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INTRODUCTION

Scope and Objective

This is the thirty-first semi-annual report on the status and results of
the Environmentai Surveillance and Monitoring Program related to the op-
eration of Piigrim Nuclear Power Station (PNPS). The monitoring programs
discussed in this report relate specifically to the Cape Cod Bay ecosystem
with particular emphasis on the Rocky Point area. This is the nineteenth
semi-annual report in accordance with the environmental monitoring and
reporting requirements of the PNPS Unit 1 NPDES Permit from the U.S.
Environmental Protection Agency (#MAQ003557) and Massachusetts Division of
Water Pollution Control (#359). A multi-year (1969-1977) report in-
¢orporating marine fisheries, benthic, plankton/entrainment and im-
pingement studies was submitted to the NRC in July 1978, as required by
the PNPS Appendix B, Tech. Specs. Programs in these areas have been con-
tinued under the PNPS NPDES permit. Amendment #67 (1983) to the PNPS
Tech. Specs. deleted Appendix B non-radiological water quality reguire-

ments, as the NRC felt they are covered in the NPDES Permit.

The objectives of the Eivironmental Surveillance and Monitoring Program
are to determine whether the operation of PNPS results in measurable ef-
fects on the marine ecology and to ev: uate the significance of any oob-
served offects. If an effect of significance is detected, Boston Edison

Company has tommitted %0 take steps to correct or mitigate any adverse




These studies are guided by the Pilgrim Administrative-Technical Committee
(PATC) which was chaired by a member of the Mass. Division of HWater
Pollution Controal in 1987, and whose membership includes representatives
from the University of Massachusetts, the Mass. Division of HWater
Pollution Control, the Mass. Division of Marine Fisheries, the National
Marine Fisheries Service (NOAA), the U.S. Bureau of Sport Fisheries and
Wildlife, the U.S Environmental Protection Agency and Bosten Edison
Company. Copies of the minutes of the Pilgrim Administrative-Technical
Committee meetings held during this reporting period are included in

Section V.

Marine Biota Studies

1. Marine Fisheries Studies

A modified version of the marine fisheries monitoring, initiated in
1981, 1is being sonducted by the Commonwealth of Massachusetts,

Division of Marine Fisheries (DMF).

The occurrence and distribution of fish around Pilgrim Station and at
sites outside the area of water temperature increase are being mon-
ftored. Pelagic species were sampled using gil! net (1 station) col-
lections (Figure 1) made at monthly intervals. In 1981, shrimp
trawling and haul seining were initlated to provide PNPS impact-
related sampiing of oenthic fish and shore zone fish, respectively.
rimp trawling was done twice/month at ¢ stations (Figure 2) and

7aul seining twice/month during June - November at 5 stations

(Figure 1).




Monitoring is conducted of local lobster stock catch statistics for
areas off Rocky and Mancmet Points (Figure 4). Catch statistics are
collected approximate'y weekly throughout the fishing season

(April-October).

A finfish observational dive program was initiated in June 1978.
SCUBA gear is utilized on biweekly dives from May-October (weekly
mid-August to mid-September) at 6 staticons (Figure 2) in the PNPS

thermal plume area.

In 1986, an experimental, lobster p.. trawl monitoring effort was
initiated to eliminate any biases associated with the collection of
lobster stock catch statistics in determining PNPS effects. Ten
S5-pot lobster trawls were fished in the thermal plume and control

areas around PNPS during 1987 (Figure 3 ).

Resu.:s of the ma‘ine ficheries monitoring and impact analysis during

the reporting period are presented in Sections IIIA.1 and IIIA.2.

Benthic Studies

The benthic monitoring described in this report was conducted by

Battelle New England Marine Labs, Duxbury, Massachusetts.

The 2enthic fiora and fauna were sampiec at tnree lccations at depths

of 10 feet (MLW) (Figure 1). Quantitative (rock substratum) samples

vere collected, and the dominant flora and fauna in each plot were

recorded. Sampling was conducted two times per year (March and
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September) to determine biotic changes, if any. Transect sampling

off the discharge canal to determine the extent of the denuded and
stunted zones was conducted four times a year (March, June, Setpember
and December). Results of the benthic surveys and impact analysis

during this period are discussed in Sections IIIB.1 and IIIB.2.

Plankton Studies

Since August 1973, Marine Research, Inc. (MRI) of Falmouth,
Massachusetts, has been monitoring entrainment in Piigrim Station
cooling water of fish eggs and léivae, and lobster larvae (from
1973-1975 phytoplankton and zooplankton were also studied). Figure S
shows the entrainment contingency sampling station locations to be
samplea should the numbers of eggs/larvae entrained greatly exceed
recorded historical averages. Information generated through this
monitoring has been utilized to make periodic modifications in the
sampling program to more efficiently address the question of the ef-
fects of entrainment. These modifications have been developed by the
contractor, ang reviewed and approved by the Pilgrim A-T Committee on
the basis of program results. Plankton monitoring in 1987 emphasized
consideration of ichthyoplankton entrainment. Results of the ichthy-
cplankton entrainment monitoring and impact analysis for this re-

porting period are discussed in Sections ITIC.1 and IIIC.2.



)

4. Impingement Studies

The Piligrim [ impingement monitoring and survival program speciates,
quantifies and determines viability of the organisms carried onto the
four intake traveling screens. Since January 1979, Marine Research,
Inc. has been conducting impingement sampling with results being re-

ported on by Boston Edison Company.

A new screen wash sluiceway system was installed at Pilgrim in 1979
at a total cost of approximately $'50,000. This new sluiceway system
was regquired by the U.S. Envirnnmental Protection Agency and the
Mass. Division of Water Pollution Control as a part of NPDES Permit
#MAD003557. Special fish survival studies conducted from 1980-1983
to determine its effectiveness in protecting marine life were ter-
minated in 1984, and a final report on them appears in Marine Ecology

Semi-Annyal Report #23.
Results of the impingement monitcring 3:nd survival program, as well
as impact analysis, for this reporting period are discussed in

Section IIID.

Fisay Surveillance Studies

March - November, weekly fish spotting overflights were conducted as part
of a conzinuirg @“fort to monitor the times when large concentrations of
fisn mignt 5e expected n the Pllgrim vicinity. feqularly from

May-QOctover since 1978, dive inspections have bezn conducted of the Piigrim

[1-5
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I. EXECUTIVE SUMMARY

A modified version of marine fisheries monitoring, initiated
in 1981, was conducted by the Massachusetts Division of Marine
Fisheries. Data on the occurrence, distribution, and relative
abundance of finfish and lobster were collected according to a
standardized sampling scheme to identify trends and relationships
in the study area cover time. We directed our efforts to
commercially and recreationally important fisheries resources.
Pelagic finfish were sampled using gill net collections. Near-
shore bottom trawling and haul seining sampled benthic and shore
zone fieh, respectively. Monitoring of the 1local commercial
lobster stock catch statistice for areas off Rocky Point was
conducted during the inshore lobster season. Experimental
lobster pot trawling, also conducted, elimirated any Dbiases
asgociated with the collection of lobster stock catch statistica.
A finfish observational dive program and a sportfishing creel
survey rounded out the investigations.

Catch rates in the Pilgrim area declined from 1386 to 1987
for the top three groundfish (winter flounder, little skate, and
windowpane) trawled. The gill net catch of cunner was at its
lowest level of the entire survey, while pollock catch has been
quite similar for the last four years. By contrast. the aseine
catch rates of Atlantic silverside, Jjuvenile river herring
(blueback herring and alewife), and sand lance were up from last
year. Overall, fish sighted in the diving study was at its

lowest point of the study. Sportfish catches were extremely low

relative to past records.




IT. INTRODUCTION

Environmental monitoring was conducted in 1987 by the
Massachusetts Division of Marine Fisheriee in an ongoing effort
to assess plant-related impact of the Pilgrim Nuclear Fower
Station on marine resources in western Cape Cod Bay, under
Purchase Order No. 63644 to Boston Edison Company. Data on the
occurrence, distribution, and relative abundance of finfish and
lobster were collected throughout the year following a
standardized sampling scheme. Analyses included measurements,
counts, percentages, and indices which were used to identify
trends and relationships in the data throughout the study area
over time. Volume 1 is a characterization of fisheries”
regources in the Pilgrim area.

This report highlights results of pertinent findings and
discerrments in a reduced overview of sorts, departing from the
former format. Detailed analyses including statistical
information and supportive data with complete results are
available from the Division of Marine Fisheries and will be
supplied upon request. Only essential information is presented
in order that the volume of material be substantially reduced.
The reporting of environmental studies has evolved in a series of
steps from a progress report which included much raw data to an
exhaustive scientific report, to the present condensed format.
Our intent was to condense subject matter but maintain clarity
and precision of data reporting and interpretation. We have
endeavored to convey technical information in a more readable

report.

ro



ITI. METHODS AND MATERIALS
Commercial Lobster Pot Catch

Many lobstermen trap lobster (Homarus americanus) in the
waters off Pilgrim Nuclear Power Station, and there are numerous
landing sites along the coast. Consequently, it was impractical
to monitor the entire local lobster fishery; instead, prior to
1987, we opted to sample the trap-catch of two commercial
lobstermen of the area to obtain an index of harvest. However,
in 1987, we terminated sampling with one fisherman, as he had
progressively moved his gear offshore and out of the immediate
vicinity of the power plant. Instead, we devoted more time to
fishing our own traps at prescribed locations.

We sampled the entire day's commercial catch of our second
lobsterman biweekly from May-October, which is the height of the
inshore lobster gseason. To facilitate data collection, the study
area was partitioned into a grid (0.8 knz) quadrats), and catch
recorded by quadrat (Figure 1), with quadrats later grouped to
identify reference and surveillance areas. Catch data included:
catch (number) of lobster per pot-haul; pot location (quadrat);
and for each lobster - carapace length (CL) in mm, sex,
presence/absence of eggs on females, and molt condition.

Research Lobster Trap Fishing

In June 1987, we began the second year of an experimental
lobster study which was implemented to measure the impact of the
thermal discharge from Pilgrim Power Station on the local lobster
population. We conducted research trap fishing from June-
September in the diecharge area (surveillance) and at two

comparable reference (control) locations using a uniform

-
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experimental technique to reduce sampling variability as natural
populations are rarely ever uniform over space. Ten stations
were monitored: four (E-H) at the surveillance location and six
(A-D; I-J) at the two controls (Figure 2).

Because of the extended power plant ocutage, the di~scharge

wag monitored for a second year without the influence of waste

heat. However, this year, current was reduced further to a
minimal flow of water out of the discharge canal. This allowed
us to collect two seasons of base line data under essentially
prestress conditions to compare temporally the potentially
impacted/treatment stations with the non-impacted/control
stations before the plant resumes operation.

Our sampling design included standardized gear and methods
to maximize data precision and accuracy. Fifty (10 more than in
1986) vinyl coated wire lobstar traps (91 x 51 x 30 c¢m) were
fished in trawls. Randomization was applied in our selection of
stations from within an area. Ten trawle each having five traps
per trawl with traps spaced abou®t 30 m apart and buoyed at each
ends were employed, one trawl at each of the 10 stations. A
station location was permanently marked with an anchor-buoy
arrangement and was sampled methodically to standardize the
distribution of effort.

Pots were hauled every other day in the morning, weather
permitting, with soak-time (duration of a set) recorded. Water
temperatures (bottom and surface) were measured approximately
weekly. At each sampling, traps were emptied of their contents,

rebaited, and relocated on station. Flounder racks were used

. o
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exclusively as bait to standardize any effect of bait on
catchability. For each pot-haul, lobster were counted, measured,
sexed, and examined for missing claws, presence of eggs, shell
hardness, and disease. We released all lobster in the area of
capture except for a sub-sample retained for radiological
analysis. To address the recapture rate of sublegal lobster
(<81 mm CL) we tagged a percentage of the sublegals each sampling
trip rotating between the three sampling areas. We tagged legals
(> 81 mm CL) last year and found very few were recaptured in our
pots; none were tagged this year. We used a coded yellow cinch

tag placed proximal to the dactyl portion of the lobster's left

claw.
Bottom Trawling
To monitor the nearshore groundfish community in the Pilgrim
area, we continued small vessel (5 m) bottom trawling. Tour

permanent stations were sampled biweekly during the daytime
(Figure 3). Trawling in the impact areas was conducted at
gurveillance stations T-3 (Discharge) and T-6 (Intake). The
primary reference station was T-1 in Warren Cove, while the other
reference site was T-4, northwest of Priscilla Beach. Station
gselection was based on availability of suitable subscrate for
trawling, depth, sediment type, and known patterns of the thermal
plume.

We opted for duplicate 15-minute tows at each station to
obtain fieh catch/effort data on groundfish using a 9.8 m Wilcox
trawl (9.8 m sweep; 7.0 m headrope; wings of 11.4 cm stretch

mesh; fitted with a 6.4 pm stretch mesh cod-end liner). Catch

(number) of fish per standard 15-minute tow was our sampling unit
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or catch-per-unit-effort (CPUE), which was used as the index of
relative abundance. When uncontrollable factors prevented
completion of a standard tow, catch values were extrapolated by
using a weight .g function.

In processing the catch, standard survey techuiques and
trawl log sheets were employed. All fish were identified,
enumerated, measured, and then returned to the water.
Invertebrates were identified and counted; lobstur were gauged as
to being legal or sublegal In size. Surface and bottom
water temperatures were taken during sampling operations at each
station.

Gill Net Sampling

Gill net sampling for pelagic and benthi-pelagic fish was
conducted at a site located parallel to shore at a depth of 3 m
(MLW) near a ledge extending north from the wmouth of the
discharge canal (Figure 4). The site is located partiaily within
the discharge impact area. An overnight set was made
approximately once a month throughout the year. The net was set
at sunset and retrieved the next day at sunrise to take advantage
of the greater sampling efficiency at night.

A sinking monorfilament gill net, ' 1. 4 m long and 3.0
deep, was anchored and fished the entire «iter column at low
tide. To counter Jear selectivity, we fishea an experimental net
consisting of a single "gang" of seven 30.5 an panels of the
following mesh sizes: 3.8, 5.1, 6.4, 7.6, 8.9, 11.4, and 15.2 cm
-~ @gtretch measure. To further reduce sampling bias, the end of

the on¢ct positioned to the discharge canal was reversed on

-G-
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alternate sets. OSurface and bottom water temperatures were taken
when the net was set and hauled.

Our objectives were to provide collections of fish for
radiation analysis and to obtain records of relative abundance
for correlation analysis with plant operation.

Hrul Seining

Te countervail thes selectivity of bottom trawling and gill
netting, we sampled shallow water habitats, i.e., the intertidal
and shallow subtidal zones, by haul seining. Fishes occurring
along the shoreline included forage species and the juveniles of
many important sport and commercial species. Six stations were
seined during the daytime on a weekly schedule from June-November
(Figure 4). Winter/early spring sampling wca omitted because
cold water temperalures reduce fish distribution in shcal waters.

We adopted a standardized quantitative seining technique,
modified after Conover and Ross (1982). The net used at Stations
2, 4, and 5 was a 45.7 x 1.8 » haul seine with a 1.8 x 1.6 x 1.8
m bag of 0.48 cm square mesh (twine #63). Duplicete hauls were
usually made at each site. Sampling was conducted within + 2
houre of low tide. Surface water temperature and salinity were
measured at the time of sampling.

At the surveillance site (Station 3 - Intake), sampling was
constrained by the limited sampling are= and by depth. To
alleviate this problem, we are sampling this location with a
deeper seine set from a small outboard-powered skiff; the net
measures 45.7 x 3.0 m with a 3.0 x 3.0 x 3.0 m pocket of 0.48 cm
square megh (twine #63, Sampling was carried out within + 2

hours of low tide.




Using a smaller seine (6.1 x 1.8 m with no bag of 0.48 c¢m

square mesh), we sampled Stations 1-6 at both high and low tides.

The larger seines are effective sampling pelagic fish, while the

smaller seine with a double lead weighted lire was designed to
capture demersal fish.

At the beginning of each set, area (Iz) and volume (na) of

water seined was estimated from the depth and linear distance of
the net from shore. Fish were enumerated and measured; length
data were obtained by measuring up to 50 individuals of each
species caught. Unusually large catches were subsampled to
reduce mortality. An estimate of the total number of individuals
caught was made by multiplying the subsample ratio (individuals
per unit volume) by the total number of volume-units in the
catch. Mean catches were calculated for numerically dominant
species at each station.
Observational Diving

The underwater finfish observational program included
standardized inspection of six permanent stations undertaken by
biologist-divers using SCUBA (Figure 3). Two stations were in
the area denoted as "denuded’, two in the “stunted’ 2zone, and two
were control sites as defined by Boston Edison Company (1980).
Dives were made at 2-week intervals from May through mid-August,
weekly from then until mid-September, and then biweekly through
October. During each dive, two divers descended to the botton
and occupied each station consecutively, recording visual
observations of marine biota, with major emphasis on fish

identification, numbers, and approximate sizes. Bottom water
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temperatures were taken with a hand-held thermometer, and
visibility estimates were made with a Secchi disk. This study
provided direct visual observations of fish numbers, location,
behavior, and condition just outside the discharge canal.
Creel Survey

Sportfish catch at Pilgrim Station’s Shorefront recreational
area in 1887 was monitored by security personnel at the
waterfront in a cooperative effort with us to maintain a database
on the recreational fishery of the area. A questionnaire was
emp.oyed daily to record data on number of anglers, location of

fishing, weather conditions, and catch by species.



IV. RESULTS AND DISCUSSION
A. HYDROGRAPHY

1. WATER TEMPERATURE

In the inshore area of western Cape Cod Bay, we have
recorded ambient water temperaturss ranging from -1 C in February
to 23 C in August at the surface and -1 C in February to 21 C in
September on the bottom. Surface waters begin warming in March or
April, and a thermocline forms at between 5 and 10 @ in June.
Surface to bottom temperature differentials have ranged from 0.5
C to 4.7 C. The highest monthly average w~ter temperature
(ambient) for western Cape Cod Bay between 1970 and 1987 was 18.8
C, obtained in September 1974. The maximum surface temperature
was recorded in August of both 1973 and 1964 at 23 C. Ambient
water temperatures for apring and summer were higher in the
nearby estuary - Plymouth, Kingston, Duxbury Bay - reaching 25 C
in the shallows during summer. Temperatures in Pilgrim Station’s
thermal plume, with the plant fully operational, have peaked at
32 C (svrface and bottom).

During the last five years (1883-1987), surface water
temperatures, overall, were highest in 1983 and 1985; on the
whole, temperatures were somewhat lower in 1986. Most noteworthy
was the markedly lower temperatures found during all seasons of
1984 in the Pilgrim area. A plot of bottom water temperatures for
the sapring is especially insightful (Figure 5) Cooler aprings
are indicated for 1984 and 1887. It 1is likely that lower
commercial lobster catch rates in western Cape Cod Bay in 1984
and 1987 were related to reduced molt probability ind resultant

lower recruitment caused by these cooler spring temperatures.
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Figure 5. Bottom water temperatures (ambient) recorded In
the environs of Pligrim Station during spring,
1983-1987.



2. SALINITY

Surface salinities in the Pilgrim area rangec from 29 to 32
% indicating minimal influence of freshwater drainage from
watersheds. There was little variation among estations esampled
with the average salinity being 31%.. Efficient tidal flushing in
Caps Cod Bay accounts for the small salinity variation within the
Bay as is true with the waters of Massachusetts Bay and the Gulf

of Maine (Davis 1984).
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B. FISHERJES
1. COMMERCIAL LOBSTER POT-CATCH FISHERY

Monitoring the commercial American lobster (Homarus
americanus) fishery in the Pilgrim study area began 15 May and
concluded 27 October, 1987. Lobster catch statistics and
biological data (i.e., length, sex, shell hardneas) were
collected for the 6-month investigation during 11 sampling trips
aboard a commercial lobster boat. Data were recorded for 2,658
lobster taken from 1,818 lobster pot-hauls.

Overall catch per pot for all lobster (legal, sublegal, and
ovigerous females >81 mm) for the Pilgrim area was 1.5, down from
last year's CPUE of 2.2. This decrease in catch rate was due in
part to our change in sampling strategy in 1987. We no longer
monitor the catch of a second lobsterman, who fished deeper
waters in the Pilgrim area and traditionally has caught more
lobster than the individual whose catch we are still sampling.

Twenty-three percent (609) of the total catch were legal
lobster for an annual legal catch rate of 0.33 lcbster/trap-haul.
The lowest monthly legal catch rate occurred in May (0.26), and
the highest of 0.42 in July (Figure 6). This atypical trend in
monthly legal CPUE is attributed to the unusually cold bottom
water temperatures in the spring of 18987 (Figure &), which
potentially effects inshore lobster abundance. The monthly catch
rate of sublegal lobster paralleled that of the overall lobster
CPUE, while wmonthly legal CFUE appeared independent of total
catch.

Females comprised 54% of the annual catch (1.2 female to 1.0

male) and dominated in every month of the study. There were 65
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rigure 8, Monthly lobater catch per trap haul and percent
ovigerous females in the Piigrim area, 1987,



ovigerous (egg-carrying) females sampled (2.4%X of the entire
catch), of which 30 (2 1% of all females) were less than 81 mm in
carapace length. The overall percentage of ovigerous females was
greatest in June (7.9%) and October (11.9%) and lowest in summer
(1.4X in July and August) (Figure 6). The seasonality of
ovigerous females is typical of the two-year reproductive cycle
of the American lobster (Aiken and Waddy 1982). Female lobster
generally breed after the summer molt, but do not extrude
fertilized eggs until fall of the following year. The eggs are
then carried throughout the winter and hatch out in the spring.
2. RESEARCH LOBSTER TRAP FISHING

During the period 20 June through 29 September, 1987, we
conducted controlled research lobster fishing in the environs of
Pilgrim Station (Figure 2). Forty-six sampling days were
completed, during which 5449 lobster were sampled from 2282 trap
hauls. The samples were predominantly composed (86.9%) of
sublegals (< &1 mm carapace length - CL). Of the total catch,
only 712 lobster were legal-sized (2 81 mm CL), with a ratio of
sublegal to legal of 6.7:1. The number caught per trap-haul
ranged from 0 to 15, with legals ranging from 0 to 4 and
sublegals, 0 to 8;in 12% of the +trap-hauls no lobster were
caught.

In 1986, we tagged legal-sized lobsters in order to
determine their recapture rate in our pots; recaptures could then
be discounted and an unbiased estimate of catch obtained. In
1987, we tagged sublegal lobsters to assess the magnitude of
recapture. A total of 488 sublegals (10% of the sublegal catch)
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were tagged and released over the course of the summer. Only
four (0.8%) of the sublegals tagged were recaptured in our gear.
Although, we did not solicit returns from other lobstermen, a few
tags were returned, ail from the immediate area of the study. As
a reesult of the two years of tagging data, we feel that catch
rate need not be adjusted for recapture.

The overall mean CTH (catch-per-trap-haul) for lobster of
all sizes and both sexes in 1987 was 2.1, somewhat higher than
last year’s 1.2. The mean catch rate for sublegal lobster (1.9)
was also up from 1986 (0.2);CTH of legal lobster was 0.3 in 1987
and 1.0 in 19886.

Males comprised 52.3% of the r search catch with an overall
sex ratio of 1.1:1 (males to females). In the commercial catch
for western Cape Cod Bay , conducted primarily in deeper waters
further from shore, females (60.5%) dominated (Bruce Estrella,
personal connunication)1 at a ratio of 1.5:1 (females to males).
Our finding of a higher percentage of males in the inshore
experimental program parallels research in Long Island Sound
(Briggs and Muschacke 1879), where males were found to
predominate in shoal waters. We captured 20 egg-bearing
(ovigerous) females, only 0.4% of the total catch of females; of
these, 8 (40%) were sublegal. The percent females ovigerous in
the commercial catches of the area was 2.4%, with 46X sublegal.

Carapace lengths of the lobster sampled in the experimental
study ranged from 22 -123 mm. Mean carapace length was 72.9 om,
nearly identical to the 1986 value of 72.7. Further, comparison
of length-frequency histograms from 1986 and 1987 (Figure 7)
reveals that size composition of the catch for both years also
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Figure 7. Size distribution of lobster captured In the
research trap fishery off Pligrim Station

in 1986 and 1987




was nearly identical. Kelly et al. (1987) reported that some of
the characteristics that may influence size composition were pot
design, fishing pressure, and habitat characteristics. With
these factors held constant between 1986 and 1987, the closely
matched size compositions suggest good precision in our sampling
program.

The percentage of culls (this category includes lobster with
both missing and regenerating claws) sampled in research fishing
was 20%, which is representative of region in that the cull rate
in the commercial catches was 21.4%. Both of these estimates are
identical to 1986 values (Kelly et al. 1987), suggesting a
leveling off of the trend for increasing numbers of culls
reported for coastal Massachusetts by Estrella and McKcirnan in
1986.

3. MNEARSHORE BENTHIC FINFISH

We completed 107 bottom trawls in the study area in 1987. No
samples were collected in February and April due to adverse
weather conditions. A total of 2,450 fish, representing 30
species, was collected in 1987 (Table 1). A species check list
(Robins et al. 198uU) with scientific names is found in Table 2,
which includes all fish observed or collected by all gear types
in the study area in 1987. Four groundfish - winter flounder,
little skate, windowpane, and northern searobin - comprised B86%
of the 1987 trawl catch. The average catch per tow (CPUE) ior all

species and stations pooled was 22.9. The surveillance stations -

18. Estrella, Senior Marine Fisheries Biologist, Coastal
Lobster Investigations. Massachusetts Division of Marine Fisheries,
Sandwich, MA.
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the Intake embayment (Station 8) and by the puwer plant diecharge
canal (Station 3) - yielded the highest CPUE'e of 28.2 and 25.3
(pooled species), respectively.
Winter flounder

Winter flounder ranked first in catch (34%, all stations
pooled) for the study area, but was second to little skate at
three of the four stations. The mean CPUE for all stations
combined declined slightly from last year’s value of 9.0 to 7.7.
Station 6 ranked first in winter flounder catch abundance with an
annual mean CPUE of 14.8; Station 1 (reference) was last with an
annual mean CPUL of 5.5 (Table 3).

Winter flounder seasonal trawl catch rates at each station
(Figure 8) followed a similar pattern of lowest catches in
winter, peak catches in spring, fairly high summer catches,
followed by reduced catches in the fall (with the exception of
Station 1, when the nadir occurred in fall). Station 6 was
higheat in CPUE for every season except winter.

Little skate

Little skate ranked second, comprising 30% of the overall
total catch. Mean annual catch per tow of little skate for all
stations pooled was 7.0, as compared with 9.6 in 1886. As in
1988, this epecies was the dominant finfish trawled at all
stations except in the Intake embayment. The highest annual
astation catch rate of 9.4 occurred at the Discharge site .
while the Intake had the lowest annual CPUE of 5.5 (Table 3).

Catch rates for little skate exhibited a similar overall

seasonal pattern at each station: very low values in winter, peak

catchee in spring, the beginning of a decline in summer, followed




Table 3 . Bottom trawl catch data for dominant groundfish in the
vicinity of Pilgrim Station, January-December, 1987,
Winter Little
flounder skate Windowpane
STATION
Mean catch/tow* 8.5 5.7 4.2
Mean size (cm) 28.7 39.9 25.7
Size range (cm) 11-40 14-51 15-31
STATION 3
Mean catch/tow * 7.3 9.4 3.6
*‘u .u'. (u) 2!07 35-2 2200
Size range (cm) 8-40 12-54 13-31
STATION 4
Mean catch/tow* 5.9 6.7 3.3
Mean size (cm) 30.1 37.9 1.3
Size range (cm) 11=44 19-55 11-31
STATION 6
Mean catch/tow* 14.8 3.5 a3
Mean size (cm) 27.6 37.9 21.4
S§ize range (cm) 4~45 18-54 11-35

*Catch rates were expanded for tows less than the standard !S-minute duration.

Shaded rows are data collected at surveillance stations.

.
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Winter flounder seasonal catch/tow

NUMBER OF FISH/TOW

WINTER SPRING SUMMER FALL
SEASON
B STATION 1-REFERENCE EZ2 STATION 3-DISCHARGE

[ ] STATION 4-REFERENCE Bl STATION 8-INTAKE

Figure 8. Seasonal mean trawl catch rates for winter
flounder by station In Pillgrim area, 1987.




by a wmarked decline in fall (Figure 9). In the epring, little

skate were most abundant in the Intake (18.5), but in the summer
relative abundance was highest in the Discharge area (14.5).
Windowpane

Windowpane was third overall in annual tracl catch (16%) for
the fifth consecutive year. The mean annual CPUE for all stations
combined was 3.7, down from 4.6 in 1986. The highest annual CPUE
for windowpane (4.2) was recorded at Station 1 in Warren Cove for
the fifth consecutive year. The indices at the other stations
ranged from 3.3 - 3.6 (Table 3). Seasonally, windowpane were
generally absent from winter groundfish catches (Figure 10).
Catches were by far the highest in spring, followed by reduced
abundances in summer/fall.

Northern sea robin

Northern sea robin was fourth in trawl catch, with an

overall CPUE of 1.4. However, 86% of the total harvest was
captured during one day in May. The occurrence of this species
was extremely sporadic.
Yellowtail flounder

Yellowtail flounder ranked fifth in annual relative
abundance for the fourth consecutive year. The annual mean CPUE
(0.6) for all stations pooled was similar to last year's rate.
Thie flatfish was slightly more abundant at Station 3 than at the
other sites sampled.

Atlantic cod

Young-of-the-year Atlantic cod (Gadus morhua) of 3-6 cm
length wer2 unusually abundant in this year's catch, comprising
2.6% of the annual trawl total. These small cod were captured in
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Little skaie seasonal catch/tow
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Figure 8. Seasonal mean trawl caich rates for little skate
by statiom Iin Pligrim area, 1987.
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Figue 10. Seasonal mean trawl catch rates for windowpane
by station In Pligrim area, 1987.



September and October at alli stations.
4. = i85

A total of 2578 fish, comprising 32 species was gill-netted
during 12 sets made in 1987 (Table 4). No sampling was conducted
during January and February due to inclement weather. A sudden
storm in December caused the destruction of the net with
subrequent loss of data. Annual mean CPUE for pooled species was
189.6 fish/set (Figure 11), a notable increase over last year's
99.6 fish/set. This high rate may be partially the result of the
absence of data from January, February, and December, months when
colder water temperatures generally result in smaller catches.
When averaged into annual catch statistica, the low CPUE's
(catch-per-unit-effort) of these months usually cause a lowering
of the overall estimate. The unusually large pulse of northern
sea robin in May and June undoubtedly also contributed to the

higher overall catch rate.

Table 4. Number and percentage composition of selected
finfish species captured by gill net (7 panels of 3.8-15.2 cm
merh) in the vicinity of Pilgrim Nuclear Power Station, January-
December, 1987,

: Percent of

Species Number total catch
NorthLern sea robin 904 35.1
Pollock 521 20.2
Atlantic herring 456 17.1
Cunner 166 6.4
Alewife 84 3.3
Tautog 80 3.1
Bluefish 66 2.6
Others 301 12.2
Total = 32 specles __ 2.578 Lk e L

* The remaining species were not found in abundance.
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Pooled Species
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Figure 11 Indices of relative abundance (catch-per-unit-
effort) for pooled finfish species captured In
Western Cape Cod Bay near Pligrim Station based
on standardized gill net gear.



A new species was added to the project check-list - a sand
tiger shark weasuring 10) om, was captured on 16 Septenber.
Castro (1983) reports that this species is a common summer
visitor to the inshore waters of southern New England.

The dominant epecies was northern sea robin, comprising 35%
of the total catch. Pollock, Atlantic herring, and cunner were
the next moet abundant species (Table 4), with 20%, 17% and 6% of
the total catch, respectively.

Northern sea robin

Although a commcn component of project gill-net and trawl
catches, the extremely large numbers taken by both gear types,
gil]l net in particular, during May (428 fish) and June (391 fish)
of this year are beat viewed as being an anomaly. During the
spring and summer, northern sea robin are commonly taken in the
gill-net, but generally in much smaller numbers than in 1887,
Bigelow and Schroeder (1953) report that northern sea robin are
common visitors to inshore waters during the warmer months.
However, beyond basic life history, little appears to Dbe known
about their stock size or trends in abundance over time.

Pollock

Comprising 20% of the total catch, pollock was the second
most abundant gpeciea captured by gill net. GSeasonal estimates
of abundance using the index of CPUE, were 45.3 and 41.8 fish/set
in the spring and summer and 57.7 fish/set in the fall,
suggesting a stable, if seasonal, local population during 1987,
Comparison of annual trends in CPUE over time (Figure 12),
reveal that the 1987 value, 39.6, represents a slight decrease
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Figure 12_ Indices of relative abundance (catch-per-unit-
effort for pollock captured In Western Cape Cod
Bay near Pligrim Station based on standardized
g!ll net gear (5 panels of 3.8-8.9 cm mesh) and
procedures, 1871-1887.
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Atlantic Herring
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Figure 13. Indices of relative abundance (catch-per-unit-
effort) for Atlantic herring captured In Western
Cepe Cod Bay near Pilgrim Station based on

standardized qlll net gear (5 panels of 3.8-8.9
cm mesh) and procadures, 1971-1987.
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Figure 4. Indices of ielative abundance (catch-per-unit-
effort) tor cunner captured In Western Cape Cod
Bay near Pligrim Station based on standardlzed
gill net gear (5 panels of 3.8-8.9 cm mesh) and
procedures, 1971-1987.



the plant is not operational. Most are captured only
sporadically and have never occupied positions of dominance in
gill-net records.
5. SLORE-ZONE FISHES
A total of 30,146 finfish representing 29 species was

captured in the 45.7 meter haul seines from June-November, 1987
(Table 5). The mean catch of finfish per standard seine set for
all stations and species pooled increased by a magnitude of 2.4
from 1986. An increase in catch rates (pooled stations) of
Atlantic silverside, blueback herring, alewife, and sand lance
contributed greatly to the overall incr:ase. Station catch rates
pooled by species increased at all sites from last year, with the
largest gains at Warren Cove (3.2 fold) and Manomet Point (4.6
fold).

Seine catches were highest overall at [.ong Point where over
80% of the total was obtazined (Table 5). This was primarily a
result of the abundance of silversides there. Overall, catches
again were relatively low at Manomet Point and Warren Cove. In
terms of total fisk caught, the Intake station was for the second
consecutive year more similar to Long Point, an estuarine
location, than to the exposed coastal beach stations at Warrea
Cove and Manomet Point.

Atlantic silverside

Five taxa - Atlantic silverside. blueback herring, sand
lance gpp., alewife, and winter flourder - comprised 98% of the
overall c¢atch. The Atlantic silverside dominated the catches
again as it has every year since the study’'s inception in 1981,
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Tatle § . Shore-zone fishes captured by haul seine at four stations in
the vicinity of Pilgrim Nuclear Power Station, June-November,
1987, (Shaded column is dzta from surveillance station),

Species Abundance

Station
Warren Pilgrim Long Manczet Total Percent of
ngies Cove Intake? Point Point Nusber total catch
tlantic silverside 2602 DTN BEESTILY 1117 23568  78.2
ueback herring 2z §2518. ¢ 2 8 2550 8.5
nd lance spp. 2 22056 0 4 2062 6.8
ewife 1 #1055 22 1 1079 3.6
ter flounder 15 25 53 271 0.9
laatic herrizs 5 2 0 148 0.5
Flantic tomcod 20 45 0 128 0.4
brehern pipefish 17 37 3 108 0.4
tlantic menhaden 0 0 0 53 0.2
dowmane 15 20 3 43 0.1
er 14 10 0 43 0.1
er spp.2 14 44 15 91 0.3
ytal number of fish 2728 18640 1204 30146
rnbnt of sets 21 22 19 82
tch/set 129.9 847.3 63.4 367.4
tal asumber of species 16 19 16 29
rcent of total catch 9.0 61.8 4.0
F‘
Species percent frequency of oc-~urrence,
Statdon
Warren Pilgrin Long Mancmet All Stations
Soecies Cove Intakel Point Point Pooled
Atlantic silverside  38.1 5.0 68.2 $2.6 56.1
Blueback herring 3.8 15,0 9.1 2l.1 17.1
Alewife 4.8 13.0: 13.6 5.3 9.8
Winter flounder 2.8 738 54,5 57.9 52.4
Atlantic herring 9.5 100 9.1 0.0 743
Atlantic tomeod 19.0 10.0° 31.8 0.0 15.9
Northern pipefish 14.3 68,0 40.9 10.5 28.0
Atlantic =enhaden 0.0 e 0.0 0.0 1.2
Windowpane 38.! 15.Q 45.5 15.8 29.3
Cuanrer 9.5 25,0 31.8 0.0 17.1

l45.7 m X 3.0 seine; other sites sampled with 45.7 m x 1.5 m seine

2Represents pooled total for 18 species of infrequent occurrence in haul seine,.
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accounting for 78% of the fish caught. Of the total silverside
catch, 78% came from the Intake. This species dominated in both
catch-per-unit-effort and percent frequency of occurrence (Table
5) at ali sites except Manom2t Po.nt, where it ranked second to
winter flounder in the latter category. Catch rates for Atlantic

silverside were up from 1986 throughcut the study area, with the
greatest increases at Long Point and the Intake embayment at
Pilgrim Station.
Blueback herring

Blueback herring comprised 8% of the total and were captured
at all stations. Ninety-eight percent were caught, however, on
two samplirg days (August 14 and September 15) in the Intake
embayment. Although this schooling fish ranked second in
numerical abundance, it was fifth in frequency of occurrence;
this species’ aggregated distribution affects its availability
to capture in any year.

Sand lance spp.

inanked third, sand lance spp. were caught almost exclusively
(> 99%) in the Intake, with 94% of the total study catch captured
on one June day. Sand lance spend a substantial portion of their
time burrowed in sand bottoms, and mey undertake seascnal
migrations to deeper waters in Cape Cod Bay in winter and summer
(Bigelow and Schroeder 1953). Th. mean catch rate of sand lance
at the Intake increased 42% from 19886.

Alewife and winter flounder

Alewife and winter flounder ranked fourth and fifth,

regpectively, in catch abundance. Alewives were infrequently

caught, with the largest catch made in August 1in the Inrntake,

7
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netting 93% of the year's tally. Winter flounder wasg second
24 Yy Yy

overall in frequency of occurrence, which reflects a relat

ively

ubiquitoug distribution. Catch rate for this flatfish was highest

at Pilgrim Intake, where it ranked first in percent frequency of

occurrence .

Seine catches were highest in August and September,

concomitant with the highest water temperatures of the year.
relaticnship has occurred every year of our seine study
November, moderate catches were made at the Intake and Long
gtations, with silversides, winter flounder and windowpane
inhabiting the cooler shallow waters of late fall.
Annual apecies diversity was highest at Pilgrim Intake
and lLong Point 9 species). In terms

f occurrence lominar gpeciet lgrim

This

; In

Point

Long Point Of the 29 species se »d in this study,

all stations; by contrast, 2 species were

n, Pilgrim

finfish d

taken




Additional Small Seine Sampling

Using a smaller foot-seine (6 m), and sampling mostly the
high tide, a total of 5,317 fish representing 15 taxonomic groups
was captured in the shore zone from June-November (Table 6).
With little salinity variation (range 29-32% ) amongst s“ations,
temperature was a more important factor governing the seasonal
occurrence and abundance of fish along the shoreline.

Overall, catches with the small seine were highest at Long
Point (Station 5), including total fish, number of species, and
catch per effort. For the entire studyl area, four taxa
contributed over 97% of the catch: Atlantic silverside, sard
lance spp., Atlantic menhaden, and blueback herring which each
contributed at least three percent to the total percent species
composition. The first three taxa were reported as dominants in
the shore 2zone of Long Island Sound at Millstone Point,
Connecticut (Birely 1984).

The Atlantic silverside was by far the dominant fish of the
shore zone in the Pilgrim area; over three-quarters of the fish
captured by all seining operations were silversides. Collected
at all seining stations, this species comprised 96% or more of
the catch at four of the six sites. Catch per standard seine
haul (index of relative abundance) was highest at Long Point

(Station &) at 69 silversides/haul, followed by Long Beach

(Scation 1) at 39 per haul. The relative abundance of
silversides was similar at Warren Cove (Station 2 - 27.3 and the
Pilgrim Station intake ramp (Station 6) - 29.2.

All menhaden and most of the blueback herring were captured

at the head of the intake embayment (Station 3). The majority of

T
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Table ¢ . Shore-zone fishes captured by foot-seine at six stations in
the environs of Pilgrim Nuclear Power Statfon, June-Novewber, 1987.

Station
1 2 3 4 5 6
Long Warren Pllgrim Manomet Long Pilgrim Total Percent of

Species Beach Cove Intake Beach Polnt Point Intake Ramp Num.er Total Catch
Atlantic silverside 1012 656 156 324 1793 175 411€ 77.4
Sand lance spp. 0 0 2 553 0 0 555 10.4
Atlantic menhaden 0 0 357 0 0 0 357 6.7
Blucback herring 0 2 150 0 0 1 153 2.9
Winter flounder 1 6 2 i8 15 0 42 0.8
Windowpane 7 4 0 3 21 0 35 0.7
dorthern pipefish 0 0 0 2 25 0 27 0.5
i‘(!u‘l.’;] 0 1 2 3 23 3 32 0-6

i

» Total no. of fish 1020 669 669 903 1877 179 5317

'
wo ol sets 26 24 26 26 26 6 134
Catch/set 39.2 27.9 25.2 34.7 12.2 29.8 39.7
do. of specles 3 6 8 7 11 5 15
'_,‘_1_‘_:"1 total \dl\h “).2 12.6 '2!6 17.0 35.3 3-6

Represents pooled totals for eight species of low catch abundance, including mummichog, alewife, Atlantic tomcod,
srubby, cunner, longhorn sculpin, seasnail, and tautog.

haded column is data from surveillance statioun.




sand lance, however, were taken at Manomet Point (Station 4),

while winter flounder catches were highest at the latter location
and at Long Point.
6. UNDERWATER FINFISH OBSERYATIONS

Observational diving began in early May, with a total of 13
dives made throvgh mid-November. Over 500 fish, comprising 7
speciegs (Table 7) were observed in the study area (Figure 3).
Invertebrates noted included blue musaels (Mytilus edulis),
lobster, starfish (Asterias spp.), and rock and Jjonah crabs
(Cancer borealis and C. irroratus). As in 1986, we continued
qualitative observation of Irish moss (Chondrus crispus) growth
and distribution along a transect used by Battelle resea. chers in

the discharge area.

Table 7. Abundance and distribution of all species
observed during underwater observations, May
-November, 1987.

Number Station

obsarved % of where most
Species bty divers teotal abundant
Cunner 422 78.17 o 5; + C2
Pollock 93 17.4 Dl
Tautog 10 1.9 Dz + Cl
Rock gunnel 8 1.5 Dl
Otherx 3 0.6

* Longhorn sculpin, Strfﬁed bass, winter flounder

Estimates of visibility in the water column (obtained
laterally with a diver-held secchi disk and metered line) ranged
from 2.5 - 10 m (average 6.3 m), depending on sea condition and
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incident 1light. Average visibility in 1985 and 1986 (outage
year) was 2.5 and 7 m, respectively, further evidence of enhanced
water <c¢larity during p iods of outage as noted by Kelly et al.
(18987) in 1986.

Overall abundance (536 fish) was at ite 'Hwest point since
the inception of the diving study, due primarily to greatly
reduced numbers of cunner and tautog. The majority of fish (45%)
were observed in the discharge area (D), with 36% sighted in the
control area (C), and 19% in the stunted area (S).

Cunner remained the finfish species most often geen by
project divers, comprising 78.7% of all sightings (Table 7).
Cunner were found at all stations, but were most commonly found
in the control area and at Station Dy. The total number
obsarved, 422, 1is the lowest of the study, an apparent
continuation of the downward trend noted in 1986 by Kelly et al.
(1987).

Found primarily in the discharge 2zone (83% of all
sightings), pollock was the second most abundant species observed
(Table 7). The 1987 total, 93, represents a decrease from the
1986 total of 130. However, as this species is highly active,
occurrence in diver observations is more a matter of chance than
a true representation of local pollock abundance.

Tautog ranked third in number of fish sighted (Table 7).
Their abundance, like that of cunner, was at its lowest level of
the dive program. Occurrence was evenly spread throughout the
discharge and control areas.

Rock gunnel, found primarily under and around the large

erratic at Station Dl' was fourth in abundance. This samall

-
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benthic species is a common inhabitant ot the subtidal area
(Bigelow and Schroeder 1953) and is most often sighted under
rocas or Dbeneath clumps of algae. Because of 1ts small size
(generally around 15 cm), the rock gunnel is easily over-looked
unless specifically sought. Though commonly found by divers and
in the trawl, relative abundance of this species in the Pilgrim
Station area is largely unknown.

The remaining species comprised less than 1% of the total
sightings, each represented by a single individual (Table 7).

7. GEORTFISHING

During the 1987 informal creel survey, conducted from April
- November, reportedly only 1,250 angler trips were made to the
Shorefront, and seven species of fish were caught. Of the
sportfish catch (approximately 300 fish), cunner - 56%, winter
flounder - 22%, and bluefish - 11%, comprised 89% of the total,
while tautog, pollock, skate, and striped bass accounted for the
remainder. This is the same ranan uorder of abundance as reflected
in last year’'s sportfish catch at Pilgrim Shorefront.

Fishing occurred from the two discharge jetties, the outer
intake breakwater, and the head of the intake embayment. Still-
fishing with natural bait was by far the most popular method from
the breakwater. Casting artificial lures was the predominant
technique from the discharge jetties.

Fishing pressure increased over the spring and was highest
in July and August, when over 50% of the fishing trips took
place, declining thereafter. Over 50 percent of the angling
trips in 1986 also occurred in the summer period - June and July.
This seasona! distribution of fishing activity has been
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consistent over the years (Lawton et al. 1984). Favorable
weather conditions and the traditional summer vacation period are
obvious contributing factors to this pattern of fishing effort.
Highest sportfish catches in number of species and total
fish were recorded in July, followed by August. Cunner was

numerically dominant, being angled June-August; peak fishing

occurred in July, when 88% of the cunner were taken. Winter
flounder ranked second in sportfish catch and were caught May-
November. Highest catches of winter flounder were made in June,
July, and August. Taken August-October, bluefish were most
frequently caught in August. Overallicatches were extremely low

relative to records from past years.
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V. CONCLUSIONS

Lobster - Commercial Fishery

Catch statistics and biological data for the commercial

lobster fishery in the Pilgrim area were collected from over
2,600 lobster taken from mid-May through October 1987. Catch per
unit effort (CPUE) of total lobster decreased from 1986. Legal
catch rate was also down, averaging 0.33 for the study period;
the range was from 0.28 in May to 0.42 in July. This decline was
partly a function of the change in our sampling regimen (we now
sample the commercial catch of only one lobsterman). Unusually
cold bottom water temperatures in the spring liekly depressed the
commercial catch. Females oitnumbered males in monthly catches.
The seasonality of percent ovigerous females has been similar the
last three years.
Lobaster - Research Study

Catches from controlled trap fishing (late June-September)
were predominantly sublegal lobster (87%). Catch rates (mean
catch per trap haul) of legals and sublegals were higher in 1987
than in 1986. The legal catch rate (0.3) for our research study
matched up well with that from the commercial lobsterman sampled
in the area (0.33). Mean carapace lengths and size compositions
of catches were nearly identical in 1886 and 1987. Males
slightly outnumbered females (1.1:1) in research trapping, which
contrasis slightly with commercial ¢trap data (1 male:1.5
females). Only 0.4% of the research catch of females were
ovigerous females as compared to 2.4% of the commercial catch.
The percentage of culls in the researzh catch (20%) approached
of

that the commercial catch (21.4%) and was identical to the
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1986 level. Only 0.8% of the sublegal lobster we tagged were
recovered in our gear, obviating the need to adjust our sublegal
catch rates.
Groundfinh
Thirty fish species were collected by bottom trawling in the

nearshore area in the environs of Pilgrim Station. Four species

comprised 86% of the catch. The average catch per standard trawl
(CPUE) for all species and stations combined was 22.9, with the
two surveillance stations yielding the highest overall CPUE’s.
Winter flounder ranked first in total catch (34%) due to ist
abundance in the Intake embayment. Although 1little ekate
dominated trawl catches at the other sampling stations, it ranked
second in total catch (30%). Little skate were most abundant in
the Discharge area. Over the last 4-5 years, windowpane and
yellowtail flounder have ranked third and fifth, respectively, in
trawl catch. Catch rates in the Pilgrim area declined from 1883
to 1987 for the top three species but remaired at a =zimilar level
for yellowtail flounder. Young-of-the-year Atlantic cod captured
in September and October were unusually abundant at all sampling
sites,
Pelagic and Benthi-pelagic Fishesg

Thirty-ctwo fish species were netted in monthly gill net
canpling. Annual mean CPUE of pooled species was up from last
Jenr. Northern searobin led all species in catch for the first
time, comprising 35% of the total. A.though this species is
common to our inshore waters in warmer months, the reason for the

large catches in 1987 ie unknown. Pollock ranked second (20%),
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with their numbers being quite similar to the last four vyears.

Atlantic herring was third (18%), and cunner, fourth (6%) in
catch abundance. The latter was at its lowest relative abundance
of the entire survey, suggesting a decline in the local
population. The remaining species were taken in relatively low

numbere. A sand tiger shark was captured for the first time in

the Pilgrim area since studies began in 1969.
Shors Zone Fish

Twenty-nine fish species were captured in the 45.7 m haul
seine study from June-November 1987. An increace in the catch
rates, of Atlantic silverside, blueback herring, alewife, and
sand lance greatly contributed to increase the overall 1987 mean
catch per seine nhaul in the study area for all species combined.
Station catch rates for pooled species aleo increased from 19885
to 1887. Five species comprised 98% of the total catch. The
Atlantic silverside continued to dominate catches, as it has
eince the beginning of the study in 1981, comprising 78% of the
total catch and ranking first in both overall CPUE and overall
percent frequency of occurrence. Blueback herring were second in
rumerical abundance (8.5%) but fifth in frequency of occurrence.
Sand lance numerically ranked third (6.8%). They were, however,
caught 2lmost exclusively at the Intake Station, with 94% of
their to:zl catch occurring in June. Alewives ranked fourth in
relative abundance (3.6%), with 93% of their total catcn occuring
in Auguct. Winter flounder were fifth in catch abundance (0.9%)
but second in overall frequency of occurrence. l.ighest seine
catches continued tc¢ occur in August and September when area

water temperatures peak. Annual species diversity was highest at
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the Pilgrim Intake Station (20 species) followed by the Long
Point Station (19 species). Relative abundance, due primarily to
the large number of silversides, was highest at Long Point.

In conjunction with the larger haul seines, a 6 m seine was
used to sample finfish in the study area June-November 1987.
Fifteen species were collected. Four species (Atlantic
eilverside, sand lance, Atlantic menhaden, and blueback herring)
compricsed 97% of the catch with Atlantic silversides again
dominating. Total number of fish, CPUE, and diversity were
highest at Long Point. All the menhaden and most of the blueback
herring were captured in the Intake.

Underwater Finfish Qbservations

Seven finfish species were observed by divers in the study
area from early May to mid-November. The overall number of fish
recorded was at its lowest point since the inception of diving
observations, primarily due to the decline in sightings of
cunner and tautog. The majority of fish (45%) were cbserved in
the discharge area followed closely by the ccntrol area (36%).
Although apparently continuing a decline noted in 1986, cunner
remained the predominant species seen (79% of the sightings).
Pollock ranked second (14%) but declined in numbers from 1886.
This decline, however, may be more a result of fish activity than
a decrease in populaticon abundance. Tautog was third in
numerical abundance (2%) and, like cunner, was at its lowest
level of the study. Rock gunnel was fourth in abundance (1.5%).
The remaining fish species comprised less than 1% of the total
gightings. Periods of plant outage generally increased visibility
as noted in 1986,
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Sportfishing

An informal creel survey was again conducted at Pilgrim
Shorefront from April-November. An estimated 1,250 angler trips
were made to the area and an estimated 300 fish caught
representing seven species. Cunner (56%), winter flounder (22%)
and bluefish (11%) comprised almost 90% of the landings. Fishing
activity was greatest in June and July. Highest catches were
garnered in July and August; with cunner predsminating in July
and bluefish in August. Overall catches were extremely low

relative to past records.
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bars for little skate by station in the Pilgrim
area, 1987. Note changes in Y-axis scale with season.

v 49 Seasonal mean trawl catch rates with vertical error 21
baras for windowpane by station in the Pilgrim
area, 1987. Note changes in Y-axis scale with season

8 Cumulative length frequency distributions by station 23
for winter flounder trawled in spring and summer
196/, near Pilgrim Station

9 Mean annual gill net catch per unit effort for 25
pollock in the Pilgrim Station area and annual
Unit I Capacity Factor (MDC Net %) at Pilgrim
Station, 1971-1987

Mean gill net catch per unit effort for cunner 28

in the Pilgrim Station area and seasonal Unit 1
Capacity Factor (MDC Net %) at Pilgrim Station,
1971

11 The average gill net catch/effort for Atlantic 31
herring in the Pilgrim Station area and yearly
UOnit I Capacity Factor (MDC Net %) at Pilgrim

Station, 1971-1987




Mean gill net catch rate of tautog in the Pilgrim
Station area and sz2asonal Unit I Capacity Factor
(MDC Net %) at Pilgrim Station, 1971-1987

Catch rate of alewife captured by gill net in the
Pilgrim Station area and seasonal Unit [ Capacity
Factor (MDC Net %) at Pilgrim Station, 1971-1987.

Distribution of finfish observed by divers in each
zc.ne (S-stunted; D-denuded; C-control) off Pilgrim
Station discharge canal, 1983-1987.

Index of relative abundance (fish/dive) for cunner
observed by divers at Pilgrim Station, 1981-1987.

Distribution of cunner observed by divers in each
zone (S=stunted; D=denuded; C=control) off the
Pilgrim Station discharge canal, 1983-1987

Annual mean circulating water pump operation at
Pilgrim Station, 1981-1987

Index of relative abundance (fish/dive) for tautog
observed by divers off Pilgrim Station, 1981-1987

Distribution of tautog observed by divers in each
zone (S=zstunted; D=zdenuded; C=zcontrol) off the
Pilgrim Station discharge canal, 1983-1987
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I. EXECUTIVE SUMMARY

In accordance with the operational monitoring and reporting
requirements of the U.S. Environmental Protection Agency and the
Massachusetta Division of Water Pollution Control, marine
ecological studies were continued at Pilgrim Nuclear Power
Station in 1987. Marine Fieheries studies were recommended and
approved by the Pilgrim Administrative-Technical Committee, an
overgight committee established to insure Lhat Pilgrim Station
marine studies have the benefit of qualified scientific input and
are responsive to regulatory agency concerns. Fisheries”
sampling data were collected from reference and surveillance
stations to assess plant impact. Emphasis was placed on
comparing data from from 1983 and 1985, years of high power plant
thermal output (>80% capacity), with 1984 (outage), 1986 (low
output), and 1987 (outage).

Results this year confirmed that the power plant outage has
resulted in localized environmencal differences from when the
plant was operating. Sportfish catches of striped bass and
bluefish were markedly reduced without the thermal discharge. It
was more evident +that cunner area attracted to the current
component of the Station discharge. LiX cunner, tautog data
guppori some attraction for thit species to the discharge
current. There appears to be an inverse relaticnship between the

commercial legal lobster catch rate in the discharge area and the

PNPS cooling water discharge.




IT. INTRODUCTION

Monitoring studies were conducted by the Massachusetts
Division of Marine Fisheries to assess environmental impact
induced by Pilgrim Nuclear Power Station. Ecological
investigations of fisheries resources in the surrounding waters
of Western Cape Cod Bay for 1987 were funded by Boston Edison
Company under Furchase Order No. 63644. Sampling date were
collected from refarence and surveillance stations during
January-December, 1887; analysis included a summarization of the
data and a discussion in relation to past findings. It is noted
that the plant did not operate the entire year of 18987. This
outage regated waste heat discharge, and current flow was reduced
or nil. Measurements, counts, percentages, and indices of
abundance are used in this report to identify trends and/or
relationships in the data both spatially and temporally. Volume
2 is an assessment of power gplant impact on tlre marine
environment. Emphasis was placed >n comparing data from 1983 and
1985, years of high power plant thermal output (> 80% capacity),
with 1984 (outage year), 1986 (low output year: 17.5% capacity)
and 1987 (outage year).

Plates 1-12 (found on the next geveral pages) depict
sampling program operations to asgess power plant impact on
fisheries resources in the western inshore region of Cape Cod

Bay .
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ITT. RESULTS AND DISCUSSION

A. PHYSICAL (ABIOTIC) FACTORS
1. POWER QUTPUT AND THERMAL CAPACITY - IMPACT ANALYSIS

To assess power plant impact on marine fisheries  resources
in the surrounding waters of Cape Cod Bay, we compared assessment
data with the Pilgrim Nuclear Power Station Unit I Maximum
Capacity Factor (MDC Net %X). The latter is an index of
operational output which roughly approximates thermal loading
(calefaction) to the marine environment (100% MDC = 15.1 C above
ambient water temperature, referred to asT). Since inception of
plant operation in July 1972, the annual MDC factor at Pilgrim
Station has ranged from 0.CX%X this year (1987), an outage year, to
a high of 84 .4% in 1985 (Figure 1). The power level capacity was
also extremely low (0.1%) in 1984 (essentially an outage year),
while it exceeded 80% during two other years besides 1885, wviz.
1979 and 1983. In this report, we stress data comparisons for
1984, 1986 (17.5% aanual MDC),and 1987 with the two recent years
(1983 and i985) of high operational output. Pilgrim Station has
cperated over the years at a cumulative capacity factor of just
under 50% (~ 7 C A& T above ambient) or at just about half ite
possible output. With this operational history, we probably have

not fully realized to date potential plant impact on aquatic

resources .

2. DISCHARGE CURRENT

At the Pilgrim S.ation site, localized currents are induced
by the plant s circulating water intake and discharge. This once-
through cooling system, besides removing waste heat from the
plant’s condenser tubes, releasea a current of water which has

S
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the physical effect of a scouring or abrasive action on the
benthic environment. Furthe:more, the interaction of
temperature, salinity, and currents is important in influencing
the occurrence, distribution, and abundance of marine life.
During the plant outage of 1984, one or both circulating

seawater pumps were off (Figure 1), thus minimizing or at least

substantially reducing the offshore discharge currenct. In 1986,
both pumps were operated from the beginning of January te early
March; thereafter during the outage only one pump was utilized.
With the outage continuing in 1987, the plant’s two circulzating
punps were off from approximately March-August, while  one
circulating pump was run during the majority of the other six
months . During the remainder of the time from 19U3-1887 both
circulating seawater pumps were operating.
3 .WATER TEMPERATURES

Taking a closer look at water temperaturce in the Pilgrim
area for the last five years, we found, as expected, in 1983 and
1985 (>80% power plant capacity) seasonal water temperatures were
generally highest in the discharge area because of the addition
of waste heat to the waters contiguous to the power plant (Figure
2). Whereas the extent of the near-field region delimited by the
discharge flow included a 1,100 n’ to 1,400 m? ‘denuded” zone
(primarily a result of scouring), a peripheral area of ’“stunted’
algal growth of about 1,900 n2 to 2,900 n2 resulted from the
thermal component of the discharge (Bridges and Anderson 1884).
In summer with the power plant at 100% operating load, we have

measured a temperature differential (AT) up to about 15 C

S




between discharge ond ambieut waters. Conversely, in 1984 (outage

yea,), 1986 (plant outage April-December), and 1987 (outage

levels (Figure 2).

|
|
year), water temperatures in the discharge area mirrored awsbient
\
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B. IMPACT OF PII3RIM STATION ON FISHERIES RESOURCES
1. COMMERCIAL LOBSTER PQT-CATCH FISHERY

Pooled lobster catch statistice from the surveillance
(discharge) quadrats (H-11, H-12, I-11, and 1-12) were compared
with data from the following reference quadrats (E-13, E-14, and
F-13) located in Warren Cove (Figure 3) to assess the imract of
Pilgrim Station on the local lobster population and fishery. L)
can compare data collected in 1987 with past years because the
same lobsterman has supplied most, if not all, of the
impact/control data.

Females outnumbered males in the catecl! for the entire study
area in 1987. Of all the lobaster sampled, 54% were females. In
the surveillance area, females comprised 53X of the sampled
catch; while at the reference quadrats, females comprised 87% of
the catch.

As in 1986, the percentage of culis in the surveillance area
in 1987 was markedly lower (12.3%) than in the reference area
(21.4%). & chi-square test (Sokal and Rohlf 1968) showed this
difference to be significant (P < 0.05, in 1987. Lobster cull
rate is enhanced by lobster fishing and bottom trasl activity
(Keser et al. 1983; Estrella and McKiernan 1986). In Warren Cove
(reference area), commercial trawling is seasonally (November
March) conducted for groundfish; this may account for the higher
cull rate there.

The 1987 mear catch rate (catch in nrumber of lobsters per
trap haul) for legal-sized lobsters (2> 81 mm carapace length -
CL) in the surveillance area was 0.34 legals/trap-haul, while the

reference area’'s legal catch rate was markedly lower at 0. 20
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The catch rate at the control area dropped over 50% from last

year. Mean legal catch rates in the discharge area have declined
slightly over the last five years, ranging from 0.47 in 1983 to
0.34 4in 1987. The legal catch rate there was 0.40 in 1985 and
1986 and 0.42 in 1084.

This contraste with the trend for the Pilgrim area and for
coastal waters overall. With the cooler ambient temperature
regime in 1984 (Estrella 1985), the early season molt apparently
was depressed or at least delayed; this, in turn, would have
affected recruitment to legal size and impeded lobster activity
(Campbell 1983; Eatre'la 1985). The mean catch rate of legal-
sized lobster in western Cape Cod Bay was lower by about 50% or
mecre in 1984 (0.32 legals/trap haul) compared to 1983 (0.61),
1985 (0.66), and 1986 (0.77). The catch rate in 1987 was 0.51.
According to Eestrella (1985) and Ertrella and McKiernan (1986),
the coastwide commercial catch rate (catch per trap haul) of
marketahle .obster in 1984 was lower than in 1983 and 1985 by 16%
and 20%, respectively. Record lobster landings were documented
for Massachusetts in 1985 and 19886 (Estrella and McKiernan 1986).
Cape Cod Bay lobstermen had to contend with colder apring
temperatures again in 1987 which delayed the lobster molt,
resulting in a 34% reduction in commercial catch rate from 1986.

We tested catch data using several nonparametric statistical
tests, which are not dependent on a given distribution but
usually work for a wide range of distributions (Sokal and Rohlf
1969). Annual legal catch rates were compared for the discharge
and reference areas for block periode of time. The Kruskal-

«10=



Wallis test revealed no statistical differences (P > 0.05)
between areas over the entire survey, for the
preoperational /outage years, or for the operatiocnal years. With
the Wilcoxon’s signed-ranks test of legal catch rates by year
(operational) arranged as paired observations (surveillance
versus reference), we found no significant differences in CPUE (P
> 0.05) betlween control and test areas.

Catch sampling data and piant thermal output were examined
for a relationship using correlational analysis (Sokal and Rohlf
1968) of Unit 1T Pilgrim Station Capacity Factor (MDC Net %)
versus mean legal catch rates by year for prescribed areas.
Sublegals were not examined in this way because of the sampling
bias of commercial pots We found a esignificant negative
correlation (r = -0.57; P £ 0.05) between legal lobster catch
rate for thermal quadrats pooled (surveillance area) and mean
annual Pilgrim Station MDC Net ¥ Capacity Factor for operational
years. We then ran a correlation analysis on the mean Unit I
thermal ocutput for the period of May-December, which approximates
the inshore lobster fishing season, versus legal catch rates for
the surveillance area and also obtained a correlation coefficient
of -0.57 which is significant at the 95% leve'’ Conversely, when
power output and legal lobster catch rates for reference quadrats
were tested for asscociation, no correlations were statistically
verifiable. When two variables are correlated, cause and effect
ia not necessarily validated; however, there is the possibility
of an inverse relationship between the catch rate of legal-sized
lobsters in the impacted area (quadrats H-11, H-12, I-11, and 1[I~

12) and the cperating level of Pilgrim Station.
elle



As to the effect of current flow on catch rate, Auster
(1985) reported that a water current above a critical velocity
will retard the foraging behavior of lobster by inhibiting
mobility. It is reasonabl2 to conclude this might translate into
reduced trap catches in the immediate discharge area where
current velocity may reach several feet/second. In fact, our
diving observations have revealed few lobster in the immediate
area of the discharge canal.

2. RESEARCH LOBSTER TRAP FISHING

An experimental pot-catch sampling program was completed for
a second consecutive summer (mid-June through the end of
September 1987), with the intent of further determining, in
addition to commercial catch monitoring, whether Pilgrim Station
operation measurably affects the local lobster population and
fishery. Data on lobster siz~ frequencies, sex ratios, culls,
berried femaleas, and catch rates were examined.

From 2,282 trap hauls, 5,449 lobster were captured. Catch
per unit effort (CPUE) of sublegal iobster (<81 am carapace
length - CL), as measured by catch per trap haul (CTH), averaged
2.076 overall (Table 1), an increase of 110% from 1986. CTH
weighted by immersion time of the pots (CTHSOD), which was the
most appropriate measure of CPUE for legals (281 mm CL), averaged
0.151 in the study area in 1987, up 72% from last year. Catch
rates were up in both reference areas (Rocky Point and White
Horse/Prigscilla Beach) and in the surveillance area. The reason
for the increase is not known at this time.

ol12=



Table 1. Catch per unit effort from experimental fishing for American
lobster in the Pilgrim area for 1987, CTH represents catch
per trap haul; CTHSOD indicates catch per trap haul per set-
over-day. Catch data are presented in numbers of lobster
caught. Mean 22 standard errors is an eetimate of precision.
Legal-sized Lobster Sublegal Lobster
(z\_ﬂllIICL) (< 8] mm CL)
Mean 22 Mean =2
Area CTHSOD Standard Errors CTH Standard Errors
Entire Study Area 0.151 0.139 - 0.163 2.076 1,997 = 2,155
Surveillance Area 0.146 0.127 - 0.165 1,882 1.758 = 2.006
Entire Reference Area 0.154 0,139 - 0.169 2.204 2,102 - 2.306
Rocky Point (Control) 0.138 0.120 - 0,156 2.244 2.114 = 2,374

White Horse (Control) 0.186 0.157

0.215 2,127 1.967 - 2,287




The overall sex ratio of males to femalas in the study area
was 1.1:1 in 1987 and approximately 1:1 last year. Within the
respective surveillance and reference zones, males alightly
outnumbered females, except in 1986 at White Horse/Priscilla
Beach (more females caught). The percentage of females captured
that were bearing eggs (ovigerous) was 0.8% in 1987 and 2.9% in
1686. No clear pattern emerged within the sampling 2zones. Last
year, over 80% of the berried females were taken at White
Horse/Priscilla Beach; whereas, this year only 10% were captured
there. Over half of the egg-carrying females were captured in the
surveillance area in 1987,

In 1986 and 1987, the percentage of cull lobster (missing or
regenerating claw(s)) captured in the study was about 20%. The
density of culle (CTH) was lowest in the discharge area and
highest at White Horse/Priscilla Beach each year.

The field research lobster trap study conducted for the last
two years has been in effect a trial experiment under essentially
control conditions (i.e.,plant outage, with no waste  heat
discharge and reduced or minimal current flow). The data will be
compared with data from future high operational years. This was
fortuitcus giving us the opportunity to refine the field sampling
design. The work became a uniformity trial where we fished
standard traps in a standardized wmanner over the proposed
experimental area. The proper pairing of potentially
impacted/surveillance sites with non-impacted/reference sites was
of prime importarce, for it was assumed that lobster at both
locations will respond in a similar way to changes in abiotic
variables. The invalidity of this assumption would negate the

olhe



assessment of stress at the surveillance location when the power
plant resumes operation.

Based on two esampling seasons of trapping data, two
parameters were identified that offer promise for detecting
lobster population impact at Pilgrim Station - catch rate
(relative abundance) and size composition of lobster. Using the
sample mean and estimates of precision, and the approximate test
of equality of means of two samples whose variances were unequal
(F-max test) (Sokal and Rohlf 1969), catch rates of legals and
sublegals were tested between areas. It was found that Rocky
Point (reference) and the discharge (surveillance) areas are an
approximate station pair to assess power plant effect on catch
rate of legal lobster. The Kolmogorov-Smirnov procedure (Sokal
and Rohlf 1969) was used to test size distributions of lobster
caught in the different areas. As for size composition, it was
found that size frequency data of legals at both refsrence areas
could be pooled to increase sample size and then tested againat
size distribution of legals in the discharge for potential power

plant impict.

3. NEARSHORE BENTHIC FINFISH
Pilgrim Station discharged no waste heat and little water

current in 1987. For comparative purposes, trawl data from the
outage years - 1984, 1986, 1987 - are compared with those recent
high operation years when the plant operated greater than 80% of
ita capacity (1983 and 1985). During the low/off operational
years, the amount of current coming from the discharge canal

varied, depending on the number of circulating seawater pumps in
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use. Station ! (Warren Cove) was considered the primary reference
site and was compared with the surveillance site, Station 3
(Discharge), for impact analysis.

Mean annual catch rates for the three dominant groundfish -
winter flounder (Pseudopleuronectes americanus), windowpane
(Scophthalmus aquosus), and little skate (Raja erinacea) - were

examined for differences between reference and surveillance sites
(Figure 4). Mean annual CPUE of winter flounder for 1987 at
Station 3 exceeded that of Station 1 for the second consecutive
year. In 1984 (another outage year), the Station 1 winter
flounder catch index wae nearly double that of Station 3. Since
1983, however, CPUE of winter flounder at Station 1 has generally
declined, while at Station 3, the catch rate has been fairly
constant. Thus, the apparent change in relative distribution at
these GStations noted in 1986 and 1987 doea not appear to be
related to reduction in output of heated effluent.

From 1984-1986, the annual catch rate of little skate at
Station 1 steadily rose; concurrently, it declined at Station 3.
In 1987, these trends were reversed. The annual relative
abundance of windowpane increased slightly at both stations in
1986, but declined in 1887 at Station 1.

If differences in relative abundance (indexed by CPUE)
resulted from plant operation, one would expect to see
differences in 1986 and 1987 data at Stations ' and 3 relative to
previous vyears, with the exception of the outage year in 1984
This was not apparent, as abundance indices for 1986 and 1987
were independent of each othe:, indicating no measurable impact

of plant operational status on the distribution of the three
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groundfish species evaluated. A similar conclusion was reached
from trawl data for the outage year of 1984 (Lawton et al. 1085).

We have used annual mean trawl CPUE of selected finfish
species to measure changes in relative abundance over time.
Within the annual CPUE for each species are wmarked seasconal
patterns of abundance. The variances of a speciea’ seasonal mean
CPUE are less than that of the corresponding annual catch rate;
hence, seasonal CPUE's are a more precise statistic to analyze
trawl data.

To investigate seasonal variation in trawl catch rates for
1987 at each station, we partitioned catch data for winter
flounder, little skate, and windowpane by season: winter
(January-Marca), spring ((April-June), summer (July-September),
and fall (October-December). Choice of seasonal demarcations was
based on bottom trawl catch rates and sea water temperature data
collected at sampling stations in the Pilgrim area over the last
decade (Lawton et al. 1983). Comparisons between stations within
a season of the overlap of the CPUE standard error bars gives an
approximation of any significant diiYferences in catch rates.
Trawl data are inherently highly variable; hence the large
standard error bars for catch data (Figures 5-7). Winter CPUE’'s
for the species selected were extremely low and will not be
considered further.

In summer, little skate (Figure 6) at Station 6 (intake) and
at primary reference Station 1 were significantly less abundant
than at reference Station 4 and primary surveillance Station 3
(discharge). There is no indication that winter flounder or

-18~
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windowpane relative abundance differed significant., amongst any
of the stations during the seasons of 1987.

Previous analyses of trawl data indicated the Intake
(Station 6) to be a haven for small winter flounder <22 cm total
length, presumably due to the algal cover and sheltered
environment (Lawton et al. 1985, 1986). To test this seasona.ly,
we subjected this year’'s spring and esummer data for winter
flounder to the nonparametric Kolmogorov-Smirnov test for
differences in length-frequency distributions between Station 6
and the other stations. In spring, there was a significant
difference in the size distribution of winter flounder between
Station 6 and reference Station 4 (P < .05); the comparison
between Station 6 and Station 1 generated a probability level of
P =0.07. In summer, none of the compared length frequency
distributions were significantly different. Plots of the spring
and summer percent cumulative frequencies of winter flounder
lengthe (Figure 8) illustrate that the significant difference in
length frequency distributions in spring is due to a pulse of
emall fish residing in the Intake which exposes them to potential
impingement and\or thermal backwash effects.

4. PELAGIC AND BENTHI-PELAGIC FISHES

Our gill net survey abundance index (overnight gill net
catch) was influenced by sampling error (variance) and bias (gill
nets in general are size selective). Some species were
susceptible to a wide range of mesh sizes, and some were
entrapped by spines or mouth parts regardless of asize. Wer
assumed gear efficiency did not change over time, and fishing

effort of the net was uniform for all mesh sizes. Vulnerability
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of each species was assumed constant, and we assumed that the
number of fish already caught did not influence the capture of
additional fish.

Pollock

This benthi-pelagic species ranked second, comprising 20% of
the 1987 gill-net catch. Relative abundance estimates, generated
from catch-per-unit-effort (CPUE) data, reflect local population
fluctuatirns over the survey years (Figure 9). An increase in
relative abundance occurred from 1871-1972 (preoperational
years), followed by a substantial reduction from 1974-1976.
Stock index rebounded in 1977 to exceed past levels and remained
relatively high through 1981; CPUE declined in 1982 and has
subsequently fluctuated at a reduced level through 1987.
Comparing means of CPUE for the preoperational and operational
(1973-1983,1985) study years; and between 1983/1985 when Pilgrim
Station operational output exceeded 80X and 1984/1486 /1987
(outage periods), revealed, respectively, that relative abundance
was 13% lower overall during the operational years and 23X lower
in 1984/1986/1987 pooled than in 1983/1985 (Table 2).

There is no apparent relationship between the annual index
for Pilgrim Station operational output and annual CPUE (relative
abundance) data for pollock (Figure 9). When satatistically
tested, these variables were not significantly correlated (r =
0.231; P> 0.05). Changes in relative abundance apparently

reflect natural variability.
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Table 2. Mean catch per standard gillnet set (5 panels of 3.8 =~
8.9 cm mesh) for various time periods and the percent
differences for selected species caught in the vicinity
2f Pilgrim Station, 1971-1987.

Species
Atlantic

Year Pollock Cunner herring Alewife Tautog
-973-1983, 1985 81.3 32.9 32.2 9.2 2.2
Preoperational -
operational - 132 + 752 + 3132 - 672 + 2672
percent diffevence
1985 and 1985
( > 80% capacity) 62.4 25.9 9.1 5.8 5.4
1984, 1986 an 1987 47.8 19.2 19.3 (| 4.5
(outage vears)
1983/1985 - 1984/198+ - 232 - 26% + 1122 - 29% - 172

1987
percent difference
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Cunnar

Cunner ranked fourth in overall gill-net catch (6%). Annual
abundance estimates peaked in the operational years of 1978 an”
1980 (Figure 10). The benthic cunner exhibited population
coneistency ia the Pilgrim area from 1971-1976, with a grand mean
CPUE for these 6 years of 22 fish per gill-net set. From 1977-
1983 annual catch rates were about double (grand mean CP''% of 41
cinner per set) that obtained the firet six years >f the survey,
indicating a marked change in distribution and/¢- abundance of
the local population. Subsequently, beginning in 1984, relative
abundance has declined with the 4-year catch rate for 1984-1987
averaging 18 fish per set. CPUE in 1987 was the lowest of the
survey.

Pooled CPUE for cunner captured during operational atudy
years Iincreased 75% from the average for the pre-operational
atudy years. Catch rateg were down again in 1884, an outage
year; in 1985, a year of high thermal outnut; and again in
1986 and 1987 (outage pericds),.

The plot of plant operational output for spring and summer,
when cunner occur in the area, versus CPUE suggests a poss.blae
relationship between the +two variables (Figure 10). We
statistically tested data on CPUE and plant operation power level
for survey years through 1987 and tound a significant positive
correlation (r =0.581; P ¢ 0.05). Regression analyais of catch
rate on t. s seasonal (epring-summer) plant capacity factor for
survey years yielded a significant F ratio (Fa s T.13:° P 2
0.018). It is evident from the observed value of F that the
variance of CPUE of cunner can be explained partially by the

5 -
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regression on plant load. Specifically, almost 34X of the
variability in cunner CPUE can be explained by variation in plant
cperational level (MDC).

Supporting evidence for a positive relationship between
relative cunner abundance in the Pilgrim Station discharge crea
and the power plant thermal outflow into Cape Cod Bay comes from
our observational diving program. OSubstantially more cunner were
sighted in the discharge zone than in surrounding areas from
1981-1983, when Pilgrim Station was operating and releasing a
warm discharge current. In 1985, cunner were most abundant at
Station Dy in the discharge area. Conversely, in 1984, an outage
year, divers sighted relatively more cunner at reference stations
than in the surveillance area, which suggests a localized shift
in distribution. Waste heat was released from Pilgrim Station on
only one day in 1984, and no water current was generated from
April-August of that year, when both circulating water pumps were
off.

In 1966, no waste heat was released from Pilgrim Station
into the discharge area during the cunner’'se stay inshore;
however, one circulating seawater pump was operated, releasing an
offshore flowing current. During the diving study in 19886,
cunner were sighted in greater numbers in the discharge zone. In
1987 (o\ tage year), with no heat released from the plant and no
appreciable current diecharged from March-August, cunner were
again, as in 1984, less abundant in the discharge than in the
control area. In conclusion, it is evident that cunner are

attracted to the cooling water discharze at Pilgrim Station. On
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the negative side, this subjects cunner to potential nearfield
plant effects of heat or cold shock. gas bubble disease, and
exposure %“o chemicals (e.g., chlorine).

Atlantic herring

Comprising 18X of the gill-net collection in 1987, Atlantic
herring ranked third in catch. Over the survey years, annual
relative abundance has fluctuated extensively, with an overall
deciine indicated subsequent to 1976 (Figure 11). Until 1985,
CPUE for sea herring was lowest in 1972 (preoperational study
year); by far, the highest annual catch rate was obtained in 1978
(operational study year). Catch statistica for Massachusetts
generally corroborated our findings; statewide landings declined
in 1973 but increased steadily the next few yeare, peaking in
1976 (National Marine Fisheries Service 1976). After the decline
in the Pilgrim area in 1972, CPUE generally increased during the
operational years, but again dropped markedly in 1978. This was
followed by a fluctuating CPUE that nevertheless declined overall
to an all-time low in 1985; a slight upawing was suggested for
1986 and 1987.

The grand mean catch rate for the operational study years
was much greater than the average for the preoperational period
(Table 2). Catch rate was 112% higher for the average of
1984/1987 (outage) and 1986 (low plant output) than the average
for 1983 and 1985 (> 80% plant capacity). However, no power
plant effect has been detected to date. No relationship is
discernible

in the plot of annual Pilgrim Station operational
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output and annual catch data (Figure 11). Catch rate of herring
and plant "load’ were not statistically correlated (r =0.027; P
>0.05).

Tautog

Tautog comprised 3.1%X of the gill-net catch in 1987.
Relative abundance fluctuated at low levels from 197i-1981, but
from 1982-1986, a high level of abundance was noted (Figure 12).
Annual mean catch per set was especially low in 1975 (operational
year of low thermal capacity) and high in 1985 (operational year
of higheat thermal capacity). Creel survey data from Pilgrim
Shorefront corroborate this finding; sportfish catches of tautog
were relatively low in 1974 and 1975, but peaked in 1985.

A comparison of mean CPUE for preoperational and operational
study years revealed an increase in numbers during the latter
period (Table 2). The mean of catch rates for 1884, 1987
(outage) and 1986 (low thermal capacity) was 17% lower than the
average for 1983 and 1985 ( high operational output). For the
operational period, excluding the outage years, we found a
significant positive correlation (r = 0.590; P < 0.05) between
CPUE and Pilgrim Station MDC (Net X) mean Capacity Factor for
spring and summer (Figure 12), when tautog are most abundant
inshore (Bigelow and Schroeder 1853). The relationship is
somewhat questionable, however, for when we included the three
outage yearse in the correlation analysis, no significant
relationghip was found (r = -0.012) at the 95X probability level.

Alewife
The pelagic alewife comprised 3.3% of the annual gill-net

total for 1987. Over the survey years, seasonal catch abundance
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has been routinely highest in spring when this anadromous species
migrates inshore to spawn in natal rivers. The annual mean CPUE
markedly declined in 1972 and then has fluctuated at reduced
levels during the operational study period (Figure 13). Catch
rates were highest in 1871, followed by 1974. The difference
between the overall CPUE for the preoperational and operational
study years represents a downward trend of 67% (Table 2).
Between 1983 and 1984, catch rate declined 68%, with low catches
continuing into 1985 and 1986. There has been a general
declining trend in relative abundance during the survey that
began prior to operation of Pilgrim Station; the nadir in the
catch occurred in 1881, with a slight upawing noted in 1983 and
1987 (Figure 13). It is believed that decreased catches are
related to natural variability.

No statistical correlation (r = -0.071; P > 0.05) was found
between catch index and the mean Unit I Capacity Factor (index of
power station operational output) for spring and summer, when
most alewives were fcund in the study area. [liver herring have
been subjected to intensive exploitation for years along the
Atlantic coast, and the trend for commercial catches has been
generally downward in the 70’s and 80's (Resource Assessment
Division, Northeast Fisheries Center 1983). Thua, the decline
indicated in the gill-net records appeare to be wide-spread and
not limited to the Plymouth area.

5. FISHES QOF THE SHORE ZONE

Fishes along the local beaches can potentially be impacted

by Pilgrim Station via thermal stress, gas eupersaturation,
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discharge flow, impingement, entrainment, and heated backwashes.
The shore-zone seine program has generated a species list and
estimates of the numbers of finfish residing in the intertidal
and shallow subtidal zones in the Pilgrim area. Ae to sampling
surveillance sites, the rocky shoreline and breakwater in the
area of the diecharge precludes seining; however, suitable
topography occurs in the Intake (Stations 3 and §). Reference
stations include habitats ranging from open coastal beaches to
the wmouth of an estuarine embayment. The seine, as a sampling
tool, provides information on the ocrurrence, distribution,
relative abundance, and size range of fieh in the shore zone.

Abundance data (catch per standard seine haul) of selected
species were examined as a means of assessing power plant impact
(Table 3). The surveys reveal some rather large natural
variations in relative abundance which complicate the measuring
of other than large ecosystem level effects of power generation.
Using correlation analysis, relationships between wmonthly mean
densities of the study area’s dominant apecies, Atlantic
gilverside, in the Intake at Pilgrim Station and monthly Pilgrim
Station thermal capacity (MDC net %); and between the former and
monthly plart pump capacity were tested. No correlations were
found (P > 0,05).

Haul seining in he Intake embayment can identify potential
sources of impinged figh. Of the 20 finfish species seined form
June-November, 1987 in the Intake, 9 were impinged at the power
plant during the same time period. Because of the station
outage and related decrease in pumping capacity, impingement for

the aforementioned s8ix months was extremely low (19 sgpecies
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Table 3. Mean catch per standard haul seine set for
selected species collected along the Plymouth
shoreline, western Cape Cod Bay, 1983-1987,

Stations
Warren Cove Long Point PNPS Intake *Manome: Point Pooled
Mean Catch per Haul Seine Set R
Atlantic M ers : .
103.7 197.7 S0 119.1
$1.2 220.9 - 6l4 101.7
413.5 165.4 SRS b 4y RIS 201.5
109.6 837.9 22,0 58.8 287, 4%n
Winter floundsy
1.0 4.9 Sy 2.4
1.1 2.9 2.0 1.8
1.0 7.4 s Y% 4.5
006 ‘03 ’.’ ‘.J
0.6 1.1} gig 2.8 3, 3%
Blueback !g;;;g‘
1.0 13.1 0.0 5.6
0.1 0.2 3.7 % |
352.0 4.9 1R4.7 178.2
1.8 14.3 $5.9 32.9
1.2 0.1 1;}.3 0.4 31, 1an
Sand lagsg Spp.
0.4 0.0 0.6 0.3
0.5 0.2 40.6 10.7
000 000 “’0’ 160-5
0.0 2.0 72.3 21.2
0.1 0.0 102.8 0.2 25, 2%n
Pooled !gggggg
54.3 233.8 92.0 120.1
854.5 186.9% 688.6 569.0
30.9 150.5 225.9 129.0
130.0 847.5 380.4 63,4 368, 1nn

First full season of data collected at this site.

#Includes data from Manomet Point in the calculations.
Shaded column is data from surveillance station,

-
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totaling only 69 fish). Cunner comprised 20% of the collection;
lumspfish, 14%; and winter flounder, 10X. Seine catches in the
intake consisted predominantiy of blueback herring (32%), sand
lance (24%), and Atlantic esilverside (21%). Higheat seine
catches were made in August, while the peak impingement month was
September.

The Pilgrim Station Intake with its man-made breakwaters and
dredged channel is an artificially created embayment that is a
haven for shore-zone fish in an otherwise open coastal region.
In termsa of total fish seined, catch rates, and numbers of
species collected, the Intake most reseabled the estuarine
sampling site off the Long Point barrier beach; catches at the
exposed coastal beaches were magnitudes lower. Fish
concentrating in the Intake, especially in proximity to the
Intake screen wall, are subject to wmechanical and backwash
thermal effects of the power plant,

Comparing abundance indices over the last five years (two
on-line years of high operational output - 1983 and 1985, three
nonthermal -stress years - 1964,1986, and 1987), no relationshipse
between catch and plant operation are suggested (Table 3).
However, some patterns emerged. Catches in 1987 were generally
comparable to those in 1986, with the exception of the large
increase in Atlantic silversides at all stationa. Catch rates of
winter flounder and blueback herring have been highest in the
Intake the last two years. Sand lance have consistently been
more abundant in the Intake. To date, however, no correlation to

plant operation has been detected for these patterns.
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6. UNDERWATER FINFISH OBSERVATIONS

With the continuation of the 1986 plant outage through 1987,
no waste heat was released and no pumps were in operation from
March through August. Through the summer a very dense bed of
blue mussels (Mytilus edulis) flourished along the entire length
of the discharge cans) and extended out beyond the wmouth. In
some areas of the canal, shell stock and clumps of living mussels
were piled as deep as 15 cm, inducing mortality due to over-
crowding. With the resumption of pump operation in Septeamber
1987, wmuch of the stock and some of the smaller clumps were
carried out of the discharge and deposited in the denuded area as
far out as the large erratic at Station D,.

Qualitative evaluation of the standing crop of Irish moss
(Chondrus crispus) in the dive area over the course of the summer
revealed enhanced growth (distribution and density) even to the
point of initial recolonization of the denuded area. By summer s
end, the project divers had difficulty in differentiating
distinct lines between the denuded, stunted, and control areas.
Other flora such as kelp (Laminaria spp.) and the filamentousn
brown and green algae noted in 1986 (Kelly et al. 1987) were
also commonly observed.

Overall finfish di‘stribution (Figure 14) was somewhat
similar to 1986 in that the majority of fish (45%) were found in
the discharge area. However, relatively more fish were found in
the control and stunted areas in 1987 (36% and 19%, respectively)
than in 1986 (31% and 4.6%, respectively). Total number of fish
in 1987 (536) was the lowest recorded, primarily the result of

depresged cunner sightings. Species diversity (7 saspecies) and
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composition were essentially the same as previous years.
Cunner

Cunner remained the most frequently observed species with 79%
of the total sightings. However, a total number of 422 cunner
gsighted in 1987 represents the lowest relative abundance of the
entire study. Comparison of the number of cunner per dive, as an
index of relative abundance for the years 1981 ( the year the
dive stations were located at their present sites) to 1987
(Figure 15), revealed marked variation between years with a
strong pulse in 1984 and the sharp decline of 19887, During
previous outajgre periods (1984 and 1986), higher densitiea of
cunner were observed by divers than in the immediately preceeding
(1983 and 1985) years of high output (annual mean MDC » 80%).
A major component of these higher abundance years was ‘arge
numbers of juveniles, especially in 1984, In 1986 wWer
hypothesized that increased sightings of Jjuveniles during
periods of outage were due to the absence of the high velocity
thermal effluent. As few juveniles were seen in 1987, however,
the large numbers sighted in 1984 and 1986 may have reflected
year class strength, rather than a response to the activity of
the plant. Tlecreased occurrence in 1987, particularly that of
juveniles, could also result from a shift in distribution.
Further, when comparing numbers between years it should be
remenbered that diving observations are qualitative and can be
limited by visibility.

Cunner were found at all stations in 1987, though most often

in the control area (Figure 16). Comparison with the outage
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years of 1984 and 1986, revealed a similar trend in 1984, but
greatest abundance in the denuded area in 1986. Although therzal
component was essentionally zero (some wante heat was released in
early 1988) all three years, there was at least one pump in
operation throughout 1986 (Figure 17). In 1984 and 1987,
however, there were no pumps in operation during the spring and
early summer months. Kelly et al. (1987) theorized a relationship
between cunner distribution and pump operation, believing adult
cunner to be attracted to the current as a source of food. The
absence of current in the early spring and suswmer, a time when
increasing water temperatures cause renewed foraging activity
(Creen and Farwell 1971), may have induced a ehift toward the
pore fertile control area and away from the sparse denuded zone.
Increased occurrence in the stunted area in 1987, as opposed to
previous outage years, may have resulted from an attraction to
the abundant flora and fauna growing in the absence of the
thermal effluent.
Pollock

Second in observed abundance, pollock was sighted primarily
in the denuded area. Relative abundance (93 fish) was down
somewhat from 1986 (130), but edtimates of pollock abundance
based solely on visual observation are generally tenuous because
of their active behavior. As always, observation of this species
is rather gporadic and local abundance and distribution
pore dependent on natural variation than any effect of the plant,

Tautog
Tautog sightings were infrequent (10 fish) in 1987 (Figure

18), reflective of an apparent decline in the local population.
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Pepressed abundance was aleo noted in the project gill-net atudy.

Distribution was evenly apportioned between the denuded and

control areas (Figure 19), a shift from past years when tautog
were found almost exclusively in the denuded area. As no

relationship has been found, to date, between tautog occurrence

and plant output (mean seasonal MDC), decreased local abundance

sevas tc be t' »sult of natural variation.

7. GSPORIFIS!

Overall, angling activity and sportfish catches at Pilgrie
Shorefront in 1987 were the lowcat recorded at the ar.a since its
opening in April, 1973. We attril!  this, at least in part, to
restricted access at the Shorefron. ing April and May and to
the extended station outage.

Angling activity was curtailed as the footbridge that apana
the the discharge channel was closed in April and May because of
a storm-induced break in its cement construction. The bridge
allows pedestrian passage to the right discharge Jjetty (facing
peaward), the outer intake breakwater, and the beach at the head
of the intake esmbayment. Anglers were limited to fishing fron
the left discharge jetty, thus effectively removing most c¢f the
fishing access. The bridge was repaired, and all fishing
locations were accessible again in June.

Throughout all of the fishing season, Pilgrim Station
released no wasie heat into Cape Cod Bay. From April through
August, bot'\ circulating water pumpe were inoperative, and only a
minimal flow of water issued from the dscharge canal as a result
of the operation of one or more of the five service water pumps.
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In early September, one of the circulating pumps resumed
operation.

It is conclusive that outages at Pilgrim Station markedly
reduce sportfish catches at the Shorefront, especially striped
bass and bluefish. Creel data reveal that in 1983 (high plant
operational year) an estimated 1,000 bluefish and 150+ striped
bass were caught by anglers at the Shorefront. Likewise, in 1985
(high output capacity) an estimated 2,200 bluefish and almost 400
bass were landed there. Conversely, with the absence of a heated
discharge current during the three fishing seasons of 1984, 1986,
and 1987 (outage periods), the catches of bass and bluefish
declined drastically to under 150 fish total for both species and
all 3 years combined. Thus, the operation of Pilgrim Station has
a positive connotation for sport fishermen off Rocky Point by
concentrating popular game ish at a point source within casting
distance from shore. However, this attraction to the discharge
elevates the potential for fish kills caused by gas
supersaturation and thermal stress and can substantially increase

the exploitation rate of a species.
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IV. IMPACT PERSFECTIVE
The following summary is provided of the major findings of

impact on fisheries’ resources in the inshore sector of western
Cape Cod Bay, centering on the area around the Pilgrim Nuclear
Power Station (Table 4). As the summary only highlights salient
points, the reader is encouraged to refer to individual sections
of this report for more detailed discussion of investigative
areas.

Western Cape Cod Bay supports commercially important lobstecr
and groundfish fisheries as well as intensive seasonal
recreational lobster and hook-and-line fisheries. The population
dynamics of an individual species are influenced by a complex
interaction of biotic interrelationships, including intra- and
interspecific coactions with abiotic factors (e.g., water
temperature and currents). The assessment of ecological impact
of Pilgrim Station operation on the area’s fisheries  resources
involves measuring many of the parameters that influence
distribution, abundance, and size composition of target epecies.
Based on monitoring data collected to date off the power station,
there have been local biotic changes and environmental
disruptions documented; these have been site specific, however.

Although no major perturb.tions have been detected in the
ecology of western Cape Cod Bay as a result of plant operation,
the potential for future impact by the plant, either overtly or
indirectly by altering community structure, exists. As Pilgrim
Station has operated at an average of slightly less than 50% of
ite operational capacity, we probably have not yet realized the
plant’s full potential for impacting marine resources. Impact
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Table g .

A summary of {mpact assessment by study of Pllgrim Nuclear

Power Station (PNPS) on marine fisheries' resources in western
Cape Cod Bay during the operational history of the pover plant,

Investigation Izpact of PNPS

Gill-net study

19€5/1984/1985/1986/1987

Comments

Cunner evidently asttracted to
the thermal effluent.

Relative abundance of cunner
in the area of the thermal
discharge down {n 1984
(outage year) and down
further {n 1985 (high output
capacity), suggesting a
recent decline in local
stock size. CPUE (n 1986 wvas
similar to that in 1985, 1Ina
1987, CPUE declined further.

Thete is a (7) relationship between
CPUE for tautog and PNPS cperational
output,

The implications of
attraction are twofcld;

to sport fishermen this

is beneficial, but con-
versely this concentrates
fish in a high-risk ares
with the potentiasl for
overf{ishing, thermal
stress, gas bubble disease,
and exposure to chemicals.,

Relative abundance of
tAutog was not appreciahly
different over these years,

Same as above.

SCUBA observations

Supporting data that cunner are
attracted to the plant discharge
current,

Increased cunner siphtings in
the control zone in 1904/1907;
in the discharge {n 198)

1985, and 1986 (reduced
current),

¥ith no thermal effluent (1984,
1987) there was an apparent
shift in distribution of
cunner avay froe the dis~
charge (denuded) zone and
tovard the control zone.

Concentrations of striped bass in
the vicinity of PNPS linked to the
cooling water discharge.

—

For the first time since 1979,
bluefish and bass wvere not
sighted by divers in the
environs of PNPS {n }984 lLut
wvere again sighted in 1985

in small schools frequenting
the discharge area. Only a
few bass were seen {n |98k-87,

As bass exhibit a prefer~
ence for moving wvater,

such as PNPS effluent,

their absence/scarcity {n the
diving area during outages is
apparently related to the
lack of d{scharge flow

Creel survey

With the plant operating, the
outfall at PNPS has proven to be an
attractive feeding ground concen-
trating sportfieh for an extended
pericd of time in & location close
to shore .

Over 1,000 blueflish and > 150
striped bass were caught by
anglers at MNFPS In 198); and
2,200 bluefish and almost 4«00
bass in 198%; no bass and only
a small number of bluefish
were caught in 1984, Catches
were once again low in 198487
during the extended outage.

Fower Plant has had a
positive effect on the
sport fishing cff Pocky
Point; however, the attrac-
tion of game fish to the
discharge increases the
potential for cverfishing
a local stock and for fish
kills vis high temperature
and gas supersaturstion,
Bluefishing was prolonged
into Novesmber 1585 by the
presence of the hot-vater
discharge.

Haul-seine study

Int. ke embayment with its bresk-
vate. and dredged channel appears
to be a haven for [ishes in an
otherv se open coastal region,

Seine catches in the Intake
increased (n 1984 and (985,
vere down in 1985, but bdack
up in 1987,

Shorezcie finfish residing
in the Intake, especially o
the vicinity of the intake
screen wall, are subject

to plant entrapeent,
ispingement and thereal
backwash effects.

Trawl study

Winter flou \der may only avoid the
immediate at's of the dis-

charge canal. Catch abun-
dance of winter flounder, yellow-
tail flounder, and windowpana was
found to be currelated (positive)
to PNPS M.D.C. f.etor (output),
vhen the plant i{s operating.

A bimodal distridbutian of
{lounder relative abundance
was found at the surveilliance
station {n 1984 that was nnt
{ound for 19811983 1985
1987. 1In 1986-87,CPUE in the
discharge area exceeded that
at the reference location.

Autumn trends (plots) of
relative abundance for winter
flounder vere different

at relerence versus surveil-
lance sites from 1981-198)
(operstional years) Sut

were similar {n 1984 (outage
vear). In 1985, ve found
CPUE to be correlated (4) at
reference aud discharge aress.

Concentrating in the thannel of
the intake esbayment ave winter
flounder.

Catch-per-effort for winter
{lounder dropped markedly {n
1984 and 1985 at both the
teference and discharge
stations, CPUE stabilized,
somewhat, in 1986 and 1587.

Seascnal bottom trawl cateh
rates for winter flounder
vere Sons sirvyy higher {n
the {ntake epbayment N
the sprirg, summer, fall.
This {9 & boon to recren~
tional fishermen at PNPS
Shorefront
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Tadle 4 .

Trawl study (cont.).

The intake at PNPS, an altered
environment, has characteristics
(relatively sheltered habitat with
rock and algal cover) which appar-
ently attract juvenile fish.

A comparison of I1S8) te 1984
fs not applicable because
routine trawling was not con-
ducted in the intake in 1983.
Hewvever, comparing the
catches {n the {ntake with
the other sites samoled fros
1984-1986, we found that sub-
stantially .arger nusbers of
smaller vinter flounder were
in the intake channel in
spring or susmer.

This situation has the
potential for negative
{mpact for {t i{ncreases
susceptibility to
impingenent and bdack~
wvash effegts.

Lobster pot=ce.ch study

There may be & connection between
PNPS cooling vater discharge and
legal lobster catch rate in the
thermally-affected area,

Catch rate of legal lobsters
declined overall in the study
area {n 1984 from the 198)
level and was the lovest value
for the lS-year study;
increasing again in 1965 by
about 100%., In 1986, CPUE
was the highest of the entire
survey. but in 1987 dropped

to a level identical to 1984,

A significant negative
correlation (P < 0.05)
exists for annual
thermal capacity and
legal lobster catech rate
in the impacted srea

and a correlation (nega-
tive) (P € 0.10) betwveen
seasonal thermal
capacity and catch,

Dissolved gas analysis
and gas dubdble disease
(GBD) incidents at
PNPS.

In August 1985, PNPS was cperating
at or resr 100% caspacity; water
temperatures (n the discharge wvere
as high as 30,5 C and dissolved
fases were supersaiurated (Nitrogen
4+ argon saturation ,evels ranged
from 112- .9%). An ostimated 400
silversides and 300 jivenile men-
haden were afflicted with GBD {n
the discharge canal; fish vere
stressed but mortality, which was
likely, was not evidenced,

No GBD incidents observed in
1983, 1In 1984, PNPS had no
thermal compconent to induce
GBD, This was also the

case in 1986 and 1987.

Cas supersaturation
resulted In several
notevorthy incidents of
CBD in fish at PNPS.
liortalities of 43,000
and 5,000 adult sen-
haden occurred {(n the
discharge in 197) and
1975, respectively.
Striped mullet schooling
in the discharge vere
afflicted in late 1975,
GBD can severel otress
ot kill (outright or
through incressed
susceptibility to dis-
ease or predation) f{ish
residing {  the
discharge.
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aesessment at the past level of plant output may not be valid for

a long-term, higher operational status in the future.



V. CONCLUSIONS

Lobster - Commercial Fishery

Sampled commercial lobster trap-catch data from surveillance
and reference areas were examined over time. The commercial catch
rate of legal lobster (281 mm CL) in the discharge area in 1987
was 0.34/trap-haul, while legal catch rate in the control area
was 0.20. These figures represent declines of 15% and over 50%,
respectively, from 1986. Catch rates in the discharge area, which
have declined slightly over the last five years (from 0.47 in
1983 to 0.34 in 1987), have not mirrored commercial catch rates
in western Cape Cod Bay which have fluctuated.

Legal catch data froe discharge and reference areas were
compared statistically and no significant (P > 0.05) differences
were found over time. However, we found a significant (P < 0.05)
negative correlation between catch rate of legal-sized lobster in
the impacted area and the operating level of Pilgrim Station in
contrast to no significant correlation for reference areas.

Lobster - Research Study

The field research lobster trap study has been conducted for
the last two years under essentially control conditions (no waste
heat and reduced or no current during the extended plant outage).
Tais wunique situation enabled us to conduct a uniformity trial,
where we fished standard traps in a standardized manner in one
surveillance and two reference areas. The proper pairing of
potentially impacted/treatment sites with non-impacted/reference

sites is imperative to assess stress when the plant resumes

operation.



We identified two parameters that can be used to assess
impact of Pilgrim Station on the local lobster population. PRocky
Point (reference) and the discharge area are an appropriate
station pair to assess power plant effect on catch rate of legal
lobster. As for size composition, size frequency data of legals
at the two reference areas can be pooled and tested against size
distribution data in the discharge when the plant resumes
operation.

Inshore Groundfish

Trawl annual catch/effort data »f the three domirant
groundfish - winter flounder, little skate, and windowpane - were
compared over the years 1983 through 1987, which included three
outage years, between Stations 1 (reference location in Warren
Cove) and 3 (Discharge area) to assess plant impact. There was no
indication of a plant effect on the distribution of these
species. Seasonal mean catch rates with estimates of precision
were examined spatially. No significaznt d.iferences are indicated
between stations for winter flounder and windowpane. However, in
gaummer, little skate were significantly more abundant in the
discharge area (Station 3) and off White Horse Beach (Station 4 -
reference) than in the Intake (Station 6) and at the primary
reference location (Station 1 - Warren Cove). There is additional
confirmation that the Intake is a haven for smail winter flounder
(¢ 22 cm), at least seasonally.

Pelagic and Benthi-Pelagic Fish

No relationship was found between plant operation and
relative abundance of pollock, Atlantic herring, and alewives off
Pilgrim Station. There is a possible aétraction impact on tautog
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abundance in the general discharge area. With cunner, we also
found a significant positive correlation between CPUCE and plant
operational power level (r=0.581; P < 0.05). Almost 34% of the
variability in relative abundance of cunner can be explained by
variation in plant operational output.
Shore-Zone Fishes

The haul geine provides data on the occurrence,
distribution, size composition, and relative abundance of shore-
zcne fishes in the Pilgrim area. Our surveys have revealed rather
large natural variations in relative abundance. The Pilgrim
intake embayment most resembled the estuarine sampling site off
Long Point in terms of total fish seined, catch rates, and
species diversity. Catchas at the open coastal beaches, which
lack cover, were magnitudes lower. Fish concentrating in the
intake channel are subject to impingement and heated backwashes.
We tested monthly mean densities of the Atlantic silverside, the
dominant fish seined overall, against monthly Pilgrim Station
thermal capacity and monthly puamp capacity. No significant
correlations (P > 0.05) were found. To date, plant impact on
shore-zone fishea has not heen detected from seine data.

Qiving Observations

The 1986 plant outlage continued through 1987, essentially
creating pre-operational conditions for the biota in the
discharge area from March-August because both circulating water
pumps were not operatirg during those months. The blue mussel
population throughout the entire discharge canal and surrounding
the canal mouth rapidly iircreased in numbers through the summer.
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Irish moss in the study area also experienced enhanced growth and
began recoionizing the denuded zone; zone demarcations thus
became difficult to distinguish. Kelp and filamentous brown and
green algae were also commonly observed.

The majority of finfish observed (45%) was found in the

discharge area, followed by the control area (36%). The total

number of fish observed was the lowest recorded since study
inception, primarily due to a decline in cunncr sightings.
Species diversity and composition were essentially the same as in
previous years. Cunner, although at its lowest relative abundance
in the study, remained the predominant species observed (79%).
The decline in cunner may reflect changes in juvenile abundance
and distribution. Cunner numbers increased in the control and
etunted areas over previous years, possibly in response to the
floral recolonization at these sites. There has been
observational evidence of attraction of cunner to the current
component of the station discharge.

Pollock ranked second in sightings, observed primarily in
the denuded area. Relative abundance of pollock decreased from
1986 (130 fish) to 1987 (93 fish); however, this observed decline
may be a sampling artifact related to their mobility. The number
of tautog observed was very low in 1987 (10 fish) reflecting a
possible decline in the local population. Distribution was evenly
apportioned between the denuded and control areas, in contrast to
past years when tautog were found almost exclusively in the
denuded area. Tautog data suppo=t the contention of some
attraction for this species to the discharge current.
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Sportfishing
Overall angling activity and sportfish catches at the

Pilgrim Shorefront were the lowest recorded since the area opened
to the public in 1973. Two factors centributing to the low
activity and catches were: restricted access to the right
discharge jetty, outer intake breakwater, and the beach at the
head of the Intake embayment in April and May; and the power
outage that lasted throughout the fishing season. Power outages
markedly reduce sportfish catches of striped bass and bluefish at
the Shorefront as historical data show. The -elease of a heated
discharge concentrates popular gamefish in an area within casting
distance from shore. The concentration of fish in the heated
effluent, however, increases the potential for fish kills caused
by gas supersaturation, thermal stress, and cold shock.
Impact Perspective

Bagsed on monitoring data collected to date off the power
station, there have been local biotic changes and environmental
disruptions documented; these have been site specific, however.

Although no major perturbatione have been detected in the
ecologr of western Cape Cod Bay as a result of plant operation,
the potential for future plant impact, either overtly or
indirectly by altering community structure, exists. As Pilgrim
Station has operated at an average of slightly less than 50%
capacity over its operational history, we probably have not yet
realized the plant’s full potential for impacting marine
resources. Impact assessment at the past level of plant output

may not be valid for a long-term higher operational status.
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