of Commerce

1976, 1977), and any minor discrepancies between the catch reported in
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Barnegat Bay and Ocean County probably occurred because of the preliminary

nature of these data.

Results and Discussion

Commercial fishermen in Barnegat Bay landed 155,615 kg of fin- and

shellfish valued at $338,545 from September 1976 through August 1977

(Table DI-91). Although the reported catch decreased 34% from the

previous 12 months, the value of the catch decreased only 2% (Hillman

1977c). The decrease in catch was attributed to a large decrease in

landings of the white perch, winter flounder, and blue crab. The value

of the catch decreased only 2% between the 2 years because the price per

kg increased 33% during the second year. August was the most productive

month (26,869 kg, $67,998); the northern quahog, American eel, and blue

crab were the predominant species taken during this month. Only 364 kg

of the northern quahog were taken during January, the least productive

month, because severe weather and extensive ice cover on the Bay limited

fishing.

The extremely cold weather from early October through mid-February

accounted, in part, for the decline in landings. Ice cover on the Bay

limited the activity of fyke netters, clammers, and crab dredgers in

January and February 1977; only 1,941 kg of the northern quahog were

landed during these months. In January and February 1976, 24,310 kg of

the northern quahog (22% of reported landings from September 1975 through

August 1977); 10,946 kg of the blue crab (15%); 6,909 kg of the winter

flounder (33%); and 7,187 kg of the white perch (39%) were landed from

the Bay (Hillman 1977c).
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The northern quahog accounted for 68.4% of the catch (106,562 kg)

and 89.6% ($303,336) of the revenue (Table D1-91). It was taken by rake

(56.2%), treading (24.2%), and tongs (19.5%). Some 50.8% of the northern

quahog was landed from June through August when all three types of gear

were in use (Fig. DI-30 ).

The blue crab accounted for the second largest landings and revenue;

it accounted for 17.4% of all weight (27,086 kg) and 6.3% of all revenue

($21,217). The blue crab was taken by pot in September, October, July,

and August and by dredge duringMarch, November, and December, but the

largest landings were reported from September through November (Fig. DI-30).

No crabs were landed in January and February and from April through

June. The blue crab averaged $0.75/kg, an increase of $.09/kg from the

previous 12 months. The average price of the blue crab landed by pot

($0.80/kg) was more than that of crabs collected by dredge ($0.64/kg).

Blue crab landings decreased 68.2% from the previous 12 months

(Hillman 1977c) because of substantial mortality of the blue crab during

the winter of 1976-77 and of the inability to dredge for crabs during

the winter. Many dead individuals were taken throughout the Bay by

trawl in March (Section D1.15). Birnbaum (1977) attributed a 50% decrease

in the commercial landings of the blue crab in upper Chesapeake Bay

during late July 1977 to mortality during the previous winter.

The American eel accounted for the third greatest landings (10,156 kg)

and revenue ($8,750). It was the most abundant (46.2%) finfish landed,

and all were taken by eel pot. Landings in the Bay decreased 25% from

the previous 12 months (Hillman 1977c). Largest catches were from April
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through June, and none were landed from November through March. It

accounted for 2.6% of the total income and averaged $0.86/kg, a substantial

increase over the $0.68/kg for the previous 12 months.

All other finfish were taken by fyke net during the 6-month (from

13 October through 13 April) fyke net season. Landings from fyke nets

accounted for 7.5% of all landings and 1.6% of total revenue.

The winter flounder accounted for the most weight (6,419 kg) and

revenue ($2,629) taken by fyke net. It comprised 4.0% of the total

landings and 29.2% of all finfish reported from the Bay. The reported

landings were a 69.5% decrease from the previous 12 months (Hillman

1977c). The average price for the winter flounder was $0.41/kg.

The white perch comprised 2.8% of the total landings and 20.0% of

all finfish landed in the Bay. The 4,392 kg reported was a 76.4% decrease

from the previous 12 months. However, the average price ($0.57/kg)

increased $0.02/kg during the second year.

Fyke net landings of the alewife (1,000 kg) were reported only in

May, and this may be a delinquent report of fish taken during April.

The alewife comprised 4.6% of all finfish landed in the Bay and averaged

$0.11/kg.

A total of 1,263,813 kg of 9 species of fin- and shellfish valued

at $1,724,552 was landed in Ocean County from September 1976 through

August 1977 (Table D1-92). This was a 16.6% decrease in weight and a

1.9% decrease in value from the previous 12 months (Hillman 1977c). The

bluefish and summer flounder were the only species to have larger landings

from September 1976 through August 1977 than during the previous 12
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months. The landings of all other species declined from 20.4% (northern

quahog) to 76.4% (white perch).

The summer flounder and northern quahog dominated the commercial

landings reported for Ocean County. The summer flounder accounted for

49.8% of the reported landings *and 42.2% of the value. The northern

quahog comprised the second largest weight (23.6% of reported landings),

but accounted for 48.7% of the value. The bluefish (13.9%) and the

weakfish (6.6%) accounted for most of the remainder of the catch.

During the previous 12 months, the summer flounder (38.7% of the reported

landings from September 1975 through August 1976), northern quahog

(25.0%), weakfish (15.2%), and bluefish (10.5%) also accounted for most

of the landings reported for Ocean County (Hillman 1977c).

The largest catch (160,255 kg) was reported in May. The smallest

catch was in March (25,442 kg), but the landings in November (56,219 kg)

and December (31,761 kg) were also small. The largest monthly values

($171,771 to $218,321) were reported from April through August, and the

smallest value was in December ($48,516).

Barnegat Bay commercial landings comprised 12.3% of the weight and

19.6% of the value of the landings in Ocean County. While not all

species landed in Ocean County were taken in Barnegat Bay, a substantial

portion of the landings of the alewife (100% of Ocean County landings),

white perch (100%), blue crab (100%)., American eel (45.7%), northern

quahog (35.7%), and winter flounder (29.6%) were from the Bay between

Toms River and the Manahawkin Bridge.
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D1.15 SURVEYS OF THE POPULATION OF SELECTED FISHES,
THE SAND SHRIMP, AND THE BLUE CRAB IN BARNEGAT BAY

Introduction

Surveys were made to estimate the population of the bay anchovy,

northern pipefish, winter flounder, sand shrimp, and blue crab in the

central portion of Barnegat Bay. With the exception of the sand shrimp,.

similar surveys of these species were conducted from April through

July 1976, and the estimated populations in the central Bay were reported

by Danila (1977a). These estimates were used with other data to assess

the effect of OCGS on these species. An evaluation of impingement

losses on these populations was discussed by JCP&L (1978).

Although the threespine stickleback, striped bass, northern kingfish,

summer flounder, and northern puffer were considered important by the

EPA, they were relatively uncommon and no population estimates were made

for them. The Atlantic menhaden, bluefish, and weakfish were relatively

common, but they were able to avoid most collection gear and therefore,

could not be sampled quantitatively. Attempts were made to estimate the

population of the Atlantic silverside in both November and April, but

few specimens were taken and the surveys were discontinued. The unusually

small number of Atlantic silverside taken in April may have indicated

that substantial mortality occurred during the severe winter of 1976-77.
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Materials and Methods

•Barnegat Bay from Goodluck Point to Gulf Point (19.2 km) was used.

as the survey area because the Bay between these two pointsis a basin

somewhat constricted at both ends with OCGS roughly in the center. The

shallow, eastern portion of the Bay was also sampled during surveysfor

the northern pipefish and blue crab.

Most samples were taken with a 4.9- and 2.7-m trawl; both gears

were described previously (Appendix C1, Section C1.17). During an

2
average 5-mmn tow, the 4.9-m trawl covered 771.75 m and the 2.7-m trawl

2
covered 157.5 m2. These values were about 75% of those reported by

Danila (1977a) because the effective fishing width of the trawls, as

determined by the methodology of Loesch et al. (1976)., was 0.5 rather

than 0.67 times the length of the headrope. During the blue crab survey,

a tickler chain was added to the 4.9-m trawl to increase its efficiency.

Chittenden and Van Engel (1972) reported that the catch of blue crab by

trawl in the York River nearly tripled with the addition of a tickler

chain. The 4.9-m trawl was also modified to make collections at the

surface (Trent 1967) during the blue crab survey because swimming blue

crab may have avoided the bottom trawl in deeper areas of the Bay.

A stratified random sample model was employed for samples taken by

trawl (Snedecor and Cochran 1967, Mackett 1973). Although the Bay was

subdivided into strata based on the distribution of organisms during

previous surveys of the Bay (Danila 1977a), strata were redefined after

a survey if the distribution of the catch was substantially different

than expected. The area of each stratum was calculated from a nautical
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chart of the Bay (NOAA 1976) with a Lietz Polar Planimeter (Model 3651-30).

The Bay was also subdivided into 0.9-km2 grids, and the locations of

samples within a stratum were determined using the grids and a random

number table. Each tow was taken at a random location in a grid.

Population size and confidence limits were determined for species

taken by trawl (Snedecor and Ccchran 1967, Mackett 1973), but data were

not transformed to approximate a normal distribution. Although transfor-

mations are valuable for comparative statistics, they are not desirable

for estimates of abundance because estimates calculated with transformed

data are based on the median rather than the mean of the sampling distri-

bution and, therefore, are underestimates (W. Swallow, personal communi-

cation). Because Danila (1977a) based most of his population estimates

on transformed catch data and overestimated *the area covered in an

average haul, population estimates of species surveyed in 1976 were

recalculated.

A roller pushnet, similar to that described by Strawn (1954), was

used to sample northern pipefish and blue crab in the shore zone. It

was constructed of 6.3-mm mesh nylon netting over a tubular frame with a

wooden roller just below the mouth of the net. The mouth of the net was

I m wide, and the gear fishedfrom surface to bottom in shallow water.

It was pushed parallel to and about 3 to 7 m from shore for a distance

of 15 m, and it sampled about 15 m2 of bottom.

The pushnet was used at 10 locations in the eastern Bay from the

Sedge Islands to the northern end of Island Beach State Park and at 20

locations in the western Bay from Berkeley Shores to Double Creek. Two

of 10 samples were taken randomly at each location.

Dl-348



A 4.6 x 1.2-m nylon seine (3.2-mm mesh) was used for a survey of

sand shrimp along the western shore of the Bay. Its operation was

identical to that of the 12.2-m seine (Appendix Cl, Section C1.17), and

*2an average haul covered approximately 30 m . Samples were taken at

night at eight locations from Cedar Creek to Double Creek. The number of

hauls at each location varied from 7 to 30 and depended on the amount of

the shore that could be sampled.

Catches by the pushnet and 4.6-m seine were adjusted to the density

2 2of specimens in 1 m of bottom area (n/m ) in the shore zone (0 to 10 m

from shore). The number in the shore zone was estimated by multiplying

the n/m2 by the area of the shore zone surveyed.

Results and Discussion

Population estimates were biased to varying degrees because the

efficiency and selectivity varied among the gear used and the species

sampled. The large catches of the winter flounder and blue crab often

made by sport fishermen suggested that the populations were grossly

underestimated. Loesch et al. (1976) reported that large underestimates

in biomass occurred in the measurement of the standing crop of selected

fishes and macroinvertebrates by 4.9-m trawl. They reported that efficiency

varied from 50% for the brown shrimp to 6% for the spot. Selectivity of

gear for specific size-groups can also cause large differences in the

species and number of fish caught (Pope et al. 1975). Inferences about

the abundance of populations can be drawn from these estimates, but the

estimates are relatively low (conservative) and of undetermined accuracy.
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However, they can give perspective to the number of individuals that

were impinged on the OCGS screens and from year-to-year will reflect

gross changes in the abundance of a species.

The dates of the surveys, sampling gear used, and the number of

samples taken are summarized in Table D1-93. The results of each survey

are discussed below, and the recalculated population estimates of surveys

from April through July 1976 are given with the appropriate species.

Most of the recalculated estimates were substantially larger than reported

by Danila (1977a).

Bay anchovy

Three strata were established based on the distribution of bay

anchovy as determined from the catch during the survey (Fig. DI-31).

The catch-frequency distribution was highly negatively skewed (i.e., few

or no fish were taken in many hauls but several catches were very large),

and this distribution was typical of schooling fishes such as the bay

anchovy.

Most bay anchovy (61.4 n/coll) were found in the area of the Bay

from just south of Cedar Creek to just south of Barnegat Inlet. Both

Stouts Creek and Forked River were included in this stratum. Few individuals

(3.3 n/coll) were taken along the western shoreline from Oyster Creek to

Gulf Point, and the fewest fish (1.3 n/coll) were taken in the deeper

portions of the Bay to the north and east. This distribution of the bay

anchovy suggested a movement towards the deeper areas of the-Bay prior

to emigration to the ocean. The estimated population at the time of the

survey was 2,617,000 + 909,000 (Table DI-94).
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The population estimate from the May 1976 survey (Fig. D1-32,

Table D1-94) was recalculated as 5,270,000 + 2,310,000. The previous

estimate was 1,932,000 + 755,000 (Danila 1977a).

Winter flounder

The 1977 survey was conducted in March before most adults had left

the Bay. In 1976, data from the fourth sampling date (15 and 16 April)

were not used in the population estimate because the number of fish

collected on that date was substantially lower than the catch on the

other three dates (6 to 8 April). This apparent decline was probably

due to emigration of adults from the Bay during the week between 8.and

15 April (Danila 1977a). A one-way ANOVA (P < 0.05) indicated no

significant difference in catch among the four dates sampled in 1977.

Strata used in the population estimate (Fig. DI-33) were nearly the

same as those used in April 1976 (Danila 1977a), but about twice as many

samples were taken in the north stratum in 1977. In 1976, most winter

flounder were found in this stratum, and the increased sampling there

was an attempt to reduce the sample variance in that stratum.

With the exception of a smaller catch in the inlet stratum, the

distribution of winter flounder was similar to that in 1976. Catch in

the inlet stratum in 1977 (0.3 n/coll) was less than that in 1976 (2.3 n/coll)

possibly because more winter flounder were leaving the Bay at the time

of the 1976 survey. However, some large catches were reported for sport

fishermen near Barnegat Light at the time of the 1977 survey (Porch

1977a), and this indicated that a substantial number of winter flounder
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were near Barnegat Inlet in 1977. Most fish (1.5 n/coil) were taken in

the north stratum and the greatest densities were generally found near

the Intracoastal Waterway. Few (0.6 n/coll) were taken in the south

stratum. Although the largest mean catch (2.3 n/coil) was from the

creeks stratum, only seven samples were taken there. Most fish were

caught in Cedar Creek, adjacent to the north stratum.

The estimated population in March 1977 of 111,000 + 23,000 winter

flounder (Table D1-95) was less than the recalculated population (194,000

+ .43,000) for April 1976. The somewhat lower population estimate in

1977 was contrary to the increased number of winter flounder impinged on

the OCGS screens from October through April of 1976-77 as compared to

1975-76 (Table D1-78). The increased catch at OCGS was probably more

indicative of the actual abundance of the winter flounder population

during the second year. It is not known why the 1977 population estimate

was less than that in 1976 although it may be due, in part, to a boat

breakdown which prevented the collection of 13 samples in an area of the

north stratum where most of the largest catches occurred in 1976. If

large catches had also been made there in 1977, the mean catch for that

stratum and consequently the estimated population would have been larger.

The large difference in the number of winter flounder impinged

between years was mostly attributed to the production of a large year-

class in 1976 after a very small year-class in 1975 (Appendix Cl, Section

C1.19). The length-frequency distribution of winter flounder taken in

the population surveys during both years reflected this difference

(Fig. D1-34). Some 45% of the winter flounder taken in 1977 were age 1+
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fish from the 1976 year-class but only 11% of the specimens taken in

1976 were age I+ fish from the 1975 year-class. Thus, the age-structure

of the population determined in the 1977 population survey was similar

to that found for specimens taken at the OCGS screens and in the Bay

during 1976-77, even though the estimated abundance was unexpectedly

smaller than that of the previous year.

Sand shrimp

This population survey was conducted at night because significantly

more sand shrimp were taken at night by seine and trawl (Danila 1977b).

Because it was difficult to navigate in the Bay at night during spring

and because of the unknown efficiency and larger mesh size (38-mm mesh

body) of the trawl, a seine (3.2-mm mesh) was used at selected areas

along the western shore. This technique precluded the estimation of the

population throughout the central Bay, but it allowed an approximation

of the number of sand shrimp in the shore zone (0 to 10 m from shore) of

the western Bay.

Samples were taken at eight areas on three consecutive nights

(Fig. D1-35). Because the catch at Waretown was not significantly

different from the catch at Barnegat Beach and because the catches at

Stouts and Cedar creeks were not significantly different, these data

were combined and analyzed as Waretown/Barnegat Beach and Stouts Creek/Cedar

Creek, respectively. Significant differences in the mean catch among

locations were found with a one-way ANOVA (P < 0.05), and the Student-

Newman-Kuels (SNK) multiple range test indicated two groups of locations
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(Table DI-96). The mean catches for the locations were generally ordered

geographically with the largest mean catches at Double Creek (41.8 n/coll)

and Waretown/Barnegat Beach (29.7 n/coll). The second group was comprised

of all four locations north of Sands Point Harbor, and the mean catch

ranged from 7.6 to 13.3 n/coll.

The reason for the differences in catch was not clear. Except for

Oyster Creek (water temperature of 15 to 17 C), water temperature was

somewhat higher at the southern locations (15.5 to 18 C) than at the

northern locations (13 to 16 C). Substrate preference also may have

affected the abundance of sand shrimp although Whiteley (1948) reported

it to be found on a variety of substrates. The substrate was mostly

sand and pebbles at Double Creek and Waretown/Barnegat Beach. Bottom

composition at other locations ranged from mostly mud at Stouts Creek, a

mixture of sand and mud at Forked River, to mostly sand and gravel at

Sands Point Harbor, Cedar Creek, and Oyster Creek.

To calculate the number of sand shrimp in the shore zone, the mean

2number/m2 of bottom was determined for each group of locations. The

length of the shore was approximately 5.6 km from Double Creek to Waretown

4 2Creek (shore zone area of 5.6 x 104 m) and 13.3 km from Waretown Creek

to Cedar Creek (1.33 x 105 m ). These distances and areas were underesti-

mates because they did not account for either the many small irregularities

in the shore or the shoreline of the numerous tributaries to the Bay.

Therefore, the estimated population of approximately 112,000 sand shrimp

in this shore zone area was considered an underestimate. The-population

in the central Bay was undoubtedly much larger than 112,000 because the
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shore zone from Double Creek to Cedar Creek (1.89 x 105 112) was only

about 0.2% of the total bottom area of the Bay from Good Luck Point to

Gulf Point (86.08 x 106 M2).

A comparison of the estimated number of sand shrimp in the shore

zone to the estimated number/impinged on the OCGS screens must consider

the size of the individuals captured by each gear. The seine (3.2-mm

mesh) captured most sand shrimp in the shore zone but only larger sand

shrimp were collected at OCGS with various samplers (10.7-mm mesh). The

mean length of individuals impinged at OCGS was larger than the mean

length. of those collected from other areas of the Bay (Appendix Cl,

Section C1.19). The length-frequency distribution of sand shrimp taken

in the survey indicated that most (80%) individuals were from 23 to

40 mm in length (Table D1-96). Most sand shrimp impinged at OCGS were

-larger than 40 mm with very few individuals less than 23 mm. The percentage

of the 23 to 40-mm sand shrimp that were impinged at OCGS was unknown,

but it was probably small. If all sand shrimp larger than 40 mm in

length and 10% of those 23 to 40 mm in length were impinged and retained

by the OCGS screens, only about 10% of the individuals taken in the

survey would have been impinged on the screens at OCGS.

Blue crab

The deeper western portion of the central Bay was sampled with a

4.9-m trawl (Fig. DI-36) and the shallow eastern portion with a 2.7-m

trawl (Fig. D1-37). Strata were similar to those sampled in-1976

(Danila 1977a). However, two strata (south-central and south) sampled
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2with a 2.7-m trawl during 1976 and an additional 1-km2 area were combined

to form a single stratum (south) in 1977. The number of. samples taken

in 1977 was determined from the relative variances of the catch in 1976

and the relative areas of the strata .(Mackett 1973).

A considerable decrease in the estimated population occurred from

1976 to 1977 (Table D1-97). The population in July-August 1977 was

estimated to be 604,000 + 234,000 in the eastern Bay (3,672,000 + 570,000

in. 1976), and 102,000 + 43,000 in the western Bay (261,000 + 70,000 in

1976). Catch by trawl, seine, and at the OCGS screens also decreased

substantially from 1975-76 to 1976-77, and much of.this decline probably

resulted from the mortality of blue crabduring the severe winter of

1976-77. The mean temperature in Philadelphia from December 1976 through

February 1977 was the coldest in more than 150 years (Darling 1977).

Many dead blue crab (mostly immature individuals) were taken by trawl

during the winter flounder survey in March, and an estimated 42,000 +

14,000 dead blue crab were on the bottom during the March survey. Many

other dead specimens probably remained buried in bottom sediment or were

passed over by the trawl.

In both years a considerably smaller number of blue crab was calculated

for the larger western portion of the Bay. Although real differences in

abundance probably existed between the eastern and western Bay, many

blue crab may have avoided the 4.9-m trawl in the deeper, non-vegetated

portion of the Bay. To determine if many individuals were swimming near

the surface in the western Bay, 50 tows were made at the surface with a

4.9-m trawl. Only seven blue crab were taken; five were adults and six
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of the seven individuals were taken in the shallower areas sampled.

Therefore% the number of blue crab not effectively sampled by bottom

hauls of the 4.9-m trawl apparently was not substantial although individuals

may have evaded both bottom and surface trawls.

Largest differences between the catch in the eastern and western

Bay were probably due to differences in the efficiency of the two different

trawls. Even with the addition of the tickler chain to the 4.9-m trawl,

the 2.7-m trawl was probably the more efficient gear because it was

towed more slowly and it fished from surface to bottom in heavily vegetated

areas. However, the addition of the tickler chain to the 4.9-m trawl

probably increased both the efficiency of and catch with this gear. The

estimated number of blue crab taken in the population survey by 4.9-m

trawl in 1977 was 39.1% of that taken in 1976. This decrease was less

than the decrease in the population estimate determined with the 2.7-m

trawl in 1977 (16.4% of 1976 population estimate) and the decrease in

the estimated number of blue crab impinged on the OCGS screens in August

1977 (6.5% of the estimated number in August 1976). The smaller decrease

in the western Bay was probably due to an increase in efficiency of the

4.9-m trawl in 1977.

A pushnet was used to estimate the number of blue crab that was in

the shore zone and unavailable to the trawls (Fig. DI-37, Table D1-97)..

Mean catch was similar in the areas of either eelgrass or widgeon grass

2 2
along the eastern (0.050/m ) and western (0.048/mr) shore, but few blue

2
crab (0.005/mr) were found in non-vegetated areas of the western shore.

This difference in catch may represent either habitat preference or
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increased efficiency of the pushnet in vegetation. All specimens taken

were immature.

Since the total vegetated and non-vegetated areas of the western

shore were unknown, an estimated number of blue crab in each area could

not be calculated. The estimated number of blue crab in the shore zone

along the western shore (5,800 + 2,300) and eastern shore (8,900 +

5,900) was large considering the area of the shore zone sampled (4.65 x 105 m2 )

6 2in relation to the area of the Bay (85.08 x 10 m2). However, all these

numbers are considered underestimates. The area determined for the

shore zone was conservative because it did not consider small irregularities

of the shore line and the shore line of numerous tributary creeks. Gear

avoidance may have been considerable. For example, at one location on

the eastern shore approximately 25 blue crab were observed in the water

in front of the pushnet but none were collected.

A summary of the life history stages of the blue crab (Table D1-98)

was consistent with that reported for 1976 (Danila 1977a) with several

exceptions. The percentage of the population that was immature decreased

from 90% in 1976 to 72% in 1977. This decrease probably resulted from

differential mortality of mature and immature blue crab during the

severe winter. More gravid females with eggs in a later stage of development

(black eggs) were taken in 1977 (46% of all gravid females) than 1976

(29%) probably because the survey was conducted at a later date in 1977.

All gravid females were taken near the Inlet. The apparent preference

of mature males for the northern part of the central Bay was not as

pronounced in 1977. The percentage of immature females (69%) to males
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(31%) was similar to that of collections at the OCGS screens in July and

August.

Northern pipefish

The northern pipefish survey was made in conjunction with the blue

crab survey, and the gear used, number of samples taken, and strata

sampled were the same (Figs. DI-36, D1-37; Table D1-99). As in 1976,

most northern pipefish were taken from the eastern portion of the Bay

where beds of eelgrass were common. However, the populations estimated

for the eastern and western portion of the Bay were considerably larger

in 1977 (1,758,000 + 475,000 and 311,000 + 450,000, respectively) than

1976 (514,000 + 150,000; 61,000 + 58,000). In 1977, the survey was

conducted 3 to 4 weeks later than during 1976, and a large number of

young had been recruited into the population in 1977.

Large standard errors produced large confidence intervals for the

estimated population in the western Bay during both years. One very

large catch (n = 77) was made in Double Creek Channel (south stratum) in

one of the few areas of eelgrass sampled by 4.9-m trawl. Particularly

large catches (mean catch of 33.2) by 2.7-m trawl also were made in the

south stratum of the eastern Bay. The mean catch of northern pipefish

in both the eastern and western Bay decreased from the south to the

north.

Mean catch by pushnet was larger in eelgrass and widgeon grass on

2the eastern (0.132/m ) and western (0.092) shore than in areas of the

western shore without vegetation (0.010). Many northern pipefish were
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estimated to be in the shore zone along both the western (12,100 +

5,100) and eastern (23,400 + 9,000) shore.

Most specimens were young, and the number in each collection was

probably underestimated. Although the number of fish that were seen

going through the 6.3-mm mesh of the pushnet was included in the catch,

many others probably passed through the mesh of the pushnet and trawls

unobserved. Most northern pipefish collected were smaller than the mean

size (167 mm) of individuals impinged on the OCGS screens (Appendix Cl,

Section C1.19). An unknown but probably large percentage of the northern

pipefish probably passed through the relatively large mesh (10.7 mm) of

the OCGS samplers and through the intake screens (9.6 mm).
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Dl.16 ENTRAINMENT OF ORGANISMS THROUGH THE OCGS
COOLING-WATER SYSTEM

Introduction

Zoo- and ichthyoplankton which pass.through the cooling-water

system of OCGS are subject to mechanical, hydraulic, thermal, and biocidal

stresses. Studies to determine the species composition and abundance of

entrained organisms and their survival immediately after passage through

OCGS were begun in September 1975. Data collected from September 1975

through August 1976 were reported by Sandine et al. (1977), and this

study is a continuation of that work. Assessment of the entrainment

losses on invertebrate and fish populations was discussed in Section DI-17

and by Tatham (1977). A summary of the effect of entrainment losses

on individual populations and on the invertebrate and fish communities

was presented by JCP&L (1978). Possible effects of latent mortality are

discussed in Appendix Cl, Section C1-21.

Continuation of the entrainment program after August 1977 depended

on the statistical predictability of the data from 1975 through 1977.

This program would not continue beyond March 1978 unless the estimated

number of entrained organisms that were killed during the first two 12-

month periods was significantly (P< 0.2) different (JCP&L 1976). As

part of this evaluation, an improved method of estimating the number of

forms entrained at OCGS was used for the 1976-77 data and for recalculating
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the September 1975 through August 1976 entrainment data. A preliminary

analysis of the difference in annual entrainment mortality was reported

by I. A. (1977).

Materials and Methods

In September and October 1976 and from March through August 1977,

collections were taken twice a week, starting 2 h after dark (Period 3A),

and every 2 weeks during four periods over a 24-h interval. Period 1

was from sunrise to 6 h before sunset, period 2 was from 6 h before

sunset to sunset, period 3A was from 2 to 6 h after sunset, and period 4

was from 6 h after sunset to sunrise. From November through February,

macrozoo-and ichthyoplankton collections were taken once every 2 weeks

during period 3A and once a month over a 24-h interval. No microzooplankton

collections were taken from December through February because no important

forms were present during these months (Sandine et al. 1977).

Two consecutive oblique tows with a 36-cm bongo sampler (505-micron

mesh) were taken to determine the species composition and abundance of

macrozoo-and ichthyoplankton entrained at OCGS. Collections were taken

at both the intake (Sta. 7) and discharge (11) of the OCGS cooling-water

system (Fig. DI-10). Collections at the OCGS intake were used to estimate

the mortality of macrozoo- and ichthyoplankton that was attributable to

the collection technique, and this mortality was used as a control for

the mortality of a form in collections at the OCGS discharge. When OCGS

did not circulate water, collections were taken in the dilution pump

discharge. The binomial proportion test (Snedecor and Cochran 1967) was
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used to establish significant differences (P<0.05) between intake and

discharge mortalities.

Two consecutive oblique tows of a 12.5-cm Clarke-Bumpus (C-B)

sampler with an 80-micron mesh net was used to determine the species

composition and abundance of entrained microzooplankton. Collections

were made in the OCGS intake and discharge in 1975-76 but only at the

discharge in 1976-77. Mortality of microzooplankton was not determined.

The small size of individuals and the large amounts of phytoplankton and

detritus that were frequently in the water prevented the determination

of mortality by direct observation.

The sampling gear was attached to a wire approximately 30 to 38 cm

above a 27-kg weight, and it was deployed and retrieved with a boom and

hand winch. Each oblique tow sampled the entire water column at least

twice. The volume of water sampled was determined with either a digital

flowmeter (General Oceanics Model 2030) centered in the mouth of one

side of the bongo or a flowmeter integral in the C-B. Tow time was

shortened if excessive clogging of the net occurred or if organisms were

extremely abundant.

As the samplers were removed from the water, the outside of the

nets was gently rinsed with either low pressure water from a pump or

water poured from buckets. For bongo collections, the plankton buckets

at the end of the nets were removed and immediately carried to a trailer

for condition (live/dead/damaged) determination.

Organisms taken in bongo collections were placed in a glass dish in

a water bath which maintained organisms near (+ 1 C) their collection
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temperature. The condition of most macrozoo- and ichthyoplankton was

determined by examination of organisms under a magnifying lens for

.15 min. If organisms were abundant, one half of the collection was

examined. Specimens were considered live if they showed normal motility

or behavior and dead if they showed no motility even when stimulated.

Damaged specimens showed some movement (e.g., respiration or muscle

spasms) but not normal motility or behavior. Only qualitative estimates

of condition could be determined for some macrozooplankton because of.

the limited time (15 min) available to examine collections, the presence

of detritus which obscured small forms, and the difficulty in determining

the mortality of some forms. Samples were subsequently preserved in

buffered 5% formalin (2% formaldehyde), but ctenophores were identified

and counted before preservation because they disintegrated in formalin.

Since the mortality of ichthyoplankton collected with the bongo

sampler was high (Sandine et al. 1977), collections with a sampler

designed to reduce collection mortality were taken in March and April.

This sampler was a 12.5-cm C-B sampler with a modified cylinder-cone net

(333-micron mesh) with a Dacron expansion cone (basal diameter of 20 cm,

Fig. DI-38). A 500-ml plastic cup with a window of 250-micron netting

was used as a collection bucket. The deployment of the sampler and the

procedure for thedetermination of mortality were similar to those used

for the bongo collections, but the tow time was reduced to 1 min or less

depending on the amount of detritus in the water. In an effort to

reduce stress on larvae, the codend was not rinsed; however, -the nets

were rinsed thoroughly between collections to prevent contamination of

subsequent samples.
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In the laboratory, microzooplankton collections were concentrated

to a known Volume and subsampled with a 1-ml Stempel pipette. The

subsample was placed in a Sedgwick-Rafter cell, and organisms were

identified and enumerated under a compound microscope. A minimum of two

subsamples was processed. Identification of all forms was made by

reference to pertinent literature and by use of a voucher collection

maintained in the laboratory.

At the OCGS intake, only meroplankton were enumerated and identified.

Identification was to the lowest possible taxon except for bivalves

which, were grouped as Bivalvia and classified as either the straight-

hinge or umbo stage. Forms designated as the life stage "no determination"

were adults and juveniles. In collections from the OCGS discharge, all

microzooplankton were identified to the lowest possible taxon. The

bivalves Argopecton (Aequipecten) irradians, Crassostrea virginica,

Mercenaria mercenaria, Modiolus demissus, Mulinia lateralis, Tellina

spp., and Teredinidae were identified as either the straight-hinge or

umbo stage. Straight-hinge larvae less than 80 microns were not identified

to species because of taxonomic difficulties. These small larvae and

all other bivalves were designated as class Bivalvia and were identified

to stage.

Bongo collections were stained with Rose Bengal dye and later

rinsed to remove formalin. When a sample contained few forms and

relatively little detritus, the entire sample was examined under a

dissecting microscope, and all macrozoo- and ichthyoplankton.were removed.

When organisms or detritus were abundant, the sample was poured into a

shallow pan and examined for forms that were easily seen and removed
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(usually <200 individuals). Large ctenophore fragments and pieces of

detritus also were removed. The sample wasthen quantitatively divided

with a Folsom Plankton Splitter, and a fraction of the sample was examined

under a dissecting microscope. If a form of macrozooplankton was extremely

abundant (> 1000 individuals), its number was estimated from a subsample

drawn from the sample with a 10-ml Stemple pipette. A minimum of two

subsamples were taken and at least .50 individuals of the form were drawn

from the sample.

In collections from the OCGS discharge, macrozooplankton was

identified to the lowest possible taxon. However at the OCGS intake,

all amphipods were grouped as unidentified Amphipoda, mud crab zoeae

were grouped as Xanthidae zoeae, and all mysids were designated

unidentified mysids. All engraulid larvae were identified as the bay

anchovy. Separation of larvae (< 15 mm) of the bay anchovy and striped

anchovy was virtually impossible, but most (> 99%) of the engraulids

collected in the Bay during 1975-76 were the bay anchovy (Danila 1977c).

Juveniles of the bay anchovy were separated from larvae by the appearance

of pelvic fin buds (usually >15 mm standard length).

The density (log x) of microzooplankton in collections from the

OCGS discharge was plotted against the water temperature at the OCGS

intake structure. These plots were used to characterize the presence

and abundance of a form in relation to temperature. Correlation and

plotting of data were accomplished with a Hewlett-Packard 9830A programmable

calculator and an impact printer.
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The analysis of variance (ANOVA, Snedecor and Cochran 1976) was

used to test for differences in density of forms between day and night

collections and between the 7 comparable months in which OCGS operated

between 1975-76 and 1976-77. In some cases the 7 month estimates may be

higher than the yearly estimates due to the seasonal presence or absence

of particular species. A yearly estimate may have included more months

in which the form was absent and, therefore, the 7-month estimate may

exceed the yearly estimate. Two-way (day-night x month) ANOVA were

calculated for collections at the discharge of the dilution pumps (Sta. 13)

and the OCGS discharge (11) during 24-h periods. The density of a form

in collections from the OCGS intake (Sta. 7) and discharge (11) was not

compared because flowmeter readings between the two sides of the bongo

were inconsistent in collections from the OCGS intake and, therefore,

these densities were questionable.

The comparison of the total entrainment loss during the two 12-month

periods was examined by comparing the estimated number of organisms

*entrained during each period. Because the entrainment mortality of most

forms, particularly microzoo- and ichthyoplankton, was generally not

known, mortality was assumed to be the same for both periods and,

therefore, abundance reflected mortality. If a significant difference

in the number of entrained organisms occurred between the two periods,

the total loss between these periods also was assumed to be different.

Because OCGS was shut down during January and February 1976 and

from 14 May through 11 July 1977, only data from 7 months (September
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through December, March, April, and August) were used to compare macrozoo-

and .ichthyoplankton entrainment between the two 12-month periods. No

microzooplankton collections were made in December 1976 because no

important forms were abundant during this month, and therefore, a

comparison of the number of microzooplankton forms entrained during the

two periods was limited to 6 comparablelmonths.

Densities of a form were transformed via the in (x + 1) transformation

in an attempt to normalize the data. If significant interactions occurred

among the main effects, the interactions were graphically examined. If

the plots demonstrated a consistent relationship through time (i.e.,

densities during the day were always greater or less than densities at

night), the ANOVA was considered valid, and Tukey's HSD multiple range

test (Steel and Torrie 1960) was used to compare the main effects.

However, if the plots were not consistent through time, Friedman's non-

parametric analysis of variance (Conover 1971) was used on untransformed

data. Statistical tests for day-night differences were analyzed at-the

95% (P<0.05) significance level, but ANOVA for the difference in abundance

between the 7 comparable months was analyzed at the 80% (P 5 0.2)

significance level (JCP&L 1976).

The method *that Sandine et al. (1977) used to estimate the number

of forms entrained at OCGS during the first year (September 1975 through

August 1976) differed from that used during the second year (September

1976 through August 1977). During the first year, the number of

microzooplankton entrained per 24-h period during a month (E-) was
m
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estimated for each month by the formula:

(d . V)
E -=
m n

n

d = density of a form in samples collected
n in the OCGS discharge during Period 3A.

V = volume of water entrained at OCGS in 24 h
on the date the samples were collected.

nn = number of samples collected during. Period 3A
in the month.

Only samples collected during Period 3A were used for the estimate

because most of the samples were collected during this period. All data

were not used because no computer program existed to calculate an unbiased

weighted mean which included all of the samples. For months when OCGS

was not in operation, samples from the discharge of the dilution pump

were used to estimate the number of a form that would have been entrained

at OCGS during that month. The number of microzooplankton entrained

during the year (E ) was estimated by the formula:
y

Ey =E• Em K

K = number of days in a given month.

During the first year, the estimated number of macrozoo- and ichthyo-

plankton entrained at OCGS per 12-h period of daylight (Ed) and of

darkness (En) in a month were estimated as:

(Dd Vh) a (d n V )
Ed = and E

d n
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d = density of form in day (dd) or night
or n (d) samples collected during a month.

Vh = volume of water entrained at OCGS in 12 h
on the date the samples were collected.

ndorn = number of day (nd) or night (n n) samples
collected during a month.

It was necessary to compute the density of a form during the day and at

night because these densities often were substantially different (Sandine

et al. 1977). The number of the form entrained during the year (E ) wasa

estimated by the formula:

Ea = (Ed + En)/2 . K

K = number of days in a given month.

In calculating E for macrozooplankton during 1975-76, the density of aa

form at either the OCGS intake or the discharge, depending on the form,

was used. For ichthyoplankton, E was calculated using combined dataa

from both the OCGS intake and discharge.

During the second year, the number of a form entrained at OCGS was

estimated using stratified sampling with optimal allocation (Snedecor

and Cochran 1967). The number entrained during the first year was

recalculated using this same technique. The mean number entrained per

hour for the year (Y st) was estimated by the formula:

( Y

st N

N = number of sampling units in stratum p.P

Y = mean density of a form in stratum p.
p

N = number of sampling units in all strata.
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A sample was the mean density of all the individual tows collected in a

stratum multiplied by the volume of water pumped through OCGS in 1 h on

the sampling date. Each sampling unit was 1 h, and each sample was

expressed as the number of a form entrained per hour because the duration

of the individual tows was unequal. The total number entrained during

the year (E) was estimated by the formula:

E Y Ds - 24 h

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

In calculating E for macrozooplankton (with the exception of eteno-

phores) and ichthyoplankton collected during 1976-77 and in recalculating

E for 1975-76, only the density of forms at the OCGS discharge was used.

Samples from the OCGS intake were not used because of the inconsistent

and unexplained variation in the volume filtered between the two sides

of the bongo sampler. These inequalities may have been attributable to

variable patterns of current flow caused by the recirculation tunnel

which precedes the OCGS trash racks. For months that OCGS did not

circulate water, collections from the dilution pump discharge were used

to estimate the number of a form that would have been entrained at OCGS

during that month.

The first year's estimates (Sandine et al. 1977) and the recalculated

stratified estimates for that year which are reported here differed

because the calculations reported by Sandine et al. (1977) included

dates when OCGS was not in operation and was really an estimate of the

number that would have been entrained if OCGS had operated continuously
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throughout the year. The stratified technique estimated only the number

of a form that actually passed through the OCGS cooling-water system.

Furthermore, the stratified estimate was a more accurate estimate because

it utilized all of the data collected to obtain a weighted mean (Y st).

The method used to estimate entrainment during the first year was less

accurate because it did not include additional samples during a 24-h

period and, therefore, it biased the estimate toward the densities from

collections taken during period 3A.

Results and Discussion

Microzooplankton

A total of 239 microzooplankton collections was taken at the OCGS

discharge and the dilution pump discharge from 7 September 1976 through
13 O12

1 September.1977. An estimated 4.03 x 1013 + 6.40 x 10 microzooplankton

were entrained through the OCGS cooling-water system during the 304 days

of OCGS operation as compared with an estimated 5.16 x 10 + 7.90 x

10' entrained organisms during 287 days in the previous year (Table D1-100).

Although the estimated number of all entrained microzooplankton was

similar between the 2 years, the estimated number entrained during 6

comparable months (September through November, March, April, and August)

between the 2 years was significantly different for 15 of 18 forms

(Table DI-I01). Only the estimated numbers of rotifers, polychaete

larvae, and total bivalve larvae were not significantly different between

years.

The mean monthly density of entrained microzooplankton ranged from

25,409/m3 in March to 124,562/m3 during September 1976 and averaged
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64,133/m3 for the year (Table D1-102). Thirteen forms accounted for 95%

of alltmicrozooplankton collected (Table D1-103). Microzooplankton

3densities were highest in September when copepod naupiii (72,962/mr)

were numerous and in July when Oithona colcarva (31,059/m3 ) and Oithona

spp. copepodites (20,711/m3 ) were abundant. In 1975-76, the density of

microzooplankton averaged 73,302/m3 for the year and were most abundant

in April when large numbers of copepod nauplii (80,545/m3 ) and barnacle

larvae (43,781/m 3 ) were collected.

In 1976-77, holoplankton (mean annual density of 51,646/m3 comprised

81% of all microzooplankton and consisted almost entirely (93%) of

copepods (all developmental stages). Copepod nauplii comprised 52%, by

density, of all holoplankton (42% of all microzooplankton) and averaged

26,723/mr3 for the year. Mean monthly densities ranged from 1,623/mr3 in

3November to 72,962/mr in September, but no definite seasonal trends in

3abundance were evident. The abundance (mean annual density of 30,294/m3)

and percent composition (54% of all holoplankton, 41% of all microzoo-

plankton) of copepod nauplii in 1975-76 were comparable to those in

1976-77.

13An estimated 1.21 x 10 adult and copepodite-stage copepods were

entrained (Table DI-100). The mean monthly density ranged from 1,807/m3

in November to 68,174/m3 in July, and the mean density for the year was

321,410/m . As in 1975 76, adult and copepodite-stage copepods were

3abundant ( > 10,000/m3) in September 1976 and from April through August

1977, and common (l,000-10,000/m 3) in other months.
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Oithona colcarva and Oithona spp. were the most numerous copepods

collected and comprised 50% of all adult and copepodite-stage copepods

as compared with 17% the previous year. They were common to abundant

from late May through October and rare in other months (Figs. Dl-39

3
through D1-42). o. colcarva and Oithona spp. averaged 2,992/mr (an

12 3
estimated 1.51 x 10 entrained) the first year and 10,770/mr (6.75 x

12
10 ) the second. Both 0. colcarva and Oithona spp. were collected at

ambient temperatures of 4 to 29 C; however, densities greater than

10,000/m3 were found at temperatures above 16 C for 0. colcarva and

above 22 C for Oithona spp. copepodites. Although 0. similis was occasion-

ally collected in small numbers, most Oithona spp. copepodites were

probably those of 0. colcarva because the seasonal abundance of copepodites

followed closely that of adult 0. colcarva (Figs. Dl-39 through DI-42).

Acartia clausi, A. tonsa, and Acartia spp. were the most numerous

copepods collected during 1975-76 (63% of all adult and copepodite-stage

copepods), but they accounted for only 37% of all copepods in 1976-77.

The lower relative abundance of Acartia was due to a 27% decrease in the

mean annual density from 1975-76 (10,934/m3) to 1976-77 (7,960/m3 ) and

a substantial increase in Oithona spp.

A. clausi, a boreal-temperate species, was the most common winter-

spring copepod entrained at OCGS. It was collected from November through

June at temperatures of 4 to 23 C (Figs. D1-43, D1-44). Densities

greater than 10,000/m3 occurred in April and May at temperatures between

15 and 17 C. The upper temperature limit for reproduction of A. clausi

is approximately 20 to 22 C (Jeffries 1962). An estimated 8.73 x 1011
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A. clausi were entrained, and the mean density of entrained A. clausi

for the year was 1,610/m 3. A. clausi was more numtnrous during tihe fir,;t

3 12
yL'ar (2,484/mr) when an estimated 1.30 x 10 specimens were entrained.

A. clausi copepodites tended to be more numerous in night collections

although the difference in density between day and night collections was

not significant.

Sandine (1973) reported that A. clausi entrained at OCGS experienced

60% mortality in June when exposed to a discharge temperature of 30 to

31 C (delta T of 10 C) for 1.5 to 2.0 h. However, the abundance of A.

clausi was rapidly decreasing in June, and densities were relatively low

at these discharge temperatures.

In late May, the temperate-tropical species A. tonsa replaced A.

clausi as the dominant species of Acartia. It was common to abundant

through September and was present in small numbers from October through

April (Figs. D1-45, D1-46). A similar seasonal succession was found in

1975-76 at OCGS and has been reported for other estuaries in the

northeastern United States (Conover 1956; Deevey 1960; Jeffries 1962,

1967). Densities of A. tonsa greater than 1,000/m3 were found at ambient

water temperatures above 15 C and densities over 10,000/m3 between 18

and 25 C. Although OCGS did not circulate water from 14 May through 11

3July 1977, the mean annual density of A. tonsa (2,600/m ) in 1976-77 was

greater than in 1975-76 (1,782/m3 ), and consequently more A. tonsa were

. . I 12
estimated to have been entrained in the second year (1.02.x 10 ).than

in the first (9.30 x 10 ).
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Reeve and Cosper (1970) found that as populations of A. tonsa

acclimated to progressively higher water temperatures through the spring

and summer, survival of experimental temperature shocks increased until

no more than 25% mortality occurred after a 6 h exposure to 36 C. The

upper thermal limit for A. tonsa in these experiments appeared to be

37 C because survival after 3 h at this temperature was poor regardless

of acclimation temperature. Sandine (1973) reported results of an

earlier entrainment study at OCGS which were similar. He found less

than 20% mortality of entrained A. tonsa after 1.5 to 2.0 h exposure to

.discharge temperatures up to 35 C. However, at a discharge temperature

of 40.4 C, 80% mortality occurred after 15 min.

Acartia spp. copepodites included both immature A. clausi and A.

tonsa, and they were collected throughout the year (Figs. D1-47, D1-48).

They averaged 3,750/m3 for the year and were most numerous between April

and October with a maximum monthly density of 12,984/m3 in September.

12An estimated 2.53 x 10 Acartia spp. copepodites were entrained in

1976-77 as compared with 3.88 x 1012 (mean annual density of 6,668/m 3)

during the previous year.

Rotifers accounted for 7% of all holoplankton (6% of all

microzooplankton), and an estimated 1.21 x 10 individuals were entrained.

Rotifers were collected in all months, were most abundant in November

(mean monthly density of 26,041/m ) and were common during May, June,

and September (Fig. D1-49). Since collections were not taken from

December through February when rotifers were most numerous in 1975-76

(Sandine et al. 1977), the mean annual density (3,840/m 3 ) was lower than
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3
in the previous year (7,943/m ). A plot of the moving average of density

by date indicated several peaks of abundance during the year (Fig. DI-50).

Many rotifers are cyclically abundant and can be characterized as mono-,

di-, or polycyclic (Pennak 1953). Because rotifers were not identified,

it was not known if the periodicity found in OCGS collections was due to

a single polycyclic population or a series of abundant, monocyclic

species.

The estimated number of meroplankton entrained through the OCGS

cooling-water system in 1976-77 (6.69 x 10 12) was similar to the number

entrained during the previous 12 months (6.98 x 10 12). However, OCGS

was shut down from 14 May through 11 July when meroplankton were abundant

(Sandine et al. 1977), and the entrainment estimate for most meroplanktonic

forms was lower than it would have been if OCGS had operated throughout

the summer. Larvae of polychaetes (33% by density of all meroplankton),

gastropods (23%), barnacles (15%), and bivalves (14%) were the most

3numerous meroplankton (mean annual density of 12,487/mi).

112
The estimated 2.73 x 10 polychaete larvae entrained during 1976-

77 (mean annual density of 4,154/m3 ) was similar to the estimated 4.34 x

1012 larvae entrained during the first year (4,019/m3), and the estimated

number entrained in the *6 comparable months between the 2 years was not

significantly different (Table DI-I01). Larvae were collected at

3temperatures of 4 to 29 C; densities greater than 1,000/mr first occurred

in late March when the water temperature reached 7 C (Figs. D1-51, Dl-52).

Concentrations greater than 10,000/m3 were found from mid-ApKil through

mid-May at temperatures of 14 to 21 C.
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In April (mean monthly density of 15,124/m3 ) and May (8,153/m3),

larvae of Polydora spp. accounted for 83% and 32%, respectively, of all

.polychaete larvae. Although they occurred from 4 to 28 C (Figs. DI-53,

D1-54), densities greater than 1,000/m3 were found from late March to

early June at temperatures of 10 to 23 C. Maximum abundance ( > 10,000/m3)

occurred from mid-April to mid-May at a temperature of 15 to 17 C.

Jeffries (1964) noted that the initial and largest burst of polychaete

reproductive activity (primarily of spionids such as Polydora spp.)

occurred in Raritan Bay at approximately 11 C.

Gastropod larvae were collected in every month and over a wide

range of temperatures (6 to 29 C). They were common to abundant from

May through September (mean monthly densities of 1,729 to 10,157/m3),

but they were rare from mid-October to mid-April (Figs. DI-55, D1-56).

3
Densities in excess of 1,000/m. occurred at temperatures above 15 C, and

densities greater than 10,000/m3 were found between 17 and 26 C. Although

the mean annual density (2,781/m3 ) was higher in 1976-77 than in the

previous year (1,080/m3), the estimated number of larvae entrained

during 1976-77 (6.44 x 10 11) was slightly lower than in 1975-76 (8.61 x

101) because OCGS did not operate from mid-May through mid-July when

larvae were numerous.

Barnacle larvae (nauplii and cyprids) were collected in every month

and occurred at temperatures of 4 to 29 C. The average density for the

3 3
year was 1,784/m3, and maximum densities (> 10,000/m3) were found from

March through May at temperatures between 10 and 16 C (Figs. Dl-57, D1-58).

12
The estimated 1.48 x 10 larvae entrained was less than the 7.31 x
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1012 larvae that were estimated to have been entrained during the

previous year. Although the difference in abundance between the 2 years

may be explained, in part, by the shutdown of OCGS from mid-May through

mid-July 1977, larvae were also less abundant during the second year.

3
The mean annual density in 197.5-76 (8,204/m ) was greater than that in

1976-77, and the number entrained during the 6 comparable months was

significantly greater during the first year than the second (Table DI-101)

Young and Frame (1976) identified the barnacles Balanus improvisus,

B. eburneus, B. balanoides, and B. crenatus on test panels in the OCGS

intake and discharge canals. Intertidal forms such as barnacles are

usually more tolerant of extreme temperatures than sublittoral organisms

(Naylor 1965). At the P. H. Robinson and Cedar Bayou power plants in

Texas, barnacle nauplii (probably B. eburneus) had more than 80% survival

after entrainment at 38 C and more than 50% survival above 40 C (Schlicht

1977).

Fewer (9.46 x 10 1) straight-hinge and umbonate bivalve larvae were

entrained through the OCGS cooling-water system in 1976-77 than in the

12previous year.(1.40 x 10 ). This difference was attributed primarily

to the shutdown of OCGS during part of the year rather than a difference

in abundance between the 2 years because the annual mean density for

1976-77 (1,650/m3 ) was similar to that of the previous year (1,902/m3).

In 1976-77, bivalve larvae were collected in all months and were generally

common from April through November with maximum abundance (mean monthly

density of 3,693/m3 ) during September 1976 (Figs. DI-59, D1-60).
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Larvae of the northern quahog were collected on 4 October 1976

(ambient temperature of 17 C, discharge temperature of 25 C) and from 31

May through I July 1977 (ambient temperatures of 19 to 25 C). An estimated

1.86 x 109 larvae were entrained at OCGS for the year, but they were all

entrained on 4 October because OCGS did not circulate water from 14 May

through 11 July when larvae were most common (Figs. D1-61, DI-62).

Larvae of the northern quahog comprised 2% by density of the

identified bivalve larvae and less than 1% of all bivalve larvae. Only

straight-hinge larvae were taken from 31 May to 6 June (ambient

temperatures of 19 to 21 C) with the maximum density (309/m ) taken on 6

June at an ambient temperature of 19 C. From 23 June through 1 July

(ambient temperatures of 23 to 25 C), only umbonate larvae were collected;

3the greatest density of umbos (2 47/m ) occurred on 1 July at an ambient

temperature of 25 C.

Carriker (1961) noted that the northern quahog in Little Egg Harbor,

New Jersey spawned at a water temperature of 22 to 30 C with maximum

frequency from 24 to 26 C. At comparable temperatures in Barnegat Bay

and an average delta T of 10 C, larvae would be subjected to a temperature

from 32 to 40 C during passage through the OCGS cooling-water system and

a 15-min residence in the undiluted discharge water. Most larvae would

probably be entrained at OCGS discharge temperatures of 34 to 36 C. The

effect of these temperature elevations on straight-hinge larvae should

result in little or no mortality because Kennedy et al. (1974) found

little (5%) mortality of these forms after a 30-min exposure to 40 C.

Dl-380



Cleavage-stage eggs and trochophore larvae of the northern quahog

would also be entrained through the OCGS cooling-water system. HoweVer,

no entrainment estimates or relative abundance data were available

because these stages were either unidentifiable or too small to be

retained by an 80-micron mesh net. Based on heat-shock experiments in

the laboratory, these stages were less tolerant of temperature increases.

Kennedy et al. (1974) estimated that cleavage-stage eggs (2 h old) would

experience 10% mortality after a 20-min exposure to 32 C, 50% mortality

at 33 C, and 90% at 35 C and above. The more temperature tolerant

trochophore-stage larvae (10 to 11 h old) would suffer an estimated 10%

mortality after a 20-min exposure at 35 C, 50% at 36 C, and 90% at 37 C.

The dwarf surf clam, Mulinia lateralis, was the most abundant

bivalve in Barnegat Bay (M. J. Kennish, personal communication), and

larvae of this species accounted for the greatest percentage of identified

bivalves in 1975-76 (42%) and in 1976-77 (98%). It comprised a similar

percentage of total bivalve larvae in 1975-76 (17%) and 1976-77 (12%).

Larvae of the dwarf surf clam were found in September and October 1976

and from May through August 1977 (Figs. DI-63, D1-64). They were collected

at ambient temperatures of 12 to 28 C (OCGS discharge temperatures of 15

3to 36 C) with densities greater than 1,000/mi at ambient temperatures of

18 to 24 C. Although the estimated 1.93 x 1011 entrained larvae did not

include those entrained from 14 May through 11 July, the entrainment

estimate for the second year was only slightly less than in the previous
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year (2.10 x 10 11) when OCGS operated throughout the summer. The mean

3.
yearly density (203/mr) in 1976-7.7 was less than the density in the

3
previous year (331/mr).

At OCGS discharge temperatures of 32.5 C and above, mortality of

larvae of the dwarf surf clam may occur. Calabrese (1969) suggested

that 32.5 C was the upper limit of thermal tolerance for straight-hinge

larvae. At temperatures from 12.5 to 27.5 C and salinities of 20 to 30.

ppt, 83% of the embryos developed to the straight-hinge stage. However

at a temperature of 32.5 C, this percentage was less than 32%.

Macrozooplankton

A total of 483 macrozooplankton collections was taken from 7 September

1976 through 31 August 1977. Monthly mean day and night densities of

common and important macrozooplankton are presented in Table DI-104.

During the year 19 forms accounted for.95% of the macrozooplankton

collected at the OCGS discharge (Table DI-I05). The most abundant forms

were the hydromedusa Rathkea octopunctata (mean annual density of 37.0/m )

and Neom ysis americana (29.3/m3). Caprellids, sea spiders (Pycnogonida)

and. the larvae of polychaetes and barnacles, are not discussed although

they were abundant. Caprellids and sea~spiders are usually collected in

the plankton in association with debris as they are primarily benthic

forms. Better estimates of polychaete and barnacle larvae are obtained

from C-B collections, and these forms are discussed in the microzooplankton

section. During the first year (1975-76) of this study, 34 forms

constituted 95% of the macrozooplankton, and N. americana (17.6/m3 ) and
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the zoeae of the mud crab Neopanope texana (7.2/m3 ) were the most abundant

forms.

The mean annual density of all macrozooplankton for the second year

(1976-77) was about two times greater (114.5/m3 ) than that during the

first year (51.4/m3 ). This large difference between the years was due

primarily to the substantial increase in the abundance of R. octopunctata

during the second year (Table D1-105). The hydromedusae Sarsia spp.

also were more abundant during the second year (13.7/m3 ) than the first

3
(0.6/m ), and the difference between the mean annual density of both

hydromedusae illustrated the large natural variation in abundance that

can occur in a macrozooplankton population between years.

The number of macrozooplankton entrained during the 2 years was

estimated only for common (mean annual density>1/m ) and important

10forms (Table D1-106). The estimated 9.98 x 10 specimens entrained

during the second year exceeded the estimated 4.25 x 10 forms entrained

during the first year. However, the annual entrainment estimates are

not comparable because OCGS was shut down during different months of the

2 years and, therefore, statistical testing was limited to data from the

7 comparable months. Twelve of the 28 forms examined had significant

interactions which precluded use of the ANOVA. For 13 of the 16 remaining

forms and for total macrozooplankton, the difference in the estimated

number entrained between the 2 years was significant (Table D1-107).

Only the number of Edotea triloba, adult grass shrimp, and the zoeae of

Panopeus herbstii was not significantly different between the 2 years.

The forms which differed significantly between the 2 years differed from
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those previously reported by I. A. (1977) because preliminary analyses

for some forms were based on collections from the OCGS intake. Because

of inequalities in flow between the two sides of the bongo sampler (see

page DI-367), samples from the OCGS intake were not used to generate

entrainment estimates in the analyses reported here. Ctenophores were

an exception, however, as most specimens greater than 20 mm in length

were fragmented during passage through the cooling-water system of OCGS.

Despite year-to-year differences in abundance, the common forms generally

had similar patterns of seasonal occurrence during the 2 years.

During the second year, the mysid Neomysis americana was the second

most abundant form (mean annual density of 29.3/m3 ). It was the most

frequently collected form, and it occurred in 282 of the 283 collections

at the OCGS and dilution pump discharges (Table DI-105). N. americana

was least abundant in January (mean monthly density of 9.0/m ) and most

abundant in April (62.7/m 3, Table DI-108). The decrease in density of

this form from October to January resulted from its emigration from the

estuary during the period of decreasing water temperature. Its return

to the estuary commenced after minimal water temperature had been reached

(Allen 1978). In Barnegat Bay, this return of N. americana began in

February. During 24-h sampling, N. americana was significantly more

abundant in night collections (Table D1-109). This diel difference in

abundance resulted from vertical migration at night; similar behavior

has been reported for other estuaries (Herman 1963, Hopkins 1965) and

coastal waters (Sandine and Swiecicki 1975).
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Although N. americana was the most abundant form during the first

year (mean annual density of 17.6/m3 ), it was less abundant than during

the second year. Consequently, more were entrained during 1976-77 (an
10.101

estimated 2.29 x 10 0) than in 1975-76 (1.19 x 10 , Table DI-106), and

it was significantly more abundant in the 7 comparable months of the

second year (Table DI-107). The seasonal trends in abundance of N.

americana were similar between the 2 years, although the form was more

abundant in April and May of the second year (Table DI-104).

Collections during the second year indicated that exposure of N.

americana to OCGS discharge temperatures above 35 C, from 32.5 to 35 C,

and from 30 to 32.5 C resulted in a mean mortality of 100%, 83%, and 36%

respectively. Below 30 C, mortality generally did not exceed 10%.

Cannon et al. (1978) reported that N.. americana acclimated to 24 C could

tolerate 30 C for 30 min and 33 C for 10 min. Mortality estimates for

1976-77 were generally similar to those reported for mysids entrained at

OCOS during 1975-76 (Sandine et al. 1977). The comparison between the 2

years was limited, however, because in the second year OCGS discharge

temperatures above 30 C occurred only in September and August.

The mysid Mysidopsis bigelowi was the eighth most abundant form

(mean annual density of 1.4/m3 ) during .1976-77, and it occurred in 66%

of the collections. The form was common from July through December, and

the maximum mean monthly density (6.8/m3 ) was in August. It was rare or

absent from January through June because M. bigelowi emigrated from

estuarine waters during this period (Allen 1978). Because of diel

migration, M. bigelowi was significantly more abundant in night collections

(Table DI-109).
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During 1975-76, M. bigelowi was the ninth most abundant form, and

its mean annual density (1.0/m3 ) was slightly less than that in the

second year. More individuals were estimated to have been entrained

9 8during the second year (1.38 x 10 than the first (6.36 x 10 , Table

DI-106), and the estimate for the 7 comparable months was significantly

greater during the second year (Table D1-107). The seasonal trend of

occurrence and abundance were similar for the 2 years, but the form was

substantially less abundant during the cold period of the second year

(Table DI-104). Since the winter of 1976-77 was more severe and had a

longer period of low temperatures than the previous winter, it may have

delayed the return of M. bigelowi into the Bay.

M. bigelowi collected at OCGS discharge temperatures of 32.5 to

35 C and of 30 to 32.5 C had a mean percent mortality of 75% and 90%

respectively. The apparent discrepancy of higher mortality at the lower.

temperature probably reflected a limited number of individuals examined

at the higher temperatures. Mortality was generally less than 10% at

discharge temperatures below 30 C except in December when mortalities as

high as. 47% were found. Since M. bigelowi has a more southern distribution

than N. americana, those specimens collected in December may have been

stressed by the low ambient temperatures and were less tolerant of. the

temperature increase at OCGS. Mortality estimates of M. bigelowi were

generally similar to those obtained during the first year for mysids

(Sandine et al. 1977).

Zoeae of the mud crab Neopanope texana were the fifth most abundant

form of macrozooplankton collected during 1976-77 (mean annual density
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3
of 6.5/m ), and they occurred in 39% of the collections. Large numbers

of N. texana zoeae were first collected in May when the Bay temperatur e

exceeded 20 C, and this zoeal form remained abundant through July. Its

monthly mean density exceeded 10/m3 from May through July (Table DI-108),

and it was collected into September (Table Dl-104). N. texana zoeae

were significantly more :nbundant in night collections. The greater

abundance of this zoeae -.Ad other decapod zoeae at night was due to the

tendency for the eggs of decapods to hatch at night (Christy 1978).

During 1975-76, N. texana zoeae were the second most abundant form,

but the mean density for the year (7.2/m ) was only slightly higher than

that in 1976-77. The seasonal occurrence and densities of this form

during the 2 years were quite similar (Table DI-104). More N. texana

zoeae were entrained during the first year (Table DI-106), and the

estimate for the 7 comparable months was significantly different for the

*2 years (Table D1-107).

Zoeae of the mud crab Panopeus herbstii were the sixth most abundant

form collected in 1976-77.. They occurred in 29% of the collections, and

the mean density for the year was 3.2/m3 . Zoeae first occurred in

collections in early June, about two weeks after zoeae of N. texana, and

they were collected into early September. The monthly mean density of

P. herbstii zoeae exceeded 10/m3 only in July (Table D1-108). P.

herbstii zoeae were more abundant at night (Table D1-104).

In 1975-76, P. herbstii zoeae ranked 16th in OCGS entrainment

3collections when their mean annual density was 0.4/m3 and they occurred

in only 18% of the collections. This form was much less abundant in the
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first year when its maximum monthly density did not exC&CLd 10/M3 (Tahibc

D1-108). However, the period of occurrence was similar for the 2 years

(Table DI-104). More P. herbstii zoeae were entrained the second year

(Table D1-106), but the difference between the 2 years for the 7 comparable

months was not significant.

No quantitative mortality data were obtained for the zoeae of any

mud crab, but qualitative observations indicated that few mud crab zoeae

were affected by entrainment at OCGS discharge temperatures below 35 C.

Zoeae of the mud crabs N. texana, P. herbstii, and Rhithropanopeus

harrisii have been reared successfully at 30.0 C by Chamberlain (1961)

and Costlow et al. (1962, 1966). In addition, R. harrisii zoeae had a

better survival over the cyclic temperature range of 30 to 35 C than at

a constant temperature of either 30 or 35 C (Costlow and Bookhout 1971).

R. harrisii zoeae survived 180-min exposure to temperatures of 37 or

below, but at 38 C or above they died (Chase 1977).

Zoeae of the sand shrimp Crangon septemspinosa occurred in 58% of

the collections, and they were the seventh most abundant macrozooplankter

3collected in 1976-77 (2.3/m , Table DI-105). They were collected in

each month except January (Table D1-104),.and significantly more were

taken at night (Table Dl-109).

In the first year, sand shrimp zoeae were the third most abundant

form (Table DI-105), and the annual mean density (4.6/m3 ) was twice as

great as during the second year. Although the seasonal occurrence was

similar between the 2 years, the mean monthly density was larger in 9 of

the 12 months of the first year (Table DI-108). Annual entrainment
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estimates for 1975-76 and 1976-77 were 4.34 x 109 and 6.98 x 108

respectively (Table D1-106). The decreased abundance of sand shrimp

zoeae in the second year may have indicated a decrease in the adult

population in the Bay during that year. The estimated number of adult

and juvenile sand shrimp impinged on the OCGS screens during 7 comparable

months was significantly greater in 1975-76 (1,740,571) than in 1976-77

(526,618; Table DI-47). Laboratory tests indicated that no sand shrimp

zoeae survived a 24-h exposure to a temperature that varied from .25 to

30 C (Regnault and Costlow 1970). Qualitative observations of sand

*shrimp zoeae indicated abnormal swimming behavior of individuals entrained

at a discharge temperature above 30 C.

The mean annual density of adult and juvenile sand shrimp was

relatively low (0.1/mr3), and it was the 32nd most abundant form taken

during 1976-77. Although they occurred in only.32% of the collections,

they were collected in all months except November. Most sand shrimp

were collected from December through April and again in August (Table

D1-104), but the monthly mean density was greater than 0.5/m3 only in

February. Sand shrimp were significantly more abundant in night

collections (Table DI-109).

In 1975-76, the sand shrimp ranked 22nd in abundance, and the mean

annual density (0.2/m3 ) was greater than in 1976-77. In the first year,

it was collected in all months except October and November, and the mean

monthly density exceeded.0.5/m3 in December, lebruary, March, and August.

Consequently, more sand shrimp were estimated to have been entrained in

1975-76 (1.04. x 10 8) than in 1976-77 (6.37 x 10 ; Table D1-106), and the
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entrainment estimates for the 7 comparable months were significantly

different (Table D1-107).

During the second year, only two sand shrimp were collected from

the OCGS discharge at a temperature between 32.5 and 35 C, and both

individuals were dead. One of the three individuals collected at a

temperature between 30 to 32.5 C was dead. In the first year, mortality

of the sand shrimp was 75% (n = 115) at discharge temperatures above

35 C, 78% (33) from 32.5 to 35 C, and 53%(131) from 30 to 32.5 C.

Generally little ( < 10%) mortality occurred at discharge temperatures

below 30 C in either year.

The hydromedusa Rathkea octopunctata was the most abundant (mean

3annual density of 37.0/m ) macrozooplankter collected in the second

year; the maximum monthly density (29.0/m3 ) was in April (Table D1-108).

It occurred in 35% of the collections. R. octopunctata was first collected

in November at a water temperature of about 6 C, occurred throughout the

winter, and was not collected after the water temperature exceeded 17 C
i10

in late April. An estimated 4.20 x 10 R. octopunctata were entrained

during the year (Table D1-106). Qualitative observations indicated that

most R. octopunctata were killed immediately after entrainment at an

OCGS discharge temperature above 23 C.

Few R. octopunctata were collected in the first year of the study

when it ranked 58th in abundance (mean annual density 0.04/m3 ) and

occurred in only 5% of the collections. In 1975-76, it was collected

from January into May with the maximum monthly density (0.4/m3 ). in

March. This large difference in abundance between years appeared to be
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natural variation in abundance, but this variation was unusually large

for a macrozooplankter in Barnegat Bay. This large variation in abundance

was also reflected in the significant, three orders of magnitude difference

between the number entrained in the 7 comparable months between the 2

years (Table D1-106). The annual entrainment estimate for the first

year was 2.30 x 107

The hydromedusae Sarsia spp. were the third most abundant

macrozooplankters entrained in the second year (mean annual density of

3
13.7/m ). They occurred in 27% of the collections, and the greatest

mean monthly density was in March (77.2/m3 ). Sarsia spp. were first

collected when the ambient temperature was about 1 C, and individuals

were collected until May when the ambient temperature exceeded 17 C.

Most Sarsia spp. exposed to an OCGS discharge temperature of about 23 C

laid on the bottom of the examination pan and did not swim. However,

most of these individuals resumed normal swimming when placed in water

of 20 C or below.

The mean annual density of Sarsia spp. also increased substantially

(21 times) from 1975-76 to 1976-77, and the difference between years was

significant for the 7 comparable months (Table DI-107). For the first

year, Sarsia spp. ranked 13th in abundance, occurred in 16% of the

collections, and was collected only from February through April. Annual

8
entrainment estimates for the first and second year were 4.11 x 10 and

1.52 Y 10 0respectively (Table DI-106).

The amphipod Jassa falcata was the fourth most abundant -form in the

3second year. It had a mean annual density of 8.0/mi. It was collected*

in all months (89% of all collections), and it was most abundant from

D1 -391



September through December when its mean monthly density exceeded 10/mr3

(Table DI-108). No significant difference occurred between day and

night collections (Table DI-109), but J. falcata tended to be most

abundant in collections taken 6 h after sunset during the cold period

(ambient water temperature< 18 C) and more abundant during the day

during the warm period (>18 C).

Although J. falcata ranked fifth in abundance during 1975-76, the

mean annual density (2.4/m3 ) was substantially lower than during the

second year. It was collected in all months but the mean monthly density

3
exceeded 10/m3 only in July and August. Over the 2 years, it appeared

that the abundance of this species in entrainment collections was not

related to water temperature because it was common to abundant for 13

consecutive months (June 1976 through July 1977) and it was generally

rare to occasional during the remainder of the 2 years (Table DI-104).

The annual entrainment estimate of J. falcata during the first year was

2.68 x 109 and 6.73 x 109 for the second year (Table DW-106).

Amphipods of the genus Ampelisca were the ninth most abundant form

(mean annual density of 1.0/m3 ) during 1976-77 when they occurred in 49%

of the collections. Ampelisca spp. were common from May through July

(Table DI-108), and they were generally most abundant at temperatures

above 20 C. They were occasional to absent during the remainder of the

year. This amphipod was significantly more abundant in night collections,

and maximum density generally occurred from 2 to 3 h after sunset

(Table DI-109).
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A•ipelisca spp. were more abundant in .1975-76 (mean annual density

3.
2.0/m ) when they were the sixth most abundant form and were taken in

70; of the coll ecti ons. TIiey were collected in all months of the year

and were common over a longer period (March through July). More were

9estimated to have been entrained in 1975-76 (2.11 x 10 ) than in 1976-77

(1..70 x 10 ; Table D1-106), and the estimated number entrained during

the 7 comparable months was significantly different between the 2 years

(Table DI-107).

The 13th most numerous form collected at the OCGS and the dilution

pump discharges during 1976-77 was the amphipod Microdeutopus gryllotalpa.

It occurred in 40% of the collections and had a mean annual density of

0.7/mi3. This amphipod was common from May through July (Table DI-108),

and its density exceeded 1.0/m3 at ambient temperatures of 15 to 28 C;

below 15 C, this. species was relatively uncommon (Table DI-109).

The seasonal occurrence of M. gryllotalpa was similar during the 2

years. It ranked eighth in abundance during the first year., and it had

3a larger mean annual density (1.2/m ) and frequency of occurrence (55%

of the collections) than during the second year. Consequently, more M.

grvllotalpa were estimated to have been entrained during the first year

than the second (Table D1-106).

Amphipods of the genus Corophium were the 28th most abundant form

3(mean annual density of 0.3/m ) during 1976-77, and they occurred in 40%

of the collections. From September 1977 through March 1978, 76% of all

identified Corophium were C. tuberculatum, 20% were C. acherusicum, 4%

were C. bonelli, and less than 1% was C. insidiosum. Individuals of the
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genus were collected in all months except February and were abundant in

December (0.8/m3 ). The difference in day and night densities was not

significant. However at water temperatures below 18 C, Corophium was

generally most abundant in night collections while it was more abundant

during the day when the water temperature was above 18 C (Table D1-109).

Corophium spp. were more abundant in 1975-76 (mean annual density

of 0.8/m3 ) when they were l1th in abundance and occurred in 47% of the

collections. They were collected in all months except March and were

most abundant in July (mean monthly density was 3.2/m3 ). More Corphium

were entrained in the first year (7.92 x 10 8) than the second (1.72 x

10 8, Table DI-106). The difference between the 7 comparable months for

the 2 years was not tested because of a significant interaction effect.

During 1975-76, mortality of amphipods was determined for the group

Amphipoda and not for individual species. In general, amphipods collected

from April through July 1976 at an OCGS discharge temperature below 35 C

had less than 10% mortality (Sandine et al. 1977). In 1976-77, the

mortality of individual genera or species of amphipods was examined, and

little immediate mortality generally occurred at discharge temperatures

below 35 C. In September 1976, J. falcata had 13% mortality after

entrainment at an OCGS discharge temperature of 30 to 32.5 C and 40%

mortality from 32.5 to 35 C. Mortality was generally below 10% at

temperatures below 30 C. Only 2 of 192 Ampelisca spp. examined at OCGS

discharge temperatures below 35 C were dead. No immediate mortality

occurred to the 12 M. gryllotalpa collected at OCGS discharge temperatures

of 30 to 32.5 C, and only 1 of 500 individuals was dead at temperatures
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below 30 C. No mortality of Corophium spp. was noted at OCGS discharge

temperatures between 30 and 35 C, while only 1 of 516 individuals was

dead at a temperature below 30 C. In 1975-76, Sandine et al. (1977)

found greater mortality of amphipods when the OCGS discharge temperature

exceeded 35 C in June and July (36% mortality) and during August at

either 30 to 35 C (37%) or above 35 C (65%). Relatively few amphipods

were collected at an OCGS discharge temperature of 35 C in 1976-77

primarily because OCGS was shut down from 14 May through 11 July.

The cumacean Leucon americanus ranked 20th in abundance during

31976-77 with a mean annual density of 0.4/m . It was not collected in

January and was only occasional in the other months. L. americanus

occurred in 57% of the collections. It was significantly more abundant

in night collections and generally was absent from collections taken

during the day (Table D1-109). Mortality of cumaceans was not determined

because they tended to remain motionless in collections from both the

OCCS intake and discharge and because they were usually hidden by detritus.

During 1975-76, L. americanus occurred in 57% of the collections,

3ranked ninth in abundance, and had a mean annual density of 0.9/m . A

greater number was estimated to have been entrained in the first year

than the second (Table D1-106), and this difference was significant for

the 7 comparable months (Table DI-107).

Arrowworms were the 18th most abundant form entrained in 1976-77.

3Their muan annual density was 0.5/m , and they occurred in 34% of all

collections. Most individuals were collected from December into April

at ambient temperatures-of 1 to 15 C; Sagitta elegans, a cold-water
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species, was the onlyarrowworm collected during this period. Based on

the seasonal succession of Sagitta in coastal waters of the mid-

At!.antic, arrowworms co..liected ill September and October were probabl]y S.

serratodentata and S. enflata (Grant 1963).

Arrowworms were more abundant in the first year (mean annual density

of 3.6/m3 ) when they ranked fourth in-abundance, even though they occurred

in only 20% of the collections. Thus, substantially more arrowworms

were entrained in the first year (5.45 x 10 8) than in the second (2.79

x 10 8, Table D1-106), and the difference was significant between the 7

comparable months (Table DI-107).

Only a qualitative estimate of the condition of entrained arrowworms

was obtained. In collections from both the OCGS intake and discharge,

this form usually showed motility only after repeated contact with a

probe, and this procedure was too time consuming to use in the 15-min

examination period. Although more damaged individuals (i.e., bent

bodies) were qualitatively observed in discharge collections than in

intake collections, this damage may reflect net damage of these soft-

bodied forms rather than an entrainment effect. The current velocity in

the mouth of the sampler at the OCGS discharge (approximately 70 cm/sec)

was greater than that at the intake (40 cm/sec). Cada and Hergennoder

(1978) showed that net-induced sampling mortality of soft-bodied fish

larvae was a function of water velocity in the nets.

Zoeae of grass shrimp (Palaemonetes spp.) ranked 10th in abundance

in the second year with a mean annual density of 1.0/m3 ; they occurred

in 33% of the collections. They were present during September and
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October and from May through August, and were generally taken at ambient

temperatures above 20 C. These zoeae were common in June and July

(Table DI-108) at ambient temperatures of 23 to 29 C. They were

significantly more abundant in night collections (Table DI-109).

In 1975-76, grass shrimp zoeae ranked 18th in abundance, had a mean

.3
annual density of 0.4/im , and occurred in 35% of the collections. The

period of occurrence of grass shrimp zoeae was similar between the 2

years (Table DI-104). Although they were less abundant in 1975-76, the

estimated number entrained in the first year (4.15 x 10 8) was greater

8
than in the second year (1.41 x 10 , Table Dl-106) because OCGS was shut

down from 14 May through 11 July 1977, the period of maximum abundance.

The difference between the comparable months for the 2 years was not

significant (Table D1-107).

Qualitative observation of grass shrimp zoeae indicated no adverse

effect at OCGS discharge temperatures below 35 C. Grass shrimp zoeae

have been reared successfully at 30.6 + 0.5 C (Sandifer 1973), and Chase

(1977) found that they survived a 180-min exposure to temperatures as

high as 37 C. However, at 38 C she reported that no zoeae survived.

Epitokes of Nereis spp. occurred in 14% of the collections in 1976-.

77 and had a mean annual density of 0.04/mr3 . They occurred in September

and from May through August when ambient temperatures were 16 C or.

above. The form was significantly more abundant at night, and it was

most abundant in collections from 2 to 3 h after sunset (Table DI-109).

The annual mean density of Nereis spp. epitokes was similar in

1975-76 (0.05/m3 ), but they occurred more frequently (26% of all collections)
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in the first year. The seasonal occurrence in the 2 years generally was

similar, although the form first occurred one month earlier (April) in

1975-76. This earlier occurrence probably was due to the more rap;id

warming of the Bay in the spring of 1976. More Nereis spp. epitokes

were estimated to have been entrained in the first year (Table D1-106).

In 1976-77, only 18 Nereis spp. epitokes were examined at OCOS

discharge temperatures above 30 C, and four of these were dead. During

April and May 1976, mortality of these epitokes was 65% at temperatures

from 27.5 to.30 C and it did not exceed 20% below 27.5 C. However from

June through September 1976 mortality did not exceed 25% at OCGS discharge

temperatures from 27.5 to 37.5 C.

Based on collections taken at the OCGS intake, the ctenophore

Mnemiopsis leiLi was not abundant in 1976-77; its mean annual density

3
was only 0.03/m3 (Table DI-110). It occurred in 9% of all collections

and was collected only in September and October 1976 and again in August

31977 when it reached a maximum monthly abundance of 0. 3/mr. No obvious

difference in abundance was noted between day and night collections.

M. leidyi was about 35 times more abundant in 1975-76 (mean annual

density of 0.9/m3 ) when it ranked ninth in abundance and occurred in 40%

of the collections at the OCGS intake. This ctenophore occurred in

September and October 1975 and from May through August 1976 with the

maximum monthly density (7.9/m3 ) in.August. Many more M. leidyi were

8
estimated to have been entrained in the first year (9i79 x 108) than

during the second (3.41 x 10 7, Table DI-106).
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Most M. leidvi larger than 20 mm were fragmented after passage

through the cooling-water system of OCGS while smaller individuals were

usually collected without substantial damage. The fragmentation probably

resulted from mechanical stresses of impact on the OCGS screens and

passage through the cooling-water system. Bongers et al. (1975) also

found fragmentation of ctenophores from entrainment at an electrical

generating station on the Potomac River.

Based on collections taken at the OCGS intake, the ctenophore Beroe

ovata had a mean annual density of 0.02/m3 in 1976-77 (Table DI-I10). It

occurred in 7% of the collections and was collected only during September

and October 1976. B. ovata larger than about 20 mm were often fragmented

after passage through the OCGS cooling-water system. In general, B.

ovata was somewhat less subject to fragmentation than M. leidyi.

B. ovata was more abundant in 1975-76 (mean annual density of

3
0.06/m ) even though it occurred in a similar percentage (8%) of the

collections. In 1975-76, it occurred from September into November and

again in August. More B. ovata were entrained during the first year

(2.83 x 10 7) than during the second one (2.00 x 10 7, Table D1-106).

Megalopae of the blue crab ranked 30th in abundance during 1976-77

3(mean annual density of 0.1/m3), and they occurred in 16% of all

collections. They were collected in September and October and again

during August at ambient temperatures of 14 to.25 C (Table D1-104).

These megalopae were most abundant in September (0.9/m3 ) and least

abundant in August (0.05/m3 ). Although blue crab megalopae did not

occur in enough collections for statistical analysis, they were more

abundant at night (Table D1-109).
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In the first year, blue crab megalopae had a mean annual density

3
of 0.02/m3 and they occurred in 12% of all collections. The seasonal

pattern of occurrence between the 2 years was similar although these

megalopae were less abundant in October of 1.975-76 than October of

1976-77 (Table D1-104). More blue crab megalopae were entrained during

1976-77 (1.89 x 10 8) than during 1975-76 (5.18 x 10 7,Table D1-106). The

difference between the 7 comparable months was significant (Table.Dl-107).

Blue crab megalopae showed little mortality immediately after

entrainment. Less than 1% of the 376 blue crab megalopae collected at

an OCGS discharge temperature above 30 C was dead. Individuals collected

at the OCGS intake were actively swimming, but those collected from the

OCGS discharge at temperatures above 32 C usually remained on the bottom

of the examination pan. However, these individuals resumed active

swimming when the water cooled to ambient temperature. Chase (1977)

found 100% survival of blue crab megalopae exposed to temperatures up to

38 C for 180 min, but 100% mortality occurred at temperatures above

39 C.

Ichthyoplankton

Fromn7 September 1976 through 31 August 1977, a total of 483

collections was taken at the intake and discharge of the OCGS cooling-

water system and at the discharge of the dilution pumps. An estimated

2.22 x 109 larvae (annual mean density of 15.6/m3 ) and 9.09 x 108 eggs

(23.2/m3 ) were entrained during the year (Tables DI-1I1, DI-112).

The species composition and period of abundance of ichthyoplankton

between 1975-76 (Tatham et al. 1977) and 1976-77 were similar although
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substantial differences in abundance existed for some forms. In both

1975-76 and 1976-77, ichthyoplankton was most abundant from May through

September and from January through April. For some forms, the difference

in the estimated number entrained between the 2 years was due to the

shutdown of OCGS either during January and February 1976 or from 14 May

through 11 July 1977 (Table DI-111). However for 7 comparable months

between the 2 years, the estimated number entrained was significantly

different for larvae of the sand lance and winter flounder; the difference

between the number entrained during the 2 years was not significant for

seven other forms (Table D1-113).

From May through September, the dominant ichthyoplankton were the

bay anchovy, gobies, northern pipefish, blennies, silversides, and

northern puffer. During 1976-77, larvae of the bay anchovy comprised

37% of the larvae and juveniles entrained. They occurred in collections

from May through August and reached their maximum monthly density in

July (mean monthly density of 19.67/m3 ). Most juvenile bay anchovy were

collected from July through October with maximum abundance (mean monthly

density of 1.30/m3 ) in August (Table DI-114). The seasonal occurrence

of larval and juvenile bay anchovy was similar between the 2 years.

During 1975-76, larvae and juveniles of the bay anchovy comprised 56% of

all larvae and juveniles entrained and were collected from September

through December 1975 and from May through December 1976. Bay anchovy

larvae comprised a larger percentage of the entrained ichthyoplankton in

the first year than during the second because OCGS did not circulate

water from 14 May through 11 July 1977, the period of maximum abundance

Dl-401



o( hay anchovy larvae. Although maximum monthly density •occurred in

July during both years, this density was about twice as great in July

3
1977 than July 1976 (7.13/m3).

Eggs of the bay anchovy accounted for 98% of the eggs entrained at

OCGS in 1975-76 but only 47% of all eggs collected in 1976-77. Fewer

eggs were entrained through OCGS in 1976-77 (4.30 x 10 8) than in 1975-76

(1.58 x 10 1) because OCGS was shut down during the period of maximum

abundance in 1977 (Table DI-111). Eggs of the bay anchovy were collected

from March through August 1977 with the maximum mean monthly density in

July (40.62/mr3, Table DI-114). In 1976,. eggs were collected during a

similar period but maximum monthly mean density (96.77/m3 ) occurred in

June. The difference in the time of occurrence of maximum monthly

density between the 2 years may be due, in part, to cooler water

temperatures in June 1977 (mean monthly temperature at the OCGS intake

of 20.2 C) than in June 1976 (25.8 C). Optimal spawning for the bay

anchovy occurred when water temperatures were maximum (Dovel 1971).

Eggs of the tautog and cunner also were consistently taken from

March through August. Hogchoker eggs followed a pattern of occurrence

similar to the bay anchovy and also reached maximum abundance in July

(Table D1-115).

Gobies (Gobiosoma spp.) comprised 7% of the larvae and juveniles

collected during entrainment sampling from May through August 1977.

They were the second most abundant (30% of entrained larvae and juveniles)

ichthyoplankton collected during 1975-76. Maximum monthly density

occurred in July during 1977 (2.26/m3 ) and in June of 1976 (3.98/m3).
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Cooler water temperatures in June 1977 (mean monthly temperature at the

OCCS intake of 20.2 C) than in June 1976 (25.8 C) may account, in part,

for this ]-month difference in maximum abundance. No significant

difference in the estimated number of larvae entrained occurred between

the 7 comparable months in 1975-76 and 1976-77.

Other larvae and juveniles were consistently present in low densities

from May through September of 1976 and 1977. Young of the northern

pipefish and larvae of the blennies were taken throughout these months.

Several species of blennies were probably taken because adults of the

feather blenny and striped blenny were impinged on the OCGS screens.

Larvae and juveniles of the atherinids were collected from April through

September, and these ichthyoplankton probably represented individuals of

the Atlantic silverside, tidewater silverside, and rough silverside.

All. three species have been collected as adults at OCGS although the

Atlantic silverside is the most abundant. Larvae of the northern puffer

were collected in May and June 1976 and from May through July 1977.

Northern puffer were most abundant during June in each year, but the

3maximum mean monthly density in June 1976 (0.007/m ) was somewhat less.

than that in June 1977 (0.045/m3).

Little reproductive activity occurred in the Bay from October

through December. Few eggs were collected, but larvae and juveniles

spawned either in the ocean during fall (e.g., Atlantic croaker,

windowpane) or in the Bay during summer (e.g., bay anchovy, gobies) were

present. The density of these forms was relatively low (Table DI-114).

Dl-403



Winter flounder and sand lance larvae were the dominant ichthyoplankton

collected at OCGS from January through April. Larvae of the sand lance

represented 2% of the total larvae and juveniles entrained at OCGS in

1976 and 6% of these forms in 1977. The maximum monthly abundance of

3sand lance larvae occurred in January during 1976 (1.93/m ) and during

March (1.07/mr3, Table DI-114) in 1977. Winter flounder larvae represented

8% of all larvae in 1976 but 55% of all larvae in 1977. The maximum

monthly density of larval winter flounder both in 1976 (5.48/m3) and

1977 (8.76/m3 ) was in March (Tatham et al. 1977, Table DI-114), and the

3mean annual density of winter flounder was greater in 1976-77 (1.57/m,

Table D1-112) than 1975-76 (0.23/m3 , Tatham et al. 1977).

Significantly more sand lance and winter flounder were entrained

during comparable months of 1976-77 than the previous year (Table D1-113).

Although the shutdown of OCGS during early March 1976 may have accounted

for some portion of this difference for'winter flounder, the increase in

density and survival rate during 197.7 (see Section D1.17) may be due to

a decrease of some predators (e.g., the arrowworm Sagitta); an increase

in available food supply, primarily microzooplankton; and climatic

changes. The higher salinity during January through March 1977 (mean

salinity of 22.3 ppt) as compared to 1976 (19.5 ppt) also may have

increased survival of embryos in 1977. Rogers (1976) stated that salinity

seemed to have an inverse effect on the hatching rates of winter flounder

eggs (i.e., the lower the salinity, the longer the hatching time).

Eggs of the winter flounder (71% of all eggs collected from January

through April) and sand lance (5%) were found in bongo collections from
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January and February with maximum abundance (mean monthly density of

8.08/m3 and 0.54/m3 respectively) in February. The eggs of these two

fishes are demersal, and the eggs taken in entrainment collect ions were

undoubtedly a small fraction of the sand lance and winter flounder eggs

in the Bay. Eggs of the Atlantic menhaden (6% of all eggs collected

from January through April), bay anchovy (<1%.), tautog (4%), cunner

(1%), and silversides (1%) were also collected during these months,

primarily during April; an additional 11% of the eggs collected were

unidentified.

A two-way (day/night x station) ANOVA was computed for all eggs and

all larvae combined; bay anchovy larvae, juveniles, and eggs; northern

pipefish juveniles; and larvae of gobies, the sand lance, and winter

flounder. No significant day-night differences occurred for any forms

except bay anchovy juveniles which were significantly more abundant at

night. Most forms exhibited greater densities at night, although not

significantly so, and this was also found for entrainment collections in

1975-76 (Tatham et al. 1977). This tendency toward higher densities of

larvae and juveniles at night probably resulted from either decreased

net avoidance or changes in location in the water column. Bridger

(1956), Daiber (1963), and Isaacs (1964) reported an increase in size

and density of ichthyoplankton collected at night due, in part, to these

two reasons. The higher densities of bay anchovy eggs at night may

result from the initiation of spawning behavior around sunset (Hildebrand

and Cable 1930). Only the densities of winter flounder and sand lance

larvae were not substantially greater at night. Pearcy (1962) and
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Tatham et al. (1977) found no consistent day-night differences in catches

of winter flounder larvae.

The mortality of larvae and juveniles entrained at OCGS varied by

species and their size. Although larvae of the sand lance, winter

flounder, and Atlantic croaker, and juveniles of the bay anchovy taken

in the bongo sampler had significantly higher mortality at the OCGS

discharge, relatively high mortality in collections at the OCGS intake

prevented an accurate determination of immediate entrainment mortality.

Sand lance had 52% mortality in intake collections and 90% mortality in

discharge collections; larvae of the winter flounder had 67% and 92%

mortality, respectively; the Atlantic croaker had 20% and 36% mortality;

and juveniles of the bay anchovy had 8% and 21% mortality (Table D1-115).

Mortality of bay anchovy larvae (65% mortality in intake collections,

84% from discharge collections), juvenile northern pipefish (65%, 77%),

blenny larvae (97%, 99%), and goby larvae (88%, 90%) were high in

collections from both areas, and the difference in mortality between the

two locations was not significant.

The size of entrained larvae of the bay anchovy, sand lance, and

winter flounder examined ranged from 3 to 20+ mm in length, and the

binomial proportion test indicated that larvae less than 5 mm in length

had significantly higher mortalities than larger larvae and juveniles.

Bay anchovy larvae (5 to 15 mm) had 93% mortality while juveniles (usually

> 15 mm) had 33% mortality. Similarly, larvae of the sand lance (3 to

7 mm) and winter flounder (3 to 5 mm) had greater mortalities (77% for

both forms) than post larvae ( > 7 mm) of these species (30% and 48%
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respectively). The three winter flounder larvae greater than 9 mm

survived entrainment.

A modified C-B sampler (Fig. DI-38) was used to deLermine Ltie

condition of entrained larvae from 18 March through 6 April due to high

mortalities encountered with the 36-cm bongo. Mortality still occurred

in intake collections, but it was lower than in bongo samples and enabled

a more accurate estimate of immediate entrainment mortality. Although

these collections indicated that the percent mortality of winter flounder

larvae collected at the OCGS discharge (34%) still was significantly

greater than that of larvae taken at the intake (23%), these immediate

mortalities were considerably lower than those collected at the OCGS

intake (65%) and the discharge (92%) in March with the 36-cm bongo. For

the sand lance, immediate mortality at the intake (17%) and at the

discharge (6%) was not significantly different. These mortalities also

were considerably lower than those determined in March with the 36-cm

bongo at the intake (38%) and at the discharge (88%). Too few collections

were taken to determine the mortality for various size-groups of winter

flounder and sand lance larvae. The shutdown of OCGS from 14 May through

11 July prevented the estimation of immediate entrainment mortality of

ichthyoplankton entrained during the summer.
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D)1.17 SURVEYS OF TIHE POPULATION OF SELECTED ZOOPLANKTON AND
ICHTHYOPLANKTON IN BARNECAT BAY

Introduction

Although entrainment studies can estimate the magnitude of potential

entrainment losses, they do not evaluate the significance of these

losses to the populations of organisms in the Bay. Since the potential

losses at OCGS are numerically large, surveys were conducted in central

Barnegat Bay from Berkeley Shores to Gulf Point in an effort to estimate

the population of important and abundant macrozoo- and ichthyoplankton

in this area. These estimated populations in the Bay were then used to

put theestimated number of a form entrained through the OCGS cooling-

water system in perspective.

The portion of the population of a form that was entrained through

OCGS depended primarily on its distribution in the central Bay in relation

to Forked River (i.e., the intake canal). If a form was evenly distributed

throughout the central Bay, the percentage of that form entrained at

OCCS iii 1.2 h should be approximately equal to 1.1%, the percentage of

the water from the central Bay that is entrained at OCGS during that

period. If the percentage entrained was consistently less than or

greater than 1.1%, the form was probably not evenly distributed throughout

the Bay. Forms which had a wide range in the percentage of the Bay

population that was entrained had a variable and uneven distribution in

the Bay.
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Materials and Methods

During 1977, the number of various forms of macrozoo- and ichthivo-

plankton in central Barnegat Bay from Berkeley Shores to Gulf Point was

determined by random sampling from 87, 0.4 x 0.4-km quadrates (Fig. Dl-65).

Collections with a 20-cm bongo sampler (505-micron mesh net) were taken

within approximately 50 randomly chosen quadrates during the day.

Sampling methodology was discussed in Appendix Cl, Section C1.21.

The estimated number of a form entrained at OCGS was calculated

from samples taken at either the OCGS discharge or the dilution pump

discharge. Sampling methoas were detailed on page D1-326.

Bias in the estimates of the number of a form in the Bay and the

number entrained through OCGS may be introduced because the velocity of

the flow through the sampler was different for collections at OCGS and

in the Bay. Bias caused by different sized bongo samplers in the Bay

(20-cm bongo) and at OCGS (36-cm bongo) were considered negligible

because no significant difference occurred among the catches of various

sized bongos (Bjorke et al. 1974). However, the velocity of the water,

as determined from the digital flowmeter, was greater through the small

bongos than the large bongos, and this may have increased the escapement

of small forms through the net of the small bongos in the Bay collections.

Differential escapement between the two samplers would result in an

overc-t:mate of the percentage entrained because the number of a form in

the Bay would be underestimated. The first zoeal stage of the hermit

crabs Pagurus spp., the fiddler crabs Uca spp., and the blue crab;
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recently released mysids; and early larvae of the winter flounder and

bay anchovy may have been susceptible to escapement.

Two surveys for larvae of the winter flounder were made in March.

The hydromedusae Rathkea octopunctata and Sarsia spp., sand shrimp

zoeae, and other abundant zooplankton were also enumerated. From May

through July, five surveys for the.eggs and larvae of the bay anchovy

were made. Zoeae of the sand shrimp, grass shrimp, and mud crabs and

other important and abundant macrozoo- and ichthyoplankton collected

during these surveys were also enumerated.

During September two surveys were made at night in 20 quadrates to

estimate the population of mysids and blue crab megalopae in the Bay.

These collections were made at night because these forms were substantially

more abundant in the water column at night (Sandine et al. 1977).

Juveniles of the bay anchovy and other important and abundant forms in

these collections were also enumerated. These surveys were limited to

quadrates that were readily sampled at night. However, the quadrates

sampled were considered representative of the Bay from Berkeley Shores

to Gulf Point, and the estimates were calculated for this area of the

Bay.

The volume of each quadrate sampled was estimated from the surface

area of the quadrate as determined with a Lietz Polar Planimeter (Model

3651-30) and from the mean depth of the quadrate given on a nautical

chart (National Oceanic and Atmospheric Administration 1976). The total

volume of the 87 quadrates was 118,774,000 m 3. The estimated number in

this area of the Bay was calculated from the mean volume filtered per
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sample and the mean number of a form per sample (adjusted to the mean

volume filtered) using Poole's (1974) stratified random sampling formulae.

The daily population estimate was calculated by multiplying the mean

number of a form per mean volume filtered by the total number of samples

that could have been collected from the study area.

To evaluate the effect of potential entrainment losses at OCGS, the

number of a form entrained at OCGS during a 12-h period was compared to

the estimated number of a form in the central area of the Bay. Because

the survey was taken either during daylight or at night and because

significant day-night differences occurred in the density of a form in

both entrainment and Bay collections (Tatham et al. 1977b), comparisons

of daily population and entrainment estimates were limited to a 12-h

period of either daylight or darkness.

During March, the estimated number of a form entrained through OCGS

during a 12-h period of daylight was calculated from entrainment samples

taken during daylight 4 to 7.days before the date of the survey.

Afterwards, however, 7 to 10 samples were taken at the OCGS discharge on

the same day or night that the samples were collected in the Bay, and

this provided a more accurate estimate of the percentage of the Bay

population entrained on a date. If less than four circulating-water

3pumps were in operation, the mean density (n/m3) in collections from the

OCGS discharge was multiplied by the volume of water that would have

been pumped through OCGS in 12 h with four pumps in operation (1.25 x

106 m 3) to estimate the maximum number that would have been entrained.

If OCGS did not circulate water on the date that the survey was conducted,
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the mean density (n/m3 ) of a form in collections from the dilution pump
63

disciiargt' was multiplied by 1.25 x 106 m to estimate the number of a

form that would have been entrained.

For winter flounder larvae and for eggs and larvae of the bay

anchovy, the number of eggs or larvae that were produced in the central

Bay during the reproductive season was estimated.with a method slightly

modified from the random sampling model of Houde (1977). He calculated

the population estimate of each size-class of larvae separately and then

summed those estimates to determine the total population of larvae. In

this study, the estimated number of larvae in the central Bay on each

sampling date was multiplied by the percentage of larvae in each size-

class on that date to estimate the number of larvae in each size-class.

The estimated number of larvae in each size-class and of bay anchovy

eggs were multiplied by the number of days of the reproductive season

that were represented by a survey to estimate the number of larvae or

eggs in the Bay during those days. The number of days represented by

each survey generally was half of the days after the previous survey and

half of the days before the next survey. The duration of the reproductive

season was determined by the presence of a form in collections at OCGS.

Population estimates of larvae for the portion of the reproductive

season before the first and after the last survey were calculated from

the mean density of the form in night collections from the OCGS discharge

during this period. The mean density of a size-class of larvae in these

collections was divided by the mean density of that size-class from the

closest survey in the Bay. The resulting ratio was multiplied by the
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estimated number of larvae in that size-class from the nearest survey to

obtain a daily population estimate for this period. This daily estimate

was then multiplied by the number of days (usually 7 or less) from the

beginning or end of the reproductive season represented by the entrainment

samples to estimate the population during this period. This technique

partially corrects Houde's (1977) inherent error of overestimating

abundance at the beginning and the end of. the reproductive season.

This method was used for larvae of the winter flounder and bay

anchovy because examination of the data showed no significant difference

(P< 0.05) in either densities (t-test, Sokal and Rohlf 1969) or size-

frequency distributions (Kolmogorov-Smirnov test, Sokal and Rohlf 1969)

between collections at OCGS and in the Bay. The method was not used for

bay anchovyeggs because the portion of the reproductive season affected

was short and the densities of eggs during this period were very low

compared to the remainder of the spawning period.

Abundance of larvae was probably underestimated due tO escapement

of small larvae through the meshes of the net and avoidance of the

sampling gear by larger larvae. During both 1976 (Tatham et al. 1977b)

and 1977, the catch of winter flounder larvae less than about 3.5 mm and

of bay anchovy larvae less than 7.0 mm were apparently biased by escapement

because the estimated number of larvae in these size-classes was less

than that in larger size-classes. Therefore, the estimated number in

the smaller size-classes were excluded from the exponential regression

analysis.
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Although daylight is only one factor that affects avoidance and

some avoidance probably occurs during both.day and night sampling, this

aspect of avoidance can be partially correctedby determining the ratio

of abundance of each size-class between day and night samples.. No

correction was made for avoidance of winter flounder larvae because

Pearcy (1962) found no evidence that these larvae avoided his sampling

gear during daylight and the night/day ratios of various size-classes of

winter flounder larvae in OCGS collections did not indicate gear avoidance.

Therefore, it was assumed that the size-frequency distribution of winter

flounder larvae taken in the Bay during daylight was respresentative of

the population.

Smith et al. (1977) found considerable net avoidance by larvae of

the bay anchovy in collections taken during the day in the Bay, and the

catch of this form was corrected for this avoidance. The ratio of

larval abundance between night and day samples increased for each size-

class of larvae from 6.0 to 15.9 mm. These ratios were used to derive

the exponential relationship between standard length of larvae (L) and

night/day ratios of abundance (R), and the function R = 0.178e0306 s

derived from the calculated ratios. Due to random variation in the

size-frequency distribution of samples used to calculate these ratios,

this function expressed the relationship between length and avoidance

better than the empiricalratios. The estimated number in each size-

class was adjusted by multiplying the number collected in that size-

class by. the R value for that size-class.
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Since life-stages of long duration would be represented by a larger

number of specimens than a life-stage of shorter duration, it is necessary

to adjust the estimated abundance of each life stage for the duration of

that stage. In order to estimate the abundance and mortality in relation

to the age of each life-stage, the duration and mean age of each stage

was determined from the growth rate reported in the literature. Growth

data for winter flounder larvae was found in Pearcy (1962) and that for

bay anchovy larvae in Saksena. and Hou de (1972). The duration of the

egg-stage of the bay anchovy was determined by excamining eggs for distinct

embryonic stages; and it was estimated to be.3 days in May, 2 days in

the first half of June, and 1 day from mid-June through August.~ For the

entire reproductive season, a weighted mean duration of 1.5 days was

used for this egg-stage.

The summation of the estimated number of a form (adjusted for

avoidance), in each size class during the periods covered by each survey.

gave the seasonal estimate of the number in that size-class'. This

estimate was unadjusted for age and growth, and this adjustment to the

seasonal population estimate for each size-class was accomplished by

dividing the estimated number *in each size-class by the duration of that

size-class. The exponential regression of this adjusted seasonal abundance

for each size-class on the estimated mean age. of that size-class was

used to estimate the number of larvae hatched during the reproductive

season. This number had to be estimated because the estimated abundance

of newly hatched larvae was biased by escapement.
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The absolute value of the slope of the exponential regression

provided an vstimatc of the instantaneous mortality coefficients, tOW

daily mortality rates, and the resulting production of large larvae

during each reproductive season. Significant differences (P<0.05)

between instantaneous mortality coefficients between the 2 years were

tested with a t-test (Simpson et al. 1960). Since the volume of the

study area in 1977 was 1.1 times larger than the study area in 1976

(Tighe et al. 1977), all abundance estimates from 1976 were multiplied

by 1.1 to allow a direct comparison between the 2 years.

In order to evaluate the effect of OCGS on the Bay population of

winter flounder larvae and of bay anchovy eggs and larvae throughout the

reproductive season, population estimates were compared to seasonal*.

entrainment estimates for each size-class, and the estimated number of

larvae hatched was compared to the seasonal entrainment estimate of all

larvae. In order to compare between size-classes of different duration,

the percent of the population entrained for each size-class was divided

by the duration of that size-class to give the percent of the population

entrained per 24-h. Seasonal entrainment estimates were calculated by

multiplying the monthly entrainment estimate of all larvae by the size-

frequency distribution of larvae during that month. These monthly

entrainment estimates of each size-class were summed to obtain the

seasonal entrainment estimate of each size-class, and the total seasonal

entrainment estimate was the sum of the seasonal estimates of all size

classes..
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Results and Discussion

Mtc ,iL)zoop tank ton

Zoeae of the sand shrimp were collected in seven surveys from March

through July, and the maximum population estimate (3.12 x 10 8) occurred

in early June (Table D1-116). This form was generally most abundant

south of Stouts Creek where the salinity usually exceeded 20 ppt (Fig. D1-66

through D1-72). In Chesapeake Bay, Sandifer (1972) reported that this

form occurred primarily at. salinities of 20to 30 ppt.

The percent of the sand shrimp zoeae in the central Bay that was

entrained at OCGS per a 12-h period of daylight ranged from 0% to 8.4%;

the percentage exceeded 5% on three of the seven dates. Data from trawl

and seine collections indicated that adult sand shrimp were more abundant

in Forked River than in the Bay from March through June (Danila 1976,

1977). In addition, 52% of the females collected in Forked River

during these months were gravid as compared to only 21% of the females

collected in the Bay (Appendix Cl, Section C1.19). This concentration

of gravid females, at times, may have produced a larger density of zoeae

in Forked River. than in the Bay.. If this occurred on the date of a

population survey, a relatively large estimate of the number of this

form entrained at OCGS would have occurred. However, these zoeae also

entered the Bay and were subject to collection and inclusion in the Bay

estimates.

Zoeae of the grass shrimp (Palaemonetes spp.) were collected on

four dates in June and July and generally were most abundant-along the

eastern side of the Bay in salinities from 20 to 30 ppt (Figs. DI-73

through DI-76). However, relatively few collections were taken at a
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salinity below 20 ppt. In Chesapeake Bay, Sandifer (1972) reported that

grass shrimp zoeae were most abundant at a salinity of 10 to 15 ppt with

few larvae taken above 25 ppt.

The percent of grass shrimp zoeae in the central Bay that were

entrained at OCGS in a i2-h period ranged from 0.4% to 3.0% (Table D1-116),

but this percentage exceeded 2.0% only on 21 July. On that date, the

3
density of this form at the OCGS discharge (2.7/m3) substantially

exceeded that at the mouth of Forked River (0.3/m3). This difference

indicated that hatching of grass shrimp eggs probably occurred in Forked

River.

Zoeae of the mud crab Neopanope texana were collected on four dates

in June and July, and they were generally most abundant in the southern

half of the Bay where salinities usually exceeded 25 ppt (Figs. Dl-77

through Di-80). The largest estimated number in the central Bay (5.91 X 10 )

was on 8 June, and it resulted from a dense patch of larvae (densities

as great as 1,055/m ) in the southern end of the Bay (Fig. Di-77). In

Chesapeake Bay, zoeae of this species were most abundant at a salinity

between 20 and 25 ppt; few were collected at a salinity below 15 ppt

(Sandifer 1972).

An estimated 0.1% to 6.3% of the N. texana zoeae in the Bay were

entrained at OCGS during a 12-h period (Table D1-116). Although the

density of this form at the mouth of Forked River and at the OCGS discharge

were comparable on 8 June, the density at the OCGS discharge exceeded

that at the mouth of Forked River by 2 to 30 times on the other three

dates. Adult mud crabs were more abundant in trawl collections in

Forked River than in trawl collections in the Bay.
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Zoeae of the mud crab Panopeus herbstii were collected on four

dates in June and July. On three of the four days, they' were most

abundant in the western portion of the Bay in salinities from 20 to

29 ppt (Figs. D1-81 through D1-84). Sandifer (1972) reported that this

zoea was most abundant in Chesapeake Bay at salinities of 15 to 25 ppt

with less than 5% of the zoeae collected at a salinity below 15 ppt.

The percent of the estimated number of P. herbstii zoeae in the

central area of the Bay that was entrained at OCGS ranged from 1.1% to

more than 100% (Table DI-104). The large estimated percentages of the

population that were entrained at times most likely resulted from the

large number of mud crabs in Forked River.

The maximum population estimates of zoeae of the hermit crabs

Pagurus spp.; the spider crabs Libinia spp.; the mud shrimp Upogebia

affinis; the mud crab Rhithropanopeus harrisii; the broken back shrimps

Hippolyte spp.; the blue crab Callinectes sapidus; and fiddler crabs Uca

spp. were at least an order of magnitude less than those of zoeae of the

four previous forms (Table D1-116). Each of these forms had at least

one entrainment percentage which exceeded 2% (2.7% to 39.4%) of the

estimated population in the Bay. For Pagurus spp., Libinia spp., and

hhippolyte spp. these higher percentages probably indicated that a dense

patch of zoeae occurred off the mouth of Forked River on one of the

sampling dates. A relatively large number of gravid R. harrisii may

occur in the lower salinity sections of the north and middle branches of

.Forked River, and both fiddler crabs and U. affinis may be common along

the banks of Forked River. Therefore, their higher entrainment percentages

may be attributable to hatching of these forms in Forked River.
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Although the estimated percentage of early-stage larvae (e.g.,

zoeae) in the Bay that were entrained at OCGS may, at times, be related

to the number of gravid females in Forked River, the number of late-

stage larvae entrained at OCGS should be unrelated to the number of

gravid females in Forked River. Late-stage larvae have been in the

plankton for some time and have dispersed from the site of hatching or

spawning. Therefore, the percentage of the estimated populations of

late-stage. larvae of barnacles (cyprid stage) and of the blue crab and

spider crab (megalopae) that were entrained at OCGS ranged from 0.1% to

1.9% (Table D1-116). Furthermore, on the survey dates, these forms were

usually not concentrated in Forked River or the Bay off the mouth of

Forked River. Similarly, the hydromedusae Rathkea octopunctata, Sarsia

spp., and Turritopsis nutricola and the mysid Neomysis americana did

not appear to be concentrated in or near Forked River during the days of

sampling because the percentage of their populations that were entrained

ranged from 0.2% to 1.9% (Table D1-116).

In the two surveys conducted at night during September, megalopae

of the blue crab were distributed throughout the area sampled, but they

generally were most abundant near the Inlet (Figs. DI-85, DI-86). This

distribution resulted in the entrainment of only 0.2% and 0.3% of the

estimated blue. crab megalopae in the Bay at OCGS during a 12-h period.

The estimated number of the later-stage megalopae of the blue crab

exceeded those of the earlier stage zoeae (Table D1-116), and this

indicated that most blue crab zoeae probably hatched in the nearshore

ocean rather than in the Bay.. Blue crab eggs hatch primarily in coastal
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waters and in the lower reaches of estuaries, in water near oceanic

salinities; migration into the estuary occurs primarily at the megalopal

stage (Williams 1971).

The estimated number of the mysids Neomysis americana and Mysidopsis

bigelowi in the central Bay were also obtained from the two night

surveys. N. americana accounted for most (>80%) of the mysid population.

Although it generally was most abundant north of Oyster Creek (Figs. D1-87,

Dl-88), the percentage of the population in the central Bay that was

entrained in 12 h was 1.6% and 0.8%. M. bigelowi generally was common

throughout the central Bay on 19 September when 3.2% of the population

was entrained (Fig. DI-89). However on 28 September, it was most abundant

near the mouths of Forked River and Oyster Creek and in the southern

part of the central Bay (Fig. DI-90), and a greater percentage (5.1%) of

the estimated Bay population was entrained at OCGS.

In summary, the portion of the population of a form that was entrained

through OCGS depended primarily on its distribution in the'central Bay

in relation to the mouth of Forked River. A value exceeding 1.1% (i.e.,

the percentage of the water from the central Bay that is entrained in

12 h at OCGS) indicated that a form was more abundant in or near Forked

River. The range of these percentages for the common zoeae, such as

sand shrimp (0% to 8.4%), grass shrimp (0.4% to 3.0%), N. texana (0.1%

to 6.3%), and P. herbstii (1.1% to 100%), probably resulted from a large

population of gravid females in Forked River. The percentage of late-

stage larvae entrained ranged from 0.1% to 1.9%, and the percentage of

the megalopae of the blue crab did not exceed 0.3%. The percentages of
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the populations of mysids entrained were less for N. americana (0.8% and

1.6%) than M. bigelowi (3.3% and 5.1%).

Ichthyoplankton

Data for surveys to estimate the number of the winter flounder

(larvae); bay anchovy (eggs, larvae, and juveniles); and other abundant

ichthyoplankton (i.e., young of the northern pipefish and goby larvae)

are presented in Table DI-117.

The estimated number of winter flounder larvae in the Bay was

1.53 x 109 on 11 March and 1.30 x 10 9 on 28 March, and the estimated

number of these larvae entrained at OCGS per 12-h period was 1.1% and

1.0%, respectively (Table D1-117). Since the volume of the central Bay

that was entrained at OCGS during a 12-h period (about 1.1%) was

approximately equal to the percentage of the population entrained,

winter flounder larvae were apparently evenly distributed in the Bay

near OCGS. However, patches of high density occurred in the northern

and central portions of the central Bay with an area of. very low density

in the shallow, eastern Bay on both survey dates..

The seasonal population estimates of each size-class of winter

flounder larvae for the 1976 (Table Dl-18) and 1977 (Table D1-119)

reproductive season were compared to the seasonal entrainment estimates

for each size-class. For the different size-classes., the percent of the

larvae in the Bay that was entrained during 24 h ranged from 0.3% to

6.1% during 1976 and from 0.8% to 1.9% during 1977....
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The estimated number of larvae that hatched in the Bay in 1976

(1.88 x 100) and 1977 (1.35 x 1010) was about equal (Table D1-118,

D1-1l9). However, 0.5% and 4.9% of the winter flounder larvae hatched

in Barnegat Bay were entrained at OCGS in 1976 and 1977, respectively.

The lower percentage entrained in 1976 was probably due to the high

mortality rate during that year (i.e., many larvae died before they

could be entrained at OCGS).

In the exponential regression analysis for winter flounder larvae

(Table D1-122), the estimate of the instantaneous mortality coefficient

was 0.2162 for the 1976 reproductive season and 0.0844 for the 1977

season, and these coefficients were significantly different. The

corresponding daily natural mortality rate was also greater in 1976

(19.4%) than in 1977 (8.1%). Although the number of adults present (see

Section D1.15) and the number of larvae hatched (Tables Dl-118 and D1-119)

in the Bay were similar for both years, the significantly different

mortality rates resulted in approximately two orders of magnitude

difference in the abundance of large (> 7.0 mm) larvae during 1977.

This difference in mortality rates and survival of larvae between the 2

years was apparently not related to OCGS operation because OCGS operated

during both reproductive seasons. OCGS actually entrained a greater

percentage of the larvae during the year when the greater number of

large larvae were produced.

The natural fluctuation in survival between the 2 years may have

been due to differences in climatic conditions during the 2 years.

Jeffries and Johnson (1974) found that a negative correlation between
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warming climatic trends (i.e., temperatures in April) and trawl catch of

adult winter flounder 2.5 years later accounted for 75% of the variation

observed in their study. They felt that this correlation was due to

ecological interactions caused by temperature because the temperature

differences between years in their study were too small to substantially

affect individual larvae or young (age 0+) of the winter flounder. A

similar phenomena apparently occurred in Barnegat Bay with poor survival

and production of large larvae during the relatively mild winter of 1976.

followed by increased survival and production of large larvae during the

severe (cold) winter of 1977.

The estimated daily population of bay anchovy eggs in the central

Bay ranged from 4.94 x 10 on 8 June to 5.72 x 10 on 6 July (Table D1-117).

If OCGS had circulated water during June and July, an estimated 0.3% to

1.5% of these eggs would have been entrained at OCGS during a 12-h

period.

The seasonal estimate for eggs of the bay anchovy produced during

the 1976 and 1977 reproductive season were compared to the estimated

number entrained at OCGS during that season (Tables DI-120, D1-121).

Although the number of eggs spawned during the 2 years was about equal,

an estimated 3.6% of bay anchovy eggs spawned in the central Bay in 1976

were entrained by OCGS, but only 0.1% of these eggs were entrained in

1977. This difference between years was primarily due to the shutdown

of.OCGS during most of spawning period (June and July) in 1977.

Daily population estimates of larvae of the bay anchovy--ranged from

7.47 x 106 on 8 June to 7.73 x 108 on 21 July (Table DI-117). If OCGS
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had been circulating water, an estimated 1.1% to 15.3% of these larvae

would have been entrained during a 12-h period. The large range of this

percentage was probably due to the unequal (i.e., patchy) distribution

of these larvae in the Bay. When larvae were relatively abundant near

the mouth of Forked River, a higher percentage of those in the Bay were

entrained; however on 3 of 4 days, this percentage was below 8%.

The estimated population of juveniles of the bay anchovy in the

central Bay on the night of 19 September and 28 September was 5.63 x 10

7
and 1.77 x 107, respectively, and an estimated 0.5% to 0.6% of these

were entrained at OCGS in a 12-h period (Table DI-117).

A comparison of the estimated number of larvae of the bay anchovy

produced in the Bay during the year to the seasonal entrainment estimate

showed that the percentage of the different size-classes that were

entrained at OCGS per 24-h period ranged from 1.0% to 2.4% during 1976

and from 0.1% to 0.6% during 1977 (Tables D1-120, D1-121). A comparison

of the estimated number of larvae hatched during the reproductive season

with the total number of larvae entrained at OCGS during that season

showed that 1.7% and 0.6% of the larvae hatched in the Bay were entrained

at OCGS in 1976 and 1977, respectively. As for eggs, the percentages

were lower during 1977 due to the shutdown of OCGS during June and July.

These seasonal percentages were considered to be underestimates

because they were only slightly higher than the mean percentage entrained

per 24 h. The percentage of the population entrained throughout the

season should exceed the percentage entrained per 24 h because larvae
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in the Bay would take about 25 days to grow to 15.9 mm (Houde 1974), the

upper size limit used in the regression analysis. The inclusion of the

estimated number of eggs in the regression analysis probably resulted in

an overestimate in the number of larvae hatched becausethe regression

model assumed equal mortality over the entire period, and mortality of

eggs was higher than mortality of larvae (Houde 1977).

Another estimate of the percentage of the larvae in the Bay that

was entrained at OCGS during the reproductive season was obtained by

estimating the number of larvae hatched in the Bay from the exponential

regression of the abundance of each size-class of 7.0 to 15.9-mm larvae

on the mean age of these size-classes (Tables DI-120, D1-121). However,

this method probably underestimated the number of larvae hatched because

the mortality rate of early larvae was often greater than that of later

stages, and the abundance of eggs and early larvae were not included in

the regression analysis. Comparison of these estimates with the estimates

of seasonal entrainment indicated that approximately 30.6%-(1976) and

3.1% (1977) of the larvae hatched in the Bay were entrained at OCGS.

The percentage in 1977 was lower due to the shutdown of OCGS during the

peak of the reproductive season. These percentages were probably

overestimates and the actual percentage entrained during each year was

between the estimated percentage determined by the two regressions.

The exponential regression of eggs and larvae (Table D1-122)

indicated that the instantaneous mortality coefficients were not

significantly different in 1976 (0.2017) and in 1977 (0.2025).. These

instantaneous mortality coefficients corresponded to a daily mortality
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rate of 18.3% in both 1976 and 1977. However, the instantaneous mortality

coefficient for larvae 7 to 15 mm in length was significantly lower in

1976 (0.0600) than in 1977 (0.1227); these instantaneous mortality

coefficients corresponded to daily mortality rates of 5.8% and 11.6%,

respectively. The higher mortality rate in 1977 may have been due to an

increase in the abundance of young (age 0+) bluefish which may have

resulted in increased predation on young bay anchovy (Appendix Cl,

Section C1.19.

The shutdown of OCGS during the 1977 reproductive season apparently

had little effect on the population dynamics of the. eggs and larvae of

the bay anchovy. The number of eggs spawned, the number of larvae

hatched, the instantaneous mortality coefficients, and the resulting

number of large (15.0 to 15.9 mm) larvae were not substantially different

between the 2 years. The only difference between the 2 years was the

difference in the mortality of larger larvae, and this was apparently

not related to OCGS operation.

The estimated number of juvenile northern pipefish in the Bay was

6 6relatively constant from May through July (3.14 x 10 to 5.28 x 106),

but the estimated percentage of juveniles entrained at OCGS during a

12-h period ranged from 1.2% to 22.3% (Table D1-117). As with larvae of

the bay anchovy, the large range of this percentage was probably due to

the variability in the distribution of juveniles in the Bay; however, on

4 of 5 days this percentage was less than 5%. The high estimate of the

percentage entrained was found when they were relatively abundant near

the mouth of Forked River. Juveniles were not abundant enough for a

seasonal analysis.
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Although the estimated population of goby larvae (2.28 x 105 to

6
1.76 x 10 ) in the Bay was relatively small, many goby larvae were

entrained at OCGS. Estimates of the percentage entrained during a 12-h

period ranged from 23.7% to more than 100% of the estimated number in

the Bay (Table D1-117). However, these high percentages were probably

due to the large number of gobies in Forked River near OCGS and did not

reflect the effect of OCGS on local populations in the Bay. Because

goby eggs are adhesive, high densities of larvae occur near the habitat

of the adults. Therefore, the larvae produced by the large population

in Forked River produced high estimates of the percentage of the Bay

population that was entrained.

Although the number of larvae entrained at OCGS was large, the

effect of OCGS on the ichthyoplankton populations in the Bay was probably

a slight increase in the daily mortality rate. This increase was a

function of the percentage of the population entrained per day and the

mortality of these entrained eggs and larvae, and this increment would

be difficult to estimate without more accurate measurements of these two

parameters throughout the year. Any increase in the total daily mortality

rate that was attributable to OCGS would probably be small when compared

to the large annual fluctuations in the natural mortality rate.
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Table D1-44. Alphabetical listing by common name of all vertebrates collected by fish and impingement
programs from September 1976 through August 197%.

Alewife - Alosa pseudoharengus
American eel - Anguilla rostrata
American shad - Alosa sapidissima
Atlantic croaker - Micropogon undulatus
Atlantic herring - Clupea hareng
Atlantic menhaden - Brevoortia tannus
Atlantic moonfish - Vomer setapinnls
Atlantic needlefish - Strongylura marina
Atlantic silverside - Menidla menidia
Atlantic spadefish - Chaetodipterus faber
Bay anchovy - Anchoa mitchilfi
Bigeye scad - Selarcru menophthalmus
Black sea bass - Centropristis striata
Blackcheek tonguefish - Symphurus plagiua
Blueback herring - Alosa aestivalis
Bluefish - Pomatomus saltatrix
Blue runner - Caranx crysos
Bluesported cornetfish - Fistularia tabacaria
Bluntnose stingray - Dasyati sayi
Butterfish - PeprIlus iriacanthus
Chain pickerel - Esox niger
Chain pipefish - Syngnathus louisianae
Cobia - Rachycentron canadum
Conger eel - Conger oceanicus
Crevalle jack - Cara hippos

Cunner - Tautogolabrus adspersus
Diamondback terrapin - Malaclemys terrapin
Feather blenny - Hypsoblennius hentzl
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
Halfbeak - Hyporhamphus unifasciatus
Hogchokez - Trinectes maculatus
Inshore lizardfisb - Synodus foetens
Lined seahorse - Hippocampus erectus
Lookdown - Selene vomer

Mummichog - Fundulus heteroelitus
Naked goby - Gobiosoma bosci
Northern kingfish - Menticirrhus saxatils

Northern pipefish - Syngnathus fuscus
Northern puffer - Sphoeroides maculatus
Northern searobin - Prionotus carolinus
Northern sennert - Sphyraena borealis
Northern stargazer - Astroscopus gurtatus
Orange filefish - Aluterus schoepfi
Oyster toadfish - Opsanus tau
Permit - Trachinotus falcatus
Planehead filefish - MInacanthus hispidus
Pumpkinseed - lepomis gibbosus
Rainwater killifish - Lucania parva
Red hake - Urophycis chuss
Rough silverside - Membras martinlca
Sand lance - Ammodytes sp.
Scup - Stenotomus chrysops
Seaboard goby - Gobiosoma ginsburgi
.Sheepshead minnow - Cyprinodon variegatus
Silver anchovy - Engra eurystole
Silver perch - Bairdiella c
Smallmouth flounder - Etropus microstomus
Smooth dogfish - Mustelus canis
Smooth trunkfish - Lactophrys nigueter
Spiny dogfish - Squalus acanthias
Spot - Leiostomus xanthurus
Spotfin butterflyfish - Chaetod on ocellatus
Sported hake - Urophyc. reMIs
Striped anchovy - Anchoa hepsetus
Striped bass - Morone saxatilis
Striped blenny - Chasmodes bcsquianus
Striped burrflsh - Chilomycterus schoepfi
Striped cusk-eel- Rissola marginata
Striped killiflsh - Fundulus majalis
Striped mullet- Mug cepalus
Striped searobin - Prionotus evolans
Summer flounder -Paralichthys dentatus
Tautog - Tautoa onitis
Threespine stickleback - Gasterosteus aculeatus
Tidewater silverside - Menidia beryllina
Weakfish - Cynoscion regalis
White mullet - MugUil curema
White perch - Morone americana
Windowpane - Scophthalmus aquosus
Winter flounder - Pseudopleuronectes americanus
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lahle !)-45. Alphabetical listing by scientific name of all vertebrates collected by fish and

impingement programs from September 1976 through August 1977.

Aloa acstivalis - Blueback herring
Alma pseudoharengus - Alewife
Alosa sapidissinia - American shad
Aluterns schoeRpi - Orange filefish
Ammodytes sp. - Sand lance
Anchoa hepsetus -Striped anchovy
Anchoa mitchilli - Bay anchovy
Ant-uilla rostrata - American eel
Ap quadracus - Fourspine stickleback
Astroscops gurtatus - Northern stargazer
Bairdiella chrysura - Silver perch
Brevoortia ryrannus - 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 burterflyfish
Chasmodes bosquianus - Striped blenny
Chilomycterus schoepfi - Striped burrfish
Clupea harengus - Atlantic herring
Conger oceanicus - Conger eel
Cynoscion re• - Weakfish
Cyprinodon varieqaru - Sheepshead minnow
Dactylopterus volitans - Flying gurnard
Dasvatissayi- Bluntnose stingray
Dorosoma cepedlanum - Gizzard shad
EngrauLis eruystole - Silver anchovy
Esox niger - Chain pickerel
Etropus microstomus - Smallmouth flounder
Fistularia tabacaria - Bluesported cornetfish
Fundulus heteroclitus - Mummichog
Fundulus majalis - Striped kilMfish
Gasterosteus aculearus - Threespine stickleback
Gobiosoma bosci - Naked goby
Gobiosoma inshburgi - Seaboard goby
Hitnocampu erectus - Lined seahorse
Hyvorhamphu unifasciatus -. Halfbeak
Hvnsoblenrius henrzi -. Feather blenny
Lactouhvs trigueter - Smooth trunldish
L1ciostomus xanthurus - Spot
Lenom•is cibbos.u.. - Pumpkinseed
Lucani. parva - Rainwater kllifish
LutianLt rriseus - Gray snapper

Malaclemys terrapin - Diamondback terrapin
Membras martinica- Rough silverside
Menidia beryllina - Tidewater silverside
Menidia mernidia - Atlantic silverside
Menticirrhus saxatilis - Northern kingfish
.MicrOpogon undulatus - Atlantic croaker

Monacanthus hispidus- Planehead filefish
Morone americana - White perch
Morone saxatilis - Striped bass
Mug-l cephalus Striped mullet
Mugil curema - White mullet
Mustelus canis - Smooth dogfish
Mycteroperca microlepis - Gag
Myoxocephalus aenaeus - Grubby
Notemigonus crvsoleucas - Golden shiner
Opsanus tau - Oyster toadfish
Paralichthvs dentatus - Summer flounder
Peprius triacanthus - Butterfish
Pomatomus saltatrix - Bluefish
Prionotus carolinus - Northern searobin
Prionotus evolans - Striped searobin
Pseudopleuronectes americanus - Winter flounder
Rachycentron canadum - Cobia
Rissola marginata - Striped cusk-eel
Scophthalmus aquosus - Windowpane
Selar crumenophthalmus - Bigeye scad
Selene vomer - Lookdown
Sphoeroldes maculatus - Northern puffer
Sphyraena borealis - Northern sennet
Squalu acanthias- Spiny dogfish
Stenotomus ehryop - Scup
Strongyvlua marina - Atlantic needlefish
Symphurus plagiusa Blackcheek tonguefish
Syngnathus fuscus - Northern pipefish
Syrqnathus louisianae - Chain pipefish
Synodus foetens - Inshore lizardfish
Tautoc onirSc - Tautog
Tautovolabrus adspersnz - Cunner
Trachinorus falcartus - Permit
Trinectes maculatus - Hogchoker
Uroohvcis chuss - Red hake
Urorhvcis rei-b - SDot-ed hake
Vomer setanin.is - Atlantic moonfish
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Table DI-46. 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. - a hydromedusa
Callinectes sapidus - blue crab
Callinectes similis - lesser blue crab
Cancer irroratus - rock crab
Carcinus maenus - green crab
Crangon septermpinosa - 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 ovails - a parasitic isopod
Loliginidae (family) - squids
Lotgo pealei - Atlantic long-finned squid
Lolliguncula brevis - brief squid
Mercenaria mercenaria - hard clam, northern quahog
M edulis - blue mussel
Nemertea (phylum) - ribbon worms
Neopanope texana - a mud crab

Nosema stephani - a micrwporidian parasite
Olencira praegustator - a parasitic isopod
Ovali ocellatus - a lady crab
Pap longicarpus - long-armed hermit crab
1Palaemonetes pugio- grass shrimp
Palaemonetes vulgar - grass shrimp
Panopeus herbstii - a mud crab
Penaeus aztecus - brown shrimp
Penaeus setiferus - white shrimp
Piscicolidae (family) - marine. leeches
Polychaeta (class) - bristle worms
Parifera (phylum) - sponges
Porrunus gibbesi - a portunid crab
Porrunus spinimanus - a portunid crab
Procambarus blandingi - Blanding's crayfish
Scyphozoa (class) - true jellyfishes
Squilla empusa. - mantis shrimp
Urwsalpinx cinereus - Atlantic oyster drill
Xanthidae (family) - mud crabs
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Table DI-47. Estimated number with confidence Interval (P < 0.2), and results of a three-way analysis of variance of selected fishes and
macroinvertebrates impinged on the raveling screens at the Oyster Creek Generating Station, Forked River, New Jersey during
seven comparable months (September-December, March, April, and August) from 8 September 1975 through 2 September 1977.
No samples were taken 24 December 1975 through I March 1976 and 14 May through 12 July 1917.

Alosa aestivalls
Alosa pseudoharengus
Brevoortia tyrannus
Anchoa mitchilll
MenidLa menidLa

Syngnathus fuscus
Pomatomus saltatrix
Cynoceon regalis
Leaitomus xanthurus

Prionotus evolarw
Etropus mlcrostomus
Par alichthys dentatus

Pseudopletronectes americanus
Palemonetes vulgaris
Crangon septemspinosa
Callinectes sapidus
Total of all species

1975 - 1976
Estimated Number

26, 070 + 9, 564
3 036 + 726

11,478 + 3,616
1,275,132 + 277,411

56,561 + 11.177
29. 379 + 4,425

1,474 + 433
11,448 + 2,610
4.682 + 1,605

34,251 + 27,648
8,083 + 2,916
3,147 + 513
1,214 + 351

111,904 + 38,279
1,7 40, 571 + 422,778
1, 526, 862 t 487,070
4, 942,829±__ 715, 802

1978 - 19"?

Estimated Number
26, 113 + 8,380

3,161 + 828
91,614 + 21,583

140,437 + 26,276
33,766 + 5,239

8.780 + 1,204
3,313 + 688

26. 899 + 5,960
60,153 + 15,571
28,109 + 8,985
57, 074 + 14, 532
2,273 + 497

14,285 + 6.235
25, 535 + 4, 071

526.618 + 95,758
212,995,+ 31, 538

1,355,903t.. 117,085

Significant Difference (Ps. 0.2)

Between Years
No
Yes
Yes
Yes
No
Yes
Yes
Yes

Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes



.m1LE ni .1.8. PHTSmcmz.L PARmarre wo Is 7aT cw Tw Te~mj~m sauxis omma DWIMPINEII SAMFUFQ AT o WRu aMER =1ATNu
9•TIhW - r0RjK RTM, MW sw ISM 3 $Zr1Thi 1976 T"noUCI 3 SEPTEmBE 1977". we SAMLs vur TAm 114 wMYTmkm
12 JlM.l

suvu - • 2 26sanrr:. sx-$ 1 8il srpoc ttt - to SIPIM 19 - 29 - 0cTOM1-2 OCTOBR• 3 -'

TI4PERATUREs AIR
SURFACE
BOTTOM

SALINITY: SURFACE.
BOTTOM

OXYGINt SURFACE
BOTTOM

Pat SURFACE
• BOTTOM

zcECnI (CM)

14.0 -
21.0 -
21.0 -
24.0 -
24.0 -
6.4 -
6.6 -
7.5 -
7.5-

50.0

30.0
25.6
23.5
26.0
26.0

8.3
8.1
a.L
6.1

60.0

18.0 -
22.0 -
22.5 -
23.0 -
23.0 -
6.2 -
6.1 -
7.7 -
7.6 -

50.0 -

29.0
25.4
25.5
25.0
25.0

8.17.6
8.2
8.2

80.0

6.0 -

16.5 -
16.5 -
23.0 -
23.0 -
7.0 -
7.0-
7.9-
7.7-

68.0 -

22.0
24.4
24.1
25.5
25.5

8.5
7.6
8.1
3.0

68.0.

8.0 -
17.5 -
17.4 -
24.0 -
24.0 -
6.2 -
6.6 -
7.8 -
7.9-

65.0 -

26.0
22.0
22.2
27.0
26.0

8.0
1.7
6.1.
6.0

72.0

14.0 - 21.0
16.5 - 20.0
17.1 - 19.0
23.0 - 26.0
22.0 - 26.0
7.3 - 9.5
7.6 - 9.0
7.3 - 8.0
7.3 - 0.3

50-.0- .70.0.

I

.-- - - - --- -- - --- --- - - --- . .--- -- --- - - -- --- --

OCTOBER 31 -
OCt lU 10 - 16 OCTOBim 17 - 23 OCTOBIE-24 - 30 NOVMBER 6 NOVEMBER 7 - !1

TEIPERATURB, AIR 4.5 - 20.0 2.0 - 17.0 -4.0 - 13.6 0.0 - 15.0 -2.5 - 11.5
SURFACE 12.5 - 17.2 10.4 - 17.5 6.4 - 13.5 7.2 - 12.0 4.5 - 11.0
BOTTOM 12.5 - 16.0 10.6 - 15.3 7.2 - 13.3 6.9 - 11.5 5.2 - 8.5

SALINITYs SORFACE 22.5 - 25.0 24.0 - 26.0 23.0 - 26.0 22.0 - 25.5 24.0 - 26.0
BOT'TO 22&5 - 25.0 24.0 - 26.0 .23.0 - 25.0 22.0 - 25.5 23.0 - 26.0

OXYG•TN SURFACE 7.7 - 11.2 7.6 - 12.4 8.2 - 13.2 9.6 - 16.0 9.6 - 12.6
BOTTOM 6.0 - 10.4 7.6 - 10.4 8.6 - 11.4 10.2 - 14.0 9.5 - 12.2

Pat SURFACE 7.7 - 8.2 7.4 - 6.0 7.4 - 8.1 7.6 - 6.0 7.6 - 8.1
BOTTOM 7.8 - 8.2 7.4 - 8.0 7.6 - 8.0 7.7 - 8.0 7.0 - 0.0

Stccx (CMw) 60.0 - 70.0 50.0 - 80.0 90.0 - 100.0 75.0 - 90.0 95.0- 90.0

NOVEMBEn 28 -
NOvoeit 14 - 20 NoVE4UaL 21 - 27 DECE4BER 4 DECEMBER 5 - 11 DECEMBER 12 - 18

TEP•PIATUREs AIR -1.0 - 15.0 -4.0 - 8.0 -12.0 - 4.5 -10.0 - 6.0 -7.5 - 9.0
SURFACE 3.2 - 8.5 -1.0 - 7.0 0.4 - 7.6 0.0 - 6.5 0.0 - 5.0
BOTTOM 3.4 - 6.0 1.0 - 5.8 0.4 - 7.6 0.0 - 7.5 1.0 - 4.0

SALINITYz SURFACE 21.0 - 24.0 24.0 - 26.0 22.5 - 25.0 23.0 - 30.0 22.0 - 25.0
BOTTOM 22.0 - 24.0 24.0 - 25.0 22.0 - 25.0 23.0 - 27.0 21.0 - 24.5

OXYGEN: SURFACE 9.6 - 12.4 7.9 - 13.6 10.0 - 14.7 , 7.2 - 13.8 9.3 - 16.8
BOTt•M 9.4 - 12.4 6.5 - 12.0 10.0 - 12.8 8.2 - 12.0 9.4 - 16.7

Put SURFACE 7.6 - 8.4 7.8 - 8.5 .7.5 - 8.2 7.4 - 8.2 7.5 - 6.3
BOTTOM 77 - 6.4 7.9 - 6.5 7.6 - 8.2 7.4 - 8.0 7.6 - 0.3

seCCaI (CH) 70.0 - 130.0 100.0 - 125.0 135.0 - 170.0 120.0 - 145.0 90.0 - 120.0



TABLE 01-48. (CONT.)

D OUUiR 26 -
DECD4Mfl19 - 25 JANUARY I JANUAItY 2 - 8 JANUARY 9 - 15 JANUARY 16 - 22

TEMP£RATURLs AIR
SURFACE

SALINITYs SURFACE
BOTTOM

OXYGENs SURFACE

Pot SURFACE
BOTTOM

ScECBI (CM)

-6.0-
-1.0-
-0.5-
22.0-
22.0 -
10.8-10.6 --

7.7-
7.6-

65.0-

8.0
.7. 5
6.2

26.0
26.0
12.6
11.2;
8.2
6.2

90.0

-12.0 - 1.0
-0.9 - 2.6
-0.9 - 1.6
24.0 - 28.0
24.0 - 26.0
10.2 - 13.3
11.4 - 13.3
7.7 - 8.2
7.3 - 8.0

80.0 - 13S.0

-8.0 -
0.6-
0.5-

23.0 -
24.0 -
10.2 -
11.6 -
7.6 -
7.9-

150.0 -

1.0
2.4
1.6

26.0
26.0
12.5
12.3

8.1
8.0

190.0.

-14.0 -
-0.6 -

0.1-
19.0 -

20.0.-
11.2 -
11.4 -
7.7 -
7.8 -

3.0
1.8
2.1

25.0
27.0
13.0
13.2
6.1
9.1

-18.5 -
0.0-

-0.5 -

23.0 -
23.0 -
11.0 -
10.8 -
7.7 -
7.9-

135.0 -

-6.1
1.6
2.5

24.0
24.0
12.6
13.0

6.2
8.3

145.0

I
JJANNAT 30-

JmANUAR 23 -29 FEBUARY 5 FEIRUAZY 6 - t2 PrERUART 13 - 19 FEBRUARY 20- 26
------------------------------------------------------------------- ----------------------------------------------------

TEMPERATURER AIR -13.0 -
SURFACE 0.6 -
BOTTOM 1.0 -

SALINITYs SURFACE 23.0 -
BOTTOM 23.5 -

OXYGENs SURFACE • • 11.4 -
BorTOM 12.0 -

Pit SURFACE 7.8 -. BOTTOM 7.9 -
sECCu! (CK) 135;0 -

2.5
2.6
2.6

26.0
26.0
12.9
13.6
6.2
8.1

160.0

-0.0 -
1.0 -
1.4 -

22.0 -
22.0 -
10.4-,
10.6 -
7.9 -
7.9 -

140.0 -

3.0
3.5
3.5

26.0
25.5
14.4
14.2
8.1
6.1

165.0

-8.0 -
0.5 -
1.0-

24.0 -
24.0 -

.10.8 -
11.6 -
8.0 -
7.9 -

170.0.-

6.o
4.5
4.1

26.0
27.0
14.4
14.4

6.1
6.1

205.0

-11.0 - 10.2
1.5.- 5.6
2.4 - 6.0

26.0 - 26.0
.25.0 - 26.0
11.4 - 12.8
11.8 - 12.6
8.0 - 8.3
7.9 - 6.2

200.0 - 270.0

-6.5 -
3.1 -
2.0 -

19.5 -
22.0 -
10.1 -
10.8 -
8.0-
8.0

115.0 -

17.5
8.0
7.0

26.0
25.5
12.7
12.3
.8.2
8.3

200.0
-------------



TAIL, DI-46 (CONT.)

27 FEBUAR - 5 MAIM3 6 - 12 A 13 - 19 MARCH 20 - 26 MARC 27 MABC- 2 APRIL

TEMPERATURE: AIR -2.0 - 7.0 2.0 - 14.1 3.0 - 17.5 -3.5 - 8.7 4.0 - 25.0
SURFACE 5.1 - 9.3 .7.0 - 13.3 9.8 - 14.0 4.5 -- 9.7 8.2 - 15.6
BOTTOM 5.0 - 9.0 7.1 - 13.3 10.0 - 11.0 4.6 - 1060 8.6 - 14.8

SALINITYz SURFACE 21.0 - 24.0 20.5 - 24.0 22.0 - 26.0 20.0 - 24.0 19.0 - 22.0
BOTTOM 22.0 - 24.0 21.0 - 23.0 22.0 - 24.0 20.5 - 23.0 20.0 - 22.0

OYGEH2 SURFACE 10.0 - 12.4 8.6 - 10.8 6.9 - 9.6 9.3 - 10.9 8.6 - 10.2
BOTTOM 10.6 - 11.8 8.8 - 10.3 9.0 - 9.5 9.7- 10.5 6.9 - 9.4

Pot SURFACE 6.0 - 6.3 7.8 - 8.2 .7.8 - 8.1 7.7 - 8.1 7.9 - 6.1
BOTTOM 8.0 - 0.3 7.9 - 6.2 7.8 - !.0 7.8 - 6.0 7.9 - 8.1

SaCCEo (Cm) 110.0 - 163.0 180.0 - 235.0 150.0 - 190.0 90.0 - 165.0 130.0 - 155.0

3 - 9 APX1, 10 - 1 APRIL - 23 API2L 24 -30 APRIL I - 7 KAT

Vi-
.Ln

TIDqUAT•UR. AIR
SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE
BOTTOM

StCC"! (CM

-2.2 -
6.4 -
8.6 -

20.5 -
20.5 -
8.4 -
8.4 -
7.8 -
7.8 -

70.0 -

10.0
11.9
12.2
25.5
23.5

9.5
9.5
9.1
8.1

105.0

7.0 -11.4 -

12.8 -
20.0 -
20.0 -
6.7-
8.8 -
7.9-
7.9-

45.0 -

30.5
16.7
16.0
24.0
22.0

9.9
9.4
8.1
8.1

1S5.0

5.5 -
14.6 -
14.0 -
20.0 -
20.0 -

6.0-
8.0-
7.8-
7.9-

90.0 -

20.0
17.6
17.7
22.0
22.0

9.6
9.2
6.2
a.1

140.0

1.7 -
14.2 -
14.4 -
20.5 -
21.0 -.
6.2 -
8.4 -
7.9 -
7.9 -

120.0 -

12.5
17.1
17.3
23.0
23.0

9.1
9.1
8.1
8.1

150.0

11.0 - 22.6
15.5 - 17.4
15.9 - 17.3
21.0 - 22.0
21.0 - 22.5

7.8 - 9.0
7.5 - 0.8
7.7 - 8.1
7.8 - 8.1

105.0- 160.0
S----------------------------



TABLE 01-48. (COWT.)

8 - 14 KAY 10 - 16 JULY 17 - 23 JULY 24 - 30 JULT 31 JULY- 6 AtGUST

TEMPERATURE: AIR 3.7 - 19.5 18.0 - 26.8 21.6 - 30.0 9.7 - 24.0 18.5 - 20.5
SURFACE 13.6 - 16.9 25.0 - 27.7 26.6 - 30.0 21.5 - 24.5 23.7 - 26.5
BOTTOM 13.6 - 16.9 25.2 - 26.0 27.8 - 31.0 21.8 - 24.0 23.8 - 25.9

SALINITYS SURFACE 22.0 - 25.0 24.0 - 26.0 23.0 - 26.0 25.0 - 28.0 25.0 - 26.0
BOTTOM 22.0 - 24.0 24.0 - 26.0 24.0 - 26.0 25.0 - 27.0 25.0 - 26.0

OXYGEkt SURFACE 7.9 - 8.7 5.3 - 6.6 4.4 - 7.6 4.2 - 6.8 5.3 6.0
BOTTOM 8.1 - 6.6. 5.2 6.6 3.6 - 7.0. 5.L - 6.6 6.6 7.9

PHs SURFACE 7.9 - 8.1 7.9 - 8.2 7.7 - 0.2 7.7 - 6.3 8.0 - 8.3

BOrTOM 8.0 - 6.2 6.0 - 0.2 7.7 - 8.3 7.9 - 8.1 8.1 - 0.2
SBCCE I (CI) 100.0 - 160.0 -- -. - 40.0 - 95.0 50.0 - 60.0 60.0 - 65.0

7 - 13 AUGUST 14- 20 AUGUST 21 - 27 AUGUST 28 AUGUST - 3 SEPTEMBER

TEMPERATUREt AIR 21.8.- 33.0 11.2 - 31.5 11.9 - 27.0 20.4- 29.2
SURFACE 26.5 - 29.4 22.0 - 29.0 20.6 - 27.5 24.8 - 27.1
BOTTOM 26.4 - 28.0 23.0 - 27.0 21.5 - 27.8 25.0 - 27.5

SALIITT*: SURFACE 26.0 - 27.0 24.0 - 26.5 24.0 - 26.0 24.0 - 26.0
BOTTOM 26.0 - 27.0 25.0 - 26.0 24.0 - 26.0 24.0 - 26.0

OXYGENs SURFACE *4.2 - 7.5 5.6 - 9.0 4.1 - 0.4 4.0 - 7.3

BOTiOM 5.4 - 7.6 5.6 - 8.1 5.1 - 8.3 4.3 - 6.5

PH, SURFACE 7.7 - 8.2 7.1 - 8.4 7.7 - 1.3 1.7 - 8.4

BOTTOM 7.9 - 1.2 7.0 - 8.4 7.9 - 6.3 7.9- 8.3

saccui (CMI 35.0 - 50.0 30.0 - 70.0 40.0 - 65.0 45.0- 72.0

!
•o
€•



Table DI-49. Total estimated number and weight (kg), with 80%o confidence interval of selected fishes arod macroinvertebrates impinged en the
traveling screens at the Oyster Creek Generating Station, Forked River, New Jersey from 8 .September 1975 through 3 Septem-
ber 1976 and from 4 September 1976 through 2 September 1977. No samples were taken 24 December through 7 March 1976
and 14 May through 12 July 1977.

Species
Alosa aestivalis
Alosa pseudoharengus
8revoorda .tyrannus
Anchoa mitchilli
Menidia menidia
GasterosMteus aculeatus
Syngnathus fuscus
Pomatomus saltatrix
Cynoscion regalls
Le.ostomus xanthurus
Mentioirrhw saxatills

8 September 1975 - 3
Estimated Number

28, 120 + .9.511
4,141 + 772

17,788 + 4,023
1,811,550 + 311,622

61,272 + 11, 440
225 61

36,066 + .4.650
14, 086 +; 2, 934
11,1q90 + 2,653
48,059 + 17,422

32,254 7 25,168
8,022 + 2,838
4,266 + 585
8,908 + 1,320
3,313 . 1,178

2.120. 873 &± 311.958

September 1976
Estimated Weight

268 + 66
301 + 49

1,218 + 313
4,954 7 868

314 + 57
.7 + .2
86 + 10
84+ 14

185 + 60.
191+ 50

2+7 1
369 + 137

54 + 19
908 + 136
368 + 113
251 t 97

11.135± 1.125

4 September 1976 - 2

Estimated Number
27,496 + 8,584

4,041 + 857
94,960 + 22,275

147,202 + 27,472
35,051 + 5,498

189 + 55
11,220 + 1.412

3, 935 7 774
27,297 + 6,166
61,513 + 15,945

105 7 52

28,371 + 9,208
57,773 + 14,980
2, 380 + 514

18,618 + 6,385
1, 516 1 860

600.537 + 76.935

September 1977
Estimated Weight

197 + 47
142 + 38

5,003 + 912
471 + 100
185 + 31

.5 + . 1
25 + 3

153 + 51
559 + 145

2,084 + 546
4+ 2

516 + 192
359 + 100
601 + 132

1,400 + 370
189 t 170

14. 586 ± 1,991

4-a

_j> Prionotus evolani
Etropus miaostomus
Paralilchthys dentatus
Pseudopletronectes americanus
Sphoeroides maculatus
Total of alU Vertebrates

Palaemonetes vulgaris 373,288 + 71,463 241 + 49 29,885 + 4,287 18 + 2
Crangon septemspinoa 3, 342,143 + 687,672 2, 883 _+ 596 600,278 + 100, 860 806 + 100
Callinectes sapidus 5,627,253 t 1,26,146 51,399 + 9,577 230,691 + 33,337 10,837 + 1,334

Total of all Invertebrates 9,365,228 + 1, 681, 865 56,261 + 9,767 879,842.+ 100,116 12,914 + 1,332
!a

Grand total of all specIesa 11,486,113 1 1,749,394 67, 396 + 10,017 1,481,396 +132,597 27,500 + 2.387

a Grand total of all species does not equal the total of all vertebrates and invertebrates because each total was a separate estimate.



TABLE DL-5". TOTAL ";'J392] OF FT."lM AND VACW)IN3 KRTUITI Dar*=• as T1 TIAYLIJG SC1EM AT THE OTSTEK CRlEE CGZXATTJO STATIO, P. Ilxvism. " ,mrT
FROM 5 SEFtDS[I 1976 THIOUCN 3 SEPTEPSER 1977. 3O SAMP.IES W! YAKM FROM3 14 MAY TRIDOG 12 JULY.

SPECIES SEP OCT NOV DEC JAN FEDB NA APR MAY JUL AUG TOTALS

MUSTEWS CANIS - 27 3 1 .. . . 31
SQUAWS ACANTHIAS - - - I - --

DASYATIS SAYr 14 4 - - - - - 1- 31
ANGUILLA ROSTRATA 4 6 33 79 7 10 10 2 - - 14 165

CONGER OCEANICUS - 3 22 9 1 - - - - - 36

ALOSA AESTIVALIS 7 42 110 7628 20 146 610 524 13 145 65 9310
ALOSA PSEUDOHARENGUS 2 133 110 28 2 6 508 319 30 29 29 1196

AWOSA SAPIDISSIMA L - I - - - - - - - . 2

BREVOORTIA TTRA74NUS 331 8637 15399 2227 34 178 578 110 2 377 890 28763

CLUPEA BARENGUS - - - - - - 2 8 1 - .- 11

DOROSOMA CEPEDIANUM - 12 7 3 - - - 22

ANCHOA HEPSETUS 82 53 20 - - - - - 8 163

ANCBOA NMTcI LL1 5583. 14219 2772 79 6 - 11194 91 1256 4488 39688

ENGRAULIS EURYSTOLE 1 - I - - - - - 2

ESOX NIGER - - 1 - - 1 ... 3

SrNODUS FOETENS 66 222 11 - - . . - 299

NOTEMIGONUS CRYSOLEUCAS - - - - - 1- - - - - 1

OPSANUS TAU 54 164 160 10 - 5 2 28 22 25 112 582

UROPHYCIS CHUSS - - 8 17 - - - 1 - - - 26

UROPHYCIS REGIUS - - 83 15 - I - - - - 99
RISSOLA MARGII4ATA 13 3324 4527 366 - 1 8 1 - 2 1 8243

HYPORHAMPHUJS UNIFASCIATUS - 6 1 - - - - - - 7
STRONGYLURA MARINA 7 40 2 - - - - - 105 178 332

CYPRI4ODON VARIEGATUS - 12 89 40 - 1 4 1 - - - 147

FUNDULUS HETEROCLITUS - 10 58 29 9 19 55 23 2 3 1 209

FUNDULUS MA.JALIS - 4 2 8 - 3 1 1 - - - 19

LUCANIA PARVA - - - 1 2 1 - - - 4

MEMBRAS MARTINICA 4 - I - 1 - 14 20

4ENIDIA SP. - - 1 - - 1
MENIDIA BERYLLINA - 1 - 3 1 1 - - - 1 2 9

14ENIDIA MENIDIA 9 200 3207 1303 60 102 3096 2271 5 24 92 10369

AP ELTES OUADRACUS - - 3 18 7 4 13 4 1 - 1 51

GASTEROSTEUS ACULEATUS - - - 24 34 1 - - - 59

rISTULARIA TABACARIA 8 69 - - - - - - 77

HIPPOCAMPUS EREcrUS 1 7 15 3 - - - - - - 26

SYNGQATHUS FUSCUS 41 421 1133 127 3 107 912 370 295 120 3529

SYNGNATHUS LOUISIAA - - - - - - - - - - I 1
MORONE AMERICANA 5 11 i1 30 13 47 187 99 - 5 6 418
MORONE SAXATILIS - - - - - - 3 - - - 3

CENTROPRIsris STPIATA 4 3353 3047 113 .-.. . 6517

MYCrEROPERCA MICIVOLPIS - 1 - - - - - I

LEPOTIS GIdlO!UJ - - - 1 2 - 99 72 - - - 174

POMATOMUS SALTATRIX 132 483 105 - - - 2 163 196 1081

RACHYCENTRON CANADUM
CARANX C.RYSOS
CARANX HIPPOS
SELAR CRUMENOPHTHALMJUS
SELENE VoME R
VOMER SETAPINNYS
LUTJANUS GRISEUS

1 1
28 670

- 6
112 203

1 22
1 -

I

6 6- - - 2

- 24 98 821

- 91 452 858
- - - 23



um a.-so. (Cow!r.
- - - - ------ - ------- -------- ------- -------- --------

a?33OVD00. CHBISOPS
BAIIDIXLLA CBRESURA
CTHOSCION REGALIS
LEIOSTOMUS XANTHURUS
MENTICIRRBUS SAXATILIS
m]C3aOOcN O NDULATOS
CHAR7IDIPTERUS FABER
CHArTODON OCELLATUS
TAUTOG. ONITIS
TAUTOGOLABR.S ADSPERSUS
4UGIL CEPHALUS
MUGML CUREM4A
SPHYRAENA BOREALIS
ASTROSCOPUS GU7rATU S
CHASMODES easou rANUS
HYPSOBLENNIUS HENTZI
AMMODYTES SP.
GOB 0OSONA BOSCI
GOSIOSOMA GINSBURGI
.P 1• LUS TRIACANTHUS
PRIONOTUS CAROLINUS
PP.IOMOTU3 ZVOLANS
MYOXOCEPHALUS AENAtUS

10 508" 348
799 4752 374
298 5674 9023.

1 19 3
- 2 9
1
- 27 1
1 40 409
1 - 1
1 - 11

22 45 10
- 72 -
2 133 111
2 13 s

10 553 907

1 a 4
- 1 1

12 162 75
16 26 66

1016 6242 605

3

552

8

115
3
5
2

3
7

68
413
2

12
2

is
4

4

1

3

1
1

19
S

10

I

I

9

3
2

I
1

4

13

9
1
4
2

13
2

I

6

11 1

8 875
12 1664 7601

187 1360 17923
- 1 24
- 1 21

- - 1
- - 29
1 2 592
2 4 13
- - 32
- 3 87
- - 72

I

"%0
2
1

- 249
- 31
2 1462
- 34
- 33
- 4
1; 281

19 131
21 7900

- 11



0

TABLE, -50. (cONT.

s IrCT13 Ip. DEC JAN VWU U A , A, fW . .TrJ
DAC'YLOPTERUS VOLITANS . I-
FAMILT BOTHIDAE - I - 1 -. .. . ..
E£ROPUS 1ICROSTOMUS 4 475 19140 2562 1 1 - - - 22183
PARALICHNTYS DENrATUS 80 408 35 7 - - - 37 - 26 98 691
SCOPrTHAL[4US AQUOSUS 7 77 81 22 1 2 44 56 12 15 2 319
PSEUDOPL ,U RONECTE S
A'E RICANUS 4 25 715 2906 891 579 590 219 - 101 4 6034

TRINECTES MACULA'US 23 65 27 1 - - 9 21 4 3 25 1.78
SYMPHURUS PLAGIUSA - 2 17 2 - -- - 21
AUTERUS SCKOEPFI 5 9 ...- - 1 4 19
MPOCANT1,US HISPYDUS 5 11 .. . .. 16

LACTOPHRYS TRIOUETER - 1 1
SPHOCROXDES MACULATUS 5o 217 6 1 1 39 61 175
CHIOTCT-RUS SCHOEPPI 3 2 - - 4 1 10
rise FRAGMENTS - . ... - 2
miro FOKLIRI - - 2 2

NALACLEMTS T2XXAPIV - 2 - - - - - - - 12 s
PETWXN POIFEA - -. . . . .. . . . 1 I
AIUOWEA alF . 38 7 24 "- -

C.A8W 8CTIPfOA - - - .. . . . . 1 - 1
_CXA,,A CAPILLATA 74 25 - - - - 452 -. 551
ORDER ACTrNIARXA - - 1 3 3 1 -'-
OPOSALPINX CIIPEREUS .-. . . 1 - - 1
MYLILUS EDULIS - I- - - - - - " 1
INSIS D RECTIJS - 2 . .- 2
LOLIGO PfALZI - - - 4 .. .- 4
L0LLIGU NCOLA BLOZTS 290 39 -- - - 337
CLASS POLYCQA£TA 2 6 162 53 28 310 so 65 1 1 2 680
LIMULUS POLYPHEMUS 1 9 5 2 - 2 4 - 2 6 31
SOUILLA EMPUSA 4 253 108 1 - - - 2 1 1 2 372
PMDAEUS SETIPF9MS - 7 ...- . 7
PENAEUS A3TECUS 209 929 46 1 . .. . ... 1185
PALAEMO"NETES VULGARIS 3 862 1307 2196 769 481 3171 1609 119 97 38 10652
PALAEMONETES PUGIO - - I 1 1 - •12 1 1 2 - 26
PALAEIONETIS SPP - - I - 2 - - 5 - 8
CRANGON SEPTE14SPZNOSA 5 300 37705 102341 19698 6429 31678 24486 638 3 3 223286
PAGURUS LONGICARPUS - - - I - - 8 7 - - - L6
LIBINrA DUSIA 2 15 8 - - 7 2 3 3 40
CARCINUS tAENAS - - 5 - - - - - - -5
OVALIPES OCELLAWS 42 368 396 6 1 1 30 59 11 37 19 970
PORIJ1INUS GIBSESI 1 12 - - - - - 1 14
PORTVJNUS SPINIMANUS 1 4 -- - -5
CALLINECTES SAPIDUS 32027 13221 366 8 3 5 209 1677 414 3862 14804 66596
CALLINECTES SIMILIS 413 11 - - - - - 36 398 958
FAMILY XATHIODAE - 2 .. . .. 2- 2
PANOPEUS, HEIBSTI1 2 1 L - - 1 - - 5
NIOPANOPE TEXANA 1 6 6 12 1 .1 12 *27 5 12 4 87

INVERTEBRATE FRAGMENTS - 2 -7 - - 0
PHYLUM MNEERTEA - 21 77 26 - 4 42 289 1 199

PROCAMBARUS BLANDINCI - - - - -1 1 - --

TOTAL SPECIMENS
TOTAL TAXA
TOTAL COLLECTIONS

41935 68129 104257 123151 21618
67 63 74 62 36
75 90 91 104 91

8396 41226 43912 2202
39 43 47 26
89 108 93 42

7003 25354 487183
43 56 121
53 110 946



TAB LE DI-si. TUTAL VRIGHT (a) OF FI1SH1 ANID MACUY mAMM •Im1 00 7232 TRAVELING SC•IU AT THE OT .I t EL GUM Z SATI3G IYIflT * rgwn uItV, mm" jS"lCT rWW 5 SDDT4M3 1.976 "Z " S I3 TU18SM 1977. 90 SAWM ri3 TAKEN.10 FR 14 MAX TnU 12 JULT.

JAN PEE NA.E APR NAT JUL WG TVTAIS
SPECIES
MUSTEUS CAllS
SOUALUS ACAUTHIAS
DASYATIS SATI
ANGUILLA ROSTRATA
CONGER OCEANHCUS
ALOSA AESTIVALIS
ALOSA PSIUDOHARENGUS
ALOSA SAPIDISSXNA
BREVOORTIA TYRANHUS
CLUPEA HARENGUS
DOROSOMA CEPEDIANUM
ANCHOA REPSETUS
ANCHOA MITCHXLLI
EIGRAULIS EIRYSTOLS
9501 NIGER
S1110008 rONTENS
NOIKIGONMuS CRaSOLEUCAS
OPSANUS TAU
UROPRYCrS CHUSS
UROPHYCIS REGIUS
RISSOLA NARGINATA
HYPORHAMPHUS UNMFASCIATUS
STRONGTW RA MARXNA
CYPRINODOK VARIEGATUS
PUIjDULUS qBTEROCLITU S

UODUiLUS IAJALrS
LUCAMIA PARVA

EIMBRAS -ARTIN! CA
IgNIDrA SP.
M1NIIDIA BERnLLINA
NENIDIA MENBEIA
APELTES OUADRACUS
GASTEROSTEUS ACULEATUS
rSTUVLARIA TABACARIA

HMPPOCAMPUS ERECTUS
Sy1G4ATHUS PUSCUS
SYNGNATHUS LOU!S!ANAE
"3RONE AMERICANA
MOIROME SAXATILIS
CENTROPRISTIS STRIATA
MICTEROPERCA MI CROLEPIS
LEPOMIS GIBBOSUS
POKATONMUS SALTATRIX
RACHYCENTRON CANADUM
CARANX CRYSOS
CARANE HIPPOS
sErAR -CRUM ENOPHT1LALMUS
SELENE VOMER
VONER SETAPIMNIS
LUTJANUS GRISEUS
STENOTOMUS CHRYSOPS
BAIRDIELLA CHRYSURA
CYNOSC ION REGALIS
LErOSVmuS XANITIIURS
NIZVT!CIRRNUS SAXATILIS

SEP OCT NOV CC
- 19535 3391 51

5950 2067 - -
1775 1412 aeon 37e66

- 165 1095 505
89 589 1262 32153
59 2293 1664 298

276 - 27 -
23967 399243 631219 348428

- 432 291 67
239 250 122 -

13601 48849 6536 321
4 - I -

- - - 127
4890 15391 669

7920' 3103; 17691 919
- - 31 "304
- - 1678 1049

232 107486 108145 7259
- 69 7 -

203 1198 123 -
- 26 161 86
- 37 214 106
- 6 6 98

16 - 1

2 5
30 1070 15616 6153

- - 3 20

213 1543 • -
3 46 50 20

84 1030 2363 220

1S43 2620 2654 7064

18 20078 28514. 1232
- 25 - -

6273 24185 5849 -

3 .47 • -

630 34208 54 -
- 255 - -

1450 8968 - -

8 167 - -

- 1846 41701 292
i06 2963 1613 -

11189 116812 16849 -
5462 184882 411435 11818

17 970 is -

JAN

1133
37

los
16

1599

6

19

1

1
230

7

3

1696

16

Fee MAE APR

2311 1261 164
- 15

660 7061 17583
111 13646 19026

8319 62030 21214
- 177 1274

- 39982

33 -; 21

93 76 7683

- - 33

4; 140 .1;

2 7 2
75 283 92
30 25 5

3 5 -

507 17485 13736
4 20 6

67 88 3

- 244 1932

7668 22122 9792
L599 -

- 164 187

74

254 345 191

MAT

847
2469

577
1

311

6708

36
2

1030

- - 21967
- - 110
- 4970 12987
- 2253 56993
- - 1j17

1893 755 63017
353 404 40339

- - 303
3224 13616 1513380

- - 1452
- - 790
- 50 661

3520 12477 127603

- - 5
- - 181
- - .20940

- - 6
2881 10999 06669

- - 369
2733

121 42 223484
- - 96

390 902 2816
- - 294

19 7 861
- - 178

- - 9
- 30 58

2 4 15
60 214 55339

- 1 63
- - 156

- 1756
S - 119

728 259 7893
- 6 6

1525 772 57456
- - 1599

- 49842
- 25

- - 362
178.7 3236 41336

- 17 17
- - 50

45 401 35338
- - 255

340 2272 13030
- - 175

3
- 43839

11 4987
145 4635 151630

1117 14862 630362
- 2 915



TASJ DI-s".(COT"..)

rh.3

SPECIES
HICROPOGON UNDULATUS
CHAETOVIPTERUS FABER
CHACTODON OCELLATUS
TAUTOGA ONITIS
TAUTOGOLABRUS ADSPERSUS
MUOIL CEPHAUS
14UCIL CUREMA
SPHYRAENA BOREALIS
ASBROSCOPUS GUTTATUS
CHASMODES BOSOUXANUS
MYPSOBLENNIUS HENTZI
AIMODYTES SP.
GOB!OSOMA, BOSCI
GOBIOSOMA GINSBURGI
PEPRILUS T'RIACANTHUS
PRIONOTUS CAROLINUS
PRIONO7US EVOLANS
MYOmDCEPHALUS AENAEUS
DACTYWPTERUS VOLTTANS
FAMILY BOTHIDAE
ETROPUS MICROSTOMUS
PARALICRTHYS DENTATUS
SCOPHTHALJUS AOUOSUS
PSEUDOPLEURONECTES
AMERICANUS

TRINECTES MACULATUS
S04PEJURUS PLAGIUSA
ALUTERUS- SCHOEPPI
MOMNACANTHUS HISPIDUS
LACTOPHRYS TRIOUETER
SPHOEROIDES MACULATUS
CHILOMIVTERUS SCHOEPF?
FISH FRAGMENTS
BUFO FOWLERI
MALACLEMYS TERRAPIN
PHYLUM PORIFERA
&E3UOREA SPP
CLASS SCYPHOZOA
CYANEA CAPILLATA
ORDER ACTINIARIA
UROSALPINX CINEREUS
MYTILUS EOULrS
ENSIS DIR9CTUS
LOLIGO PEALE]
LOLLIGUNCULA BREVIS
CLASS POLYCHAETA
LINULUS POLYPHEMUS
SQUILLA EMPUSA
PENAEUS SETIFERUS
PEIAEUS AZTECUS
PALAEMONETES VULGARIS
PALAEMONETES PUGIO
PALAEMONETES SPP
CRAPIGON SEPTEMSPINOSA
PAGURUS LONGICARPUS

SEP OCT NoV DEC JAN
- ii 21 7 11 1 1- -• -

- 223 14 - -
384 2198 25593 16848 340
87 - 3 12 -

5 - 991 171 384
389 789 396 51 19

- 1037 - - -
16 4411 1144; 470
12 82 30 45 12
83 3435 4751 553 128

- - - 15 27
2 2 4 23 14

1 1 2 -
366 6228 3724 1986 -

1539 2140 1705 3
26719 110040 6701 131

- - 29 126 32
- 56- 5- - 1 -

31 2704 123662 12242 2
19247 107372 11590 3376 -

700 6772 5374 2598 42

Fits MAR APR

- 3217 96
- 50 199

116 192 -
64 73 -

5 132 lO;
1 5 -

71 11 -

5
- - 7278

142 2890 3266

MAY JSUL. A= TOALS
- - 132 1"9

- - - 237
17 28 359 51080

- 197 596 1144
- -- 1894
- - 37 1818
- - - 1937
. -16345

- 101.
44 5 9 9008

- - 51

.- - 12304
176 2308 7871
315 2610 146516

- - - 268
- - - 56

- - - 16

. - - 138646
- 3770 16596 169229

126 585 52 22547

215 4227 22436 230356 38255 108347 34531 18748 - 612 212 457939
1493 2612 1951 37 - - 463 1460 225 134 1145 9520

- 8 43 2 ....... 53
452 1500 - -" 8 306 2266
213 526 . . ..- - 739- 1 .. . .... -- 1

9035 27672 962 - -. 140 151 447 1318 39733
224 302 "- - - 29 7 562

2003 4829 1818 149 3 20 80 2 771 1936 11693
..- - 35 35

- 501 ..... .. 165 492 1158
. . . . .. ..- 19 19

765 125 549 . .. .- - 1439
. . . . .. . . 72 72

- - 22363 3913 - - - - 141507 - - 167783
- 6 - - 25 55 17 2 - - - 105
. .....- 2 - - - 2
......... 1 1
- - 3 ...... 3
- - - 95 . .. - 95

5300 477 - .- 5777
2 17 442 113 62 1067 117 B9 1 1 3 1914

1400 0736 5191 3200 - - 2050 5226 - 1115 6112 33030.
55 4158 1683 19 - 97 21 26 49 6108

- 22 22
3321 11058 466 7 - - - - - 15652

3 409 924 1299 420 311 1887 1065 84 66 28 6396
- - 6 1 1 - 12 1 1 1 - 23

- 1 - 1 3 - 5
5 388 34056 99843 19359 6726 34825 27746 621 2 2 222573
- - - 3 - - 24 13 - - - 40



TABIL 01-51. (COwr.)

LIEl m[A DUel^
CACZINU 8 MAWIAS
OVALIPBe OC3LLATUS
PORTUNUS GISSI
PORTONUS SPINIMANUS
CALLINECTZS SAPIDUS
CALLINBCTES SImrLIS
FAMILY XANTSIOAE
PANOPEDS 1ERBSTI
NEOPANOPE TEXANA
INVERTEBRATE FRAGqENTS
PHYLUM NEMERTEA
PROCRAAUS SLANOINGI

Ab3 JoLE lOZE -- - - 921 182 351 604 5371
- - 36 - - - - - - - . 3

11? 4153 3007 30 2 2 355 373 104 8e8 498 10529
3 46 . .. . .. . 4 53
2 16 "- . . . .. ...- 18

1163290 509697' 17586 132 21 58 3955 35066 10406 218727 1019780 2978670
857 334 - - - - - 55 1742 2988

- 11 . . . . . .. .. - 11
20 11 - 7 - - - 35 - - 73

3 23 .21 41 3 2 67 136 102 62 13 473
142 23 2 a - - 7 23816 122007 - 39 146044

- 67 410 110 - 14 312 125 - - 8 1046
- - - - 2 12 9 - - - 23

TTAL SPECIMEIS
TOTAL TAXA
TOTAL COLLECTIONS

1325750 1864240 1624910 835297 64028 137378 212068 259152 287624 246761 1130010 7987710
69 e5 76 64 37 39 44 49 28 44 58 122
73 90 91 104 91 89 106 93 42 53 110 944

tIj



T.Me PI-S. Toal mdrm,ý .cba of al mj mom.invstaru Impinge• t dw - ralnLg ic.omm by wee ax& wi d mm that: 100 ,pewLi tfaken ko, £ £pa -h 1916
ko,)h 3 Septembe 1977 ma t Oy. C k Geur. lSUdon. Pocked IRtwo. New let%. No talmLas ware Ucam It SIty tougb 1t Jtl.

2-11 12-18 2946 96-4 3 10-26 1741 24-20 31-6 7-13 14-420 2120 99-4

ARtaLUS 1MWiU 4 - 7 4 - 11 I 5 33 34 so so
Alco •mflalti - 2 6 $3 22 11 41 87 127 152 35 66 275
Alms poewJobarengus - 2 20 211 SO 147 164 115 29 24 24
kevocuds tyfmanm 202 242 2to 231 721 927 6034 30045 196m M909 4528 39175 2417
A&eChos6 poecm 92 z06 49 66 - 30 135 50 83 - -
Aocho mirtchfll 1309 6341 3631 1 i40$ 6124 6627 27396 9003 5364 3006 6m2 m 141
synod I foeemo - 26 1s 3am 199 lie 150 63 34 - -
01an6o tag 48 3. IS 33 s0 63 358 102 214 ISO 44 20 1i
Immbmugs me.Br 4 to 26 a 9i 91 4•10 7116 4144, 8971 S23 1199 am
CyVrincdilao vvtgSumi - - 15 44 16 11 80 47 IS
PMF uhaebocIlum - - - a 29 2ie 41 21 14 12
Meatoldn t mma a 4 - I to 34 103 in 420 "14 866s 609 2"t6 1334
Syguamm 6 it 70 S0 14 Go 66 2002 69 Was 200?. 478 260 146
Cm po94blelWea 3 3 16" 1292 6097 a"4 1134 1567 2536 760 *5S7

tonmwmmw mltstub 303 124 6 16 108 321 401 976 122 228 2
Cran bipp 11 2 1I t U toS 2685 6 4-
Sale"o ,verw I 6 1ts S6o 21 "a 542 9 -
s- -o s 4m, - • 11 76 60 815 101 102 11
Badow w •laymire it 22 2 6 i 9 241 4 17 123 84.. 270 119 s6

CyoDocm mqalk0 622 599 In4 689 222 592• 6137 1449 346 . 290 26 . 25 2
Loetaieoamet aondsm 192 913 6? 201 279 2427 8141 32246 16004 12280 2462 2477
Taatoqs oIds" - 2 11 142 231 16 3S0o 147 137
A. vopm too, - 6 - 260 274 219 131 11 is 7
Hyprodeombin hbnri 22 - 7 11 4 12 465 1633 1064 1648 166 50 11
PeoprJum tri2w. a 10 4 t6 6 21 09 446 190 440 123 27 23 10Q`
Pdaotme carotinum 0 1 9 19 1i 6 49 23 20 153 51 .2 4
PrIonwom 0-olam 116 92 192 9234 2704 5514 S2192 1367 513 959 167 200 i6

o mim t nmu - 5 * 26 12i 91 961 904 8919 25507 11091 10691 slog
Pwalldkhto dentanti 103 74 87 1i0 46 862 538 ]14 62 36 41 7 1
scap a mm aoucm - 2 6 32 1 43 148 112 Go to 57 64 22
pNWopt,.,,, q M-tcanu - - 6 8 9 0 so 11 97 336 201 1429 531

Trinlee maculats• 4 13 30 f1 42 44 So 26 47 28 8 9 4
S16oacoleo mVwulsft 14 1i 14 66e 23 03 so 12 26 m

Tota. of aLl ipecies 319F2 19794 5'0 24254 12499 26747 82398 74446 50490 1033715 0209 24810 12294

X,

4.r.

INVERTEBRATES
Liallg~mest 94.aivs 44 219
CL= Poilyohats-
Sqofila cpu

ponsmis~ 42
Fous"Mmoces u lgui 2
C,109 69 mtem~pil0* a

0oaItpeA ocetllaoto 29
C&flomwtuinmapti 2S420 26026
CaItlimcam .9tOimj 11 9
Mvium Memtema

TONIl Of eAl op-clo 15691 2704i

144
4

96

7
26

8312

'U/,.

H6 37 66l 16 7 ? - -

- 11 19 6 13 223 46
I 4 . is 5 2. 16 2 9

170 308 401 2292 299 121 is
IS 40 137 3698 70 304 1164 1607 921
* 6 62 1220 129 213 3233 i19 971742

125 290 125 534 318 5529 690 61 2
329S6 13891 109210 14121 1188 956 16 31 43

446 91 4 24 14

SI 141 6 06 18 g 0
3229796 145920 11249 22006 2429 25197 1060 10093 90609

39

4.

"12
1n1

3906

Gran To,.l of allvpci r29019 ! 145 513 47140 27036 . 29261 120404 7666 630969 109961 41099 129616



Table 01-M0. (Coot.)

Dwet tbq' lanmae Pabra-y

1-1 110-1a 1"-I 29-1 1- 9-19" 112- 2O-19 30-6 0-12 13-19 20-26

Anjtu r 211 S 34 20 6 2 7 22 17

Almias ari-all 11203 6473 400 SI4 2 14 22 30 2 4.2 40 173

Alma pmudohmen"l 10 9 40 $ - - 2 - I

kertndag trmnw 1?21 2"0s 910 74 - s 4 14 to 390

Anchdo elpea - - - - - -

Amnd2 mitchitH 65 22 51 4 1 14 -

Symphs, foet~, -- - - - -

OMosom tau 4 20 7 4 6 4

9,11*s marltisla 2116 60 14 72 - -

cyp(oodoo -n ,tatu•f 21 a -I - 4

Funduhh bnterocUiw 29 49 22 - 1 .. I 4 - 14 .3 12

MenidIs M ecIdle 1011 1037 714 in1 a ad 54 42 34 9 16 161

"madm, us1tau. so 121 a0 258 2 - - -

Coma--m.-stis vorta 2 11 9 1 - - -

Puaommomm Ii2ao4r - *-

Sls m " - * -v
btangemm d7lom .... .

aiahdlon cloym-o - - - -

Cynamdm rglilk a - -*"- -

Lallawaserso ,aaiwa 3611 142 lag 106 - - 1
To, a m id$ 0SO S 5 "O 6II -

Aaum -pu z 4 - I l - - -

I ypmbk.- bm3 2 to 47 124 to 1 10 4 - -

PeprtioM tsaeuw 4 I

Ftintomw €rouLnul 4 - " -* -
R Mae emism " " 1

PM*l1170 dentam 9 --- - -

Scoph•a•il aam !$ 12 10 - I - . -

deplrmamme•eo smeolrinm 1600? 6014 190, 260116 2 J4 Me 210 10 419 260 125 68

Tcinecom memsIam . .. .. .

Spkoaw*ld Mowlaftflme- - - -

Toal of all inesl 1Mo00 19541 8671 3648 30 2214 425 204 013 288 435 1721

Ctly"mhsem .1 94 45 8 II U 2. - 1 1a1 6 9021

Squills empc.a r 7

Plsommetes ••lis 5116 4014 121 8 11 2i 1271 it1" 271 611 219 258 120

Cra3m3 bepienupma 330 "72233 4n5 m1ol8 7100 W4014 7299 3225 1"45 1943 6369 9230

O.aljpm oealluas 4 - 5 4 - - - I

Cnaticm updw 1 9 - S - 1 4 4 4 7
Callae, almik - .

Tla•lltl o flea II 1 458" -l 2 - I

Total of .21 specie 60045 M11111 43613 S6014 70195 s44 7160 3546 20122 2132 6719 9167

101941 Ilan0 in" SIM Eil 3156 Sim 2960 1lug 1440 1la1 log"9
GrwWl Trotal df anl Wcie



Table 01-11. (-c,.)

Mech Apdl 
M

ay
-TES 27-S -12 19-9 to-%; 8 8- 10-16 1-41 4-10 1-7 8-14

Al-winavlua 484 111 ISO 1804 in 69 466 104 a 18 38
Alwm pood• mnfus . of 49 1210 29 1 648n s98 9 80 2 64
k aom 418 980 20 108 40 4. 111 11 210 1.
Aunam ,,,cA1ll . . .. . 810 12070 11763 5v7 I• A tit
Opuma e . 8 - 4 * 1 13. 58 63 5

Mutddl eamedg 567 6 3136 41 fl 140 1536 Zia1 i
alf8uguaqhe f*ae 6 2 71 480 68e 11S1 731 748 86
Mioows a Cm w a356 68 11 49 4a4 96 is 4

ple Sb"* - 4 4 1189 4 1 2 2
W a dom 19 10 6 1 10i " 17

PvA chaebd deoetan - -o * 6 31 18 2
Sc•ibaman q.uom 2 s o0 71 21 83 46 so 7 23 22
PlWp,, mm .ewt atc m 191 1Ia s 1ll1 1ll so lie its 48 - -
Slpbou~ rco msculssw . - - - I

ToWd ad all I¢•c 222 1118 Isis 8814 1 6as 1840 23914 13alo 18o0 100o IS0

DrV1TEIATFES
CYpMea .apillatl -46 1OIT
cle Plyehaeta 71 I6 8 40 20 22 I.6 10 1
Pamnenota 668 j 273 1 305 1443o 168 2330 15M t271 1188 M 110 104
Cr Ml septanuplt"Ma 47008 S0O w09 11166 8646 1471 18 Is16 3=01 3708 097 1?6
O.Ollp" o"latw 4 is I 40 3 88 42 1 27 12
Ca"IIecls altdw 9 21 IS 8 804 InI 2030 1806 617 681 649
Totalof all ajcit me0 as" 6481 18707 1114 6 16Uses 18670 688 491 21964 ta8

Gruin Total of all !pedo? 7s• 1 8214 10198 SIM3 18614 l6w08 420644 M735 ga66 3o 6 "818

I%



Table DI-52. (cont.)

July August

17-23 24-30 31-6 7-13 14-20 21-27 28-3
VERT EBRATES

Alosa aestivalls 4 370 67 25 72 41 18
Alosa pseudoharengus 7 75 44 34 12 16 6
Brevoortia tyrannus - 1062 1376 751 485 323 243
Anchoa mitchilli 21 3596 3140 3604 4320 3604 1713
Opsanus tau 8 50 76 137 110 52 56
Strongylura marina 4 317 485 117 47 9 5
Menldia menidia - 64 215 61 25 15 12
Syngnathus fuscus 187 215 77 132 139 69 76
Morone americana - 15 7 9 3 -
Lepomis gibbosus -....

Pomatomus saltatrix - 455 429 106 82 78 2.6
Caranx hippos - 64 34 - 99 190 25
Selene vomer - 258 217 54 826 366 329
Cynoscion regalis . - 39 35 .130 1110 3621 1104
Leiostomus xanthurus 5 432 2323 795 670 812 531
Paralichthys dentatus - 71 95 159 54 43 7
Scophthalmus aquosus 32 12 - 8 - - -

Psuedopleuronectes americanus 292 - - 15 - 4 -

Sphoeroides maculatus 4 92 23 119 49 30
Total of all species 573 7230 8735 6372 8235 9462 4229

INVERTEBRATES

Cyanea capillata .-..

Class Polychaeta - 4 - 2 7
Palaemonetes vulgaris 14 44 15 7 34 58 7

Crangon septemspinosa " " " - 7
Ovalipes ocellatus 43 67 22 10 10 16 13
Callinectes sapidus 3672 7373 16604 14955 14350 7582 4633

Callinectes similis - 95 552 437 202 96 108

Total of all species 3768 7594 17215 15413 14625 7776 4783

Grand Total of all species 4341 14824 25950 21785 22860 17238 9012



Table M1-53. r-al I rntd~ ..jeb 241 or fut,1 amd mmmnwoloo.1400 12196144 m da. wao.U. -mge by oeek0 fr M ,.111 Ms dim 100 .9600m mlPm lkor ' S"Winrn" 1676 do'b3 9,cK--m 1217 a it. 0111ff It. Cerrain. M1 21.10. Po16ad Kilo. Now fervy. No samoPta we take 14 May 8rug 12 by.

5-ti
002082

12-1i 19-15 26- 3-9
V-n ber D7 -mS

FISH
AagvUll. tm

Ao..1a 15101211
AndlO8 8.9.6110

lymo6um bet...

Ojisam mrtat

Cy9 . inoioo flueqatfl
fundulm u 8oCins

ff"W~em rum

fte"rommbi a111.01
cazui bippow
sale" Vnw

6adI.um trend w o

tvi Taa2246 oot.8
I-.. Ajutnccpm u 67 ma
U ~Hyp.obanatOum 8.5111

NPlrun t"G1ma.0420
00 ftleo@2.U 009011264

Pftmonof waelars
taopm mklcutorn.
PWAH~d210B 4.51.06
2cmpbtbabnmw a40a.
ft.owpkw10.a.20e amwlw
Tracaft6 macutart
04howeves .aeouatW
Total of all wpodom

to-is 17-29 24-30 31-6 7-13 14-26 21-?1

4.140 -
0 .014

*:J 0"3 1.206

0.18r 0.221
1.480 14.836

1. .N
0. OM 3.5896

e.o60 0.112

0.010
0.064 6.180

- 0.012

1t.71? 6.006
0.162 0.021
0.148 0.03

0.060 0.230

X. 50 4.1M

- 0.041

0.122 -

0.110 O.049
0.062 0.621
2.4122 21.10

0.01l

19.245 10.160

* 0. On

0.341 1.045
5.1108 0.40?

21.463 104.468

0.6N0 2.068 0.No9 1.211 3.943
0.00 0.021 0.200 0.168 1. 66 0.28$

0.268 3.101 5 2.434 1.222
24.230 s8.6M a 166m 14.606 60.126G 2067.401
0.143 0.217 0.126 0.229 0.2a8

10.160 01.298 17.310 218.64 2.,411 24.010
6. 169 31.618 12. 43 8.099 0.472 4.427
4.560 5.311 1. a" 21.202 a1.689 37.700
0.377 1.179 2.302 2.747 322.726 241.403

o0.607 0.200
* - 0.016 0.106

0. 01 ;o 0.1 a- 6.04 0.40 1.640 2. n0
0.028 0.04 0.160 0.19 1.8ON 1.028
0.606 0.110 1. 17 - L.410 04.144 2i.214
3.0U7 2.40 0.672 7.154 t4.o6O a2.022
U.2".0 1. 430 1 2 L 5.670 0! .440 0.265
1269 4.13 0.86 128.860 20.020 0.400
- - 0.080 0. am 1.321
6.026 0.211 01 0.428 6.8M 4.607
4.41 US 6.I= 46.1 m 116.10 144.0N3 61. 0
2.30 4.712 7.106 36.2W 240.100 41. 7r24
o.6 . 1.02868 0.096

0 on.001 -(.816 8.677
0.0o'8 0.001 0.828 6.648 2.404 2.718

0.364 0.400 0.042 2.902 21.125 4.440
a.880 1.906 2.O06 0.614 2.2t7 1.304

18.9L1 141.096 at. 48 122.381 100.011 17.201
- 6.218 0.00 0.446 4.999 a.7T7

10.640 U6.669 11.21" 16.608 160 t.00 25.23.
0.1•6 5.111 0.378 . T724 11.100 7.197
0.606 0.028 0.700 .t097 t0.41 O .046
1.O50 8.066 0.04 2.1S44 .6.22 2.370

S890 141 ON 11_18 2 0121 2.122 2.233

2.0on 2.600 14.655 10.4*7
0.827 2.762 0.2 1.111
2.112 g .6f8 0.462 0.160

44. 190 1304.020 238.006 170.629
0.$37

18.499 9.317 2.101 2.021
2. 101

32.351 10.04" 739 1 .1S0
95.1317 100.029 is.28 28.067
0.150 0.140 0.14* 0.12
0.24 O.9ff 0.093 2.004
3.018 28.484 16.444 10.448
1. 0a 4.t86 0.64 10. in

12.6.8 48.70d I0S07 6L.27
8L 37 14.897 0.060
0.209

6.201 119.783 9.62 10.217
4.C6O 1.741 9. ITO 0.120

U.123 2.165 2.270 0.227
48&. 96 624. 3 6 112.210 151.097

1.401 14.320 37.098 "1 .6MM
35.5217 3.313 0.421 . on
6.015 0.285 0.758 0.251
1. 674 8.161 2.078 1.6W
1.012 3.031 0.922 0. "0
9.102 8.881 2.448 1.835

55.218 110.3i 715.492 6. 012
IT.441 11.264 13.436 O.826
2. 767 1.004 3.096 5.498
4.286 14.232 2.449 00.390
0.411 1.002o .224 0. M7
4.432 -

46. US
1.841

0.1291
105. 750

0.608

1.722
12.2t1
0. 058

0. 011

0.110

2.02S

60.06

20. W02

0.238
0.2a"

6.081
0.004
0.129

17. 23
21.250
0.267
2.351

38. 640
0.130

6.L 01 620.124 S4U.234, d61.10 162.170 214i. 329 1220.710 2068.282 104.5091 58.172 312. MI

104Vlt13AT21
LaUligunela b.oe-, 1.612 4.158 2.684 1.438 0. ITO 0.790 0.210 0.094 -
CL Cydham te 0.O04 0.008 . 0 o0 0o.18 0.012 0.279 0.662 0.1Lis 0.075
Squill e mpa 0.022 0.028 0.0677 0.040 0.461 12.2131 5.818 4.524 0.6L4 0.104 0.099 -

8nmew 0.042 0.487 0.61N 1. 1On 4.212 1.811 28.61 1.?64 1.329 0.139
palmo ea6 .Gmoub 0.06 * 0.202 0.081 0.0M 0.090 1. 657 0.049 0.21. 0.150 .91 0;510 0.4834
kansga uepuim.pma 0.000 0.001 0.06 2.06 0. 04 1.910 0.161 0.299 3.144 7. 2O V.a4t "2.369

O.S44 Aclla 1 0.211 0.353 0.724 2.276 2. on 0.2% 3. 434 6.476 4.208 4.607 1.264 0.512 0.192
C ,0loc2l imlipkdw 831.410 1120.064 904.496 761.709 688.72T6 425.210 468.9I0 11.200 40.902 10.4415 1.68 0.115 0.210
Cajltwtnctas otl/ 0.014 1.08 0.448. 1.44 2 0.1 " 0.181 0.022
Pbybmm li.e-.a - -;.-O •. 5 . 0,.80 O0,116 0.267 0.1.9
Total of all Pocif t41.642 01.7.226 1007.46 7 M. a" 610.16 "9.369 53L S1 26.371 16.606 24.167 ". 716 109.315 30.120

ctan Total -( all iplum cad111O£0 po. 936.206 1231.22% 1161.66M 1301.7682 62.960 1129.6WO4 MO2. 04 22". 774 1306.216 1260.036 1*11.310 661.60 1220
3193. f? I



Table, M7-63. 'L

D• Ml) lanuwy
16-22 23-20 10-S 9-12 13-19 16-295-11 12-16 19-25 2'-1 2-8 9-16

FOSH
A.;.111, M.03,.
AIM& mntlallh

Alms pses9oham."

im.srdas t2ar5m0

Ahewm hoeesus

Aft.6o. mirchilli
Sy~ido reoewm

OpAM ta

RnolaI millriosm

Psdel bertocUlm

S"Pndmit fiscm

CinMu0rtab 0tst.

Pomi 010Wer
Cinsm h~ppoe

OSlome €voow

sa00qm cbmw,
9.940a le lle*

CWatov~m awthMi

Tsm• SOQI

HypoobieeoOiu 5enwli

Pepfllus otacantlai

PIlooom8 ewolivew
PI~omet evroila

ftepku mIam000Lo
pl abcbtbyv denctam

PI 1o -aim" desomaScoetwbsltsuone affor"M

Tilawaae moolaftE

44.213 6,112 10.30O
49.401 36.651 13.549
0.145 0.079 0. 43

1l0. 492 95.210 0S6.061

0.242 0.072 0.009

-1. a4

L 741 1.126 I .400
0.074 0. 00 9.116
0.086 0.172 0.036
4.701 4. we9 L 217
o.I v; 110 - 0.090
0.139 0.014 1 0.o2

i.779 3.227 16.060
11.399 8.209 4.941

1.49O - 0.014
0. S" OATS 0.430
0.4 M 0.460
0.001 -

0.4 C.0all 0.046
8.4137 2.5"1 2.411

6.292 - CUT9
1.313 3.143 0a.71

68.90" 214.048 "1 L310

14.174
1.000
0.001

O. lm

0.000

1. am

0.084

0.021

0.894

0.120

9.401
231.204

0.C0a

0.009

0.024
0.016

0.826
0.000

0. 696

0,100

0.060

Ia. 71

1.130
.0.146
0.009

3.306

0.024

0.044.

0.023
0.0011

0.060

0.078

is. M

0.0012

0.064

0.116

2. 9b
0.136
0.010

0.530

0.161
0.002

0.760

2. 438
0.012

9.059

0,280

0.144

40.. 046

0.132

0.452

0.042

0. 00"1

0.094

0.040

29.219

0.509

1.211

0.071

0.137

0.310

26060

4. 90
0.669

0.689

21. 644

0.035

0.034

0.CHI

0.011

0.210

1006. 46

p
p.

Tot4 l4 0U spelO 437.0A3 9024.4O 412.999 '78.222 17.710 70.500 10.991 24.246 00.001 21.005 43.436 231.791

124VERTATIS
tMI~rnuwuls bre-ts- - - - - ----

CIsm plyoiylst 0.009 0. 2I 0.106 6.0ll 0.01 6.061 0.00 0.01 0.014 0.206 3.216

squlsl eorap 0.105

Peosew stleco 0.049

palse1000tet mUwlib 0.0514 2.4$3 0.84 , 0.004 0.189 0.951 0.209 0.2"4 0.486 0.111 0.19 0.0o2

Ceupo -ePOpli'mpsn 89.10 69.8n0 32.016 31.091 1.064 32.910 1..393 .45 1.4125 0.943 9. 003 8.923

O-ie OCCAeuorN 0.011 - 0.014 0.001 0.006

cawafte sapldsw 0.270 0.929 0.021 0. 022 0.09 0.004 0.0001 -0.1 0.111

CalUlAOCsA sl lm-ll- 

-

Myluns Nevmle•s 9 .02 . 0.01$ 012 - - - 0.008 0.007

Total .1 all p-1. 103.175 F0. 071 30.879 $1.29 1.036 34.094 7.10 2. G69 1. 2M l 2.069 7.143 12.43

rtinl Total of all Orwits 41. 741 11"4.098 W7. I s . .4,0 21.305 0 01.111 27.818 1.219 ". O6.8 3.01110 61. o 4 S4.214



Table DI-51. (•-nt.0

M • ArIm May
-I 6-3 9-9 2"F "-I. to-1e 4X 11-2 24-30 1-1 5-14

VSTUIAkT0

Alma s valba 1.itt 0.30 0.67? 7. m 1.44 30.9o0 is.4" LW44I 2.5s 1. "9 1.686
Alosa pousdedarenqm 0.3"1 0. M 0.1 . 0..01 4.426 27.279 21.0a0 9.191 3.s64 L.sm Lis3
brenr•l t wamm n6.666 3.5 M L.798 I.05M 6.4"/ 11.206 26. 1 4.80 34.560 1.00 -

Asnon toubtut - - 9.35 • 74.400 41.396 1.731 0.646 0.419
O pmsm a taou 0.0 0 -. 2m - 0.343 7•. 0 15. 1 30.810 80.919
MeOdWs mmidta 1.78 1.61 27.486 9. ma0 Il.56 a 1.90 6.097 5.341 0.901 0.107 0.044
1vogna&uu kwas - .09 0.130 :.414 0..080 0.827 2.1266 1.129 1.934 1 .051
Mam,.. m.lcamo 41.216 u. .54.8 .s A.M6 ..312 4.554 1. 5 6.30
•AMOnA gil - •0.00? 0.011 0.493 0.007 0.369 0.139 0.0 -

Socpbi.1mm a 0.911 0.441 2.M1 9.73 0.326 1.00 1.07 0.911 0. 0s 0.234 0.100
Pia6o0lam 6e0t" mmwiclanu S4.342 9. 69 6.448 6•0 .9 1.196 _1M 126 .2098 13. M 1. -8

Total of all 2ps-la 96•.16 f0.511 39.400 309. 61 41.710 195.172 174.153 89.424 72.359 20.508 11.337

04V11TEPATIS
Cy~anes cW4lIa M- -- 166.307 M3. M2
clam of cseta. 0.1" 0.91 .0.011 0.10 C.OW 0.012 0.106 0.009 0.101 0.005
peilaffoe.tm "Ixert 0.410 0.913 0. 79 5. 5N 2.540 0.7O0 1.0 3.603 " 0.36 o 0. 148
Comp.m wmpFft oma L 3.8 6006 L6013 1.711 10860I 11.110 15.109 18.995 4.111 1.042 0.67
Ovdilpm sca8uss 9.6011 0.013 6.11 6.016 0.611 9.740 5.060 0.296 6.306 .10 0.1 314.i
Cauln•cim vatdus 0.151 0.30 0.067 .01 10,710 2,M165 , •148 446.0 ,..114 11.718 15607
Total of GU2 spe4lef 4.68 0. a" 7.6 91 5.40 29.640 1.990 60.564 125. 4468 1.000 t.o088 6WT. 02

Graad total of aU so.. 106,044 ff. N54 41.131 435.34 15.39 l 11.7n0 2". .17 514. r 1 50.3m39 99 On 6 $ft

I-

I-,n
a
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Table DI-53. (cont.)

July August

17-23 24-30 31-6 7-13 14-20 21-27 28-3
VERTEBRATES

Alosa aestivalis 0.*046 4.723 0.773 0.373 0. 816 0.432 0.237
Alosa pseudoharengus 0.095 0.820 0.579 0.663 0.239 0.173 0.170
Brevoortta tylannus - 8.911 14.739 10.972 10.457 9.326 6.666
Anchoa mftchilli 0.055 10.086 8.424 10.965 12.780 8.642 3.894
Opsanus tau 0.564 6.624 9.766 12.522 8.695 4.667 7.859
Strongylura marina 0.004 1.132 1.986 0.801 0.440 0.040 0.058
Menidia menidla - 0.159 0.433 0.184 0.060 0.045 0.037
Syngnathus fuscus 0.602 0.569 0.218 0.266 0.273 0.128 0.153
Morone americans - 4.839 0.835 1.290 0.403 - -

Lepomis gibborus - - - - - -

Pomatomus saltatrix - 4. 865 4.216 1.823 2.144 2. 852 0.898
Caranx hippos - 0.117 0.061 - 0.126 1.252 0.039
Selene vomer 0.014 0.974 0.917 0.354 3.714 2.277 1.551
Cynoscion regalis - 0.435 0.438 0.448 2.090 10.357 3.483
Leiostomus xanthurus 0.014 2.518 23.073 9.503 7.912 10.534 6.239
Paralichthys dentatus - 12.211 19. 519 29.251 6.641 4.396 1.209
Scophthalmus aquosus 1.329 0.394 - 0.201 - - -

Pseudopleuronectes americanus 1.516 - - 0.561 - 0. 500

Sphoeroldes maculatus 0.196 0.958 0.203 2.961 1.101 0.520 -

Total of all species 5.571 64. 854 97.394 92.854 72.068 82.612 37.180

rNVERTEBRATES

Cyanea capillata ..- -.

Class Polychaeta - 0. 004 - - 0. 005 0. 007 -

Palaemonetes vulgaris 0.014 0.028 0.011 0.007 0.028 0.038 0.005

Crangon septemspinosa .- - - 0.005

Ovalipes ocellatis 1.173 1.523 0.593 0.159 0.305 0.467 0.331

Callinectes sapidus 151.141 504.450 967.100 954.393 1180.297 555.053 419.028

Callinectes similLs - O-.141 1.242 1.687 1.439 0.685 1.177

Total of all species 156.562 506.491 981.480 956.276 1189.616 556. 812 422.381

Grand Total of all species 162.133 571. 345 1078. 874 1049.130 1261. 684 639. 424 459. 561



Table DI-54 Total Impingement estimate by week. with number of specimens impinged per hour, total intake cooling water flow, and total
number impinged per million gallons of cooling water flow at Oyster Creek Generating Station, Forked River, New Jersey from
5 September 1976 through 3 September 1977. No samples were taken from 14 May through 12 July 1977.

Date
September 5

12
19
26

October 3
10
17
24
31

November 7
14
21

,- 28

December 5
I•'3 12

19
26

January 2
9

16
23
30

- :11
- 18

-25
- Oct. 2

-9
-16

- 23

- 30

- Nov. 6

- 13

- 20

-27

- Dec. 4
- 11
- 18

- 25

-Jan. 1
-8

-15

- 22

- 29

- Feb. 5

Weekly
Estimated 4

29,079
37, 845
38,413
47,249
27. 028
38. 087

105. 406
76,885
53, 065

108, 981
41,098

123, 676
82,806

101. 943
110, 880

52.243
35,323

8,215
37.654

8.207
3,800
2,535

#/Hr
173
225
229
281
161
227
627

.458

316
649
245
736
493
607
660
310
210

49
224
49
23
15

Weekly
Gal x 106

4637
4637
4637
4637
4637
4637
4637
4637
4637
4637
4637
4596
4637
4637
3852
4637
4454
3907
4205
3478
3478
3478

#/Gal
X 106

6
8
8

10
6
8

23
17
11
24

9
27
18
22
29
11

8
2
9
2
1
1

Date E
February 6 - 12

13 - 19
20 - 26

27 - Mar. 5
March 6 - 12

13 - 19
20 -. 26

27 - Apr. 2

April 3 - 9
10 - 16

17 - 23

24 - 30

May 1 - 7
8 - 14

July 17 - 23
24 - 30

31 - Aug. 6

August 7 - 13

14 - 20

21 - 27

28 - Sept. 3

Weekly
stimated #

2,440
7,151

10, 888

7, 735
8, 114

10.195
83, 031
15, 514
26, 908
42,644
52,735
6, 868
3, 356
3,285
4, 341

14, 824
25.950
21,785
22,860
17,238

9, 012
1,567,352

#/Hr
15
43
65
46
48
61

494
92

160
254
314
41
20
20
26
88

154
130
136
103

54
217

Weekly
Gal x 106

3478
4239
4637
4637
4637
4637

* 4629
4637
4637
4637
4601
3560
2318
1398
1424
2623
4381
4637
4637
4637
4637

180024

#/Gal
x 106
1
2
2
2
2
2

18
3
6
9

11
2
1
2
3
6
.6
5
5
4
2
9Totals



TABLE D1-55 . TOTAL NUKBER OF ORGA.I!S IMPINC-D ON THE TIAVELINiG SCREENS
DURING EACE TIMM PERIOD OF A 24, CONSECUrIVE HOUR SAMPLE AT
THE OYSTER CREEK GEIERATIN STATION FROlM 5 SEFPTEBER 1976
THEROUG 3 SEPTh(SER 1977. NO SAMPLES W1ER. TAS•EN 14 MAY
THROUGH 12 JMLY.

SPECIES PERIOD 1l PERIOD 2 PERIOD 3 PERIOD 4

MUSTELUS CANIS 6 4 3 2
DASYATIS SAYI 4 1 5 2
ANGUILLA BOSTRATA 12 14 20 33
CONGER OCEANICUS 1 2 7 4
ALOSA AESTIVALIS 331 311 1103 1907

•ALOSA PSEUDOHARENGUS 89 65 211 139
ALOSA SAPIDISSIWL - - - 1
BREVOORTIA T7RANNUS 1185 1013 4053 6448
CLUPEA HARENGUS - 2 2 1
DOROSO4A CEPEDIANUN - 2 2 2
ANCDOA DEPSETUS 8 5 21 34
ANCBOA ITCHaILLI 1554 1584 7050 6541
ESOX NIGER - 1 1 -

STRODUS 1FOSTENS 3 6 33 20
OPSA'OS TAD 22 28 147 86
UROPEYCIS CHUSS - - 4 4
*UROPRYCIS ReGIUS 3 - 24 30
RLISSOLA MARGIVATA 93 127 2856 994
HRPORBAMPMUS

ONIFASCIATUS - 2 3 1
STIONGTLURA MARINA 22 20 112 46
CYPRINODON

VARIEGATUS 7 13 11 23
IUNDULUS
oETEROCLITUS 15 24 27 38

PUNDOWLS HAJALIS 2 3 5 2
LWCANIA PARVA - "1 - -

MI•P RAS HAmTINICA 3 2 8 4
NENrDIA SP. - - 1 -
MNIEDIA BERYLLINA 2 - 1 -

MENIDIA ZENIDIA 776 694 1144 1387
APELTES OUADRAICUS 4 6 11 7
GASTKJOSTIUS

ACULEATUS 6 1 10 16
FISTULARIA TABACARIA 7 2 8 1i
HIPPOCAMPUS ERPCTUS 2 4 1 6
STNGMATHUS FOSCUS 118 90 830 485
SYNGNATKUS

LOU ISIANAE - - I -
MORONE AMERICANA 21 25 54 61
NORONE SAXATILIS -. - 2 -
CENTROPRISTIS

STRIATA 76 153 2509 815
LEPOMIS GIBBOSUS 4 ]8 54 22
POM4T04US SALTATRIX 61 47 197 123
RACHYCEHTRON CANADUM 2 - 1 -
CARANX CR5sos - - 1
CAI4Awx HIPPOS 18 7 83 29
S ELAR

CRUNENOPHTHALMUS - - - I
SELENE VOMER 74 24 61 135
VOKElR SETAPINNIS 3 - 8 -
STENOTOMWS CHRYSOPS 28 5 72 125
BAIRDIELLA CHR¥SURA 72 17 132 147
CYNOSCION REGALIS 207 208 1274 988
LEIOSTODUS XANTHURUS 612 560 2767 2022
XENTICI IR•US

SAXATILIS 3 1 3 2
NICROPOGON UNDULATUS - - 2 2
CMAETODIPTERUS FABER - - 1 -

CeAMTODON OCELLATUS 1 - 6 11
TAU7TOA OVITIS 35 41 148 75
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TADIJ DI-3.5 (CORI.)

TAUTV0GOLAB iUS
ADSPERSUS 2 1 3 1

MUCIL CEPHALUS 2 2 5 8
M4UGIL CQREMA 1 2 9 23
SPUYRAENA BOREALIS 2 9 19 5
ASTROSCOPUS GUTTATUS 3 1 94 20
CHASMODES BOSOUIANUS 7 5 6 3
HYPSOBLENNIUS BENT:Z 19 37 365 ISO
ArIyODY"ES SP. 4 4 10 1
GOBIOSOW. BOSCI - 10 3 1
GOB IOSOM GINSBURG! - 2 -
PEPRILUS TRIACANTBUS Is 10 93 42
PRIONOTUS CAROLINUS 4 2 31 15
PRIONOTUS EVOLANS 68 141 1242 774
,YOXOCEPHLUS
AENACUS - - 3 2

DACTYLOPTERYS
VOLITANS - - 1 -

ETROPUS HICROSTONUS 176 145 6669 4771
PARALICHTHYS

DENTATUS 1s 24 127 54
SCOPBTSALMIS AOUOSUS 14 7 64 39
PSEUDOPLEORONECTES
ANERICANUS 76 118 916 802

TRIHNCTES IACULATUS 5 4 39 20
SYMPIUBUS PLAGIUSA - - 7 3
ALUTERUS SC.OEPFI 2 - 6 -

MONACANTIUIS BISPIDUS - - 2 2
SPIJORO IDES

MACULATUS 10 9 63 12
CU! LOMYCTERUS

SCBOEPPI 1 - 2 -
BOPO POWLER! - - 2 -
MALACLEMYS TERRAPIN - - 1 1
PHYLUM PORIFERA I - - -
AEOUOREA SPP 29 4 6 9
CLASS SCYPHOZOA - - 1 -
CYANZA CAPILLATA 51 49 115 58
ORDER ACTINIARIA 1 - 1 3
UROSALPINX CINSREUS 1 - - -
NYTILUS EDULIS 1 - -
ENSIS DITRBCTUS -- 2 -
LOLIGO PEALIE - 3 1 -
LOLLIGUNCULA BREVIS 8 17 64 48
CLASS POLYC/ARTA 14 24 120 80
LIULU S POLYPHEMUS 5 4 3 1
SOUILLA E)GUSA 3 7 178 66
PENAEUS SETIFERUS - - I -
PENAEUS AZTECUJS 3 3 213 256
PALAENON ET ES

VULGARIS 72 106 2599 1790
PALAEMONETES PUGIO - - 2 1
CRANGON
SEPTE•SPINOSA 583 462 47819 38645

PAQURUS LONGICAnPUS - .2 6 1
LIBINIA DUBIA 2 2 9 3
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TABLE D1-55. ' (CONT.)

CARCINUS MAENAS - - 1 -
OVALIPES OCELLATUS 13 11 195 168
PORTUNUS GIBBESI - - 2 6
CALLINECTES SAPIDUS 3206 2628 10576 8169
CALLINECTES SIMILIS 17 13 179 71
PANOPEUS HERBSTII - - 3 -

NEOPANOPE TEXANA 2 13 16 9
INVERTEBRATE

FRAGMENTS - - - -

PHYLUM NEMERTEA 1 - 34 17
PROCAMBA RUS

BLANDINGI -1 -

TOTALS 9937 9032 97020 78982
TAXA 78 74 103 86

aTIME PERIOD 1 - SUNRISE TO 6 H BEFORE SUNSET;
TIME PERIOD 2 = 6 H BEFORE SUNSET TO SUNSET;
TIME PERIOD 3 = SUNSET TO 6 H AFTER SUNSET;
TIME PERIOD 4 = 6 H AFTER SUNSET TO SUNRISE.
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Table DI-56. Estimated number and percent of selected organisms impinged on the traveling screens
during the day and night at the Oyster Creek Generating Station, Forked River, New
Jersey from 5 September 1976 through 3 September 1977. No samples weze taken
14 May through 12 July.

Day
Number

Night

Number

Alosa aestivalis
Brevoortia tyrannus
Anchoa mitchilll
Menidia menidia
Syngnathus fuscus
Pomatotnus saltatrix
Cynoscion regalis
Prtonotus evolans
Par alichthys dentatus
Pseudopleuronectes ame.ricanus
Sphoeroides maculatus
Palaemonetes vulgaris
Crangon septemspinosa
Callinectes sapidus
Total of all specimens

4,499
15, 804

20, 822
.11,929

1,593

833

3,918

1, 534
359

1,353

152

1,257

9, 113

46, 747

147.480

15

15

14

44

14

21

14
.5

15
7

11

4

1

21

9

25, 363
90,178

-122,919

23, 634

9.469
.3,204

23, 988

.28, 322

2,075

19,260

1,286

30,640

650,259

1'74,479

1.419. 872

85
85
86
66
86
79

86
95
85
93
89

.96
99
79
91
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TA'ALE 01-37. TOTAL xNaE• Or LIV!. DEAD, AND MAMACED FTSHES AND KACIO-rYV ERT EMAT S DIN?1 CEo OC TWE TIAVI.ING SC REENS AT OYSTE R

CRIES CaI"ATTIYC STATIOn. TOIKED RIVER. WEf JEWS?1 PFROM
5 SEPTEDMER 1976 T•ROWN I SEPTEMBE L977. 10 SAMXPLS
WERE TAXN t1 MAT T"•HGHC t2 JULY.

SPECIES NUMBER LIVE DEAD DAMAGED I DEAD

MUSTELUS CANIS 4 3 - 1
DASYATIS SAYI I I 1 1 33
ANGUILLA ROSTRATA 22 5 1 16 5
CONCER OCEANICUS 3 1 - 2

ALOSA AESTIVALIS 1534 266 631 63.7 41
ALOSA

PSEUDONAREN1GUS. 201 23 70 I08 35
BREVOORTIA TYRANNUS 2380 193 656 1539 27

DOROSOMA CEPEDIANUM 2 - - 2
ANCUOA HEPSETES 31 28 3 90
ANC(OA MITCHILLI 3460 115 2819 526 81
ESOX NIGER 1 - 1 - 100
SYNODUS POETENS 19 14 - 1 4 5
OPSANUS TAU 37 30 2 5 5
uROPYCIS CHoUsS 6 1.. 1 4 17
UROPRYCI8 REGIUS 10 .3 3 4 30
RISSOLA MARGINATA 404 178 43 183 11

i_. BHYPORBAMPHUS
UNIFASCIATUS 1 - 1 100

STRONGTLURA MARINA 81 8 54 19 67I.,/ICYPRINODON

VARIEGATUS 20 20 3 5 11

PUNDULUS
RETEPOCLITUS 47 22 7 18 15

ruODULUS MAJALIS a 3 -

MEMBRAS MARTINICA 2 1 1 - 50
MENIDIA BERYLLINA 2 1 1 - 50

MENIDIA MEWIDIA 1701 573 589 539 35

APOLTES QUADRACUS 10 9 - I -

GASTEROSTEUS
ACULEATUS 16 9 1

FISTULARIA
TABACAPIA 10 3 5 2 Ao

HIPPOCAMPUS ERECTUS 10 a - 2 -

SYICNATIlUS PUSCUS 477 400 28 49 6

mORONE AMERICANA 85 7 5 73 6
HORON• SAXATILIS 1 - - 1 -

CETIIOPRISTIA 301 111 93 97 31

LEP•1O41 GIBBOSUS 28 9 17 2 61

PoMATOMUS SALTATRIX 149 13 83 53 56



TASLZ D1-57. (OWr'.)

CARAUX HIPPOS 73 7 42 24 58
SELAR

CROMENOPHTHALMUS 1 - I - 100
SELENE VOMiER 95 17 40 38 42
VOMER SETAPINNIS 2 - "- 2 -

ST"EOTOHUS CHAnSOPS 21 - 1 20 5
BDIRDIELLA CBRYSU RA 84 12 47 25 56
CYNOSCION REGALIS 834 110 495 229 59

LEIOSTOKUS
XANTBURUS 1290 177 385 726 30

NENTICI RRIUS
SAXATILIS 3 2 1 - 33

MICROPOGON
UNDULATOS 1 - 1 - 100

TAUToCA ONITIS 45 31 1 13 2
IDGIL CEPHALUS 4 - - 4 -

NOGIL CURZtA 17 - 8 9 47
SPBYRAENA BOREALIS 14 1 6 7 43

ASTROSCOPUS
WTTATUS 17 10 - 7 -

CHASI4zDES
BOSQOIAjtS 3 2 - 1

HYPSOBLENI US
BENTZI 66 51 7 a 11

AIOD0TTES SP. 4 1 2 1 50

GOBIOSOMA BOSCI 10 - 9 1 90

PEPRILUS
TRIACANTHUS 33 4 12 17 36

PRIONOTUS CAROLINUS 1i 11 2 5 11

PRIONOTUS EVOLANS 887 493 121 273 14
MYOXOCEPSALUS

AENAEUS 1 - - 1 -

ETROPUS HICROSTONUS 1655 485 472 698 29
PARALICHTHy S

OENTATUS 29 10 1 18 3

SCOP RTaALKUS
AOOOSOS 43 26 3 14 7

PSEUDOPLWRONECTES
AMERICAMUS 617 276 a5 256 14

TRIIuECTES ACULATUS 16 10 - 6 -

SYNPEURUS PLAGIUSA 5 2 - 3 -

ALUTERUS SCeOEtPI 3 1 - 2 -

MONACANTUIIS
HzSPIDUS 3 - 3 -

SPB WEROIDES
IMCULATOS 63 37 2 4 3

tCILOMYCTERUS
SCHOEPFI 2 2 - - -

AIUODREA SPP 18 - 17 1 94

CYANZA CAPILLATA 5 1 - 4 -
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TABLE D1-57. (CONT.)

OPDER ACTINIARIA 1 1
ILYANASSA OBSOLETA 1 1
LOLIGO PEALEI 1 1 100
LOLLIGUNCULA BREVIS 40 13 8 19 20
CLASS POLYCHAETA 101 55 17 29 17
LIMULUS POLYPHEMUS 5 3 - 2 -
SQUILLA EMPUSA 29 23 - 6 -

PLNAEUS AZTECUS 86 78 3 5 3
L- PALAEMONETES

VULGARIS 465 374 58 33 12
PALAEMONETES PUGIO . 1 -

PALAEMONETES SPP 2 1 1
CRANGON

SEPTEMSPINOSA 5442 4020 893 529 16
LIBINIA DUBIA 2 1 1
OVALIPES OCELLATUS 84 61 4 19 5
PORTUNUS GIBBESI 3 1 2
CALLINECTES SAPIDUS 4943 3280 254 1409 5

SCALLINECTES SIMILIS 121 92 4 25 3
PANOPEEUS HERBSTII 1 - - 1 -

NEOPANOPE TEXANA 7 3 3 1 43
PHYLUM NEMERTEA 41 20 - 21 -

TOTALS 28436 11855 8151 8430 29



Table DI-58. Comparison of the estimated immediate mortality of selected fishes and
macroinvertebrates impinged on the traveling screens at the Oyster Creek
Generating Station, Forked River New Jersey during seven comparable months
(September through December, March, April and August) from 8 September
1975 through 2 September 1977. No samples were taken 24 December 1975
through 7. March 1976 and 14 May through 12 July 1977.

No Significant Difference 1975-76 1976-77

Alosa aestivalis 43% 411Yo
Brevoortia tyrannus 27 25
Syngnathus fuscus 4 5.
Prionotus evolans 12 14
Palaemonetes vulgarls 8 6
Crangon septemspinnsa 14 15
Calfinectes sapidus. 7 6

Significant Difference

Anchoa mitchilli 72% 81010
Menidia menidia 38 34
Cynoscion regalis 44 60
Etropus. microstomus 17 29
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Table DI-59. Survival and mortality of fishes and macroinvertebrates immediately and 48
on the traveling screens at Oyster Creek Generating Station from September
1977.

h after impingement
1975 through August

Immediate Survival after 48 h
Number % live % damaged % dead Number % live

I~

Blueback herring
Alewife
Atlantic menhaden
Bay anchovy
Oyster toadfish
Striped cusk-eel
Atlantic silverside
Fourspine stickleback.
Northern pipefish
Black seabass
Bluefish
Weakfish
Spot
Striped searobin
Smallmouth flounder
Summer flounder
Winter flounder
Grass shrimp (Palaemonetes vulgaris)
Sand shrimp (Crangon septemspinosa)
Blue crab (Callinectessapidus)

2,445
329

3,165
13,854

186
633

5,133
92

2,417
310
433

1,351
2,367
1,335
2,213

159
686

2,259
17,234
21,669

17
12
8
7

85
47
34.
85
90
'37
20
15
19
55
36
53
46
87
77
64

41
50
64
15
9

41
28
10
5

33
21
26
33
27
38
38
39
5
9

29

42
38
28-
78
6

12
38
5
5

30
59
59
48
18.
26
9

15
8

14.
7

38
128

141 35

79

5
9

33

45

12

98

67

B7
7915

149



TABLE DI-60. TOTAL NUMBER OF LIVE, DEAD, AND DAMAGED FISHES AND MACRO-
INVERTEBRATES DIPINGED ON THE TRAVELING SCREENS, BY MONTH,
AT OYSTER CREEK GENERATING STATION, FORKED RIVER, NEW JERSEY
FROM 5 SEPTEMBER 1976 THROUGH 3 SEPTEMBER 1977. NO SAMPLES
WERE TAKEN 14 MAY THROUGH 12 JULY.

DATE

SPECIES

DASYATIS SAYI
ANGU ILLA ROSTRATA
ALOSA AESTIVALIS
BREVOORTIA TYRANNUS
ANCHOA HEPSETUS
ANCHOA MITCHILLI
SYNODUS FOETENS
OPSANUS TAU
STRONGYLURA MARINA
MENIDIA MENIDIA
FISTULARIA

TABACARI A
SYNGNATHUS FUSCUS
MORONE AMERICANA
POMATOMUS SALTATRIX
CARANX HIPPOS
SELENE VOMER
CYNOSCION REGALIS
LEIOSTOMUS

XANTHURUS
TAUTOGA ONITIS
MUGIL CEPHALUS
MUGIL CUREMA
HYPSOBLENNIU S

HENTZI
PEPRILUS

TRIACANTHUS
PRIONOTUS CAROLINUS
PRIONOTUS EVOLANS
ETROPUS MICROSTOMUS
PARALICHTHYS

DENTATU S
SCOPHTHALMUS

AQUOSUS
TRINECTES MACULATUS
ALUTERUS SCHOEPFI
SPHOEROIDES

MACULATUS
AEQUOREA SPP
LOLLIGUNCULA BREVIS
PENAEUS AZTECiJS
PALAEMONETES

VULGARIS
CRANGON

SEPTEMS PINOSA
OVALIPES OCELLATUS
PORTUNUS GIBBESI
CALLIINECTES SAPIDUS
CALLINECTES SIMILIS
NEOPANOPE TEXANA

5 - 30 SEPTEMBER 1976

NUMBER LIVE DEAD DAMAGED % DEAD

2 1 1 - 50
1 - - 1-

1 - 1 - 100
55 2 38 15 69
20 - 20 - 100

796 3 759 34 95
5 3 - 2 -

4 4 - -
2 1 1 - 50
3 1 2 - 67

1
3
2

23
6

15
115

28
1
1
2

1

2
3

184
1

5

2
5
1

9
14
38
28

1

1
Ii

1

1893
26

1

1
2

25

3

2
17

4
5

70

17

1

6
2

10
20

100
74
67
33
61

8
1

2

61

1

3

116

2

2

24
1

44

100

13
100

2 20

2
5
1

9

12
28

14
8 18

100
21

1

1
10

1214
22

1

133

1
1

546
4

TOTALS 3313 1474 1120 719 34



TABLE D1-60. (CONT.)

A OCTOBER 1976

SPECIES NUMBER LIVE DEAD DAMAGED- - DEAD

MUSTELUS CANIS 2 1 - 1 -

ANGUILLA ROSTRATA 1 - - 1 -

ALOSA AESTIVALIS 6 - 1 5 17

ALOSA
PSEUDOHARENGUS 18 1 10 7 56

BREVOORTIA rTYAwNNS 670 51 170 449 25

ANCHOA HEPSETUS 5 - 5 - 100
ANCHOA MITCHILLI 1119 44 920 155 82

SYNODUS FOETENS 13 10 1 2 8

OPSANUS TAU 3 3 - - -

RISSOLA MARGINATA 65 33 6 26 9
STRONGYLURA MARINA 11 2 4 5 36

CYPRINODON
VARIEGATUS 2 2 - - -

.FUNDULUS
HETEROCLiITUS 1. 1 - - -

MENIDIA MENIDIA 35 6 23 6 66

FISTULARIA
TABACARIA 9 2 5 2 56

SYNGNATHUS FUSCUS 31 27 1 3 3
MORONE AMERICANA 1 - - 1 -

CENTROPRI STI S
STRIATA 92 38 41 13 45

POMATOMUS SALTATRIX 50 6 23 21 46

CARANX HIPPOS 52 1 31 20 60

SELAR
CRUMENOPHTHALMUS 1 - 1 - 100

SELENE VOMER 17 1 5 .11 29

VOMER SETAPINNIS 2 - - 2 -

STENOTOMUS CHRYSOPS 2 - - 2 -

BAIRDIELLA CHRYSURA 41 8 22 11 54

CYNOSCION REGALIS 615 60 373 182 61

LEIOSTOMUS
XANTHURUS 471 58 149 264 32

MENTICI RRhUS
SAXATILIS 2 1 1 - 50

MUGIL CUREMA 10 - 7 3 70

SPHYRAENA BOREALIS 14 1 6 7 43

ASTROSCOPU S
GUTTATUS 9 7 - 2 -

HYPSOBLENNIU S
HENTZI 17 13 3 1 18

PEPRILUS
TRIACANTHUS 20 3 5 12 25

PRIONOTUS CAROLINUS 4 3 - 1 -
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TABLE DI-60. (CONT.)

DATE

SPECIES

PRIONOTUS EVOLANS
ETROPUS MICROSTOMUS
PARALICHTHYS

DENTATUS
PS EUDOPLEU RON ECTES

AMERICANUS
TRINECTES MACULATUS
ALUTERUS SCHOEPFI
MONACANTHUS

HISPIDUS
SPHOEROIDES

MACULATUS
AEQUOREA SPP
LOLLIGUNCULA BREVIS
LIMULUS POLYPHEMUS
SQUILLA EMPUSA
PENAEUS AZTECUS
PALA EMON ET ES

VULGARIS
PALAEMONETES SPP
CRANGON

SEPTEMSPINOSA
OVALI PES OCELLATUS
PORTUNUS GIBBESI
CALLINECTES SAPIDUS
CALLINECTES SIMILIS

OCTOBER 1976 (CoNT.)

NUMBER LIVE- DEAD DAMAGED %o DEAD
632-- - - --

632
27

16

1
1
1

350
7

84
10

198
10

13
37

8

3

31
3
2
2

18
57

12
1

5
22

2
891

11

30

1

2
16
49

10

4
16

1
547

9

3

3

8

1
1

3

1

1

2
5

1
1

100

5

1 8

1

36
1

6
1

308
1

20

4
9

S--------- -------------------
TOTALS 5149 1433 1952 1764 38
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TABLE D1-60. (CONT.)

DATE NOVEMBER 1976

&P ECIES I NUMBER LIVE DEAD DAMAGED % DEAD

ANGUILLA ROSTRATA 3 - - 3 -

CONGER OCEANICUS 1 - - 1
ALOSA AESTIVALIS 8 - 2 6 25

ALOSA
PSEUDOHARENGUS 9 1 2 6 22

BREVOORTIA TYRANNUS 897 .96 224 577 25
DOROSOMA CEPEDIANUM 1 - - 1-
ANCHOA HEPSETUS 5 - 2 3 40
ANCHOA MITCHILLI 238 11 169 58 71
SYNODUS FOETENS 1 1 - - -

OPSANUS TAU 10 7 - 3 -

UROPHYCIS REGIUS 6 3 1 2 17
RISSOLA MARGINATA 240 110 28 102 12
HYPORHAMPHUS

UNIFASCIATUS 1 - 1 - 100
CYPRINODON

VARIEGATUS 13 9 2 2 15

FUNDULUS
HETEROCLITUS 8 8 - - -

MENIDIA MENIDIA 302 88 132 82 44

HIPPOCAMPUS ERECTUS 7 6 - 1 -

SYNGNATHUS FUSCUS 34 24 3 7 9
MORONE AMERICANA 1 - - 1
CENTROPRI STI S

STRIATA 175 66 43 66 25
POMATOMUS SALTATRIX 7 - - 7 -

STENOTOMUS CHRYSOPS 19 - 1 18 5
BAIRDIELLA CHRYSURA 43 4 25 14 58
CYNOSCION .REGALIS 28 2 .11 15 39
LEIOSTOMUS

XANTHURUS 482 62 107 313 22

MENTICIRRHUS
SAXATILIS 1 1 - -

MICROPOGON
UNDULATUS 1 - 1 - 100

TAUTOGA ONITIS 20 19 - 1 -

MUGIL CUREMTA 2 - .1 1 50

AST ROSCOPUS
GUTTATUS 6 3 - 3

CHASMODES
BOSQUIANUS 1 1 -

HYPSOBLENNIU S
HENTZI 27 25 1 1 4

G013IOSOMA BOSCI 1 - 1 -1 00

PEPRILUS
TRIACANTHUS 4 1 2 1 50
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TABLE D1-60. (CONT.)

----------------------------------------------------------------
DATE NOVEMBER 1976 (CONT.)

--------------------------------------

SPECIES NUMBER LIVE DEAD DAMAGED 7. DEAD

PRIONOTUS CAROLINUS 9 4 2 3 22
PRIONOTUS EVOLANS 66 24 13 29 20
ETROPUS MICROSTOMUS 1051 305 319 427 30
PARALICHTHYS

DENTATUS 1- 1 -

S COP HTHALMUS
AQUOSUS 43 - 1 -

PSEU DOPLEURONECTES
AMERICANUS 34 24 2 8 6

TRINECTES MACULATUS 2 1 - 1 -
SYMPHURUS PLAGIUSA 4 2 - 2 -

SPHOEROIDES
MACULATUS 2 1 - 1 -

AEQUOREA SPP 1 - 1 -
CYANEA CAPILLATA 4 - - 4 -
ILYANASSA OBSOLETA 1 - - 1 -

CLASS POLYCHAETA 16 9 3 4 19
SQUILLA EMPUSA 11 7 - 4 -
PENAEUS AZTECUS 1 1 - - -

PALAEMONETES
VULGARIS 25 21 .1 3 4

CRANGON
SEPTEMSPINOSA 601' 418 97 86 16

OVALIPES OCELLATUS 21 16 - 5 -

CALLINECTES SAPIDUS 7 2 - 5 -
PHYLUM NEMERTEA 8 4 - 4 -

TOTALS 4471 1390 1196 1885 27
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DATE DECEMBER 1976

SPECI ES NUMBER LIVE DEAD DAMAGED % DEAD

MUSTELUS CANIS 1 1 - -

ANGUILLA ROSTRATA 11 3 1 7 9
CONGER OCEANICUS 2 1 - 1 -

ALOSA AESTIVALIS 1186 207 533 446 45
ALOSA

PSEUDOHARENGUS 8 - 4 4 50
BREVOORTIA TYRANNUS 370 14 70 286 19
DOROSOMA CEPEDIANUM 1 - - 1 -

ANCHOA MITCHILLI 26 - 19 7 73
OPSANUS TAU 3 1 1 1 33
UROPHYCIS CHUSS 6 1 1 4 17
UROPHYCIS REGIUS 4 - 2 2 50
RISSOLA MARGINATA 96 34 .7 55 7
CYPRI NODON

VARIEGATUS 12 8 1 3 8
FUNDU LUS

HETEROCLITUS 6 1 3 2 50
FUNDULUS MAJALIS 2 1 1 -
MENIDIA BERYLLINA 2 1 1 - 50
MENIDIA MENIDIA 266 64 109 93 41
APELTES QUADRACUS 5 5 - -.

HIPPOCAMPUS ERECTUS 3 2 - 1
SYNGNATHUS FUSCUS 26 14 4 8 15
MORONE AMERICANA 8 - 1 7 13
CENTROPRI STI S

STRIATA 34 7 9 18 26
LEIOSTOMUS

XANTHURUS 127 21 14 92 11
TAUTOGA ONITIS 20 12 - 8 -

ASTROSCOPUS
GUTTATUS 2 - 2

CHASMODES
BOSQUIANUS 2 1 - 1

HYPSOBLENNIUS
HENTZI 20 12 2 6 10

AMMODYTES SP. 2 - 1 1 50
GOBIOSOMA BOSCI 5 - 4 1 80
PEPRILUS

TRIACANTHUS 7 - 3 4 43
PRIONOTUS EVOLANS 2 1 - 1 -

ETROPUS MICROSTOMUS 575 173 142 260 25
SCOPHTHALMUS

AQUOSUS 4 3 - 1 -

PSEU DOPLEURONECTES
AMERICANUS 350 180 52 118 15

SYMPHURUS PLAGIUSA 1 - - I 1
CYANEACAPILLATA 1 1 - - -

CLASS POLYCHAETA 6 2 1 3 17
PALAEMONETES

VULGARIS 15 15 - -

CRANGON
SEPTEMSPINOSA 1609 1184 288 137 18

CALLINECTES SAPIDUS 2 1 1 - 50
PHYLUM NEMERTEA 12 9 - 3 -

----------------------------------------------------------------
TOTALS 4840 1980 1274 1586 26
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TABLE D1-60. (CONT.)

DATE JANUARY 1977

SPECIES

ANGUILLA ROSTRATA
ALOSA AESTIVALIS
ALOSA

PSEUDOHARENGUS
BREVOORTIA TYRANNUS
FUNDULUS

HETEROCLITUS
MENIDIA MENIDIA
MORONE AMERICANA
TAUTOGA ONITIS
MUGIL CEPHALUS
MUGIL CUREMA
HYPSOBLENNIUS

HENTZI
AMMODYTES SP.
GOBIOSOMA BOSCI
SCOPHTHALMUS

AQUOSUS
PSEUDOPLEURONECTES

AMERICANUS
CLASS POLYCHAETA
PALAEMONETES

VULGARIS
CRANGON

SEPTEMSPINOSA

NUMBER

1
4

1
15

1
13

2
1
2
1

LIVE DEAD DAMAGED % DEAD

5

2

1

1

3

1

1
1
4

1
2

1
14 7

5
2

2
1

50

100
23

100

100
100
100

1

4

1 1

60
5

49

24

31

5
2

11

198

31
3

8
40

22

19

7

1025 681 146

TOTALS 1187 741 230 216 19
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TABLE D1-60. (CONT.)

DATE FEBRUARY 1977

SPECI ES

ALOSA AESTIVALIS
ALOSA

P SEUDOHARENGUS
BREVOORTIA TYRANNUS
ESOX NIGER
FUNDULUS

HETEROCLITU S
FUNDULUS MAJALIS
MENIDIA MENIDIA
APELTES QUADRACUS
GASTEROSTEUS

ACULEATUS
MORONE AMERICANA
LEIOSTOMUS

XANTHURUS
MYOXOCEPHALUS

AENAEUS
S COP HTHALMUS

AQUOSUS
PS EU DOPLEURON ECTES

AMERICANUS
LOLIGO PEALEI
CLASS POLYCHAETA
PALAEMONETES
VULGARIS

PALAEMONETES SPP
CRANGON

SEPTEMSPINOSA
OVALIPES OCELLATUS
CALLINECTES SAPIDUS
PHYLUM NEMERTEA

NUMBER

46

2
42

1

6
2

25
1

6
16

LIVE

5

8

DEAD DAMAGED % DEAD

16 25 35

1
2
9
1

2
2

2
4
1

8

1

30

5

8

100
10

100

32

173
14

3

1

3

1

1

40
1

44

48
1

637
1
1
1

20

39

26
1

447
1

4
1
3

15

106

1

16

2

10
100

7

7 31

84

1

17

100

TOTALS 926 564 162 200 17
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TA33LE DI-60. (CONT.)

DATE MARCH 1977

SPECIES NUMBER LIVE DEAD DAMAGED % DEAD
-- --- ---- -- --

ANGUILLA ROSTRATA 3 - - 3 -

ALOSA AESTIVALIS 162 44 29 89 18
ALOSA

PSEUDOHARENGUS 103 17 19 67 18
BREVOORTIA TYRANNUS 122 8 16 98 13
RISSOLA MARGINATA 2 - 2 - 100

FUNDULUS
HETEROCLITUS 18 7 2 9 11

MENIDIA MENIDIA 791 317 236 238 30
APELTES QUADRACUS 4 3 - 1 -

GASTEROSTEUS
ACULEATUS 10 7 - 3 -

SYNGNATHUS FUSCUS 23 18 1 4 .4

MORONE AMERICANA 38 2 - 36 -

MORONE SAXATILIS 1 - - 1 -

LEPOMIS GIBBOSUS 14 7 5 2 36
LEIOSTOMUS

XANTHURUS 3 - 1 2 33
TAUTOGA ONITIS 1 - 1

MUGIL CEPHALUS 1 - 1

MUGIL CUREMA 2 - - 2 -

AMMODYTES SP. 1 1 - -

ETROPUS MICROSTOMUS 1 - - 1 -

SCOPHTHALMUS
AQUOSUS 12 6 2 4 17

PS EU DOPLEU RON ECTES
AMERICANUS 78 21 - 57 -

TRINECTES MACULATUS 1 - 1

ORDER ACTINIARIA 1 - - 1
CLASS POLYCkAETA 13 3 - 10
LIMULUS POLYPHEMUS I - - I -

PALAEMONETES
VULGARIS 198 175 14 9 7

CRANGON
SEPTEMSPINOSA 761 617 96 48 13

OVALIPES OCELLATUS 8 6 1 1 13
CALLINECTES SAPIDUS 60 49 2 9 3
NEOPANOPE TEXANA 1 - - 100
PHYLUM NEMERTEA 18 5 13

TOTALS 2452 1313 427 712 17
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TABLE DI-60. (CONT.)

DATE APRIL 1977

SPECIES NUMBER LIVE DEAD DAMAGED % DEAD
- - - - - - - - - - - --- -- -

MUSTELUS CANIS 1 1 - - -

ALOSA AESTIVALIS 62 10 14 38 23
ALOSA

PSEUDOHARENGUS 30 2 15 .13 50
BREVOORTIA TYRANNUS 14 1 6 7 43
ANCHOA MITCHILLI 677 41 438 198 65
OPSANUS TAU 1 - 1 - 100

CYPRINODON
VARI EGATUS 1 -

•FUNDULUS
HETEROCLITUS 6 4 .1 1 17

MENIDIA MENIDIA 242 80 61 101 25

SYNGNATHUS FUSCUS 122 112 2 8 2
MORONE AMERICANA 13 3 - 10 -

LEPOMIS GIBBOSUS 14 2 12 - 86
LEIOSTOMUS

XANTHURUS 1 - - 1 -

PARAL ICHTHYS
DENTATUS .1 1

SCOP HTHALMUS
AQUOSUS 12 6 1 5 8

PSEUDOPLEU RONECTES
AMERICANUS 12 4 1 7 8

TRINECTES MACULATUS 4 2 - 2 -

CLASS POLYCHAETA 16 2 7 7 44
PALAEMONETES

VULGARIS 32 28 2 2 6
PALAEMONETES PUGIO 1 1 - -

CRANGON
SEPTEMSPINOSA 637 542 72 23 11

OVALIPES OCELLATUS 8 6 - 2 -

CALLINECTES SAPIDUS 121 103 - 18 -

PHYLUM NEMERTEA 1 1 - " -

TOTALS 2029 952 633 444 31
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TABLE DI-60. (CONT.)

DATE 1-14 MAY 1977

SPECIES NUMBER LIVE DEAD DAMAGED % DEAD

ALOSA AESTIVALIS 7 - 4. 3 57
ALOSA

PSEUDOHARENGUS 15 1 5 9 33
BREVOORTIA TYRANNUS 1 - - 1
ANCHOA MITCHILLI 23. - 20 3 87
OPSANUS TAU 3 2 - 1 -
MENIDIA MENIDIA 2 1 1 50
SYNGNATHUS FUSCUS 122 104 11 7 9
TAUTOGA ONITIS 1. - 1
SCOPHTHALMUS

AQUOSUS 3 3 -

PALAEMONETES
VULGARIS 42 30 10 2 24

CRANGON
SEPTEMSPINOSA 165 126 .34 5 21

LIBINIA DUBIA 1 1 - -

OVALIPES OCELLATUS 3 2 - 1 -
CALLINECTES SAPIDUS 123 69 7 47 6
NEOPANOPE TEXANA 3 2 - 1 -

TOTA----- - ------- -----
TOTALS 514 341 92 81 18
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TABLE D1-60. (CONT.)

-----------------------------------------------------------------------------

DATE JULY 1977

SPECIES

ALOSA AESTIVALIS
ALOSA

PS EU DOHAREN GU S
BREVOORTIA TYRANNJUS
ANCHOA MITCHILLI
OPSANUS TAU
RISSOLA MARGINATA
STRONGYLURA MARINA
MENIDIA MENIDIA
SYNGNATHUS FUSCUS
MORONE AMERICANA
POMATOMUS SALTATRIX
CARANX HIPPOS
SELENE VOMER
CYNOSC ION REGALIS
LEIOSTOMUS

XAN THU RU S
TAUTOGA ONITIS
PRIONOTUS CAROLINUS
PARAL ICHTHYS

DENTATUS
SCOPHTHALMUS

AQUOSUS
PSEUDOPLEURONECTES

AMERICANUS
TRINECTES MACULATUS
ALUTERUS SCHOEPFI
SPHOEROIDES

MACULATUS
CH ILOMYCTERUS

SCHOEPFI
CLASS POLYCHAETA
PALAEMONETES

VULGARI S
CRANGON

SEPTEMSPINOSA
LIBINIA DUBIA
OVALIPES OCELLATUS
CALLINECTES SAPIDUS
CALLINECTES SIMILIS
NEOPANOPE TEXANA

TOTALS

NUMBER

48

11
121
306

2
1

34
12

106
4

45
8

31
5

48
1
1

LIVE

4
4
2
1
4

91

4
3
6

5

DEAD

26

DAMAGED

22

11
81

260

17
8
6
2

23
4

19
5

36

36
42

13
4
9
2

18
1
6

7
1
1

% DEAD

54

100
67
85

50
67

6
50
51
50
61

100

75

3 3

14

42
1
1

18

2
1

41

3

3

14

2

35

21

2

1

4

18
1
1

50

ii2

100

2 10

1 - 1 - 1001. - - 1 -

7 2 3" 2 43
449 280 29 140 6

18 12 1 5 6
1 - 1 - 100

1374 475 561 338 41

Dl-473



TABLE DI-60. (CONT.)

DATE AUGUST 1977

SPECIES NUMBER LIVE DEAD DAMAGED % DEAD

DASYATIS SAYI 1 - - 1 -

ANGUILLA ROSTRATA 2 2 - - -

ALOSA AESTIVALIS 4 - 3 1 75
ALOSA

PSEUDOHARENGUS 4 1 2 1 50
BREVOORTIA TYRANNUS 78 8 44 26 56
ANCHOA HEPSETUS 1 - 1 - 100
ANCHOA MITCHILLI 265 10 227 28 86
OPSANUS TAU 8 8 - - -

STRONGYLURA MARINA 34 1 32 1 94
FUNDULUS
HETEROCLITUS 1 - - 1 -

MEMBRAS MARTINICA 2 1 1 - 50
MENIDIA MENIDIA 10 2 6 2 60
SYNGNATHUS FUSCUS 8 7 - 1 -

POMATOMUS SALTATRIX 24 3 20 1 83
CARANX HIPPOS 7 3 3 1 43
SELENE VOMER 32 10 11 11 34
CYNOSCION REGALIS 66 22 32 12 48
LEIOSTOMUS

XANTHURUS 124 27 61 36 49
PRIONOTUS CAROLINUS 1 1 - - -

PRIONOTUS EVOLANS 2 1 -. 1 -

PARAL ICHTHYS
DENTATUS 3 - - 3

TRINECTES MACULATUS 2 2 - -

SPHOEROIDES
MACULATUS 3 3 - - -

LIMULUS POLYPHEMUS 2 1 - 1 -

PALAEMONETES
VULGARIS 2 2 - - -

OVALIPES OCELLATUS 3 2 - 1 -
SCALLINECTES SAPIDUS 1306 940 42 324 3
CALLINECTES SIMILIS 65 48 2 15 3
NEOPANOPE TEXANA 1 - 1 - 100
PHYLUM NEMERTEA 1 1 - - -

TOTALS 2062 1104 488 468 24
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TABLE DI-60. (CONT.)

DATE 1-2 SEPTEMBER 1977

SPECI ES

BREVOORTI A TYRANN US
ANCHOA MITCHILLI
OPSANUS TAU
SYNGNATHUS FUSCUS
CYNOSCION REGALIS
LEIOSTOMUS

XANTHURUS
PRIONOTUS EVOLANS
CALLINECTES SAPIDUS
CALLINECTES SIMILIS
PANOPEUS HERBSTII

NUMBER

10
3
2
5

LIVE

2
3
1
1

DEAD DAMAGED

2
7 . 1

% DEAD

67
70

4
1

2

80

3
1

90
1
1

1
175
1

3 12 3

1

TOTALS 119 86 16 17 13

Dl -475



,L L1-.-.1. IAL 0taE A PNT L ne.MA. AN1.DAU,,ED FUSES AD M-,. INFEAn-

UATES, DW2ZD ON TEX TI3AVJ.JU &CRMB A• TOR 0TU M G11AX

3sTIwLo, VoamnD 3Iavu, Uam nsx ra1m 3 S irr 1976 TYDONR

3 xz1rD(13 1t7. So UWOLD WER TAKEN 14 MAY TI&DUC8 12 JULY.

5 - 11 SD13DIBKI

12 - 18 SErTD'fBn
19 - 25 SErEnBE
26 - 2 CarOBSm

3 - 90Ccrl8mt
10 - 16 OCIOSBE
17 - 23 OCr EL.

24 - 30 OCTO B
31 - 6 "ovI7m

7 13 NOVXMZU
14 - 20 NOVOMER
21 - 27 nOVUR
28 - 4 DECOMIR

5 - 1 DEEMBER
12 - 18 DEMMER
19 - 25 DzECBnu
26 - I JANUARY
2 - 8 JANUARY
9 - 15 JANUARY

16 - 22 JANUARY
23 - 29 JANUARY
30 - 5 MRUART

6 - 12 FBURUART
13 - 19 lmuARY
20 - 26 FURGARY
27-.

6 - JL Nm•
13 - 19 MARC
20 - 26 NCE
27 - 2 APiL

3- 9 APRIL
10 - 16 A?11.
17 - 23 APIL
24 - 30 21m1

I- 7 ?MA
8 - 14 mAe

10 - 16 JULY
17 - 23 JULY
24 - 30 JULY

31-: 6 ADOS'?
7 - 23 ADSY

14 - 20 AUGUS
21 - 27 ADZUST
28 - 3.,orJmm

PE RIOD e

NO. LIVE DEAD DA14G

57 49 33 18
124 44 22 35

59 34 53 14
116 35 27 36

87 22 53 25
96 24 43 33
85 15 59 26

208 12 27 61
103 20 39* 41
80 26 25 49
71 31 *34 35
23 - 39 61

81 25 43 32
35 6 11 83
36 44 31 25
16 6 25 69
22 27 27 45

3 33 33 33
5 - 20 80
1 - - 100

4 - 75 25
4 25 25 50

16 31 13 56
36 33 25 42

118 41 22 37
1 100 - -

36 44 25 31
83 17 51 33

112 21 56 23
2 100 - -

19 53 21 26
9 22 44 33

11 45 27 27 .
36 42 44 14

163 33 46 21
48 54 25 21
61 46 . 25 30

34. 65 15 21

13 54 23 23

2UL4 29 35 35

PERIOD 2

NO. LIVE DEAD DANG

114 61 11 27
47 60 11 30
84 38 48 14

55 55 22 24
133 32 38 31

86 15 50 35
157 23 32 45
177 8 16 76
253 31 21 49

91 37 27 35
99 33 26 40

113 17 43 40
49 29 39 33
87 33 24 43

21 19 14 67
119 19 17 . 64

19 42 16 42

4 25 75 -

1 100 - -

2 .- 1

6 - 50 s0

26 38 12 50

3 100 -
48 60 40 -

97 20 25 56

123 28 30 41
2 100 - -

87 14 66 21
11 64 9 27

9 44. 22 33
3 67 33 -

15 87 7. 7

a 63 1.3 25
78 38 37 24
23 39 43 17
15 67 - 33
27 85 - 15
55 67 22 11
11 64 - 36

2358 33 28 39
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A= DI-61. (CONT.)

PZRICn 3

NO. LIVE DEAD DA)4GWEEK

5 - 11 SE:I4MEI
12 - 18 SE"TD.BER
19 - 25 SEPTER'ER
26 - 2 0CrOBIR

3 - 9 OC"OBER
10 - 16 OCTOBER
1.7 - 2.3 O 8"oM
24 - 30 OCTOBEf
31 - 6 mOvimz3

7 - L.3 NOVEMBER
14 - 20 NOVIKBEK
21 - 27 NOVMBERU
28 - 4 DECOMBER•

5 - 11 DECEMBER
12 - 18 DECEMBER
19 - 25 DECEBER
26 - 1 JANUARY

2 - 8 JANUARY
9 - 15 JANUARY

16 - 22 JANUARY
23 - 29 JANUARY
30 - 5 FEBRUARY
6 - 12 FEsRuARy

13 - 19 IDERUARY
20 - 26 FEBRUARY
27- .S3Azr

6 - 12 MARCO
1.3 - 19 MARC
20 - 26 HUM
27 - 2 APRrL

3- 9 lk .
1D - 16 AP.l1.
17 - 23 APRIL.
24 - 30 APRIL

1- 7KAY
8 - 14 KAY

10 - 16 JULY
11 - 23 JULY
24 - 30 JULY
31 - 6 AUGUST

7 -. 13 A•U6SY
14 - 20 AVGOWT
21 - 27 AUGURY
U - 3 ,DmnU

TO'MLS

322
485
332
728
6 77
802
884
601
365
360
706
78"5
769
834
317
581
466
236
154
226
224

1
54

276
239
235
233
317
400
483
270
332
374
221
162
210

69
86

732
319
311
267
162
192

63 20
50 23
41 43
43 35
33 31
34 43
28 45
15 47
22 31-
14 43
44 19
37 26'
57 14
32 40
52 13
39 26
62 15
68 19
45 *27
66 12
61 21

100 -

52 41
73 17
72 "10
46 17
53 15
61 21
54 11
63 19
so 11
31 44
62 26
56 29
69 19

.68 14
72 .7
51 21

27 46
42 40
53 28
48 18
64 14
65 15

17
27
15
22
36
24
27
37
47
43
37
38
29
28
35
35
23
12
28
22
18

7
10
19
38
32
18
35
18
39
25
12
14
12
18
20
28

27
18
19
34
22
20

PERIOD 4

NO. LIVE DEAD DAMG

166 40 32 .28
219 34 54 12
322 30 54 16
201 62 14 23
396 46 23 30
295 24 46 30
174 37 34 29
173 6 34 60
255 27 23 51
280 11 40 49
378 38 13 48
163 5 42 53
523 41 24 35
406 19 43 38
284 36 28 36
310 36 30 33
211 71 10 19
179 72 13 15

35 37 60 3
70 69 7 24
47 66 .30 4
16 44 25 31
31 55 23 23

126 51 20 29
46 78• 9 13
78 51 15 33
23 9 22 70

101 62 15 23
144 43 10 47
115 81 10 9
155 61 14 25
114 31 44 25
147 61 26 14
52 81 15 4
62 68 "21 11
34 53 26 21
66 76 14 11
34 44 32 24

254 24 52 24
93 60 24 16

166 70 7 22
110 71 5 25

65 51 17 32
40 75 10 Is

7159 41 28 3016805 45 28 27
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TABLs Di-6t. tcA-wir-)

WEEK

5 - 11 SEPTEMBER
12 - 18 SEPITDBER
19 - 25 SEPTEMBER
26 - 2 OCTOBER

3 - 9 OCTOBER
10 - 16.OCTOBER
17 - 2.3 OCTOBER
24 - 30 OCTOBER
31 - 6 NOVEMBER
7 - 13 NOVEMBER

14 - 20 NOVEDMBE
21 - 27 NOVEMBER
28 - 4 DECEDBER

5 - 11 DECEMBE
12 - 18 DECEKI1R
19 - 25 DECEMBER
26 - 1 JANUARY
2 - 8 JANUARY
9 - 15 JANUARY

16 - 22 JANUARY
23 - 29 JANUARY
30 - 5 FEBRUARY

6 - 12 FERBRUARY
13 - 19 FEBRUARY
20 - 26 PEBRUARY
27 - 5 MARCH

6 - 1.2 MARB•
13 - 19 MARCH
20 - 26 MARCH
27 - 2 APRIL

3- 9 APRIL
10 - 16 APRrL
17 - 23 APRIL
24 - 30 APRIL

1 - 7 MA3
8- 14 MAY

10 - 16 JULY
17 - 23 JULY
24 - 30 JULY
31 - 6 AUGUST

7 - 13 AUGUST
14 - 20 AUGUST
21 - 27 AUGUST
29 - 3 SWMDZfl

TOTA LS

TIDTA.S

NO. LIVE DEAD DAMG

659 56 23 22
875 46 30 24
797 36 49 15

1100 46 30 24
1293 36 31 33
1279 29 44 27
1300 28 43 29
1159 12 37 51

976 25 27 48
811 17 38 45

1254 41 19 41
1084 29 30 41
1422 48 20 31
1362 27 39 33

658 43 21 36
1026 36 26 38

718 63 14 23
415 70 17 13
196 43 34 23
302 66 11 24
272 61 22 16

19 53 21 26
as 53 34 13

412 64 19 17
289 72 10 18
355 46 16 39
295 48 17 36
466 .61 21 17
759 45 14 40
722 60 20 20
463- 54 13 34
616 27 48 25
644 55 31 14
284 61 26 13
246 67 20 13
268 65 16 18
135 74 10 16
139 50 24 27

1100 28 47 25
598 42 39 19
546 59 21 21
465 55 15 30
316 62 16 22
256 66 14 20

2d436 42 29 30

TL. Period 1 - Smzig.ms to 6 h before sunet
Tijm Period 2 - 6h before sunset to asunset
Tiew Period 3 - Susee to 6 h after sunsot
Tire Period 4 - 6 h after munet! to sunrise
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Table DI-62. Comparison of the condition of fishes and macroinvertebrates impinged during continuous
and intermittent rotation of the OCGS traveling screens in November and December 1976.

% Dead % Live

Continuous Intermittent Continuous Intermittent
Nov. Dec. Nov. Dec.

Brevoortia tyrannus 9 25 19 25 11 4
Menidia menidia
Etropus microstomus
Pseudopleuronectes americanus
Crangon septemspinosa

14
26

2
19

44 41
30 25

6 15
16 18

65
13
90
62

29
29
71
70

24
30
51
73

4-
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TABLE DI-63. CATCH VRIUENCY (!MMEfR PER 0D0f"TIaN) BT TE)WERATURZ FOR SELECTED VIMSS AIM KACRDIW EBRATTS "MPTIGED ON TOM TJAVLI.G SCRIENS AT

TME YSTER CREEK GENEATINTG STATION, FORM3 R£IMl. K .M rRSUT MIMl 6 SV"EM3M 1975 THROUGH 2 SEPTIEE1R 1977. W HAMM.S VIEI TAry

PROM 24 DECMMER 1975 T1OXIG 7 WACI 1976 &MD 73 14 WAY THROUGH 12 JULY 1977.

T 31 2 81 2 1 6 2 -- - - - - - -- - - - -

9 30 7 ISO 2 82 -- - - - - - - - - - - -- - - - - - - - - - - - - - -

M 29 32 544 63 -- -- -- I -- - - - - - - - - -- - - - - - - - - --1-

P 28 49 873 147 2 ... 20 2 2 1 3

27 76 787 93 4 21 3 2 6 1

A 26 01 920 26 5 20 1 2 10

A 25 75 1268 19 4 36 1 3 10

T 24-- 75 - 1------ 49 -- -- - - -- -- --

U 23 61 1138 26 8 02 4 7

A 22 59 1150 170 5 485 1 14 12

21 30 459 100 3 699 2 1 2 10

20 60 558 72 2 473 2 1 2 4

19 7o 721 513 1 756 3 2 - -

----- - ------ ---------------------- - - -- - --------------
N 2 32 354 163 1 41 1 1 1

27 92 33 328 22 6 2 13

16 101 162 114 1 334 2 6 4

15 Go 99 55 4 206 3 a 1 13

14 61 '170 120 5 538 11 5 4 1

23 45 283 387 14 720 is 8 1 23

12 44 238 435 11 483 33 14 2 3

----- ---------------------------------------- ----------------------------- -- ------ -- --

11 75 178 576 19 299 26 10 11 2

10 61 190 160 i2 266 25 13 4



TABLE D1-63. (Cont.)

I Wz

14

T 9 58 226 602 34 429 13 15 1 5 .

m 61 39 323 19 99 23 13 1 7 6
P 7 58 6 1446 77 170 23 24 3 3 2E
R 6 55 2 387 165 12 26 22 1 1 9
A
T 5 55 1423 55 5 38 24 1 1 5

-------- -- 2------------------ - ---------- -
4 57 2 1303 26 s 82 23 6

00

3

2

1

0

-J.

11)TJA

53 647 21 1 28 5 10

74 1418 16 1 32 3 9

79 1260 10, 33 4 9

37 2433 13 20 2 55

T 3]

9 30

N 29

P 28

S2'

R 21

A 2q

T 2

U 2.

R 2;

a 2.

5 1855 8 1 26 2 46

IL 1082 12130 17887 578 7001 476 229 42 165 169

.. .

L 2 5 1 1

3 7 3 1

32 13 1 59

8 49 1 27 4 58

7 76 1 15 3 62

6 81 1 12 1 2 12

5 75 1 1 17 2 2 11

4 75 1 1 1 20 6 1

3 61 1 1 1 1 12 2 2 8

2 59 1 1. 1 1 6 34 1 23

1 30 1 1 1 3 2 a



I-0

Table DI-63. c, .

.2 40 4.4FREQ~UENCY ~ .

8.b20 60 1 11 19 36

.19 so1 1 1 4 42

is 56 1 3 1 4 3 25 5 19K

17 92 2 1 .2. 1 1 15 18
p ----------------------------------------- ---------- - -- -

16 101 7 10
- - -----------------------

15 68 2 2 1 1 6 13 6 11
----------------------------------------------- --- - ----- - - --------------------------------------

14 61 1 3 2 6 3 1 50
A ---------

13 45 3 3 2 is 26 3 so
T ---------------------------- ----------

12 44 2 11 5 6 2 2 3 147
u--------------------------------

11 75 1 10 3 20. 26 14 9 111
R ---- -- -----------

10 61 1 3 2 12 6 5 4 56
- -------------------

9 58 1 4 2 35 7 4 27 102

* 61 1 5 2 35 13 2 9 60
------- - ------ ------------------ ------ - -------- ----------------

7 58 1 6 2 40 41 4 21 123

6 55 5 3 45 119 5 23 25

s 55 28 1 .19 93 .2 21 62

4 57 23 L 14 53 1 a 75

3 53 34 8 35 6 25
- ---- -------------------- - ----

2 74 27 3 12 1 12
- --- ----- --- ---- - --- --- - --------------- - ---------

1 79 1 41 2 11 26
----------------------- - ---- ------------ --------------------------- ------------ ----- -

0 37 .a 2 7 1 33
- -- ----- - -- - -- - -- - -- -- -- -- -- -- --- --- - - --- - - ---- - --

-1 5 29 11 61 2 27

TOTAL 1882 25 9 330 32 418 489 198 164 1394



r.'.f "t To "tl glnlg fun,,b•, .,elght (i1 ), amo total motiaUr (Immed-ate and delayed) o O s elot"op E i Impinged by month On the alvcUrq sreen, At the Oper Creek Gen.r" Sr..,.
rmknd JJa•. r e- l).Ie.. John September 1975 through August 1977. Noe temple were taken 24 December ItS though 7 March 1978 and 14 May tuough 12 July 1917.

00cA

S'p•Itxt- 1n75
October

March 191A
Apri
May
June
July
Aujurt
•S'ptemlj-

Octoor-

flecewrlr
Janiuary | 91T7

Fel~uaua
MIurch

May
July
AusTC
Total

Total Total Immedlaze
Nurnrt Weight Moruallt (y .

0 0 -

279 217 1 4 b

13. 371 15, 550 18
1.184.••9 1.005. 546 is

114,143 153.141 to
311.•296 2912.43
77,,904 639..23 1
719,711 195.603 4

1.603 1.1 01 14 b
to . i 14b

21 21 145
1.215 ,.t$ 10

97, 956 81. 304 19
25s.2" 241.359 1I

51. 542 50. 75 1i
18.22M 56.930 97
94.312 104.129 13
77,080 88.209 11
2.IG3 ,15.7 21I1 14b

1 4 14b

I .RiO. 77 'J 3.394.4044 14b

Mortallry

Nutmrber Weight Total

Immediate Delayed' immedliate Delayed' Numtbet Weight

42 23 42 33 i5 75

5.407 1.425 2. 79. 1.658 3, an 4,457

177.642 130.863 IS0. 9s1 111.115 504.505 261,950

17.414 20.75 15,315 17.916 37.789 3.233
T 6. 5 37 27.52 25.486 33.475 P6. 09d 29. 927

so. 645 95.454 31.913 71.9CS 134. 099 110.158

31. 1"9 17. 300 27. 827 96. 820 126. 406 114.941

224 1"7 16i 133 403 3D0

3 2 2 2 a 4

3 2 3 2 5 5

111 146 257 205 326 402

15. 615 10. 491 14.126 6.843 26. 5•70 25. 712

40.130 27. 320 44, 975 29.635 13.450 71, 610
9,123 5.421 ,9640 5.342 15. 220 14.091

2.754 1.746 2,979 2.9 11 4. 50 4.708

1,241 10.67 123. 53? 15,111 22.916 15.S14

i. 479 9.396 9.703 10.20 7. 297.9 10. 904

270 181 363 117 551 540

2 1 1 1 1 2
1 9 1 0 2 1

391 770 448 2701 U49_S3 3955 1 V 940.063 745. 44
. .- f ... ... i ... . i ... ...

Delayed .- niesaity estlmate hare October 1975 thtaush Auagit 1217 For speclmein beld in ambient vater wast 1%.
b Egtlr.Iate from 6 September 1975 &rough 2 September 1677.

C Tolm., numrl'o and -lght dr "rei eoartsl die t•tal [a I yam, (Table t-4T) bwame adi vial vat a separate e dmato (-ee page 01-294).



T.Ml ri.- ,. "•.tlt escirnad n w, -. l5hl (jg), l.d toult ovwUU (tmsWiLate and delayed) of Callinecum ispid_ implined by month on te traveling tnenm at the Oywor Orek GenCeng*. St.at-j

ImrknJ Rice. Nrw I-ey from September 1975 drough Auow 1977. No temples wue taken 24 December 1975 tough 7 Muoch 1976 and 14 May housgh 11 fuly 1911.

Mor If'a ty

March Ill.

ill,

lely
Au. .urt

CO

Total Twat latnedLata
Nurn .'. Welght MwuSlery(%• 1

29.9'01 920. 309 12
44.101 1,167.239 9

25. 970 154.998 9

.131 8.208 4
95.462 124.701 1

204, 211 1¶0.009 0
5"2.10 n ,315.421 i

2. 093. 595' 12,99,3016 7
1.094.193 - 13.110, 311 9

920.410 13. E1, 531 11
133. 960 4,316, 544 7
52.129 1.965. 090 4

1.151 51 ,72 b

21 320 9

24 386 7b

953 19.119 9
5.460 its. 916 a
1.23 30.712 0

14.142 214. 911 6
11,9 I5 .41Z99.114 $

31835 l.4 08'. 51 .7"3.; 7 2 7b

Numober
Immediate Delayed'

3,46t ,.011
3. .9 1.60o

779 , 008
229 220

0 S.92

33. 769 21.192

146, 159 1-1 995

99, 417 39,29

101.245 32.771

9.517 5.058

2. 062 2,002

It 43

I I

1 0

2 1
17 23

0 211

74 46

l1798 2,322

403. 573 096. 514

Weight
Immedlate • Delayed-

110,449 2.398

10o.052 42.4897

4.650 6.014

329 315
1,247 4,938

0 29.23.

199. 928 . 124.660

909. Bil 483. 140

1,189.340 419,401

1.52.711 498. 351

302.158 160. 515

79, 904 '75, 459

4,002 2,127

22 12

4 2
2? 14

222 418

0 4.133

1,843 1.115

48 89 30, 641

1253913 182,924
4 591 914 1•12710rif

Total
Numbn WeiRMt

4.495 142. 946
S, 5"4 147. 539

5,791 10.864
449 643

3,247 9.191

8.18 29,256

54. 931 323. 586

224, 444 1.2393,429

135, 302 .1.6.4. 753

134. 052 1.9"9.122

14. V75 402. 713

4.097 554,063

124 6.129

2 34

1 a

3 41

40 "31

2i9 4.63

120 2.99"

1.381 19. 536

4.119 2998,99

900. 09l 070?. 810

Odtobe,

November
Deccc~

)snowy 19--1

Muxch

Al.tty

ul ly

At-i" -

Total
-f l +~ ~~~ -.1- Do S". 2 .... i--i . . . . i 6 l+-

4 DclayM -,•rlty etimate Iorom October 1'97 drough Augmo 191I for spemeiem held In ambien wuoer wu 4.6,

b E,,..,'r hom 9 Seplembe 1915 iimonuglh 2 September 1917.
Total .-..- arnd eilght doe. not q..tu thes to re. 2 yem (TabST.h 01-4T) bttme each ait u a s epiamr estimate 5m(s page 5I-294).



Ta Toti. l. orsi ,jtlnmei. numlr,. -etght (10. and total nimUlity (fmmedLue and delayed) o Anchoe mltchIIt Impbrged by ntonrt an the tsveling reteere at the Oyter Crek Gen,•lrl-q Start.le

f' mknIl Pvr. New I-n.v. frrm September i1ls dwough August 1871. No 0amplm rJe taken 24 Decemba 1075 through 7 Match 1910 ola 14 May through 12 July 1917.

MmtrtllrV

Set..." 11
Oclo-,r
PNove,4Nr
Ocie"o.-
March 11"6
AT-l1
Mlay
June

Ln

July.
itugine
S-Ptt,,,tr

fortuity 11"?
Fethr it a
Mtarch

Atoll
May

Toaly

Total Tout

Nuhrlre: WeJllht

7.250 .172

12. 502 40. 510

2.431. a8. II
657 1.84

38.420 108.2 56
1.084,51 .$.045. 791

164.044 1.466.908
36.940 76. 679

6.207 12.018
12.902 29.601
11.811 44. 595
02.116 216.372
9.660 29. M4

244 943
.0 20
0 0
a, 0

38,3123ý 137.1"0

310- 1.032
4. 402 12.424

,I 0 In: 01 RI

immediate
Mortality ($1

02

*14

73

to

91

71

61b

lob

b6

Numbqa
Immediate Delaycied

2.048 102
., 817 2,563

1.242 1.014
505 272

26.121 11,065
791, g00 283.572
501.,999 51, 41

33,22S4 3.532
6.063 111

12.1153 I1
18,116 690
SO.035 10,063
*6.659 2,S21

190 49
S 16 4

24, 908 12.060
242 $1

3,142 594
16.226 2,317

1.1508.08 368. 341

Wcf Ih
immediate 7elay-da

1.243 407

52.003 1.48

4.403 3.001
1.071 822

73,600 31.172

1.223,425 140.126

1,305,548 145.224

09. 011 6.001
12.269 221

29,305 260

42,911 1.006
171.425 342.092
20.962 7.706

736 18I

16 4

69,174 43.214

805 204

10,250 1,610
41,720 6,299

4.144.0" 1.03:.013

...... 

[

Total
Number Welstc

2.230 5.110
12,20 29.6259

2,310 8.210
02'1 1.8993

37.191 104.177

1.015.372 1,063. 551

551, S4 1.450.717

36,190 76. 012

8.193 12.492

122. st 20. 571

18.198 44. 417
0, 90I . 212.4711

9.230 2i. I6I

229 922

20 20

26,974 122.106
303 1. Deg

4.236 12.238

18. .03 52.410
1.671.1104 s T. 17!1,

I Del.yed mortaUty efdl:mete htm Octohar 1911 Ovouqh A"t 197I for Ipectemq hoel in ambient veto vwa 90talk
b Et mote horn I Septemrit 1975 duwgugh I September 1971.

o TanI -t,..- and .elRht does not rarral dhe total fm 2 years (Table bl-47) beceme ech total vwa a oeparite msimate (see page D1-294).



¶'i..I PI.1. r-1. ,,;In..d u-, ,, Ight (4). end foist martlfr2y (imme.diate and delayed) of revo~clst t0?dllfus Imjpinged by mnt.uh o the traveling vreen, at -he Oyrr e Clerk Cnl- lO.

r.s..d 91... N e.. Jr- itm September 1918 through Aqugus 1977. Noe ampfre wae taken 24 December 1975 dvoulth 7 Mauch 1979 and 14 May thhough 12 July 1977.

Numbezy- -

April

I'lly
June

JuMPly~

OcI& c

a-%

Total Total
Number Weight

21 4.594
16 94,5

98 19.920

.9V2. 612,538
7 4 21.970

. I$3 11, 179

904 109. 769

651 77. 453

4. Sit4 47.54,•

952 39, w0

1.01 91, id5

39.141 1.638.641
45.448 2. 986L L72

9. 7G7 2, 108.917

94 4.353

930 25.461

1. 14S 191. 512

454 66.953

6 2.657
1.254 10. 649

3,.43 1 529
114 594', 9 16"1. $516

Immediate

735
1lb

sob

19

lob

54

63

5912

28b

1?

so8b

Numb
Immediate Delayed6

9 18

4 11

27 6t
2,33 4. "21

211 85

325 768

253 111

182 446

2,415 2.004

267 652
753 264

9,936 25.754
11. 382 32. 362

1.293 5.204

26 *60
1468 363
237 1,442

127 311
2 4

840 323

2,113 1,45,4
31. 822 78,626

Weight .
Immediate Delsycdi

1.246 3.143
265 6448

.6048 1?. 331

59.9181 430.417

7,580 1s. 56

50.170 122, 559

30. ?33 75.012
21.981t 83.919

23. 674 20.777
It. 144 27.35

39.2350 29. Big

401, 912 1. ids. 399

467.209 15331. 543

510. 706 853. 3S7

1.219 2.917
7.133 17.429

24.371 154.979

24.341 59, 470
520 1.270

1.134 3.339

32, 207 27.215
1 510 79(1 4 206n 414

Total
Number Welght

26 4.429

is 911
94 17, 379

6. 659 598.654

91 29. ON6
1, 111 12,7 729

971 1O5. 911

628 74. 665

4.479 46. 451
gig 38.36, 8

1.0127 go .19

54.170 1. 514,310
4L 744 1, 98. -51

4.489 1. 064. 613

92 4. 196
511 24. 56.4

1. 6Ge 179. 85

430 83. F742 92. 9'20

1.233 10. 472
3. 567 54. 35

1o. 44"a S 052 275

Jouly~e

Auc.,'hn

m.oc!17

SI lilt 79i -- a 0 4 .. .I.. .I. . .
1.

IDelayrd mottaUty estimate from October 1915 durrogh Avowt 19l foe speclmnem beld to ambiect water wu 951.
b Eltmate from 8 September 1915 duoughI 2Septembe 1971.
€ T-l1. nt,flu, and .el101t dces not rtual the total for 2 years (Table DI-47) bOcaut each total vu a separate sdmtos (toe page DI-294).



Table DI-68. Total estimated number, weight (g),
the Oyster Creek Generating Station,
December through 7 March 1976 and

and Immediate mortalitya of Lelostomus xanthurus impinged by month on the traveling screens at
Forked River, New Jersey from September 1975 through August 1977. No samples were taken 24
14 May through 12 July 1977.

September 1975
October
November
December
March 1976

April
May
June
July
August
September
October
November

41 December
January 1977
February
March
April
May
July
August
Total

Total
Number

2
0

45
12

0
0
0

27, 488
11, 313

4, 079
792

22. 588
32.193

1,777
12
32
44
25

0
531

4, 777
105. 710c

Total
Weight
137

0
2,575
1,295

0
0
0

Immediate
Mortality

48b

48b
48 b

Immediate Mortality
Number

1

22 1
6

weight
66

,236
622

I

. 73,965
55,303
39. 512
16, 094

733,033
1, 2 85, 402

38,415
198
997

1,136

0
3,163

52, 546
2. 304. 5 98 c

77
57
64
48 b

32
22
11

.4 8 b

4 8 b

4 8b

4 8 b

48b
49
48"

21,166
6,448

2,611

380

7,228

7, 082

195

6

15

21

12

255

2,341
47. 789

56, 953
31,523
25,288

7,725
234, 571
282,788

4,226
95

479
545
397

1, 518

25, 748
673. 780.o

-- F E2 304 598C

a No delayed mortality estimate due to an insufficient number of specimens.
b Estimate from ,8 September 1975 through 2 September 1977.
c Total number and weight does not equal the total for 2 years (Table DI-47) because each total was a separate estimate (see page DI-294).



Table DI-69. Total estimated number, weight (g), and immediate mortalitya of Etropus microetomus impinged by month on the traveling screens at
the Oyster Creek Generating Station, Forked River. New Jersey from September 1975 through August 1977. No samples were taken

24 December through 7 March 1976 and 14 May through 12 July 1977.

September 1975
October
November
December
March 1976
April
May
June
July
August
September
October
November
December
January 1977
February
March
April
May
July
August
Total

Total
Number

2
5

1,308
7, 537

4
25

7
0
0
5

22
1,835

50. 351
6,373

12
2
0
0
0
0

Total
Weight

19
76

9, 702
48,610

30
111

65
0
0

51
126

10. 469
324. 022

30,153
25
12

0
0
0
0

Immediate
Mortality (56)

2 6 b
26b

18
17

2 6 b

2 6b

2 6 b

26 b

2 6 b26b

30
25

2 6 b

2 6b

Immediate Mortality
Number

1
1

235 1
1.281 8

1
7
2

1

6
477 2

15,105 97
1,593 7

3
1

Weight
.5

20
,746
,.264

8
29
17/

13
33

.722

.207
,538

7
3

4-.
00
00

0 0

67,488 423,471c 26b 18,714 117,612

a

b
c

No delayed mortality estimate due to an insufficient number of specimens.
Estimate from 8 September 1975 through 2 September 1977.

Total number and weight does not equal the total for 2 years (Table DI-47) because each total was a separate estimate (see page DI-294).



Tshi. I,-,0. Totsl *tlmstrl nomý,br, lght (9), And total mc0tsUty (immedtiat and delayed) of Meitelo menidta Impinged by monti on the jrsveeUiq taeree at the Oyster Creek Genee -l., S!'lmo.
Faked ki vr. Ne• leney from September 1975 thmough Aguswt 971. No samples vwoe takhen 24 Decembel 1971 through 7 Much 3176 a-d 14 May dtrough It July 1971.

Mw, a lily

I-o

sepoemler 1915
Octo•.t

Novermt.r
Dece m x.:•

M.Wch 1570

May

July

August
Septmeffr
Octobe r
Novernt~el
De-m'-•

We~ru.'Y

Arall

lolyAoJ),

July
.Apt

TOclob

Total Total
Numboer Welht

2 a
42 154

739 2, log
19. V35 , al091
201.110 13& 8"25
S. 724 35, 505
4.7145 30.10

271 1, 811
9 35
0 9

24 76
049 4,543

10. 4M2 50. 53
4.248 19,170

215 799
401 ,97"2

9. ?6t 54, 737
8.148. 40°755

19" 124
"19 • 193

341 026
.12.114 c • 47,q .36

Immedlate

3$b

31

11I

59 b$0 b

44
43

30
25

S,,b

I 5b
.8 I

Number
Immediate DelIied

I6 7
too 12

. 5931 3.140
13, 721 3.455

3.492 Go$
3.93 244

111 49
3 2

9 4
223 342

4.577 1.373
].142 677

552 67
152 87

2.956 1. 64
2.037 1,650

7 3
30 13

130 57
39. 073 14. 322

MUnMUCYWeight
Immediate t-eldy..

3 1
39 20

].091 494
26.127 16,460

70. 6" 16.340
21.659 3,759

24.383 1.544
052 305

1.3 4

30 1;
1.7260 12

22.243 1" 643
8.109 3.151

300. 532
749 330

10.421 10. 345
15.159 5. 813

41 21
75 32

334 138
206,932 73,344

TotalNumber Wel~lih

1 3

33 as
413 6.512

9,700 42. 589
16.176 9. 039
4.095 25.397
4.087 25.921

160 997

5 19

55 . 43'
465 7.4r7

8,1.o 29. 111
2.419 11.780

I32 422

219 1.,0?9
4.722 26. 766
3,481 72.042

10 6g
45 105

187 452

5395 •qC jig

Tot 
ml

..... 1I m
I p i

380Total

a
leltvrd.4 motaliry eadmate hom October 1973 Orougti Aovst 1917 for rplseslm hbed In ambient water wua 27%.

b a rltluate from 8 teyrtemts 1915 thadmu .2 September 1971.

C Total .•.evoe oM -elo4t does not enual tie t11t1 fo 2 yews (Table .01-47) bolaUise each toal Vw a separate estima (see page D0-294).



Table D1-71. Total estimated number, weight (g). and immediate mortalltya of
at the Oyster Creek Generating Station, Forked River, New Jersey
24 December 1975 through 7 March 1976 and 14 May through 12

Palaemonetes vulgaris impinged by month en the traveling screens
from September 1915 through August 1977. No samples were taken
July 1977.

September 1975
October
November
December
March 1916
April
May
June
July
August
September
October
November
December
January 1977
February
March
April
May
July
August
Total

Total
Number

15
115

4, 817
3q,258
75,034
40. 376
37, 751

144, 512
3,411

18
7

3,538
3,376
5,407
2,294
1,270
8,188
5,020

317
275
124

3'13.12 3 c

Total
Weight

10
66

3. 052
22,229
44,446
25,398
30.231
94,610
2.485

18
7

1,686
2,120
3,364
1,242

829
4,826

3.333
230
188
92

240.462c

Immediate
Mortality (56)o•

8D

8b
8

9
7
2
8b

5
8b

8b

8b

8b

8b
8 b

8 b
8b

8b

Immediate Mortality
Number

1.

9
385

3,353 2
5,252

808
3,020 2
7,226 4

273
1
1

283
270
433
184
102
573
402

25
22
10

22.633

Weight

5

244
.001
',111

508
•,418
t, 731

199
1
1

135
170
269

99
66

338
267

18
15
7

I. 604.

f 

.

r

a No delayed mortality estimate due to an Insufficient number of specimens.
b Estimate from 8 September 1975 through 2 September 1977.

c Total number and weight does not equal the total for 2 years (Table DI-47) because each total was a separate estimate (see page Di-294).



Table DI-72.. Total estimated number, weight (g), and total mortalitya of Prionotus evolans impinged by month on the traveling screens at the
Oyster Creek Generating Station, Forked River, New Jersey from September 1975 through August 1977. No samples were taken
24 December 1975 through 7 March 1976 and 14 May through 12 July 1977.

September 1975
October
November
December
March 1976
April
May
June
July
August
September
October
November
December
January 1977
February
March
April
May
July
August
Total

Number
394

2, 197
1, 562

302
0

13
156
222

34
18,480

5, 824
24, 858

1,833
43

0
0
0
0
0
2

68
55, 988 c

Weight
4, 050

32,141
30,333

6,433
0

973
36, 741
29,467

7, 579
152, 549
101, 731
431 607

21, 437
676

0
0
0
0

Immediate
Morta&ity %

1 8b
14

6

1 8b

18b
18b.
18b
18b

57
23
13
20
1 8 b

Immediate and. Total- MatVlity
Number Weight

71 729
308 •4, 500

94 1,820
54 1.158

2 175
28 6,613
40 5,302

6 1,364
10, 534 86, 953
1,340 23,398
3,232 56,109.

367 4,287
8 122,-..

0
738

a 1Ra

18b
, b

0
19.

133
L.469

12 uIRnZR14 1 469
ORA PrCK I Ru 1Ra non 1 CIA 1'10

£1 Delayed mortultiw esthonate from October 1975 through August 1977 for specimens held in ambient water was 01.
b Estimate from 8 September 1975 through 2 September 1977.
C Total number and weight does not equal the total for 2 years (Table DI-47) because each total was a separate estimate (see. gage. DI-294).



Takto: I't-'7. Tots rti. m ted aum -", welght (g•, aid total Xm L.Y CImmed iate* ald delayed) of Ate.. ae. tivath tmpla.5 ed by mo t h On the taevelL.n screem at di g Oy) te Creek Gea at j S ua ton,

rmkvd River. New terey from Septomber 1115 dvougb Aquat 1917. No samples we. taken 24 Oecember 1975 trough I Murch 1918 and 14 May dwougth 12 uly 1577.

Mrtality

Total2
Nutrp'.e

.tle tnt "

Decoe.,|,er

Mateh 1170

May

lune

opte m•i .

NOcet.,~

TolIINu•h•r

tv

27

59

16.0.0447.11
7,100

2,011

1. 9.'4

525
3

Is
9

163
340

70. 911
60

2.921"

1.660

54

406

.• "

Total

Well~bt

423

600
2,219

62. 166
01. 6r4

59. 308
43,717

5. Set
15

]115

109

2.324

3.8600
66. 419

337
1.5•11

23.240
63. 330

3.293

5,132

2,149.8

lImmodlatm

45b

45

54
4 2 b

4
,b

42b

41b

• 4•

42b

41b
42b

4 2 b41b
42b

42 b

42 b

45b

42 b

Number

Immediate Declayed"
12 7

.37 22
7,862 3.436

2.414 1.608

570 504

all 471

211 126

1 1
6 4

4 2
6o 40

143 63
6.364 4,607

25 16
177 102

345 460
416 601

171 92
10 62

23. 104 13 0:33

Weight Totol

Immediate DelaYed Numbe Wetv. t

178 103 19 281

253 147 I 4M

932 141 15 1.473
30,951 13. 30 11.228 44. 401

12.502 19. 740 4,3W0 41.731
29.109 16.83 1,2314 45.9.2

18.865 10.664 G1,23 25,050

4.027 1.336 349 6.363

6 4 1 t0

50 29 10 79
45 26 6 71

97S s66 2o0 1.542

1.630 945 226 2,070
38.166 19,903 14.171 58. 851

147 63 44 224

313 . 471 217 1.264

4.183 8.004 1,005 12,117

24. 071 20. 461 1.022 32. 058

1.293 002 M36 2.10
2. 1I 1.250 270 3.405

1,216 706 169 1,922

11•S 65G 116. 74 36,137 259, 170

m~cem'fl
JlntlMfy 1971

latmch

Ap ll
May
lNly

T•':l
.... i ... .. i ---

Delaved fenrrilt7y eitiate ,om October 1915 trougb August 1977 for Ala. rpp. held In ambient water, wa 42.
b ritimsam frnm 6 September 1961 trouqh 2 September 1•71.
e Toi -tKv and .eltot , m0 equal te otal ror 2.ysm (Table DI-4"I becauSa each totAl waa a lepuats etimnat (See page 01-294).



Table nlI-4. Total estimated number. weight (g). sed totl moartality (Immodlat and delayed) of Sy n wths fuscur Impinged by month on the tfaveing scteen at the OytW Creek Cenerdanq Stacon.
raked Pitflie New l•e,, fronm September 191S dwoush Augw! 1911. N4o 0amplle wrse taken 24 DNu'mber 1975 frouth 7 March 197 aind 14 May itrough 12 Nuly 1971.

Mortality
Total Touta Immediate Number Welight Total

Number Weigbt MartlUs (S,) Immediate . DelTyedl Immediate Deltyeda Number Weltgt

Septemb.r •illS 29 120 sb 1 6 25 7 31
October. ill 432 *b a 24 .22 B.6 30 10
November 3,924 .1. 81 4 18 71 316 12 1699 946 1.904
lieceb.,, • 10, 951 21, 64 4 422 2,128 86s 4.365 2, 550 5.231
March 1916 8,200 l6231 4 329 1,623 729 3.071 1.991 4.404
April 2,413 14.117 9 164 1,112 424 2, BI6 2.277 3.300
May 2.686 11. 90 111 "721 360 2,442 .92 2. 02

June 2,576 1,245 Bb 129 614 362 1, 445 043 I. 80'
July 490 1.222 S4 462. 61 244 4" 30S
Augiet In 370 6b 4 to 19 74 20 92

" September 131 276 Sir 7 124 14 55 131 69
October 1.105 4.2908 6 IB 340 210 .040 428 1,050
November 3.169 .602 5b 156 032 330 1.317 790 1.647

)378 63S Sb it 79 22 106 94 IseDecemberl'•? 5b 0 1 0 1 1
isosaty 1917 7 7 2b.o1
Februay 0 0 .
March 310. 728 •b 16 62 "6 14S ; 142
Ap.i 2.904. ,229 2 39 698 125 .104 616 .2"9
May 12.082 2.973 9 . 97 207 260 see 304 930
fuiy 1.123 2.692 6 a7 222 162 231 289 692
A,.t'ctt 4 4 1 6018 5b 24 97 51 203 121 254
inta) 49.440c 10R. 6312 5b 1. 871 9g.al 4.372 206 491 11 G003 311023

Wiayrl I woulitaUty estimate rorm Octeh,•t 19756 Scou*g A"go 1971 tfor pse•mcetrn hold to ambient wate wu 21%
b rLtimarr from $ September 1975 duough 2 September 29?'.
C Total im"v, and weltht does not eta-l the total fr 2 yamts (Table' D-47) bectuam each lot1 wars a epaatea estimate (tee page DI-2,4).



Table Dl-75. Total estimated number, weight (g), and immediate mortalitya of Pomatomus saltatrix impinged by month on the traveling screens at
the Oyster Creek Generating Station, Forked River, New Jersey from September 1975 through August 1977. No samples were taken
24 December through 7 March 1976 and 14 May through 12 July 1977.

0

Js.

September 1975
October
November
December
March 1976
April
May
June
July
August

September
October
November
December
January 1977
February
March
April
May
July
August
Total

Total
Number

79
77

161
24

0
0

3,354
7,645

693
818
551

1,919
339

0
0

Total
Weight
2,758
2,717

9. 456
2,571

0
0

3,065
12. 873

6, 099
19,215
23,993
97, 765
18,088

0
0
0
0

Immediate
Mortality (%)

59b

59 b

59 b
59b

58
60
5 9b

5 9b
59 b

46
59 b

Immediate Mortality
Number

47
45
95
14

1,945
4, 587

409
483
325
883
200

Weight
1, 627
1.603
5, 579
1,517

1,778
7, 724

3, 598
11,337
14, 156
44, 972
10, 672

0
0

10
0

555
704

1• .q'9c

30
0

5,925
11 956

•1 t.511

6

327
415

18

3,496
7.054

5 9 b

5 9b
59D
59u 9. 781 115. 13116 929 C 216 511 59

a No delayed mortality estimate due to an insufficient number of specimens.
b Estimate from 8 September 1975 through 2 September 1977.

c Total number and weight does not equal the total for 2 years (Table DI-47) because each table was a separate estimate (see page DI-294).



Table DI-76. Total estimated number, weight (g). and immediate mortalltya of Cynoscion regalis impinged by month on the traveling screens at
the Oyster Creek Generating Station, Forked River, New Jersey from September 1975 through August 1977. No samples were taken
24 December through 7 March 1976 and 14 May through 12 July 1977.

0

Ln

September 1975
October
November
December
March 1976
April
May
June
July
August
September
October
November
December

January 1977
February
March
April
May
July
August
Total

Total
Number

713
1,360
2, 758

88
0
3
5

265
185

6,229
2, 521

18,183
1,289

0
0
0
0
0
0

36
6, 002

39,637c

Total
Weight

16, 014
16, 767
84. 630
1,886

0
2,069

295
4, 504

34, 803
28, 671
39. 030

460. 789
70, 988

0
0
0
0
0

Immediate
.Mortality (10)

59b

51
38
59 b

59 b

59 b
59b
59b

80
64
61
59 b

Immediate Mortality
Number
421
694

1,048
52

2
3

156
109

4,983
I ,613

11,092 2
761

Weight
9,448
8, 551

32, 159
1,113

1,221
174

2.657
20, 534
22, 937
24, 979
81,081
41,883

0
420

1"/_ 1RR

59b
21

'2. AR
248

•8. 240
17 166 48 2 881 8 240

'P7R Oq~c 5.qO 9.fl R.qR 455. 225
178 032C 59b 23 6 455 225

a No delayed mortality estimate due to an insufficient number of specimens.
b Estimate from 8 September 1975 through 2 September 1977.
C Total number and weight does not equal the total for 2 years (Table DI-47) because each total was a separate estimate (see page D1-294).



Table DI-77. Total estimated number, weight (g), and immediate mortalitya. of Paralichthya dentatus impinged by month on the traveling screens at
the Oyster Creek Generating Station, Forked River,. New Jersey from September 1975 through August 1977. No samples were taken
24 December 1915 through 7 March 1976 and- 14 May through 12 July 1977.

September 1975
October
November
December
March 1976
April
May
June
July
August
September
October
November
December
January 1977
February
March
April
May
July
August
Total

Total
Number

120
572

1,248
508
45.

148
446
451
193
713
367

1, 502
120

21
0.
0
0

124
0

TOtal
Weight
15,227

101,291
207. 620
18,030
5,055

29,488
131,292
129, 694

62, 547
222, 547

80, 833
415, 834

31,706
8, 937

Immediate
mortality (10)

9b
9b

2
9 b

9 b

9
b

9
b

9
b

9
b

9b
9 b
9b.

•9b
9b

Immediate Mortality
Number Weight

11 1,370
51 9,116
25 4,152
46 1,623

4 455
13 2,654
40 11, 816
41 11,672
17 5.629
64 20,029
33 7,275

135 37,425
11 3,394
2 804

0
0
0

25, 734
0

13, 558
60,382

1.565, 7 75 c

9
b

9
b

9 b

11

7
32

2,316

1,220
5,434

126,384

80
353

7. 0 11c 329g 543

No delayed mortality estimate due to an Insufficient number of specimens.,
b Estimate from 8 September 1975 through 2 September 1977.
c Total number and weight does not equal the total for 2 years (Table DI-47) because each total was a separate estimate (see page DI-294).



Table p1-14. Total enlma[--a number . weight (g). an total m-ultry (immediat and delayedl) of Plludoplewonecej americana Iimpinged by month an the traveling seens at the O•ltar 0-i
Genmot:ing Starton. Forý.J lrmer. hew flerty hram Septembe 1615 dnvoagb Augusnt 2977. No samplet e•e-t san 24 December 2615 through 7 Much 19768 and 14 May trlough 12

luly 2911.

Mortality
Welsiat Tonal

'-0

-,J

S•.ptcnt-r 1175
October
Non.em t

tfecemlb,

March 1970

ApRil
May

lune.
July

August

September

Onclobe

November
Decente,

Januay 1971
February

MA~uch

April
May
July
Augtat

Total

Total Total
4",m",- Weight

0 0
3 440

127 2.1244

3'6 60,154

1I 64. M2,

258 71.034

2.31 • 50.481

122 S09

19 894
38 550

94 12. 101

1.816 62.407

9,013 119.316
2,449 261.22S

1,506 29. 483

2.747 112.026
"10 61.404

0 0

548 2.011

19 12114
9" 1 m I-7 717 3 4.47C

Immed~iate

Mortality I•

1.b
15b
Isblilb

18b

Isb

130
15b

ISb13b

II0
'so

No mrbe
Immed late OelayM'

0 0

s6 26
42 i2

16 8

220 145

26. 68 7
2 1

14 6
282 126

2.461 672

226 102
0 140

111• 664

217 U0.

3 1
2.909 2.11

Weight
Immediate OOlayeda

so 30

4.231 2.922

12.113 5.401
7.310' 3,341

9,070 4.380

10.352 4. 830

7. 512 3.433
70 35

104 47

82 37

1.415 1.025

9.356 4.244
207. 891 48.914

.4519 6.101

43. 422 19,688
0 6.062

9.962 4.515

202 132
26? 16

234. 937 19.8682

iOrnber 14c1.Pa

so 6.116
a 11.04
81 10. 711
26 14.066

57 15.465

46S 2.005
111 " III
70 151

2 120

20 3.110
409 13.405

2.222 126.5612
370 69.259
326 63. 101

140 8. M62

161 14.416

78 459
4 143

2.00 354. 919

SDclayfJ mortaUay eadnata nrom Ocmber 1975 trough Augut 1217 for apaefmetri held In ambient wte"r wsa M
b Ealnm.ne arom 8 September 1275 dIhrgh 2 September 1917.

e Total numnrir- and weligt do"s not equal the total fro I years (Table DI.4T bescause sach total was a separme estimate (sao page b1-294).



.Ame 11-9•. TM.| I'.'- , of risheji M aj oalmer ia coUte:" W tb dlw gcb of be dflnm pump by mora at Oyas, Cteek Gene&sCt Sadcm. Forked Rimv. New Jwuy rom" 7 Sapvmba 19"6f~o.wh I 1-b| w . • "917.

opFkt her October Novembea Decmmbe Isaraari F.bruM= Mtrcb APA May Jwn JuJY AUM - Septeaba ToaFkli

Elop a&"D----
Aqnguil.lA. wAm 1 4 13 2 - - 1 2 2 ST
COaRR O•afli-1n I 1 2
Masua d aUI- I 1 4 1 2 2 2 33Al.a pseudoi•i•wg " .1 I - 2 2 2 6 - II
De ardLA traiL 1 110 46 2 3 263 212 5 1 3 9 135 6 784
Cluipa hare, gus - 14 " - - * "- 14Aocboa bepsevu 

- I 2Awboa mllill 33 49 1&- 21 15; ]80 201 72 .16 1094
lyOUMw taetvU - .1 - - -- -- -IOpiAmu u- 4 1 -* - - I • - 8tPkAMS •-•- S -4z
Umi•y€b feew .-

Rksou mwarsb 24 68 6s - 16.6 76 63 367Swadylor I36. o- - - -1 " 461* 6
Pi,•u~m •aI . -- . -. - - - 16
lbkd IabmylDlm . - * - 1 - -I I1I
bhddM leenad ] - 24 58 * 11 19' 1 9 16 11 1 164
Ap.,,*Qu dr S€. * 1 U I 1. 1 - -- 16
Gaainiasm rnia~m . -1 .. .- - . I
phomlala gabecer a -. ! - -.- - - z•jSygalZmz firni - 2 24 6 - 4 .441 21 12 9,1 4 - 1I6

Clauobml WmnS) g 14 . . .. "- - * 2 - 95<
'•PomataomuSIJta5I I1 IS 9 I - - - 22 26 12 I 94

Caawlp 3 - -- * I $ -s3 amol oet 2 1pp- .* - 1 I
Selene sdo yir0• - I" - 4

* Cyulao~sregaUa 22 39 4 " • 3 44 9 112Laolin orrnw sbn htetm 45 244 203,5 I • 6 126 31 210 718 20 1102
HeI yblc aazsdmlh . I * "- * . 1 -

Cbaeteon oor,.tUJ - I -* "- -Ts~gul'J ~ll - - 10 . 7 --1 18 2
Tau54olabrU adalp•mii. - - 2 -- - - - 2

"S O" bhwa rasu

6 gl~lillcema . " l . - I - 21
bumhMa bmqulamu 1 .-. 4 17 19 1; 1; 1.,

fl)-ilbba.nIJa besiti - II " - . " ...- - - I2
A mmadytnS ip * . * ..*. IAepetwe s 'a ,,aca 

to" *

ftlo•OOU cw~olim - I . - .. - -0
MaooOg eo m I 36 11 " 4 1 3 1 1 1

MywmeptUI'fl ocJ u,,ICrOCO uVI SW - -2 S - -.-* 60opm mi tatrono 1 2- • 2 26 231Pwlaitm dlyl demG na 3 10 5

I'aIhh ' 3. - . .S -I- 2 I I -. 211
Scopbdl•~w aq.a O 3
pC .opl•a oCeS anr - - 12 1. 39 31 33 4 9 12

La5umCu soanisltt 4I 14 20 1 8 12 -1 IS 77 20 1503

lymphuram pJyh~a - !.- " " -" 1-

Chs"Wn c nJhL~ust

.L.plabru a 2 a ds2 
12 2 4

* o 161 .485 196 36i9 216 422 330 4,26 6.24 2 141 I1 141
Tax) 13 33 $1 30 3 I 16I 8 16.11111 5



Tabls 01-70. (Wat.)

Septmba •ctobea No brm Demmber Jammy Februwy, March Aprt! MAY |une uIly Aiji " Sepember Tob
luvamb'aeld m

CIOYW'ftIyin
Cyaa c.U,5 - - - 11 , - 1

ftmemmmmm vig-arb - 5 U 44 ?8 41 34 11 t 1U
Oran- SinpUed-a -. ill so 71 91 141 11m 248 168 1 1 - m2W
I*f~adnuda -* - - 1 - t
O v sL m o a, - ,- u I I - - S - I 1 3

can1neammtam 71 144 1 1 34 26 1". 1"0 18n 23 1640
CaD ioemfhs - 3 -i o - - - 2 .8 1

Tomm b36 1" 14 3 sMo .1 1 i 1300 365 401 206 ISO to 1136
Tax & 4 1 1 1 - - 4 1 , 4 -. 16

mad Tomb 961 633 7 S 018 113 I 3g 411 16a$ 45 1117 136 1306 in 11oll6
T6s to 36 So 8 I0 " 14 20 13 21 11 25 14 84

4-



Table DI-80. Results of Wilcoxon's Signed-Rank Test for the catch of abundant fishes
and macaoinvertebrates in surface and bottom collections in the dilution
pump discharge at Oyster Creek Generating Station, Forked River, New
Jersey from 10 through 24 October 1977.

Number
of Pairs

Results of
Test (P 10.05)

Anchoa mitchilli

Menidia menidia

Syngnathus fuscus

Callinectes sapidus

27

11

16

27

B >S

N. S.

B>S

N. S.

Dl-500



Table 1'1-l-. CwMlpaurn of Uce. dead. end damagae MANu and m•calnvl•utrat pnd ton)gb die dUutkm pu'mp @adl mpled on dte f'ave•N IMeem at the Oytee Ceraek Ge sri•. Stata.dm
Fwked Rivr. Ne Jeney. bom 4 October 1978 thdui I Septembw 1,7n.

J

I
Lit0I

1kue aima .

Ancboa mIral-•Lh

R3•olA fflW•1 flltAl

iyqold ta me•kta

pomatomw salta• lx

Cyamelos tegalls

I~ammeusO Xlfiutiei

DENO mium aon MW

Paeudeplemrovcml sme-tcAuA

0611ce sepmtemptnms

Catfieeslt sstplds

Dauton Putmp
NIbe8 S U'e Damaged 6 Dead

7332 $4 b3 43

'300 94 23 6

141 #0 30

Is@ 2 3

75 $4 41

To 47 14

354 SO 1i

"23 14 14

7'0 99 1

3081 10 3

"an 69 26

I1

23

23

Numbe• , Ue 16 Damaged -p Dead

23388 9 4 27

S4a0 4 1i 1

404 44 48 i1

1701 12 32 33

.47? 84 10 4

149 a 18 so

834 14 27 so

1290 14 so 30

les 29 43 23

a1l 45 41 14

5464 8. 1 16

4943 se. 29 5I

a All rronf except Machs wd April.



TkBI. Fl1-92. rT'0A.L lJ"U 01 LIVE. DLAD, AND DAM(AGED FISFES AND M•AcRo•wl-
ErE(ATES COLLECTED IN THE DISCHARGE OF TRE DILUTIOlW PUMf]P AT

Ar a'•:"TEI . CET GERATING STATICNI. FOR.D RIVER. bMW JERSEY

r-cm oCTOBER 1976 TiRmoUc 7 SEpT'LzER 1977.

SPECIES PBUElR LmVE DEAD DAMAGED 2 DEAD

ANGUILLA ROStRATA 56 44 1 11 2
CONGER OCEANICUS 2 2 - -
ALOSA AESTIVALIS 35 13 4 18 11
A WSA

PSEUDOHAMENGUS 17 8 4 5 24
BREVOOTF"IA TYRANNUS 659 529 13 117 2
ANCHDA.HEPSETUS 2 - 2 - 100
ANCHOA MITCHIILLI 768 70 480 218 63
SYNODUS FOETENS I I ..
OPSANUS IAU 6 6 -
UROPHYCIS REGIUS 2 2 - .
RISSOLA MARGINATA 309 290 2 17 1
STRONGYLU R MARINA 5 - 3 2 60
FUNDULUS
HETEROCLITUS 16 14 1. 1 . 6

14.EMRAS MARTXNICA 2 1 1
NENIDIA SERYLLINA 3 2 1 - 33
IENDOIA MENIDIA 141 83 16 42 . 11

APELTES QUADRACUS 16 .5 Is • 6
GASTEROSTEUS

ACULEATUS I~r ISTULARIASTABACARIA 1 - 11. - 00

0 SYNGNATHUS FUSCUS 158 151 3 4 2
0 MORONE AMERICANA 61. 49 3 9 5

CENTROPRISTIS
STRIATA 19 16 -3 -

POMATOMUS SALTATRIX 75 25 19 31 25
CARANX HIPPOS 6 5 - 1
SELENE VOMER 3 1 2 -

STENOTOMUS CHRYSOPS 4 4 - - -
BAIRDIELLA CHRYSURA 3 3 - - -
CYNOSCION REGALIS 79 37 23 19 29

LEI0 STOMU S
IANTHURUS 854 710 36 108 4

MENTICIRRHUS
SAXATILIS 2 1 1 - 50

MICROPOGON
UNDULATUS 3 2 1 33

CHAETODON OCELLATUS I I - - -

TAUTOGA ONITIS 19 17 - 2
TAUTOGOLABRUS

ADSPERSUS 2 2 - -

MUGIL CUREMA 2 2 --

ASTROSC06PUS
GUTTATUS 1 1 - - -

CHASPMODES
BOSOUIANUS 2 2 - -

HYPSOBLENNIUS
HENTZI 23 20 - 3 -

AMMODYTES SP. I - - 1
PEPRILUS

TRIACANTHUS •1 - - -

PRIONOTUS CAROLINUS 1 .- 1 -

PRIONOTUS EV,.LANS 50 42 2 6 4
N YO XOC EP HALUS

OCTVo rCE MSP INOSUS I-
ETP.ZUS MICROSrOMUS 226 165 5 56 2



TABLE D1-82. (CONT.)

P'ARALICI TTH Y l

DENTATUS 19 14 5- 5
PARALICHTHYS

OBLONGUS 3- -

SCOP HTHA LMU S
AQUOSUS 11 6 - 5 -

PSEUDOPLEURONECTES
AMERICANUS 720 707 3. 10 0

TRINECTES MACULATUS 6 6 - - -

SYMPHURUS PLAGIUSA - - 1
MO NACAN THU S

HISPIDUS 1 1 -

SPHOEROIDES
MACULATUS 4 4 -

FISH FRAGMENTS 1 1 - - -

CLASS POLYCHAETA 1 1 - - -

PENAEUS AZTECUS 6 6 - - -

PA LAEMONETES
VULGARIS 257 231 22 4 9

CRANGON
SEPTEMSPINOSA 3051 2818 170 63 6

LIBINIA DUBIA 1 1 - - -

OVALIPES OCELLATUS 9 5 - 4 -

CALLINECTES SAPIDUS 770 530 51 189 7

CALLINECTES SIMILIS 8 7 - 1 -

----------------------- ------

'rUTALS 8508 6681 868 959 10



TABLE D1-83. TOTAL NUMBER OF LIVE, DEAD, AND DAMAGED FISHES AND MACROINVERTEBRATES
COLLECTED IN THE DISCHARGE OF THE DILUTION PUMP BY MONTH AS OYSTER
CREEK GENERATING STATION, FORKED RIVER, NEW JERSEY FROM OCTOBER
1976 THROUGH 7 SEPTEMBER 1977.

MONTH OCTOBER 1976

SPECIES

ANGUILLA ROSTRATA
.CONGER OCEANICUS

ALOSA AESTIVALIS
ALOSA

PSEU DOHARENGUS
BREVOORTIA TYRANNUS
ANCHOA MITCHILLI
SYNODUS FOETENS
OPSANUS TAU
RISSOLA MARGINATA
FUNDULUS

HETEROCLITUS
FISTULARIA

TABACARIA
SYNGiNATHUs FUSCUS
MORONE AMERICANA
CENTROPRISTIS

STRI ATA
POMATOMUS SALTATRIX
CARANX HIPPOS
SELENE VOMER

.BAIRDIELLA CHRYSURA
CYNOSCION REGAL IS
LEIOSTOMUS

XANTHURUS
MENTICI RRHUS
•SAXATILIS

CHAETODON OCELLATUS
MUGIL CUREMA
HYPSOBLENN IUS

HENTZI
PEPRILUS

TRIACANTHUS
PRIONOTUS EVOLANS
ETROPUS MICROSTOMUS
PARALICHTHYS

DENTATUS
PARAL ICHTHYS

OBLONGUS
TRINECTES MACULATUS
SPHOEROIDES
•MACULATU S

PENAEUS AZTECUS
OrJALIPES OCELLATUS
CALLINECTES SAPIDUS

NUMBER

4

1
1

1124

49
1
414

1

1

2
2

919

3
1
3

39

144

1

1
1

1
39

1

10

3
1

2
6
1

144

LIVE

3
1
1

DEAD

1

DAMAGED

31

11
31

% DEAD

25

2
63

90
7
1
4

13

3
31

1

2
1

9
12

3
1
3

25

138

1

6

1

1

6

8

5

100

5

15

1

11
1

2

1
37 2

1

2

5

8

3
1

2
6
1

98 9 37 6

CALLINECTES SIMILIS 3 2 - 1 -

TOTALS 639 479 55 105 9

Dl-504



TABLE W1-83. (CONT.)

MONTH NOVEMBER 1976

S-PECIES NUMBER LIVE DEAD DAMAGED % DEAD

ANGUILLA ROSTRATA
CONGER OCEANICUS
ALOSA

PSEU DOHARENGUS
BREVOORTIA TYRANNUS
ANCHOA HEPSETUS
ANCHOA MITCH ILLI
OPSANUS TAU
UROPHYCIS REGIUS
RISSOLA MARGINATA
STRONGYLURA MARINA
MENIDIA MENIDlA
APELTES QUADRACUS
SYNGNATHUS FUSCUS
MORONE AMERICANA
CENTROPRI STIS

STRIATA
POMATOMUS SALTATRIX
STENOTOMUS CHRYSOPS
CYNOSCION REGALIS
LEIOSTOMUS

XAN THU RUS
TAUTOGA ONITIS
ASTROSCOPUS

GUTTATUS
CHASMOD ES

BOSQUIANUS
HYPSOBLENNIUS

HENTZI
PRIONOTUS CAROLINUS

•PRIONOTUS EVOLANS
ETROPUS MICROSTOMUS
PARAL ICHTHYS

DENTATUS
SCOP HTHALMUS

AQUOSUS
PSEUDOPLEU RONECTES

•AMER I CANUS
TRiNECTES MACULATUS
SYMPHURUS PLAGIUSA
FISH FRAGMENTS
CRAN GON
" SEPTEMSPINOSA

CALLINECTES SAPIDUS

TOTALS

8

1

1
14

1
2

53
1

14
1

14
6

8
2
3
4

204
11

7
1

1
25

1

2
41

8

13
4

7
1
9

1

3
1

14

5

1
3

1
2

15
100

64

2

.21
loo

6
2
3
3

2

1

186
10

6 12
1

3

1

2

21
1

11
196

3

1

127
1

1

2

18
1
5

153 4

3

639 2

2

1

1

1

1

126
1

1

132 115 14 3 11
1 1 6 10

894 740 46 10B 5
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TABLE DI-83. (CONT.)

MONTH DECEMBER 1976

SPECIES

ANGUILLA ROSTRATA
ALOSA AESTIVALIS
BREVOORTIA TYRANNU S
RISSOLA MARGINATA
FUNDULUS

HETEROCLITUS
MENiDIA BERYLLINA
MENiDIA MENIDIA
APELTES QUADRACUS
SYNGNATHUS FUSCUS
MORONE AMERICANA
POMATOMUS SALTATRIX
MICROPOGON

UNDULATUS
TAUTOGA ONITIS
TAUTOGOLABRUS

ADSPERSUS
AMMODYTES SP.
MYOXOCEPHALUS

OCTODECEMSP INOSUS
ETROPUS MICROSTOMUS
SCOPHTHALMUS

AQUOSUS
PSEUDOPLEURONECTES

AMERICANUS
PALAEMONETES

VULGARIS
CRANGON

SEPTEMSPINOSA

NUMBER

13
16

2
8

LIVE

9
4

5

DEAD DAMAGnD % DEAD

- ~4-
1
1
1

2
1

58
11

5
1
1

3
7

2
1

1

29

5

466

36

1833

2501

2
1

31
11

5
1

2
7

2

1
12

11

1
2

27

1

6
5o
13

1 33

.1

1 16 3

457

27

1724

2301

2

6

73

86

5

7

3

0

17

36 4

3TOTALS 114
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TABLE DI-83. (CONT.)
MONTH JANUARY 1977

SPECIES NUMBER LIVE DEAD DAMAGED % DEAD

ANGUILLA ROSTRATA 2 1 - 1 -

APELTES QUADRACUS 2 2 -

PS EU DOPLEU RON ECT ES
AMERICANUS 31 31 - -

PALAEMONETES
VULGARIS 5 3 2 40

CRANGON
SEPTEMSPINOSA 71 51 20 - 28

TOTALS ii 88 22 1 20

-----------------------------------------------------------------------
MONTH FEBRUARY 1977
----------------------------------------------------------------------

SPECIES NUMBER LIVE DEAD DAMAGED % DEAD

BREVOORTIA TYRANNUS 3 2 - 1 -

FUNDULUS
HETEROCLITUS 6 6 - - -

MENIDIA MENIDIA 4 3 - 1 -

GASTEROSTEUS
ACULEATUS 1 1 - - -

MORONE AMERICANA 4 3 - 1 -

LEIOSTOMUS
XANTHURUS 1 - - 1 -

PSEUDOPLEURONECTES
AMERICANUS 78 77 1 - 1

CLASS POLYCHAETA 1 1 - -

PA LA EMO N ET ES
VULGARIS 11 11 - - -

CRANGON
SEPTEMSPINOSA 91. 79 10 2 11

TOTALS 200 183 11 6 6
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TABLE DI-83.. (CONT.)

MONTH MARCH 1977

SPECIES NUMBER LIVE DEAD DAMAGED % DEAD
-----------------------------

ALOSA AESTIVALIS 4 3-
ALOSA

PSEUDOHARENGUS 2 2 - - -

BREVOORTIA TYRANNUS 163 155 - 8 -
FUNDULUS

HETEROCLITUS 2 1 1 - 50
MENIDIA MENIDIA 17 15 2 - 12
APELTES QUADRACUS 1 1 - - -

SYNGNATHUS FUSCUS 4 4 - - -

MORONE AMERICANA 10 7 1 2 10
LEIOSTOMUS

XANTHURUS 76 - 1 -
SCOPHTHALM4US

AQUOSUS 2 2- - -
PSEUDOPLEURONECTES

AMERICANUS 6- 2 -
PA LAEMONETE S

VULGARIS 44 33 11 - 25
CRAN GON

SEPTEMSPINOSA 147 110 20 17 14
CALLINECTES SAPIDUS 1 1 - - -

------------ ----------------
.TOTA .LS 41.0 344 35 31 9
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TABLE D1-83. (CONT.)

MONTH APRIL 1977

SPECIES NUMBER LIVE DEAD DAMAGED % DEAD
----------------------------------------
ANGUILLA ROSTRATA 7 5 - 2 -

ALOSA AESTIVALIS 7 5 - 2 -

ALOSA
PSEUDOHARENGUS 2 2 - - -

BREVOORTIA TYRANNUS 155 150 - 5 -

ANCHOA MITCHILLI 202 12 65 125 32
FUNDULUS

HETEROCLITUS 5 4 - 1 -

MENIDIA BERYLLINA 1 1 - - -

MENIDIA MENIDIA 19 16 - 3 -

APELTES QUADRACUS 1 1 - - -

SYNGNATHUS FUSCUS 46 46 - -

MORONE AMERICANA 35 31 2 2 6
LEIOSTOMUS

XANTHURUS 8 8 -

PARALICHTHYS
DENTATUS 1 - 1

SCOPHTHA LMUS
AQUOSUS 1 1-

PSEUDOPLEURONECTES
AMERICANUS 9 9 -

TRINECTES MACULATUS 1 1 - -

.PALAEMONETES
VULGARIS 75 74 ]

CRANGON
SEPTEMSPINOSA 459 438 20 ] 4

OVALIPES OCELLATUS 2 1 - ] -

CALLINECTES SAPIDUS 34 26 2 6 6
-----------------------------------------------------------

TOTALS 1070 831 89 150 8
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TABLE DI-83. (CONT.)

MONTH MAY 1977

SPECIES NUMBER LIVE DEAD DAMAGED % DEAD
- - - - - - - -- - - - - - - - - - - - - -

ANGUILLA ROSTRATA 2 2 - -

BREVOORTIA TYRANNUS 17 14 - 3 -

ANCHOA MITCkIILLI 158 37 88 33 56
MENIDIA MENIDIA 1 - - 1
SYNGNATHUS FUSCUS 21 20 1 - 5
MORONE AMERICANA 1 1 - -

LE IOSTOMUS
XANTHURUS 126 126

PARALICHTHYS
DENTATUS 1 1 -

SCO PHTHALMU S
AQUOSUS 1 1 -

PALAEMONETES
VULGARIS 41 41 - -

CRANGON
SEPTEMSPINOSA 245 234 9 2 4

CALLINECTES SAPIDUS 26 15 1 10 4
-------------------------------------------------------

TOTALS . 640 492 99 49 15
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TABLE DI-83. (CONT.)

MONTH JUNE 1977

SPECIES NUMBER LIVE DEAD DAMAGED % DEAD
------------ ------- --------- ------ ------ -------- ---

ANGUILLA ROSTRATA 6 4 - 2 -

ALOSA AESTIVALIS 2 - 2 - 100
ALOSA

PSEUDOHARENGUS 2 - - 2 -

BREVOORTIA TYRANNUS 3 1 - 2 -

ANCHOA MITCHILLI 159 12 134 13 84
RISSOLA MARGINATA 155 153 - 2 -

STRONGYLURA MARINA 1 .- 1 - 100
MENIDIA MENIDIA 2 1 1 - 50

SYNGNATHUS FUSCUS 13 8 1 2 9
MORONE AMERICANA 1 1 ..- -

POMATOMUS SALTATRIX 22 5 8 9 36
LE IOSTOMUS

XANTHURUS 31 23 3 5 10

MUGIL CUREMA 1 1 - - -

PSEUDOPLEURONECTES
AMERICANUS 3 3 - - -

TRINECTES MACULATUS 3 3 ....
SPHOEROID ES

MACULATUS 1 1
PALAEMONETES

VULGARIS 33 30 3 - 9
CRANGON

SEPTEMSPINOSA 70 64 4 2 6
LIBINIA DUBIA 1 1 . -

OVALIPES OCELLATUS 5 3 - 2 -

CALLINECTES SAPIDUS 196 139 6 51 3
--------------------------------------------------------------

TOTALS 708 453 163 92 23
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TABLE D1-83. (CONT.)

MONTH JULY 1977
----------------------------------------------------------------------------

SPECIES

ANGUILLA ROSTRATA
ALOSA AESTIVALIS
ALOSA

PSEUDOHARENGUS
BREVOORTIA TYRANNUS
ANCHOA MITCHILLI

OPSANUS TAU
RISSOLA MARGINATA
MENIDIA MENIDIA
SYNGNATHUS FUSCUS
POMATOMUS SALTATRIX
CARALqX HIPPOS
SELENE VOMER
CYNOSCION REGALIS
LE IOSTOMUS

XANTHURUS
TAUTOGA ONITIS
SCOPHTHALMUS

AQUOSUS
MONACANTHUS

HI SPIDUS
SPHOEROID ES

MACULATUS
PA LAEMON ETE S

VULGARIS

CRANGON
SEPTEMSPINOSA

CALLINECrES SAPIDUS

TOTALS

NUMBER

5
]

7

6
134

1
51
]4
51
20

1
1
3

116
I

LIVE

4

DEAD DAMAGED % DEAD

- - - - - -

3
3
I
1

50
4

49
5
1

78

3
1

109

5
1
8

1

12

1
2

24

1

5
I
7

2

26
1

43
17
81

36
2

40

33

10

1

1

1

10

1

i

10

22 2
190 137 12 41 6

-- - - - - - - - - - - - - - - - - - - ------
617 351 152 134 25
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TABLE D1-83. (CONT.)

MONTH AUGUST 1977---------------------- ----------------------

SPECIES

ANGUILLA ROSTRATA
ALOSA AESTIVALIS
ALOSA

PSEUDOHARENGUS
BREVOORTIA TYRANNJUS
ANCHOA MITCHILLI
RISSOLA MARGINATA
STRONGYLURA MARINA
MEMBRAS MARTINICA
MENIDIA MENIDIA
SYNGNATHUS FUSCUS
MORONE AMERICANA
CENTROPRI STIS

STRIATA
POMATOMUS SALTATRI X

CARANX HIPPOS
SELENE VOMER
STENOTOMUS CHRYSOPS
CYNOSCION REGALIS
LEIOSTOMUS

XANTHURUS
MENTICI RRHUS

SAXATIL 1S
PARALICHTHYS

D EN TA TU S
PALAEMONETES

VULGAR IS
CRANGON

SEPTEMSPINOSA
CALLINECTES SAPIDUS
CALLINECTES SIMILIS

NUMBER

2

2
134

50
28

2
2

11
4
1

LIVE

.7

85
1

28

1

5
4

DEAD DAMAGED

2

% DEAD

11
43

2

4

2

13

1
48

6

1
2

I

50

86

100

36

2
10

2
1
1

28

211

1
1
1

1
8

139

17
1
11

20

46

14 58

1

7

1 100

4

2

1
155

2

663

3

2

1

1
92

2
21 42 '4

35
TOTALS 382 102 179
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TABLE DI-83. (CONT.)

MONTH SEPTEMBER 1977
-------------------------------------------------------

SPECIES NUMBER LIVE DEAD DAMAGED % DEAD

ANGUILLA ROSTRATA 2 2 - --

ALOSA AESTIVALIS 2 - 1 1 50

BREVOORTIA TYRANNUS 6 4 - 2 -

ANCHOA HEPSETUS 1 - 1 - 100
ANCHOA MITCHILLI 2 - 1 1 50

STRONGYLURA MARINA 1 - - 1
MENIDIA BERYLLINA 1 - 1 - 100
MENIDIA MENIDIA -1 - 1 - 100
POMATOMUS SALTATRIX 1 - - 1

CYNOSCION REGALIS 5 2 3 1 60
LEJOSTOMUS

XANTHURUS 6 6 - -

OVALIPES OCELLATUS 1 - - 1-

CALLINECTES SAPIDUS 23 21 - 2
CALLINECTES SIMILIS 3 3 - -

TOTALS 55 37 8 10 15

Dl-514



Table Dl-84. Comparison of the condition of selected fishes and macroinvertebraces passed through the dilution pumps at Oyster Creek Generating
Station. Forked River, New Jersey from September 1975 to August 1976 and from September 1976 to August 1977.

September 1975 - August 1976 September 1976 - August 1977
Number Io Live Io Damaged % Dead Number 176 Live U/a Damaged U/o Dead

Brevoortia tyrannus 52 58 27 15 1 6 0 a 64 33 2

Anchoa mltchilli 1,45 46 15 39 768 9 28 63

Rissola marginata 42 55 38 7 309 94 5 1

Pseudopletironectes aicrifranus 39 97 3 0 720 99 1 -

Crangon septemspinosa 493 96 2 2 3051 92 2 6

I Callinectes sapidus 73 73 23 4 .770 68 25 7

a number collected from 1 May through 31. August 1977 (See page D1-328).



Table rl#-. . Total immbw o fslected ffbhi a t'oJ h8d peenmd do ds diutio •pummp rood impinged m the irN OUg me-.-. f*om urmat to a b ftea rusw og "th Oeek, s Oyo
Creek Geootsrunl StatIoo Forked 11vw. Neew taly.. No stopik wMe 14 May hromeoh 11 July 1977.

tj

LN
I-.,

7 
Sept 76

13 Sept 76
20 Sept 76
21 Sept 76
4 Oct 76

12 Oct To
41 Oct 70
28 Oct 70

1 Noa 76
6 Nov 76

16 How 74

22 Nov 70
26 Nmo 76

0 Dec 76
II DOeC 76

20 Dec 70
27 Dec 76

3 lao 77

14 Feb 77

21 Feb 77

2S :eb 77

10 Mar 77

14 Mot 77

21 Mar 77

21 Mm 77

4 Apr 77

11 Ap• 77

16 Apr 77

25 Apr 77

4 May 7
9. May 77

2•0 No 77

I Aog 77
8 Aug 77

16 Aug 71

26 Aug 77

.tlwtm pu.

1 2 3

x - x
x - X
X - X

X

- xx

X XX X
X *XX - I

•*6 - S
X. - I
X - r

X I
X - X
S - S
X * S
S * XX

- .* X

x * I
S - I
x - X
X - X

X * S
X * S
X - X

X - X
x * x

X X

-- x

X - S
S - S.

X Xx -x

- x x

600 12
514 10

235 11
16 I1
No 11" 56

lose 1
104 436
76 824

391 1437
18 3973
76 050

U22 101
U so

18

a 12

- 156
14
3

4

4
3

443 2001
•920 1485

211 16
101 6

350 226
074 14I
236 I1
310 1la

26 22
443 s8
261 122

so 123
232 666
190 617
267 Io0
348 385
216 666g

si 67

2e 6
2 6 61

- 4

S I

76 51

704 10
212 1
146 4

234 4
180 4

3443 8
676 I
111 6

48
lg o

430 106
22 40

313 1
44. "1

24

28
160 8•

89 61
a

104
166

1380
62

104

26 7

361 5
76

16

18

84
26
28
to
Is

emeoartla AMoCo Meois S Pomeoomomm c,0mcloo ILeomm. Pseudopleuroecto Qamou Calloecles
S ,omnui musudla ____________ iaI ure regatta oaomt•du ametcantm seIpmlscis . lapito s

D.Pump Imping. D.Pump lumpft. D.Pump [mp91u: Dmt- Imping. D.Pump lmplng. D.Popmp lmplLW. D.PPonn [omplR. 0. Porp Imo?.l, D.Purp Imo Dl. PO.lum. Imn.

• .1 4
24

6 26 12
6 1# 12

go INe 26
10 166 87
20 88 14
06 "2 24
12 26 a
06l 66 14
St. fi 14.
7 t6 2

1 2 ,
I - -

II - -

61 - -
.99 o 4

83 104 2
67 410 7
14 209 33
16 261 I12

3 64 36
- 0 .28
I 16 72
1 If 17

21 36 2
•5 3 .
6 So

,966 7

76 1078 t

130 2
- 3

38 10

177 4
It 1i

It a
Be

32 4
. 50

- 1
a 1

22

* 6

n -.

It •

26 48
ISO 32

130 14
. 20

127 226

443 751
7.9 126

104 144

- N
- I

- 5
I I

.469
- 6

2
4469 48

6N 146

313 13
365 4
417 3

48 2
112 10
867 16

2278 681

522 we6
4747 4067

443 167

- 603
w 47

a 32
28

4

2

130 1

20 1
- 1

26
- I

209 1

16

478 73

71 M3 2
9131 so
615 so

3651 no2
S - 3660 1280

2 5- 586 2420
- 4262 414

- 2 1116 144S
1 2 1239 668

- 2 144 361 420
- 2 - i6 142

26 - 21 26 48
235 26 2122 . 8

1460 so 104 1061 - -
1028 10 1804 1067 - 2

82 is SO 787 - 2
232" go 207086 26 1
7894 %441 s1u 02686 -

639 11 1230 1116 -

So7 117 0232 2683
494 31 1121 151

303 10 442 821
1122 6 1280 923

469 11 386 154
26 2 626 183 2
78 2 104 77 2
26 4 1250 1081 2
20 3 1741 1066 28 S

235 • 44 9102 0S2 26 4
2 2234 1444 Is 428

- 2 18021 6348 574 18S
* 1 050 371 so 97
- 211 30 112 .65

31M 210 15 66

701 282
- * 1 - 482 546

S- - 1017 364

33 32 42
- - - - 701 2342 . 5 155 6 as III 2302 12

Total 1T019 7732 1229 8346 3274 3417 2157 721 1121 276 2309 1904 30130 7909 184006 884 127261 36801 25709 11622



Table DI-86. Condition (live, dead, damaged) of fishes Ia4 %&croimmrttbratea held for delayed mortality etudies after Impinement an the
traveling screeme at the Oyster Creek OGnerating Station. Forked 21ver. xer Jersey from September 1976 throuab August 1977.

.September-Decomber 19769 larefi-Augusc 1977 September 1976-Auat 1977
Test Temperature Condition tive Dead Damaged Live Dead Demated Live Dead Damaged

Alous @pp.... meldate 11 - 46 1.1 - 46
Aubiet Delayed .7 14 12 7 16 12
Heated Delayed 4 14 6 4 .16 6

Brdvoortia tyrannue imdiate 1 33 1 33
iMbteat Delayed 0 1t 0 0 18 0

Heated Delayed 7 9 0 7 9 0
Anchoa mitchillt lmediate 0 - 6 0 - 46 0 - 52

Ambient Delayed 0 1 1 0 24 1 0 25 2
Heated Delayed 0 1 3 0 21 0 0 22 3

Synodu. foetene Immediate 7 - 0 7 - 0
Ambiant Delayed 0 0 3 0 0 3
Heated Delayed 2 1 0 2 1 0

Itasola marginata Imediate I - 26 1 - 26
Ambient Delayed 1 9 6 1 9. 6
Heated Delayed 0 2 9 0 2 9

Fistularia tabaceria amediate I - 1 1 - I
Ambiett Delayed 0 0 1 0. 0 1
Heated Delayed 0 1 0 0 1 0

IMenidia menidia Imediate 1 - 14 38 - 91 39 - 105

Ambient Delayed 0 S 4 25 11 45 25 16 49
S Heated Delayed 0 . 2 13 12 23 13 16 25

SSyonatbhue fuecus Immediate 2 - 0 7 0 9 - 0
•,Ambient Delayed 0 1 0 4 0 0 .4 1 0

Heated Delayed 1 0 0 3 0 0 4 0 0

orouea americans TamedtAte 0 - 1 0 - 6 0 - 5
Ambient Delayed 0 0 1 0 0 2 0 0 3
Beated Delayed - - - 0 0 *.2 0 0 2



.Table DI-86. (cont.)

September-Decumber 1916 Xarcb-Auguat 1977 SePtembe 1976-August 1977

Test Temperature Condition Uve Dead Desisted Live Dead Damaved Live Dead Dame ada

Cantropristis striate

pomatooklesaaltatrlz

Carau hippos

Trachinatus carolinug

Cynoacion regalia

Laiostomus zsathurua

HU81h curema

Sphyrawae borealis.

Hypeabl-fiie hautzi

Ambient
'eated

Ambient
Heated

Ambient
Bested

Ambient
teated

Ambient
Heated

Ambient
Heated

Ambient
Heated

Ambient
Heated

Ambient
Bested

Immediate
Delayed
Delayed
Immediate
Delayed
Dea"Yed
ImmedLate
Delayed
Delayed
Immediate

Delayed
Delayed
Immediate

Delayed
Delayed
Immediate
Delayed
Delayed
Im-ediate
Delayed
Delayed
Immediate
Delayed
Delayed
Immediate
Delayed
Delayed

1 14
o0

0
o 1

0 -o o
0 0.o o
o 0
2 -
o 17

.4 10
2
1 3
I I.
0
0 1

1 1
0 1

o 11 0

29
2
8
I
0

2
1
1

32
1
1

14
3

.3
1
0

0
0

0
0
0

1 -
1 14
0 5
0o
0

0 -

0 1

0 -

0 0
0 0
2 -
0 17
4 10
2

.1 5
1 1
0
0 1

0 1

2 -

0 1
1 0

29
2
8
I

0

L
0

2
1
1

32
I

14
3

0

0
0

0
00

I

co

k,



Table DI-06. (cont.)

Septber-Deember 1976A Katch-August 1977 September 1976-August 1977
Teqt Temperature Couditlu Live Dead Damamed Live Dead Damaged Live Dead Damaged

Prionotue evoLaons Immediate 88 0 88 - 0
Ambient Delayed 64 0 1 44 0 1
Bested Delayed 40 1 0 40 1 0

Sttopus microstome Immediate 0 - 30 0 - 30
Ambient Delay"d 0 7 a 0 7 8
Heated Delayed 0 6 9 0 6 9

Paralichthys dentatus Immediate 1 - 0 1 - 0
Ambient Delayed - - - - - -
Heated Delayed 1 0 0 1 0 0

Pseudopleuronectee americanus Immediate 3 - 1 S - I
Ambient Delared 3 0 1 3 0 1
Heated Delayed 2 0 0 2 0 0

Sphoeroides eaculatue Immediate I - 0 1 - 0
Ambient Delayed 1 0 a 1 0 0
Heated Delayed - - - - - -

Peneaus astecus Immediate 12 - 0 12 - 0
Ambient Delayed 6 1 0 6 1 0
Heated Delayed 2 0 0 2 0 0

Crangon septemspinoa Immediate 30 - 0 30 - 0
Ambient Dilayed 13 2 0 13 2 0
Heated Delayed 11 4 0 11 4 0

Callinectee eapidue tImediate 9 - . 9 - 5
Ambient Delayed - - - - -

Bested Delayed 2 2 2 2 2 2

I-

•0

a. From IchthylostCal Aasoctates, Inc.. 1977. Table 40.



Table DI-87. Mortality by temperature of Atlantic silverside held at ambient end at OCCS discharge temperatures for 48 hours after impingement on
the traveling screens at Oyster Creek Genaeataing Station. Forkad River, New Jersey from November 1976 through April 1977.

Salinity Range Timea Temperature Condition
Heated Ambimt Heatd Amblent Heated Ambient

Live Dead DgamRed Live Dead Dama-ed
6 November 76 23.5-24.0 23.5-24.0 1 25.3 17.1 - 0 1 0

Lit 26.1 17.8 - - - -

8 March 77 22.0-23.5 21.5-23.5- 14.3 10.1 0 1 19 0 1 19
.i 16.5 12.1 0 2 16 0 2 17
111 18.8 14.8 0 2 14 0 3 14
TV. 18.8 14.8 0 1 13 0 0 14

22 March 77 20.5-22.0 20.0-22.0 .1 14.3 8.6 7 05 10 0 4
K_ .14.6 14.6 7 0 5 10 0 4
11K 13.5 8.5 7 1 4 10 1 3

IV 12.5 8.1 7 0 4 10 0 3

o 29 March 77 18.5-20.5 18.5-21.5 1 16.8 11.0 6 2 8 5 1 11
it 20.6 16.6 6 1 7 5 0 11
lit 20.7 15.7 6 2 5 5 1 10
IV 20.1 16.5 6 0 5 3 0 10

4 April 77 - 19.5-24.0 K - 10.9 - - - 10 z 14
IT - 11.4 - - - 10 0 14
III - 10.6 - - - 10 0 14
TV - 12.3 - - - 10 0 14

13 April 77 20.5-25.0. 21.0-24.0 K 20.1 16.6 0 0 2 0 0 4
1I 22.6 18.7 0 0 2 0 0 A
UKt 21.9 18.7 0 0 2 0 0 4
IV 23.0 19.0 0 0 2 0 0 4

a. I - The morning observation the first day after collection.
It - The afternoon observation the first day after collection.

III - The morning obeervation the second day after collection.

TV - The afternoon obeervation the second dat after collection.



Table 01-88. Condition (live, dead, damaged) of fleas and acroinvertebrates held for delayed mortality after continuous screen washing of
the traveling ecreen@ at the Oyster Creek Generating Station. Forked liver, New Jersey during November and December 1976.

Ambient Heated Ambient Heated

Date of CoLlectionl 30 November 12 December TOTAL
Time of Co~lection 1905 1700-1900
Air Temperaeture (C) -6.5
Test Temperature (C) 6.4.12.0 9.8-10.8,14.3-15.5
Test Salinity (ppt) 22.6-22.5
Test OxYgen (pp=) L.1.0,10. 10.9,10.6
Test pH 7.8 7.9

Test
Species Temperaeture Condition Live Dead Damaged Live Dead Damaged Live Dead DamagedIt

Anguilla rostrate

Aloes aestivalLs

Brevoortia tyrennus

Riseala uarginate

Menidise enidia

Centropritils striate

LeloestOus XaUutheru

Ambient
Heated

Ambient
Heated

Ambient
Heated

Ambient
Heated

Ambient
Heated

Ambient
Heated

Ambient
Heated

lmmediate
Delayed
Delayed
Lmedlate
Delayed
Delayed
Inediate
Delayed
Delayed
Imediate
Delayed
Delayed
Immediate
Delayed
Delayed
Immediate
Delayed
Delayed
Imediate
Delayed
Delayed

3
0
0
3
1
0
S
2

10
7
3
2
1
1
0
1
0

3

0
0

0
5

0
0

0
0

I
0

0
0

2
4
2
2
4
1
3
0
0
0
4
0
2

0

1

0

1

1
0

o

0

0

0

0

0

0

I

1 - 0

1 0 0
3 - 1
0 1 0
0 3 0.
3 6
1 0 1
0 4 2
9 - 4
2 0 2
2 5 2

10 - 5
7 0 1
3 1 3
2 - 0
1 0 0
1 0 0
0 - 4
1 1 0
0 0 2



Table 9I-88. (cont.)

Date of Collection
Time of dollection
Air Temperature (C)
Test Temperature (C)
Test Salinity (ppt)
Test Ozygen (PPm)
1T... •m

Ambiant
30 November

1805
-6.3

6.4,12.0

11.0,10.4
?_a

Heated Ambient Heated
12 December

1700-1900

9..8-10.8,14.3-16.5
22.0-22.3
10.9,10.6

70(

I-.

Lfl

N)

Test
Species Temperature Condiltion Live Dead Damaged Live Dead Damwaed Live Dead Damaged

Tautoga onitis

Peprilus triacanthus

Prionocus sq.

Ttropus aicroatimus

Scophthalmus aquocsu

Pseudopleuronectea americanue

Crengon eeptesepicoea

Ambient
Heated

Ambient
Heated

Ambient
Heated

Ambient
Heated

Ambient
Heated

Ambient
Heated

Ambient
Heated

ImmedLite I -
Delayed 1 0
Delayed - -

Ramediate I -

Delayed - -

Delayed 1 0
Imediate a -
Delayed 0 0
Delayed - -
Immediate 9 -
Delayed 3 3
Delayed 5 3
TImediate
Delayed
Delayed
Immediate 2 -

Delayed 1 0
Delayed 1 .0
Imedi-te 20 -
Delayed a 2
Delayed 9 4

0

0

0
1
1

9
0
2

0
0 0
0 2
0 -

1 0

1 0
0 -
0 0

8 9 -

4 5 3
2 5 5
1 0 -

0 1 0
0 32 -
0 15 1
2 13 1
0 60 .-
0 26 4
0 27 6

0
0

0

0
I

17

4
4

0
0

1
2
7
0
4

1 0
1 30 -
1 14 1
0 12 1
7 40 -
0 18 2
4 18 2



Table D0-89. Condition (live, dead, damaged) of fishes sod macroinvertebrates held for delayed mortality studies after passage through the
dilution pump at the Oyster Creak Generating Station, Forked River, Nev Jersey from September 1976 through August 1977.

September-December 1 9 7 6 a February-August 1977 September 1976-August 1977
Test Temperature Conditiou Live.. Dead Damaged Live Dead Damaged Live Dead Damased

Anguilla roetrata . Iaediate 2 - 0 2 - 0
Ambient Delayed 1 1 0 0 1 0 0
Hested Delayed 0 1. 0 0 1 0

Aloes app. "Immediate I -1 0 1 . 0
Ambient Delayed 0 1 0 0 1 0
Heated Delayed - - - - - -

BrevoortLa tyrafnus Immediate so - 5 5 - 1 55 - 6
Ambient Delayed 20. 5 4 2 2 2 22 7 6
Restad Delayed 12 13 1 - - - 12 13 1

1 Anchos mitchlli immediate 1 - 7 0 - 65 1 - 72
Liq Ambient Delayed 0 6 0. 0 47 s18 0 51 18

Heated Delayed 0 6 0 - - 0 6 0
U. Opeanus tau immediate 6 - 0 4 - 0

Ambient Delayed 3 0 0 3 0 0
Heated Delayed 1 0 0 1 0 0

R•issola marginata Immediate 3 - 1 32 - 0 35 - 1
Ambient Delayed 0 0 2 32 0 0 32 0 2
Rested Delayed 1 0 1 - - 1 0 1

Fundulus op. immediate I - 0 1 - 0
Ambient Delayed 1 0 0 1 0 0
Heated Delayed - - - -

Menidia senldia Immediate 1 - 0 I 0
Ambient Delayed 1 0 0 1 0 0
Heated Delayed - - - - -

Synguathus fuscus Immediate 1 - 0 2 - 0 3 - 0
Ambient Delayed - - 2 0 0 2 0 0
Beated Delayed 1 0 0 - - •- 1 0 0

moroos americana Immediate I I 0 8 - 0 9 - 0
Ambient Delayed 1 0 0 6 0 0 7 0 0
Heated Delayed - - - 2 0 0 2 0 0



Table DI-89. (cont.)

i.1

Cestroprittie Ntriata

Pomatoius saltatriz

Selene voeer

Cynoscion regalia

Leaoetomus xanthurum

Menticirrhum saxatilLi

Chaetodon ocellatus

Tautogolabtus adspersus

Mugil op.

Hypsoblennlus hentlt

PeprUuo trihcanthus

Test Temperature Condition

Imediate
Ambient Delayed
Rested Delayed

.mmediate
Ambient Delayed
Heated Delayed

Immediate
Ambient Delayed
Heated Delayed

Immediate
Ambient Delayed
seated Delayed

Immediate
Ambient Delayed
Rested Delayed

Immediate
Ambient Delayed
Heated Delayed

Immediate
Ambient Delayed
seated Delayed

ImmedLate
Ambient Delayed
Heated Delayed

Immediate
Ambient Delayed
Heated Delayed

Immediate
Ambient Delayed
Heated Delayed

Immediate
Ambient Delayed
Boated Delayed

September-December 1976' February-August 1977 September 1976-August 1977
Live Dead Damaged Live Dead Damaged Live Dead Damaged

5 - 0 5 - 0
2 1 0 2 1 0
1 0 1 1 0 1
9 - 7 5 14 - 7
6 2 2 5 0 0 1l 2 2
2 2 1 - 2 2 1
1 0 0 1 - 0
1 0 0 1 0 0

.13 - 6 13 - 6
4 6 1 4 6 1
2 5 1 2 5 1

60 - 0 165 - 1 225 -

27 1 2 163 0 2 190 1 4
12 17 0 0 0 1 12 17 1
1 - 0 1 - 0

1 0 0 1 0 0
S -. 0 1 - 0
S .0 0". 1 0 0

1 - 0 1 - 0

1 0 0 1 0 0
4. - 1 4 - 1

4 1 0 4 1 0I - 0 1 - 0
1 0 0 1 0 0

0 0 0 0 0 0
0 0 1 0 0 1.



Table DI-89. (cont.)

I

U'

Test Temperature Condition

Prionotue ap. Iisediate
Ambient Delayed
Heated Delayed

Peralichthys dentatus Immediate
Ambient Delayed
Heated Delayed

Pseudopleutonectes americanus Immediate
Ambient Delayed
Heated Delayed

Trinectee maculatue Immediate
Ambient Delayed
Heated Delayed

Sphoeroides maculatus Immediate
Ambient Delayed
Heated Delayed

Limulus polyphemus Immediate
Ambient Delayed
Heated Delayed

Penaeus aztecus Immediate
Ambient Delayed
Heated Delayed

Crangon septeiepinosa Immediate
Ambient Delayed
Heated Delayed

Ovalipes ocallatue Immediate
Ambient Delayed
Heated Delayed

Callinecteas sapidue Immediate
Ambient Delayed
Heated Delayed

a. From Ichthyological Associates. Inc., 1977. Table £2.

September-December 19 7 6 a February-August 1977 September 1976-August 1977
Live Dead Damaged Live Dead Damaged Live Dead Damaged

14 - 2 14 - 2
7 2 1 7 2 1
2 3 1 2 3 1
4 - 0 2 - 0 6 - 0
0 a 2 2 0 0 2 0 2
1 1 0 - - - 1 1 0
I 0 39 - 0 40 - 0
1 0 0 19 0 0 20 0 0

- 19 1 0 19 1 0
1 0 1 - 0

1 0 0 1 0 0
1 0 3 - 0 4 - 0

- 3 0 0 3 0 0
1 D 0 - - - 1 0 0

0 - 1 0 - I
0 0 1 0 0 1

1 0 1 0
1 0 0 1 0 0

15 - 2 15 - 2
8 0 0 8 0 0
7 0 2 7 0 2

1 - 0 1 - 0
1 0 0 1 0 0

18 - 0 20 - 9 38 - 9
10 0 0 6 1 2 16 1 2

a 0 0 - - - a 0 0



Table DI-QO. Mortality by temperature of spot held at ambient and OCCS discharge temperatures for 48 hours after passage through the dilution
pump at Oyster Creek Generating Station. Forked River, New Jersey from June 1976 through July 1977.

Salinity Range Times Temperature Condition
Heated Ambient BHated Ambient Rested Ambient

Live Dead Damaged Lie. Dead Damaged
14 June 76 24.0 24.0 1 31.5 22.6 5 0 1 4 0 1.. 3aq 5 22 0 1 1 1 1

I-,

11!

IV

28 June 76 24.5-26.0 24.5-26.0 1
t1
III
rv

6 July 76 26.0-27.0 26.0-27.0 1
1!

IV

19 July 76 27.0-27.5 27.0-27.5 1
12
III
lv

10 August 76 22.0-23.5 22.0-23.5 1

IV

III23 Auguet 76 22.5-23.5 22.5-23.5 2

II
IV

32.4
31.8

37.0
37.0
36.9
37.2

36.4
37.1
34.8
36.0

33.9
34.2
35.0
35.1

32.6
32.8
34.4
34.8

35.5
37.8
35.8
37.2

22.6
22.6

26.0
26.2
26.5
26.5

26.1
27.0
25.0
26.0

23.9
24.6
24.9
24.8

23.0
25.1
27.0
27.6

25.6
27.4
25.6
27.1L

0

0

17
6
6
6

22
22

20
20

2
0

6

14

2
U1
0
0

7
0
2
0

2
4

0

0

0
0
0

0
0
0
0

0

7
7
7
.7

10
8
8
8

16
16
16
16

26
26
26
26

3
3
3
3

2

1
0

0

0

2
0
0

0
0
0
0

0
0
0
0

0
0
0
0

5 0 1 1 0 1
5 1 0 1. 0 1

2
2

0

1

0
0
0
0

2

00
0
0
00
0
0

0



Table 01-90. (cant.)

Salinity Ranie Time& e Couditiou
Heated Ambient oated AmbieMt Heated. Ambient

Live Dead Damaged Live Dead Damamed

13 September 76 25.0 25.0 T. 33.0 26.4 1 4 0 5 0 0
.. ... u.s L U U U U

27 September 76 25.0-27.0

ii

Iv

26.0-27.0 1
it
III
IV

33.3 26.1
32.8 26.1

1 0 0
1 0 0
1 0 0

5 0 0
5 0 0
3 0 a

LI

13 October 76 23.5-25.0 23.5-25.0 I
II

Iv

20.9
29.4
27.5
28.8

23.5
25.1
22.9
24.0

17.0
18.6
20.1

14 KMrch 77

3 May 77

10 May 77

20.5-23.5 22.D-21.0 I

IV

21.0-21.5 1

IV

22.5-24.0 1
IV

IV

20.7
21.5
21.7
22.0

15.0
17.1
17.0
17.5

10.6
14.0
13.0
14.7

16.3
16.5
15.8
16.1

12.2
13.5
12.8
14.7

1
1
I

13
12
12
10

I
0
0
0

0
0
0
0

1

0
3

0
0
0
0

0
0
0
0

1
t
1
0

0
1
1
1

1

i
1

1212
12
12

0
0

00

0*

0
0
0

0

0
0
0

I
1
I
1

20
20
19
19

20
20
20
20

0
0
0
0

0
0
0
0

0
0
1

0
0
0
a



Table. DI-90. (coat.)

Salinity Range TineR Tmerature Condition
Heated Ambient . . Heated Ambient Bated Ambient

Live Dead Damaged Live Dead Damaged

17 ay 77 - 21.-22.O 1 - 1.6.1 - . 35 0 0

0It•.

5 July 77

12 July 77

IV

- 25.0--26.0 1r
1!]

11

III
IV

- 22.S-26.0 I

it
III

19.9
18.9
19.3

25.7

26.3
25.2
23.2

24.2
26.7
26.0
27.4A

- 26
S- 26

- -26
26

-- 63
- - - 63

S - - 63
- -" 63

0
0
0
0

0
0
0
0

0
0
0
0

I.

35 0 0
35 0 0
35 0 0

a. I - The emriJdn observation the first day after collection.

II - The afternoon observation the first day after collection.

Ilrl T lc wmrning observation the sceond day after collection.

IV - The afternoon observation the second day after collection.



Table DI-91. Commercial fisheries landings reported from the waters between Toms River and the Manahawkin Bridge, New Jersey from September
1976 through August 1977.

September October November December
Species Kg Value ($) Gear a Kg Value (5) Gear Kg Value ($) Gear Kg Value ($) Gear
White perch - - 546 360 310 182 120 310 68 45 310
Winter flounder - - 818 270 310 955 315 310 318 140 310
American eel 505 388 340 736 567 340 ..- -.

Blue crab 3, 727 2,870 330 6, 564 4,693 330 4,073. 2,688 805 3,636 2,000 805
Northern quahog (meats) 3,032 7,501 845 2,605 6,440 845 1,973 5,095 845 1,077 2,967 845
Northern quahog (meats) 5,050 12, 502 855 4, 832 11,960 855 4, 596 11.889 855 2,518 6,992 855
Northern quahog (meats) 2,018 5,000 955 - - - - - - - - -

Total 14,332 28,261 16, 101 24,290 11,779 20,107 7,617 12,144

January February March April

Species Kg Value .5) Gear Kg Value ($) Gear Kg Value (5) Gear Kg Value (5) Gear

White perch .. .. . - 1,205 663 310 1,409 775 310
Winter flounder .. .. 1, 782 784 310 1,364 600 310

American eel .- - - 1,818 1,400 340

Blue crab .... 1,982 1,526 •805 - - -

Northern quahog (meats) 146 417 845 550 1,822 845 1,223 3,704 845 2,427 7,343 845

Northern quahog (meats) 218 715 855 1,027 3,383 855. 2, 859 8,641 855 5,664 17,134 855

Northern quahog (meats) .... .. - - -

Total 364 1,192 1,577 5,205 9,051 15, 318 12,682 27.252

I'.



. . , I I "I I I II

Table DI-91. (cont.)

May June July
Species Kg Value .$) Gear Kg Value ($) Gear Kg Value ($) - GearAlewife 1,000 110 310 - -White perch 982 540 310 - - - -
Winter flounder 1,182 520 310 - - - -
American eel 2,823 3,105 340 1,955 1,505 340 1,273 980 340Blue crab - - - - - 2,558 3,440 330Northern quahog (meats) 2,641 7, 702 845 2,046 5,627 845 964 2,913 845Northern quahog (meats) 7,400 21,566 855 9, 550 26,257 855 7,705 23, 304 855Northern quahog (meats) 527 1,1541 955 2,046 5,626 955 10,591 32,042 955Total 16, 555 35,084 15,.591 39, 015 23, 091 62, 679

U'

W
a

August Totals
Species Kg Value ($) Gear Kg Value ($) Gear
Alewife - - 1,000 110 310
White perch - - 4,392 2,503 310
Winter flounder - - 6,419 2, 629 310
American eel 1, 046 805 340 10, 156 8, 750 340
Blue crab 4, 546 4, 000 330 17, 395 15, 003 330
Blue crab - - - 9,691 6,214 805
Northern quahog (meats) 2, 127 6,319 845 20, 811 57,910 845
Northern quahog '(meats) 8, 509 25,277 855 59,928 169. 620 855
Northern quahog (meats) 10, 641 3i, 597 955 25,.823 75.806 955
Total 26, 869 67. 998 155, 615 338. 545

a
310
330
340
RI)5

845
855
955

Fyke net
Crab pots
Eel pots
Crab dredge
Clam tongs
Clam rake
Clam by tread



Table D1-92. Commercial fisheries landings reported from Ocean County. New Jersey from September 1976 through August 1977.

September. October November December
Species Kg Value ($) Kg Value ($) Kg Value ($) Kg Value Cs)
Bluefish 36,381 8,843 22, 940 5, 560 6, 625 2, 819 522 298
American eell 1.709 1,316 1,.668 1,285 - - - -

Winter flounder2  239 98 1.138 437 2,223 793 791 378
Summer flounder3  33,400 27, 413 12, 062 10, 993 16, 795 20. 244 12,326 9,674
Weakfish4  24,099 8,092 26,199 6,569 4,421 1,935 2,432 3,158
White perch - - 546 360 182 120 68 45
Blue crab5 3.727 2, 870 6, 564 4,693 4, 073 2, 688 3,636 2. 000
Northern quahog (meats) 6  40, 409 100,.013 29, 736 73,598 21, 900 56, 612 11,986 32, 963
Total 139, 964 148. 645 100, 853 103,495 56, 219 85. 211 31,761 48.516

I.,
U1-

January February March April
Species Kg Value ($) Kg Value ($) Kg Value ($) Kg Value ($)
American eel ..- -. 5,273 4,060
Winter flounder 738 365 85 46 1, q82 784 1,364 600
Summer flounder 115, 616 157,459 132,146 137, 755 - - 111,566 142, 074

Wealfish 46 28 66 43 68 41 4,440 1,189
White perch - - - 1,205 663 1,409 465

Blue crab 1,982 1,526 - "

Northern quahog (mcatsL_ 1,446 4, 770 7, 886 26, 025 20,405 61, 724 23,118 69, 933

Total 117,846 162, 622 140,183 163, 869 25,442 .64,738 147,170 218, 321



Table DI-92 (con4)

May June July August Totals
Species Kg Value ($) Kg Value ($) Kg Value ($) Kg Value ($) Kg Value ($)
Alewife 1,000 110 ..- - - 1,000 110

Bluefish 1, 173 387 17, 026 7, 869 56,781 23,244 33, 694 21.889 175, 142 70, 909
American eel 5,505 6,055 3,023 2.328 2,773 2,135 2,286 1,761 22,237 18. 940
Winter flounder 10. 182 3,829 2,341 801 836 570 - - 21,719 8, 701'
Summer flounder 113, 759 107, 328 54,240 64, 798 18,269 33. 766 8,585 16.666 628, 764 728,170
.Weakfish 1.201 409 3,695 2.200 6.986 4. 047 9,987 7. 261 83,640 340972
White perch 982 540 - - - = - 4,392 2,193
Blue crab - - - - 3,909 3,440 4,546 4,000 28,437 21,217

Northern quahog (meats) 26, 423 77, 022 34,100 93, 775 38,.518 116, 518 42, 555 126, 387 298,482 839, 340
Total 16,0.225 195,680 114,425 171,771 128,072 183, 720 101,653 177,.964 1,263,813 1,724,552

tI-.

1

2

3
4
5

6

Reported
Reported
Reported
Reported
Reported
Reported

as

as
as
as
as
as

eels, common
flounder, blackback
flounder, fluke
searout, grey
crabs, blue, hard
clams, hard



Table DI-93. Summary of population surveys conducted during 1976-77.

Total Area Number of
Survey Dates Sampled Gear Used Surveyed (km 2 ) Samples Taken

Bay anchovy 22, 25, 28, 29 October 4.9-m tawlb 61.23 157

Winter flounder 14 - 16, 21 March 4.9-m trawlb 88.97 147

Sand shrimp 18 - 20 April 4.6-m seine 0.189 160

Northern plpefish 26 - 29 July. 4.9-m trawlb 60.38 80
and blue craba 2, 4, 5 August 4.9-m trawlc 60.38 50

2.7-m trawlb 25.70 75
roller pushnet 0.465 130

II

ab Surveys conducted simultaneouslyb Rigged for bottom tows

c Rigged for surface tows



Table 01-94. Itwuls of the bay anchovyt population suftyl COMUCI~ 12 1976 is 3UBatngM Bay. NM ImewY.

Octld 1916 Mayr 1976
Stratum North mwEM Crowda Soadmtw TUSI Not Wt South TOWa

Area (406l to
2

2.23 9.01 6.91 $1," 16.09 4.27 14.33 34. d

Nlowb ofsamples eahea 41 so . 1 216 S4 26 4a to

sample meas vid&l ,Matui 1 .29 0.39 11.23 161.5U 49.77T 102.53

ftewled sample meaft 32.9 73.U

Standard eforo meark S.4 U65

20% Catldewe interval 11.45 12.29

Populadlo. eotlmats 2,917.000 5.270. 000

9A confidenew Uimia of 90. '" oo~ 2.310, 000
population taumalot

mee sumbe o res pre 4.9-m' u.[ou haul mhe; covred
4

71S'u
t
i of bottoma.



Table 01-S5. Re-mis of the tvontr floundea populaUon ive o couctil Is 1916 and 1911 to Damagea say. New f•iery.

Mare 1977 April 1976

rstaism MNt out Ideas Creeks Total Nart South Wten Croeld Total

Am. (110 34.01 .M4.R 2.48 1." 68.91 19.99 29.6 1.46 1.88 61.67

Number of samples tal 46 14 1 147 41 4T 2 11 120

Sample maae wthln Mammm 1.61 0.6" 0.29 1.19 2.40 1.21 2.32 0.64

Stradfld sample mea t.1a L17

Stna~iud anm of mesa 0.12 0.26

S. €ordena M Loatral 0.26 0.48

Populadol. eadmete 111.000 194. OW

95% c, easoe limits of porvlsdm *.,000 * 43. OW

esimate

I%-

%-n

a Wan*x number per 4.9 m Oawl haul tat coeed 771.15m2 of boaom.



'4,,

Table fll-00. owi~ltm of the aI&W IWmp POPWMad une owoMW tain Aprn 161 in ".wat say. New imey.

A. Catchby 4.6-M seln

Locatio Dad"l csgk wosm~meareoat soma Harbor OqWNS DO.s Sf Creekr/Ceara Cme Forked New
Numbe of bwob .25 28 30 30 26 26
Viw an .tch Par Asa* 41.1 2%1 13.3 864 8.3 7.6
Coqmbtm ovin.catch 33.8 3 .6
Moa number per m

2  
l.It 0.13

Sauarld ante of mnean 0.12 0.41

Area of thcre sane(.' 1.000 133.000
Popaladio estimate a66L000 44.000
g9i, eCId~aD lindto of popoIndo eadMUS 18.000 2 01.0ON

9. Lauxt fi&usnean dbowxzdgat cazcb
4 23 am 28 40 mm _7, 4 wTOWa

Ineadow 0 1 0 n

Double C~ek 32 34 63 go. 95

Werstown 7 13 44 1 4 7.5

sands Fwat 30 21 l0g 17 S 2 142

Oyam Cek 1 11 so 85 3 4.4.

SwoumCrak S a Be 1 2 3

F kald hm_____ 6 S do 00 2 2 I
Toal57 17 395 80 14 3 496

" toth naXý"inrd not 8aIIC~lflcay dMfi'em



I
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Table 01-97. Resuts of the bloe crab popu,1 ity cmy ucs In 1976 ead 1977 to Bamlgt say. New Ictsty.

A. EM side of 9ay (2,7-m a-I aarnoltl)
Iunl - AuGy 1"7 July 1, l

Strata. Nar Cenmtal Sout Inlet Total Nard Norh Cemral South Central Inlt South Total
Aea (4l06 rn'.) 10.57 3.63 9.19 2.29 28.70 10.57 3.665 .4.2 229 106 24.70
Number a(f amptes tAict I6 21 5 24 75 32 14 20 6 8 8s*
Sample mean LthLo nrluawn, 3.14 4.44 3.256 .21 22.26 21.9. 18.40 39.11 15.40
Smadfwld aumple man S."0 23.41
Samdald enor of meato 0. 07 1.38
OK9. codw(eao loIterval L44 2.04
popu1bdua tadmthl 80.000 3.872,300
09 confidMence Undm of popaladou sdmae S.2K400 +* 670.000

B. Wert idde of Bay (4.9-m trawl Blamplo,
Jull - Augt 1977 July 1978

Stramm Norlt Marld Cenral SnulS Ceomlu Soult Total North (Orth Cental Soudl Cenuat South Total
Area (lO16 ri) 11.35 8.47 11.71 22.85 60.08 11.35 9.47 17.71 22.85 60.38
Namlb of samplal lWore ' 23 40 to 8s s 12 20 20 s0
Sample maean .itolne irtum

b  
2.00 3.00 1.10 0.50 2.95 7.85 3.35 1.685

Saozfied sample mean 1.51 2.33
Stmadad aroat of meao 0.28 0.49
999, cm 1e•am, t(mvirv! 0.5. 0.€0
Popilation ejclmar t 1 No.00 . 291.000
9t7. comlrdeor Umln of populaam eadirin ±43.000 7 0O, too

C. Short Lome(ut m Cytbot 1rn19)
July - Augu 1"77 July 29186

,Wexn St L•ao Shawe
IJczfta No Ve-geum Vgtetatn• Toni Vegetation

Nombn of lamplea takle 59 32 90 40

Meaut na-her per m
2  

0.001 0.048 0.020 0.050

Statlmd ewar of -man 0.002 0.010 0.004 0.017

Avon of sobrc zone (in
2

) 286,000 177.000 No Used

Populadon eadmate 800-t.0 8.900

65!. co•dldo UmIs of popubaon ead e- *. 3,00 C M.0

a Wa number p.r 2.7-m hal that onaWeN 151.8 M2 of bottom.
b wa.ne numbse per 4.9-m haul t*at O•ucod MTL.75Ir

2
of bottrm.
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Table 01-98. Summary of the life him 7 stes d the bl, crab -ab- durlq dte pepuladee soy In t Soarag Bay from 26 July to Aqwer 1917.

Number Man" Ma1r. Matur Matur, Giid Grvt Immature Immature Immature
of Ma.oe Mature male femal male tomale female female Immanve Immeme . male female female

h lub male female o dell pow jtn moldii moldici am"n ew blactk am male female papa dsell paper dln minlim
A, 2.1-rm dlvI

NorthI 1 isI - 16 32 2 -

Cenral 21 is 4 - " • * 20 81 1
So.u, t h I - - 10 12 -

DInt 24 20 S - 1 IS 6 11 30 - I -

ubtmoal 75 41 it 0 1 1 2 5 6 47 141 1 3 0

I8. 4 t9- ran l

North 2 - 8 -1
North ceifal 23 14 2 11 37 *1 I
South itoal 40 5 7 2 3I 17 -. -

Souh 10 1. 2 " - - * 2

tubmw • 22 15 3 0 0 2 0 24 64 1 0
Total 689 26 3 2 2 7 5 51 205 2 3

Al Immature 0.12 AU mature male 0.68 AU immemes male 0.21 Mature paper sheU 0.11 tmmatme paper hell 0.02 Macae fernale 0.68

All mature 0.9 AD matre female 0.22 Al Itmulft female 0.68 Matue moltin 0.07 Immature meol ,0.01 Gtavid female. 0.31
Mature hod duell 0. W Immatmue har d elt 0.98 teange ew 0.54

Stack em 0.46
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?abte Mt-g9. ResaIJ of the noruttn n pipefitb population suveyr conclucted in 1976 and 1917 In 8rstgat Say. Nev ltmey.

A. atot tide of say 12.1-m rawl tsampleg)

luly - Aunent 1971 July 1916
ratum North North CentaIl Seuth Cental South Total Eat Inlet/Sand Total

Area (.106 mrn) 10.S7 3.85 9.19 2.29 25.70 '2.12 14.19 36.31
Nutier of samples taken 16 21 8 24 is 61 14 61
Sample tean l.bln Mou•, 4.44 9.14 12.88 33.21 1.64 3.14
1n*tfIl' templ m-o 10. 7 2.23

Staarard Womr of tan 1.48 0.23
M~l enfidene. inervol 2.91 0.58

Population estimate 1. 7is000 514. 000
950. confienle Dm0ft of "potation erttmoa 4. 471 000 * 150.000

L West tlde of Bal (4.9-m vmwl samples)

uly * Augurt 1977 July 1978

Statum North North Cenal Soouth Central South Total Central West Total

Area (zIO
6 

fv,2) 11.35 8.47 17.71 22.80 60.38 56.10 5.86 81.90
Number of stamples taken 7 21 40 10 8s 34 5 30

Sample mean -ithta stratum 0.43 1.20 0.78 9.00 0.70 0.20

SIsti•l•ed am.ple mean 1.88 0.76

Stasdard ater of mean 1.94 0.37
9sa confildence Intal 8.76 0.72

Population esdmate 311.000 61.000
984 cefidence Dm8fts of populadtn eatimate . 40.0000 .. 5S,000

C. Share Zone (Petstht samples)
Iny - Augtut 1977 oInpy 197

Western Shine Earten Shes e

t(coalw No94 VerttmIn Vegetatdin Total Vegetation

Number of samps ton $ata s8 32 90 40

Metan nmbe, per t,
2  

0,90 O.08 0.042 0.132

Startdard wrm of oman 6.004 0.020 0.000 0.028

Area of shore soe (n2) - - 288a000 177.000 Not Used

Pplatlio• aitm - 12.100 23. 400

2/ coe•ldenon Undio of poptatl• an et•iats a .10 + 9.000

M oan tmmber per 2. 7-m banK that covered 157. Otn' of bonsemr.
bMean tiumber per 4.9-rn bout tha ovoered 77.1s..2 of bottomn.



Table Dl-100. Estimated entrainment, with confidence interval, of common and Important microzooplankton at the OCGS from September 1975
through August 1977.

Form September 1975 through August 1976 September 1976 through August 1977

Total Microzooplankton
Total Meroplankton
Total Holoplankton
Total Copepods
Copepod naupili
Acartia clausl
Acatia tonsa

Actrtla spp.
Olthona colcarva
Oithona spp.
Paracalanus .cruaslrostris

Rotiferi
Total Bivalve larvae

Mercenarla mercenaria larvae
Mulinia lateralls
Barnacle larvae
Polychaete larvae
Polydora app. larvae

Gastropod larvae

5.16 x 1013 + 7.90 x 1012

6.98 x 1012 7 1.14 x 1012
4.17 x 1013 +6 .80 x 1012
9.01 x 1012 7 1.79 x 1012
2.21 x 1013 + 4.60 x 1012

1.30 x 1012 + 5.90 x lo11
9.30 x 1011 +2.20 x 1011
3.88 x 1012+ 7.50 x 1011
4.73 x 1011 7 1.64 k 1011
1.04 x 1012 +'4.00 x 1011
1.77 x 1011 +6.50 x 1010
4.81 x 1012 + 1.26 x 1012

1.40 x 1012 + 3.50 x l11
1.14 x 1011 7 9.70 x 1010

2.10 x 1011 ± 5.90 x 1010

7.31 x 1012 + 2.32 x 1012

4.34 x 1012 a."oo x 1011
6.98 x 109 4"4.42 x 109
8.61 x 10117+ 1.89 x 1011

4.03 x 1013 + 6.40 x 1012

6.69 x 1012 + 1.53 x 1012

3.36 x 1013 +5,0 x 1012
1.21 x 1013 7 2.8o x 1012
1.98 x 1013 +4.00 x 1612
8.73 x 1011 + 4.47 x 1011
1.02 x 1012 + 3.00 x 1011
2.53 x 1012 +7.10 x 1011
3.67 x 1012 + 1.44 x 1012

3.08 x 1012 + 9.20 x 1011
2.76 x 1011 +1.05 x l011
1.21 x 1012 + 5.90 x 1011
9.46 x 1011 + 2.44 x 1011.
1.86 x 109 +-4.22 x 109

1.93 x 1011 t 1.07 x 1011

1.48 x 1012 +.4.20 x 1011
2.73 x 1012 7 1.17 x 1012

1.26 x 1012 + 1.12 x 1012

6.44 x 1011 7 1.69 x 1011

4:-
0



Table DI-101. Estimated entrainment, with confidence interval, and results of analysis of variance (P:!_0.2) of common and important mlcrozooplankton
at OCGS during six comparable months (September through November, March, April, and August).

8 September 1975-3 September. 1976 4 September 1976-30 August 1977
Entrainment Estimate Entrainment Estimate Siknificance (P -0.2)

Total Microzooplankton
Total Meroplankton
Total Holoplankton
Total Copepods

Copepod niupUli
Acartia clausi
Acartia tonsa
Acartia spp.
Oithona colcarva
Oithona app.
Paracalantis crassirostris
Rotifenr.
Total Bivalve larvae
Mercenaria mercenaria larvae
Barnacle larvae
Polychaete larvae
Polydcra app. larvae
Gastropod larvae

3.03
3.88
2.44
5.81
1.32
1.12
5.34
2.69
2.35

5.11
7.62
2.29
9.49
1.09
4.28
2.32
6.68
3.79

1013 + 7.10 x 1012
1012 7 7.70 x 1011
1013 + 6.10 x 1012
1012 +.1.26 x 1012

1013 7 4.10 x 1012
1012 + 6.00 x lol1
1011 + 1.24 x 1011
1012 7 6.70 x 1011
1011 7 7.50 x 1010
1011 + 7.90 x 1010
1010 7 2.81 x 1010
1012+7 5.60 x 1011
1011 + 3.25 x 1011
1011 + 1.04 7 1011
1012 + 2.05 x 1012.

1012 7 4.60 x 1011
109 +"4.64 x 109
101 1"+ 7.50 x 1010

2.87
4.84
2.39
8.10
1.45
6.08
8.94
1.72
2.32
2.01
1.50
8.91
7.04
1.29
1.08
2.02
9.62
4.37

1013 + 4.8 x 1012
1012 7 1.22 x 1012

1013-+ 4.40 x 1012

1012 + 2.05 x 1012
1013 7 3.00 x 1012
1011 7 3.22 x 1011

1011 7 2.21 x 1011
1012 7 5.50 x 1011
1012 7 1.05 x 1012

1012 + 6.60 x lOll
1011 + 4.80 x 1010

1o1 + 4.46 x 1011
lo11 + 1.89 x loll
109 +-6.40 x 108
10127+ 3.2 x 1011
1012 + 9.40 x 10"
1011 7 9.02 x 1011
1011 + 1.28 x 1011

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
No
Yes
Yes

tU1



Table nt-11- . ;.Iran ,lcrfly demtfem (W/c) ald pPercent CompORftlicid mmu•mJetaw &W Imprant mlc ramtooopl/anktan cclcted as de, y.tr•, C€-rek Gerfrading Sudan dscharge from September 1975-Se.mler 1916
(y.eu oa) end Iote September g158-Sptembes 1977 (yeo two).& NI s no enumerated.

I-.

I.,

Form YeS

Cipeu•d supt i 1
2

rotsal -op.rds 1
2

Aceutl clAws I

Aerda mass

Ottho" Co~p.v

Acmbva ipp.
2

POlds* cs o crems b 2ti 1

2

2

2

Toui buiale Icue I

MueLus tateralls I

2M,/ullnI IsmefalI,

I

ToaI,,otychoe ta-se I
2

Ba-sa~ck!,a 1
2

rnasttro la-Ise

2Cyptonsum |sar- 1

Troch.oras 1
2

Touta Microooqlankrnn I

8.513 26
12.962 so

3.601 11
40.083 312

0 0
0 0

710 2

4.841 4

088 2
122.8N 10

28? 1
5.146 4

12.892 10

is c 1
620 <1

11.311 34

1.439 1

1.316 4

3.60 3

0 0

a 0

1.380 1

0

Odtoba

1.433 43

22.343 30

5.144 30
9.02 28

93 -C

0 0

1.472 8
727 2

2.280 18

|2256 a

t.416 4

181 1
, Sit 10

205 < I

78 <1

BD < 1

325 2

1.739 6

0 0

31 < 1

290 2

0

744 4

2.258 a

1.016 6
188 2

544 2
213 < I

429 2
48 <(1

12 < 1

282 1

17.202
27. 888

.4ve mber

2.039 31

1.623 5

2. 9 38
1.9807

26 < I

212 1

789 2s
299 1

037 14

216 1

128 2
228 1

210 3
84 <1

0 0

986 <

433 7
28.041 78

121 2

9.067 8

0 0

0 0

0 0

0 0

N7 -
237 -C

necember

11/ m3 11

19,818 30

NS

7.127 11
Ns

1,180

NS

1.715 3
NO

HS -116 (21

NO

333 <1
NS -

0 0

NS -

34.698 S2
NS -

163 <1

NS o
0

N$

0 0
NI -

NE
NS

442 1

NS

,590 9

NS -

6g < 1
Ns -

28 <1
NS -

139 < t

NS

88,310
NIS

March
n/o

3  
6.

30,911 39
17, 722 70

4•.748 08

3,408 13

20, 823 20
747 3

557 1

70 < I

18,983 24

228 < 1
28 <1

0 0

9. 1

35 C1

0 D

133 (1
171 I

48 C1

0 0

0 0

0 0
0 0

NE
117 1l

247 < 1
406 2

1.420 2
3.185 13

2.3 (1
•23 < I

0 0

.7 <2

0 0

0 0

7. 255S
25. 40g

0, 543 45
38.320 49

20.003 11
20.117 19

4.888 3
8,197 12

14 < 1
32 <1

13.606 7
2.074 4

54 <1
0 0

* 24 ,<2

819 ,C!
01 <1I

0 0

11.258 6
149 < I

7.108 4
1.207 2

1.249 1
0 0

114 < I
0 0

HE -

12. 511 1i

12. 80 7
13.124 19

43. 161 20
7.248 8

361 < 1
200 1

0 0
43 <1I

as5 <1
0 0

171. 640 -

2.2In 6
3.710 3

1.643 8
On1 <!I

,5M• S

.588 1

168 1l

699 < l

31.232 
-

112 3

1.558 5

611 9
225 I

38 <!
25 < 1

128 2

126 2

6. 650
it 55

37 Sao



Table DI-102. (-n.L)

.rn
3  

July .. A s, ŽE!2erD•Z
Fran,2 7Q2 q/63 503 12.9m4

i41Cop.5pod na..pW

Total cepoels I

Acarula liu.

Oltcosa coltart's

01dboL mpp.

PidreC hrs f . e u W 1

Total blvsve lejýa e I

2

Mw~cenarU mercenats

yuUna 1"99.

Itie2

Li
C$

25,275 24
20,932 38

5,702 5
18,206 31

196 < 1
,1757 10

17 e I

1,7n 1i
an 2

40 41
284 1

i19 (1

M.•

21.318 20
2.19 4

3.50 35
M I1

$ < I

l. Oat 1
184 (5

N2

2.630 is

12.126 12
82523 24

28, 322 27
5.897 81

3.288 $
4.290 7

0 0

4,227 4
3.448 a

104, Si7
21,200

34.010 48

I15138 28
22.327 29

179 c 1431 < 1

2,13 3L•
7.148 9

6.228 7
4,206 8

548
.6892 8

84.1 (1
2, 0 4

877 1
241. <1

2.844
1.413 2

I. Mr 2
2.158 3

24 (5

US <1

70 !1

391

2, 07 3

8,985 9
1,479 2

1.487 2
10.157 1i

1,23 1

9,0564 -

48. 635 50
36.1"33 30

30,204 34

68,114 57

0 0

0 0

S. 68D 4
5,449 5

1.928 8

3.221 4
32.058 28

1, 81 8

20.721 17

840 1
8.214 4

335 < 1
138 ( 1

792 <I
1.029 1

0 . 0

.190 (1

NE
5I . I1

15,954 45
13. 848 26

9,143 21
26.188 50.

0 1
0 0

1,547 4J
1 .34 4

941 3

14.819 32

2, 5" 1

48 < 1
557 5

2.423 7
490 1

1.,62 5
1, 127 2

97 It5
0 0

297 <1
"4 <1
NH
18 I I

42.452 43
8.918 26

42.183 43
8,915 26

5 .
140 c I

6.158 6
2.712 11

11.,626 58
3.021. 9

2.512 $
2.271 7

13.108 12
174 2

1,992 2
0 0

2.542 3
,280 18

2,215 3
2,194 8

307 < I
0 0

844 <I
e 0

NE 0
0 0

3,245 2
2.116 6

0 0

as <1I

841 < 1
1.129 8

0 0
2,701 a

3..112 4
0 0

O8.44I -

30.294

17, 398
21,410

2,484
1.850

2, 720

1,70

6.

7.243

3,840

3.750

160

8

231
20.0

,35

41

24

33

1

3

2

4

9

10

C0

5

3

<I

<5

<5

•1

4

(1

Toti~l potyrtsent 5j&,ee I
2

Se..,pcle 1&oaa I

Gantropod moM~a 1
2

Cyphonaute lasva. 1
2

Trochophoru

Total Mtitmoa lnkbust 1
2

2.0 9823496 2

735 <1
3023 1

2,316 3
7,6107

is6 < 1
2,019 2

1. I,914
1.,819 2

1,2 a
OIL 250

2,297 412, 291 . 4

5170 (5
312 1

1,418 4
2,067 6

108 (1
4,322 0

1, 64 a
64 <1

32.508 -
M. we -

4,1I4
4. 019

B, 204

1.784

5, 093

2. 155

120

988

1.427
842

13. 301

64 133'50*0 -1
34 211"'I ~ ~ ~ 12 .... '. ..

6 ew 00e tctubolas 5ernmbee-DOembei aod 2 Marah-Septornbor 1971: yew wo ly aludes 9 Se1rnrmbe' 19g6-Noesobe 1918, 1 March-September 1917", Dutn the weodl ", the dflu.dno Rmele
wa sampled Intead ci the condmen discha from 16 May dhoooh 18 July whan the plant vw not I opineradet Dentidd horn the duon dbchue are induded In dw oscathy sod yearl total%.



Table DI-103. The average annual density (n/hd) and percent composition of organisms which
comprise 95"'o of all microzooplankton collected at the discharge of the Oyster
Creek Generating Station, Forked River, New Jersey ftom 7 September 1976
through I September 1977 (no samples were taken from December-February. and
in June.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Form

Copepod nauplii

Oithona colcarva (adults & copepodites)

Qithona spp. copepodites

Total Polychaete larvae

Rotifers

Acartia spp. copepodites

Gastropod larvae

Acartia tonsa(aduls & copepodites)

Barnacle larvae

Total Bivalve larvae

Acartia clausi (adults & copepodites)

Cyphonaute larvae

Paracalanus crassirostris

Mean
Density (n/m3n

26, 723

6, 115

4. 655

4,019

3,840

3,750

2,781

2, 600

1, 784

1,650

1,610

968

718

Percent
Composition

41.67

9.53

7.26

6.27

5.99

5.85

4.34

4.05

2.78

2.57

2.51

1. 51

1.12.

Total Microzoonlankrnn 61. 213
Total Microzoonlankton 61 213

Dl-544



Tabte O1-104. '.inthly day and night mnean deairels (a0/OOm 3) of comnm and |minorian man ao la ilinni rected at the Oyslte Qrek Gnueratin Sttin. Forked R4-n.
"t. Imny Fim Septembe 1975 4rough August 1978 and baro September 1970 dthough August L217.

N (om'ila a merIca•na

lama tolcuptem pto"

Mlandeinpm gi1 Ionmpa

Ampeless capp,

Micaysceintyll anillohip

Sania $pp.

Rsdilmk ocrpretalA

D.
1975/76 .11

1976/77* 77

1975/76 7

19761/71 2

1975/78
1919/17

191/151

1916/77 170

391•/76

2976/77

1971/16
1916/77

1271/16

1.17/77

19715/70
1976/77

1975/76
1976/77

2915/76
1916/77

Lit

Lfl

Seiltzmber October Noembw~
ny Niglh 00 Night Day Night
53 32168 526 11701 2676 24953

So 36694 "l1S 31669 4061 29359

71 4320 47 45" 369 2861

22 2588 44 4529 153 2640

0 53 0 0 0 0

0 29 0 22 0 0

29 6 60 .s12 40 911
82 1471 10864 1 66m 7984 15641

17 S94 T 16 176
32 121 0 0 0 0

40 1796 22 3 41 292
7 614 a 121 6 0

2 191 0 229 0 319
14 579 0 869 n3 613

is 19315 0 279 23 92.

32 160 0 60 0 .21

0 0 0 0 0 0
0 0 a 0 0 0

0 0 0 9 0 a
32 0 a 0 7T 11

0 0 0 a 0 0

04 409 so l0o 0 0

74 334 0 a 0 0

91 260 0 6 0 0

0 0 170 111 8M 96

11 S 0 1ie 1210 1509

0 0 0 0

0 is 0 0 0 0

5, 27 a 0 0 0

0 0 0 0 0 0

238 112 0 0 0 0
33 73 0 9 0 0

0 0. 0 0 0 0

0. O 0 0 0 0

21 4, 0 0 0 0

82" 2S3 22 0 0 0

20. 94 a 0 0 a

211 295 0 10 0 0

0 . 0 0 0 0

0 6 5 a 0 0

61 1766 26 189 0 0
58 1775 is? 1436 0 0

D~eceamb
Day Nloh!

2737 33744

23408 85394

114 1194

l6o1 1369

0 511
0 149

220 330O

17539 10901

121 443
0 0

0 5so
0 53

13 283
0 240

0 15

0 0
0 0

0 0

562 84o

0 it
1267 lose

0 0

0 0.

982 940

0 12

311 165

0 0

0 0

0 0
0 0

0 0
0 0

O 0

0 0
0 a
0 0
0 0

0 0

0 0

0 0
0 0)

12,nu~'y
Day Night

IS0 12003

5654 32253

a 1032
0 12

15 430

0 179

1409 Ms1
3324 2 US

0 4

0 14

0 0

0 21
0 0

0 16

0 0

0 0

0 1i

0 0

4510 1960

10376 6814

106l 2316

0 0
0 0

63 214

0 0

0 0

0 0

0 0

0 0

0 0

0. a

0 0

0 "0

0 0

0 0

0 0

0 0

0 0

0 0

0 0
0 0

FebruaryDay NIght
3011 42601

24808 21594

so 47•

13 0.

O 12
19 054

66 3111

1437 435'?

14 231

10e 0

a 640

0 0

0 171

1568 238

0 41

s0 26

221 709

12906 33149

111 0
16770 21390

13156 13632

1534 6412

0 0
0 0

471 792
0 22

0 0

0 0

0 0

0 9

0 0

0 0

0 0

0 0

0 0

0 0

0 0

o o

o o

o 7

Sagieta qpp. 1975/76
1916/77

Nt•paene at."s, (61e0e) 1915/78
1976/77

OC ngi aepmm.pinou (,ose) 1975/16

3 976/T7

Painpeta habmtJ (zooee) 1975/78
19"8/77

Rhlidmopip.en lm"n (boee) 1975/76

1976/T7

Upnotnta trlitule (Mosea) 1976/76

1979/7`7

HlpolyW apt. (Woeas) 1915/78

1917/T?

PaswW a"p. (e-aa) 9615/76

1970/77

U Ia . (1917817
1910/77

CALIunoelm .apidu (nneI~aOP-C) 1979/16

?

14
2



Table DI-104. (ont.)

arkch April Mwy June
Dav Hllt Dia Nigbt Day Nigt Day Night

fuly Augimt
Day Night Div NIgrh

Lj

N•eofl 'y i anre, IItrec

fylwdopsb btgelo-l

kap Suo feptrlpimIs

Mi3'odsumpw pyUoUIlp

IA0000 smerwcIZur

OryfwryuL fmathl

Ratlike& -tup~at~tt

Sargitca 'pp.

Neopamp•F beSM ({oese)

pQlh.O g t1r em,5 SI. ( 20cs)
P@Upegesi harbth (oessa)

Paie.Sa S. (Woes.)

Ubl•ai W. (rWe)

1913/16 30554 79968 679 11336
1978/77 n1e9 100927 6910 119469

1915176 1n 294 01 23
1917@/7 0 4 0 0

1975/76 206 722 0 14
1974/171 0 11 0 2 c

1915/16 0 29 54 200
191`6/71 2710 6 71172 11451

1916/70 178 194 179 1200
1916/71 29 to " 296

1915/16 lO0 1694 30 9108
1976/"1 0 I2S 104 s0

1971/16 63 064 0 941
1976/fl 0 Via, 0 a"6

1975/16 94 34 40 690
1976/1"! 0 44 0 860

197057/ 4851 7069 1415 1092
1917/7fl 6303 91366 441732 02301

1912/16 6am 331 0 32
170/6/117 131 11614 951O6 280631

1ris/16 21122 5O4M 0o 112

1976/fl 321 116 134 61

1975/10 0 0 0 13

197/711 0 0 0 0

1975/78 7442 112 961 175K
1978/71 133 2 2011 9918

1915/76 0 0 a 0
1970/7l 0 a 0 0

I5s/16 0 0 0 0
1970177 0 0 0 0

19712/8 0 0 0 0

116/77 0 0 0 0

S11/678 0 0 0 0
19701/7 0 0 0 0

I910/16 0 0 0
1976/71 0 0 0 0

19711/76 0 0 0 10
1976/17 0 0 0

1970/10 0 0 0 0
1976/77 0 0 0 0

574 7422
"48 43124

0 1
0 0

0 206

0 84

101 L.0

069 12254

2100 113"4
102 10032

191 10781
0 1212

0 512
a 126

0 2178

25 2423

0 0

191 63

0 6
is 0

0 0
0 0

2760 32920

6601 16151

941 26221
3324 12943

0 99
12 0

074 1011

126 130

163 464
0 11

0 0

0 0

as 50
a 0

110 100
28 113

0 0
0 22

3806 47390
927 27571

a 30

0 154
0 26

601 4909
1991 6a4

1119 s3o
128 2712

61 11175
246 6996

0 10248
0 101

409 B008
42 1021

0 0

0 0

0 0
0 0

0 0

0 0

149168 0969
4101 46072

15062 17489
7194 10481

1496 3836
1551 7941

1042 1712
312 6g8

619 3584

1185 7100

273 197
490 289.

0 100
0 48

192 288
23 247

49 379

37 222

3
2

13

2

2

28

092 27112
826 32013

98 3216
208 6460

0 238
0 6

031 4106

90 1312

292 3271

11 90 70
63 12063

0 244
33 9225

879 • 1647
34 994

0 0
0 0

0 0

0 6

0 0

0 0

9986 40469
[834 57328

166 299
.061 3350

400 2849
714 22895

67 346
291 363

140 2861
[900 9"33

400 535
222 900

050 579

315 323
[004 337

131 378

985 PA0

2274
4527

19o
773

11

31

14600

510

2S
699

241
219

i8
148

1o6
393

0
0

0
0

0
0

2179

61

393
1101

101

IN21

66
243

52
148

171
573

1ie
256

48
10

83101
14201

3206

12849

731
190

1216

1gi

143

1261
40,7

l86e
1301

344
351

0

0

0

0

0
0

879

6044

600

8406

95
72

an6592

620

529

161
372

126
121

117
234



TABLE DI-301 YELJ.Y MEAN DIENSITIES (n/lOOm
3

) OF HACROZOOPLANI'TON THAT CONSTITUTED 951 OF THE ASSDUILACE COLLECT"I)
AT TIE OYSTER CREEK GENERATING STATIrON. FORKED RIVER, NEW JELSEY FIRON IKFPTDR 1976 THRDUGH AUGUST

1977 UZD FROMi ETEMBEU 1975 THROUGH AUGUST 1976.

SICOND TYEA - SEPTEMBER 1976 THROUGH AUGUST 1977

SP ECI ES

TOTAL
RATHKEA OCTOPUNCTATA
NEOMYSIS AMERICANA
SARSIA SPP
JASSA FALCATA
NEOPANOPE TEXANA
PANOPWES HERBSTIX
CRANGON

SEPTEMSP INOSA
MYSIDOPSIS BIGELOWI
AMPELISCA SPP.
PALAEMONETES SPP
ORDER CAPRELLIDEA
CLASS PPLYCHAETA
MICRODETIVPUS

GRYLLOTALPA
BARNACLE CYPRIS
JAssA FALCATA
OBELIA SPP
SUBPHYLUM

PYCNOGONI DA
SA0J'rTA SPP
FAMILY SITNOTtIOIDAE

LIFESTAGE FREQUENCY YEARLY MEAN STD DEV I COMPOSITION

NO DETERM.
NO DETERM.
NO DETERM.
NO DETERM.
ZOEAL
ZOEAL

ZOUAL
NO DETERM.
NO DETERM.
ZOEAL
NO DETERM.
LARVAL

NO DETERM.
LARVAL
GRAVID FE.
NO DETERM.

NO DETERM.
NO DETERM.

NO DETERM,

283
99

282
76

253
112

83

165
121
139

93
215
123

112
47

187
33

125
95

147

114478.33
36959.70
29296.50
13745.80
7979.95
6516.23
3193.09

2276.64
1409.91
999.63
971.91
926.72
812.98

736.25
709.65
600.32
556.42

460.03
459.10
429.96

100922.00
29322.60
34366.50
5311.36

17543.60
8111.04

4241.61
4115.46
3009.60
1952.87
2689.62
2231.56

2647.25
2474.31
* 636.45
2171.17

1576.94
749.39
288.36

32.29
25.59
12.01

6.97
5.69
2.79

1.99
1.23
0.87
0.85
0.81
0.71

0.64
0.62
0.52
0.49

0.40
0.40
0.38

FIRST YEAR - SEFTEMBER 1975 THROUGH AUGUST 1976

SPECIES

TOTAL
NEOMYSIS AMERICANA
NEOPANOPE TEXANA
CRANGON

SEPTEMSP INOSA
SAGITTA ELEGANS
JASSA FALCATA
AMPmEISCA SPP.
mrCROoDEUTOPUS

GRYLLOTALPA
MYSIDOPSIS BIGELOWI
LEUCON AMERICANUS
OXYUROSTYLIS SMITHI
COROPHIUM SPP
ORDER CAPRELLIDEA
SARSIA SPP
CLASS POLYCHAETA
UNZOENTIF lED

AMPHIPODA
PANOPEIJS UERBST3I
EMOTUA TRILOBA
PALAEMONETES SPP
HEOMYSIS AMERICANA
ORDER CERIANTHARIA
ELASMOPUS LEVIS
RHITHROPANOPEUS

HARRISI
SUBPi fLyUM

PYCNOGONIDA
CRANGON

SEPTEMSP INOSA
JASSA FALCATA
STENOTHOE
BREVICORNIS

FAMILY CAPITELLIDAE
MONOCULOD ES EDWARDSI
MICROPROIVPUs RANEYI
MHEMIOPSIS LEIDYI
FAMILY SYLLIDAE
INF RAOIRD ER BRACHYURA
IDOTEA BALTICA
FAMILY STENOTdOODAE

LIPESTAGE FREQUENCY YEARLY MEAN STD DEV % COMPOSITION

NO DETERM.
ZOEAL

ZOEAL
NO DETERM.
NO DETERM.
NO DETERNM.

NO DETERM.
NO DETERM.
NO DETERM.
NO DETERM.
NO DETERM.
NO DETERM.
NO DETERM.
LARVAL

NO DETERM.
ZOEAL
NO DETERM.
ZOEAL
GRAVID FE.
LARVAL
NO DETERM.

ZOEAL

NO DETERM.

NO DETERM.
GRAVID FE.

NO DETERM.
NO DETERM.
NO DETERM.
NO DETERN.
NO DETERM.
NO DETERM.
ZOEAL
NO DETERM.
NO DETERM.

262
259
128

172
52

144
184

144
132
150
163
124
153

43
117

130
49

124
92

115
41

129

51361.21
17620.70
7213.88

4592.57
3587.33
2413.20
1977.70

1220.30
1017.91
930.73
834.63
805.23
764.19
639.49
637.69

604.97
428.83
378. 48
364.48
339. 77
321.41
273.61

19132.00
16399.70

5396.92
3309.99
3071.02
4272.15

2655.59
1345.98
2548.04
1801.93
1461.01
1007.51
1505.27
1020.61

1002.60
1397.51
386.38
823.25
686.41

1046.02
340.98

436.76

379.32

223.19
419.98

463.73
368.75
307.27
457.42
708. 71
.330.95
314.40
229.81
352.28

34.31
14.05

8.94
6.98
4.70
3.85

2.38
1.98
1.81
1.63
1.57
1.49
1.25
1.24

1.18
0.83
0.74
0.71
0.66
0.63
0.53

0.41

0. ý0

0.33
G. .31

0.25
0.27
0.27
0.26
0.25
0.24
0.22
0.22
0.22

65 210.44

70 203,74

134 167.28
57 160.69

57
61
73
40
31
64
30
74
32

151.07
139.83
137.32
132.50
129.17
122.90
114.32
113.61
111.05

D1-547



Table DI-106. Annual estimate, with confidence interval (P o 0.05), of important and common macrozooplankton entrained at Oyster CreekGenerating Station from 8 September 1975 through August 1977. Estimates were based on data obtained from collectionstaken at the condenser discharge, except for the estimates of B. ovata and M. letdvi, which were derived from data fromcollections taken at the condenser intakes.

cj

L0

(0,

Total Macrozooplankton
Polychaeta larvae
Palaemonetes spp. zoeae
Crangon septemspinosa zoeae
Panopeus herbstii
Neopanope texana
Rhlthropanopeus harrisi
Callinectes sapidus megalopae
Other Brachyuran megalopae
Beroe ovata
Mnemiopsis leldyl
Sarsia spp.
Rathkea octopunctata
Nerels spp. epitokes
Leucon americanus
Oxymostylis smithi
Edotea triloba
Ampellsca spp.
Mlcrodeutopus gryllotalpa
Corophlum spp.
Jassa falcata
Total Amphipoda

Mysidopsls bigelowia
Mysidopsls bigelowi gravid
Neomysls amerlcanaa

Neomysis americana gravid
Palaemonetes spp.
Orangon septemspinosa
Snpitta mp_

8 September 1975-3 September 1976
Entrainment Estimate

4.25 x 1010±. 4.61 x 109
3.28 x 108 1 7.20 x 107
4.15 x 108 +1.03 x 108
4.34 x 109 :t 8.40 x 108
4.81 x 108 -1.54 x 108
8.11 x 109 + 1.91 x log
2.24 x 10 8 + 6.50 x 107
5.18 x 107 + 2.78 x 108
2.08 x 107 + 1.17 x 107
2.83 x 107 1.72 x 107
9.79 x 108+ 3.83 x 108
4.11 x 108 + 1.96 x 108
2.30 x 107 + 2.08 x 107
3.83 x 107+ 1.11 x 107
1.07 x 109+ 3.09 x 108
8.62 x 108 +2.16 x 108
4.01 x 108+ 7.79 x 107
2.11 x 109+ 4.42 x 108
1.23 x 109 + 3.49 x 108
7.92 x 108 + 2.47 x 108
2.68 x 109 8.38 x 108
1.96 x 109 +3.53 x 101
6.36 x 10 8 + 1.11 x 10.8

4.21 x 106 + 2.12 x 106

1.19 x 1010 + 1.99 x.10 9

2.98 x 108 4-7.63 x 107

5.09 x 107 1.32 x 107

1.04 x 108+ 1.97 x 1075.45 x i08 ± 3.56 x 1

4 September 1976-30 August 1977
Entrainment Estimate

9.98 x 1010 12.20 x 109
4.05 x 108 + 2.52 x 108
1.41 x 108 + 5.00 x 107
6.98 x 10 8 + 2.32 x 108
1.55 x 109 + 8.10 x 108
1.07 x 109 1 4.37 x 108
8.89 x 106 + 5.32 x 106

1.89 x 108 + 7.26 x 107
2.42 x 108 + 7.84 x 10'
2.00 x 107 +1.63 x 10 7

3.41 x 101 + 1.52 x 107
1.52 x 1010"'+ 5.06 x 10l
4.20 x 1010 + 1.72 x 1010
1.75 x 107 +7.93 x 106
2.41. x 10 8 + 4.09 x 10'
1.27 x 1o8 + 3.86 x 107

1.63 x 108 5.31 x 107
1.70 x 108 + 3.38 x 107
1.01 x 108. + 4.27 x 107
1.72 x 108 + 5.30 x 107
6.73 x 109 + 9.43 x 108
1.03 x 10 9 + 1.37 x 108
138 x 109+ 4.06 x 108
3.69. x 101 + 1.66 x 10'
2.29 x 101-+ 3.24 x 109
3.10 x 108 +-1.93 x lo7

2.75 x 1077+ 8.49 x 106
6.37 x 107 + 1.39 x 101
2_7q x 108'T 833 x 107

5I 45- x.. .. .... 1

Adult males, non-gravid females, and juveniles.



Table DI-107. Estimated entrainment, with confidence interval (P < 0.2), and results of analysis of variance (P __< 0.2) of important and common
macrozooplankton at Oyster Creek Generating Station during seven comparable months (September through December, March, April,
and August) from 8 September 1975 through 30 August 1977.

-Is.'-0

Total Macrozooplankton
Polychaeta larvae
Palaemonetes spp. zoeae
Crangon septemspinosa zocae
Panopeus herbsttl zoeae
Neopanope texana zoeae
Rhlthropanopeus harissi zoeae
Callinectes sapidus mcgalopae
Other Brachyura megalopae
Beroe ovata

Mnemlopsts leidyi
Sarsia spp.
Rathkea octopunctata
Nerels spp. epitokes
Leucon americanus
Oxyurostylis smithi
Edotea triloba
Ampelisca spp.
Microdeutopus gryllotalpa
Corophium spp.
Jassa falcata
Total Amphipoda
Mysidopsis bigelowib

Mysidopsis bigelowi gravid
Neomysis americanab
Neomysis americiria gcavid
Palaemonetes spp.
(Cangon septemspinosa
Sagitta spp.

September 1975-3 September
Entrainment Estimate

2.67 x 1010 + 3.29 x 109
3.34 x 108 + 8.40 x 107
3.85 x 108 + 1.01 x 108
3.84 x 109 + 8.30 x 108
4.15 x 108 + 1.39 x 108
7.13 x 109+ 1.82 x 109
1.60 x 10 8 + 4.73 x 107

3.57 x 107 + 1.87 x 107
1.39 x 107 T 7.80 x 106
2.29 x 107+ 1.56 x 107
7.49 x 108 + 3.35 x 108
3.48 x 108 + 1.86 x 108
2.15 x 107 + 2.07 x 107
2.56 x 10 7 + 7.46 x 106

7.08 x 108 + 2.07 x 108
5.47 x 108 + 1.42 x 108
2.26 x 108 + 4.33 x 107

1.41 x 10 9 + 2.96 x 108
7.22 x 108 + 2,25 x 108

3.15 x 108 + 8.18 x 107

1.60 x 109 + 6.70 x 108
5.13 x 109 + 9.63 x 108
4.42 x 10 8 + 7.81 x 107

2.91 x 106 + 1.43 x 106
8.17 x 10 9 + 1.58 x 109
2.11 x 108 + 6.28 x 108

3.65 x 10 7 + 1.03 x 107

7.18 x 107 + 1.44 x 107

6.89 x 108 + 5.11 x 108

19'76 4 September 1976-30 August 1977
Entrainment Estimate

7.42 x 1010 + 1.82 x 1010
4.85 x 108 + 3.32 x 106

1.31 x 108 + 4.80 x.10 7

7.09 x 108 + 2.44 x 108
1.04 x 109 + 4.50 x 108
8.66 x 108 + 3.26 x 108

6.13 x 106 + 3.85 x 106

1.35 x 108 + 5.06 x 107

1.74 x 108 + 5.57 x 101
1.60 x 107 + 1.40 x 107
2.42 x 107+ 1.06 x 107
1.15 x 1010 + 4.05 x 109
3.29 x 1010 4- 1.45 x 1010
1.35 x 107 + 6.31 x 106

1.66 x 108 + 2.85 x 107

9.08 x 107 +- 2..87 x 107

1.23 x 108 + 4.72 x 107

1.21 x 108 + 2.43 x 107
6.95 x 107 + 3.03 x 107

1.42 x 108 + 4.49 x 107

4.93 x 109 + 7.70 x 108
6.02 x 109 + 8.66 x 108
9.78 x 108 + 2.83 x 108
2.58 x 107 + 1.15 x 107
1.59 x 10107+ 2.23 x 109
2.17 x 10 8 +-5.51 x 107

2.14 x 107 + 7.29 x 106

4.33 x 107 + 9.60 x 106
2.44 x 108 + 7.75 x 107

Significance (P
Yes

I

I

No

Yes

Yes
Yes

Yes

I

Y

Yes

Yes
I

Yes

YesN o

Yes

Y es

I

I

No
Yes

Yes

.21- 0.2)

a Significant interaction
b Adult males, non-gravid females, and juveniles



TABLE 01-108. Mean monthly densities (nl1OOO3) of those macrozooplankton that conatituted 952 of the assemblage
for the period September 1976 through August 1977 at the Oyster Creek Generating Station, Forked
River, N4er Jersey. -Data for Crannon septymoinoge and PaIseonecea mpp. are also included.

M04THLY Mt,*4 OE~4SITY DURING SEP 76

SPECI ES LrFEsTAGE FgEQUENCY MONTHLY MEAN STD DEV a comPOSrTION

TOTAL
RATHKEA )CraOPU:'CTATA AO DETEIt.
NEOMYSTS A4l.RICANA :13 DETEW-.
SARSIA SPP NO OETERM.
JASSA FALCATA 'lO DETERtN.
NEOPAAOPE TEXANA ZOEAL
PANOPfE1S HERBSTrI WOEAL

CRAN GON
SEPTE.CSP INOSA ZOEAL

.mYSIDOPSIS 81GGLOhT NO OETER:4.
AMPELISCA SPP. NO OETERM.
PhLAEMONETES SPP ZOEAL
ORDER CAPRELLIDEA NO DETERPJ.
CLASS POLYC8AETA LARVAL
MICRODEUTOPUS

GRYLLOTALPA NO DETERM.
BARNACLE CYPRIS LARVAL
JASSA FALCATA GRAVID FE.
OBELIA SPP NO DETERM.
SUBPHYLUM

PYCNOGONIDA NO OETERM.
SAGrTTA SPP NO DETERI.
FAMILY STENOTHOIDAE NO DETERM.

SUBTOTALS

CRANGON SEPTENSPTNOSA
PALAEMONETES SPP.

TOTAL NUMBER OF FORMS - 93

MONTHLY KFAN DENSITY DURING OCT

30
1

30
0

30
14

1

2
23
20

6
32
10

5
0

25
0

28
19
29

55678.129
16.69

23231.70
0.00

16776. 40
275.07

7.91.

12.18
1409.72
440.66
53.41

1209.13
157.72

77.14
0.00

645.30
0.00

656.94
556.40

1258.65

33. 37
25318 .10

0.00
7959.19
532.19

37.10

24.59
1444. 48
666.05
92.24

506.57
205.17

141.95
0.00

374.68
0.00

272.30
743.51
551.30

0.03
41.72
0.00

30.13
0.49
0.01

0.02
2.53
0.79
0.10
2.17
0.28

9.14
0.00
1.16
0 .00

1.18
1.00
2.26

Ln
tn0

14.68
85.52 0.000.00

"6

SPECI ES LIFESTAGE FREOUSNCY MONTHLY MEAN STD DEV I COMPOSITION

TOTA L
RATHKEA OCTOPUNCTATA NO DETERM.
NEOMYSIS AMERICANA NO DETERM.
SARSrA SPP NO DETERM.
JASSA FALCATA NO DETERM.
NEOPANOPE TEXANA ZOEAL•
PANOPESJS HERBSTI! ZOEAL
CRANGON
:SEPTEMSPINOSA ZOEAL.

mYSrDOPsIS BICGEOWI NO DETERM.
AKPELISCA SPP. NO DETERM.
PALAEMDNETES SPP ZOEAL
ORDER CAPR•,LIDEA NO DETER.M.
CLASS POLYCHAETA LARVAL
VICRODEUTOPUS

GRYLLOTALPA NO DETERM.
BARNACLE CYPRIS LARVAL
JASSA FALCATA GRAVID rE.
OBELIA SPP NO D-TERM.
SUEPHYLUM

PYCNOO0N IDA NO DETERM.
SAG1ITrA SPP NO DETERM.
FAMILY STENODT1OIDAE NO DETERM.

SUBTOTALS

CRANGON SEPTESPINOSA
PALAE.A'4NETES SPP.

28
0

28
0

28
1
0.

14
24

6
1

24
6

0
0

23
0

26
12
27

44909.10
0.00

19417.70
0.00

14735.80
2.25
0.00

63.18
2411.22

60.65
4.73

559.63
44.86

0.00
0.00

834.94
0.00

425.39
73.64

1190.75

0.0012964.99
0.00

9101.62
10.06
0.00

44.24
2682.76

120.96
21.13

355.08
71.87

0.00
0.00

781.49
0.00

250.89
90.20

564.07

0.00
43.24
0.00

32.81
0.01
0.00

0.14
5.37
0.14
0.01
1.25
0.10

0.00
0.00
1.86
0.00

0.95
0.16
2.65

10.9847.93
0.000.00



TAtL? DI-Irl. (CO~RO. )
.........................................................................................................

*4)NTHLY NMI-N DENSITY OURING NOV 76

SPECIES

TOTAL
RATIIKEA OCTIOPUNCTATA
NEOM YSIS A;lrfICANA
SARSIA SPP
JASSA FALCATA
NEOPANOPE TEXANA
PANOPEUS HERBSTIT
CRANCON

SEPTEMSP rNOSA
riYSrDOPSS U IGEWIWr
AMPELISCA SPP.
PALAIEONETES SPP
ORDER CAPRELLIDEA
CLASS POLYCF[AETA
MIC ROO EU.TOPU S

GRYLLOTA LPA
BARNACLE CYPRrS
JASSA FALCATA
OBELIA SPP
SUBPHYLUM

PYCNOGONI DA
SAGITTA SPP
FAMILY STENOTHOIDAE

SUBTOTALS

*LIFESTACE FREQUENCY MONTHLY MEAN STD DEV % CO:4POSITION

NO 0ETERM.
NO DETERM.
NO DETER'M.
NO DETERM.
ZOEAL
ZOEAL

ZOEAL
NO DETERS.
NO DETERM.
ZOEAL
NO DETERM.
LARVAL

NO DETERPI.
LARVAL

GRAVID PC.
NO DETERM.

NO D ETE RM.
NO DETERM.
NO DETER'.

12
5

12
0

12
0
0

12
12

0
0
10

9

0
0

12
0

4
0

10

36046. 91
73° 79

16954.90
0. 00

11800.40
0. 00
0.00

1404.70
1396.66

0.00
0.00

153.54
337.88

0.00
0.00

710.25
0.00

46.54
0.00

572.17

65.75
5704.38

0.00
2026.32

0.00
0.00

590.17
864.94

0.00
0.00

37.60
54.69

0.00
0.00

109.35
0.00

83.54
0.00

382.84

0.20
47.04
0.00

32. 74
0.00
0.00

3.90
3.87
0.00
0.00
0.43
0.94

0.00
0.00
1.97
0.00

0.13
0.00
I.59

0.00
0.00

Ln
Lfl

CRANGON SEPTEMSPINOSA
PALAEMONETE SPP5.

TOTAL NUMBER OF FORMS - 47

MONTHLY MEAN DENSITY DURING DEC

SPECIES LIFMSTAGE

TOTAL
RATHKEA OCTOPUNCTATA NO DETERU.
NEOMYSIS AMERICANA NO DETERM.
SARSIA SPP- NO DETERM.
JASSA FALCATA NO DETERM.
NEOPANOPE TEXANA ZOEAL
PANOPEUS BERBSTIr ZOEAL
C RANGON

SEPTENSPINOSA ZOEAL
MYSIDOPSIS BIGELOWT NO DETERM.
AMPELrSCA SPP. NO OETERI.
PALAP.MONETES SPP ZOEAL
ORDER CAPRELLIDEA NO DETERM.
CLASS POLYCHAETA LARVAL
MICRODEUTOPUS

GRYLLOTALPA NO DETERM.
BARNACLE CYPRIS LARVAL
JASSA FALCATA GRAVID RE.
OBELTA SPP NO DETERM.
SUBPHYLUN

PiCNOGONTDA NO DETERM.
SAGI•TA SPP NO DETER.M.
FAMILY STENOTHOIDAE NO DETERM.

SUBTOTALS

CRANGON SEPTE.SPINOSA
PALAEONETES SPP.

TOTAL NU Qi-3 CF FOP'S - 43

0.00
46. 46

76

FREQUENCY

12
11
12
0
12

0
0

.7
11

1
0
3

12

0
0

12
0

2
12
11

MONTHLY MEAN

79054.59
705.58

54400.90
0.00

14298.'00
0.00
0.00

121.88
1514.75

27.33
0.00

76.21
772.08

0.00
0.00

1134.12
0.00

STD DEV I COMPOSITION

392.64
5397.30

0.00
3658.32

0.00
0.00

a60.26
865.12
66.95

0.00
38.48

234.88

0.00
0.00

542.34
0.00

0.89
68.81
0.00

18.09
0.00
0.00

0.15
1.92
0.03
0.00
0.10
0.98

0.00
0.00
1.43
0.00

0.11
1.85
0.92

83.75 0.00
1462.37 1096.88
727.63 245.66

74.46
64.67

0.00
0.00



TALIE 01-108. (CON". )
-----. ---. -- --. ---. ---------------. ----.-.-.-.-. . . . ..- .----------------- ------------------- ; ------------

A04:THLY MEAN DENSITY DURING JAN 77

SPECIES

TOTAL
RATHXEA OCTOPUNCTATA
NEONYSIS AMEPICANA
SARSIA SPP
JASSA FALCATA
NEOPANOPE TEXANA
PANOPEUS HERBSTIr
CRANGOH

SEPTEMSP INJOSA
14YSJDOPSIS aIGELOWr
AMPELISCA SPP.
PALAVE.IONETES SPP
ORDER CAPRELLIDCA
CLASS POLYCHAETA
MI CRODEUTOPU S

GRYLLOTA LPA
BARNACLE CYPRIS
JASSA PALCAThA
OBELIA SPP
SUBPHYWN

PYCOGONI0DA
SAGITTA SPP
FAMILY STNOTHOIDAE

SUBTOTALS

CRANGDN SEPTEMSPINOS

PALAEM6ONETES SPP.

TOTAL NUMBER OF FORPK'

LIFESTAGE FREDUENCY MONTHLY M'IEAN

14 19059.56
NiO DETERM. 14 3232.52
tZO DETERm. 14 8967.97
NO DETER4. 2 8.20
NO DETERm. 14 3088.51
ZOEAL 0 0.00
ZOEAL 0 0.00

ZOEAL 0 0.00
NO DETERM. 2 6.20
NO DETERM. 0 0.00
ZOEAL 0 0.00
NO DETERM. 3 42.43
LARVAL 5 589.90

NO DETERm. 2 6.85
LARVAL 0 0.00
GRAVID FE. 13 215.99
NO DETERM. 0 0.00

NO DETERM. 3 20.95
NO DETERN. 14 1703.81
NO DETE RM. 13 432.11

STO DEV t COMPOSITION

934.67
7706.55

25.93
656.14

0.00
0.00

0.00
19.61
0.00
0.00

52.34
1790.32

13.52
0.00

82.11
0.00

15.40
2120.08
189.18

16.96
47.05
0.04

16.20
0.00
0.00

0.00
0.03
0.00
0.00
0.22
3.10

0.04
0.00
1.13
0.00

*0.11
8.94
2.27

0.00
0.00

p.a
I

A

- 44

89.72
2.10

MONTHLY MEAN DENSITY DURING FEB

SP ECI ES LIFESTAGE

TrOTAL
RATIIKEA OCIOPUNCTATA NO DETE
NEOMYSIS AMERICANA NO DETE
SARSIA SPP NO DETE
JASSA FALCATA NO DETE
NEOPANOPE TEXANA WOEAL
pANOPWS IIERBSTIT WOEAL
CRAkNGON

SEPTEMSP INOSA ZOEAL
MYSIDOPSIS BIGELOWN NO DETE
AbWELISCA SPP. NO BETE
PALAEMONETES SPP ZOEAL
ORDER CAPRILLIDEA NO BETE
CLASS POLYCIIAETA LARVAL
14ICRO0EUTOPUS

GRYLLOTALPA NO BETE
BARNACLE CYPRIS LARVAL
JASSA FPALCATA GRAVID
OBELIA SPP NO BETE
SUBPHYLUM

PYCNOGONIDA NO BETf
SAGII-"A SPP NO DETI
FAMILY STEtIOT14OIDAE NO DET

SUBTOTALS

CRANGON SEPTENSPINOSA
PALAEýIONCTES SPP.

TOTAL NUý,Rr.p OF FOP-MS 1 42

RN.
Rm.
RM.

'RM.

:RN.
Rm.

PN.M

:RM.

FE.
km.

ERM.
ERM.
ERM.

77

FREOUENCY MONTHLY MEAN

12 102461.58
12 23084.40
12 43700.90
12 23072.30
12 5906.93

0 0.00
a 0.00

11

0
0
6
a

2
2
7
1

2
9

10

11.56
6.25
0.00
0.00

130.31
334.06

53.13
519.13
102.56
79.75

53.13
1237.81

423.81

366.63
0.00

ST7 DEV t COMPOSITION

20290.56
28051.84
28563.49

711.55
0.00
0.00

32.70
0.00
0.00
0.00

13.91
35.04

0.00
1468.31

44.77
0.00

0.00
567.83
76.74

22.53
42.65
22.52
5.77
0.00
0.00

0.01
0.01
0.00
0.00
0.13
0.33

0.05
0.51
0.10
0.08

0.05
1.21
0.41

0.00
0.00



TABLE 01-108. (CONIT.)

'l)NTHLY -'1MAN OENSITY DURING AAR 77

SPECIES LrFESTAGE FREQUENCY MONTHLY MEAN. STO BEV I COMPOSITIONI

TOTAL 30 280563.07
RATHKEA OCTOPUNCTATA NO DETERIM. 30 126051.00 125345.92 44.91
NEOMYSIS AMERICANA NO DETERM. 30 59230.40 44488.76 21.11
GARSIA SPP NO DETEP.M. 30 77202.10 48667.34 27.52
JASSA FALCATA NO DETERM. 28 4518.78 2203.27 1.61
NEOPANOPE TEXANA ZOEAL 0 0.00 0.00 0.00
PANOPEJS HERBSTII ZOEAL 0 0.00 0.00 0.00
C RANGOM

SEPTEMSPINOSA ZOEAL 14 177.30 196.04 0.06
mYSIDOPSIS BIGELOWI NO DETERi. 1 2.05 9.59 0.00
AMPELISCA SPP. NO DETER, . 12 145.07 254.52 0.05
PALAEN40;ETES SPP ZOEAL 0 0.00 0.00 0.00
ORDER CAPRELLIDEA NO DETEP.M. 16 161.57 111.65 0.06
CLASS POLYCHAETA LARVAL 9 323.03 593.48 0.12
MICROOEUTOPUS

GRYLLOTALPA NO DETEI4. 3 24.10 44.90 0.01
BARNACLE CYPRIS LARVAL 28 6873.66 8248.92 2.45
JASSA FALCATA GRAVID FE. 26 515.36 442.45 0.18
OBELIA SPP NO DETERI4. 12 2235.41 3070.98 0.80
SUBPHYLUM

PYCNOGONIDA NO DETEPI4. 3 25.76 46.33 0.01
SAG1TrA SPP NO OETERM. 24 370.03 367.31 0.13
FAMILY STENOTHOIDAE NO DETERM. 1 4.09 19.19 0.00

SUBTOTALS
lin

L.) CRANGON SEPTEMSPINOSA 158.73 0.00
PALAEMONETES SPP. . 14.02 0.00

TOTAL NUMRER OF FORMS * 53

MONTHLY MEAN DENSITY DURING APR 77

SPECIES LIrESTAGE FREQUENCY MONTHLY MEANI .STDO DEV I COMPOSITION

TOTAL 26 446182.95
RATHREA OCTOPUNCTATA NO DETERM. 24 290343.00 325729.95 65.07
NEOMYSIS AMERICANA NO DETERM. 26 62701.70 77357.81 14.05
SARSIA SPP NO DETERN. 25 64541.40 104825.57 14.47
JASSA FALCATA NO DETER.M. 26 9311.35 4294.00 2.09
NEOPANOPE TEXANA ZOEAL 0 0.00 0.00 0.00
PANOPER. HERBSTII ZOEAL 0 0.00 0.00 0.00
CRANGON

SEPTEMSP INOSA ZOCAL 26 5824.79 6721.35 1.31
MYSIDOPSrS RGELOWI NO DETERM. 0 0.00 0.00 0.00
AMPELISCA SPP. NO DETERM. 16 473.62 399.91 0.11
PALAEMONETES SPP ZOEAL 0 0.00 0.00 0.00
ORDER CAPRELLIDEA NO DETERM. 18 440.59 409.53 0.10
CLASS POLYCHAETA LARVAL 12 470.01 801.49 0.11
MICROOEUTOPUS

GRYLLOTALPA NO DETER4. 6 152.51 446.39 0.03
BARNACLE CYPRIS LARVAL 15 1112.37 1807.19 0.25
JASSA PALCATA GRAVID FE. 24 1434.39 619.77 0.32
OBELIA SPP NO DETERN. 11 4276.85 6859.42 0.96
SUSPBYLUM

PYcOmONIrDA NO DETERM. 1 4.03 17.09 0.00.
SAGTITA SPP NO DETERM. 5 97.19 151.32 0.02

FAMILY STENOTHOIDAE NO DETEIt4. 1 11.44 48.55 0.00

SUBTOTALS

CRANGON SEPTEMSPINOSA 140.97 0.00

PALAE.,E3JrTES SPP. 21.14 0.00

TOTAL !,UMBER OF FORMS - 58



TABLE 01-108. (CONT.)
........................................ -o..- -.......................................................

43NTTHLY MEAN DE:ISITY DURING HAY 77

SPECIES

TOTAL.
RATHKEA OCTOPUNCTATA
NEOMYSIS AMERICANA
SARSIA SPP
JASSA PALCATA
NEOPANOPE TEXANA
PANOPEWS HERBSTIX
CRANGON

SEPTEMSPINOSA
MYSIDOPSIS BIGELOW
AMPELISCA SPP.
PALAEMONETES SPP
ORDER CAPR-LLIDEA
CLASS POLYCHAETA
MICRE7OOTOPUS

GRrLLOTALPPA
BARNACLE CYPRIS
JASSA FALCATA
OBELIA SPP
SUBPHYLUM

PYCNOGONI DA
SAGITA SPP
FAmIL Y STENOTrOIDAE

SUBTOTALS

LIFESTACE FREQUENCY MONTH4LY MEAN STD DEV I COMPOSITION

NO DETERM.
NO DETERM.
NO DETERP.
NO DETERM.
ZOEAL
2OEAL

ZOEAL
NO DETERM.
NO DETERJ4.
ZOEAL
NO DETERM.
LARVAL

NO DETERM.
LARVAL
GRAVroDFE.
NO DETERN.

NO DETERN.
140 DETERJ.
NO DETERN.

32
1
31

7
33
11

1

31
0

15
8

23
10

26
1

24
3

19
0

13

63150.226.71
21885.90

127.13
9560.06

11385. 90
15.88

8133.81
0.00

606. 10
594.47
743.23
45.70

5067.67
6.79

1203.55
5.38

116.57
0.00

116 . 87

16.4319743.23
254 .59

11106.48
30950.49

38.89

10277.40
0.00

1597.83
1334.27
2436.94

41.15

8876.42
16.64

1716.35
14.73

94.77
0.00

186.41

0.0134.66
0.20

15.14
18.03

0.03

12.88
0.00
0.96
0.94
1.18
0.07

8.02
0.01
1.91
0.01

0.18
0.00
0.19

0.00
0.00

Un

4.1
CRANGON SEPTEMSPINOSA
PALAEMONETES SPP.

TOTAL NUMBER OF FORMS * 70

MONTHLY MEAN DENSITY DURING JUN

SPECIES LIFESTA(Z

TOTAL
RATHKEA OCTOPUNCTATA NO DETERM.
NEOMYSIS AMERICANA NO DETERM.
SARSIA SPP NO DETERN.
JASSA VALCATA NO DETERI4.
NEOPANOPE TEXANA ZOEAL
PANOP ELS HERSSTII 1DEAL
C RAN GON

SEPTEMSPINOSA ZOEAL
MYSIDOPSIS BIGELOWI. NO DETERM.
AMPELISCA SPP. NO DETERJ4.
PALAEtONETES SPP ZOEAL
ORDER CAPREDLIDEA NO DETERM.
CLASS POLYCHAETA LARVAL
MICRODEUI•OPUS

GRYLLOTALPA NO DETERM.
BAR•ACLE CYPRIS LARVAL
JASSA FALCATA GRAVID OE.
OBELIA SPP NO DETERM.
SU8PHYUJM

PYCNOGONIDA NO DETERJ4.
SAGITTA SFP NO DETERPM.
FAMILY STENOTHOIDAE NO DETERt4.

SUBTOTALS

CRANGON SEPTEMSPINOSA
PALAENONETES SPP.

32.3024.15

77

FREQUENCY MONTHLY MEAN

27 73525.18
0 0.00

27 14252.40
0 0.00

25 1242.62
27 25336.40
23 7745.72

STD DEV I COMPOSITION

271
24
27
25

4

25
1

10
2

6
0

10

8830.67
15.05

3571. 31
4392.57

556.91
21.64

1420.65
3.95

71.69
12.00

21.64
0.00

73.66

0.0010023.77
0.00

731.16
45764.07
7518.79

1448.02
67.31

3843.14
5687.09
557.83
31.38

1186.36
17.22

120.36
24.00

55.13
0.00

116.65

0.0019.38
0.00
1.69

34.46
10.53

12.01
0.02
4.86
5.97
0.76
0.03

1.93
0.01
0.10
0.02

0.03
0.00
0.10

0.00
0.0012.5011. 35



TA!Lt OL-L08. (CONT.)

1)irItLY .iLN IDEPIsrTY DURING JUL 77

SP ECI ES LrFESTAGE FREQUENCY ,IONrHLY MEAN STO 0EV % CO!'POS1TIO:

ro-rAL
RATrKEA OCTOPU:I;CTA'TA :ý0 DETER;4.
NEJ:4t'S( S AAERICA.NA :40 DETERJ .
SARSIA SPP NO DETEP..
JASSA PALCATA NO DETERM.
NEOPI•.'OPE TEXANA ZOEAL
PANOPEUS N1RESTIr ZOEAL
CRA4 GON

SEPTEMSPI•NOSA ZOEAL
MYSIDDPSIS OIGELOWr NO DETERM.
AMPELISCA SPP. NO DETERM.
PALAE40NETES SPP ZOEAL
ORDER CAPRrLLrDEA NO DETERK.
CLASS POLYCHAETA LARVAL
MICROD EUTOPUS

GRYLLO• LPA NO DETERN.
BARNACLE CYPRIS LA RV AL
JASSA FALCATA GRAVID PF.
OBELIA SPP NO DETERR.'
SUBaPYLUN

PYCNOGONIDA NO DETERP4..
SAGITTA SPP NO DETERM.
FAMILY STEtJOTHOIDAE NO DETERM.

SUBTOTALS

CRANGON SEPTEKSPINOSA
PALAEMONETES SPP.

TOTAL NUMBER OF FORMS - 97

MONTHLY MEAN DENSITY DURING AUG

30
1

30
0

21
30
29

29
21
24
30
25
20

28
O.

10
2

7
0
8

124371.17
4.00

17455.30
0.00

4108. 10
37081.20
25794.50

2710.74
3346.36
6358.15
6066.68

461.40
4298.61

1781.71
0.00

302.37
5.64

46.63
0.00

151.42

18.76
10922.27

0.00
5221.59

24969.98
26569.47

3037.43
9791.41
9520.28
3358.17

351.93
6228.36

1904.77
0.00

500.51
17.96

81.47
0.00

217.98

0.00
14.03

0.00
3.30

29.81
20.74

2.18
2.69
5.11
4.88
0.37
3.46

1.43
0.00
0.24
0.00

0.04
0.00
0.12

Ln

2.89
11.31

0.000.00

77

SPECIES LIPESTAGE FREQUENCY MONTHLY MEAN STD DEV I COMPOSITION

TOTAL
RATRKEA OCTOPUNCTATA NO DETERM.
NEOMYSIS AMERICANA NO DETERM.
SARSIA SPP NO DETERM.
,ASSA PALCATA NO DETERM.
NEOPAANOPE TEXANA ZOEAL
PANOP WUS HERBSTI! ZOEAL
CRANGON

SEPTENSPrIOSA ZOEAL
MYSIDOPSIS BIGELOW NO DETERM.
AMPELISCA SPP. NO DETERM.
PALAEMONETES SPP ZOEAL
ORDER CAPRELLIDEA NO DETERM.
CLASS POLYCHAeTA LARVAL
MICRODEUTOPUS

GRYLLOTALPA NO DETERI4.
BARNACLE CYPRIS LARVAL
JASSA FALCATA GRAVID FE.
OBELIA SPP NO DETERM.
SUBPHYWM

PYCNOGONIDA NO DETERt.
SAGITTA SPP NO VETERM.
FAMILY STENOTHOIDAE NO DETERM.

SUBTOTALS

CRANQON SEPTEMSPINOSA
PALAEMONETES SPP.

TOTAL NUJMBER Or FORMs 101

30 48750.44
0 0.00•

30 9363.80
0 0.00

12 412.81
29 4114.00
29 4753.17

2
25
21
21
30
18

is
0
1
2

24
0

14

29.186810.88
312.73
551.20

6585.73
2360.35

251. 24
0.00

33.31
62.00

0.00
5289.38

0.00
486.01

4160.32
5195.89

53.84
9827.99

218.44
596.07

8936.82
4081.31

218.05
0.00

66.62
290.81

0.00
19.21
0.00
0.85
8.44
9.75

0.06
13.97

0.64
1.13

13.51
4.84

0.52
0.00
0.07
0.13

8.24
0.00
0.40

0.00
0.00

4019.06 5447.54
.0.00 0.00

196.93 168.94

91.3075.35



Table DI-10O. Comprnwbn Of day WM R10tl manta 414"1" (11/r
1 ) of coirmso am Impoaloo criemooplankion collected at de Omer Creek Goana"o Statioon. FobM 9tlr.

Ne orre lason 44m Joy W716 rtamgla August 1971. limit we given for the. haorvoab Ocumber ituugts MUdt (water terinperald. bolos. 16 andl Aprl thoughb
September (above ISCQ* Collacdom owee takena to the rnor" W aM ftauoon and 2J-h AM 6-b afte turner dwlitkg a 24-ha period.

Ocalam !tvsi April May dim-ehl September
I-b after 6-b afte Significman 8- 2 f.-b after " r stguileema

onit Aftar"on sumez Sooner Diffeume. Mormfol Afoaaoue surea.: OummO: Dl~fimac

Idammult aernicama 7.22 2.912 $32012 50.971 7" 2.224 1.562 11.921 so.24 us ye

My-aldoptl b11 .los.I 0 1 0.016 0.306 0.106 yes 0.164 0.066 1.080 1.220 yes

Cienr saptoserplirw 0.030 0.006 0.304 0.226 yes 0.006 0 0.060 0.004 res

Laesaau emericetim 0.010 0.010 0.206 0.101l yes 0.069 0.044 1.260 0.834 Joe

Ooywootylla mIditi 0.016 0.001 0.106 0.164 yes 0.253 0.164 0.91111 1.001s y

C. soerimapl-A (loo-) 0.178 0,317 1.207 1.010 a2.421 0.096 1.169 6 .2 e

Jaun lalcats 32186 3.042 3.280 4.996 On 2.322 2.431 1.201 2.466

caorephirn app. 0.106 0.2123 6. 1" 0.126 to 0.648 0.198 0.926 0.220

Anm..Llse ip. -- - 0.080 0.116 9 236 1 827

I

L~n
VTI

Noetat rpp (.5amkal

Neopampe mearaa (Woo) s- .

puarpnm lavbutll Cacao)- -

polatmoosem app. (Wslooe

cLUMm.'a eapida. (megalopac) - -

a Differed" aliadfleant bNetwee all day and night aolectfam unb. othew be ird icated.
b only For Wtlocoib takeo I %a alto -MOLea

CNbt toind.

0.022 0.007 0.103 0.029 Yea

4.528 2.901 11.227 9.129 yes

1.116 1.167 2.048 1. WS

0.460 0.407 1.172 1.648 yes

0.011 0.012 0.046 0.0O0 OD €c



Table DI-110. Mean yearly densities (n/1000m 3 ) of the ctenophores Mnemiopsis leidyi and

Beroe ovata collected at the condenser intake of the Oyster Creek Generating
Station, Forked River, New Jersey from September 1976 through August 1977
and from September 1975 through August 1976..

.Second Year
September 1976 through August 1977

First Year

September 1975 through August 1976
Frequency Yearly Mean Frequency Yearly Mean

Total Macrozooplankton 266 157081.85 253 66507.71

Mnemiopsis leidyi 25 25.6] 101 906.53

Beroe ovata 18 20.98 19 62.76

Dl-557



Table DI-111. Estimated yearly entrainment, with confidence interval of important and common ichthyoplankton at the Oyster Creek
Generating Station from 8 September 1975 through 2 September 1977.

8 September 1975-3 September 1976 4 September 1976-2 September 1977
Species Life Stage Entrainment Estimate Entrainment Estimate

Anchoa mitchilli eggs 1.58 x 1010 + 4.54 x 109 4.30 x 108-+ 3.50 x 10 8

Anchoa mitchilli larvae and juveniles 1.13 x 109+ 2.90 x 108 8.26 x 108 + 3.48 x 10'
Adierinidae larvae and juveniles 1.42 x 10'. + 5.89 x 106 6.35 x 106 + 2.50 x 10
Syngnathus fuscts juveniles 5.12 x 107 + 1.51 x 107  1.03 x 107-+ 4.53 x 106
Ammodytes sp. larvae 3.42 x 107 + 1.61x 107 1.26 x 108 + 4.91 x 107

Goblid ae larvae 6.00 x 10' + 1.43 x 108 1.48 x 108 + 6.26 x 107

Pseudopleuronectes americanus larvae 1.63 x 108 + 8.62 x 107  1.22 x 109 + 4.68 x 108

Total eggs 1.62 x 1010 +4.57 x 109 9.09 x 108 + 3.92 x 10'
Total larvae 2.01 x 109 + 3.75 x 108 2.22 x 109 7 5.51 x 108

D

Lrl
LnI
0o



Tahle DI-11. Mean densities (a/T3) and biomaes (mg/w3) of tchthyoptonkton by year coilected at the
o'ster Creek Generating Station, Forked River, Re% Jersey from September 1976 through
A-Rumc 1977..

LOCArION 7 11 13
TEMP ERArURE: AIR -8.5 - 32.0 -9.0- 33.0 12.5. - 27.5

SURFACE 1.0 - 28.6 10.6 - 37.4 15.5 - 29.2
lOr"Tum 0.0 - 26.0 11.5 - 30.5 18.8 - 23.6

SALINITY: SURFACE 20.0 - 27.0 19.5 - 28.0 20.0 - 26.5
BOTTOM 19.5 - 27.0 20.0 - 28.0 20.0 - 22.5

OXYGENt SURFACE 4.2 - 13.3 4.7 - 13.0 5.5 - 8.6
d)OrTOM 4.8 - 13.2. 7.2 - 12.3 6.6 - 7.0

PHt SURFACE 7.2 - d.5 7.2 - 8.4 7.7 - 8.2
OTO'rrm 1.2 - 8.4 7.4 - 8.2 7.7 - 7.o

UENSITY BIOMASS DENSITY BIOMASS DENSITY BIOMASS

I
LAJ
Lu%M1

JUVENILES.
ANClO/A MITCHILLI
STRONGYLURA MARINA

E4MBRAS .MhRTINICA
NENIDIA N EIDIA
HIPPOCA94PUS ERECTUS
SYNGRATHUS PUSCUS
CYNOSCION REGALIS
LEIOSTOMUiS XANTHURUS
FAMILY GOB[IDAE
GOB XOSOMA BOSCI
GOfIXOSOMA GINS8URGI
PRIONOTUS EVOLANS

LARVAE
ANGUILLA ROSTRATA
ANCHOA MITCHILLI
STRONGYLURA MARINA
FAMILY ATHERINIDAE
A4EmBAS mAxriNICA
MENIDIA MENIDIA
CYNOSCION REGAL-IS
e4ICROPOWtH UNoULATUS
FAMILY BLENNIIDAE
AMMO40VTES SP.
FAMILY GO8iIDAI
SCOPHTHALMUS AQUOSUS
PSEUDOPLEU RONECTES

AMERICANU S
TRINECTES MACULATUS
SPW3CROIDES NhCULATUS

0.346

0.001

0. 000"

0.024
0.001

0.000
0.000
0.002
0.000

0.016
0.718

0.011
0.001

0.005
0.018
0.041
0.271
0.271
0.001

3.216

0.286

01 002

0.001
0.017
0.001.

0.001
0.001

0.062
0.000
0.000
0.013

0.223

0. 001

0.006

- 0.008 - 0.002 -
2.3 .1.141 1.7 5.681 -

- - - 0.001 -
- .0.011 - 0.105 -
- 0.001 -
- 0.000 - 0.007 -
- 0.003 - -
- 0.012 - - -
- 0.044 - 0.032 -
- 0.171 - -
- 0.235 - 1.014 -
- 0.000 - -

- 1.572 - - -
- 0.001 - -

- - 0.026

EGGS
SREVOORT•A TYRANNUS 0.070 - 0.031
ANCHOA MITCHILLI 0.452 0.0 0.479 - 19. 796 -
MERLUCCIUS BILINEARIS 0.000 - - - - -

•4ENIDIA SP. 0.023 - 7 0.- -
TAUTOGA ONITIS 0.075 - 0.057 0.494 -

TAUTOGOLA.RUS AOSPERSUS 0.014 - 0.017 - 0.751 -
AMMOODrES SW. 0.003 - 0.030 - - -

PRIONOTUS SP. - - - - 0.001 -

PSEUDOPLEUNONECTES
AAER1i.NUS 0.051 - 0.473 -

TRINECTES ,4ACUL.ATUS 0.0"01 - 0.005 - 0.118
UNIDENTIFIEO FISH 0.069 - 0.145 - 0.003 -

TOTAL LAWVAE & JUVEeILLES 4.944 .2.3 3.509 1.7 7.172 0.0
fOTAL EGGS 0.760 0.0 1.238 0.0 21.163 0.0
tOTAL CO)LlCrIONS 202 218 66



Table DI-113. Estimated entrainment, with confidence interval, and results of analysis of variance (P5_0.2) of important and common Ichthyoplankton
at the Oyster Creek Generating Station during seven comparable months (September through December, March. April, and August) from

8 September 1975 through 2 September 1977.

8 September 1915-3 September 1976 4 September. 1976-2. September 1977 (P < 0.2)
Species Life Stage Entainment Estimate Entrainment Estimate Significance

101

Anchos mitchilli eggs 1.04 x 10 + 2.79 x 109 4.48 x 108 + 4.55 x 108 No
Anchos mitchilli larvae and Juveniles 9.71 x 108 + 2.48 x 108 6.29 x 108  + 1.84 x 108 No

Atherinrdae larvae and Juveniles 1.42 x 107 + 5.90 x 106 5.46 x 106 2.23 x 106 No
Syngnathus fuscus juveniles 4.41 x 10'7 "1.36 x 507 9.11 x 106 4.68 x 10' No

Ammodytes sp. larvae 4.39 x 107 + 2.17 x 107 1.30 x 108 5.39 x 107 Yes

Goblidae larvae 5.43 x 108 + 1:40 x 10' 1.61 x 108 8.05 x 101 No
Pseudopleuronectes americanus larvae 2.08 x 108 1 18 x 108 1.39 x 109 5.73 x 108 Yes
Total eggs 1.06 x 1010 +2.83 x 109 8.32 x 108 + 4.77 x 108 No
Total larvae 1.85 x 109 3.40 x 108 2.21 x 109 + 5.80 x 10 No

,n

0



Table Dl-114.Monthly mean densities (n/m 3 ) and biomass (mg/im3) of
Ichthyoplankton collected at the Oyster Creek Generating Station,
Forked River, New Jersey from September 1976 through August 1977.

MONTH SEPTE4BER

LOCATI ON 7 11
TEMPERATURE: AIR 16.0 - 26.0 16.0 - 26.5

SURFACE 18.0 - 25.4 26.4 - 34.4
BOTTOM 18.4 - 25.5 29.0 - 30.5

SALINITY: SURFACE 23.0 - 26.0 23.0 - 26.0
BOTTOM 23.0 - 26.0 25.0 - 25.5

OXYGEN: SURFACE 6.4 - 8.1 6.5 - 8.3
BOTTOM 6.3 - 8.0 7.2 - 7.7

PH: SURFACE 7.6 - 8.2 7.6 - 8.2
BOTTOM 7.5 - 8.2 8.0 - 8.0

DENSITY BIOMASS DENSITY BIOMASS
JUVENILES
ANCHOA MITCHILLI 0.179 - 0.065 -
HIPPOCAMPUS ERECTUS 0.002 - 0.004 -
SYNGNATHUS FUSCUS 0.033 - 0.009 -
GOBIOSOMA BOSCI 0.002 - -

GOBIOSOMA GINSBURGI 0.002 - 0.003 -

LARVAE.
ANCHOA MITCHILLI 1.467 15.2 1.032 12.3
FAMILY ATHERINIDAE 0.014 - 0.007 -
CYNOSCION REGALIS 0.002 - -

MICROPOGON UNDULATUS 0.039 - 0.045 -
FAMILY BLENNIIDAE 0.194 - 0.275 -
FAMILY GOBIIDAE 1.352 - 0.819 -
SCOPHTHALMUS AQUOSUS 0.004 - -

EGGS
ALN•COA K~IrTCHILLI 0.276 0.0 0.157 -
UNIDENTIFIED FISH - 0.006 -
----------------------------------------- ----

TOTAL LARVAE & JUVENILES 3.289 15.2 2..258 12.3
TOTAL EGGS 0.278 0.0 0.163 0.0
TOTAL COLLECTIONS 30 30

Dl-561



Table D1-114. (cont.)

MONTH OCTOBER

LOCATIOrO
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE
BOTTOM

JUVENILES
ANCHOA MITCHILLI
SYNGNATHUS FUSCUS
GOBIOSOMA BOSCI
GOA3IOSOMA GINSBURGI
PRIONOTUS EVOLANS

LARVAE
ANCHOA MITCHILLI
MICROPOGON UNDULATUS
FAMILY BLENNIIDAE
FAMILY GOBIIDAE
SCOPHTHALMUS AQUOSUS

EGGS
AN CdiOA &liTCdILLI
T'ALJ'UGA ONITI S
UNIDENTIFIED FISH

TOTAL LARVAE & JUVENILES
TOTAL EGGS
TuTAL COLLECTIONS

7
1.0- 24.0
8.0 - 19.5
8.8 - 19.5

23.0- 26.0
23.0 - 26.0
7.6 - 11.6
7.6 - 11.2
7.6 - 7.9
7.8 - 8.0

11

1.5 - 24.0
15.0- 28.5
20.2- 26.4
22.0- 26.0
24.0- 28.0
8.1 - 12.0

8.4 - 11.2
7.6 - 8.0
7.4 - 8.0

DENSITY BIOMASS DENSITY BIOMASS

0.242
0.009
0.002

0.002

0.126
0. 054
0.070
0.028

0.012
0.001
0.003

0.533
0.016

0.211
0.006

0.002

0.129
0.043
0.011
0. 024
0.002

0.005

0.0
0.0

0.428
0.005

0.0
0.0

26 28
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Table DI-114. (cont.)

MONTH NOVEMBER

LOCATION
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE
BOTTOM

7
-1.5 - 7.0
3.4 - 6.2
3.4 - 5.9

22.0 - 25.0
22.0 - 24.0
9.6 - 12.6
9.2 - 13.2
7.2 - 8.2
7.2 - 8.2

i1
-2.0 " 7.0
13.0- 15.0

22.0- 25.0

10.2 - 13.8

7.2 - 8.2

DENSITY BIOMASS DENSITY BIOMASS
JUVENILES
ANCHOA MITCdILLI
FAMILY GOBIIDAE
GOSIOSOMA GINSBURGI

LARVAE
ANCHOA MITCHILLI
MICROPOGON UNDULATUS
SCOPHTHALMUS AQUOSUS

0.051
0.006
0.028

0.073
0.004

0.032

0.007

0.008
0.015

TOTAL LARVAE & JUVENILES 0.161 0.0 0.062 0.0
TOTAL EGGS 0.000 0.0 0.000 0.0
TOTAL COLLECTIONS 12 12

Dl-563



Table D1-114. (cont.)

MONTH DECEMBER

LOCATION 7 ii
TEMAPERATURE: AIR -1.0 - 9.0 -1.5 - 8.0

SURFACE 2.8 - 7.1 14.5 - 18.6
BOTTOM 3.0 - 6.3 - - -

SALINITY: SURFACE 22.0 - 24.0 22.0 - 24.0
BOTTOM 22.0 - 22.5 - - -

OXYGEN: SURFACE 9.2 - 10.8 8.9 - 11.4
BOTTOM 9.5 - 9.5 - - -

Pd: SURFACE 7.8 - 8.1 7.8 - 8.0
BOTTOM 7.8 - 7.9 - - -

DENSITY BIOMASS DENSITY BIOMASS

LARVAE
ANCHOA MITCHILLI - - 0.012
MICROPOGON UNDULATUS 0.014 - -

TOTAL LARVAE & JUVENILES 0.014 0.0 0.012 0.0
TOTAL EGGS 0.000 0.0 0.000 0.0
TOTAL COLLECTIONS 12 12
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Table DI-114. (cont.)

MONTH JANUARY

LOCATION
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE
BOTTOM

7
-8.5 -

1.0 -

0.0 -

23.5 -

23.5 -

11.6 -

11.6 -

7.8 -
7.8 -

1.5
1.7
1.4

24.0
24.0
13.3
13.1

8.2
8.2

ii
-9.0 -
10.6 -

11.5 -
22.0 -

24.0 -

11.4 -

11.4 -

7.8 -

8.0 -

2.0
11.5
11.5
24.0
24.0
12.8
11.4

8.1
8.0

DENSITY BIOMASS DENSITY BIOMASS

LARVAE
AMMODYTES SP.
PSEUDOPLEURONECTES

AMERICANUS

EGGS
PSEUDOPLEURONECTES

AMEkICANUS
UNIDENTIFIED FISH

0.263 0.159

0. 006

0.123 0.443
0.003

TOTAL LARVAE & JUVENILES 0.263 0.0 0.165 0.0
TOTAL EGGS 0.123 0.0 0.446 0.0
TOTAL COLLECTIONS 12 14
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Table D1-114. (cont.)

MONTH FEBRUARY

LOCATI ON
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE
BOTTOM

7
-0.8 - 11.0
4.4 - 8.0
4.4 - 7.6

22.0 - 25.0
22.0 - 25.0
11.0 - 12.6
11.I - 12.7

7.9 - 8.2
7.9 - 8.2

1i
-0.5 -
12.9 -

12.6 -

19.5 -

20.5 -

11.0 -

11.0 -
7.9 -
7.9 -

17.0
15.6
13.9
25.0
25.0
12.4
12.3

8.3
8.2

DENSITY BIOMASS DENSITY BIOMASS

LARVAE
ANGUILLA ROSTRATA
AMAODYTES SP.
PSEUDOPLEURONECTES

AMERICANUS

EGGS
AMMODYTES. SP.
PSEUDOPLEURONECTES

AMERICAAUS

0.736

2.615

0.053

0.734

3.351
0.787

0.008
0.275

1.667

0.542

8.079

1.950
8.621

TOTAL LARVAE & JUVENILES
TOTAL EGGS
TOTAL COLLECTIONS

0.0
0.0

0.0
0.0

12 12
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Table D1-114. (cont.)

MONTH MARCH

LOCATION
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE

BOTTOM

7
-1.2 - 18.5

5.8 - 14.0
7.9 - 13.5

.20.0 - 24.0
20.0 - 24.0

9.0 - 11.2
8.6 - 11.4
7.8 - 8.2
7.8 - 8.2

ii
-1.0 -

13.3 -

15.0 -

20.0 -

20.5 -
8.7 -
8.0 -
7.8 -
7.7-

19.0
20.6
19.6
24.0
22.0
11.4
10.2

8.2
8.2

DENSITY BIOMASS DENSITY BIOMASS

LARVAE
ANGUILLA ROSTRATA
AMMODYTES SP.
PSEUDOPLEURONECTES

AMERICANUS

EGGS
B REVOORTIA TYRANNUS
ANCHOA MITCHILLI
TAUTOGA ONITIS
UNIDENTIFIED FISH

0.045
1.070

16. 901

0.008

0.008

0.439

0. 018
0'.839

8.762

0.011

0.009
0.978

TOTAL LARVAE & JUVENILES 18.016 0.0 9.618 0.0
TOTAL EGGS 0.455 0.0 0.998 0.0
TOTAL COLLECTIONS 30 30
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Table D1-114. (cont.)

MONTH APRIL

LOCATION
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN : SURFACE
BOTTOM

PH-: SURFACE
BOTTOM

7..7.0 - 22.0

11.5 - 17.4
11.5 - 17.5
20.0 - 22.0
19.5 - 22.0
8..0.- 10.4
8.0 - 10.5
7.8 - 8.1
7.4 - 8.1

11
7.0- 23.0

16.8 - 24.4
18.6 - 24.0
19.5 - 22.0
20.0 - 22.0
8.0 - 10.2
7.8 - 9.8
7.7 - 8.0
7.8 -. 8.0

DENSITY BIOMASS DENSITY BIOMASS

LARVAE
ANGUILLA ROSTRATA
FAMILY ATHERINIDAE
AMMODYTES SP.
PSEUDOPLEURONECTES

AMERICANUS

EGGS
BREVOORTIA TYRANNUS
ANCHOA MITCHILLI
MENIDIA SP.
TAUTOGA ONITIS
TAUTOGOLABRUS ADSPERSUS
UNIDENTIFIED FISH

0.068
0.022
0.408

4.280

0.536

0.183
0.243
0.043
0.020

0.'036

0.255

2.297

0.250
0. 010

0.254
0.136
0.029

TOTAL LARVAE & JUVENILES 4.778 0.0 2.588 0.0
TOTAL EGGS 1.025 0.0 0.679 0.0
TOTAL COLLECTIONS 26 " 26
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Table DI-114. (cont.)

MONTH MAY

LOCA'ricO 7 11 13
Ct.t;NA , rHt: Alit 4.0 - 21.5 4.0 - 23.9 13.5 - 27.2

5 JK-A 14.6 - 17.4 15.2 - 17.2 1b.1 - 23.6
borrOr, 15.9 - 17.3 16ý2 - 16.2 16.o - 23.b

SAL IYITY SU R'ACt: 21.5 - 23.0 22.0 - 23.0 20.0 - m5.0
BJTTOTO 21.5 - 22.0 22.0 - 22.0 20.0 - 22.5

OXYGt;.: SURfACE d.2 - 9.1 7.2 - 8.6 6.7 - 8.6
BOTTOM 8.1 - 8.8 7.8 - 7.8 6.6 - 7.0

PH: SURFACE 8.0 - 8.1 7.8 - 8.1 7.7 - 6.1
BOTTOM4 8.0 - 8.0 8.0 - 8.0 7.7 - 7.8

DENSITY BIOMASS DENSITY Bxohss DENSITY a1Iri-sS

JUVEN1LES
*'6N1013A MEN1DIA - 0.013I -

SYNGVATHUS FUSCU- - - 0.09b -

LARVAE
ANH1UILLA t(.3STRlwA 0. 007 0.015 - u. V104 -

ANCHOA HI'rCHILLI - - 0.190 -

STrONGfLUKA ,',ARI.mA - - U0.13d1 -

e'AMILY ATn-,IINIOAE - 0.011 - U. 045 -
MAIJL)IA MENIDIA - - U.005 - .U022 -

FAM41LY dLs1NIAN - - - 0. uo.u -

FAMILY G,.dlIDAE. - - U. 139 -

SPrWJCAOIDES MACULATUS - - - 0..14 -

e.k,Gzi

ANCnUA MLT'CdILLI 0.366 - 0.247 - 4.545 -
MEKLUCCI1S BILINkARIS 0.00d - - - - -

TAUTOGA UNITIS 0.739 - 0.455 - 1.51b -
TAU'WGOLAdRUS AUSPERSUS 0.145 - 0.022 - 0.052. -
PKIOdUTUS SP. - - - - 0.002 -
TRINkZCrES MACOLATUS - - - - 0.071 -
UNIDENTIFIED FISH 0.011 - 0.092 - - -

tOTAL LANVAE & JUVENILL'S 0.007 0.0 0.031 0.0 0.517 U.0
TOTAL EGGS 1.269 0.0 0.816 0.0 6.186 0.0
TOTAL CJLLECTIONS 12 12 2_1
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Table DI-114. (cont.)

MONTH JUNE

LOCATION
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE
BOTTOM

13
12.5 -
15.5 -

22.0 -

25.5
25.1

26.5

6.3 BO7.8

7.8 -8.2

DENSITY BIOMASS
JUVENILES
ANCHOA MITCHILLI
MENIDIA MENIDIA
SYNGNATHUS FUSCUS
LEIOSTOMUS XANTHURUS

LARVAE
ANGUILLA ROSTRATA
ANCHOA MITCHILLI
FAMILY ATHERINIDAE
FAMILY BLENNIIDAE
FAMILY GOBIIDAE
SPHOEROIDES MACULATUS

EGGS
ANCHOA MITCHILLI
TAUTOGA ONITIS
TAUTOGOLABRUS ADSPERSUS
TRINECrES MACULATUS

0.001
0.028
0.163
0.001

0.001
0.610
0.133
0.043
0.840

.0.045

17.308
0.079
1.732
0.062

TOTAL LARVAE & JUVENILES 1.864 0.0
TOTAL EGGS 19.180 0.0
TOTAL ODLLECTIONS 28
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Table DI-114. (cont.)

MONTH JULY

LOCATION
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

Pti: SURFACE
BOTTOM

i1
19.0 - 24.0
23.7 - 27.3

26.0- 28.0

5.3 - 7.0

7.9 - 8.2

13
22.0 - 27.5
24.6 - 29.2

24.5- 26.0

5.5 - 7.6

.O0- B.2

DENSITY BIOMASS DENSITY BIOMASS
JUVENILES
ANCHOA MITCHILLI 1.272 - 0.225 -

STRONGYLURA MARINA - 0.001 -

MEMBRAS MARTINICA 0.024 - 0.001 -

MENIDIA MENIDIA - 0.003 -

SYNGNATHUS FUSCUS 0.130 - 0.457 -

LEIOSTOMUS XANTHURUS - - 0.001 -

GOBIOSOMA BOSCI 0.022 - 0.022 -

LARVAE
ANGUILLA ROSTRATA 0.003 - 0.003 -

ANCHOA MITCHILLI 12.485 - 19.671 -

STRONGYLURA MARINA - 0.001 -

FAMILY ATHERINIDAE 0.101 - 0.129 -

CYNOSCION REGALIS 0.019 - - -

FAMILY BLENNIIDAE 0.065 - 0.043 -

FAMILY GOBIIDAE 1.113 - 2.256 -

TRINECTES MACULATUS 0.026 - - -

SPHOEROIDES MACULATUS - - 0.010 -

EGGS
ANCHOA MITCHILLI 2.714 - 40.615 -
TAUTOGA ONITIS - 0.006 -
TRINECTES MACULATUS 0.076 - 0.259 -
UNIDENTIFIED FISh - 0.011 -
-------------------------------- -----------

TOTAL LARVAE & JUVENILES 15.258 0.0 22.823 0.0
TOTAL EGGS 2.791 0.0 40.890 0.0
TOTAL COLLECTIONS 12 1d
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Table DI-114. (cont.)

MONTH AUGUST

LOCATION
TEMPERATURE: AIR

SURFACE
BOTTOM

SALINITY: SURFACE
BOTTOM

OXYGEN: SURFACE
BOTTOM

PH: SURFACE
BOTTOM

7
14.5 - 32.0
22.5 - 28.6
22.5 - 28.0
23.5 - 27.0
24.0 - 27.0
4.2 - 8.3
4.8 - 8.2
8.0 - 8.5
8.0 - 8.4

11
14.5 -
24.8 -

33.0
37.4

23.5- 28.0

4.7 - 8.3

8.0 - 8.4

DENSITY BIOMASS DENSITY BIOMASS
JUVENILES
ANCHOA MITCHILLI
MEMBRAS MARTINICA
SYNGNATHUS FUSCUS
CYNOSCION REGALIS
GO6IOSOMA BOSCI

LARVAE
ANCHOA MITCHILLI
FAMILY ATHERINIDAE
MEMB3RAS MARTI NI CA
CYNOSCION REGALIS
FAMILY BLENNIIDAE
FAMILY GOBIIDAE

EGGS
ANCHOA MITCHILLI
TRINECTES MACULATUS
UNIDENTIFIED FISH

2.039
0. 004
0. 131
0.006

3.480
0.044
0. 004
0.035
0.021
0.479

2.788
0.006

1.296
0.003
0. 060
0.005
0.001

2.139
0.030
0.004
0.015
0.006
0.424

2.130
0.005
0.006

TOTAL LARVAE & JUVENILES 6.243 0.0 3.982 0.0
TOTAL EGGS 2.794 0.0 2.140 0.0
TOTAL COLLECTIONS 28 30
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Tabte DI-Ill. Mornably muh d UMe dead. and damaged Ichhyalplank6ew collecte at d& dischage (11) ged itake~l (i) Mt OcGS t~ Septembm 2707 dto.,gb August 1W7.2

L00Sgf=..b-M 1976 Septo 1 1976 OCabor 1976 Ocabef 1970

TetapuWsn (C). ab 6.-2. 1&.0-28.0 1.5-24.0 1. 0- 04.
ORfa 26.4-3-L4 15.0-25.4 I26.0.6. 8.0-19.5

bat 2. O-3. 1 18.4-211.8 20.2-20.4 6.0-19.2
sanflrh: (PPt). I-(- MOM.@ 23.0-"L.0 22.0-2S. 0 23.0-28.0

bmrs25.0-25.6 "a. -60 U4.0-2S. 0 23.0-26.0

Orygon. (ppm). esurf- G. 5-I3 S. 4-L. I6.1-12.0 7.6-11.6
bonow 7.2-7.7 S. 3-L.0 8.4-11.2 7.6-11.2

PH: sursam 7.6-8.2 7.0-6.2 7.5-6.0 7.6-7.9
htamom 6.0-9.0 7.5-8.1 7,4-6.0 7. 8-6L0

A te Dead Damaged AIIve Dead Damaged Alive Dead Damaged AUva Dead O smaged
I % 6% wo % f 16 1 6 S 0 'k N 16 0 1& % .I % 0 %1

I

L.j Anclsa mirchiIlI

SynpAadms IaciA
Goblosonta bemcA
Goblosoa gtwbtrea
Priowto eGlam

LARVAE

Andsa mIdda.

Cyanceon regaib
1611=mopne undu~laws
111-Midte
Gobud ft
Sclrdthalnmus Acute

6 23.1
1 100.0
o o

0 0

20 76.9 0 0
0 0 a 0
2 66.7 1 23.2

1 100.0 0 0

77 71.7 6 1.1 1
1 100.0 0 0 0
3 26.0 0 65.7 1

.1 100.0 0 0 0
1 100.0. 0 0 0

57 6.0 414 8.4 12
0 0 4 100.0 0
0 0 1 100.0 0

16 16.2 5 23.6 0
2 2.9 67 9.1 0

33 9.2 320 6u.9 7
0 0 2 100.0 0

109 00.9 10 8.3 1 0.6

1 25.0 3 75.0 0 0

1 100.0 0 0 0 0

135 86.0 12 7.8 10 6.4

4 2.2 4 5-1.1 0 0

1 100.0 0 0 0 0

1 100.0 0 0 0 0

37 46.0 30 39.0 10 13.0

24 64.0 0 24.3 4 10.8
0 0 4-5 to0.0 0 0

10 52.6 g 47.4 0 0

is 1.5 222 92.S
O 50.0 1 50.0

0 60.0 6 40.0

1 1.0 101 99.0
14 1.4 171 90.0

0 0
0 0

0 0
0 0
6 2.6

2.8 27 38.6 40 57.1
0 - --

0 - -

0 14 93.6 6 36.4

0 0 0 6 100.0

1.6 4 30.6 6 In.5

0 I100.0 0 0

0

0



Table D1-115. (cont.)

H'lol November 1I9 November 1976 December 1976 December 1916
Loca tio uT 11 1Temperature: (C). I* -25.0-7.0 -]-170*.I-11.0 -1.0". 0

tutfae 10.0-16.0 $.4-6. 14.5-19.60 2.-1.1
- - 3.4-.9 - . S. 0-IL.2

ulnitym (Mel.umfaft 22.0-.1.O 22.0-2o.0 22 . o-2.0 22.0..54.0
bImo.r 22.0 ,44.0 .- 22 0,2.:

Oxygn:" (pinm). r'fom 10.3-19., 9.i-12.6 .19-11.4 0.2-10.9
but.- .13.2 .- &"0.45

pit urflO, 1.2-L.2 1.2-LI 1.9-6.0 1.9-6.1
bayem 7.2-.1 - '. 1.-I.9

Alive Dead Damaged Aliv Dead D[amaged Alla Dead D. mag•d Alve Dead Damaged
* . *.? * .. * , 9 ? ' # 9 . * I JI , I % I '. 4 %JUVDO.•'E s

Lfl
Anchn minlLUdl
Goblkze
Cobleowm girbhogi

LARVAE
Andesh~ miteldil

tcmopeuet wwulas
Scoohadtrnus MGMa~

6 15.0 2 21.0 0 0

2 100.0 0 0 0 0

1 00.0 1 50.0 0 0
4 00.0 1 20.0 0 0

9 90.0 0 0 1 10.0

2 100. 0 .0 .0 *0

11 100.0 0 0 0 0
1 100.0 0 0 0 0

0 0 0 0 1 100.0
- 100.0 0 0 0 0



Tabk DI-Il6. (.nL)

Mort 1Uarm 1917 Amoary 177 FebrOuay 1971 Febrhaw 1977
L1--fn 11 7 22 7
Temwproum (C). a& -9.0-2.0 - -1.6- -0.6-17.0 -0. 8-11.0

uf ,e 10, 811.1 1.0-1.7 12.9-15.8 4.4-6.0
botom 11.6-11.5 0.0-1.4 12.5-13. 9 4.4-1.6

sJibdl'r. (Fpp". gofa• 22.0-.4.0 23. -. 4. 0 19."6.0 22.0-25.0

bocmm 24.0-24.0 2 -9.-4.0 a 20."-25.0 22.0-25.0

OKpu. (Win). w'fac 12.4-12.68 11.9-13.3 11.0-12.4 11.0-12.6
b m 11.4-11.4 11.-1$.1 11.0-12.3 11.1-12.7

PlH wao7.0 -0.1 1.0-IL2 7.9-&. 7.9--.2
boftm &.0-8.0 7.58-.2 7.9-&.2 1.9-8.2

A1U,% Dead Damarsd AlJl Dead Damaged A Uv, Dead Damaged A ULft Deal D ota d

, % , 6 . ,6 0 . % . . .6 F , , 9 6 9 % , .6

Il
LARVAE

Angilla romlt
Ammodyma sp.
Pead oplewomnei

*imlnw

1 1.7 51 95.0 2 3.3 15 30.s 34. 99.4 0 0

0 0 2 100.0 0 0 -

0 0 1 100.0 0 0

0 0 31 tO0.0 0 0

0 0 185 200.0 0 0

9 11.2 T1 09.9 0 0

19 9.9 243 93.1 0 0



Table DI-115. (me.L)

Month Mitch 1911 Marc: 1971 AprU 1917 April 1911

Ltcadm 11 U
Temperature: (C). ak -1.0-19.0 -1.5-iLl 1.O-.S.0 7.o-22.0

,"faoe 13.'-20.6 6.9.44.0 16. "24.4 12.S-17.4
15.0-19.0 7.0-13.5 16.6-24.0 11.5-11.6

sausiz: (p!tl. -adm- 20.0-24.0 20.0-24.0 19. 5-2.0 20.0-22.0
20. -2,.0 20.0-24.0 20.0"22.0 19. 5-M.0

DMyrea- (ppm). surfae 1.0-12.4 9.0-11.2 8.0-10.2 1.0-10.4
bovm ILCP16.2 8.6-12.4 7. 9". 8.0-10.5

pH: "facm 7.9-1.2 7. 19-6. 7.7-1.0 7.9-9.1
buttom 7.7-L2 7.-8.52 7. 8-8. 0 7.4-6.1

AlU, Dead Damaged AUIe Dead Damaged AUve DOd Damaged AUrs Dead Damaged

f f. *4 6 4 16 4 . # f. # 16 6 s 1 16 % 0 6 1. 0 4 1

un
ON•

LAJRVAE
AnguIll remata
Ateriadae
Ammodyrs ip.

Pfuedopleurome¶w
amemrlara

4 100.0 0 0 0 0 8 .6 1 11.1 0 0 6 66.7 1 14.3 0 0 12 100.0 0 0 0 0
- - 1 10.0 4 80,0 0 0

21 10.1 102 6M.S 2.4 104 63.1 1; M262 1; &.S 10 22.3 17 ; 2. 6 12.2 31 53.4 1" 12.0 6 73.5

114 5.5 1910 92.0 M 2.6 723 26.41770 64.8 248 9.0 79 2.7 201 2 65.5 27 6.8 309 68.0 118 25.2 41 0.8



Table 01-11b. (tnL)

Mm July 1977b A" 1977 Augm 1077
lead1 U 1
Tempernce.g (C). at 19.0"4.0 14,5-33.0 14.5-32.0

.zfac 23.1-41.3 24. "97.4 22. "8. 6
S- 1254.,0

Sakl". (plt. ,wface 21.0.0-4L0 3. 8-8. 0 254 "7. 0
b t - -U 24."-7.0

oayge.. (PP). roeom .3-7.0 4.7-8, 4.2-8L3
boctm 4."-8.2

pMl? eface 1.5-8. 8.0-8.4 8.0-L1
b"tt, 8.0-8.4

AU"% Dead Damqaed AUTlO Dead Demaged Atlvo Dead Damag•d

IUVENLlES
Anrhoa mltdWllll 2 100.0 0 0 8 0
Syn'sJd]tm rfcts 1 100.0 0 0 0 0

LARVAE
Anrdioa mhdilMl 8 24.2 25 785. 0 0 4 1 .O 12 75.0 0 -

Cynareqalk 1 100.0 0 0 0 0 .
lekmLi.e * - - , 1100. 0 0 0 0 0

Cobldda 1 39.3 2 68.1 0 0 .2 4.7 1 *31. 0 0 1 100.0 0 0 0 *0

I
,,..

M"mty mufla we d n taken I Manmn ump. P. c"m r Jn ,w was i
Pln w l db,ulhw~lz beatd astoras-vblw tempwerata. Coodetwobak wi smuwplad4 Pamn am up to Mal wapecve eapsulzlas.



oAte0-121. Co.-P..onof. atlmatd populations of m..imml~ msaceunnpl.dton in 9Ua'.q.? Say with estimated unflb eaouomJ por t-h peiod at the
Oyot1, -k Gene r ating Statim fm. U hms..a 1911 d~mvigh 'AS Stapsa.o 191%.

Date Poultonj*~ EFitmatit ,C.L 12-h ECtraino-ent Eml~oam C.C1 Pooulztm Eoosbu-d

0.80,8. OctnpNftU,8

SAW&S sp.

sactsfele, 3.80,8 (c7y10S1

C."Rngu septa"unpotwa (o.")

Palutn0umto op. (oesel

Neparimme nans8 (tmaeP

Ppacepiu hwrbsti (am"8)

peg"w top. (stic..)

UbIOJIt rpp. (coesuel

upugcbis allImb Jzoese)

Ohidwsp~opae- hmbU (3008)

111ppotyrta opp. Junae8)

Ct1Ineoctive sapbite (zodef)

UcA epp. (seem)

Nwmmyab Anictiaml

myuldapsh bigelovif

Caw , eotUIpidus (meoglopeial

LUbtalk ON. (,fgILDP~el

4
00i

20 Mr11 Lt.218 .Mar

26 Ma
I I Mwe

21 WIN
Is May

I Jun
22 Jo:

2 Jul

1Ilan

2 Joe
I Jul

21 Jul
8 IJm

22 fun
a lul

11 lul

aI Jul
221f1.

* 183

21 Jul
a Ion

22 Jim
a Jul

21 Jul
a Jun

22 Jun
5 Jul

21 Jul

6 Jul

11 Jul

22 Jun
21 Jul22 fu:

6 Jul
21 Jul
19 Sep

21 Jul
* Jul

11Iidl

I2 Sep
29 SeP
19 Sep
28 Sep
19 Sep

16 Sep
19 Sep
20 sep

7.22 . 109 2.61 K 108
2.11 x l020"* 0.63 1 1010
1.33 . 1010 e* 0.36 . 1010
2.23 2 1010 0.10 1 1010

3.s . lot .'1.87 1 too
1.Ua to 0.89 r 1of
2.41 10 1.51 1 106
4.42 x 102 ; 1.43 a 101
2.07 :,108 .0. 1 108

3.12 108.0.97 2 100

1.19 1 0to 0.41 2 Joe

4.69 . 107 1. N z 107
9.18 i 108 ! 4.42 1 106
2.06 . 108 * 1.448 109

1.988 o 1.11 x 106

7.95 z 107 .2.96 101.

1.18 . J0o 0.2. : 10l

5.81 x 109 :0.14 x 109
1.81 s 1 1.13 i 109

684 x 108 I.3 IS M 109
6. : 10o 1.". Sx 10o
1. 7 1 10 1.20 7 01o
1.22 10g. 1".34 : 108

1.02 : Io
8

8.10 I 10
1.64 x too07 0.7 z lo0
1.24 s 1017 9.14 7 io0

7.38 9 108 7 3.00 z 100

1.81 a 107 : 1.43 : 101
4.14 x 107 .'2.93 z 107
2.91 1 106: 1.53 1 106
8.58 x 106 " 7.31 a 106
9.22 101 -. .. 9 M 107

8.77 : 106.7 1.68 z 106

3.76 107 I " 2.30 . 107
4.54 v to'7 m" x.1 107

4. a1 107 ; 1.30 1 107
2.44 : 107 a 1.74 x 107

3.16 i 106 21.40 x 106

4.37 a 106, 1.94 0 100
8.81 M 100 0 4.471 1

0
3

2.25 9 01 L .11 108

2.63 . 107 7 1.11 x 107

1.48 . t.0 7 1.G1 1 106
1.94 . 1071 1.I0 ii107

2.99 • 10• 3.14 z 100

7.40 : 106 7 3.16 100
4.63 itoe 7" 1.65 it lo0
1.09 x 109 ;.6.41 : 10
2.006 : JO * 1.01 x 10l

L78 7 108 1.07 1 10'

2.16 x log, 1.99 N 1o
1.74 1:: 4.23: 107
1.01 •10• S . go it 0 7

4.61 107 7 3.31 : 107

9.28 z 107 7 1.n1 2 S0O

1.34 1 200 * 3.10 . 107

6.41 0 107 3.32 x 107
1.09 6 10 - .12 X 107
1.67 108 3.33 . 101
4.36 . too 7 4.76 . 100
3.60 . 106 . 1.20 % 200
2.03 . 105 '7 .30 it 10

4.8 2 105 + 6.26 : 108
6.11 x l0 . 2.33 " 106
1.26 a 107 - 3.40 % 105
6.11 a 106 ; 1.38 0 106
3.39 a 10-1 9.30 9 105

0
9.12 : 10

5 
* 3.671 05

7.65 a 105 . 4.15 1 106

1.69 x 106, 1.05 0 106
9.48 z 10

8 
:1.06 Jo1

1.01 s 105 I 1.90 1 105
1.93 2 10, cm 8.1 •108
cos a W07 "9.24 it 1O8

4.27 x 1077 6.10 & 106
3.48 . 107 7 a" 0z x 10o
1 .3 7 2 I0 

6  
71 . 0 0 " 1O 5

1.14 x 10t , 6.10 0 106
6.98 g 101 7 12.26 : 101
1.18 • 200: 6".91 : 108

1.26 a 105 9.5o0 v 104
1.59 x Jo T 17.73 1 100

4.38• 10x to 6.69 : 15
5.13 :i05 " 3.8`1 1 103
7..35 it 105 .- 2.49 a 105

9.77 1 1057 7.99 a 105
1.50 2 105 3.42 N 10
8.55 u IO5 2. Mo 105

s.74 a too 7 1.30 a 106
4.24 105 3.10 9 105

6.98 : 105 4.01 9 105
.1W4 1 704 + 1.00 , 104

0.63 : 10• * .05 • lO4
1.44 " 105 6.31 1 104

9.06; : I0; 1.96 1 105
9.30 0 108; 4.07 0 105
3.10: 105 7 4.4, 1 106

8.31: 10o 78 .61: 105
0.09 : 10 .91 0 105
0.28 : 108:9.34 0 105
I.6 10s 6 6.31 £ 105
1.69 x 1O7 7 4.88 • 106
2.10 . 10o 7 4.32 N 10t
6.46 1 106 7 3.87 9 106

1.10 a 107' 5.58 m 10J

1.11 0 105: 6.6 ,
.1.7 J " + 2.186 100
0.36 S 705 5.20 1 105
,.1.8 105 1.T,' a 105

1.9
0.3

0.6

0.T
0.1

1.9
1.4
7.3

1.1I

4.1
6.6

1.2
0

0.4

0.4

1.9
3.0

0.3
0.9

4.6
6.3

1.1
11.2

36.3
1.1
1.7

10.0
0.9

17.6

2.7
1.1

2.8
1.1

6.2
0.9

3.7
39.4

2.0
24.9

1.4
3.5

20.9

2.7
27.1

7.1
0.1

1.6
0.8
3.2

8.1

0.1

0.3

1.4
0.9



Table DI-ll?. Ceenysta of estimated po•eadona of abundant ichthystnla4ton in tlaneget slay with etadmeled tnmber untralned pe 12h petod at the Oyster Creek Gen itng Station hanm
II Much 1It" through 28 September 197?.

o.fl POW1.to
Orxsnbm Date PotMlsn botiotsm ,. C,1 12 Ir Entroalnm ft Fidemsat 0 C. E, ntratfawd

t--
I-

kD

Pheaadapla~oec~tas amerleanu larvea.

Andcha mitchlII eg•n

Ancfou maeldilhl It mue

Aschos mithtilt joe.ies

Syngnethm ruw FcuzJunfnlt

Gabila. Iarva

11 Match
28 March.

to Mal

22 lam

21 July

18 September

is se•may

I June
22 lose*

I July
21 July
8 Same

22 June
a July

21 July

I.s U I08 l 1.68 x lot
1.80 1 10 73.37 x 106

9.18 1 10$ + 2.07 x 108
4.S4 a lee 8.98 a I0
8.68 i lot r. Ia 10a

8.72 lag 2 1.71 1 lo1
6.08 a 108 77.0 10a

7.41 i 108 + 2.28 a 108
2.82 x 107 7" 1.18 a 107

1.7" T 108: 1.83 . 101
1.73 1 !0$ 1 .08 2 108

8.62 x 107 * 2.07 a 107
1.1 a 1o? ; 5.18 a 108

4.21 a 106, l7.1 a to1
4.281 • los,.1i a 206

8.o8 a t1o$7.22 a 108
3.14 v 106 :1.01 i 108
8.26 1 106 Z2.2 W 2t0

.28It 105 + 1.26 x 108
1.09 a ic8 1!.21 r 108
1.30 a 108 :1.23 2 108
1.70 x20111.0 ItID

1.60 x 101 * 6.80 a 1086
1.28 at 28, 2.11 a 108

1.03 a 106 * 4.81 a 1t8
1.$0 2IQ# 4.00 1 I08
1.84 a 01 6.3x• •o
8.8L1 z i0107 2.72 1xo
1.44 x 101 7 2.01 x 10l

1.21 •106 . 4. 0 t I DO4

1.80 106 " 3.340• 205
1.71z 107 .'3.32 9 208
8.88 a "08 + 1.68 1 1O6

3.20 a 105 # 1.30 a 209
9.S2 W 104 8. a0 104

g.18 a 104 ÷ 1.01 a lo1

1.700 109 6. 0 a 104
2.68 a 2t 98.n a 104

8.28 a 104 ± 1.44 1 108

1.88 a 106 + 5.87 a 104
2.58 1o le 7 tL$o a 104

2.?1 X 10± 71.28 1 108
0.84 108 le 1.6 1 108

1.1
1.8

3.1
0.$
8.8
1.8

8.0

1.8
73.8
18.2

1.1

58.1



Table Dl-118. Comparison of seasonal population estimates with seasonal entrainment estimates for

winter flounder larvae for the 1976 breeding season.

Duration of Seasonal Seasonal Percent of Percent of

Size Size Class Population Entrainment Population Population Entrained

Class (Days) Estimate Estimate b Entained Per 24-h Day

2.5- 3.7 7.3 1.62 x 10 3.72 x 10 2.3 0.3

3.8 - 4.0 1.6 2.48 x 109 3.04 x 107 1.2 0.8

4.1 - 4.3 1.5 2.06 x 109 1.54 x 107 0.7 0.5

4.4 -4.6 1.4 1.40 x 10 8.09 x 106 0.6 0.4

4.7 -4.9 1.3 6.58 x 108 2.65 x 106 0.4 0.3

5.0 -5.2 1.2 4.78 x 108 2.82 x 106 0.6 0.5

5.3- 5.5 1.15 2.61 x 108 1.57 x 106 0.6 0.5

5.6 - 5.8 1.1 1.91 x 108 7.51 x 10 0.4. 0.4

5.9 - 6.1 1.0 1.64 x 108 7.11 x 105 0.4 0.4

6.2 - 6.4 1.0 4.70 x 107 4.76 x 105 1.0 1.0

6.5 - 6.7 3.3 8.78 x 106 4.21 x 105 4.8 1.5

6,8 - 7.0 3.15 3.60 x 106 2.19 x 105 6.1 1.9

7.0 6.0 1.29 x 106 4.76 x 105 36.9 6.1

Total 1.88 x 1 010a 1.01 x 108 0.5

a Total number of larvae hatched estimated from the exponential regression of the seasonal abundance

of each size class on the estimated age of each size class. Upper and lower 95o confidence limits
of this estimate are 7.76 x 1010 and 1.33 x 10 1 0 , respectively.

b
Seasonal entrainment estimates were calculated by multiplying the monthly entrainment estimate of
all larvae by the monthly size-frequency distibution and then adding the monthly entrainment
estimates of each size class. The total seasonal entrainment estimate was calculated by adding the
seasonal estimates of all size classes. This estimate differs from the annual entrainment estimate
(Table DI-lll).

Dl-580



Table Dl-l19. Comparison of seasonal population estimates with seasonal entrainment estimates
for winter flounder larvae for the 1977 breeding season.

Duration of Seasonal Seasonal Percent of Percent of

Size Size Class Population Entrainment Population Population Entrained

Class (Days) Estimate Estimate Entrained Per 24-h Day

2.5 - 3.4 5.5 1.11 x 109 5.63 x 107 5.1 0.9

3.5 - 3.7 1.7 4.08 x 109 7.39 x 107 1.8 1.1

3.8 - 4.0 1.6 4.18 x 109 6.63 x 107 1.6 1.0

4.1 -. 4.3 1.5 3.65 x 109 4.69 x 10 1.3 0.9

4.4 - 4.6 1.4 3.53 x 109 4.43 x 10'7 1.3 0.9

4.7 - 4.9 1.3 4.31 x 109 4.72 x 10 7 1.1 0.8

5.0 - 5.2 1.2 4.62 x 109 4.84 x 10 1.0 0.9

5.3 - 5.5 1.15 4.30 x 109 4.99 x 10 1.2 1.0
97

5.6 - 5.8 1.1 4.49 x 10 5.14 x 107 1.1 1.0

5.9 - 6.1 1.0 3.83 x 109 4.85 x 10 1.3 1.3

6.2 - 6.4 1.0 3.36 x 109 4.09 x 10 1.2 1.2

6.5 - 6.7 3.3 8.00 x 108 3.89 x 107 4.9 1.5

6.8 - 7.0 3.15 4.95 x 108 2.91 x 10 5.9 1.9

7.0 6.0 2.90 x 108 2.39 x 107 8.2 1.4

Total 1.35 x 10 6.66 x 108 4.9

a Total number of larvae hatched estimated from the

abundance of each size class on the estimated age
confidence limits of this estimate are 3.10 x I010

exponential regression of the seasonal
of each size class. Upper and lower 95%

9and 5. 87 x 10 . respectively.

b Seasonal entrainment estimates were calculated by multiplying the monthly entrainment

estimate of all larvae by the monthly size-frequency distribution and then adding the monthly
entrainment estimates of each size class. The total seasonal entrainment estimate was calculated
by adding the seasonal estimates of all size classes. This estimate differs from the annual
entrainment estimate (Table DI. 111).
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Table DI-120. Comparison of seasonal population estimates with seasonal entrainment estimates for eggs
and larvae of the bay anchovy for the 1976 breeding season.

Duration of Seasonal Seasonal Percent of Percent of

Size Size Class Population Entrainment Population Population Entrained
Class (Days) Estimate Estimate Entrained Per Day

Eggs 1.5 3.77 x 1011 1.37 x 1010 3.6 2.4

1.0 - 6.9 10.1 5.82 x 109 5.75 x 108 9.9 1.0

7.0 - 7.9 1.8 2.12 x 109 8.79 x 10 7 4.1 2.3

8.0 - 8.9 1.8 1.60 x 10 9  5.52 x 107 3.45 1.9

9.0- 9.9 1.8 1.05 x 109 3.68 x 107 3.5 1.9

10.0 - 10.9 1.8 9.17 x 108 2.85 x 107 3.1 1.7

11.0 - 11.9 1.8 9.33 x 108 2.32 x 10 7 2.5 1.4

12.0 - 12.9 1.8 9.06 x 108 2.12 x 10 7 2.3 1.3

13.0 - 13.9 1.8 1.06 x 109 2.07 x 10 7 2.0 1.1
8

14.0 - 14.9 1.8 8.11 x 10 1.78 x 10 7  2.2 1.2

15.0 - 15.9 1.8 5.83 x 108 1.56 x 107 2.7 1.5

16.0 19.8 4.85 x 108 1.09 x 108 22.5 1.1

Total

Egg 3.77 x 1011 1.00 x 1010 3.6

Larvae 5.79 x 1010a 9.91 x 108 1.17
Larvae 3.24 x 109b 9.91 x 10 8 30.6

Total number of larvae at

of the seasonal abundance
hatching (mean age 1.5 days) estimated from the exponential regression
of eggs and each size class of larvae ( > 7.0 mm) on the estimated age

are 1.14 x 1012 and 2.95*of each size class. Upper and lower 951o confidence limits of estimate
x 109. respectively.

b Total number of larvae hatched estimated from the exponential regression of the seasonal abundance

of each size class of larvae ( > 7.0 mm) on the estimated age of each size class. Upper and
lower 95/o confidence limits of estimate are 6.11 x 109 and 1. 72 x 109, respectively.
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Table Dl-121. Comparison of seasonal population estimates with seasonal entrainment estimates for eggs
and larvae of the bay anchovy for the 1917 breeding season.

Duration of Seasonal Seasonal Percent of Percent of

Size Size Class Population Entrainment Population Population Entrained

Class (Days) Estimate Estimate Entrained Per Day

Eggs 1.5 3.39 x 1011 3.46 x 108 0.1 0.1

100.1
1.0 - 6.9 10.1 1.79 x 1010 3.75 x 108 2.1 0.2

7.0 - 7.9 1.8 7.26 x 109 6.98 x 107 1.0 0.5

8.0 - 8.9 1.8 4.57 x 109 4.39 x 107 1.0 0.5

9.0 - 9.9 1.8 2.95x 10 9 2.54 x 107 0.9 0.5

10.0 - 10.9 1.8 2.09 x 109 1.62 x 10 1 0.8 0.4

11.0 - 11.9 1.8 2.11 x 109 1.57 x 107 0.7 0.4
.7

12.0 - 12.9 1.8 1.76 x 10 9  1.28 x 10 0.7 0.4

13.0 - 13.9 1.8 1.24 x 109 9.32 x 106 0.8 0.4

14.0 - 14.9 1.8 8.70 x 108 9.04 x 106 1.0 0.6

15.0 - 15.9 1.8 1.02 x 109 9.07 x 106 0.9 0.5

9 716.0 19.8 7.82 x 10 9.29 x 10 1.2 0.1

Total*Egg 3.39 X 10 3.46 x 108 0.1

Larvae 1.10 x 1 0 1 1 a 6.79 x 10 0.6
Larvae 2.17 x 1010b 6.79 x 10 8  3.1

Total number of larvae at hatching (mean age 1. 5 days) estimated from the exponential regression

of the abundance of eggs and each size class of larvae ( > 7. 0 mm) on the estimated a e of each
size class. Upper and lower 95'1/ confidence limits of seasonal estimate are 5. 87 x 10 and

2.07 x 1010, respectively.

Total number of larvae hatched estimated from the exponential regression of the seasonal abundance

of each size class of larvae ( >7.0 mm) on the estimated age of each.j~e class. Upper and
lower 95% confidence limits of estimate are 3.82 x 1010 and 1.24 x 10 , respectively.
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Table DI-122. Results of the exponential regression of adjusted seasonal abundance by size class on the estimated mean age of each size class
for winter flounder larvae, and eggs and larvae of the bay anchovy.

Breeding Regression Correlation
Species Season Y-intercept Slope Equation Coefficient Significance

Pseudopleuronectes americanns 1976 1.88 x 1010 -. 2162 Nt = (1.88 x 10 1 0)e" 2162t .9750 .01

(larvae)

Psetudopleuronectes americanus 1977 1.35 x 1010 -. 0844 Nt = (1.35 x 1010 )e- 0844t .8312 .01
(larvae)

Anchoa mitchilli 1976 7.84 x 1010 -. 2017 Nt = (7. 84 x 1010)e"' 2 0 17t .8610 .01

(eggs and larvae)

Anchoa mitchilli 1977 1.50 x 101 -. 2025 Nt = (1.5 x 10 11)c-2025t .9463

(eggs and larvae)

Anchoa mitchilli 1976 3.24 x 10 9 -. 0600 Nt (3.24 x 10 9)e"'0600t .8713 .01
(larvae only)

Anchoa mitchilli 1977 2.17 x 10 -. 1227 Nt= (2.17 x 1010 - 1227t .9669 .01
(larvae only)

00
.4-
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Fig. DI-1O. Diagram of the intake and discharge of the circulating water

system and the dilution pumps at the Oyster Creek Generating

Station.
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Fig. DI-I. Sampling gear used in the impingement, dilution pump, and delayed mortality studies for the Oyster CreekCenerating Station. Ecological Studies.
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impingement on the traveling screens at the Oyster Creek Generating Station,
Forked River, New Jersey from September 1975 through October 1976.
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Fig. D1-15. Total estimated number impinged of Crangon septemspinosa by week on the traveling
screens at the Oyster Creek Generating Station, Forked River, New Jersey from
September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 and 14 May through 12 July 1977.
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Fig. DI-16. Total estimated number impinged of Callinectes sapidus by week on the traveling
screens at the Oyster Creek Generating Station, Forked River, New Jersey from
September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 and 14 May through 12 July 1977.
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Total estimated number impinged of Anchoa mitchilli by week on the traveling
screens at the Oyster Creek Generating Station, Forked River, New Jersey from
September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976. and 14 May through 12 July 1977.
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Fig. D1-18. Total estimated number impinged of Brevoortia tyrannus by week on the traveling

screens at the Oyster Creek Generating Station, Forked River, New Jersey from
September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 ahd 14 May through 12 July 1977.
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Fig. D1-19. Total estimated number impinged of Leiostomus xanthurus by week on the traveling
screens at the Oyster Creek Generating Station, Forked River, New Jersey from
September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 and 14 May through 12 July 1977.
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Total estimated number impinged of Etropus microstomus by week on the traveling

screens at the Oyster Creek Generating Station, Forked River, New Jersey from
September 1975 through August 1977. No samples were taken 24 December 1975
.through 7 March 1976 and 14 May through 12 July 1977.
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Fig. DI-21. Total estimated number impinged of Menidia menidia by week on the traveling

screens at the Oyster Creek Generating Station, Forked River, New Jersey
from September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 and 14 May through 12 July 1977.
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Fig. D1-22. Total estimated number impinged of Palaemonetes
screens at the Oyster Creek Generating Station,
September 1975 through August 1977. No samples
through 7 March 1976 and 14 May through 12 July

vulgaris by week on the traveling
Forked River, New Jersey from
were taken 24 December 1975.
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Fig. D1-23. Total estimated number impinged of Prionotus evolans by-week on the. traveling

screens at the Oyster Creek Generating Station, Forked River, New Jersey from
September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 and 14 May through 12 July 1977.
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Fig. D1-24. Total estimated number impinged of Alosa aestivalis by week on the traveling
screens at the Oyster Creek Generating Station, Forked River, New Jersey from
September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 and 14 May through 12 July 1977.
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Fig. Dl-25. Total estimated number impinged of Sygahs fuscus by week on the traveling
screens at the Oyster Creek Generating Station, Forked RiLver, New Jersey from

September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 and 14 May through 12 July 1977.
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Fig. D1-26. Total estimated number impinged of Pomatomus saltatrix by week on the traveling
screens at the Oyster Creek Generating Station, Forked River, New Jersey from
September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 and 14 May through 12 July 1977.
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Fig. DI-27. Total estimated number impinged of Cynoscion regalis by week on the traveling
screens at the Oyster Creek Generating Station, Forked River, New Jersey from
September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 and 14 May through 12 July 1977.
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Fig. D1-28. Total estimated number impinged of Paralichthys dentatus by week on the traveling
screens at the Oyster Creek Generating Station, Forked River, New Jersey from
September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 a-d 14 May. through 12 July 1977.
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Total estimated number impinged of Pseudopleuronectes americanus by week on the
traveling screens at the Oyster Creek Generating Station, Forked River, New Jersey
from September 1975 through August 1977. No samples were taken 24 December 1975
through 7 March 1976 and 14 May through 12 July 1977.



24

21 /
18

NORTHERN QUAHOG

15 BLUE CRAB

FISH

00

A 12

- ,,O . tt.-"*

6 a.

a. -. .....

a S.

" . 11 \

SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG

pta. 01-30. Comaretii 1andtnse af the nartheru quehog, blue crab, end tich reported from larnegst Bay from September 1976 through
Auguet 1977.



Goodluck
Point

North
and

East

Stouto
Creek

forked
River

Oyster
Crook

Central

Barnegat
Inlet

Creek -

cul f

P:Oi.ts.h., \..-.....

Fig. D1-31. Strat used to determine the population of bay anchovy in

barnegat Say with a 4.9-m trawl in October 1976.
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Fig. D1-32. Strata used to determine the population of the bay anchovy inaeregsat Bay with a 4.9-m trawl in May 1976.
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Fig. D1-34. Length-frequency distribution of winter flounder taken in population surveys in April 1976 and March 1977 In Barnegat Bay, N. J.
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temperature from 7 Septembr - 22 November. 1976, 3 March - 12 May 1977, and 22 July - 1 September 1977. The dilution pump

discharge was sampled from 16 May through. 18 July 19'77 when OCGS did not circulate water.
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Fig. DI-40.. The moving average of the log density (n/m 3) of Oithona colcarva taken in collections at the Oyster Creek Generating Station

discharge versus intake and discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July -

1 September 1977. The dilution pump discharge was sampled from 16 May through 18 July when OCGS did not circulate water.
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Fig. D1-41. Log density (r/rn3) of Oithona spp. taken 11n collections at the Oyster Creek~ Generating Station discharge versus Intake and discharge

temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July - I September 1977. The dilution pump

discharge was sampled from 16 May through 18 July 1977 when .OCGS did not circulate water.
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Fig. DI-42. The moving average of the log density (n/rn 3  of Olthofia spp. taken in collections at the Oyster Creek Generating Stationr discharge

versmn intake and discharge temperature from 7 September - 22 November 1976, 3 March - 12 May .1977, and 22 July - 1 September

1977. The dilution pump discharge was sampled from 16 May through 18 July when OCGS did not circulate water.
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Fig. DI-43. Log density (n/rn3 ) of total Acartia claust taken in collections at the Oyster Creek Generating Station discharge versus intake

and discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July - 1 September 1977.

The dilution pump discharge was sampled from 16 May through 18 July 1977 when OCGS did not circulate water.
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Fig. DI-44. The moving average of the log density (n/ni3  of Acartia clausi taken in collections at the Oyster Creek Generating Station discharge

versus intake and discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July - I September

1977. The dilution pump discharge was sampled from 16 May through. 18 July when OCGS did not circulate water.
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Fig..DI-45, Log density (n/ m3) of Acartia tonsa taken in collections at the Oyster Creek Generating Station discharge versus intake and discharge

temperature from 7 September - 22 November 1976. 3 march - 12 May 1977, and 22 July - I September I9q7. The dludon pump

discharge was sampled from 16 May through 18 July 1977• when OCGS did not circulate water.



ACARTIA TONSA

En tn

o 
0, L

tn tA 'A 
a

In rfWlm tn0

to C4 tn

Inn

In U,

10 aA M W0 ' a M---N' -

SEPT OC NOV MAR APR MA JUEJLAGSP

Fi.D-6 h oin vrg telg est nm3 o catatnatknIncletosaUh Ose re eeain.tto icag

vexss itak an dichage tmpeatue fom Setembr -22 ove ber197, 3 arc - 2 My 177,and 2 J~v I eptmbe

1977. The dilution p~~urpdshrewssmldfo 6Mytruh1 uywe C Sddntcruaewtr



ACARTIA SPP.

B

U

0.-

!"
I-.

1 CO0C W-N Ae 0,E .1nop-,-CCa.-4N'G . . .N-ina 0F-GM--N 004 aF flF 4 CNU 1 -aaa ar nG

S EPT OCT NOV MAR APR MAY JUNE JULY AUG SEPT

Fig. DI-47. Log d ensity (n/m 3 ) of Acartia sppi taken in collections at the Oyster Creek Generating Station discharge v'ers intake and
discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July - 1 September 1977.
The dilution pump discharge was sampled from 16 May through 18 July 1977 when OCGS did not circulate water.
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Fig. DI-48. ' The moving average of the log density (n/m 3) of Acartia spp. taken in collections at the Oyster Creek Generating Station discharge

versus intake and discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July - 1 September

1977. The dilution pump discharge was sampled from 16 May through 18 July when OCGS did not circulate water.
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Fig. D1-50. The moving average of the log density (n/rn3  of rotifers taken in collections at the Oyster Creek Generating Station discharge versus

intake and discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July - 1. September 1977.

The dilution pump discharge was sampled from 16 May through 18 July when OCGS did not circulate water.
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Fig. DI-51. Log density (nr/m 3 ) of total polychaete larvae taken in collections at the Oyster Creek Generating Station discharge versus intake

and discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July - 1 September 1977.

The dilution pump discharge was sampled from 16 May through 18 July 1977 when OCGS did not circulate water.
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Fig. DI-52. The movingaverage of the log density (n/m 3) of total polychaete larvae taken in collections at the Oyster Creek Generating Station

discharge versus Intake and discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July -

1 September 1977. The dilution pump discharge was sampled from 16 May through 18 July when OCGS did not circulate water.
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Fig. DI-53. Log demity (n/m 3 ) of total Polydor spp. taken In collections at the Oyster Creek Generating Station discharge versus intake and

discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July - 1 September 1977. The

dilution pump discharge was sampled from 16 May through 18 July 197' when OCGS did not circulate water.
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Fig. DI-54. The moving average of the log density (n/im3) of Rolydora spp. taken In collections at the Oyster Creek Generating Station discharge

versus Intake and discharge temperature from 7.September - 22 November 19'76, 3 March - 12 May 1977. and 22 July - 1 Septemb-er

1977. The dilution pump discharge was sampled from 16 May through 18 July when OCGS did not circulate water.
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Fig. DI-55. Log density (Crnm3 ) of total gastropod larvae taken in collections at the Oyster Creek Generating Station discharge versus intake and

discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977. and 22 July - I September 1971. The
dilution pump discharge was sampled from 16 May through 18 July 1977 when OCGS did not circulate water.
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Fig. DI-56. The moving average of the log density (n/rm 3) of total gastropod larvae taken in collections at the Oyster Creek Generating Station

dischargc versus intake and discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July -

1 September 1977. The dilution pump discharge was sampled from 16 May through 18 July when OCGS did not circulate water.
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Fig. DI-57. Log density (n/m 3) of barnacle larvae taken in collections at the Oyster Creek Generating Station discharge versus intake and discharge

temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July - 1 September 1977. The dilution pump

discharge was sampled from 16 May through 18 July 1977 when OCGS did not circulate water.
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Fig. DI-58. The moving average of the log density (n/m 3 ) of barnacle larvae taken in collections at the Oyster Creek Generating Station discharge

versus intake and discharge temperature from 7 September - 22 November ,1976. 3 March - 12 May 1977, and 22 July - 1 September

1977. The dilution pump discharge was sampled from 16 May through 18 July when OCGS did not circulate water.
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Fig. DI-59. Log density (n/m 3) of total bivalve larvae taken in collectiors at the Oyster Creek Generating Station discharge versus intake and

discharge temperature from 7 Septembef & 22 November 1976, 3 March -: 12 May 1977, and 22 July - 1 September 1977. The

dilution pump discharge was sampled from 16 May through 18 July 1977 when OCGS did not circulate water.
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Fig. DI-60. The moving average of the log density (n/m 3 ) of total bivalve larvae taken in collections at the Oyster Creek Generating Station

discharge vcrsus intake and discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July -

1 September 1977. The dilution pump discharge was sampled from 16 May through 18 July when OCGS did not circulate water.
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Fig. DI-61. Log density (n/mn3 ) of Mercenaria mercenarla taken In collections at the Oyster Creek Generating Station discharge versus intake

and discharge te~mperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July - 1 September 1977.

The dilution pump discharge was sampled from 16 May through 18 July 1977 when OCGS did not circulate water.
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Fig. Dl-62. The moving average of the log density (n/m 3 ) of Mercenaria mercenaria taken in collections at the Oyster Creek Generating Station

discharge versus intake and discharge temperature from 7 September - 22 November 1976, 3 March - 12 May 1977, and 22 July -

1 September 1977. The dilution pump discharge was sampled from 16 May through 18 July when OGGS did not circulate water.
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discharge temperature from I/ September - 22 November 1976, 3 March - 12 May 1977, and 22 July - 1 September 1977'. The
dilution pump discharge was sampled from 16 May through 18. uly 1977 when OCGS did not crculate water.
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Fig. D1-64. The moving average of the. log density (n/m3) of Mulinia lateralls larvae taken in collections at the Oyster Creek Generating Station

discharge versus intake and discharge temperature from 7 September - 22 Novepnber 1976, 3 March - 12 May 1977, and 22 July -

I September 1977. The dilution pump discharge was sampled from 16 May through 18 July when OCGS did not circulate water.
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Fig. Dl-65. Quadrates used for macroZOO- and ichthyoplankton population
studies in Barnegat Bay from March 1977 through September 1977.
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Fig. D1-66. Distribution of @and shrimp soese on 11 March 1977. Collection* were taken

within the area bounded by the dashed line. No collection@ taken at OCCS

during the survey.
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Fig. DI147. Distribution of send shrimp *come an 29 Karch 1977. Collections weretaken within the area bounded by the dashed line. No collectionstaken at OCCS during the survey.
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Fig. DI-6S. Distribution of sand shrimp zoeae on 18 May 1977. Collections were takenwithin the area bounded by the dashed line.
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FIg. DI-69.Dlatribution of Band shrimp zoeme on B June 1977. Collections were taken
within the ares bounded by the dashed line.
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Fig. DI-70. Distribution of send shrimp zoese on 22 June 1977. Collections were taken
vithin the area bounded by the dashed line.
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Fig. DI-71. Distribution of sand shrimp z:eae on 6 July 1977. Collections were taken
within the area bounded by the dashed line.
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Fig. 01-72. Distribution 
of sand shrimp soese on 21 July 1977. Collections were taken

within the srea bounded by the dashed line.
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Fig. DI-73. Distribution of grass shrimp zoeae on 8 June 1977. Collections were L.ken
vithin the area bounded by the dashed line.
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Fig. W1-74. Distribution 
of grass shrimp soeae an 22 June 1977. Collections were taken

wLthln the ares bounded by the dashed line.
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Fig. DI-75. Distribution of the grass shrimp sonse on 6 July 1977. Collections were

taken within the area bounded by the dashed line.
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Fig. DI-76. 'Oiarlbutlon of grase shrimp zoese on 21 July 1977. Collections vere takenwithin the area bounded by the dashed line.
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Fig. D0-77. Distrlbution of the zoese of the mud crab. Neopnope axesn. . on b June 1977.Co1lectlone were taken within the area bounded by the dashed line.
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FIg. DI-78. Distribution of the toe&a of the mud crab, teopnoo.e ez.ana, on 22 June 1977.
Collections were taken within the area bounded by the dashed line.
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Fig. DI-79. Distribution of the aoese of the mud crab, Neopanope texans. an 6 July 1977.
Collections were taken within the area bounded by the dashed line.
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FIg. DI-80. DistrIbution of the zoeae of the mud crab. Neopanope texana, on 21 July 1977.
CollectIoOs vere taken vithin the area bounded by the dashed line.
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Fit: DI-B1. Distribution of the goese of the mud creb, Panopeus herbtti, on 8 June .1977.Collectlons were taken within the erea bounded by the dashed line.
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FIS. DI-82. Distribution of the zoeae of the mud crab, Panopeum herbstii* on 22 June 1977.
Collections were teken within the area bounded by..the dashed 11ie.
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Fig. DI-83. Dietribution of the zoese of the sud crab, Panopeus herbetlL, on 6 July 1977.
Collections were taken within the area bounded by the dashed line.
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Fig. DI-84. Distribution of the zoease of the mud crab, PFnoReus herbatil_ on 21 July 1977.Collections were taken within the area bounded by the dashed lin-.
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Fig. D1-85. DLstribution of blue crab aegalopee an the night of
19 September 1977. Coliections veto taken within the area
bounded by the deshed line.
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fig. D1-86. .Dletrlbut¢aniof 
blue crab megalopae on the nijht .:ef-20 September 1977. Col.lections were taken vitbia the area bownded

by the daehed lUse.
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Fig. DI-88. Distribution of Hecavele americans on the night of 28 September 1977.Collectlons were taken within the area bounded by the dashed ilne.,
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were t9.D akuen~ ol H aIseI- on the night of 19 Septemr. C11ectcionsyew.takn Vihinthe area boundead by the daahed ILne.

D1-663



Doubas
Creek

Fig. DI-90. D1s4Trbutian of tXE49ZE4 bt los.i an the eight of 21 September. Collections
'ere taken w thin the area bounded by the dashed line.
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