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SUMMARY

Highlights of the environmental survel lance and monitoring program results
obtained over this reporting period (January - June 1991) are presented be-
low (Note: PNPS was operating at normal power level fram January - June 199!

with the exception of a refueling outage during May and June),

Marine Fisheries Monitoring:

1. Pelagic fish mean catch from January - June 1991 at the gill net sta-
tion (74 fishes/set) was similar to 1990 when 72 fishes/ set were
taken. Pollock (58%), cunner (B%), tautog (7%), smooth dogfish (&%)
and Atlantic herring (4%) made up (83%) of the total catch.  Striped
bass were sampled in much lower numbers than during 1990 due to a

lack of thermal effluent in Méy and June 1991,

2. Shrimp traw! catch from January - June 1991 recorded twelve benthic
fish species with Atlantic herring (68%), winter flounder (14%),
little skate (7%) and Atlantic cod (5%) composing 94% of the total.
Mean catch-per-unit-effort (CPUE) for all specles was highest st the
Priscilla Beach Station (23.4) and 7.7 fo. all statlons pooled in
1991 (40% higher than in 1990). CPUE from January - June 1991 for
commercially important winter flounder was highest at the Priscilla
Beach Station. The mean smallest winter flounder recorded were also

sampled off Prisciila Beach.
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Adult lobster mean monthly catch rate per pot haul in May - June 1991
was 0,50 lobsters (0.26 in 1990). This reflected a general constancy
in €57 in the whole Cape Cod Bay commercial lobster fishery. The
su.velllance area (thermal plume) catch rate was 0.34 while the

reference area (control) was 0.36.

In Hay - June 1991 fish observational dive surveys five species were
observed in the discharge area. Cunner (65%) were the most numerous
species seen, with pollock second (22%) and tautog third (10%) in
ore~ yational aubundance. No fish showed abnorwmal behavior and no
gas bubble disease symptoms were observed on routine observational
dives. Most fish were in greatest concentrations Iin the path of the
PNPS discharge, being observed most often in the denuded zone (63%).
Blue musse)l proliferation and algal growth in the denuded zone were

dense during tha PNPS outage of May and June 1991,

Atlantic herring accounted for 93% of the June 1991 haul seine (shore
zone) fish catch, and sand lance spp. 6%, with a total cf ten species
collecteo. Diversity was greatast at the Long Point Station. CPUE
was highest in the PNPS intake embayment where Atlantic herring were

dominant.

The late-May thiough June 1991 shorefront sportfish survey at Pllgrim
Station recorded 402 angler-trips on sele.ted days. A PNPS outage,
which resulted in no thermal discharge to attract sportfish species
in May and June, reflected modest catches of striped bass and

bluefish compared with the previous, high operational years.
1-2
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4. Initial impinged fish survival at the end of the Pilgrim Station in-

take sluiceway was approximately 23% for static washes and 77% for

continuous washes.

Benthic Monitoring.

1. Three new species of invertebrate fauna were added to the list of
sampled blota since 1990 as a result of analysis of the April 199)
samples, making the total number 102 species in the PNPS area the

last two years.

2. Specles richness between tha PNPS discharge and the Manomet Point/

Rocky Point stations was n . notably different in Apri) 1991 or 1990.

3.  Greatest faunal dencities in April 1991 occurred at Effluent. Faunal
densities were exceptionally high at the Effluent because of a dense
musse! population (380.000/m2). Approximately a 3000 greater
difference 1iIn density was found for the Effluent when compared to
Manomet Point and Rocky Polnt. Changes In rank were not found among

stat.ons for density without blue mussels (Mytilus edulis).

4. There was a consistency between palrs of stations for dominance
patterns, with only 7 of the 15 dominant species at each station not
being shared. Amphipods were the majority of the dominant taxa, and
blue mussels ranked first representing a minimum of 61% of the total
fauna at each station. Species diversity was lowest at the Effluent

Station and highest at Rocky Point.
1-4
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No additional aigal species were encountered in the study area during

April 1891, Algal community overlap was high (~B5%) among al) three

station pairs, showing like species present at all stations.

Total algal biomass was lower at the Effluent than at the Manomet
Potnt and Rocky Point stations. Mean Chondrys blomass was alsc lower
at the Effluent station than the other stations, and Phyllophora spp.
biomass was highest at Rocky Point and lowest at Manomet Point

station.

April and June 1991 mappings of the near-shore acute impact zones
were performed. Negligible Chondrus growth in the denuded zone was
evident for both April and June indicating continuing imgact since
the 1986 - 1983 PNPS outage. The warm-water alga, Gracilaria
tikvahiae, was present in the discharge area because of increased

operation of PNPS since January 1990.

Eatrainment Monitoring:

¥,

A total of 28 species of fish eggys and/or larvae were found in the

January - June 1991 entrainme ¢ collections.

Egg collections for Janvary - April 1991 (winter-early spring
spawning) were dominated by Atlantic cod, American plaice and winter
flounder. May and June (late spring - summer spawning) egg samples

were most representative of Atlantic mackerel and labrids.
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Larval collections for January - April 199! were deminated by rock
gunnel, grubby and sand lance. For May and June larvae, winter

flounder, cunner, Atiantic mackerel and radiated shanny dominated.

No Tlobster larvae were collected in the entrainment samples for

January - June 1991,

In no cases were unusually high densities of fchthyoplankton found,

requiring contingency sampling to be Initiated.
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Monitoring 1s conducted of local lobster stock catch statistics for
areat in the proximity of Pilgrim Station (Figure 4). Catch statis-
tics are collected approximately biweekly throughout the fishing

season (May-November ).

A finfish observational dive program was initiated in June 1978,
SCUBA gear 135 utilized oin biweekly dives from May-October (weekly
mid-August to mid-September) at 6 stations (Figuie 2) in the PNPS

thermal plume area.

In 1986, an experimental, lobster pot traw! monitoring effort was
inftiated to eliminate any blases associated with the collection of
lobster stock catch statistics for determining PNPS effects. Ten
S.pct lobster trawls were fished in the thermal pilume and coentrol

areas around PNFS during (Flg .. 3).

Results of the marine fisheries monitoring during the reporting

perlod are presented In Section I1IA.

Benthic Monitoring

The benthic monitioring deccribed in this report was conducted by

Selence Applications Internatinnal Corp., Woods Hole, MA.
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The benthic flora and fauna were sampled at three locations at depths
of 10 feet (MLW) (Figure 1) OQuantitative (rock substratum) samples
were collected, and the dominant flora and fauna 1n each plot were
recorced,  Sampling was conducted two times per year (March and
September) to determine biotic changes, 1f any. Transect sampling
of f the discharge canal to determine the extent of the denuded and
stunted zones 1s conducted four times a year (March, June, September
and December). Results of the benthic surveys rveported during this

period are discussed in Section I1IRB.

Plankton Monitoring

Marine Research, Inc. (MRI) of Falmouth, Massachusetts, has been
monitoring entrainment in Pilgrim Station cooling water of fish eggs
and larvce, and lobster larvae (from 1973-1975 phytoplankton and
zooplankton were also studled). Figure 5 shows the entrainment
contingency sampling station locations. Information generated
through these studles has been wutilized to make periodic
mocdifications in the sampling program to more efficiently address the
question of the effect of entrainment. These modifications have beer
developed by the contractor, and reviewed and approved by the Pilgrim
A-T Committee on the basis of the program resu'ts.  Plankton
monitoring in 1991 emphasized consideration of ichthyoplankton
entrainment. Results of the ichthyoplankton entrainment monitoring

for this reporting period are discussed in Section I1IC.
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4. Impingement Mon)toring

The Pilgrim 1 impingement monitoring and survival program speciates,
quantifies and determines viability of the organisms carried onto the
four intake traveling screans Since January 1979 Marine Research,
Inc. has been conducting ‘impingement sampling with results being

reported on by Boston Edison Company.

A new screen wash sluiceway tystem was installed at Pilgrim in 1979
at a total cost of approximately $150,000. This new slulceway system
was rvequired by t'e U.S. Environmental Protection Agency end the
Mass. Division of Water Pollution Contro’ as a part of NPDES Permit
#MAOO03557.  Spectal flish survival studies conducted from 1980-1983
to determine its effectiveness in protecting marine life were termin-
ated in 1984, and a final report on them appears in Marine ELcology

Semi-Annual Report #23

Results of impingewent monitoring and survival program for this re-

porting period are discussed in Section ITID.

Fish Survelillance Studies
Maych - MNovember, weekly fish spotting overflights were conducted as part
of a continuing effort to monitor the times when large concentrations of

fish might be expected in the Pilgrim vicintity.

An annual summary raport for this effort for 1991 will be presented in

Semi-Annual! Report No. 19,

I1-5
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station Operation History

The daily average, reactor thermal power levels from January through June
1991 are shown in Figure 6. As can be seen, PNPS was in a normal
operating stage during most of this reporting period, with the exception

of May and June when a refueling outage was ongoing.
1991 Environmental Programs
A planning schedule bar chart for 199) environmenta) monitoring programs

related to the operation of Pilgrim Station, showing task activities and

milestones from December 1990 - June 1992, 1s ncluded as Figure 7.
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1.  EXECUTIVE SUMMARY
Commercial lobster Pot-Cateh Flrhery

¥rom May to June (spring) of 1991, data were obtained from the
trap catch of one commercial lobstermar who fisles in the vicinity
of Pilgrim Nuclear Power Station. Sample size included a total of
$46 pots hauled and 1,745 American lobster (Homans amercanus) captired.
0f the total catch, 14% of the lobst?t were legal in size 2
82.55 mm). Legal catch rate for the overall inshcce area avevagd
0.30 legals per pot-haul, a slignt increase from last year.

Controlled Research lobster Fishing

Thirteen sampling trips were completed in June, with data
procured from 65C trap-hauls. Of the 2,145 lobster sarpled in the
study area, 9% were legal in size (282.55 mm CL). Mean legal catch

ates ranjed from 0.28 Lo 0.31 lobster per trap-haul at tihe three
study locations.
Nearshere Benthic Finfish

A bottom trawl survey of groundfish in the Pilgrim area was
conducted January to June 1991, A total of 444 finfish
representing 12 species was collected in SB trawl tows, Overall
catch per unit effcrt (CPUE) for all statione and species peoled
was 7.7 fish/tow, as compared to last year's mean o” 5.%5. Catch
rates were strongly inf "enced by the catch of nearly 300 Atlantic
herring (Clupes harengus harer, . during a single tow. Excluding this tow,
catches were depressed, continuing a downward trend. Numerically
dominant species in the catch were 2tlantic herring, winter

flounder (Plewronectes amenicanus), little skate (Rgjuennacca), Atlantic cod (Gadus




morhia), and windowpane (Scophthalmus squosus). CPUE of winter flounder was
highest off Priscilla Beach, while little sk-te catch rate was
highest in the Intake. Windowpane vere most abundant at Priscilla
Bouch.
Pelagic and Benthi-pelagic Fishes

Gill=net sampling was conducted monthly in the environs of
Pilgrim Station during the first half of 1991, The dominant
species captured in order of abundance were pollock (Pollachius vire
cunner (Tautogolabrs adspersus), tautoq (Tautoge onis), smooth dogfish (M us
canis), and Atlantic herring. The overall half year catch per unit
of effort for all speciec pooled was similar to last year's value
but is substantially down from the level of the years 1987-1989,
Of note, the numbers of striped bass (Mo meswatilis) were lower probably
due to the plant being in an outage since May, while the local
cunner population showed some signs of increasing abundance.

Shorezone Fishes

Ssampling of the shcre zone foi fish using 45.7 m haul seines
began in June. Ten finfish species were seined, with Atlantic
herring and sand lance (Ammodyies Epp.) comprising 99% of the catch
that month. The majority of the sea herring were taken during a
single Laul in the Intake. Sand lance were taken predor’ aantly
(80% of species total) from Warren Cove.

Diversity, (the number of species sampled at a location; was
highest at Long Point where eight species were captured. Catch per

unit of effort was highest in the Intake and lowes{ at Warren Cove,

e e e e e L e r—
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baited eel pots and have standardized our tagging technigue. As
for tag retention and fish survival, we have recaptured cunner
tagged up to nine months prior at Pilgrim Station., The tag's
visibility undervater has been confirmed by divers near the power
plant's outer breakwater. The anchor tag appears suitable for our
tagging operations.

T e ———




11. INTRORUCTION

Monitoring of the marine environment in the vicinity of the

Pilgrim Nuclear Power Station is conducted to assess environmental
effects of plant operation. Ecological investigations conducted by
the power plant team of the Massachusetts Division of Marine
Fisheries (DMF) address the lobster and fish populations in the
off-site waters of western Cape Cod Bay. DMF is funded by Boston
Edison Company under Purchase Order No. 68004 in 1991,

In this report, sampling data collected from reference and
surveillance sites for January through June 1991 are summarized.
Measurements, counts, percentages, and indices of abundance are
employed to detect trends or relationships in the data both
spatially and temporally.

The 1991 cperational status of Pilgrim Station, including
ite seawater circulating pumps, was as follows. The plant ran at
90% capacity through April with both pumps operating. However,
since early May, the plant has been in a planned refueling outage
with cne or both pumps not cperating and only minimal waste heat

released.,

111.  RESULTS AND DISC 310N
1. COMMERCIAL LOBSTER POT-CATCH FISHERY

Se: sonal monitoring of the commercial lobster fishery around
Pilgrim Station was continued in 1991. We began sumpling the catch
of our cooperating lobsterman in early May and continued through

June with a total of 1,745 lobster (Homanu americanus) caught from B46






pot 4i8. Figure 1 depicts the distribution of pots sampled by
dasignated quadrat.

The sampled catch included 253 legal (> B2.55 mm carapace
length =~ CL) lobster, representing 14% of the total catch, for a
mean catch rate in the study area cf 0.30 legals per pot-haul over
the two months, a slight ‘ncrease from last year's rate of 0,26,

The mean legal catch rate for reference guadrats (E-13 & 14,
F=13) of 0.36 (35 legal lobster in 98 pot~hauls) is greater than
the rate for 1990 of 0.21., The spring 1991 legal catch rate for
the survelllance quadrats (H-11 & 12, I-11 & 12) was 0.34, which
also was larger than last spring's rate of 0,27.

2. CORTROLLED RESEARCH LOBSTER FISHING

In June 1991 we began the sixth year of the research lobster
trap study in the environs of Pilgrim Nuclear Power Station (Figure
¢). Thirteen sampling days were completed in which 2,145 lobster
were caught in 650 trap-hauls. The incidence of null pots (pots
with zero lowster) was 7%, The lobster sampled were predominantly
(91%) sublegal (< 82.55 mm CL) in size. A total of 191 legal~sized
(282.55 mm CL) lobster was captured. The catch ratio of sublegal
to legal lobster was 10.2:1. The mean catch rate for all lobster
sampled was 3.3 lobster per trap~haul for the study area. Overall
catch rates for legal and sublegal lobster w re 0,29 and 3.01
lobster per trap-haul, respectively.

A graphic comparison of June's lobster catch rates at the
three sampling locations (Figure 3) suggests that the discharge

site was lower than the other two sampling areas (Rocky Point and
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Nearshore bottom trawling

for 1991 commenced in

mid-January and continued through June. Station locations (Figure
4) included Warren Cove, off Priscilla Beach, in the area of
Pilgrim Station's Discharge, and in the Intake embayment at the
power plant. Sampling was conducted monthly during January through
March, thence biweekly through June. Catches for tows greater than
or equal to 10 minutes, but less than the standard 15 minute
duration, were multiplied by an expansion factor (15 minutes/actual
tow minutes) to standardize sampling effort. Any tow of less than
10 minutes was rejected a prion.

A total of 444 finfish (expanded catch) comprising 12 specles
was collected during 58 tows in the study area (Table 1). Thirteen
specles totaling 344 finfish were collected in 62 tows for the same
period in 1990, Five species: Atlantic herring (Clupea harengo harengus),
winter flounder (Plewonectes amencanus), little skate (Raw ennacea), Atlantic

cod (Gadus morhug), and vwindowpane (Scophthalmus eguosus) comprised

9
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However, this species has not been a common component of our trawl
catches over the years.

Winter flounder ranked second in trawl catch at 14% of the
total. Relative abundance was highest off Priscilla Beach at 2.3
fish per tow, while none were caught in Warren Cove (Table 2). An
ove.all winter flounder abundance index (catch per tow) of 1.1 is
down from last year's value of 2.2.

Ranked third, little skate comprised 7.3% of the trawl catch,

CPUE ranged from 1.2 fish per tow in the Intake to 0.0 in Warren

Table 2. Expanded trawl catch dets (totel length and catch per unit effort)
for gominant demerssl commnity finfigh occurring in the vicinity
of Pilgrim Station, Jenuery through June, 1991,

—— -
winter Little
Station tiourdier W doRpane skate
WARREN COVE ﬁ
Mean catoh/tow 0.0 0.0 0.t
Hean size (om) ’ . .
Sire range (cm)
PILGRIM DISCHARGE
Mean catoh/tow 1.1 n.% .8
Hean size (om) 28 2% 3
$ize range 12:3% 16-37 2648
PRISCILLA BEACH
Nean cateh/tow 2.3 0.5 0.4
Mean size (om) 5 e 36
Slze range 11-% 14-29 2648
PILGRIM INTAKE
Rean catch/tow 1.0 0.2 1.2
Hean size (em) 26 23 2
Size range 11-38 17-28 2048 _J

Cove (Table 2). The overall half-year little skate relative
abundance index (0.6) declined from 1.1 in 1990.

Atlantic cod ranked fourth in catch abundance at 4.5% of the
total catch. As with gea herring, this species is not a
traditional dominant in our trawl catches. The cod caught in 1991

were small individuals (3-5 cm total length) caught in tows that
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substantially down from the first half of 1989 (117), 1988 (315),
and 1987 (356).

Table 3. Numericel rank and rr«m of total ceteh for fish species captured by gill
net (7 panels of 3.8:15.2 om mesh) in the marine waters off the Pllgrim
Nuclear Power Station, Janwary through June 1991,

Percent of Percent of
Species Totel Catch Species Totel catch
—— -y

1. Poliock $8.0 ¥, ktientic cod 1.4

2, Cuwer e.2 10, winter flounger 1.1

3. Teuteg 6.8 11, Sluefish 0.9

6. Smooth dog. ish 5.9 12, Alewite 0.7

5. Atlantic herring 3.9 Shorthorn seulpin 0.7

6. Scwp 3.6 13, ked hake 0.5
Strined bass 3.6 Ses raven 0.5

7. Nortoern searobin 2.5 4. Longhorn sculpin e.2

8. Little skate 1.6

Pollock comprised 58% of the cutch and most often has been the
dominant fish caught by gill net in the Pilgrim area. Cunner (8%)
increased in the hierarchy of catch from fifth to second. The
local stock of cunner had been showing signs of declining abundance
until 1990 when there was evidence of a strong year class of young
fish., Striped bass declined from 16% of the gill=-net catch in 19%0
to 3.6%, falling from second to sixth in the hierarchy of catch.
The number ¢f bass found in the discharge at Pilgria Station, as
evidenced by gill-net catches, sportfish catches, and diving
observations, during the first half of 1991 is markedly down
concomitant with the plant being in an outage since late April,

when bass seasonally arrive inshore in Cape Cod Bay.

5. SHOREZONE FISHES

Thirteen sets of the 45.7 m haul seines were made “Auring 2

sampling days in June. Four stations (Figure 5) were sampled

a8
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during ¢ 3 hours of low tide. Over 24,000 fish comprising 10
species were sampled (Table 3). The average catch per unit of
effort was 1,882.1 fish per seine haul. For the same time period
last year, we collected 8 species (5 species in common), but
overall average catch rate was magnitudes lrwer at 16.0 fish per
set. The high 1991 value is no doubt strongly influenced by the
capture of over 20,000 Atlantic herring during one set in the
Intake in June. Surface water temperature and salinity at time of
sampling this June ranved from 16° to 18" C and 31w to 32%,

respectively.

Table 5. Houl-seine catch of shore tone fighes in munber of fish,
species composition (X number), and catoh per standard
seine haul ot sampling stations in the envirens of Filgrim
duclear Power Station during June 1591,

warren Pligrim’  Manomet Long Total  Percent of ]
Species Cove Intake Faint Point Catch  Tota' Catch

Atlentic herring 0 22,842 0 1 22,843 3.4
sand lance (spp.)  1,1% 278 0 2 % 6.0
Atlantic silverside 0 $ 1 e} 8 0.3
Atlentic tomeod 0 0 0 2¢ 26 0.1 !
Blueback herring Fal 0 0 0 21 0. .
Northern pipetish 0 0 0 10 in . |
Three-spine stickieback 0O 1 0 8 v . |
winter flounder 0 0 0 & 4 " {
kock gurnel 0 2 0 2 2 * }
Four-spine stickleback 0 0 0 1 . 1
total #ish 1,26 23,18 ) 128 24,668 )
Number of sets & 3 Fd ‘ 13 i
Catch per set 306.0 T.707.6 0.5 2.0 1.882.1 |
Pe: cont catch 5.0 L . 0.5
Number of species 3 - 1 8 10

" Represents less than 1% of the totel catch
"45.7 m long x 3.0 m deep seine; other sites sampled by &45.7 m x 1.8 m seine

Atlantic herring ranked first in seine catch (93.4% of the
total), but as noted for nearshore trawling, this species is not
normally a prominent member of the dominance hierarchy. The
capture of this species is sporadic, and catch rates can be greatly
affected by a single large haul.
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sand lance - démmodwes 8pp.) ranked second and comprised 6% of the
seine catch in June. This species accounted for 82% of June's
seine catch i1 1990. This ranking is actually a result of the
extraordinary catch of sea herring. If the herring data are
excluded, sand lance account for 90% of the fish seined in June,
1991. Eighty percent of the sand lance catch this year was taken
at the Warren Cove station.

Comprising less than 1% of the total catch, the remaining 8
species were not captured in abundance. Overall catch 1.te for
this group (pooled species and stations) was 11.9 fish per haul,

piversity, as measured by number of species preeent in a
community, was highest at Long Point where eight species were
captured (Table 3), Catch per unit of effort (pooled species), was
highest in the Intake and lowest at Manonmet Point. It should be
no:ed, however, that these estimates of community species diversity
and relative abundance are based on only cne month's data and

cannot be comprenensively analyzed.

6. UNDERWATER FINFIGH OBSERVATIONS

Biweekly observational SCUBA dives were made at six stations
in and around the discharge canal in May and June, 1991 (Tigure 4).
Five species of finfish (Figure é) were recorded, as well as such

invertebrate species as blue mussel (Muiluseduls), American lobster,
starfish (Asnas spp.), and rock and jonah crabs (Cencer wroratus and C
borealis). Macro-algal species sighted included kelp (Leminund spp.) and
Irish moss (Chondmws cnspus).

17
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During daylight hours, anglers have access to fisn off the outer

breakwater, both discharge jetties, and the sandy beach and rip-rap
at the head of the intake embayment. The creel survey began on
Saturday, May 18th, and continued on weekends through mid-June.
The collection of daily information began on Wednesday, June 19th,

As to plant operation during the first three months of fishing
this year, throughout April both circulating seawater pumps were
operated mc t of the time, anu the plant was discharging waste
heat; whereas, in May and June one or no circulating pumps were
run, with the discharge of minimal waste heat into the receiving
waters,

No creel data were collected systematically from April through
May 17. From our observations, fishing pressure appeared to be
fairly light in April. During the last two weekends of May, 33
angler-trips were recorded at the Shorefront. Fishing techniques
included casting artificial lures and bottom fishing with bait.
Reportedly, no fish were caught.

In June, 18 days were sampled: 10 weekend days and 8
weekdays. A total of 369 angler-trips was recorded at the
Shorefront during this month's sampling. The catch (121 fish) was
comprised of four species of fish: two pelagics - bluefish (58%)
and striped bass (5%) and two groundfish - cunner (35%) and pollock
(2%). The catch rate averaged 0.3 fish per angler~-trip or 7 fish
per day. cunner and pollock were caught off the outer intake
breakwater, while bass and bluefish were taken in the discharge.

Some bluefish were also zauaht in the Intake embayment. The catch
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of bluefish was larger than for the years, 1986 to 1988, when the
plant was also in an outage, but was 26% lower than in 1990 when

the plant was operating.

8. CUNNER CAPTURE = TAGGING PROGRAM

We are tagging cunner in order to fellow their movement
patterns and distribution in relation to the waste~heat discharge
at Pilgrim Station and resultant zones of impact. We selected the
Floy plastic t-bar anchor tag to mark individual fish. In general,
we will rely on our SCUBA diving surveys to visually resight
("recapture") tagged fish. To capture cunner for tagging, baited
eel pots are being used which also provide recapture information.
This study should provide information on the mobility and
dispersion of cunner as related tc their susceptibility to impact
of the discharge current.

Cunner are abundant in Cape Cod Bay, forming discrete
localized populations which exhibit only tieascnal inshore/offshore
movements that are regulated by temperature. Au a hottom fish, they
occupy small home ranges, inhabiting inshore temperate reefs, i.e.,
ledges and other rocky areas and other structures including piers,
pilings, jetties, and shipwrecks. These serve as refuge areas.
This makes the cunner an ideal candidate fcr monitoring
envirconmental perturbation. Cunner are especially vulnerable after
dark since low responsiveness, characteristic of the sleep state of

labrid fishes, reduces their ability to avoid environmental stress.
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EXECUTIVE SUMMARY

This report represents results of guantitative data collected in April 1991 at established
stations in the vicinity of the Pilgrin: Nuclear Powar Stat. n (PNPS) and qualitative transect surveys
conducted in the therma! effluen: in April and June € 1991  These investigations represent the most
recent phase of the long-term efforts to monitor the effects of theomal effiuents on the benthic
communities adjacent 1o the PNPS.

A varisty of analytical technigues were used to assess community structure. Specific data on
algal biomass, dominant fuuna, species diversity. and faunal densities were analyzed wong with
overall community relationships  Field collections and lavoratory techniques were identical with

previous efforts.

QUANTITATIVE STUDIES
Faunal Studies

A total of 102 species of benthic invertebrates were found in the April 1991 samples. The
majority of species consisted of polychaetes and molluscs (32 each) followed by crustaceans (27).
The totai number of species recorded at the Effiuent (72), Manomet Point (62), and Rocky Point (78)
s:ations were very similar 1o those recorded in the spring samples in 1990 (Eff: 70; M®: 71; RP: 79)
except for a noticeable decline at the Manomet Point station.

Total densities :ecorded at the thre - tions were very high, dug in larze part to high counts
of the blue mussel, Myrilus edulis. The Effl ' wation was highest in total density (517,631
individuals per m’), whereas the Rocky Poini i was lowest (158,804 individuals per m’).
Densities of the two highest ranked species. Mytilus edulis and the amphipod Jassa falce* ., were aiso
high-s, at the Effluent station.

The 1§ highest ranked species at each station accounted for approximately 96 to 9% of the
total density a. each station. The larger list of rare species “*7 10 63) recorded at each station thus
contributed little to total wensity. Mytilus edulis and Jassa falcata are the first and second ranked
species at all three stations,whereas the third rank is occupied by the amphipod Corophium acurum at
poth refarence stations and C. insidiosum at the Effluent station. A total of 23 species comprise the
lists of 1§ highest ranked species at all three stations. Among the dominance lists, amphipods are the
dominant taxon in terms of species with ten different species among the top 21 listed.

Species diversity indices are obscured by the high density of Mytilus edulis. When the

e






QUALITATIVE TRANSECT SURVEYS
The qualitative transect studies performed 1o evaluate the Chondrus crispus community in the
effluent canal indicated that in March 1991 the areas of the denuded and stunted Chondrus crispus

zones were comparable 10 those seen in past spring seasons when the plant was in operation.
Although the Chor drus denuded area in March 1991 (1321 m’) was the largest denuded zone seen in
any spring between 1983 and 1991, the total affected area (1546 m®) was similar to the total affected
areas secn from March 1983 through March 1986 (range 1260 m* to 2029 m®). In June 1991, the
area of the denuded zone (1265 m®) had decreased slightly from that of March, a pattern that was also
seen in June 1985 when the plant was in full operation and in June 1986 just after the plant had shut
Gown.

By June 1951 the stunted zone had disappeared and Chondrus plants outside the denuded
zone, although distributed sparsely, looked norma!  The elimination of the stunted zone by June 1991
was apparently a short-term response to the refueling outage and cessation of thermal effluent that
began in late April 1991 and continuad until August 12, 1991. A sparse zone also appeared early in
1989 shortly after the plant became operational iuilowing a 2'-year hiatus, the stunted zone did not

become reestablished unti! April 1990, a year later.



1.0 INTRODUCTION
This report represents @ continuation of the long-term (18 yr) algal and faunal studies at
Pilgrim Nuclear Power Station (PNPS) that are intended to monitor the effects of the thermal effluent
(under Boston Edison Company Purchase Order No 68003 for 1991). The 1991 program is
essentially the same as previous monitoring efforts conducted over the last 11 years. Quantitative

benthic algal and faunal sampling is conducted during th= spring and summer at two reference sites at
Rocky Point and Manomet Point, and at a site offshore of the effluent canal (Figure 1). Qualitative
SCUBA surveys of alpal cover at the effluent canal are conducted quarierly during March, June,
September, and December. This Semi-Annual Report includes quantitztive data from samples that
were col'ected in April 1991 and qualitative observations recorded in April and June 1991.

2.0 METHODS
2.1 FIELD SAMPLING

The sampling sites are the same locations that have been sampled since the beginning of the
current monitoring program, approximately 10 years ago. The stations are located by the following
estahlished procedur .. Line-of-sight positions are established using highly visible structures Inated
on the shore as reference points. The Rocky Point station 1s located by lining up the microwave relay
towe, with the PNPS red and white off-gas stack. The Effluent station is identified along the center
line between the two discharge jetties, lovated epproximately 120 m offshore. The Manomet Poim
station is fixed by lining up the two southernmost telephone poles on top of Manomet Point. Line-of-
sight position combined with lead-line depth checks ensurss station relocation to within a radius of 20
to 30 m of the original station position.

All sampling is done by SCUBA-equipped biologists operating from a smal! boat. For the
qQuantitative algal and faunal studies, five replicate samples delineated by a metal pipe frame quadrant
measuring 0.33 m on a side (0.1089 m®) are taken from the surface of rocks at each station.

Upon arrival at a station, the diveis descend 1o the bottom and locate suitable rocks for
placement of the quadrat. Divers are able to assess algal and faunal cover and select rocks that are
considered typical for the station.

All attached flora and fauna within the quadrat are scraped from the rock and drawn through
an airlift device into a 0.5-mm mesh b.g (Figure 2). Field labels with station, collection date, and
replicate number are placed in sample bags before sample collection. The bag is tied and placed in a

large catch bag, a new bag is then attached to the airlift. The divers then locate the next suitable rock
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Figure 3. Design of the Qualitative Benthic Transect Sampling Program at Pilgrim Station.
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to determine the presence or absence of 38 indicator species. Important alga: references used to
identify and confirm names are Taylor (1957), Parke and Dixon (1976), and South (1976). The
indicator species were originally chosen in September 1978, and were carefully selected from a list of
the several hundred algal species recorded from the PNPS study sites during the 1974-1978 period
(Taxon, 1982). The indicator species include members of each of the major algal families from a
variety of habitats, including all of the dominant species within the study area, the majority of the
macrophytic species, and the most common epiphytic species (Table 1). Therefore, the indicator
species comprise the most substantial part of the algal comnwn®y =c measured by poth percent cover
and biomass, although they constitute only a small fracticu of the flora inhabiting the study area in
terms of the number of species. Dry-weight biomass of each sample is reported for four separate
algal fractions: Chondrus crispus, Phyllophora spp., epiphytic species, and the remaining benthic
species. Total algal biomass is aiso reported. Each fraction is weighed on a Metticr balance after
drying for 72 h in a drying oven set at 80°C.

A 25% aliquot of the faunal fraction of each sample is processed, and the remaining 75% of
the sample is archived. Prior to sorting, the 25% aliquot is stained with a saturated alcoholic solution
of Rose Bengal for at least 4 h, but no longer than 48 h to avoid overstaining. The samples are
examined under a dissecting microscope and each organism or fragment thereof removed.
Invertebrates are sorted to major taxonomic groups, such as polychaetes, crustaceans, bivalves,
gastropods, echinoderms, and other miscellaneous phyla. The blue mussel Myrilus edudis is 1:R with
the residue and counted during the sorting process.

Final identification is to the lowest possible taxon (usually 1 species). During identification,
the counts of each species are recorded. A new reference collection for the PNPS program has been
developed from the April 1990 samples and will serve as a voucher collection for subsequent

identifications. The samples are archived for a minimum of three years after collection,

2.3 DATA ANALYSIS

All faunal data are kept on specially designed project data sheets to facilitate computer entry.
Data are keypunched into a spreadsheet, using Quattro Pro®, on a personal computer. Some basic
data summaries and calculations can be made while the data is in this form. Following data entry and
reorganization in the spreadsheet, a hard copy of the raw data is generated and verified against the
original coding sheets. All keypunching errors are corrected at this point, Data files are then

transferred to the WHOI (Woods Hole Oceanographic Institution) VAX computer for analysis,



Table 1. Algal Indicator Species used for Quantitative Community Analysis.

Chlorophyta (Green Algae)

Brvopsis plumosa
Chaetomorpha linum*
C. melcgonium*
Cladophora spp . *
Enmteromorpha flexuosa®
Fhizocloniwm riparium®
Ulva lactuca®

Phacophyta (Brown Algae)

Chordaria flagelliformis
Desmarestia aculeata®
D. viridis*

Laminaria digitaa

L. saccharina
Sphacelaria cirrosa®

Rhodopbyta (Red Algae)

Ahnfeltia plicata®

Aniithamnion americanum®

Bonnemaisonia hamifera®
Callophyllis cristata
Ceramium rubrum®
Chondrus crispus®
Corallina officinalis®

Cystoclonium purpureum®

Gracilaria tikvahiage

Gymnogongrus crenularus
Membranoptera alata®
Palmaria palmata
Phycodrys rubens®
Phyllophora truncata®

P. pseudoceranoides®

P. traillii

Plumaria elegans
Polyides rotundus*
Polysiphonia elongata

P. fibrillosa*

P. harveyi*

P. nigrescens*

P. urceolata®
Rhodomela confervoides*
Spermothamnion repens*

* Species found in March 1991 samples.
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The measure of similarity developed by Grassle and Smith (1976), the Normalized Expected
Species Shared (NESS), combined with group average sorting is used for cluster analysis. NESS is
based on the expected number of species shered between random samples of size m drawn from a
population, and is sensitive to the less common species in the populations 1o be compared. Tne Bray-
Curtis similarity measure, combined with group average sorting, is also used (Boesch, 1977). These
values are calculated for stations (norma!) and species (inverse), using numbers of individuals of
species.

In the event that patterns in the station and species analysis require further interpretation, a
nodal analysis is performed using the results of the similarity procedures described above. This
procedure is especially useful when evaluating the combined spring and summer data. Nodal analysis
is @ method of relating normal and inverse classifications to aid in the interpretation of cluster
analyses. The method uses two-way tables that show replicate groups on the vertical side and species
groups on the horizontal side. This technique is used to measure constancy and fidelity. Constancy
is a proportion derived from the number of occurrences of a species group in a replicate group as
compared with the iotal possible occurrences. Fidelity is the degree of restriction of a species group
to a replicate group. In this report we elected to not use nodal analysis because the stations and
species clustering patterns were readily explained.

For the algae, community overlap was calculated using Jaccard's coefficient of community
(Grieg-Smith, 1964) to measure the similarity in algal species composition among the Effluent,
Manomet Point, and Rocky Point stations. Jaccard's coefficient provides a mathematical evaluation
of the similarity between two replicates or stations using only species occurrence and does not

consider differences in their abundance.

3.0 RESULTS
3.1 QUALITATIVE TRANSECT SURVEY

Qualitative transect surveys of acute nearfield impact zones were initiated in January 1980 and
have been conducted guarterly sinc - 1982, Two surveys ware performed (March 28 and June 28)
during the current reporting period, bringing the total number of surveys conducted since 1980 to 42,
Results of surveys conducted from January 1980 to Juoe 1983 are reviewed in Semi-Annual Report 22
to Boston Edison Co. (BECO, 1983). Results of the four surveys performed in 1990 are reviewed in
Semi-Annual Report No . 37 to Boston Edison Co. (BECO, 1991). Detailed results of the mapping

conducted in March and June 1991 are presented in the next two sections

12
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Chondrus north of the ling than to the south. The northern region was characterized by areas of bare
rock and sparse coverage by Chondrus beyond the denuded zone, except at the 60-m mark where
dense patches of Chondrus occurred on the sides of large rocks only 8 m north of the transect line.
Fucus, more abundant than in Marzh, was present north of the transect line. No Laminaria was
observed during the dive. Within the discharge canal there was dense coverage of the red, fibrous
alga, Cystoclonum purpurewn, along with patches of Ulva and Codium. Ulva was present north of
the transect line from the jetties to the 70-m mark

There was no true region of stunted Chondrus growth as seen in previous surveys. The
northern border of the denuded zone was delineated by the presence of sparsely distributed but normal
looking Chondrus; the southern boundary was clearly delineated by moderate coverage of normal

Chondrus growth and increased algal diversity.
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3.2.1 Systematics
In the spring of 1991, 102 species were found in the study area. Sixty-four percent of the
faura were polychaetes and mollusks with each group contributing 32 species. Crustaceans included
27 species (26% ), and the remaining species included § echinoderris (5%), 3 nematodes (3%), and
small groups such as turbellarians, anemones, and tunicates. A list of the species collected in the

April 1991 survey is included in Appendix A.
Three species were added 10 the list produced during the surveys in 1990, including two
nudibranchs, Coryphella rufibranchialis and Corvphella salmonacea, and a nemertean, Tetrastemma

vittarum'.

3.9.2 Species Ridl

Species richness values for all three stations for April 1991 are presented in Table 2. Data
are presented as total species per replicate for each station 25% aliquot), with @ mean value over all
replicates at each station and a cumulative total representing pooled species numbers at each station.
Because the area included within each replicate is 0.1089 m°, the cumulative species total at each
station represents a total area of 0.5445 m*.

In April 1991, the Rocky Point reference station had 78 species for pooled replicates, the
highest number among the three stations. The Manomet Point station had 62 species, and the Effluent
station was intermediate with 72 species. The average number of species per replicate agair resulted
in Rocky Point being first (48.6) followed by the Effluent (43.2) and Manomet Point (38.8).

In order to assess the rare specics that might be present at the stations but were not found
because of the relatively small area sampled, the jackknife estimate of Heltshe and Forrester (1983)
was calculated (See Section 2.3) Again the Effluent station proved to be intermediate (estimated
species: about 96) between Manomet Point (77 estimated species) and Rocky Point (about 102
estimated species). The very high variance of § at the Effluent station indicates that the unigue
species were distributed unevenly among the replicates; more than half of all unigue species were

found in one replicate.

"This nemenean has undoubiedly hean present prior 1o this sampling penod, but has not been identified 1o species before
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Table 2. Faunal Species Richness wt the dffluent, Masomet Powat, and Rocky Point Stations i April
1991,

Manomet Point
No. Species/Replicate 47,35, 44, 53, 7 42, 42, 39,35, 3% 50, §1, 51, 43, 48
Mean + Swndand 422 4 736 IBE 4327 486 ¢+ 236
Devation
No Species/Station i 62 ]
Jackknifed Estimate 958 770 101 8
[Smiu Rach iess (§)
' Vasiance (§) 42 24 0.96 1184
m

In comparison with data from the previous year, no trends are evident in the number of
species actually found in the samples; however, if the jackknife estimate technique is used, a short-
term seasonal pattern emerges. The number of spe: ies found in the samples was consistently lowest
at the Effluent station during both seasons in 1990, whereas it was intermediate in spring 1991,
during all three sampling <=asons, the Rocky Point station consistently ranked highest. On the other
hand, the number of estimated species at the Effluent station in the spring seasons of 1990 and 1991
was intermediate (about 90) between the numbers calculated for Manomet Point (about B0) and those
for Rocky Point (about 100), whereas i the f2!! of 1990 the Effluent station was clearly lower (75)
than both reference stations (about 100).

3.2.3 Faunal Density
Total faunal densities recorded in April 1991 differed greatly among stations. Table 3 shows
the average number of individuals per replicate and the extrapolated number of individuals per square
meter. Calculations were made with and without the mussel Myzilus edulis. mussel densities are also
shown separately. Total faunal density at the Effluent station was exceptionally high in spring 1991

(almost 518,000 individuals per m?), mostly because of a very dense mussel population of more than




Table 3. Faunal Densities at the Effluent, Manomet Point, and Rocky Point Stations in April 1991.

Total Density
. y ' Density of Mwilus edulis
With Mvrilus edulis Without Mytilus edulis
Station
Mean (%) No. Density Mean (%) No. | Density Mean (%) No. | Density
Indiv./ Rep. per w’ Indiv./ Rep. per m* Indiv./ Rey. per m’
Effluent §9,340.8 517,631 14,396.0 132,263 41,044 8 385,368
Manomet 20,534 4 188,660 6,620.0 60,821 13,914 4 127,839
Pount
Rocky 17,284.8 158,804 6,772.0 62,218 10.512.8 96,586
Point
=mmsrTmomaemen mommismrsemoaomaon T T T e e e g |

380,000 individuals per m*. Rocky Point ranked lowest with a total faural density of approximately
159,000 individuals per m* (about 97,000 mussels per m?), and the Manomet Point station was
intermediate with about 189,000 individuals per m? (about 128,000 mussels per m?). Since the spring of
1990, total densities at the Effluent stations increased consisteruly, whereas at the reference stations, total
density declined between spring and fall 1990 and did not change considerably between fall 1990 and
spring 1991,

Some of th: abundant species were examined in detail to further elicit changes in faunal density
over time. Figure 6 depicts the total faunal densities and densities of Myrilus edulis, Jassa falcata, and
Lacuna vincta at the three stations from the spring 1990, fall 1990, and spring 1991 Jdata. The graphics
show that total densities at the Effluent station have increased since the spring of 1990, whereas the two
reference stations exhibit a decline in total faunal density in the fall and a more or less pronounced
increase in the spring of 1991. The sharp increase in total faunal density at the Effluent station in spring
1991 was caused both by the mussels and by Jassa falcata, the most common amphipod in the study area
and usually among the top 3 dominants at each station. Jassa also caused the increase of total densities at

the two reference stations between fall 1990 and spring 1991, whereas the mussel populations at those
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stations increased only slightly at Manomet Point and decreased at Rocky Point during the same time.

The snail Lacuna viacta, a very important faunal element in both seasons of 1990, generally showed a
steady decline in density since spring 1990, cxcept for Rocky Point where its density increased between
fall 1990 and spring 1991, |

3.2.4 Species Dominance

The 15 oumerically dominant species collected at the Effluent, Manomet Point, and Rocky Point
stations in April 1991 are shown in Table 4. Data are presented as the average number per replicate (%4
aliquot) and percent composition at each station. The composite list of species making up the fifteen
dominants at each of the three stations contains 23 species. Eight of those 23 species occurred at all tiree
stations, and 4 species (3 amphipods and the sea urchin Strongyviccentrotus) were shared among any
combination of two stations. Five species occurred among the sominants of the Effluent station only,
including an amphiped, a nemertean, the starfish Asterias, and 2 polychaetes; two amphipods occurred
among the dominants at Manomet Point only, and one amphipod and three snails occurred among the
domnants at Rocky Point only.

The 1€ ~st abundant species comprised 96% (Rocky Point station) to more than 99% (Effluent
stzetion) of the wotal tauna. The longer list of rare or infrequently encountered species (47 to 63,
depending upon station) accounted for no more than 0.6 10 4.1% of the total fauna. Most of the dominant
ipecies were amphipods (10 species); other dominants were gastropods (4 species), echinoderms (2
species), tunicates (1 species), isopeds (1 species), and caprellids (1 species). The blue mussel Myrilus
edulis was the only bivalve included in the top 15 dominants.

The benthic communities at all three stations were dominated by Myrilus (Effluent, 74%, Manomet
Point, 68%, and Rocky Point, 61 %), but were also characterized by the amphipod Jassa falcata,
contribuiing 10 to 16% of the total fauna. It is noteworthy that the species ranking third was the
amphipod Corophiwm acutum at both reference stations, but C. insidiosum at the Effluent station, where it
pushed C. acurum into fourth position. The saail Latuna vincta ranked fourth at the reference stations
and fifth at the Effluent station, respectively.



MF

TOTAL IDENTIFIED FAUNA - 62 SI ZCIES

5,133.6

i Mytilus eduiss (Bivalve) 10,456 .0
2 Jassa falcaia (Amphipod) 2,1374 1518
3 Corophivm insidiosum (Amphipod) 613 4 4.36
4 Corophium acutum (Amphipod) 47 118
$ Lacuna vincia (Gastropod) 1426 1.01
6 Cuprelia penannis (Caprellid) 60 8 043
7 Calliopiws laevisculus (Amphipod) 180 0.13
» Dexamine thea (Amphipod) 172 0.12
] Cerebramdus lactews (Nemenoan) 142 0.10
10 ldoiea phasphorea (Isopod) 132 0%
1! Astenias forbesi (Echinoderm) 1.4 0.08
12 Pholoe minuia (Polychacte) 10.0 0.07
13 Eulalia vindis (Polychaete) 94 007
14 Molgula sp. (Tunicate) 12 0.08
15 Strongvlocentrons droebachiensis (Echinoderm) 68 0.08
TOTAL OF 18 SPECIES 13,995 4 08 37
REMAINING IDENTIFIED FAUNA - §7 SPECIES R 063
TOTAL IDENTIFIED FAUNA - 72 SPECIES 14,088 2 100,00
i Mysilus edulis (Bivaive) 314788 67.7%6
3 Jassa falcaia (Amphipod) 8270 16 .11
3 Corophium acutum {Amphipod) 200 6 3.91
4 Lacuna vincia (Gastropod) 1320 259
5 Corophium bonelli (Amphipod) 1278 2.49
¢ Margariies umbilicalis (Gastropod) 7.4 | 4%
7 Molgula sp. (Tunicate) a6 4 0.9
® ldotea phosphorea (Isopod) 35.0 0.68
9 Calliopius laeviscule (Amphipod) 234 0 44
10 Dexamine thea (Amphipod) 88 0N
1 Caprelia penanss (Caprellid) 188 03
12 Ischyrocerus anguipes (Amphipad) 180 0.35
13 Amphitoe rubnicata (Amphipod) 162 03
! Pleusymies glaber (Amphipod) 152 0.30
15 Pontogencia inermis (Amphip od) 146 028
["TOTAL OF 13 SPECIES LR T (TR
REMAINING IDENTIFIED FAUNA - 47 SPECIES 838 1.62

22
-~

| Mytilus edulis (Bivalve) 2,628.2 60 K2

2 Jassa falcara (Amphipod) 418 10 .00

3 Corophium acutim (Amphipod) 2604 6.03

“ Lacuny vincia (Gastropod) 2286 in

5 Moigule sp. (Tunicate) AR | 178

6 Margariies umbilicalis (Gastropod) R 1.75

7 Corephium bonelli (Amphipod) 734 1.70

X Miirella lunava (Gastropod) 692 1.60

] Orioba aculea (Gastropod) 552 128

10 Pontogeneia inermus {Amphipod) 546 1.26

11 Ischyrocenas anguipes (Amphipod) bERY 1.23

12 Sirongylocenirotu: droebachiensis (Echinoderm) 494 P14

i3 Dexamine thea (Amphipod) %e 092

14 Cuprelia penamiis (Caprellid) %2 0.68

15 Idotea phosphorea (Isopod) 238 0.5%
TOTAL OF |5 SPECIES 41446 95 93
REMAINING IDENTIFIED FAUNA - 63 SPECIES 176.6 407
43212 100,00







Community Parameters for the Effluent. Manomet Point, and Rocky Point Stations in Apnil 1991
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3.2.6 Community Analysis
Similarity amoag the samples taken in spring 1991 was measured using Bray-Curtis and NESS;
the results are shown in Figures 8 and 9. The dendrogram resulting from the analysis using the Bray-

Curtis similarity measure shows three clusters, containing a mixture of Manomet Point and Rocky Point
samples, three samples from Rocky Point, and all Effluent samples, respectively. The two clusters
consisting of the samples from the two reference stations join at the 0.52 level, and the Effluent cluster
joins at the 0.44 level. The small cluster of Rocky Poim replicates is characterized by relatively few
Mytilus edulis, but also low abundances of other dominant species such as the amphipods Jassa and
Corophium, the snails Margarites, Lacuna, and Onoba, and the sea urchin Strongylocensrotus. The clear
separation of the Effluent station from the reference swations, usually not seen with Bray-Curtis, is mostly
the result of the much higher Myrilus counts at the Effluent station, but 4lso the shift in species of the
amphipod Corophium between the Effluent and reference stations (see Section 3.2.4). The Effluent
samples are slightly more similar (0.77) than the samples comprising the other two clusters (0.69 10 0.71).

if NESS is used, each of the stations cluster out separately (Figure 9). The individual Effluent
replicates join at a high level of similarity (0.96), followed by the Manomet Point replicates (0.90) and the
Rocky Point replicates (0.85). The two reference stations join at 0.82, whereas the Effluent station joins
the other two stations at the relatively low level of 0.58. As the Myrilus counts are not as overwhelming
for the analysis with NESS as they are with Bray-Curtis, the replicates of each station are grouped
somewhat differently due to the abundances of lower ranking species.

In comparison to the previous year, there is a clear tendency for a separation of the Effluent
station from the reference stations. This separation was already seen in fall 1990, although the replicates
of the Effluent station were more dissimilar than they were in spring 1991, To detect any temporal
patterns in the development of benthic communities in the study area after the end of the prolonged power
outage at the PNPS, the combined data of all three seasons since spring 1990 were analyzed with NESS
(Figure 10). The dendrogram shows two important developments: (1) There is a seasonal pattern, causing
the samples of the two spring seasons to join at & higher similarity level (0.75) than the spring and fall
samples combined (0.71). (2) Since the fall of 1990, the Effluent station has been clearly different from
the reference stations. While in spring 1990 there were two clusters containing a mixture of samples from
the Effluent and at least one reference station (left side of the dendrogram), the fall samples fell into two
clusters, one consisting of the Effluent replicates and the other consisting of the two reference stations. In
the spring of 1991, the replicatas of each station formed a distingt cluster, and the Effluent replicates of
the last two seasons combined (right side of the dendrogram) join the other samples at the relatively low
0.55 level.
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No addition 1o the cumulative alga) species list present in Semi-Annual Report No 16 (BECO,
1980) were made as & result of analysis of the March 1991 samples. The 27 species present are “~dicated
in fable 1.

3.3.2 Algal Community Description

The rock _ad cobble substrata found at the Effluent, Manomet Point, and Rocky Polin stations
were heavily colonized by red macroalgae during the March 1991 survey. Two-thirds of the species
collected belonged to the Rhodophyta (red algae). In addition to the dominant species Chondrus crispus
and Phyllophora spp ., other berthic rthodophytes included Ahifeltia plicata, Coralling officinalis, and
Polyides rotundus. Epiphytic thodophytes found in all replicate samples were Ceramium rubrum,
Cvstoclonium purpurewm, and Spermothamnion repens. Other species collected in all samples were the
chlorophytes (green algae) Chaetomorpha linum, C. melagonium, and Rhizoclonium riparium and the
phasophyse (brown algs) Desmarestia aculeata.

Biomass of Chondrus crispus, epiphytic species, and total algac was highest at Manomet Point and
lowest at the Effluent station. Biomass of Phyllophora spp. and the remaining benthic species was highest
at Rocky Peint and lowest at Manomet Point,

Gracilaria tikvahiae, an indicator of warm water, was not collected in any of wie replicate samples
in March 1991 However, Graciaria was observed by the divers vithin the discharge canal and within
the denuded zone out 10 40 m on the transect ae in March. In June, & short-bladed alga, tentatively
identified as Gracilaria by the divers, was observed within the discharge canal, no Laminaria, a cold
water indicator, was seen.

3.3.3 Algal Community Overly

Community overlap was caleulated for the March 1991 data using Jaccard's coefficient that
provides a mathematical evaluation of the similarity between two replicates or stations using cnly species
occurrence.  Species occurrence records of all 27 species that were found were used for community
overlap calculations.

Resulis of community overlap comparisons between replicate samples for each station for the
Marct 1991 collecting period are presented in matrix form in Figure 11. Ranges of percent overlap were
66.7 10 86.4 at the Effluent station, 75.0 10 100.0 at Manomet Point, and 69.6 o 91.3 at Rocky Point.
Replicate percent overlap range was lower at the Fffluent station (19.7) than &t Manomet Point (25.0) or
Rocky Point (21.7), indicating that the replicates at the Effluent station were more similar to each other
than replicates at the other two stations
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Algal Cemmunity Overlap (Jaccard's Coefficient of Community) and Number of Species Shared Between Replicate Pairs, March
1991. A, Manomet Point Station, B, Rocky Point Station; C, Effluent Station; D, Station Overiap.



Community overlap between stations was high for ¢ three pairs of stations, indicating a high
degree of homogeneity in terms of species present at all three stations.  Community overlap was higher
between the Effluent and Manomet Point stations (K8 5% ) than between the Effluent and Rocky Poim
stations (84 6% ) or between the Manomet Point and Rocky Point stations (81.5% ). This indicates that the
algal communities at the Effluent and Manomet Point staions were more similar 10 each other than either
was o the Rocky Point station.

3.3.4 Algal Biomass
Chondrus crigous

Chondrus crispws blomass values recorded for the Effluent, Manomet Poi~, and Rocky Point
stations for March 1991 are presented in Table 6. In March 1991, the range of individual biomass values
was highest at Rocky Point (2,75 to 277.33 g/m’), followed by the Effluent station (0.46 1o 146.24 g/m’),
and Manomet Point (82.44 10 217.78 g/m’). At the Effluent, Manomet Point, and Rocky Point stations,
meen Chondrus biomass wius 21%, 46%, and 35% of the total algal biomass, respectively,

The Manomet Point station had the highest mean biomass value for Chondrus (161.75 g/m’),
followed by Rocky Point (112 75 g/m’), and the Effluent station (52.22 g/m’). An ANOVA showed no
significant differences between any of the stations when mean Chondris biomass values were compared
{(at p=0.05).

Phylle.n0ra spp.

Phyllophora spp. biomass values for the March 1991 collecting period are given in Table 6. The
range of individual blomass was greatest at the Rocky Point station (13.31 to 210.96 g/m’), tollowed by
the Effluent station (19,19 w0 214,53 g/m’), and Manomet Point (57.74 1o 159.55 g/m”).  Phyvilophora
spp. were S1% of the total algal biomass at the Effluent station, 30% at Manomet Point, and 41% at
Pocky Point.

The Rocky Point station had the highest mean biomass value for Phyllophora spp. (131.07 g/m’),
followed by the Effluent station (127 .82 g/m®), and Manomet Point (105.77 g/m®). No significant
differences existed between the stations in March 1991 when comparing Phvllophora spp. biomass (at
p=0.08).

Bi of Kamainine Benthic Sneci

The remaining benthic species exclude Chondrus crispus, Phyllophora spp., Laminaria spp., and
algal epiphytes. Biomass data for the remaining benthic species for March 1991 are presented in Tatle 6.
Tne Rocky Point station had the highest range of biomass values (22.40 10 102,27 g/m’), followed by the
Effluent station (35 43 to 69 .86 g/m’), and Manomet Point (12.76 10 43.70 g/m’). The percentage that



Table 6. Dry Weight Biomass (g/i”) for Chondrus crispus, Phyllophora spp., The Reraaining
Benthic Species, Epiphytes, and Total Algal Biomass at the Effluent, Manome Point, and
Rocky Point Stations in March 1991

EFF: Effiuent, MP. Manomet Point, RP Rocky Point, % Mean biomass
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considerable change  Cluster analysis clearly indicates *hat the station has a different community structure
from the reference locations. This pattern was evident in earlier periods of high plant operation. Near
the end of the 2-% year outage, the Efffuent Station was indistinguishable from the reference locations. It
is likely that the thermal discharge has a farfield effeci on the algal canopy and this in turn affects the
composition of the resident fauna.

50 LITERATURE CITED

Bayne, B.L. 1964, Primary and secondary settlement in Mytl'us edulls (L) (Mollusca). Journal of
Animal Ecology 33:513-523.

Bayne, B.L. 1965. Growth and delay of metamorphosis of the larvae of Mytllus edulis (L..). Ophelia 2:1-
47,

Roesch, D.F. 1977, Application of numerical classification in ecological investigations of water
pollution. U.S. Environmental Protection Agency, EPA Report 600/3-77033. 114 pp.

Boston Edison Co. 1986. Marine Ecology Studies related to the operation of Pilgrim Station. Semi-
Annual Report No, 27. Boston, MA

Boston Edison Co. 1987, Marine Ecology Studies related to the operation of Pilgrim Station. Semi-
Annual Report No. 30. Boston, MA.

Boston Edison Co. 1988, Marine Ecology Studies related 1o the operation of Pilgrim Station. Semi-
Annual Report No. 32, Boston, MA.

Boston Edison Co. 1990. Marine Ecology Studies related to the operation of Pilgrim Station. Semi-
Annugl Report No, 35, Boston, MA.

Davis, J.D. and R.A. McGrath. 1984, Some aspects of nearshore benthic macrofauna in western Cape
Cod Bay. In Davis, J D. and D. Merriman (Ed.), Observations on the Ecology and Biology of
Western Cape Cod Bay, Massachusetts. Lecture Notes on Coastal and Estuarine Siudies.
Springer-Verlag, New York, 228 pp.

Grassle, J.F., and W. Smith. 1976 A similarity measure sensitive to the contribution of rare species and
its use in investigation of variation in marine benthic communities. Oecologia 23: 13-22,

Grieg-Smith, P. 1964, Quantitative Plant Ecology. Second Edition, Butterworths, Washington. 256 pp.

Hurlbert, S.H. 1971, The nonconcept of species diversity: a critique and alternative pirameters.
Ecology 52: 577-586.

Newell, R.D. 1979. Biology of Intertidal Animals. Marine Ecological Surveys Ltd. Faversham, Kent.
781 pp.

Parke, M., and P. Dixon. 1976, Checklist of the British marine algae. 3~ revision. Journal of the
Marine Biological Association of the United Kingdom 56: 817-843.

35



Smith, W, and J.F. Grassle 777, Sumpling properties of & family of diversity measures. Biometrics
33 283292, ‘

South, G R. 1976 A checklist of marine algae of eastern Canada. 1st Revision. Journal of the Marine 21
Biolog: ' Association of the United Kingdom 56: 817-843. ‘

Taylor, W.R. 1957, Marine Algae of the Northeastern Coast of North America. 2nd Edition,
University of Michigan Press, Ann Arbor, ML 590 pp.

Taxon. 1982, Beuthic studies in the vicinity of Pilgrim Station. In: Marine Ecology Studies Related 1o
Operation of Pilgrim Station. Semi-Annual Report No. 19.

el BN =

36




APPENDIX A



APPENDIX A. LIST OF SPECIES IDENTIFIFD AT THE EFFLUENT, MANOMET POINT, AND
ROCKY POINT STATIONS IN 1990/1991 (*: PRESENT IN SPRING 1991)

Smaller Phyla

CNIDARIA
Metridium senile
*Ancmong

PLATYHELMINTHES
*Turbellaria

NEMERTEA
*Cerebratulus lacteus
*Nemertea
*Tetrastemma vittarm

SIPUNCULOIDEA

Annelide
*OLIGOCKHAETA

POLYCHAETA
Armpharetidae
*Aasbeliides oculaia

Arenicolidae
¢ Arenicole marina

Cavitellidae
*Capitella capuata
Mediomastus californiensis
Mediomastus spp. indet.

Cirratulidae
Caulleriella bioculata
Chaetozone setosa
*Chaetozone sp. |
Chaetozone spp. juyv.
*Cirratulus cirratus
*Daodecaceria corallil

Nephtyidae
*Nephtys caeca
*Nephivs longosetosa
*Nephtys picta

A-l

Nereididae
*Nereis pelagica
*Nerels succinea
Nerels ronata
*Nerels spp. juv.

Orbiniidae
*Nalneris quadricuspida

Pectinariidae
Pectinaria granulata

Pholoidae
* Pholoe minuta

Phyllodocidae
*Ereone longa
*Eulalia viridis
Eumida sanguinea
*Phyllodoce (Analtides) maculata

Polygordiidae
*Polygordius sp. |

Polynoidae
Harmothoe extenuata
*Harmothoe imbricata
Harmothoe spp. juv.
Harmothoe spp. indet
*Lepidonotus squamatus

Sabellariidae
Sabellaria vulgaris

Sabellidae
*Fabricia sabella
*Potamilla neglecta
Potamilla reniformis
Sabellidae spp. indet.

Sigalionidae
Sthenelais boa
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Spionidae
*Polydora cornita
*Palydora glardi
*Polydora socially
*Polyvdora websteri
Polydora spp. indet,
Prionospio steenstrupt
Spio Alicorils
Spio thulini
Spilonidae p. juv.

Sy'lidae
*Awtolytus alexandri
Autolytus fasclatus
Autolytus prismaticus
Autolytus spp. juv.
*Exogone hebes
*Svilis (Typosyllis) ¢t. hyvalina

Terebellidae
Amphitritinge spp. juv.
Nicolea verustula
*Nicolea zostericola
*Polycirrus eximius
*Polycirrus phosphoreus
Polycirrus spp. indet.
Polycirrus spp. juv.

Crustacea

1ISOPODA
Idoteidae

*ldotea phosphorea
*ldotea balthica

Janiridae
*Jaera marina

Limnoridae
*Limnoria lighorum

AMPHIPODA
Ampithoidae
* Ampithoe rubricata

Aoridae
*Unciola irrorata

R ————— TSR e

Calliopidae
*Calliopius laeviusculus

Corophiidae
*Corophium acuton
*Corophiwn bonelli
*Corophlum insidiosum
Coraphium tuberculaiwn
Carophium spp. indet.
Corophlum spp. juv.

Dexaminidae
*Dexamine thea

Gammaridae
Gamarellus angulosus
Gammarus oceanicus
Gammarus sp.
*Marinogammarus stoerensis
Gammaridas spp. indet.

Ischyroceridae
*lschyrocerus anguipes
*Jassa falcata

Phoxocephalidae
* Phoxocephalus . olbolli

Pleustidae
*Pleusymies glaber

Pontogeneiidae
*Pontogeneia inermis

Stenothoidae
Metopella angusta
*Proboloides holmesi

CAPRELLIDEA
Caprellidae
*Caprella linearis
*Caprella penantls
Caprella nr. septentrionalis
*Caprella unica
Caprellidae spp. juv,

CUMACEA
*Diastylis sculpra

P ——



DECAPODA

*Cancer borealis
Cancer Irroratus
*Carcinus maenas
*Eualus pusiolus
*Pagurus acadianus
Pagurus sp.

Molluscr
GASTROPODA

Acmaeidae
Acmaea testudinalis

Aeolidiidae
Acolidia papillosa
Doto coronata

Calyptraeidae
Crepidula fornicata
*Crepidula plana

Cerithiidae
Blittlum alternatum

Columbellidae
*Anachis translirata
*Mirrella lunata

Coryphellidae
*Coryphella rufibranchiata
*Coryphella salmonacea

Cratenidae
Cratena pilata

Diaphanidae
*Diaphana minuta

Facelinidae
Faceling bostoniensis

Lacunidae
*Lacung vincta

Lamellidorididae
*Lamellidoris aspera

A-3

Littorinidae
*Linoring linorea
Littorina saxatilis

Nassarlidae
*Nassarius trivinaius

Naticidae
*Lunatia heros

Omalogyridae
*Omalogyra atomus

Pyramidellidue
*Odostomia dealbata
Odostomia gibhosa
*Turbonilla elegantula

Rissoidae
*Alvania pseudoareolata
*Onoba aculea

Trochidae
Margarites helicinus
*Margarites umbilicalis

Gastropoda spp. indet.
Gastropoda spp. juv,
Nudibranch spp. indet.

BIVALVIA

Anomiidae
*Anomia simplex
*Anomia squamula

Cardiidae
*Cerastoderma pinnudatum

Hiatellidae
*Hiatella arctica
*Hiatella striata

Lyonsiidae
*Lvonsia hvalina

Mactridae
Spisula solidissima
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Myidae
Mya arenaria

Mytilidae
Modiolus modiolus
A vtilus edulls

Petricolidae
*Petricola pholadiformis

Tellinidae
*Macoma balthica
*Macoma tenta
*Tolling agilis

Thraciidae
Thracia septentrionalls

Veneridae
Gemma gemma
*Mercenaria mercenaria

Bivalvia spp. indet.

POLYPLACOPHORA
Lepidochiton rubcr
*Ischnochiton ruber

Echinodernaty

ASTEROIDEA
*Asterias forbesi
*Henricia sanguinolenta

ECHINOIDEA
*Strongylocentrotus droebachiensis

OPHIUROIDEA

*Amphipholis squamata
*Ophiopholis aculeata

A4

Tunicata

POLYCLINIDAE
Amarouctum constellarun

MOLGULIDAE
*Moloula sp.
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SECTION 1

SUMMARY

Entrainment sampling at PNPS was completed twice per month
during January and February, weekly during March through May.
sampling was possible on only two poccasions in June due to
zirculating water system shutdown.

Duri.g tax first six months of 1991, 28 species were repre-
gented in the entrainment samples at PNPS, 16 species by eqgs, 24
gpecies by larva.. Samples from the winter-early spring spawning
period (January~April) contained small numbers of Atlantic cod,
American plaice, and winter flounder eggs. Rock gunnel, grubby,
and sand lance were numerically dominant among the larvae. May and
June collentisns reflected the late epring-summer spawners.
Atlantic mackerel and the labrids were dominant among the eggs and
radiated shanny, Atlantic mackerel, winter f lounder, and cunner
were dominant among the larvae,

Comparison of January-June 1991 egg and larval densities with
those observed from 1975-1990 suggested that Atlantic cod eggs were
absent in February for the fourth consecutive year. Fourbeard
rockling and labrid egge were uncommon in June 1991 ranking below
ali other years for that month. Eggs and larvae ftound to be
relatively abundant during the first half of 1991 were Atlantic
nackerel egge in June, rock gunnel and sculpin larvae in February.

No densities meeting the unusually high criterion established
under the contingency sampling plan were noted from January=June

1991 and no larval lobsters were cbtained.

e - mes o pe
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SECTION 11
INTRODUCTION

This progress report briefly summarizes results of ichthyo=
plankton entrainment sampling conducted at the Pilgrim Nuclear
Power Station (PNPS) from January through June 1991 by Marine
Research, 1Inc. (MR.) for %Boston Edison Company (BECo) under
Purchase Order No. 68006, A more detailed annual report covering
all 1991 data will be prepared following the July-December
cellection periods.
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SECTION 111
METHODS AND MATERIALS

Entrainment sampling at PNPS was completed twice per month
during January and February, weekly during March through May.
Although weekly sampling was scheduled for June, FNPS began a
refueling outage in May which resulted in both circulating water
system (CWS) pumps being out of service for much of June; samples
were obtained on two occasions. From January through April
sam) ling was completed with both CWS pumps in service. During May
and June only one CWS pump was available on sampling days. All
samples were collected in triplicate from rigging mounted approxi-
mately 30 meters from the headwall of the discharge canal (Figure
1) at low tide during daylight hou-s. A 0.333-mm mesh, 60=-Cm
diameter plankton net affixed to this rigging wies streamed in the
canal fcr 8 to )2 minutes depending on the abundance of plankton
and detritus. In each case, a minimum of 100 m’ of water was
sampled. Exact filtration volumes were calculated using a General
Oceani: s Model 2030R digital flowmeter mounted in the mouth of the
net.

All samples were preserved in 10% Formalin-seawater solutions
and returned to the laboratory for microscopic examination. A

detailed description of the analytical procedures appears in MRI

(1988) *.

‘Marine Research, Inc. 1988. Ichthyoplankton Entrainment Monitoring at
P 1grim Nuclear Power Station, January-December 1987. 111.€.1-6-10, IN: Marine
Yology Studies Related to Operation of Pilgrim Station, Semi-Annual Report No.

{1. Boston Edison Company.
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Figure 1. Entrainment sampling station in PNP§ discharge canal.
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When the Cape Cod Bay ichthyoplankton study was completed in
1976, a contingency sampling plan was 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. The goal of this sampling |
plan was to determine whiether circumstances in the vicinity of
Rocky FPolut, attributable to FPNPS operation, were causing an
abnoraally large percentage of ichthyoplankton populations there to
be entrained or, altern-:ively, whether high entrainment levels
gimply were a reflection of unusually high population levels in
Cape Cod Bay. "Unusually abundant" was defined as any mean
density, calculated over three replicates, which was found to be
50% greater than the highest mean density observed during the same
month from 1975 through 1990.

The contingency sampling plan consists of taking additional
sets of triplicates from the PNPS discharge on subsequent dates to
monitor the temporal extent of the unusual density. An optional
offrhore sampling regime was also established to study the spatial
distribution of the species in guestion.” The offshore contingency
program consists of single, obligue tows at each of 13 stations
(Figure 2) on both rising and fulling tides for a total of 26
samples. Any contingency sampling requires authorization from

Boston kuison Company.

The impact of any large entraiment density would be greater if ichthyo-
plankton densities were particularly high only close to shore near PNPS

5
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SECTION 1V

RESULTS

Population densities per 100 m' of water for each species
listed by date, station, and replicate are presented for the
January-June 1991 period in Appendix A (available upon reguest).
The occurrence of eggs and larvae of each species by month appears
in Table 1.

Ichthycplankton entrained during January through April
generally represent winter-early spring spawning fishes. The
numbar of species represented in the discharge collections was five
in January, increasing to eight in February, twelve in March, and
fifteen in April. Eggs were relatively uncommon since species
contributing most to entrainment during this period spawn demersal,
adherive eggs which are not generally subject to entrainment. They
were in fact absent from the Janiury and February collections.
March samples contained small numbers of Atlantic cod (Gadus
merhua), American plaice (Hippoglossoides platessoldes), and winter
flounder (Pleuronectes americanus; eggs. Monthly mean densities
amounted to 0.3 per 100 m’ for both cod and plaice, 0.1 per 100 m'
for flound~ .. tince ey are demersal and adhesive, winter
flounder ey, are not typically entrained at PNPS., Their numbers
in PNPS samp.- . are therefore not considered representative of
numbers in tlue surrounding area. Those that were taken were
probably dislodged from the bottom by currents or perhaps other
fish,

el e e e L o e e e AT m——
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Table 1. Species of fish eggs (E) and larvae (L) obtained in ichthyoplankton collec~-
tions from the Pilgrim Nuclear Fower Station discharge canal, January-June,

1991.

Species Jan Feb Mar Apr May June
Atlantic menhaden Brevoortia tyrannus E E/L
Atlantic herring Clupea harengus - L = i L
Fourbeard rockling Enchelyopus cimbrius E E/L E/L
Atlantic cod Gadus morhua E E/L E/L L
Silver hake Merlur . ius bilinearis E
Polliock Pellaclhijus virens L L L
Hake Urcphycis spp- E
Goosef ish Lophius americanus F E 3
Silversides Menidia spp- L E/L
Northern pipefish  Syngnathus fuscus L
Searobins Pricnotus spp- E
Grubby Myoxocephalus aenaeus L L E/L L
Longhorn sculpin M. octodecemspinosus L L L
Shorthorn sculpin M. scorpius L L ) 4
Seasnail Liparis atlanticus L L L L
Gulf snailfish L. ccheni A L
wrasses Labr idae E E
Tautog Tautoga onitis L L
Cunner Tautogolabrus adspersus L L
Radiated shanny Ulvaria subbifurcata L L L L
Rock gunnel Pheolis gunnellus L L A . 4










Pleuronectes group, which they dominate during late~spring and

summer contributed an additional 33% of the eggs in May and 54% in
June. Monthly mean densities were 321 per 100 m' in May, 607 per
100 m* in June.

May and June larval collections contained 15 species each with
radiated shanny (Ulvaria subbifurcata), Atlantic mackerel , winter
flounder, and cunner (lautogolabrus adspersus) being numerically
dominant. Radiated shanny contributed 3% of the larvae in May
dropping to 1% in June; monthly mean densities were 19 and 2 per
100 m', respectively. Mackerel larvae accounted for an additional
12% of the May total with a monthly mean of 7 per 100 m', Jjumping
to 86% in June with a monthly mean of 200 per 100 m*, Larval
winter flounder contributed 30% of total in May with a monthly mean
of 16 per 100 m’', declining to 1% in June with a mean of 2 per 100
m’. Cunner first appeared the last week in May accounting for 0.5%
of the month’s total with a mean density of 0.3 per 100 m*., 1In
June they contributed 7% of total with a monthly mean of 17 per 100
m'.

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 1991 suggests that month by month egg and larval
densities were within the range of monthly mean densities observed
over the past 16 years. However the follewing exceptions were

noted:

11
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Atlantic cod eggs were absent in February for the fourth
consecutive year. Prior to 1988 they were taken every year in
February although not in high numbers.

Atlantic mackerel eggs nave been abundant in June during the
previous three seasons. In June 1991 (473 per 100 m’) their
nunbers declined compared with 1988 (2220 per 100 m'), 1989
(1013 per 100 m'), and 1990 (2081 per 100 m'); however
densities continued to rank well ahead of 1975-1987 when neans
ranged from 5 (1976) to 277 (1966) per 100 m'. Mackerel
larvae were also relatively common in May (6.6 per 100 m’) and
June (200 per 100 m') 1991. May’'s mean density surpassed all
previous May values, 1979 being the previous high with 6.1
larvae per 100 m’., June's density ranked second, exceeded
only by the 1981 value of 318 per 100 m?,

In contrast fourbeard rockling eggs (combined with the

Enchelyopus-Urophycis-Peprilus group), and labrid eggs were

uncommon in June 1991, With a mean density of 9 per 100 n'
and 607 ver 100 m' for rockling and the labrids respectively,
1991 values ranked below all previous years. The previous low
for rockling was 16 per 100 m' in 1982 and for labrids it was
733 per 1060 m' in 1980.

Rock gunnel and sculpin larvae were abundant in February. For
rock gunnel February 1991 (46 per 100 m') ranked ahead of all
previous Februury values, 1985 showing the previous high with
a mean density of 25 per 100 m'. For sculpin a mean density

of 30 per 100 m’ February 1991 exceeded all previous February

12
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periods except 1988 with 41 per 100 m’. Interestingly, in
both those years shorthorn sculpin (Myexocephalus scorpius)
accounted for most of the sculpin larvae taken during Febru-

ary. 1In all other years they were uncommon or absent.

Although several of the above monthly mean densities exceeded
all other monthly means, no densities meeting the unusually high
definition of the contingency sampling program were encountered
during the January through June period of 1991.

No larval lobsters were found through June.

13



PPE *. Densities of fish eggs and larvae per 100 m’

of water recorded in the FNPS discharge canal

by species, date, and replicate, January-June
1991.

*Available upon reguest,
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cimbrius includes only late-stage eggs, the two early stages
being included with the grouped eggs.

6. Since the Brosme-Scomber grouping was not considered necessary
after 1983, ,rouped eggs were added to §. scombrus eggs in the
table for 1975-1983 (B. brosme eggs having always been rare).

7. Sculpin larvae were ‘dentified tu species beginninj in 1379
following Khan (1971).* They are shown by species opeginning
with that year as well as adde’ together (Myoxocephalus spp.)
for comparison with prior years.

8. Similar results are shown for seasnail larvae which were not
speciated priosr to 1981.

9. Although samples were in fact taken once in 2Zpril 1976 and
once in March and August 1977, comparisons with other years
when sampling was weekly are not valid and conseguently do not
appear in the table. Data collected in 1974 was not included
because samples were not collected at low tide in all cases.

10. When extra sampling series were reguired under the contingency
sampling regime, results were included in calculating monthly
mean densities.

11. Shaded columns for certain months in 1984 and 1987 delineate
periods when sampling was conducted with only salt service
water pumps in operation.

Table format: Mean
Range

*Khan, N.Y. 1971. Comparative morphology and ecology of the
pelagic larvae of nine cottidae (Pisces) on the northwest Atlantic
and St. Lawrence drainage. Ph.D. thesis, University of Ottawa.
234p.
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SECTION ]
SUMMARY

Fish impingement averaged 1.31 fish/hour during the period January-June 1991,
Atlantic silverside (Menidia menidia), Atlantic herring (Clupea harengus
harengus), grubby (Myoxocephaluys agnagys) and  winter  flounder
(Pseudopleuronectes americanus) accounted for RO of the fishes collected

Inttial  impingement survival for  all  fishes from static screen wash

collections was approsimately 23% and from continuous screen washes 77%.

The ctollection rate (no./hr.) for all invertebrates captured from Janvary-June
1991 was 0.B6+. Sevenspine bay shrimp (Crangon septemspingsa) and common
starfish (Astertas forbes!d accounted for 60% of the enumerated invertchrates
impinged. Mixed species of algac collected on intake screens amounted to

1,494 pounds .

The relatively high fish impingement rates from January-June 1989 (0.55), 1990
(0.52) and 199) (1.31), compared to the same period in 1988, reflect
circulating water pumps operating during these entire periods. The

invertebrate impingement was not as reflective of increased intake flow,

The Pilgrim Nuclear Power Station capacity factor was 60% from January -

June 1991,
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V. 1990 Benthic Monitoring Fesults

Jim Blake noted that the June qualitative dive survey data
show a return to the denuded impacted zone as seen in 1985-1986,
SAIC looked at the 1985-1990 quantitative benthic data to
investigate certain individual species distribution between
sampling sites, and found for -he asphipod Jagsa falcata that its
relative distribution in 1990 at the control and impact sites
corresponded to the return o: 2 pre’ ously ioted "impact signature"
at the effluent site. Vi Jiwvsissed the problem of large
variability of replicates fory it~  wiomass in the discharge area.
He explained the NESS and Bray-y' (' .g similarity indices' strengths
and weaknesses, Using #iw)l.rity analyses on the 1985-1990
gquantitative data, a two yuur .ug period appeared to exist at the
effluent site for reversicr Y cuntrol conditions when the plant
was off-line from 1986-eacly A%, Preliminary analysis of 1991
data shows that the old pautarxr of the discharge station being
somewhat different from the cuntrel sites has re-emerged now that
Pilgrim S*tation has been buack ¢n+~line for a period of time.

VIi. Review of 1990 and Urdste i 2991 Benthic Monitoring
Retrospective

Gerald Szal reviewed the minutes of the last two benthic
subcommittee meetings. Considerable discussion ensued regarding
the future quantitative bemthic monitoring effort. Regarding the
June subcommittee meeting, Jerry struck the line in section 3 of
the minutes "We recommend this work also be conducted by Osman and
whitlatch", thus keeping the 1992 quantitative benthic review award
oper on a possible competitive bid. Committee members agreed that
nore time was needed to review recent benthic subcommittee meeting
minutes, the Whitlatch and Osman revised benthic menitoring review
proposal for 1991, and Jim Blake's comments on it. There was
confusion regarding upcoming benthic studies discussed at recent
benthic subcommittee meetings aid at the A-T Committee meeting.
Jerry will summarize and disseminate the required information to
Committee members and will arrange a special emergency meeting of
the A-T Committee to discuss benthic monitoring issues for the
future.

VII. 1991 Marine Fish and Bepthic Subcommittees

The fisheries subcommittee will be comprised of Maietta,
Griswold, Anderson, Lawten, Finn, ard Higgins., Carolyn will check
with Jack Finn if he wishes to stay on the subcommittee, and Ted
Landry will ask Jack Parr (EPA) if he would become a member hoth of
the main A-T Committee and one of the subcommittees. The next
fisheries subcommittee meeting will be Wednesday, July 24 at 10
A.M. at Pilgrim Statien. The subcommittee may vote for a new
chairman.

The benthic subcommittee will have Miller (Chairman), along
with Szal, Pederson, lawton, and Anderson., Jim Blake was invited
to join the subcommittee.
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MEMORANDUM

TO: Members of the Administrative-Technical Committee,

Pilgrim Power Plant Investigations
FROM: Brian Kelly, Recording Secretary, Massachusetts

Division of Marine Fisheries

SUBJECT: Minutes of the Emergency Meeting of the Pilgrim
Administrative~Technical Committee

DATE: August 26, 1991

An emergency meeting of the Pilgrim Administrative~Technical
(A=T) Committee to discuss the benthic monitoring program was
called to order by Chairman Szal (DWPC) on August 1, 1991 at 10:07
a.m. at the Richard Cronin Building, Massachusetts Division
Fisheries and Wildlife Field Headquarters, Westboro, Massaclh.usetts.

Don Miller referred to his memo of July 19, 1991 regarding
benthic monitoring concerns at Pilgrim. Don stated that to date
regulators hsve been content that quantitative benthic monitoring
has shown little evidenc® that much is going on; data from the
effluent station, located 120 meters off the discharge jetties,
have not shown much plant impact. BECo may be able to .=nitor for
half the cost and still ask the guestion =~ "what's gyoing on out
there"? Don menct.oned this could be addressed by having some
biologists (including an algologist) do a reconnaissance dive in
the discharge area. If the divers document an impact that is more
than trivial, Don feels the A-T Committee should consider a
gradient sampling design to replace the present control stations.
Two guestions to consider are: (1) is there enough of an impact on
the benthic community to bother studying it? (2) if there is, what
monitoring effort and design should be used?

During the group discussion which ensued, concerns surfaced
regarding the temporal component of monitoring, and one of the
study questions was rephrased as "For all months of the year, what
is the spatial influence of the plume"? Jerry Szal asked if a
threaz dimensional representation of temperature and current over
depth could be obtained in the discharge plume to map the area of
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