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January-June 1988 for Pilgrim Nuclear Power Station
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I.  EXECUTIVE SUMMARY
Commercial Lobster Pot-Catch Fishery
From May-June (spring) of 1388, data were obtained from the
trap catch of one commercial lohsterman who fished in the
vicinity of Pilgrim Nuclear Power Station. Sample size included
a total of 633 pots hauled and 888 lobster captured. The percent
of legal-sized (CL > 81.76mm) lobster in the total catch was 25%.
Legal catch rate for the overall inshore area averaged 0.35
legals per pot-haul, which is higher than last year s spriag rate
of 0.29.
Controlled Research Lobster Fishing
We completed eleven asampling trips in June, with data
obtained from 545 pot-hauls. Of the 1202 lobster captured in the
study, 8% were of legal size. Legal catch rate averaged 0.25

lobster per pot-haul overall and 0.23 for the discharge area.

Nearshore Benthic Finfish

A bottom trawl survey of groundfish in the Pilgrim area was
conductad January-June, 1988. A total of 545 finfish representing
15 species was collected during 43 trawl tows. Overall catch per
unit eftort for all stations and aspecies pooled was 12.7
fish/tow, as compared to last year's mean of 36.7 fish/tow.
Numerically dominant species in the catch were winter flounder,
little wkate, and windowpane. Winter flounder and windowpane
were most abundant in Warren Cove and little skate was wost
abundant off White Horse/Priscilla Beach.

Pelagic and Benthi-pelagic Fighes

The 1988 gill net catch was dominated by three sapecies of

wfe




fish: Atlantic herring (52%), pollock (26.5%), and cunner (8%).
Atlantic cod, Atlantic mackerel, and tautog each contributed
approximately 2% to the total catch. Sixteen other species were
captured in the gill net, but in sum they comprised less than 7%
of the total.
Shorezone Fishes

Ten species of finfish, totaling 308 individuals, were
captured i1 16 standard haul seine sets in June. Sand lance,
Atlantic tomcod, and winter flounder comprised over 90% of the
total catch. Diversity (number of species sampled) was highest at
Long Foint. Catch per set (relative abundance) was hignest in *he
Filgrim Intake embayment. Both of these sampling sites are
sheltered shorelines.

Underwater Finfish Observations
Biweekly observational dives were performed in May and June,

1988 at six stations in and around the Pilgrim Station discharge

canal. Six species of finfish - cunner, pollock, rock gqunnel,
tautog, Ilumpfish and sea raven - were sighted. Cunner and
pollock together comprised nearly B7% of the total observed. In

the continued absence of a thermal effluent (the current outage
began 1in April, 1986), algae including Irish moss, and blue
mussels have flourished in the discharge canal,
Sportfishing

The Shorefront recreational area at Pilgrim Station was
delayed in opening from April | to April 20 this year. Few
anglers appeared to fish there in April and May. During June,
fewer than 100 angler-trips were made to the Shorefronti most of
these were o weekends. Fishing was primarily for groundfishi

-







IT. INTRODUCTION

Monitoring by the Massachusetts Division of Marine
Fisheries is ongoing to assess environmental change induced by
the operation of Filgrim Nuclear Fower Station. Ecological
irvestigations of fisheries resources in the surrounding waters
of Western Cape Cod Bay for 1988 are funded by Boston Edison
Company under lurchase Order No. 65216. Sampling data collected
from reference and surveillance stations during January-June,
1988 are summarized and discussed in relation to past findings.
It 1s noted, however, that the plant has not operated since early
April of 1986, negating waste heat discharge; current flow has
been greatly reduced as one or both circulating sea wuater pumps
have been off. Measurements, counts, percentages, and indices of
abundance are used in this progress report to identify trends

and/or relationships in the data both spatially and temporally.

ITI. RESULTS AND DISCUSSION
1. COMMERCIAL LOBSTER FPOT CATCH FISHERY

Seasonal monitoring of the commercial lobster fishery around
Filgrim Station was continued in 19688. We began monitoring the
catch of a cocperating lobsterman in early May and continued
through June with a total of 888 lobster sampled from 633 pot-
hauls. Figure 1 depicts the distribution of pots sampled by
quadrat.

The sampled catch included 224 legal ( > 81.76 mm carapace
length = CL) lobster for a mean catch rate for the study area of
0.783 legals per pot-haul over the two months. This 18 a slight

increase over last year’'s value of 0.29 bHut 1s on par with the
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mean value of 0.34 Yegals per pot-haul cobtained during the past
16} years of monitoring (Lawton et al. 1985, 1987). The increase
over the 1987 value is probably the result of warmer Cape Cod Bay
water temperatures in the spring of 1988 affecting the molt, and
parallels findings noted in other Massachusetts waters (Bruce
Estrella, personal communication)?.

The mean legal catch rate for referencr quadrats (E-17 & 14,
F=13) of 0.19 (& legal lobster per 26 pot-hauls) is equivalent to
the 1987 rate of 0.19 for the same period. Spring catch races for
the surveillance quadrats (H-11 & 12, I-11 & 12) were somewhat
samilar in 1987 and 1988 (0.33 and 0.37, respectively).

2. CONTROLLED RESEARCH LOBSTER FISHING

During June 1988, we began controlled research lobster trap
fishing in the environs of Pilgrim Nuclear Power Station (Figure
2) . Eleven sampling days were completed during which 1202
lobster were sampled from 545 trap hauls. Incidence of null pots,
i.e., traps in which no lobster were found, was 22%. The lobster
sampled were predominantly (89%) sublegal in size (< BL.76 mm
CL). A total of 135 lobster was legal-sized (> 81.76 mm CL),
with a ratio of sublegal to legal of 7.9:1. The overall mean
number of lobster of &«ll sizes caught per trap-haul for the study
area was 2.2, Mean study ares catch rates of legal and sublegal
lobster were 0.25 and 1.96 lobster/trap-haul, respectively.

A comparison of total catch rates at the three sampling

18. Estrella, Senior Marine Fisheries Biologist, Coastal
Lobster Investigations, Massachusetts Division of Marine
Fisheries, Sandwich, MA,
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locations (Figure I) revealed & difference between Rocky \roint
and the other two sites (Discharge angd FPriscilla/White Horse
Beach), with a higher rate of capture at Rocky Foint. A similar
pattern was noted for sublegal catch rates. It is, however,
difficult to determine the significance of di. :'rences due to the
Timited amount of data.

In 1986 cnd 1987 w tagged a portion uf the sampled catch
in or.ide- to determine *he -~ate of recapture in our pots;
recaptures could then te discounted and an unbiased estimate of
catch obtained. As a result of two years of tagging data, we
feel that catct rate need not be adjusted becaus? of the low
recapture rate and have thus discontinued tagging in 1988. It is
interesting to note, however, that several sublegal lobster
tagged in 1987 were recaptured in 1988. One of the returns was
taken from the west side of Stellwagen Bank, a distance of 23
nautical miles from the area of tagging (Warren Cove).

3. NEARSHORE BENTHIC FINFISH

OQur nearshore bottom trawl survey for 1988 commenced in mid-
January and continued through June. Station locations (Figure 4)
included Warren Cove, off White Horse/Friscilla Beach, in the
area o/ the Discharge, and in the Intake embayment at PFilgrim
Station. Samnling was conducted monthly during January through
April and biweekly in May and June. Catches for tows greater than
or equal to 10 minutes, but less than the standard 1% minute
duration, were multiplied by an expansion factor (15
minutes/actual tow minutes) to standardize sampling effort., Any
tow of less than 10 minute duration was rejected a priori,

A total of 545 finfish comprising 195 species was collected

ol
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during 43 tows in the study area (Table 1). Twenty species and
1,470 finfish were collected in 40 tows for the same period in
1987. In 1988, T of the stations had collections that were
equally diverse with 10 demersal fish species sampled; at Warren
Cove B species were captured.

CPUE (mean catch per standard 15 minute tow) for all
stations and species pooled was 12.7 fish/tow, as compared to
last year’'s mean of 36.7 fish/tow. CPUE for all species pooled
ranged from 14.3 at the White Horse site to 10.9 in the Intake.
For the same sampling period in 1987, CFUE was greatest in the
Discharge area (39.5) and lowest in Warren Cove (32.3). Four
spccies winter flounder (Pseudopieuronectes amer icanus),
little skate (Raja #rinacea) windowpane (Scophthalmus aquosus),
and yellowtail flounder (lLimanda ferruginesa) comprised 91% of the
total catch through the first half of 1988.

Winter flounder was numerically dominant (42%) in trawl
samples. Relative abundance was highest in Warren Cove at 7.4
fish/tow and lowest in the Intake embayment at 2.4 (Table 2). The
overall winter flounder abundance index (catch/tow) was S0% lower
than last year.

Little skate ranked second comprising 30%Z of the trawl
catch, Spatially, CPUE ranged frum 4.9 off White MHorse/Priscilla
Beach to 1.8 in Warren Cove (Table 2). For the same sampling
period in 1987, the catch rate between sites was more variable,
again being lowest in Warren Cove (2.2) and highest off White
Horse (10.2). The overall little skate abundance index declined

threefold from 1987,

oile



Table 1. Expanded trawl catch! and percent composition of
finfish captured by nearshore trawling in the

vicinity of FPilgrim Station, January-June,

Species Warren Filgrim Friscilla Filgrim Totals % Catc
Cove Discharge Beach Intake

Winter flounder 88.5 45.7 79.9 17.14 227 .2 41.

Little skate 259 350.9 63.3 28.95 164.2 30,

Windowpane 26.8 19.9 20,98 13.1 80.3 14,

Yellowtail flounder 1.0 8.9 13.2 zZ.8 26.4 4.8

Atlantic cod 1.0 7.9 1.0 2.0 11.9 24

White hake 0.0 1.4 7.0 0.0 8.4 ;

Ocean pout I.0 1.4 1.0 P 7.9 1.

Other spp.* 2.0 4.9 4.1 8.9 19:9 .4

Pooled Species

Number of species 8 10 10 10 A9

Number of tows 12 11 13 7 47

Total # fish 143.8 139.7 186.1 76.0 545.4

Catch/tow 12.0 22:7 14.3 10.9 12.7

Percent catch 26.4 25.6 4.1 13.9

1Catch rates were expanded for tows less than the standard

1S5-minute duration.

2R¢prosont combined totals from 8 species of low catch.
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Windowpane ranked third at 154 of the total. Relative
abundance was greatest in Warren Cove (2.2) and lowest off White
Horse/Priscilla Beach (1.6). The tctal windowpane abundance index
also declined three-fold from last year.

Freliminary observations based on trawl catches from Cape
Cod Bay during the 1988 spring Massachusetts Division of Marine
Fisheries Resource Assessment bottom trawl survey contrast with
our findings by indicating a noticeable increase in the winter
flounder abundance index (catch/tow) and unchanged abundance
levels for little skate and windowpane relative to last spring
(Arnold Howe, personal comaunication)l. The pronounced decline
this year in the catches of the three dominant demersal species
from the Filgrim area cannot be readily reconciled with data from
Cape Cod Bay proper. This discrepancy may be partly attributed to
inherent trawl catch variability or may be a very localized
phenomenon. The average January-June bottom water temperature
from the FPilgrim area in 1988 (8.3 C) 1s unchanged relative to
the same time period in 1987, remaining warmer than the 7-year
average of 7.7 C (1982-88).

Comprising 9% of the trawl catch, yellowtail flounuer was
fourth in the dominance hierarchy. Catch per tow of this species
was highest off White Horse/Friscilla Beach and in the Discharge
Atlantic cod ranked fifth in catch abundance (2%). The highest

CPUE four cod occurred at the Discharge station.

‘a, Howe, Senior Marine Fisheries Biclogist, FResource
Assessment Froject, Massachusetts Division of Marine Fisheries,
Sandwich, Mé,
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4. EELAGIC AND BENTHI-PELAGIC FISHES

A total of 2,204 fish, comprising 22 species (Figure S) was
netted in 7 overnignt sets made in the vicinity of Pilgrim
Station (Figure &) during the period January through June, 1988,
Atlantic berring (Clupea harengus harengus), pollock (Pollachius
virens), ad cunner (Tautogolabrus adspersus) comprised 86.5% of
the total catch.

Overall catch per overnight set (catch per unit effort or
CPUE) for ponled species was I15 fish per set. This catch rate
is somewhat less than that for the first half of 1987 (35%&) but
is substantially higher than for 19846, when CPUE was 98.

Atlantic herring was numerically predominant, comprising S2%
of the total catch. This migratory fish has regularly been found
in abundance in project gill net collections. Pollock ranked
second in abundance making up 26.9% of the total, while cunner
was thiris at nearly 8% of the catch.

It should be noted, however, that although Atlantic herring
ranked first in total gill net catch for the period of January-
June, the largest number (1,144 or 99.7% of the species total)
was taken during a single set in February. As such, this reflects
their seasonality and known schooling behavior (Bigelow and
Schroeder 1957). Follock and cunner were more consistent in
occurrence, ranking firet and second, respectively, in four of
the seven gill net sets.

Atlantic cod (Gadus morhua), Atlantic mackerel (Scomber
scombrur) and tautog (Tautoga onitis) each comprised roughly 2%
of the catch (Figure 5), The remaining 14 species did not occur

in abundance with their sum comprising less than 7% of the total.
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Gillnet Species Catch
January - June 1988

Remaining species”

Tautog 2%
Atlantic mackerei 2%
Atlantic cod 2%

o

-

Cunner

8%

*Remaining spp. not found in abundance

Flgure 8. Glii-net catch data (7 panels of 3.8-16.2 cm mesh)
from the vicianity of Pligrim Station, January -~

June, 1988
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S. SHOREZONE FISHES

Four stations were sampled by haul seining (Figure &), with
a total of 308 finfish representing 10 species captured. Sixteen
sets of the 45.7 m haul seines were completed at + 2 houres of low
tide during 2 sampling days in the month of June (Table 3). For
the same time period and equivalent sampling effort last year,
we captured 2,186 finfish representing 12 species. However, of
the 1987 total catch, over 1,900 individuals (89%) were sand
lance (Asmodytes spp.) taken at the Intake station, or over 1,700
more sand lance than were captured this year. Water temperature
(surface) and salinity at the time of sampling in 1988 ranged
overall from 11.0 to 18.0 C and 0.0 to 4.0 ppt, respectively.
Temperatures were higher at Long Foint (Station S-%) than at the
other three sampling locations.

Three taxa - sand lance , Atlantic tomcod (Microgadus
tomcod), and winter flounder (Pseudopleuronectes americanusz) -
comprised over 90% of the total seine catch. Although sand lance
led the catches, accounting for 74% of the total, they were
captured only in the Intake embayment. In fact, 80% of the total
seinc catch in June for all species pooled was obtained at this
site, Atlantic tomcod rar ked second in overall catech (10%),
eccurring nearly @#xclusively at Long Point., Winter flounder
ranked third (7%), occurring at the Intake and Long Point
stations.

Diversity, as measured by the total number of species
captured at a sampling location, was highest in June at Long
Foint followed by Filgrim Intake embayment, Catch per set (pooled



Table . Ghore-zone fishes captured by haul seining at sampling
stations in the environs of Pilgrim Station for
June, 1988.

Warren PilqrtT Long Manomet Total Fercent of

Species Cove Intake Foint Foint Number Total catch
Sand lance spp.¥ 227 227 73.7
Atlantic tomcod 29 1 0 9.7
Winter flounder 13 8 21 6.8
Northern pipefis. . 4 12 3.9
Windowpane 8 1 b 1.9
White hake 2 3 S 1.6
Grubby 1 2 3 1.0
Atlantic silverside 1 1 2
Threespine stickleback 1 1 1.2
Atlantic herring 1 1

Total # fish e, 247 S87 1 308

Number of sets 4 R 4 4 16

Catch/set 0.8 6$1.8 14,2 0.3 19.3

Total # species 2 S 8 1 10

FPercent of total catch 1.0 80.2 i8.5 0.0 100,0

t Not separated by species

1 45.7 m x 3.0 m seine; others sampled by 45.7 m %1.8 n seine.

-9«




species), as an index of overall relative abundance, was highest

in the Intakaz and lowest at Manomet Foint. It is problematic to
comprehensively analyze species diversity and relative abundance
trends based on one month’'s sampling.

In a continuing effort to more effectively sample shore-zone
juvenile flattish, we used a smaller double-leadline foot seine
(6.1m) at five locations (Figure &) at low tide (+ 2 hours of ebb
tide). We completed 20 sets on two sampling days in June catching
four windowpane (Scophthalmus aguosusz,) four winter flounder, and
a few white hake (Urophycis tenulis) and Atlantic tomcod. Although
foot seine catches were extremely low, we expect a gubstantial
increase in catch as coastal waters warm this summer,

6. UNDERWATER FINFISH OBSERVATIONS

Biweekly observational SCUBA dives were made at six stations
in and around the discharge canal in May and June, 1988. Six
species of finfish (Figure 7) were noted, as well as blue mussels
(Mytilus edulis), American lobster (Howmaruvs americanusz), starfish
(Asterias spp.), and rock and jonah crabs (Cancer irroratus and
C., borealis). We also observed numerous species of algae,
including stands of kelp (Laminaria spp.) and Irisn moss
(Chondrus crispus).

The station outage that began in April 1986 continued
through June 1988, resulting in a continuation of recolonization
in the discharge area (Lawton et al. 1988). Enhanced algal
growth (both biomass and number of species) was evident
throughout the observational area, in particular the

recolonization of the stunted and denuded zones by Irish moss.

«20-:
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Also in abundance was kelp, found attached to the many boulders
in and around the discharge canal and on the large erratic at
Station D,.

The total number of finfish observed (42) was considerably
lower than the number (204) for May and June of 1987. Local
distribution (Figure 8) was also somewhat different in that no
fish were observed in the stunted zone this cpring. It should be
noted, however, that due to the limited number of observations
and the qualitative nature of the data it is difficult, if not
impossible to attach statistical significance to differences in
numbers between years.

Cunner (Tautogolabrus adspersus) comprised 81% of the total
fish sightings (Figure 7), being found most often at Station Dy.
Only one tautog (Tautoga onitis) was sighted by project divers,
There appears to be a decrease in abundance of this species in
recent years (Lawton et al. 1988). The remaining species: rock
gunnel (Pholis gunnellus), lumpfish (Cyclopterus lumpus), pollock
(Pollarhius virens), and sea raven (Hemitripterus americanus)
were sighted sporadically. As in the first half of 1987, no
striped bass (Morone savatilis) or bluefish (Pomatomus saltatrix)
were observed by divers.

7. SPORTEISHING

Sportfish catch data from the Filgrim Station Shorefront
recreation area were obtained in June by BECo public relations’
personnel at the water front. A gquestionnaire was emploved to
record the information on a daily basis. This cooperative effort
with the Division of Marine Fisheries enibles us to maintain a
data base on recreational shore fishing in the Filgrim area.
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EXECUTIVE SUMMARY

This report presents the results of the benthic monitoring
veys conducted at thn Pilgrim Nuclear Power Station (PNPS) in
ch and June 1988. Data discussed in this report were collected
er two years of the outage at PNPS that began in April 1986.
ing the period between January 1 and June 30, 1988, conly one
culating water pump was operating for a portion of each month,
raging between 0.2 and 0.7 percent of the time per month.

QUANTITATIVE MONITORING

Quantitative samples of benthic fauna and algae were collected
March 18 at three stations: Effluent, Manomet Point, and Rocky
int. The Manomet Point and Rocky Point stations are reference
ations that are peyond the influence of the PNPS effluent.

au 1

The numbers of species and individuals found in the fauna.
mples taken at the Effluent station were lower than those found
- the samples from the other two stations. All three stations
re dominated by the bivalve Mytilus edulis, which accounted for

percent or greater of all individuals found at each station.
versity, a measure of how the individuals in a sample are
stributed among the species in the sample, was lowest at the
‘fluent station. The pattern seen in these results is similar to
\at seen throughout the course of this study.

A similarity analysis showed that faunal samples taken at each
! the three stations were more similar to each other tlan to
imples from the remaining stations. That is, each of the three
tations had a unique identity in terms of the faunal community.
§ in past surveys, the Manomet Point and Rocky Point stations
ere more similar to each other than to the Effluent station.
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INTRODUCTION

This report presents the results of the most recent survey of
the benthic algal and faunal communities near the Pilgrim Nuclear
Power Station (PNPS). PNPS is located on the northwest shore of
Cape Cod Bay, 5 miles southeast of Plymouth Harbor, Massachusetts.
The surveys are part of a long-term monitoring effort by Bostun
Edison Company (BECO) to assess the impact on the inshore benthic
community of the thermal effluent and current from the 65°¢
megawatt nuclear-powered electric generating station. The
quantitative algal and faunal data discussed in this report were
derived from field samples collected on March 18, 1988.
Qualitative transect data were collected on March 16 and June 185,
1988.

Sampling periods and procedures followed in this program were
established by the Pilgrim Administrative Technical Committee
(PATC). These procedures were adopted by BECO and modified in 1981
(BECO, 1982). A detailed description of the field, laboratory,
and analytical methods can be found in Semi-Annual Report No. 29
(BECO, 1987a) and are discussed only briefly in this volume.

Data discussed in this report were collec.ed after two years
of the outage at PNPS that began in April 1986. During the period
between January 1 and June 30, 1388, only one circulating water
pump was operating for a portion nf each month, averaging between
0.2 and 0.7 percent of the time per month.

Battelle's Project Manager for the PNPS algal and faunal
investigatiors during the first part of this report period was Ms.
Tracy Stenner. Dr. James A. Blake assumed responsibility for the
program in May. Field logistics and collections were supervised

by Mr. John Williams. Algae were identified by Ms. Brenda
Cavicchi. Fauna wer ‘dentified by Ms. Nancy Alff Padell and Mr.
Russell Winchell. A ditional personnel participating in this

project included Dr., James Blake, Mr. Thomas Angell, Ms. Ellen
Bartiste, Dr. Nancy Maciolek, Mr. Steven Mellenthien, Mr. Phillip
Nimeskern, Mr. R. Eugene Ruff, and Mr. Robert Williams.
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Species Richness

Species richness values for all three stations in March 1988
are presented in Table 1. The Effluent station continued to have
the lowest total number of species of the three stations; however,
the 47 species found at the Effluent station represented an
increase of 6 over the number found in September 1987 (41 species)
and an increase of 11 over the 36 species found in March 1987. At
Manomet Point and Rocky Point, the total number of species in
March 1988 was nearly identical to the number fourd in September
1987 (61 vs. 62 and 62 vs. 60 species at Manomet and Rocky Point,
respectively). March 1988 values at both stations were higher by
13 and 20 species, respectively, than values in March 1987.

In order to assess rare species that might be present at the
stations but were not found because of the small total area
sampled at each station (0.5445 m2), a jackknifed estimate was
calculated (Heltshe and Forrester, 1983). The estimated species
richness was lowest at the Effluent station, intermediate at Rocky
Point, and highest at Manomet Point, consistent with the pattern
seen in previous years. At all three stations, values were higher
in March 1988 than in March or September 1987.

The variance of the estimated species richness (var 8) is a
measure of the spatial distribution of species that occurred in
only one replicate sample (i.e., unique species). High values
for this parameter indicate that all unique species at the
station are concentrated in a small space, whereas low values
indicate that these species are evenly distributed over the space
the community inhabits. A high variance value was found only at
the Effluent station (Table 1).

Faunal Density

Benthic macrofaunal densities were calculated including all
specimens found in the samples, even if they were not identified
to species (i.e., juveniles and indeterminants were retained).
Density was also examined both with and without the bivalve

6



TABLE 1. FAUNAL SPECIES RICHNESS IN MARCH 1988.

lackknife Estimate
Station/ Nusber of Species Richness (§)
Replicate No. Species (495 2 CI) var (8)

!!!Lm!

L RS R R
~
o

Manoamet Point

4l
4l
34
40
39.4

WN N B Pl
L
o

Total 61 73.8 & 4,15 2.24

Rocky Point

43
3?7
4l
48
&2

‘2'6

L7 R o

Total 62 11,6 & 5.66 4.16

b e — . — ]
§ « Mean number of species per replicate.

Total = Total number of species recorded from station.

CI « Confidence interval.

Var (§) « Variance of the jackknifed estimate of species richness.
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TABLE 2. FPAUNAL DENSITY VITH AND VITHOUT MYTILUS EDULIS INCLUDED, MARCH 1988.

Number of Number of

Station/ Individuals Individuals
Replicate No. (Mytilus included) (Mytilus excluded)
Effluent

1 8648 1656

2 8192 172

3 8784 4360

s 2080 1472

5 9680 4940

R 7517 + 3078 1520 » 1328

al 69,025 12,323
Manomet Point

1 21,880 10,892

2 17,480 8712

3 11,612 5688

" 12,488 7276

5 27,7132 10,916

% 18,238 + 6726 8697 + 2281

n’ 167,478 79,860
Rocky Point

1 23,048 10,428

2 19, 364 4860

3 9064 4344

! 16,656 6076

s 11,624 4580

% 15,951 « 3672 6058 + 2533

2 146,476 §5,629

£ « Mean densitv per replicate.

3

n" =« Density per square meter.




TABLE 3.

SPECIES IN SAMPLES COLLECTED IN
AN * MARKS THE DOMINANTS SHARED
STATIONS. A - MARKS
EFFLUENT AND MONOMET

RANK ORDER OF ABUNDANCE FOR THE 15 DOMINANT

MARCH 1988.
BY ALL THREE

DOMINANTS SHARED ONLY BY
POINT.

\

Mean
Muimbar per Percent
Station,/Species Replicate of Total
Effluent
1996 .0 §0.0)
1007.2 1.
490 .4 T.48
ALY | .
1600 .0
" 1.8
“wa 0.68
LRI 0.68
AL | 0.%
e 0.43
N L}
" (Caprellid) 17.¢ o
: valve) 15.2 0.2
(Dwcapod) 13.6 0.2
Acutum (Amphipod) 1.2 9.17
Total o” 1S species 6497 ¢ 98,90
Remaining Feuna - 32 species 7 1.10
Total Fauna = 47 species 65704 100.00
Manomet Point
: is (Bivalve) 841 .8 $7.%
( Amphipod | 3% L I 5
(Anphipod’ 1208 .6 T.00
Amph i pod | 03.2 S.0
ropod ! 1512 $.17
[ Amph 1 pod | 4600 m
(Amph § pod | 4014 1.4
( Amph i pod | %60 L0
(Amphipod) nrs 1.2
 ounyw t (Amphipod) 160 .2 1.02
nol troped) i8¢ L% 3]
) r g i (Gastroped) 1200 en
Aprel) Hg rellid) 90.4 0.3%
Foph i un diosun (Asphipod) 656 9.40
\sphithoe rubricats (Amphipod) 5).6 0.
Total of 1Y species 16,0232 .34
Remaining Fauna — 4§ species 456 .0 .7%
Total Fauna — 61 species 16,4000 100.00
Rocky Poiat
sdulls (Bivalve) 9093 ¢ £7. %
. L | NP L pad ) 1336 .4 LT
¢ cats | pod) 0.2 614
* vine (Gastropod) 2.0 4«70
. i { Nwph ipod) 192.0 1.
. { pod) i%.0 1.20
3 ie (Gastropod) 173 1.19
. { iped) 172 1.0
18 (Polychaete) 1%.4 1.92
Stropod) L LN ) 0.9
9 holmesy (Asphipod) 1200 .02
| f (Amphipod ) .2 8. %
*Cot AVUR acutus (Amphipod) 107.2 .M
yANnis peeudcareciatas (Gastroped: Mo .5
Setopelis angusts (Ampniped: I T
Total of 15 specien 08400 .29
Remaining Fauns — {7 species 472 L 4
Total Pawna — 42 species i, 2.0 100,00

ST ek




Point, and 67.2 percent at Rocky Point). This dominance is in
sharp contrast to results from March 1987, when M. edulis
accounted for 3.2 percent, 4.5 percent, and 1.7 percent at the
Effluent, Manomet Point, and Rocky Point stations, respectively.
In September 1987, M. edulis accounted for 0.7 percent, 4.5
percent, and less than 2 percent, respectively, at the same three
stations.

The remaining top dominants at the Effluent station included 8
amphipods, 1 caprellid, 2 crabs, 2 molluscs, and 1 isopod., Of
the top 15 species, only 5 did not occur among the top 15 dominaant
species at Manomet Point and 6 did not occur among the top
dominants at Rocky Point, Idotea phosphorea was the only isopod
to occur among the top dominant species at any of the three
stations. The species that were shared dominants often held a
similar or higher rank at Manomet Point or Rocky Point, meaning
that they occur in higher numbers at those two stations than at
the Effluent station.

At Manomet Point, the dominant species that ranked 2nd through
15th included 10 amphipods, 3 gastropods, and 1 caprellid. Of
these species, 3 did not occur among the top 15 dominants at
Rocky Point, and $5 did not occur among the top dominants at the
Effluent.

At Rocky Point, species ranked 2nd through 15th included 9
amphipods, 4 gastropods, and 1 polychaete. Nicolea zostericola,
which ranked ninth, was the only polychaete among the top
dominants at any of the three stations. Of the top 15 species at
Rocky Point, 3 did not occur among the dominants at Manomet Point
and 6 did not occur among the top dominants at Effluent.

Species Diversity

Species diversity is a measure of the number of species
present (species richness) in combination with the relative
abundance (evenness) of each species in the sample. In general,
low evenness values indicate that the community sampled 1is
dominated by one or a few species. Shannon-Wiener diversity (H')

- -




and evenness (J) values were calculated after all juvenile or
indeterminant specimens were excluded from the data set.
Including such individuals would provide a falsely high diversity
value. For consistency with past reports, and because the
Shannon-Wiener index is disproportionately influenced by a single,
overwhelmingly dominant species, H’' and J were calculated both
with and without Mytilus edulis (Tables 4 and §).

When M. edulis was included, the lowest diversity was seen at
the Effluent station (H' = 2.06), followed closely by Rocky Point
(2.16). Manomet Point had the highest diversity (2.52). Values
at all stations were lower than the diversity recorded in either
March or September 1937. Evenness values (J) were also severely
depressed from the 1987 values, reflecting the high contribution
of M. udulis to the total density.

When M. edulis was removed from the data, evenness values were

higher (Table 5). The lowest diversity was still found at the
Effluent station; however, H' was higher in March 1988 than in
March 1987 (2.78 wvs. 2.33, respectively). With M. edulis

excluded, the highest diversity was seen at Rocky Point (H' =
3.82), and again this value was higher in March 1988 than in March
1987, when H' was 3.53., Similarly, diversity at Manomet Point was
higher in March 1988 than in 1987 (3.65 vs. 2.74).

Another measure of diversity, Hurlbert's (1971) rarefaction
method, was also used to compare the three stations. Results of
this analysis are presented in Table 6 and Figure 2. These
results confirm the pattern seen with the Shannon-Wiener index:
diversity was lowest at the Effluent station and highest at the
Rocky Point station in March 1988.

Measures of Similarity

Similarity analysis followed by use of a clustering method is
a multivariate tecnnique used to assess the overall comparability
among samples and stations. It has been used here to address the
following questions:



TABLE 4. DIVERSITY AND EVENNESS VALUES FOR EACH REPLICATE AND STATION SAMPLED
IN MARCH 1988. MYTILUS EDULIS VAS INCLUDED IN THIS ANALYSIS.

Manomet Point :gg;l Point Effluert
Replicate LE J'

1 2.46 0.46 2.29 0.42 1.75 0.38
2 2.61 0.48 1.31 0.25 1.85 0.38
3 2.53 0.50 2.63 0.48 1.91 0.43
. 2.82 0.53 2.09 0.37 2.89 0.61
) 1.99 0.37 2.13 0.40 2.09 0.45
Station 2.52 0.42 2.16 0.36 2.06 0.37

TABLE 5. DIVERSITY AND EVENNESS VALUES FOR EACH REPLICATE AND STATION SAMPLED
IN MARCH 1988. MYTILUS EDULIS VAS EXCLUDED FROM THIS ANALYSIS.

%ﬂ,! Point i;e_g Point
Replicate b

1 3,23 0.61 3.15 0.58 2.19 0.48
2 1.48 0.64 I ¥ 0.64 .3 0.71
3 3.50 0.69 1.86 0.72 2.19 0.51
- 3.58 0.68 4,12 0.74 2.95 0.63
b 3. 44 0.65 3.42 0.64 2.66 0.58
Station 3.65 0 62 3.82 0.64 2.78 0.50

W

H' = Shannon-Viener Diversity.
J' = Evenness.




TABLE 6. EXPECTED NUMBER OF SPECIES FOR POOLED STATION DATA USING RAREFIED
SAMPLE SIZES OF 50, 400, 750, 2500, AND S000 INDIVIDUALS. MYTILUS
EDULIS VAS INCLUDED IN THIS ANALYSIS.

—_—_— e e e

Species Species Species Species Species
Per 50 Per 400 Per 750 Per 2500 Per 5000
Statira Individuals Individuals Individuals Individuals Individuals
Effluent 7.5 16.6 20.9 141 37.8
Manome?
Point 10.4 22.% 27.3 8.1 45.0
Rocky
Point 9.7 25.3 31.1 42.8 48.9

$0 «
Rocky Pornt
Manomet Pont
40 -
l
b |
’ 30 4
I 20 +
0
- T A4 v |
0o 2000 3000 4000 $000

NUTO® O INGIvVCL A

FIGURE 2. RAREFACTION CURVES FOR MARCH 1988 SAMPLES.
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¢ How similar is the benthic community at the
Effluent station to the communities at the
reference stations at Manomet Point and

Rocky Point?

o If there are differences among stations,
which species are responsible for those
differences?

To address these guesticns, the similarity analysis was done using
two different similarity measures: Bray-Curtis and the Normalized
Expected Species Shared (NESS).

Analysis of Replicates

The results of the cluster analysis based on log-transformed
data and the Bray-Curtis similarity measure (with group average
sorting and # set at -0.25) are shown in Figure 3. Three major
groups or clusters can be identified. Group 1 includes the five
replicate samples from the Effluent station. These five samples
cluster at 72 percent similarity,. Groups 2 and 3 represent
Manomet Point and Rocky Point, respectively. These two groups
join each other at 76 percent similarity, but as a unit are
similar to Group 1 (the Effluent station) only at 56 percent.

A somewhat different pattern was seen with the NESS similarity
measure (Figure 4). Because NESS is less influenced by hignly
dominant species in the samples and is more sensitive to the less
abundant species, the effect of the dominant Mytilus edulis is
less apparent in these results. There are two major groups in
Figure 4. One group includes all samples from the Effluent
station; four replicates are similar at 88 percent or greater.
Replicate 4 joins the other replicates to form a station group at
77 percent similarity. The second major group includes all of the
replicates from Manomet Point and Rocky Point. Within this group,
all of the samples from Manomet Point form a small gubgroup, which
is joined at various levels of similarity by the replicates from
Rocky Point. The group comprised of Manomet Point and Rocky Point
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samples is similar to the group comprised of Effluent station
samples at 69 percent similarity.

Nodal Analysis

For the nodal analysis, the top 50 species were clustered, and
species groupings were identified. Replicates from each station
were clustered and groups were chosen, These analyses were
performed on log-transformed data; the Bray-Curtis similarity
measure with group average sorting and § set at -0.25 was used.
The two analyses were then combined in a matrix in order to
interpret tas patterns observed for species and for samples. Two
parameters, constancy and fidelity, were calculated for each
intersection of the matrix. Constancy is a measure of how often a
species occurs in a particular sample group out of all possible
number of occurrences (in all samples combined). Fidelity is a
measure of whether a species occurs only in a particular sample
group or in many.

The analysis by species resulted in the groups listed in
Table 7. When the log-transformed data were used for the analysis
by sample, the five replicates from each station clustered
together, resulting ‘n three sample groups, each corresponding to
one of the three stations. Abbreviated versions of each
dendrogram are shown in Figure S5 (constancy) and Figure 6
(fidelity).

Constancy. Specins group 1 showed very high constancy at all
three stations (Figure 5). This is not surprising because this
group included many of the top dominants at each station. Eight
of the 17 species in group | were top dominants at all three
stations, and the remainder were top dominants at one or two
stations. Similarly, species groups 2 and 5 included dominants
found at Rocky Point, and these groups also showed very high
ccastancy &t that station, but low constancy at the Manomet Point
and Effluent stations.

Species group 2 had high constancy at Manomet Point, but less
than at Rocky Point. Species group 3, consisting of three

18



TABLE 7. SPECIES GROUPS IDENTIFIED BY INVERSE CLUSTER ANALYSIS OF

MARCH 1988 DATA.

Group 1

la nr, septemtrionalis

tella arctica
?i arenaria
tr ;ocom:otus
droebachiensis
i lis squamata
gmt% imbricata

Group 3

Asphithoe rubicata

Eualus pusiolus
chidoris aspera

Group 4

ella .;ngirt
ulleriella bioculata
ate. triat
lus ¢ i,

rrat

ﬁ_{_ !luf»_g fornicata
umbr ris fr s
ochiton ru&r
itella capitata
oce maculata
neris gu%r!e is
[1a

r a

ol

;
"0

Alvania pseudoareolata

Group 6
Cerastoderma pinnulatum

Group 7

gﬂg irroratus
ﬁrggz:.vul aris

Pagurus acadianus
ﬁaoucoria sp. A

Group 8

Nephtys caeca

—_—
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TABLE 8. DRY WEIGHT BIOMASS VALUES (g/m’) FOR CHONDRUS CRISPUS, CHYLLOPHORA SPP.,
EPIPHYTES, THE REMAINING BENTHIC SPECIES, AND TOTAL ALGAL BIOMASS FOR MANOMET
POINT, ROCKY POINT, AND EFFLUENT SUBTIDAL (10 FT. MLW) STATIONS FOR MARCH 1988.

—
hondrus Phyllophora Remaining Epiphytic
“:2 Spp- B8wathic ﬁ‘- -..m !Ml! Total Algal
Station Replicate Bromass Pezceat Biomass Pecceat Miomass Peicent Perceat Biomass
Mancmmt Point
1 115.39 34 148.9%0 " 4.68 1 72.43 21 341.40
2 155.97 40 158.81 41 2.9 0.6 70.40 18 187.57
3 213.62 49 is1.21 11 1.84 0.4 42.05 0 43872
4 1966 12 158.08 49 61.98 20 62.51 19 324.23
“ i37.79 18 168.18 46 0.92 0.3 55.35 15 362.24
X 132.49 i 163.04 44 14.7% 4 60.55 16 170.84
[ ¥ Pocky Point
un
1 44.00 14 188 .65 60 0.46 0.1 %.32 25 313.23
2 100.15 42 101.44 4 9.27 N 27.18 11 238.14
3 225.¢° 55 125.35 32 1.74 0.4 50.30 12 407.03
4 199 .21 64 62.61 20 1.10 0.4 47.28 15 310.20
s 99.69 3 126. 4. 40 62.1% 21 16.34 6 294.58
x 133.92 43 119.69 38 14.94 s 44.08 14 312.63
Effluent
1 6.06 Z 130.45 4 134.40 46 22.12 8 293.03
2 102.82 12 177.72 85 12.76 4 29.19 9 322.49
3 21.82 16 117.5%0 a1 125. 71 'Y 1:.85 s 283.94
4 0 0 88 62 a2 112.91 53 10.92 s 212.51
L 0 ° 151.01 69 4025 20 *4.61 11 219.87
X 27.54 10 133.07 50 86.02 32 19.94 7 266 27

- = Mean biomass .




at Manomet Pcint and Rocky Point, respectively. Replicate
varied widely at each statjon, with the greatest range seen

-~

Effluent station (O o 1 . g/m<) .,

These values represe a significant decrease¢ in Chondrus

biomass at the Effluent station: biomass n both March and
September 1987 was about 6 times higher than the biomass in March
1988. Biomass was about the same at Manomet Point in March 1987
and March 1988 (124.8 and 132.5 g/m2, respectively), and was

higher in those months than in September 1987 (94.8 g/m2).

At Rocky Point, biomass in March 1988 was intermediate between

that recorded in March 1987 (32.9 g/m?) and September 1987 (174.0

3/m2),

Phyllophora spp.

Biomass of Phyllophore . station in March 1984 is

presented in Table 8. ( a unted for 50 percent of
the algal biomass at e E ue st and 38 percent at Rocky

Point, and 44 percent at Manom nt. {fean biomass values were

ilghest At Manomet intermedliate at the

-‘t“,,ny 2 v 5 1 ™ & b s 4 - gy [ . 1T 1A -
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Remaining Benthic Species

The category designated “"remaining benthic species" includes
all algal species except Chondrus crispus, Phyllophora spp., and
algal epiphytes. Biomass values for each replicate and mean
values for each station are given in Table 8. This category was
most important at the Effluen* station, where it accounted for 32
percent of the total algal biomass; at Manomet Point and Rocky
Pcint, it accounted for only 4 to 5 percent of the total. At the
E{fluent station, mean biomass was 86.0 g/m2, more than 5 times
the biomass at the other two stations.

At the Effluent station these valucs were higher than those
recorded in March and September 1987, but at Manomet Point and
Rocky Point values are lower than earlier results. Mean biomass
at Rocky Point (14.9 g/m2) was similar to biomass recorded in
March 1987 (23.8 g/m2), but was an order of magnitude lower than
was recorded in September 1987 (156.2 g/m2), Mean biomass at
Manomet Point (14.8 g/m2) was intermediate between biomass
recorded in March 1987 (3.2 g/m2) and September 1987 (20.1 g/m2)
at that station,

Epiphytic Species

Biomass values of epiphytic algae are give in Table 8. As
for most of the previous sampling times, Phyllophora spp. had a
higher degree of c~lonization by epiphytes than Chondrus crispus.
Mean biomass of epiphytes was lowest at the Effluent station and
highest at Manomet Point, although the biomass of Phyllophora
was similar at both stations. All March 1988 values were
intermeajiate between biomass recorded in March and September 1987.

Total Algal Biomass

Total algal biomass for each replicate and station is given in
Table 8. The Effluent station had the lowest total biomass and
Manomet Point had the highest, Total biomass at the Effluent

o -~
{




station was lower than that recorded in March or September 1987,
Total biomass at Manomet Point and Rocky Point was intermediate
between March and September 1987 values.

Chondrus/Phyllophora Colonization Index Study

Colonization index values for Chondrus crispus and Phyllophora
Spp. are given in Table 9. These values are a qualitative measure
of the amount of aigal epiphytes anu invertebrate species (such ar
bryozoans) that are present on the host species. Details of the
procedure to determine these values are given in Semi-Annual
Report No. 30 (BECO, 1987b).

The March 1988 data indicate that, as in past sampling
periods, Phyllophora spp. was more heavily colonized than was
Chondrus. This is probably due to the denser frond development
of Fhyllophora spp. compared with Chondrus, Colonization was
lowest at the Effluent station and approximately equal at Manomet
Point and Rocky Point,

QUALITATIVE TRANSECT SURVEY

The qualitative transect surveys of acute nearfield impact
zones were started in January 1980 and have been conducted
quarterly since 1982. Diver surveys were made in March and June
1988, bringing the total number of surveys to 30.

The denuded zone has been defined as the area devoid of Irish
moss (Chondrus crispus) and the stunted zone has been defined as
the area with Chondrus of decreased size and dersity compared

with conditions considered normal for this spec.es. By December
1987, after 1.5 years of the power outage at PNPS, it was
difficult to define these zones (BECO, 1%88). The border between

the stunted and the denuded zones could no longer be clearly
defined bacause there was recolonization by Chondrus resulting in

28




TABLE 9. COLONIZATION INDEX VALUES FOR CHONDRUS CRISPUS AND PHYLLOPHORA SPP.
FOR THE MANOMET POINT, ROCKY POINT, AND EFFLUENT SUBTIDAL (10 FT. MLV)
STATIONS FPOR MARCH 1988.

Manomet Point Rocky Point Effluent

Chondrus crispus

Algal Colonization 12 12 3

Faunal Colonization 11 9 6

Total 23 21 9
Phyllophora spp.

Algal Colonization 20 18 16

Faunal Colonization 19 19 14

Total 39 37 30

g




patchy, thin growth in the formerly denuded zone. Because the
recolonization was not complete, zones were still indicated in
Semi-Annual Report No. 31 (BECO, 1988), but the size (square
meters) of the zones was not calculated after June 1967.

March 1988

The results of the divers’ observations immediately cffshore
from PNPS on March 16, 1988 are illustrated in Figure 8A. A large
boulder that is nearly 2xposed at mean low water and that is used
as a landmark by both the Battelle and Division of Marine
Fisheries dive teams is plocted in the figure. The boulder serves
as a visual fix for the proper placement of the transect line and
ensures consistency over the series of ohservations.

Chondrus crispus was observed throughout the area that has
historically been described as being denuded of this species.
Transitions from denuded areas to areas of stunted or normal
Chondrus growth were not clear and no reliable areal measurements
could »n made, The solid line indicating clear boundaries has
been drswn in Figure B8A &«s a dotted line to indicate the poor
definition of this zone. One small arez to the north of the
large boulder was the only area that could be described as being
denuded of algae. Laminaria sp. was observed out to 50 m and
Fucus sp. was observed between 40 and 70 m along the transect line
(Figure B8A).

June 1988

The results of the divers’' observations on June 15, 1988 are
plotted in Figure B8B. No denuded or stunted zones could be
defined along the 80-m transect line. The small denuded area near
the boulder was colonized by a sparse growth of algae. Although
growth was sparse in some areas, Chondrus, Laminaria, and Fucus
were present throughout the entire area. Rocks that had been bare
of algal growth were sparsely covered with Chondrus. Fucus and
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the coralline alga Corallina were also present on some of the
rocks about 40 m along the transect line.

DISCUSSION

The impact of the thermal effluent on algal and faunal
communities near PNPS appears to have been reversed during the
two years of power outage at PNPS. Fluctuations in the PNPS
operations have resulted in various departures from the typicail
relationships between the Effluent and reference stations sampled
as part of this study. These rasponses were summarized in Semi-
Annual Report No. 31 (BECO, 1988) and will not be repeated in

detail here. In general, impacts on the benthic communities
during “normal" operations have primarily affected the less
dominant components of the Effluen* station communities. In

addition, a distinct 2zone of acute impact that fluctuates in
lateral and offshore extent in response to variations in PNPS
output developed in the area immediately adjacent to the discharge
canal.

The most significant result during the current report pariod
is the decline in the acute impact zone, which had been denuded of
the Irish moss Chondrus crispus, or contained only stunted
specimens of the alga. In March 1988, boundaries of denuded or
stunted growth zones were no longar clearly defined, and by June
1988 there were no areas that could be characterized as denuded.
Patchy Chondrus growth was seen throughout the historically
denuded area, and both Laminaria spp. and Fucus spp. were also
seen, No warm-water indicator species such as Gracilaria spp.

were seen in March or June 1988, nor have they been recorded since
September 1986. These results indicate a dramatic recovery within
the zone of acute impact in response to the power outage at PNPS.
Other measures of the algal and faunal communities, however,
indicate that the Effluent station continues to differ from the
two reference stations. All three stations were dominated by the




bivalve Mytilus edulis, but faunal density and diversity were
significantly lower at tne Effluent station than at Manomet Point
or Rocky Point, whether M. edulis was included or not. wWhen
Mytilus was included, diversities were lower in March 1988 than in
March 1987, especially at Rocky Point, but when Mytilus was
excluded, diversity was higher in March 1988 than in March 1987 at
all stations.

Similarity between the Effluent station and the two reference
stations, based on the Bray-Curtis analysis of log-transformed
data, was 56 percent. This value is lower than has recently been
obtained for periods when the plant was not operating, and may
reflect the one Effluent station replicate that had unusually low
densities. In 1987, similarity between the Efflnent station and
the reference stations has exceeded 70 percent (BECO, 1988).
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Larval sculpin densities on February 25 and March 16, 1988 were
unusually high as defined by the contingency sampling program. In both
cases the unusual densities appeared to be short-lived.

No lobster iarvae were collected through June.



SECTION II

INTRODUCTION

This progress report briefly summarizes results of ichthyoplankton
entrainment sampling conducted at the Pilgrim Nuclear Power Station (PNPS)
from January through June 1988 by Marine Research, Inc. (ARI) for Boston
Edison Company (BECo) under Purchase Order No. 65221. A more detailed annual

report covering all 1988 data will be prepared following the July-December

collection periods.




SECTION III

METHODS

Entrainment sampling at PNPS for January-June 1988 consisted of collecting
triplicate samples twice monthly in January and February followed by weekly
sets of triplicates from March through Jur:. Sampling utilized rigging mounted
approximately 30 meters from the discharge canal headwall as in past years
(Figure 1). All collections were made with a 0.333-mm mesh, 60-cm diameter
plankton net fitted with a General Oceanics Model 2030R digital flowmeter.
Although PNPS was out of service throughout the period, one of two circulating
seavater pumps was in operation during each collection period.

All samples vere preserved in 10% Formalin and returned to the laboratory
for microscopic analysis. Fish eggs and larvae vere identified to the lowvest
distinguishable taxonomic category and counted. Common and scientific names
followed Robins et al. (1980). In most cases, species were identifiable.

In certain cases, however, eggs--particularly in the early stages of develop~
ment--could not be identified at the species level in the preserved samples.
In such cases, species vere grouped. A bdrief description of each of these
egg groupings is given below.

¢ Gadidae~Glyptocephalus group (Atlantic cod, Gadus morhua; haddock

Melanogrammus aeglefinus; pollock, Pollachius virens; and wvitch flounder,

Glyptocephalus cynoglossus): egg diameters overlap, no oil globule

present. Stage I11 eggs (those containing embr o vhose tails have
grown free of the yolk; Ahlstrom and Counts 1955) are separated based

on relative size and pigmentation combinations, Haddock eggs are
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difficult to identify until shortly before hatching (late stage I11).

Because of this, some early stage III haddock eggs may have been iden-
tified as cod eggs. This error should be quite small judging from the
relatively low numbers of late state IIl haddock eggs and haddock
larvae collected at PNPS. The gadidae-Glyptocephalus grouping was not
considered necessary in January and February because it is unlikely
that witch flounder spawn during these months (Fahay 1983) and haddock
spawvning is not likely to occur in peak numbars during January and
February (Hardy 1978). All eggs of the gadidae-Glyptocephalus type
were therefore classified as either cod or pollock based on differing
egg diameters during those two months,

Enchelyopus-Urophycis=Peprilus group (fourbeard rockling, Enchelyopus

cimbriuz; hake, Urophycis spp.; and butterfish, Peprilus triacanthus’:

egg and oil globule diameters overlap. Stage IIl eggs are separate
based on diffarences in erbrvenic pigmentation.

Merluccius-Stenotomus-Cynoscion group (silver hake, Merluccius bilinearis;

scup, Stenotomus chrysops; and weakfish, Cynoscion regalis): egg and

oil globule diameters overlap. Stage I[Il egge are separated based on
differences in embryonic pigmentation,.

Labridae-Limanda group (tautog, Tautoga onitis; cunner, Tautogolabrus

adspersus; and yellowtail flounder, Limanda ferruginea): no oil
globule present, egg diameters overlap. Stage [11 eggs are separated
into labridae and vellowtail flounder basod on differences in embryonic

pigmentation, A high percentage of the two species of labrid eggs are



distinguishable, but only with individual, time-consuming measurement
(Marine Research 1977). Labrid eggs are therefore grouped in all
three stages of development in PNPS samples.

» Paralichthys-Scophthalmus group (fourspot flounder, Paralichthys

oblongus; and windowpane, Scophthalmus aquosus): oil globule and egz

diameters as vell as pigmentation are quite similar. Separation of

these two species, even at stage [II, remains uncertain. They are

therefore grouped in all cases.

Eggs of the bay anchovy (Anchoa mitchilli) and striped anchovy (Anchoa
hepsetus) are easily distinguishable, but their larvae are not. Eggs of
these fishes were therefore listed by species vhile the larvae are listed
simply as Anchoa spp.

Several other groups of eggs and larvae were not identified to species
because adequate descriptions of each species are not available at this cime.
These groupings are as follows:

¢ Urophycis spp. = coasists of the red hake (U. chuss), the spotted hake

(U. regia), and the white hake (U. tenuis). Most larvae (and 2ggs) in

this genus collected at DWPS are probably red hake (see summary in Hardy

1978).

¢ Menidia spp. - consists of the inland silverside (M. becyllina) and

Atlantic silverside (M. menidia). Atlantic silverside larvae are

probably more likely to occur as far north as Plymouth based on their

mocre northerly distribution,

¢ Ammodytes sp. No species drsignation vas given the sand laace because

considerable taxonomic confusion exists in the literature (see for example




Richards et al., 1963; Scott, 1968, 1972; Winters 1970; Fahay .983).
Meyer et al. (1979) examinad adults collected on Stellwagen Mank and
classified them as A. americanus (= A. hexapterus). This population
is probably the source of larvae entrained at PNPS.

* Prionotus spp. - consists of the northern searobin (P. carolinus) and
the striped searobin (P. evolans).

Larval rainbow smelt (Osmerus mordax) , cunner, and winter flounder

(Pseudopleuronectes americanus) wvere classified into three or four arbitrary

dev:lopmental stages because these species have been of particular interest
in studies at PNPS. These developmental stages and corresponding length
ranges are given below.

Rainbow smelt

Stage 1 - from hatching until the yolk sac is fully absocrbed (5-7 mm TL).

Stage Il « frcm the end of stage [ until dorsal fin rays become visible
(=12 am TL).

Stage IIl = frem the end of stage L1 onward (11.5-20 mm TL),

Cunner

Definitions of development stages are the same as for smelt larvae.

O%served size ranges for each stage are: stage [, 1.6-2.6 mm TL;

stage 11, 1.8-6.0 mm TL: stage IIL, 6.5-14 mm TL.

Winter f{lounder

Stage 1 - from hatching until the yolk sac is fully absorbed (2.3-2.8 mm TL).

Stage Il - from the end of stage I until a loop or coil forms in the gut

(2,64 mm TL).




Stage 111 - from the end of stage II until the left eye migrates past

the midline of the head during transformation (3.5-8 mm TL).

Stage IV - from the end of stage I1I onward (7.1-8.2 mm TL).

Generally entire samples were examined for fish larvae and all but the
most abundant types of fish eggs. When a species was especially abundant,
subsamples were obtained with a plankton splitter modified from Motoda (1959;
see also Van Guelpen et al. 1982). Samples collected from May through October

vere examined completely for larval lobsters (Homarus americanus).

When the Cape Cod Bay ichthyoplankton study was completed in 1976, a
contingenc: sampling plan vas added to the entrainment monitoring program.
This plan was designed to be implemented if eggs or larvae of any dominant
species proved to be "unusually abundant" in the PNPS discharge samples.
"Unusually abundant” was defined as any mean density, calculated over three
replicates, which wvas found ro be S0% gqreater than the highest mean density
observed during the same ronth from 1975 through 1987.

The contingency sampling plan consisted of taking additional sets of
triplicates from the PNPS discharge on subsequent dates to monitor the
temporal extent of the unusual density. An optional offshore samplirg
regime vas also established to study the spatial distridbution of the species
in question., The offshore contingency program consisted of single, oblique
tows at each of 13 stations (Figure 2) on both rising and falling tides for
a total of 26 samples. Any contingency sampling required authorization from

the Boston Edison Senior Marine Fisheries Biologist.
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Figure 2.

Location of entrainment contingency plan sampling stations,
C-1 through C~113.
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SECTION 1V

RESULTS

Population densities per 10O m® of water for each species listed by
date, station, and replicate are presented for the January-June period of
1988 in Appendix A (available upon request). The occurrence of eggs and
larvae of each species by month appears in Table 1.

lchthyoplankton entrained during January through April generally repre-
sent winter-early spring spawning fishes. The number of species found in
the discharge ollections was four in January, ten in February, 16 in March,
and 17 in April. Samples contained relatively few eggs since species con-
tributing the greatest numbers to entrainment duringthis period spawn demersal,
adhesive eggs which are nct normally subject to entrainment. Only two eggs
vere found during January and February combined, one aa nuidentified demersal ,

the other an American plaice (Hippoglossoides platessoides). March samples

contained a greater variety of eggs (5 species) wich wintar flounder being
numecrically dominant. They accounted for 92% of the month's total with a
mean density of 9 eggs per 100 m® of water. Fourbeard rockling, Atlantic cod,
American plaice, and yellowtail flounder, all with mean monthly densities

less than | per 100 m’, completed the March egg catch. April collections
contained six species of eggs with plaice and rockling being most numerous;
monthly mean densities per 100 m® of 3.7 and 3.3 accounted for 26 and 24% of
tme total, respectively. Atlantic cod, haddock, yellowtail, and winter
flounder completed the catch., Since wvinter flounder eggs are demersal and

adhesive, their densities in the PNPS discharge canal cannot be considered



Table 1. Species of fish eggs (E) and larvae (L) obtained in ichthyoplankton collections from the Pilgrim
Nuclear Power Station di<charge canal, January-June 1988.

Species Jan Feb Mar Apr May Jun
American eel Anguilla rostrata L L
At lant ic menhaden Brevoortia *yrannus E/L
Atlantic herring Clupea harengus harengus L L L

Rainbow smelt Osmerus mordax

Goosefish Lophius americsnus

Fourbeard rockling Enchelyopus cimbrius E E/L E/L E/L
Atlantic cod Gadus morhua L E/L E E E/L
Haddock Melanogrammus seglefinus E

S1lver hake Merluccius bilinearis E
Atlantic tomcod Microgadus tomcod L L

Pollock Pollachius virens

Make Urophycis spp. E
Northern pipefish Syngnathus fuscus L
Si1lversides Menidia spp. L
Wrasses Labridae E E
Tautog Tautoga onitis L
Cunner Tautogolabrus adspersus L
Snakeb lenny Lumpenus lumpretaeformis L

Radi1ated shanny Ulvaria subbifurcata L L L
Kock gunnel Pholis gunaellus L L L L L

Sand lance

Ammodytes sp. L L L L




Ll

Table 1| (continued).

Species Jan Feb Mar Apr May Jun
Atlantic mackerel Scomber scombrus E E/L
Butterfish Peprilus triacanthus E
Searobins Prionotus spp. E
Grubby Myoxocephalus aenaeus L L L L
Longhorn sculpin M. octodecemspinosus -4 L
Shorthorn sculpin M. scorpius L L L
Lumpfish Cyclopterus lumpus
Seasnail Liparis atlanticus L L L
Gult snsilfish L. coheni L L
Wintovpane Scophthalmus aquosus E E/L
Witch flounder Glyptocephalus cynoglossus E E/L
American plaice Hippoglossoides platessoides E E/L E/L E/L E/L
Yellowtail flounder Limanda ferruginea E E E/L E
Winter flounder Pseudopleuronectes americanus E/L L L




representative of densities in the waters around Rocky Point. Those which
were collected from the discharge canal were probably dislodged from the
bottom by currents or perhaps fish.

Larval collections during the winter-early spring period contained
increasinpg numbers of species with each successive month - 4 in January, 9
in February, 13 in March, and 14 in April. Numerical dominants included

sculpin (Myoxocephalus spp.), rock gunnel (Pholis gunnellus), seasnails

(Liparis spp.), and sand lance. Sculpin densities averaged 0.4 in January
(37% of the total larval catch), 41 in February (82% of total), 115 in March
(48%), and 43 per 100 m® in April (43%), with the grubby (M. aenaeus) being
most abundant overall among the three species. For rock gunnel densities

per 100 m* of water vere 0.5 in January (50% of total), 8 in February (16%),
118 in March (50%), and 4 in April (5%). Larval seasnails were uncommon until
April when a monthly mean of 17 larvae per 100 m’ vas recorded representing
25% of the larval catch; the majority of these (99.4%) were L. atlanticus.
Larval sand lance did not appear in the January collections, averaged 0.4 per
100 m? in the February collections (1% of the catch), 2 per 100 m’ in March
(1%), and 11 in April (16%).

May and June collections (aloug with July) consist of late spring-summer
spavning species. Overall 19 spucies vere represented in May and 18 vere
represented in June, with 9 and 13 species being represented by eggs in those
two respective months, Numerically dominant eggs included Atlantic mackerel
(Scomber scombrus) and the labrids. Mackerel accounted foi 87% of the eggs

taken in May and 61% of those taken in June; monthly densities amounted to

L4



1724 and 2220 per 100 m? respectively. Combined, labrid-Limanda and labrid
eggs accounted for an additional 6% of the eggs in May and 35T of the eggs
in June.

Larval ccllections contained 13 species in May, 15 in June, with sea-
snails (only L. atlanticus vere found during this period), winter flounder,
and Atlantic mackerel being the numerical dominants. Seasnails represented
42% of the larvae in May with a monthly mean density of 28 per 100 m? of
vater and 35% of the larvae in June with a monthly mean of 7 per 100 m?,
Winter flounder added 35% in May, 3% in June; monthly mean dinsities were
24 and 1 per 100 m?, respectively. Larval mackerel were not found until
June at which time a monthly mean density of 6 per 100 m® accounted for 29%
of the total larval catch.

Appendix B lists mean monthly densities for each of the numerical
dominants collected over the January-June period dating back to 1975, A
general review of the data through the first six months of 1988 suggests
that month by month egg densities were within the range of monthly mean
densities observed over the past |) years with three exceptions:

1) Atlantic cod eggs vere relatively uncommon from January through March
and during May. None were found in January for the third time and none
vere found in February for the first time. March and May mean monthly

densities vere both the lowest yet observed over the 1975-1988 period.

2) Paralichthys-Scophthalmus eggs, vhich the larval collections suggested
vere primarily vindowpane, vere relatively abundant in May. The 1988 mean
monthly density of 74 per 100 m? exceeded the previous May high (1980) by
a factor of 2.2, ) Mackerel eggs vere also abundant in June 1988 exceeding

June 1986, the previous high, by a factor of 8.0,
1%
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Similar results were obtained among the larvae comparing 1948 with the

previous 13 years, again with three notable 2xceptions: 1) Rock gunnel

vere relatively abun’ant in March, the 1988 monthly mean of 118 per 100 m?

of water just exceeding March 1984 (109 per 100 m?), the previous March

high value. 2) Larvai veasnai’s were more abundant in April 1988 (17.4 per

100 m®) than in previous Apr..y, just barely surpassing 1977 (16.9 per 100 m?),
the previous high. 3) Latua. sculpin were numerous in February 1988 due

mainly to the shorthorn sculpin (Myoxocephalus scorsius) and in March due

mainly to the grubby. shorthorn sculpin vere absent from most previous
February collections being found in only three years since 1979; in 1988
a mean density of 33 per 100 m® was obtained for the month, 5.3 times the
previous February high ob-erved in 1985. In March of 1988, with a monthly
mean of 103 per 100 m*, grubby exceeded the previous March peak (1980) by
a factor of 1.7,

Larval sculpin densities on February 25, 1988 (79 per 100 m?; 81% = M,
scorpius) and March 16, 1988 (308 per 100 m’; 9%% = M. aenaeus) wvere unusually
high as defined under the contingency sampling program., In both cases, sub-
sequent sampling on March 1 and March 21 suggested that the relatively high
densities were of short duration as values returned to levels below the
unusual level within those time frames. No additional, unscheduled sampling
vas conducted in response to the highi densities because no excess heat or
chlorine vere introduced due to the extended plant outage, and both circulating
seavater pumps vere [requently off between sampling periods.

No lobster larvae wvere found through June 1988,

1%
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APPENDIX B, Mean monthly densities and range per 100 m® of water
for the dominant species of fish eggs and larvae
entrained at PHPS. January-June 1975-1988.
Some standardization of data sets was required to adjust for chauges
in the sampling program wvhich have occurred over the years:
i. Only 0.333-gax mesh net data were used in these casas (1975) when
field sampling was carried out using both 0.333 and 0.505 mesh nets.
2. When, as in 1976 and 1977, 24-hour saspling series were conducted,
the samples taken nearest the time of daylight low tide were selected
for comparison since this conforms to the routine specification for
the time of entrainment sampling used in all sudb equent years.
3. For the same reason only daylight low tide data wvere used vhen, in
1975, samp.es were also taken at high tide and/or at night,
4. Cod and pollock egg densities were summed to make up the category
“"gadidae" since these eggs wvere not distinguished prior to 1976.
Iln January and February when witch flounder do not spawn, all three
eng stages are included in this category. During the remaining

months, early-stage eggs are included with the gadidae-Glyptocephalus

group.
S. Beginning in April whken the Enchelvopus-Urophy:is-Peprilus grouping

became necessary, the listing for Enchelyopus cimbrinus includes

only late-stage eggs, the two early stages being included wvith the

grouped eggs.

6. Since the Brosme-Scomber gprouping wvas not considered necessary after

1983, grouped eggs vere added to §. scombrus eggs in the table for

1975-1983 (B. brosme eggs having alvays been rare).




10.

Sculpin larvae were identified to species beginning in 1979 following
Khan (1971)*, They are shown by species beginning with that year as

vell as added together (Myoxocephalus spp.) for comparison with prior

years.

Similar results are shown for seasnail larvae which were not speciated
prior to 1981,

Although samples were in fact taken once in April 1976 and once in
March and August 1977, comparisons with other yeais when sampling was
wveekly are not valid and consequently do not appear in the table. Data
collected in 1974 was not included because sasmples were not collectad
at low tide in all cases.

When extra sampling series were required under the contingency sampling

regime, results vere included in calculating monthly mean densities.

Mean_

Table format:
Range

*Khan, N.Y. 1971. Comparative morphology and ecology of the pelagic larvae

of nine cottidae (Pisces) on the northwest Atlantic and St, Lawvrence
drainage. Ph.D. thesis, University of Ottawa. 234p.
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IMPINGEMENT OF ORGANISMS AT
PILGRIM NUCLEAR POWER STATION
(JanJary - June 1988)
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Robert D. Anderson
Senfor Marine Fisheries

Blologist

Nuclear Engineering Department
Licensing Division

Boston Edison Company

Qctober 1988
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Pignm Nuclear Power Staton
Rocky Hill Road
Plymouth, Massachusetts 02360

BECo 88-112

Ralph G. Bird October 31, 1988
Senor Vice Fresident — Nuclear

Mass. Division of Water Pollution Countrol
Permit Section - 7th Floor

One Winter Street

Boston, MA 02108

License DPR-35
Docket 50-293

NPDES PEIMIT MARINE ECOLOC ¢ MONITORING REPORT
Dear Sir:

In accordance with Part I, Paragraph A.7.b & ¢. and Attachment 1, Paragraph
I.G, of the Pilgrim Nuclear Power Stition NPDES Permit No. MAOOO3557 (Federal)
and No. 359 (State), Semi-Annual Marine Ecology Report No. 32 is submitted.
This report covers the period from January through June 1988.

"aém,.
. G. Bird

Attachment: Semi-Annual Marine Ecclogy Report No. 32

RDA/amm/1292

cc: Mass. Divicion of HWater Pollution Control
Lakeville Hospital
Lakeville, MA 02346



