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SUMMARY

Millstone Nuclear Power station is located on the north shore of Long
2 Island Sound (LIS) in h'at 4: ford , Connecticut. The station consists of

two operational units with a combined cooling water flow of 2,155 cfs,

and a third unit under construction.<

Intense study of the potential impact of Millstone Station on LIS was

initiated in 1968. Studies have been modified and expanded to assure

that assessments represent state-of-the-art. This report presents 1979

results and provides comparisons with previous years as a basis for

impact assessment.

i
*

Impingement

The total numbers of fish impinged in 1979 at Unit 1 and 2 were 39,403 and

*

26,479, respectively. The 1979 totals represented an increase compared to

; 1978 with Unit 1 increasing 59%. Winter flounder was the dominant species

and together with silversides and three-spined stickleback comprised

over 59% of the total at each unit.

f.

, _The 1979 macroinvertebrate impingement total was 36,872. The total

catch for. each unit was similar. Squid and lady crabs combined represented

90_ and 85% of the total at Units 1 and 2, respectively.i

1

An adverse impact on local populations from impingement losses was not
*

apparent for those species studied. This conclusion was based on trends

iv,
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observed in the impingement data and on assessments made f rom routine

otter trawl, seine and gill net collections, as well as from winter

flounder and lobster population dynamics studies.

Plankton

Seasonal density of phytoplankton, zooplankton, fish eggs and fish

larvae were monitored in 1979 and compared to the previous three years.

In 1979 the seasonal density and species composition of phytoplankton

was similar to other years with a f ew exceptions. The density of

phytoplankton was lower over April, Fby and June due to a decrease in

the dominant diatoms Skeletonema costatum and Thalassiosira spp. Several

other species of diatom or a group of chlorophyceans showed relative

increases in density for 1979 which tended to restore phytoplankton cell

densities to more usual levels in these spring montha.

The acoplankton community monitored over the first four years of two-unit

operation showed considerable similarity of species composition and

seasonal density f rom one year to another. Operation of the power plant

appeared to have little or no ef fect on the . oplankton community. Total

zooplankton, Acartia hudsonica, and Eurvtemora herdmani showed a slight in-

crease in mean density in 1979 while Temora longicernis, Centropages

typicus, C. hamatus and gammarid amphipods showed only a slight decline.

Fish eggs and fish larvae have also been similar in species composition

I

and seasonal density over recent years. The few changes that occurred |
|
|

v

|

|
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from one yeat to another appeared to be natural papulation responses.

Density of ' total fish larvae increased in 1979, primarily a reflection

of ' increases in sandlance larvae and anchovy larvae. Winter flounder

larvac showed no significant differences in density over the last four

years. Using winter flounder as an example of the order of magnitude of

expected entrainment impact, the similarity of larval density anc the

sustained or increasing adult- populations found in Niantic Bay together'

suggested minimal impact of plant operations on this local fish.

Intertidal Rocky Shore Survey

Rocky shore areas adjacent to Millstone Point support a rich and diverse

community throughout the year. In 1979, a total of 103 algal species
!

were collected from seven sites. Included were 45 red algae, 26 browns

and 32 greens. Richest collections were usually made in the Fall.

Degree of exposure was the major factor influencing species distribution

. and the rate of recolonization. Grazing and predation also played an important

role in structuring these communities, as evidenced by the exclusion cage

studies.

Studies of Ascophyllum nodosum showed this alga to be present and growing at
I
| normal or enhanced rates within 70 m of the ef fluent discharge.
|

: No' detrimental- dif ferences occurring between stations in 1979 could be

; attributed to _ ef f ects caused by power plant operation.
1

i

I

L -|
. ,

l

vi |
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Benthic Sand Infauna<

!'

' A total 'of 240 benthic infaunal samples was ' collected .at 2 intertidal.

and 4 subtidal stations during quarterly sampling from September 1978 to
,

June 1979. Deposit feeding annelids accounted for 79% of the 35,998

.! - individuals ' collected. Polychaetes were most diverse with 103 species

collected while oligochaetes' were numerically most abundant. Densities

were higher in 1979 than in the previous year; the increases were generally
;

.

attributed to the smaller mesh sieves used in processing 1979 samples.

Species diversity at most stations was similar to previous years.

p
' The Intake site was most unique of all subtical stations, particu:arly

with respect to species' composition and density. These dif f erences were

prob' bly due to the tidal currents characteristic of the Intake area.a

.

i

f During 1979, no changes in subtidal or intertidal inf aunal communities

could be1 attributed 'to plant operation. Dif ferences in ~ species composi-

tion and density, between 1979 and previous years were probably due to'

,

? the change in sample processing techniques and the naturally occurring

fluctuation of shallow water benthic communities typical of those in the
.

! Millstone Bight.

,

.

i; Lobster Population Dynamics

!

$

Characteristics of the . lobster population of the Millstone Point region

.were monitored in 1979 using pats set at three locations from May .through

j. October.

vii.*
j

i

.
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' Total' catch per unit ef fort in 1979 was higher than that reported pre-
'

' viou sly . .The difference was attributed to. changes f rom wood to a complement

! of wood and wire pots. Seasonal catch variations resulted f rom increased
~

activity relative to increased water temperatures and the-occurrence of,.

molting in the late spring and fall.

'

Size. distribution was similar to that reported since 1976 and to those

, f rom surrounding areas. ~ Length f requency histograms suggested the study

area was subject to a high rate of exploitation. Percent of legal size

lobsters. was generally lower than in surrounding areas.

.

Except for a few individuals, movement between stations was minimal.

The deepest station supported the highest percent of berried females and

tot,al females.

;

'

;

Molting periods in the _ spring and fall reported to occur in LIS also

occurred in the Millstone area. The onset of molting appeared mostj

|- affected by water temperature in the 14 C to-16 C range.
;

I'
The mean monthly population size estimated from tag and recapture data-

increased in.1979 to - 5,877 but remained within the 95% confidence limit

I of the 1978 estimate.
!
1

i -
.

Since most of the population characteristics remained similar to 'those|. >

_

L in prior ~ years at.d. to those. in surrounding areas it was concluded that

, power plant operation was not adversely affecting the local lobster

I : population .

viii
| >

'
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Exposure Panels

The pc tential impact of Millstone Station on mcrine boring and fouling

| organisms has been monitored _ since '1968 through the use of exposure
J

panels. During 1979, twelve phyla' composed of 102 taxa were reported

from panels. The number of taxa at each station ranged from 40 to 81.

Red algae were the most diverse flora followed by greens and browns.

Mo11uses and arthopods were the-dominant faunal groups.

Community composition of fouling and wood boring organisms in 1979 was

siedlar to previous years. Differences in abundance between wood and
.

asbestos panels were attributed to the presence of large numbers of one

or a few dominant species usually wood bores. '
4

s

i Seasonal variations at all stations but the Ef fluent were indicated by an
f

increase in species abundance and diversity between May and November.

Spatial differences in species composition at the Intake were attributed

j to physical factors; at the Ef fluent it was attributed to the warmed sea-

i water discharge.

Fish Ecology
4

Fish populations in the Millstone Bight have not been adversely aff ected

by operation and conscruction of power plants on Millstone Point. Ten

years of shore zone seine, eight years of gill net and six years of trawl

collections provided the basis for assessments.

ix
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From Mav. 1969, through December,1979, a total of 291,470 individuals

representing at least 86 species of shore-zone, pelagic and ground fish

was recorded from 4,637 samples. Total catch and total number of species

varied periodically, however, no net change in these parameters was

detected.

Power plant impact assessments focused on those fish species subject to

impingement and entrainment which were abundant in trawls, seines and/oc

gill nets.

!

Winter flounder was most abundant in trawls during 1979. A shift in the
,

area of dominant catch from Niantic River to Niantic Bay occurred and
f

was thought to be a reflection of ecological changes in Niantic River.

Silversides, the second most important impinged fish, was caught in;

highest numbers by seines in Jordan Cove. Annual catches were not

significantly different before and after power plant operations.

Cunner have become increasingly more abundant in gill nets at two near
:

shore locations where riprap may have provided added habitat.

Adult menhaden catch in gill nets decreased over time whereas juvenile

abundance in ceines did not change. Abundance of several other important

species including grubby, anchovies, tautog, silverhake and windowpane

remained unchanged.

x
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Winter Founder Population Dynamics
.

T

. Tag and recapture information was used in the Jolly-Seber formulation to4

: estimate winter. flounder population size in the Niantic River from March

through May, 1975-1979. -The estimated population decreased from a peak
,

of 160,000 in 1975 to lower but consistent levels thereafter. The

; number' of . spawning females ranged uniformly between 11,000 and 14,000. ,

i
'

Catch per effort in otter trawls also decreased from 1975 to 1976.
.

Abundance over all stations increased in 1978 an.1 peaked in 1979.

Trends observed at Millstone reflected those reported regionally.

.

Various population parameters including age structure, fecundity, and

l'ength distribution were also determined for the Niantic River population.

Age structure based on scales and otoliths since 1977 was uniform.

Survival coefficients between ages 2 and 3 were within ranges reported
7

in the literature. Mean length by age was found to decrease from the
;

i
1975 year class through the 1977 year class but reflected events operating

i
in the larval stages in Niantic River.

.

[ Based on regional trends and on the various population parameters studied,
.

it was concluded that operation and construction of power plants at
!

Millstone have not had an adverse impact on the local winter flounder

i

population.

:

'xi'

,

i
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Heavy Metal Analysis

Concentrations of copper, zinc, chromium and lead in seawater and in

oyster and mussel tissue (exclusive of lead) were monitored five times

each year since 1971. Of the metals studied, chromium and lead occurred

in the smallest concentrations in seawater, usually less than 4.0 ppb.

Concentrations of soluble and insoluble phases of all metals studied

showed a general decline over the years. This decline was thought to

reflect improvements in analytical technique rather than actual decreases.

Higher concentrations of heavy metals, particularly copper and zinc,
~

were found-in tissue of oysters and mussels influenced by the effluent.

However, there was no noticeable long term increase in heavy metals in
!

seawater or indicator molluscs in the surrounding waters.

Osprey

* The osprey, Pandion haliaetus caralensis,.or fish hawk, has received
,

special attention at Hillstone since 1967 when an artificial nesting

platform was substituted for an unused derrick dismantled during con-

struction of Unit 1. Two additional nests have been added since. To

f date, a total of 23 ospreys have been fledged f rom these nests represent-
:
4 ing 18% of all Connecticut fledglings since 1969.

xii

.

-
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INTRODUCTION

,

Millstone Nuclear Power Station is located on the north shore of

Long Island Sound (LIS) in Waterford , Connecticut . The station consists

of three units located on a peninsuic Sounded by Jordan Cove on the east

and on the west by Niantic Bay (Fig.1) . Millstone Unit 1, which

commenced operation November 29,1970, is a 652-MWe boiling water

reactor (BWR). Unit 2 is an 870-MWe pressurized water reactor (PWR)

and began operation October 17, 1975. The operating history of Units 1

and 2 is shown in Table 1. Construction of Unit 3, an 1,150-MWe PWR,

was initiated in August , 1974. Commercial operation is planned for 1986.

All three units employ once-through condenser cooling water systems.

Cooling water is drawn generally from depths greater than four feet below
,

mean sea level by separate shoreline intakes located along Niantic Bay.

The intake structures typify shoreline. installations with coarse bar

racks and traveling 3/8-inch mesh screens. The rated circulating flows
,

for Units 1, 2 and 3 are 935,1,220 and 2,000 cfs respectively. From

discharge structures, the heated (25 F AT) cooling water flows through an

abandoned granite quarry and returns to LIS through a cut equipped with a

fish barrier.

4

The potential impact of Millstone Nuclear Power Station on LIS has been

the focus of intense study since 1968. The early biological investigations

included exposure panels for monitoring boring and foulirg aommunities,

surveys of the intertidal sand infaunal and rocky shore communities, and

shore- one fish seining. These programs are continuing and now represent

over ten years of information. The program scope increased considerably

t

1
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Table'1. Mean monthly electricaliproduction in NWe' (net) at Millstone Nuclear Power Station Units 1 and ~2,
1970-1979

, ,

Jan. ~Feb. Mar. .Apr. 'May June July- -Aug. Sept. Oct. Nov. Dec.

-Millstone 1 '1970-
'

82-- ; - - - - - - - -' - --
, ,

1971 2 04 185; 318 .459 443 480 624 5 08' 314. 162- 616 576

1972 664 155- -564 671 654 64 1' -607 54 0 0' .0 0' O'

1973 0 'O. 252 362 0 0 21 491' 363 368L 411 2944

1974 .472 470 483 520 513 474- 512 441- 0 0' '479- 573
,

1975 ~566 396 559 591 57 5 579 469 324' 225 101 371 581'

1976 64 5 570 225 4'02 624 644 550 425 539 9 0 502

1977 572 -618 6 08 619 632 . 482 592 593 595 566 392 337
,

1978, 58 0 562 180 267 594 615 500 576. 627 639 652 58 9-
u

1979 346 544 610 558 0 31 612 634 603 651 615 586

f Millstone 2

1975 - - -- - - - - - - - 26 156

'
1976 280 309 403 537 464 642 480 555 724 726 729 363 .

1977 406 776 762 569 151 147 536 780 '712 624 517 0

1978 0 0 0 31 669 767 752 756 748 797 806. 809 ,.

1979 705 799 224 0 168 544 852 '313 850 851' O 691

,

i

~~~ -- ,---~r -, - - -, ,w - - -
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between 1970 and 1973 with the addition of heavy metal analyses of

- seawater and mollusc tissue, studies of pelagic (gill net) and demersal

fishes (trawls), lobster and winter flounder (Niantic River) population
;..

estimates, subtidal benthos and of fshore ichthyoplankton (NUSCO .1975 and
,

1979).

Studies of entrained plankton were initiated in 1970 when Unit 1 became
,

. operational ~ (Carpenter 1975); Unit 2 was included 'in 1975. To date the

routine monitoring and special investigations have covered nearly all

aspects of plankton including ichthyoplankton, phytoplankton, and

zooplankton. . Effects of chlorination and temperature on entrained

phytoplankton were addressed as well as latent mortality of zooplankton

subsequent to condenser passage (Carpenter, et al.1972; Carpenter, et al.

1974). Enphasis has been placed on entrained ichthyoplankton and the

relative impact on fish populations in surrounding waters (NUSCO 1976 and

1979).

i

; -Impingement monitoring began at Unit 1 in 1971 and at Unit 2 in 1975.

The program scope has varied from counting all impinged species (1972-1976),

to ta= current program based on three 24-Sour counts per week. Special

studies included the effectiveness of several deterrent devices such as

acoustic ,t'imuli, underwater lighting and ' surf ace and bottom barriers

(NUSCO 1976 and 1979).

!

i The potential effect of three-unit operation on selected species was also

considered . !bthematical population dynamics models were developed for'

the Niantic River winter flounder population (Hess, et al.1975) .and for

the regional menhaden population (NUSCO 1976) . These models incorporate

predicted entrainment and impingement losses over the lif e of the
t

. power station.

4
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Numerous hydrographic studies were conducted starting as early as 1966

(NUSCO 1976). . Predictive models for 1, 2 and 3 unit thermal plumes were

developed based on hydrographic parameters taken from field surveys.

- A tidal circulation model was developed not only to predict current

patterns and therma 1' distributions but also to simulate dispersion and

entroinment of winter flounder fish larvae. Measured current patterns for

the Millstone study area (referred to as the Greater Millstone Bight)

are shown in Fig. 2.

As a result of these studies, the hydrographic and ecological characteristics

.of surrounding waters are well described. Studies have been intensified

and modified to provide the most representive data with respect to changing

concerns and state-of-the-art techniques. The present report provides

stuiy results for 1979 and summarizes results of previous years as a basis

for evaluating any long-tern Lnpacts. The report also satisfies certain

license and permit conditions stipulated by the Nuclear Regulatory

Commission, the . Connecticut State Department of Environmental Protection

and the Connecticut State Power Facility Evaluation Council.

All ecological and hydrographic studies through 1976 were conducted by

consulting laboratories most notably W.F. Clapp laboratories, Woods Hole

Oceanographic Institution (Entrainment, 1970-1975), and Normandeau Associates

(Entrainment, 1975-76). In 1977, Northeast Utilities Service Company began

a phased in-house takeover of these studies starting with entrainment and

impingement programs. Some benthic and lobster responsibilities were

added in '1978 in conjunction with W. F. Clapp Laboratories. As of

. January 1980,- all studies (excluding heavy metals) are being conducted

5
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and reported by NUSCo staf f biologists based largely at the Millstone

Environmental Laboratory. Critical scientific review is provided by

a four member Ecological Advisory Committee (see acknowledgements) which

has provided continuing support since 1968.

|
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|
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IMPINGEMENT

*

INTRODUCTION

Impingement of organisms on power plant travelling' screens has received
.

L
increased attention'in recent years s a potentially important ecological

impact associated with. electric power production (Ray 1976). Various |

>

authors have synthesized available information on impingement at major
;

, power plants (Sharma and Freeman 1977; Uziel 1978), others report the

development of sophisticated mathematical models to assess impingement

impacts (Murarka 1977). At Millstone, impingement studies began in
.

1971. Initially the program was designed to provide information regarding
!

the organisms impinged on the travel.ing screens at Millstone Unit 1.

In 1972, impingement collections were changed from qualitative observations

'to absolute counts. Over the years, the sampling program was modified

to include Unit 2 and also to' insure that the data were sufficient to
!-

support qualitative assessments. Daily sampling of organisms impinged

over 124 hours continued through 1976 when sampling was altered to three
.

.24'-hour collections per week, with no more than 96 hours between collections.
'

A general chronology of the impingement program at Millstone Station is

provided in Table 1.

In addition to~the routine monitoring, occasional studies were under-

taken to better comprehend the impingement process. These studies
,

' included: ' day vs. night impingement (NUSCO 1976); equivalent adult

calculations (NUSCO 1976);. survival st' dies (NUSCO 1977), and length-u

: weight fecundity relationships (NUSCO 1977).
I'
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This report summarizes impingement data-from 1972 through 1979 for

. Units.1 and 2. - Apparent 'tren'ds are evaluated analytically in order to

interpret the magnitude. of impingement losses and to better understand

.the-differences between units.

!

MATERIALS AND METHODS

,

Impingement results when fian' and .other organisms' are caur bt against

travelling screens loca.ed within the condenser cooling water intake
,

structure. The screets prevent debris greater-than 3/8" from entering

.the cooling water system. Whenever debris accumulates on the screens, a

. pressure drop occurs across its. boundary resulting in automatic rotation,

at'a pre-set Ap (differ'ence in pressure). During rotation,,the screens
'

are washed with a high pressure rinse, which directs the debris into a

-trough and eventually'into.a collection basket perforated with 1" holes

to allow water drainage.

Since March 9, 1977, the' fish and shellfish washed into the collection

basket over 24 hours have been counted three times each week. Changes

- in the program prior to that time are shown in Table 1.

'

Once the organisms have been removed from the. collection baskets, they

'are' transported to the laborat'ory where they are identified, measured,.

.and counted. Length measurem ats are total length f.r fish, carapace ;

.

length for lobsters, carapace width for crabs, and mantle length for

squid. 'Every effort-is made- to insure that all animals alive after

'ollections are returned to Long Island Sound.c
~
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Table 1. Cl.ronology of the inspin co.eut manitor int, g rogr v: at Li,e !!!!1. tone Nuclear tows: S t.s t ion .s

IllN 1971 1972 1973 1974 1975 197h 1977 1976 1979

1. Resea rclie r CWf RACT ED _ . _ _ _ _ NUSCO -
. . ......... . .... .. . .. . . ... ... ... .. . . .. .. .. . . . . . . .. ..... . .. ... .

II. Sampling Design 5/71 1/172
1. qualitative IRREGULAR 3/10/77
2. quantitative - 16A!!.Y l DAYS /WK.

.... ..... ... ... .. . ........ . . ... . . ... ... ..... . ... . . .. . . . . ... ... ....... . . . .. ..

III. Reporting
Requiremen_s
1. categories COMPUTED PEASURED MEASURED Cot 1PUTf D CL HPUT!'D MLASURED MEASURED MEASURLD~
2. Individual lengths MEASU RED MEASCHib~

. ... ... . ..... . .... . . . .. . . . . . . ... .

7/31/74
. . . . . . ....... . ..

IV. Special Stu.11es 7/26/73 4/1/74 2/2/77
1. day vn. night 1/A/73 2 SA'fPLES PEk DAY 2/1/77 5/23/77
2. survival mtudies LOBSTERS ALL UNCAlllSMS 96 HR SUEVIVAL Al L-
3. length /veight/ fecundity a

....... . . . ... . .. . . ... ... . . . . . . . . . . . . . . . .. .. . .. .. .

V. Deterrent Devices 8/72 - 12/7: M/73 - 12/73 7/74 - 12/74 7/75 - 10/75 6/76 - 10/7o 6/77-10/77
1. surface I: NIT I UNIT 1 UNIT I ITM T I UNIT 2 UNIT 2
2. bottom Utsl1 1

a. ututer flounder
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Monthly estimates of the numb'r'of each species impinged were calculatede

as follows: monthly estimate = monthly ratio x actual counts made on

the sampled days. Monthly ratio = (number of days in month / number of

days sampled in month) - (number of days in month p mps shut down/ number

of days sampled pumps shut down). Pumps were deemed down if the flow

rate was less than 5% of total. flow capacity.

ANALYTICAL METHODS

_McCloskey's Biological Index Value

The biological index value used by McCloskey (1970), as interpreted for

the purposes of this report, is a measurement that indicates the seasonal

and annual species presence. The species were ranked by season, with

the most abundant species given the largest value in the ranking.

Seasons were delineated as follows: winter-January through March;

spring-April through June; summer-July through September; fall-October

through December. Seasonal ranks were summed and expressed as a percentage

- of the. theoretical maximum (the sum if a species ranked first for all

seasons).

Friedman's Two-way Non-Parametric Analysis of Variance. Friedman's test

(Conover 1971) was used to test differences between rankings of species

'throughout 511- the years, with respect to unit.

12
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Clustering

An inverse clustering algorithm was applied to the percentage similarity

matrix. Percent similarity was calculated by dividing each year's total

by the total of all years, for each of the top species. It was then

used to group species into associations at decreasing levels of similarity.

The algorithm used was the group-averaging agglomeration or " unweighted

pair group method using arithmetic averages" (Boesch 1977). Clustering

similarities were then illustrated in the form of a dendrogram.

General Linear Model Using Least Squares

A GLM computer programmed algorithm was used for interaction and nested

effects (Helwig and Council et al.1979). This test was used after

standardizing the data for Units 1 and 2 by adjusting for mean monthly

flow rates. Mean monthly flow rates were: Monthly flow per unit = mean

monthly flow / maximum unit flow. Monthly totals were then generated for

each unit: monthly total = estimated cc - x monthly flow factor.
_

Analysis was then run to see if any significant effects existed among

years, units, and the nested effect of months within years.

Kolmogorov-Smirnov Two-Sample Test

A Kolmogorov-Smirnov two tample test (Campbell) was used to see if

differences existed between the length frequency distribution of winter

flounder at Units 1 and 2.

13
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RESULTS AND DISCUSSION

The combined finfish impingement total for 1979 was 65,882, with 39,403

and 26,479 for Units 1 and 2, respectively (Table 2). Total fish impinge-

ment over all years was 214,412. The ' totals were represented by 100 ; fish

taxa and 17 macroinvertebrate taxa. No new species were impinged in

1979. A list cf rare species is given in NUSCO 1978.

Winter flounder (37765,20106)*, silversides (23131,7260)*, and three-

spined stickleback (16134,10233)* constituted more than 50% of the

overall total abundance at each unit. Total annual impingement at

Units 1 and 2 has shown an upward trend, most pronounced at Unit I which

increased 59% from 1978 to 1979. This figure does not adjust for May

and June when Unit I was shut down.
>

f During 1979, winter flounder (13149,9845)*, silversides (8594,3077)*,

and three-spined stickleback (7638,2114)* composed more than 59% of the

annual impingement at each unit (Table 3). Anchovies were impinged at a
i .

greater rate at Unit 2. However, plant pump records revealed 'Jnit I was !

not pumping cooling water during a period of peak anchovy impingement.

The months of January through April composed more than 50% of the annual

finfjsh impingement.

Species dominance during 1978 and 1979 were compared using McCloskey's

biological index. The index adjusts for those species that are highly
.

* Figures in parentheses (Unit 1, Unit 2) ** (1978, 1979)
.
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Table 3. ksoual and monthly abundance and percent composit too of finitat* Lapinged at w111 stone Nuclear Power Stat taa Units 1 and 2 intake
stractures during 1979

*:n t t 1
Annus tNrec tet Jan. Feb. Ma r . Arr. war faae N1? An a . Sept. 3r r . %.v . T.ec . Tet s! Percent

Edr%i'f tkron43**# 2.955 4,426 3.096 . 422 --.- 12 252 188 93 113 115 1 *8 13.149 33
I

z c a 'M re% s

w,q ij /d 6. !)90 444 991 954 - - - - ---- . --- 7 3 -.-- 5 40 8,594 22

'2e e s sc re aus 142 299 1.286 4.933 ---- ---. ---- 9 5 ---- 25 93' ?.619 19arefvatus

tv .3 .,-,7 a :6, 301 243 288 542 - - - - 2 26 2 10 13 12 L.6 1.935 05
,

2en r,s

* . 0/s!J! rse ---- 11 17 51 ---- 5 560 382 +25 38 2 23 1,.v. 04
als.re re. e

fygye;N .J -.-- -.-- 267 9e ---- - - - 14 22 3 9 9 34 =31 92% s r,

. . ,pe. -..- .--- . - - . ---. . - . - 53 533 13 43 5 14 95 75J -
'

' .e s al.s a ..f 23 14 60 63 .... ---. 12 11 10 11 9 395 631 ?2

. . r .a ! -si 11 14 55 40 ---- 7 90 4. 1C 24 11 $$ 443 01w. : .rs t

Feer :aJ 2 ---- ---- ---- ---- 2 14 135 55 64 23 191 47e 01
e

'rfi r- L s

"e >.ti .s 23 3a 12 5 ---- ...- ---. --.- 7 2 161 .-R 01
.

>< . y r. f

Total for all 9,A62 5.713 6.612 9,502 93 2.03 3 966 643 486 186' 3.062 19,433----

;ectee-

l'n t t 2

Annu al"fertee fen, feh. war. A;r. Wa y Ju ne hily Au g . Sept. Set. %'v . Pre . Tstal Peteent
faced r 'r.r;nr =t4J 1,078 5,345 433 751 379 920 274 141 220 6. 30 239 9 tai 37r-e ei"m./

in ?!!.2 sp. 2.216 505 252 44 2 - - - 2 --. 3 4 5 28 3.077 12

rn..-e 2 so. ... --- --- .- 387 1.010 531 77 380 15 9 16 2,425 c9

.h s en e. e.c 16 Set 514 330 73 25 --- 2 5 -- 2 575 2.114 3e4t4'41*%4

72ataf:7;! Pu a
.tiaterrus

--- . . - - - - 3 97 585 191 524 250 84 2 3 1,729 07

'i^ro ur a -s '65 193 69 170 195 70 7 2 68 --- 2 550 1.581 06
s r

teszr 4

Ferri:4e
* r'a a*:l .:

- - - --. --- --- 7 95 21 334 240 267 18 99 1. 081 64t

'er j.rias r ==9.J 21 15 2 23 67 140 17 29 70 22 12 281 649 03
*

--- --- --- ..- 37 183 55 42 163 86.ra::Ja .titis
5 570 12--

. ; *I :*.s 23 17 14 28 48 125 50 22 15 9 35 95 477 02
-

- r.a ras

4,ep14 r . e - - - 2 40 117 166 25 21 9 20 4 -. 13 619 01
.

'%: ssa

ver:aer ie 21 , 54 2 3 4 --- --- --- --- 2 __9, 227 322 011-:!!ng:P's

*otal for all 3.829 6.813 1.478 1.672 1,726 3,561 1.2 97 1.262 1.628 718 156 2,337 26,479$tects<

Coehined laptagement - Units 16 2 Intake Structures for 1979 65.eA2

*These fish which were L.01 of total annual abundance.

[
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seasonally abundant, while emphasizing the ones that are resident year

round. Unit 1.had a similar ranking pattern between 1978 and 1979 with
.

. winter flounder.(92,86)** first in both years (Table 4). Silversides

(73,55)**, a seasonally' abundant species, became less important as a

year round resident, when ranked by seasons throughout the year. Unit 2
'

species dominance during 1978 and 1979 was dissimilar (Table 5). In
,

i . 1978, a tight grouping existed between winter flounder (80), grubby

(80), and three-spined stickleback (77), indicating a similar occurrence

of these species. In contrast, 1979 showed a more stratified situition

similar to Unit 1 with winter flounder (88) ranked above grubby (71) and,

'

three-spined stickleback (69). This stratification reflects the year-round

influence of winter flounder on impingement in 1979.
:

,

The combined impingement total of macroinvertebrates for all years was

118,868 (Table 6). Squid (36853,19987)* and lady crabs (9854,6313)*
,

| made up more than 70% of species composition at each unit for all years.
.

| Totals for 1979 were 18,766 and 18,106 for Units 1 and 2 respectively, a
.

,

rise' of 300 percent or more from 1978. Squid and lady crabs combined

composed 90% and 85% of annual abundance respectively at both units in,

j ' 1979 (Table 7). November (6,548) and September (5,963) were the months

of greatest impingement at Units 1 and 2, respectively.-

i

Species dominance for macroinvertebrates during 1979 revealed lady crabs-

(78,83)** to be more prevalent at both units with squid (75,79)** having.

just a slightly lower index value (Table 8). Lobster showed a higher

ranking at Unit 1, primarily due to increased abundance during the

winter season.
F

17
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Table 4 Seasonal and annual species dominance using Mccioskey's biological index for fish *
tmpinged at Millstone Nuclear Power Station Unit 1 intake st ructure. 1973 and 1979

1378
Winter Spring S umme r Fall Total Index
d Rank e Rank

_

# Rank # Rank Rank _ Value

Fse6d plearensetsa 3.082 (11) 687 (10) 60 (12) 601 (11) 44 92R<

zeeric;2nus

ticrectf a!as 2,109 (10) 868 (12) 15 (8) 493 (10) 40 83h

asnaeus

renidf2 sp. 4,440 (12) 49 (4) 11 (7) 5,004 (12) 35 73

G2steracteas 911 (9) 745 (11) 2 (5) 26e (9) 34 71
13a satus

N"JJrC;alhe 52 (3) 62 (5) 27 (10) 263 (8) 26 54
tem ?:d

7;a:0;olabrss 142 (4) 243 (8) 37 (11) 14 (2.5) 25.5 5)
is;erras

Tantoj2 onitis 2 (1) 195 (7) 20 (9) 17 (4) 21 44

2)olapterss :.rpus 509 (8) 64 (6) -- (2.5) 14 (2.5) 19 40

Thnda!as mcfa!is 200 (7) 36 (2) -- (2.5) 123 (7) 18.5 39

JynJnathaa fLasas 10 (2) 365 (9) 8 (6) 4 (1) IS 39

Tsverae merd2x 170 (6) 44 ( 3) -- (2.5) 24 (5) 16.5 3

Verlaceit.s bi!(nezeis 158 (5) 2 (1) -- (2.5) 80 (6) 14.5 30

1971
Winter Spring Su r.me r Fall Tetal Index
8 Rank s Rank i Rank _ 8 . Rank Rani Yal ue

Feeajkplcarensates 10,337 (11) 1,8 34 (10) 533 (9) 406 (a) 38 88
anertsanus

G2sterostens Jouleatus 1.729 (9) 4.933 (11) 14 (3) 962 (11) 34 77

3}cevesphalas acn2eus 881 (8) 544 (8) 38 (4) 471 (10) 30 68

#iorg; ias tc7J d 101 (6) 63 (5) 73 (6) 415 (9) 26 59

ver hocius bi;in# Iris 73 (4) 5 (2) -- (1) 370 (7) 24 55

.venidia sp, 7.535 (10) 954 (9) 9 (2) 95 (3) 24 55

50 pthalmas 2;wesus 100 (5) 67 (6) 165 (7) 162 (5) 23 52

T22:o;;;2irus 23 (3) 56 (4) 1, 348 (11) 63 (2) 20 a5alepareus
.

J;nicathne fL4?ks 267 (7) 494 (7) 39 (5) 52 (1) 20 45

Anokoa sp. -- (1) 53 (3) 589 (10) 108 (4) 18 41

Fepri'as trissanthus 2 (2) 2 (1) 204 (8) 263 (6) 17 39
f

*Those fish which were 2 01 of total annual abundance.
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Table 5. Seasonal and annual species dominance using McCloskey's 51ological index for fisha
impinged at FM11 stone Nuclear Power Station Unit 2 intake Structure, 1973 and 1979

1979.

Winter Spring ~~5uhmer Fal! Total Index
e Rand d Rank e Rank A Pank Rank Value

Faeaday e'.ecrde:ds 1,065 (13) 928 (12) 75 (11) 456 (12) el 40
27st!3ar.us

!?creserhalas 1,530 (14) 1,064 (13) 13 (7) 1,391 (14) 48 MC
2ce.2eus

G2J!arcataus 136 412) 1,515 (15)- 2 (4) 1,441 (15) 46 ''

.2:u:ca taa

"~ sro/2 ias tomeoi 104 (10) 653 (10) 2! (9) 1,137 (13) 42 73

T2s c;>I2hraa 69 (8) 1,191 (14) 104 (13) 11 (6) 41 6e
Lia;<r ua

Nun tli2 sp. 2,092 (15) 36 (3.5) 6 (6) 615 (11) 15.5 59

Aco;0 2 sp. -- (1.5) 490 (8) 166 (14) 30 (8) 31. 5 53

Sa yna:has ;%2724 22 (7) 776 (11) 14 (8) 7 (2) 23 47n

f>0;!h :cae 474csas 4 (5) 107 (5) 2a (10) 77 (7) 27 45

.92 ::y2 Onitis -- (1.5) 616 (9) 81 (12) 19 (4) 26.5 44

r;ri:aa tri202n: Ens 2 ( 3. 5) 10 (2) 193 (15) 17 (3) 23.5 39

'ene r:.0 marizr 90 (9) 249 (6) -- (1.5) 22 (5) 21.5 35

.P?->!; ave x-arfean..e 2 (3.5) 36 (3.5) 3 (5) 174 (9) 21 35

'cr:sei aJ bilins2ria 18 (6) 4 (1) 1 (3) 199 (10) 20 33

1979
-

Winter Spring Summer F l1 Total Indext
e Rank e Rank e Rank a Rank Rank Value

2Ecexic7 aarcase:sa 6.857 912) 2,050 (12) 635 (10) 303 (S) 42 ss
1 eric2nus

P trecephal:.J 517 (9) 436 (9) 77 (5) 552 (11) 34 71c
wu2e:-s

22eter:etsasJalcatas 1,102 (10) 428 (9) 7 (3) 578 (12) 33 69

Anahca sp. -- (2.5) 1,397 (11) 938 (12) 40 (3) 28.5 54

.~: ate;;I2brus z!spersas -- (2.5) 684 (10) 955 (11) F9 (4) 27.5 57

Visrejcias t2mes! 38 (5) 230 (6) 115 (7) 31 5 (9) 27 56

Teref:aa criccanthas -- (2.5) 102 (3) 595 (9) 334 (10) 24.5 51

Ec.'p r & Imaa 27keeks 50 (7) 202 (4) 87 (6) 139 (6) 23 43

.:ateg2 :nitis -- (2.5) 220 (3) 259 (9) 91 (5) 20.5 43

5;stys2thus ykseaa 43 .' 6 ) 309 (7) 50 (4) 17 (1) 18 38

.Ver!ae3ias hi!!naaris 77 (9) 6 (1) -- (1) 2 38 (7) 17 35

Veniida 2,294 (11) 46 (2) 5 (2) 35 (2) 17 35

..

, *Those fish which were 1 G1 of total annual abundance.
I
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' Table 7. Annual anst monthly alundance and percent cmnposition of macroinvertebrates* Impingut at Hill tone Wclear Power Station
Unit I aral 2 Int ake. st ructures during 1979.

Unit 1
Annual

Ja n . Feb. Mar. Apr. %y .f u n e July A3 Sept. Oct. Lv . Dec. Total Percent

loligo pealai --- --~~ ---- 7 ---- 85 1,997 1,556 2,538 539 2 , ' '>2 1,398 M ,532 56

Otulipes owflatus --- ---- ---- ---- ---- ---- 407 206 280 442 3,935 929 6.31. 34

CallineMes sapil:.a ---- ---- ---- ---- ---- 2 50 190 113 438 150 10 952 05

Carvinua nuenas 6 7 10 34 ---- 27 55 13 18 38 58 57 ''O 02

#tw m.s amerleanas 6 ---- 19 77 ---- 3 62 29 35 44 32 8 .6 02

02nNr irtomtus 67 5 50 63 ---- 12 17 2 ----- 2 ---- 18 215 (

Total for all 79 ', 79 195 ---- 249 2,6f4 2,002 3,048 1,516 b,548 2,430 18,766
ej Species

Unit 2

Annual
fa n . Fe b . Mar. Apr. May .fune .fu ly Aug . Set Oc t . Nv . Dec. Tot-1 Percent

Zolige pealei ---- ---- ---- ---- 201 2,398 1,026 1,269 5,065 327 24h 41 0 10,941 60

ovalipes ocellatus 2 2 2 5 39 513 431 263 433 442 1,757 MI 4,568 25

Callincetes sapihs ---- ---- ---- ---- 13 75 33 IS$ 283 376 37 3 974 05

C.2nace irronaths 96 13 24 98 43 48 21 7 15 2 9 36 412 02

Em2 ras eterai4+ anus ---- ---- ---- 10 15 83 91 77 68 49 12 3 408 02

Carvinus nuenas 6 4 5 8 34 53 24 11 48 60 64 75 390 02

Total for all 107 19 31 129 458 3,280 1,671 1,799 5.963 1,308 2.132 1,210 18,106
Species

-

*Timse species 3.01 total abumf ance.
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Table 8. Seasonal and annual species dominance using McCloskey's biological index for
macroinvertebrates* impinged, at Millstone Nuclear Power Station Unit I and
Unit 2 intake structures, 1979.

--

Unit 1

'4 int e r Spring Summer Fall Total Index
# Rank 8 Rank # Rank 8 Rank Rank Value

Cva!!irca -- (2) 115 (6) 893 (5) 5306 (6) 19 79
cecsIatua

Icli a -- (2) 92 (5) 6140 (6) 4300 (5) 18 75J
yeaisi

Ec7aruc 25 (5) 80 (4) 126 (3) 84 (2) 14 58
americanua

02rsinus 23 (4) 60 (2) 36 (2) 152 (3) 11 46
Puenas

C2noer 121 (6) 14 (3) 19 (1) 20 (1) 11 46
irroratua

Ja :inectas -- (2) 2 (1) 353 (4) 597 (4) 11 46
aapidue

. - . - - . - - __

Unit 2

Winter Spring Summer Fall Total Index
# Rank 8 Rank # Rank # Rank Rank Value

_ _ _ __ __

2u ?irca 4 (4) 557 (5) 1126 (5) 2880 (6) 20 83
oce!!atus

50:igo -- (2) 2598 (6) 7359 (6) 98 (5) 19 79
Tea:ei

Cancer 133 (6) 188 (4) 43 (1) 48 (1) 12 50
irecratua

C:nsinha 15 (5) 94 (2) 82 (2) 199 (3) 12 50
maena

02I!ircatsa -- (2) 88 (1) 471 (4) 415 (4) 11 46
tapiluz

E:52rus -- (2) 108 (3) 238 (3) 63 (2) 10 42
ameriaanus

.

_

*Those species >.01 of total abundance.
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Length frequency distribution of winter flounder during March, April,
.,

and May of 1979 (spawning season in Niantic Bay), sho.ed no significant

7 difference between units based upon a Kolmogorov-Smirnov two-sample test
t

(Fig. 1). The estimated number impinged during this period of time was,

4,918 at Unit 1~and 1,563 at Unit 2. The Unit 1 estimate only included

the months of March and April. Utilizing criteria set up-for this

year's age-length relationships (see winter flounder section) Unit I had

34% one year olds, 27% two year olds, and 39% three and four year-olds;
I Unit 2 had 66% one year olds,19% two year olds, and 16% three and four <

year olds.
,

Fish Boom

~An investigation into the effectiveness of the fish boom in front of,

Unit I was undertaken to determine if an explanation of the difference
! in 1979 impingement rates between units could be found. The boom consists
1

of a heavy rubber curtain bordered along the bottom with chain-link

fence. It is located outboard of the intake face about 50 feet and .

extends' parallel to the shore between two rocky outcrops. The boom

rises off the bottom about six feet.

i

An initial look at the data for 1979 showed Unit 1 impinged almost

: one-third more fish than _ Unit 2 in two- months less operating time. A test of

.the data for all years revealed a highly significant difference (p=.001)

existed, using Friedman's non-parametric test for two-way analysis of
,

variance between the. rankings of species throughout' the years at Unit 1.
F

. No'significant difference existed at Unit 2. Unit I had a great deal of.
t

|r

'
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. variability in the ranking and related abundance of species, while
'

' Unit 2 was-relatively stable.

9

-Inverse clustering showed no distinct groupings of species at Unit 1

.(Fig. 2). A high' clustering of winter flounder with northern pipefish

and cunner with smelt can be attributed to similar patterns of fluctuations'

of abundance through the years. Blackfish and white perch cluster high

with similar fluctuations as well. The rest of the species seem to

cluster onto the groups with no discernable pattern. Species of similar

ecological persuasion are not clustered closely.
i

d

i

. Winter flounder, a locally important fish, was chosen to determine if

any temporal trends were present. An analysis of variance on data f rom,

1976 through 1979 revealed a highly significant difference (p=.001)

.

- between years, and when months were nested within years, independent of
1-

unit. The effect b'etween units was not significant (p=.270) for all

; . years. The effects.due to years and month within years may be attributed

to natural, seasonal, and yearly species fluctuations. Analysis of 1979
'

data showed~a highly significant difference (p=.001) between months,

while no significant difference was found between units (p=.360). It

should be mentioned that data were standardized on a monthly basis, and

for: future analysis will be standardized to a daily basis.

A comparison of 1976. (a year 'in which the boom was virtually ineffective
i

as a result of not being secured) and 1979 winter flounder length frequency
_ )

.
.

.
. !

data was made graphically for Units 1 and 2 (Figs. I and 3). The time

period chosen was: March through May,-the local spawning season. A

25,
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Figure 2. Inverse clustering of the top 15 species 1:npinged at unit 1 during 1979.

STN? -?g .?:athus f.asraa TACO-Tau cja :ni:iav

PSEA-Facdopicuronectia a cricar:ua McRA-|| rone americara
TACA-Tau:3;o kbr a darstaus ALOA-Alesa acatUtalia
OSMM-C2-arua .cria: SCOA-3 cyth:i.w a aqu aua
M1CT-Xiercgalsa tomcod BRET-?re:ocr:ia :granr.us

MERs4.'ert er*ua bi:incar'aCASA-124 ce: ass:.a acu:catus s

MTQA4.g::' 0:ephalus aeracus ANCX-Ar.choa ap.
MENX4:aniiia sp.
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Kolmogorov-Smirnov two-sample test revealed no significant difference

between units in the distribution of 1976 winter flounder length f requer.cy

data. Applying the same criteria that was used for 1979_ age-length

relationships, revealed the following for 1976: Unit I had 16% one year

olds, 28% two year olds, and 56% three and four year olds; Unit 2 had

22% one year olds, 38% two year olds, and 40% three and four year olds.

Comparison of the three and four year old groups for 1976 and 1979

revealed a 50% increase in the difference between units in 1979. Cal-

culation of the average length impinged for each year, revealed a 64%

. increase in the difference between units in 1979.

The evidence presented, both observational and statistical, suggests

that the fish boom in its present condition, has not been a deterrent to

fish impingement.

SCUBA observations at Millstone Unit 1 Intake revealed that a diverse

and productive community of fish exists around the boom. The boom seems

to serve as an artificial reef for a variety of life forms. This, in

conjunction with the knowledge that, " estimates of benthic sand infaunal

densities in the vicinity of the Intake structures are considerably

lower than those of other nearshore stations in the Millstone area" (see

benthic section), suggests that the boom may act as a habitat for local

fish.

TA rigorous approach.will be taken in monitoring the impingement rate at

Unit'1 in 1980,-with respect to the effects of the fish boom. Standard-

ization of daily data and additional analytical. techniques will be

employed to detect any impact brought on by the boom.

28
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It is hoped a model.can be developed to take into account biological and

physical parameters that will help us better understand the processes

involved with impingement.

d - Summary and Conclusion

The combined finfish ~ impingement total for 1979 was 65,882 with 39,403

and 26,479 for-Units 1 and 2 respectively. Total annual impingement has

shown an upward trend with Unit 1 increasing 59% from 1978 to 1979.

Winter flounder, silversides and three-spined stickleback composed more

than 59% of the annual impingement at each Unit. Using McCloskey's

biological index as an indicator, winter flounder was shown to be the

most dominant species at both Units in 1978 and 1979. Silversides, a
i

seasonally abundant species, becomes less important when ranked by

seasons throughout the year.

The combined macroinvertebrate impingement total for 1979 was 36,872.

The distribution by unit was similar. Squid and lady crabs combined
,

composed 90 and 85% of annual abundance at Units 1 and 2 respectively.,

. Length frequency distribution of winter' flounder during March, April and

May 1979 showed no significant difference between units. During this*

period over three times more winter flounder were impinged at Unit 1

compared to Unit 2.

29
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The bottom fish boom in front of Unit I seemed to be an ineffective

barrier to the impingement of demersal fish.

Environmental assessment of the effects of impingement on the fish

community in the greater ?!illstone area was monitored by t rawls, gill

nets and seines. Subsequently, the effects of impingement on local fish

populations are addressed in the Fish Ecology section. On the basis of

these studies and on the basis of trends observed in the impingement
i

data, it has not been possible to determine any change in the local fish

populations which appear to be power plant related.

30
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PLANKTON STUDIES

INTRODUCTION '

Plankton entrained in the condenser cooling water and present at dif-
1

ferent stations in waters adjacent to Millstone Power Station have been1

studied in various programs since 1970. Unit 1 (935 cfs, 660 MWe) began

commercial operation at this time followed by Unit 2 (1220 cfs, 870 MWe)

in the fall of 1975. A third unit (2000cfs, 1150 MWe) is presently

I

under construction and is scheduled for commercial operation in late

1986. Hence, the current plankton programs provide both operational

studies for the first two units and preoperational for the third. These

plankton programs include both entrainment and offshore studies of plankton -

density and studies of direct and latent plant mortality. These have
,

been reviewed extensively in our last annual report (NUSCO 1979b).

The -ongoing plankton program reported herein includes three types of

sampling for the period from October 1978 throu,h October 1979 and a

comparison of these results with earlier-seasonal plankton cycles. The

first plankton program at Millstone concerns the seasonality and density

of ichthyoplankton, both fish eggs and larvae, entrained at the plant,

discharges and found simultaneously at a representative control station

(Station 5) in mid-Niantic Bay (Fig. 1). A second plankton program

: concerns the zooplankton retained by the 0.333 mm mesh nets. These*

.

-zoop1'ankton consist primarily of.the larger copepodites and reproductive
<

adults of calanoid copepods and of the meroplanktonic developmental

1 stages of many benthic invertebrates. The zooplankton are studied

32
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primarily because of their trophic importance to the ichthyoplankton.

The eggs and nauplii that adult copepods produce become the food of

many of the fish larvae. Hence, the success of the zooplankton in

reproducing may be related to the success of fish larvae in their

~

own feeding, growth and survival. A third plankton group, the phyto-
,

plankton, have been studied because their abundance influences, in

turn, the feeding, growth and reproductive success of the zooplankton.,

i

The major objectives of the present report and of the plankton portion'

of the continuing environmental monitoring programs at Milletone are

the following:

t

1. To provide quantitative estimates of the abundance and

species composition of the phytoplankton, zooplankton, and

fish eggs or larvae entrained.

'

2. To assess the impact of entrainment for selected plankton

species or groups where supportive information from Millstone

studies or the literature is available.
.i

3. To examine closely the expected fluctuations in time or

space of plankton relative to other plankton or climatolo-

gical events ao that .some judgement.could be made of the
!

magnitude of natural versus plant-induced changes in marine
i communities.

,

34
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4. To evaluate the responsiveness of the present plankton

programs in characterizing the iciportant ecological re-

lationships in the plankton of the t!illstone area and in

detecting changes whether related to natural events or to

operation of the plant.
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METHODS AND MATERIALS

Field Sampling Methods

Eighteen ichthyoplankton net tows of about 400 m volume filtered were

collected each week at Unit 1 or 2 discharge. A 1.0 m diameter, 3.6 m

long, 0.333 mm mesh, unbridled plankton net was deployed using an A-frame

gantry system described previously (NUSCO 1978). Triplicate day and

night samples were taken on each of three days per week. Volumes were

measured using an array of three mechanical TSK flowmeters which recorded

any variable horizontal or vertical current shear across the mouth of

the net more adequately than the one sensor location of the electronicr

current meter system used previously (NUSCO 1978; 1979b). Samples were

preserved immediately in the field in 5% buffered formalin.

Offshore ichthyoplankton net tows in 1979 were collected both day and

night at Station 5 in mid Niantic Bay (Fig. 1). All samples were sawtooth
,

oblique bongo net hauls proceeding from surface to near bottom and back

to the surface over several cycles in the course of the fifteen minute

tow. The bongo frame used was unbridled, and had paired oO cm diameter,

30.333 mm mesh nets. Volume filtered in all cases (usually atout 250 m )

was estimated using a General Oceanics Model 2030M mechanical flowmeter
,

both inside and outside the nets. Bi-weekly day and night paired tows

were taken in January through March and September through December, a.

~

period of reduced biological activity when only one of the two resulting

samples was. analyzed.

36
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. From April:through August, weekly day and night replicate net tows were

' taken at' Station'5 and all of these samples were processed. Thus,

during the growth seasons of many of the numerically dominant ichthyo-

plankton and zooplankton (NUSCO 1979b), sampling 'ffort was incressede

each week by'at least a factor of four.

One day and one night sample each week as available at both the discharges
.

and Station 5 was chosen for processing of the zooplankton retained by a-

0.333 mm mesh net.

Whole water bottle samples were collected weekly at either discharge for ,

phytoplankton cell counts and chlorophyll a. Collections usually were

made midweek coincident with zooplankton, ichthyoplankton and pumped

microzooplankton samples. Samples for phytoplankton cell counts were

preserved.with Lugol's Iodine. Water samples for chlorophyll a deter-

mination were transported immediately to the laboratory in darkened

bottles, filtered using 0.45 micron porosity Celman type AE glass-fiber

filters, desiccated and stored for less than two months following the

procedures of SCOR-UNESCO (1966).

Phytoplankton Laboratory Processing

The Utermohl inverted microscope technique was used to enumerate and

identify phytoplankton cells (Utermohl 1958; Lund et al.1958). _ A

- 10-ml settling chamber was viewed at 400x and from- 20 to 100 fields -

were observed. From 100 to 200 individual cells were. counted and
>

1

identifiedtolowest(practicaltaxon. A grinding and 90%_ acetone,
:
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extraction of chlorophyll a versus phaeo-pigments were determined by

a fluorescence technique (Turner Model 111 fluorometer) described in

SCOR-UNESCO (1966).

!

Zooplankton Laboratory Processing'

,

One day and one night sample of the eighteen weekly ichthyoplankton

samples from the discharge and of those taken by bongo tow at Station 5

were processed for the mesozooplankten. Processing was conducted

following the methods described in NUSCO (1979b) except for a small

J change in'the aliquoting procedure. A Stempel pipette was used to take

several' aliquots of one, five or ten ml depending on the density of

organisms. These aliquots were taken in a 6-liter reservcir randomized
t

by stirring with a large slotted piston. Aliquots of different volumes'

were examined until at least 300 organisms were counted and identified

3 to lowest practical taxon. All or a portion (obtained from a Folsom-

* type plankton splitter) of each zooplankton sample was cleaned of larger

interfering debris and used for an s .imate of dry weight zooplankton

biomass. The zooplankton material was dried at 70 C for 24 hours and

weighed with a precision of 0.01g. All zooplankton and ichthyoplankton
4

tows during June, July, and Augus! were also sorted for the pelagic

larval stages of the lobster, Homarus americanus.i

Ichthyoplankton Laboratory Processing

- All ichthyoplankton samples from the plant discharges or offshore stations

i _were sorted under dissecting microscopes; about ten percent of the 1284-
L
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ichthyoplankton samples collected in 1979 were resorted as part of a

_ quality assurance program. Processing metbods were similar to.those

described in NUSCO (1979b). Fish larvae and fish eggs were removed

from whole samplesoor from fractions obtained using a Folsom-type

plankton splitter. A variety of . taxonomic literature and type col-

lections from other planktologists was used to characterize both

larvae and eggs to the lowest practical category. Fish larvae were

classified by 'such features ' as general body shape or size, fin arrange-

i ment, pigmentation patterns and jaw or head shape and so forth. Fish

eggs were identified on the basis of egg shape or size, number or

size of oil glchules, size of the perivitelline space and any charac-

teristics of the developing lars ;2 where possible.

The eggs of the two common labrids of Long Island Sound, the cunner

(Tautogolabrus adspersus), and the tautog (Tautoga onitis) were partic--

ularly difficult to identify with confidence since they have no oil

globules, are very similar in appearance otherwise and are coincident.

in spawning. season. .Since the immunological approach suggested by,

Orlowski et al. (1972) was judged impractical for a field program,

measurements of egg diameters were taken to investigate the apparent

- bimodality separating- the two species through the growth season (similar
~

'to the work of Williams 1967). One hundred or more eggs each week were

measured to the nearest one-hundredth of a millimeter. On the basis of,

the ' observed bimodality in egg' diameter, cunner (the smaller egg) and

tautog (the larger) were separated. The. density of labrid eggs- for

that' week was assigned on a percentage basis to tither of the two

species" varying throughout the extensive spawning season. For com-

.parison to other. plankton progr,ams, the time, ega diameter and
.
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1

temperature criteria associated with the differentiation-of cunner

and tautsg'are included in Table 1.

1:
!

General Statistical Treatments

Because of the variability inherent in plankton distributions, all

i- analyses 'se the logarithmic transformation of data before a parametric
t

test. This transformation helped stabilize the variance. Analyses

of variance (A0V) were conducted comparing the effect of different

. factors on the mean seasonal density. This quantity included all

data from the first to the last occurrence each year and made no

attempt to fill with zeroes some missing data points over the growth

season. To provide a measure of the limits of changes in fish larval

density -that could be detected by this monitoring program, power calcu-

' 1ations were made complementing the A0V approach. In addition, preliminary

4 . time series analyses were undertaken so that biological time-lagged
'

responses could be better accounted for than by linear comparisons.a

t

i

,

.

.+

J -
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Table 1 Cr it er ia for separation of cunner and tautog eggs on the basis of egg diameter range.

and bimodality over the 1979 growth season.

Egg Diameter (mm) !!odal Egg Diameter (mm) * of Total labr ids !!can Weekly
Date Temperature

Cunner Tautog Cunner Tautog Cunner Tautog (OC)

5/1-5/7 0.80-0.92 0.93 -1 . 08 0.90 1.06 67 33 9.0
5/8-5/14 0.75-0.95 0.96-1.10 0.90 1.00 60 40 10.0
5/15-5/21 0.80-0.96 0.97-1.06 0.90 1.00 92 8 10.0
5/22-5/28 0.85-0.95 0.96-1.10 0.90 1.00 86 14 12.0
5/29-6/4 0.85-0.95 0.96-1.15 0.90 1.05 70 30 14.0
o/5-6/11 0.80-1.00 1.01-1.10 0.90 1.05 89 11 15.0
6/12-6/18 0.75-0.94 0.95-1.06 0.85 1.00 84 16 15.5
6/19-6/25 0.75-0.92 0.93-1.02 0.80 0.96 85 15 16.0
6/26-7/2 0.74-0.90 0.91-1.06 0.84 0.97 83 17 16.5
7/3-7/9 0.70-0.90 0.91-1.00 0.84 0.96 73 27 17.0

i: 7/10-7/16 0.76-0.88 0.89-0.98 0.80 3.94 59 39 17.5
7/17-7/23 0.74-0.88 0.89-1.00 0.76 0.94 68 32 18.0
7/24-7/30 0.72-0.88 0.89-1.02 0.77 0.92 54 46 20.0
7/31-8/6 0.70-0.84 0.85-0.98 0.80 0.92 35 65 21.5
8/7-8/13 0.70-0.82 0.83-0.96 0.74 0.92 29 71 21.5
8/14-8/20 0.72-0.80 0.81-1.02 0.76 0.90 16 84 21.0
8/21-8/27 0.00-0.00 0.88-1.00 ---- 0.92 0 100 21.0
8/28-9/3 0.74-0.84 0.85-1.02 0.81 0.94 7 93 21.0

.
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' RESULTS AND DISCUSSION

Phytoplankton

Several floristic changes in mean phytoplankton density or rank order

occurred over the period 1977 through 1979. Also, there was an overall

trend for density reduction in 1979. The percent species composition,
i

mean seasonal density, rank order based on percent, and number of samples

where species were recorded were calculated for the fif teen most important

species or taxonomic groups (Table 2) . Skeletonema costatum was the

most important diatom in 1979 as well as the previous two years. S.

costatum ranked first and microflagellates were ranked second in 1977.

These ranks were reversed in 1978 and 1979;while microflagellate density
,

increased in 19?8 and then decreased in 1979. S. costatum appeared to
f

decrease each year. Unidentified chlorophyceans changed f rom rank 21 in

- 1977 to rank 3 in both 1978 and 1979. Phaeocystis spp. changed from

rank 3 in 1977 to rank 5 in 1978 and then to rank 7 in 1979. While

changing only two places in rank, Phaeocystis spp. was greatly reduced

in density in 1979. This was probably related to the reduction in mean

phytoplankton density. The cryptomonads appeared to be lower in density
~

in 1979. Asterionella spp. , Chaetoceros spp. , and Leptoevlindrus spp.
,

were three genera of diatoms that showed an -increase in mean density for

1979.'

, .

Seasonal fluctuations in phytoplankton abundance appeared somewhat

.different in 1979 (Figs. 2, 3 and 4). The mean weekly log 10 transformed

* - _ cells per liter -for many of the dominant species was lower than in 1977
_
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5Table :2- Percent. species composition, seasonal density (mean #/L x 10 ), rank order, and' number of'
.

samples where species present (N) for phytoplankton collected at the combined discharges
from 1977 through 1979.

1979 1978 1977

Species or Croup y #/L Rank N % #/L Rank -N % #/L Rank N

Unknown microflagellate 26.3 4.36 1 52 48.9 14.70 1 52 23.7 7.05 2 o43
.

cSkeletonema costatum 23.1 '4.33 2 46 18.5 5.67 2 -51 36.0 9.39 1 49

. Unknown Chlorophyceae 18.1 4.73 3 33 9.3 6.91 3 21 0.1 0.19 -21 '8

Chaetoecros spp. 7.7 1.80 4 37 2.0 0.83 8 38 1.7 0. 67 8 34

Cryptomonadacea e 6.1 1.06 5 50 4.6 1.81 4 40 5.5 1.68 4 42
i

5,.

Asterionella spp. 3.6 1.23 6 25 1.3 0.66 9 31 1.1 0.62 11 23w

Phaeocystis spp. . 2.7 2.92 7 8 3.8 19.81 5 3 17.3 22.05 3 10

Unknown pennate diatoms 2.3 0.38 8 52 1.1 0.34 10 50 2.1 0.54 6 49
.

Thalassiosira spp. 2.1 0.46 9 39 3.7 1.31 6 44 1.7 0.72 9 31
i

LeptocylitzJrus spp. 1.8 0.59 10 26 0.5 0.41 12 21 0.3 0.47 18 7

JUnknown centrate diatoms 1.3 0.29 11 39 0.4 0.37 13 19 2.3 0.88 5 34

'ealassionama spp. 0.8 0.34 12 19 0.4 0.34 15 17 0.6 0.44 12 17M
i

Provocentrum spp. 0.4 0.26 13 14 <. 0.15 30 4 0.2 0.22 20 9

lutonula confervacca 0.4- 0.67. 14 5 0.3 0.55 16 8 0.1 0.14 32 5
,

Rhinosolenia delicabula 0.2 0.10 19 22 0.1 0.17 20 12 1.5 1.22 10 16

Ucratulina'hcrgonii 0.2 0.29 21 7 2.2 3.8 7 9 2.1 2.92 7 9 .

_ _ _ _ _ _ -
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or 1978. The _ peak density' of some of these species was delayed in 1979.'

Also,~ their periods of low' density were somewhat prolonged. Total

diatom' density.was reduced in the spring'due_mainly to the decrease in

the'deminant diatom S. costatum (Fig. 2). Microflagellates and cryptomonads

were less abundant from March through June-1979 than during similar

periods'in the previous two years (Fig. 3). Unidentified chlorophyceans
~

were markedly more abundant during the spring of 1979 than during the

spring of 1977. .This group was not recorded in the spring 1978 samples,

but were dominant:enough during the second half of 1978 to achieve the

. highest mean annual-density over the three year si udy period (Table 2).

Annual cycles of the total. diatoms compared to cycles of the dominant,

nondiatom species such as the cryptomonads, microflagellates, Phaeocystis

spp.,L and the chlorophyceans suggested an inverse relationship such as

observed by several local investigators (Conover 1956; Riley 1966;

Durbin et al.1975; Staker and Bruno 1978). Diatoms have been most

dominant during the first three months'of the year followed by a decrease

in April and May and. then by a period of multiple summer and fall transient

peaks (Fig.- 2). In comparison with 1977.and 1978, diatom numbers were

lower from April through early June 1979. During this period, the

unidentified chlorophyceans nere very abundant, higher than~in any

. previous spring. As these weekly chlorophycean densities dropped'in

-early. June, the_ diatoms:and the dominant flagellated forms both increased

markedly _in density'(Fig. 2, 3).

-The apparent' alteration from: diatoms.to-other dominant forms through.

Ethree annual' cycles ' represented a. complex f1' ristic problem beyond theo
-
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scope and objective of this phytoplankton program. Among the physical,

chemical and biological factors probably involved, two of the most

important for consideration may be seasonal nutrient availability and

zooplankton grazing (Conover 1956; Riley 1966; Martin 1965, 1970; Pratt
; 1959, 1963; Hitchcock and Smayda 1976; Smayda 1973). Nitrogen and

silicon concentrations were most important for diatom growth and seasonal

concentrations may influence the initiation and magnitude of blooms

(Pratt 1959, 1963; Vince and Valiella 1973; Paasche 1973, 1975; Sakshaug

1977; Furnas et al. 1975; Hitchcock 1978; Smayda 1973). Flagellated

forms have been shown to grow better than diatoms under reduced nutrient

conditions-(Chan 1978; Smayda 1974; Sakshaug 1977). Increased zooplankton

grazing would also be a potential explanation of the decline in diatoms

and increase in flagellated forms in the late spring-early summer period

(Conover 1956; Riley 1966; Pratt 1959, 1963; Martin 1965, 1970; Smayda

1973). Zooplankton exhibit a variety of feeding patterns which, either

actively or passively, appear to select the largest or most dense phyto-

plankton cells available in their feeding size range (Frost, 1977; .,

Paffenhofer and Knowles 1978; Cushing 1968; Allan et al.1977; Richman

j et al. 1977). Hence, grazing pressure exerted by zooplankton or the
|

|_

exhaustion of different nutrients may both be influencing the seasonal
.

| phytoplankton density. Temperature, light, mixing and water column

stability are some of the physical factors which also may influence

phytoplankton cell densities.
|
,

.

Chlorophyll a concentrations (corrected for any phaeopigments) were

presented as a chemical measure of the phytoplankton standing crop

(Fig. 2). The fluctuations in chlorophyll a and total cell counts were

48
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roughly comparable especially over bloom periods (Fig. 2). An exact

correspondence between chlorophyll a levels and cell counts would not be

expected. Chlorophyll content per cell has been shown to vary with

changes in physiological state and nutrient availability (Jensen and

Sakshaug 1973; Sakshaug and Myklestad 1973). Larger cells detected by

the chlorophyll analysis, but rare and undetected in cell counts may

also account for some of the discrepancies. Larger and less abundant

diatoms and dinoflagellates may be less well represented in the Utermohl

settling technique than with net samples (Lund et al. 1958).

To see if the preceding observations of seasonal cell density or chloro-

phyll were real and not due to variability in the plankton data, an

analysis of variance including Duncans Multiple Range Test was performed

on the yearly means for chlorophyll a concentration and for total or

dominant species cell counts (Table 3). Although mean chlorophyll a

levels were not significantly different (P < 0.05) among the years, the

total cell counts were significantly lower in 1979, showing perhaps the

influence of a decrease in diatom density. S. costatum and Thalassiosira

spp. were the major diatoms showing a decline in mean density for 1979

while Asterionella spp. and Chaetoceros spp. were diatoms that showed an

increase for this year.

Variations in the seasonal cycles of water temperature may help explain

some of the differences among the three annual cycles (Goldman and

Carpenter 1974; Eppley 1972; Yoder 1979; Riley 1966). Figure 5 shewed

that 1979 was a warmer year than 1978, especially in the winter and

spring. Water temperatures found in spring 1978 were colder over almost

49
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Table 3 Duncans Multiple Range Test for diff erence in log 10 transformed.

annual means for total phytoplankton, chlorophyll a_ and selected
important species in samples at the discharge from 1977 through
1979.

Species or Group Years (decreasing mean denqity)
/

__

. Total cells 1978 1977 1979

Chlorophyll c, 1977 1978 1979

Chaetaceros spp. 1979 1977 1978
i

Unknown Chlorophyceae 1978 1979 1977

Cryptomonadaceae 1978 1977 1979

Microflagellates 1978 1977 1979

Phaeoc;>stis spp. 1977 1978 1979

Skeletonema costatum 1977 1978 1979

-Thalassiosira spp. 1978 1977 1979

Total Diatoms 1977 1978 1979

Asterione!Ia spp. 1979 1977 1978

.

J
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_ . th'e ' entire first six months of that year than in the other three plotted

:on Fig. 5. Temperatures observed in 1979 seemed more comparable to
-

.

those observed _in 1977 except for the unusually warm summer of 1979.

--September and October.1979 were similar to those months in other years
'

.while November .and December were again warmer than both in 1977 and
i

! 1978. In the phytoplankton cycles for 1977 and' 1978, the peak diatom

;_ density-was observed from one to two weeks following the spring-increase

in water temperature (NUSCO 1979b). This relationship was not' apparent
4

in 1979. As the water temperature began to rise at the end of February,

the diatoms actually decreased in density and remained lower than in

previous years until early June when more densitites were again achieved

-(Fig.13). During the spring of 1979, the chlorophyceans were more

I important than in any period in the previous two_ years. Microflagellates

f and cryptomonads seemed t'o be similar to other years although the timing
,

of their peak densities was later in 1979. Changen in the annual cycles

of total and individual phytoplankton densities did not appear to be a
,
,

: direct reflection of changes in seasonal water temperature alone. Other

i factors must have contributed to the 'floristic. changes observed among
i
! .the three annual cycles described.
4

C
}

-

In two previous reports, the very small potential impact of entrainment

-| -of phytoplankton in.the cooling water. cycle has-been calculated-and

' discussed (NUSCO 1978,1979b). Based on the known rapid division rates,

~the cosmopolitan species distribution in adjacent waters, and the 98%

dilution of phytoplankton' into unaffected rec'eiving waters, entrainment',
,

,,

;

^ ton.the phytoplankton community'at' Millstone would be very low.impact

-
.-
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Zooplankton (retained by 0.333 ma net),

' Species Composition-Qualitative Changes over the~ Years

'

Species composition,- mean seasonal. density- and rank order for dominant

zooplankton species _ or. groups found at the discharge from 1976.tarough

most-of_'1979 showed considerable' similarity from one seasonal cycle to

another (Table 4). The zooplankton community in the area of ?!illstone

and Long Island Sound (LIS) was dominated by two congeneric species of

- calanoid copepod, the winter-spring dominant Acartia hudsonica (cf.

clausi) and the summer-fall- congenere Acartia tonsa. Together these two

species comprised about half of the percent species composition over the

annual cycle. Secondly, winter-spring occurring species were Temora

longicornis, Pseudocalanus minutus, Centropages hamatus, and Eurytemora
.

herdmani. Summer-fall' secondary dominants' occurring with A. tonsa were

Pseudodiaptomus coronatus and-Centropages hamatus. Gastropod egg or

veliger, cirripede (barnacle) nauplii or cyprids and brachyuran zoca,

were important meroplanktonic larvae of benthic invertebrates in each

~ annual' cycle. Gammarid amphipods were occasional migrants f rom the

; epibenthos (tychoplankton)-which were incidentally important in the

plankton.

' Although the seasonal zooplankton community consisted each year of

similar species groups, there. appeared to be some fluctuation in rank

order or mean seasonal density.
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lable 4 Percent species composition, mean seasonal density (#/m ) and rank order or rooplankton collect ed at the.

discharges 1976 through 1979.

~~~~

1979 1978
_

1977 1976

Speclus or Group % #/m Rank % #/m3 Rank % #/m Kank I #/m Rank

AaartL2 hudsonica 48.3 9 68 .8 1 24.7 347.4 1 21.7 400.5 2 8.6 108.8 3
Acartia tonaJ 11.4 232.7 2 22.2 404.2 2 37.8 716.0 1 34.1 409.1 1
Tenora longiaornia 8.6 1 62.5 3 12.5 171.9 4 9.7 184.5 3 11.5 132.0 2
Centropagca hamatus 7.5 112.3 4 6.6 82.9 5 6.0 96.9 4 7.3 72.7 5
Pseudooalanus minutus 4.6 85.7 5 12.5 168.8 3 4.4 82.1 5 7.7 86.8 4
Gastropod egg 2.9 51.5 6 3.3 55.3 7 1.9 41.1 8 6.4 77.4 6
Camma r id ea 2.5 43.7 7 4.0 53.6 6 4.1 69.4 6 0.8 8.5 16
Ehrytemora herd,ani 2.3 14.7 8 2.9 79.4 8 0.3 25.7 23 0.0 0.5 66
Castropoda veliger 1.2 22.0 9 0.6 13.4 13 1.5 41.3 10 2.4 32.2 9
Edalne spp. 1.2 55.4 10 0.2 20.3 29 0.5 30.7 17 0.6 13.1 19v.

#' PeniZia aufrostria 1.2 70.5 11 --- ----- -- -- -- -- 0.2 20.6 27
Cirripedia cypris 1.1 38.0 12 0.3 10.8 21 0.7 29.0 14 1.6 29.1 10
Brachyuran zoea 1.0 31.5 13 0.9 29.7 11 0.9 30.4 12 1.0 19.1 15
Cirripedia nauplii O.9 17.6 14 0.6 14.4 14 0.6 19.0 15 1.1 14.5 14
Pseudodiaptomus 0. 26.4 15 2.1 42.4 9 2.3 49.8 7 3.9 54.4 8
aozunatus
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_T1ble 4 showed that A. hudsonica, Evadne spp., and Penilia avirostris

were more abundant and ranked higher in 1979 than in previous years. It
,

'

appeared that fu hudsonica has been increasing in importance' every year~

since11976. P. coronatus, A. tonsa, and T; longicornis seemed to be

less important than in earlier years, although this probably was related

to the' data including only part of the growth season. T. longicornis,

P. rainutus and E. herdmani had their best relative year in 1978, when

the mean density of A. hudsonica was reduced slightly. This suggested
.

possible competition among these four winter-spring species. A. tonsa

and the gammarid amphipods were most dominant in 1977 compared to other

years similar to that shown at the Shoreham site opposite New Haven on,

Long' Island (LlLCO 1979). The meroplanktonic forms in Table 4 appeared
L

-to be relatively more dominant in 1976 than in the other years where

colder springs may have retarded prereproductive phases (Fig. 5).

Seasonal Density

Although Table 4_shows some similarity in rank ord-r, percent species,

- composition and mean seasonal density for dominant holoplankton and

- meroplankton, there are considerable fluctuations in de.tsity on a weekly
1

time scale. Plots of the mean weekly density.(log 10 transf rmed) per 'm

combining both weekly day and night tows were prepared for total zooplankton

(Fig. --6), the ~ winter spring dominant copepod Acartia _ hudsonica (Fig. 7)

and the summer-fall damin' nt Acartia tonsa - (Fig. 8) . Vertical differencesa

in mean weekly. density between one year and another may appear small,

but .they actually'were greater due to the log transformation. For

instance, in late September 197'9 density dropped from about 1000/m3 I

one
4
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3week down to less.than 10/m the next. .Although changes of this order

tof magnitude were exceptio'nal, changes in total zooplankton density of

up.to ten times were frequently observed and exp'ected. Similarly..the

. densities of A. hudsonica and A. tonsa fluct"Ited considerably f rom week

to week over their growth.se.* son each year.

;. There appeared to be some differences in density of A. hudsonica of 'the
;.

; four growth seasons shown in Fig. 7. In 1976, the mean weekly density

over the season appeared lower than in the other three years. A broad

period of peak density from mid-May to late June was present in 1979

when compared to previous years. The usual decline of A. hudsonica it

the summer and replacement by A. tonsa was somewhat delayed in 1978 when
:

| peak densities extended into-July and August. The last three years

showed either a comparable or even an increasing trend in the density of
:

A hudsonica from April through June.2

,

Over its normal growth season from about mid-June in one year through

January.the next, A. tonsa peaked in July through August and declined

. gradually through the fall and early. winter (Fig. 8). Apparent peaks in

the period March through June were largely artifacts of the reduced

dominance-of A. tonsa-during the bloom of its relative A. hudsonica.

; Density levels for the months of August through December were very
~

,-

comparable Lfrom one year to another.
. -

i

I . ..

| The seasonal density ofi meroplanktonic larvae of lobster (llomarus americanus)
l.

EwasLalso examined as in earlier years (NUSCO 1977; 1978; 1979b). Lobster
n

larvae were f aund in only 18 of:the over 250 samples examined from June

59-
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through August. A total of 60 larvae (all of which were Stage I) were

collected,- 25 coming from one sample and illustrating the extremely

contagious distribution of this organism. Although this'oumber of 60

collected in 1979 compared roughly with the 71,19, and 25 larvae collected

in 1978, 1977 and 1976, respectively, this year was quite different from

the other three, first in having no larvae found after July 11, and

second in- having no specimens of later developmental stages found.

Consistent with other years, almost three times as many larvae were

collected from night samples than from samples collected during the day.

To test the statistical significance of the differences or similarities

observed in the percent species composition (Table 4) and the seasonal

density graphs (Figs. 6, 7, 8), an analysis of variance was performed in

- order to test difference by year, station location, or day versus night.*

.

The separate factors of year, station location and day / night were considered

for dominant species and for total zooplankton. In each case, the mean
:

seasonal density by the three factors was compared using Duncan's Multiple

Range Test.

'

The analysis of variance on the mean density over years showed that

total zooplankton, A. hudsonica, and E. herdmani were lower in 1976 and

! had a gradual in reasing trend thereafter with the highest density in

! 1979 (Table 5). Centropages typicus was more abundant in 1978 than in
!

| .any of the other three years. Amphipods were significantly less abundant
~

i in 1976. The extraordinary biomass of these amphipods added to the

normal community of holoplanktonic copepods in 1978 and 1977 especially

and made the mean annual dry-weight biomass of zooplankton higher than

.60
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Table 5 Duncan's Multiple Range Test for dif f erence in logio trans-.

formed annual means (a=0.05) by yea r. Ent ra inment zooplankten
data f rom discharges 1 'and 2 in the years 1976 through 1979
has been used. Means for years connected by, or overlapping
the same line are not significantly dif f erent.

Species or Group Years (decreasing mean density)
'>

Total zooplankton 1979 1978 1977 1976

Acar:ia hz'Jonica 1979 1977 1978 1976

l
t

Temora longicornic 1977 1979 1978 1976 |

2hrytc.nora hardnani 1979 1978 1977 ' on

Centv;pa @ c typicus 1978 1977 1976 1979

; Amphipods 1978 1977 1979 1976

i
'

Centropajcc har:at:4s 1977 1978 1979 1976

1

i

|

|
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in any other year. .(see.NUSCO 1979b). T. longicornis was higher in

density 'in 1977 than in the other years. A.similar A0V on zooplankton1

at Station 5 (mid-Niantic Bay, Fig. 1) showed that C. typicus, T. longicornis,

and C. hamatus had similar patterns' of yearly density changes when

compared to the discharge.

When . station location (Station 5 versus the discharge in 1979) was

examined by A0V for any significant differences in mean density inshore

versus offshore, there were significantly greater densities (p < 0.05)

for total zooplankton, P. minutus, T. longicornis and C. hamatus at the

offshore station compared to the discharge. These results were consistent

with earlier data showing that dominant zooplankton species except A.;

hudsonica were more abundant at offshore stations (NUSCO 1978, 1979b).

Several species of zooplankton have shown an extreme density variability

over the short time scale of day versus night. For all four years at

the discharge and for 1979 at Station 5, gammaridean amphipods were

significantly higher (p < 0.05) in density for night samples versus the

day. This result was similar to those described earlier (NUSCO 1978;-

1979b) and may be the. result of night active feeding (Greze 1968) or

reproductive behavior. For all years at the discharge and for 1979 a',

Station 5, Pseudodiaptomus coronatus was found to be significantly more

abundant in night _ samples. Jacobs (1968) found that adults and late

.copepodites were epiphytic during the day and actively feeding plank-
~'

. tonic omnivores in the water column at night. Except for 1977, the

discharge data showed that harpacticoid copepods were more abundant at

night suggesting again some form of nocturnal behavior pattern. At

62
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. Station 5-only,. total zooplankton-was found to be more abundant in_ night
_

samples compared to'the day. 'Another interesting apparent day / night-

anomaly occurred in 1979 at Station 5 where both T. longicornis and- C.

hamatus were more abundant at_ night'. This pattern had never been observed

at the discharge. 'This may have been due to hydraulic considerations at

the intake where cooling water has been drawn from about the bottom
''

' third of the water column. If T. longicornis and C. hamatus were distributed
~

near the bottom during the day and more uniformly in the water column at

night, then the sawtooth oblique tow path at Station 5 in 1979 would

sample this species less efficiently during the day than at night.

Because of this proposed bottom preference, there would not be any great

differences in day and night density expected or observed at the discharge.

| The density of T. longicornis was usually much greater in bottom samples

at a nearby LIS site (LILCO 1979). This gave some evidence supporting
' '

the possible effect of- diurnal vertical movement of zooplankton on the

observed differences between day and night at the offshore station

compared to;the discharge.

Factors Associated with Density Changes in Zooplankton

.

In the last two annual. reports (NUSCO 1978; 1979b), some' of the factors

- associated with increases or decreases in the. standing stock of zooplankton

were discussed. Temperature and thermal stability of the water column

were. associated with considerable portions of the variability in zooplankton

density;(up to 50%). Seasonal changes in wind speed and direction:

seemedL tof be. cyclic and_ related to the annual . cycle of' water temperature
L

(Fig.' 5 )'. Strong storms. like hurricanes or northeasters frequently weres
,-
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associated with transient washouts and subsequent renewals of zooplankton

population density. Predation by ctenophores, jellyfish, postlarval or

, juvenile-fish, and predatory copepods were probably also associated with

declines in zooplankton density (Thayer et al. 1974; Hulsizer 1976;

Huntley and Hobson 1978). Lastly, the amount of phytoplankton available

as food for the zooplankton. population may also have influenced the

seasonal standing crop and turnover of herbivorous zooplankton.

Because of the expected dependence of the zooplankton population on food

resources, possible predator prey relationships between zooplankton and

phytoplankton species were investigated. The grazing dependence of zoo-

plankton on phytoplankton may account for similarities and differences

in zooplankton densities from one year to another. Since an apparent

inverse relationship between the chainforming diatom Skeletonema costatum

and the copepod Acartia hudsonica has been described before (NUSCO

1979b), and since both of these species had undergone recent changes in

seasonal density (Table 3, 5 and Fig. 2, 7), this predator prey pair was

chosen for.a cross-spectral analysis performed on a three-year series of
:

weekly densities (log 10 tr nsf rmed). These time series analyses from

1977 through 1979 accounted for much of the variance in the combined

data and provided tests for similarity of patterns from year to year and

from one species to another. Through coefficients of sine and cosine

functions, this spectral analysis approach related different frequencies

corresponding to the weekly data points for species density. How close

frequency came to tracing the pattern of the actual density data was a

measure'of.the importance of that frequency. A test of the significance

of the fit of'.a cyclical time series was performed ' both S. costatum

64



. .- - =. .- - -, - - . . _ . ~ _ - . - . ._ -- .

. .s

:

[' 'and ,. hudsonica in order to determine if these patterns of. density overJ

time were well fitted to a time . series model. Thw results of Fisher's

Test.(Fuller 1976)~for the largest periodogram ordinate indicated that-
P

the hypothesis of " white noise," namely no cyclical pat tern, could be
t

, _ rejected at P < 0.01 for;both species. Zooplankton and phytop.ankton
~

.

were related as predator and prey.>

The cross spectral portion of this time series approach analysed the

coupling of the most important frequencies associated with each species.
,

These two species were highly inversely related for a twenty-five week
1

cycle and were highly positively related for a seventy-four week cycle.

. Similarity of the cycles was more apparent in the longer time period'

)
; because of lagging of A. hudsonica density peaks which produced an

inverse relationship in'the shorter cycle and suggested periods of

intense grazing of this zooplankter on S. costatum. Two results sub-

r ~ stantiated this predator-prey hypothesis. First, the e-test of the
/
1

.

. . hypothesis of zero coherency at a dominant frequency indicated a signi-
J

ficant (P < O.'05)-degree of dependence between the time series of b'.
'

.

costatum and ,; hudsonica. Further, the frequencies corresponding to.j

the 74, 49, 25 and.21 week periods accounted for the overwhelming-portion.

of the variability;in'both time series as indicated by the F-test.for

seasonal frequencies (P < 0.05).

? Ef fect of Entrainment on Local- Zooplankton

1

L
.

;0peration of .the_ power plant appeared to have little or no effect on the

zooplankton-community. The zooplankton community monitored over~the
~

! \

s
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first four years of two-unit commercial operation (1976-1979) showed

considerable similarity of species composition and seasonal density from

one year to another. Total zooplankton, A. hudsonica and E. herdmani,

showed a slight decline (Table 5). These fluctuations. observed week to
.

week'or year to year were usually not significant statistically given

the variability of the zooplankton community; changes were probably a

result of complex interrelationships of food availability, temperature,

advection, mixing, behavior, predation and other natural processes.

Ichthyoplankton (Fish Eggs and Larvae)

Seasonality of Fish Larvae

i

Percent species composition, rank order and mean seasonal. density of

fish larvae entrained from 1976 through October- 1979 are given in Table 6.

A total of 54 taxa were found, many of which were extremely rare and not

included in the table. The top twenty species found at the discharge

from January through October of 1979 were included as well as menhaden

(Brevoortia tyrannus) and mackerel (Scomber scombrus) which had earlier

been more important consitutents of the ichthyoplankton. Seven or fewer,

. taxa have comprised more than 90% of the annral species composition over

this four year period. The anchosies (Engraulidae primarily Anchoa

mitchilli), winter flounder (Pseudopleuronectes americanus), and the

. sand lance (Ammodytes spp.) have historically been among the most abundant

taxa found since the beginning of the ichthyoplankton monitoring program

in early 1973. .These three species alone comprised 80 to 88% of the
,

species composition over the last four years. Anchovies ranked first in
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a.rder of dominance in 1976,1977 and 1979, comprising 63 to 72% of the

species composition at the discharge. The anchovies comprised only 30%

of the species composition in 1978 when a cold and prolonged spring

(Fig. 5) prereproductive phase may have been less f..vorable for anchovies

than for a group of cold-water, demersal egg species such as the sand

lance (44%), winter flounder (13%) and radiated shanny (Ulvaria subbifurcata).

This calder period in 1978 may have been unfavorable for several other

summer-fall resident and migratory pelagic egg spawners including the

anchovies, weakfish (Cynoscion regalis), scup (Stenotomus chrysops), the

butterfish (Peprilus triacanthus), and the spring spawning labrids,
,

,

! cunner (Tautogolabrus adspersus) and tautog (Tautoga onitis). All of

these species showed a decreased relative importance in 1978 and a

slight resurgence in the spring and summer of 1979 when the highest

summer temperatures in recent years were observed (Fig. 5). Weakfish

larvae were greater relative importance in the warm summer-fall of 1979

than in 1978, which was the coldest summer-fall period in study history.

A very successful spawn of weakfish was observed in 1978 in more southerly

areas, such as the Delaware Bay (PSEG 1979), which suggests that colder
;

temperatures may have limited northerly occurrences of this species.

Some of the more_ rare species of ichthyoplankton (not shown with the

dominants in Table 6) collected in the monitoring program over the late

summer and fall were essentially southern species whose larvae drif t in

shelf or' Gulf Stream waters and may come largely from parcels of this
.

water transported into eastern Long Island Sound. These species included

such southern fish as the cusk (Rissola marginata),' black sea bass

(Centropristis striata), the Atlantic croaker (Micropogon undulatus), and
|
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a new species collected in 1979, the eyed flounder (Bothis ocellatus).

In the case of the eyed flounder, the literature strongly suggested that

the larvae hatched in waters of the continental shelf and Gulf Stream

just north of Cape Hatteras were transported around the tip of Long

Island by currents or water mass intrusion into these coastal waters

(Smith et al. 1975). These pieces of circumstantial information may

also help to explain the occurrence in the fall of some other species of
! southern fish in the impingement samples (Section 2). '

Mean weekly densities of larvae at the discharge versus time were examined1

in order to determine whether changes in the dominance of individual
:

species, over the past four years, were associated with real changes in

abundance er were artifacts resulting from changes in abundance of other

species. Mean weekly densities of total larvae, over the past four

years, ranged from a minimum of about 0.004/m to a maximum of about

10/m3 (Fig. 9). Winter-spring and summer-fall peaks characterized the

fish larvae of eastern Long Island Sound. The most abundant winter fish

larva, the sand lance, was largely responsible for the peaks of total

ichthyoplankton density in late December through about late March (Fig. 9)

and its mean density appears to have increased in recent years compared

to 1976'(Fig 10). Winter flounder was the dominant larval species in
'

late March |through May each year (Fig. 11). Although there did not

appear from the density plots to have been much change year to year in

the mean density of these larvae,.there was considerable variation in-
'

the time of. maximum density at the discharge. In 1976 peak density

occurre1 in the third week of April, in 1977 the second week of May, in
-

1978 the last week;of May and in 1979 peaks in April, May and early

"
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June. The warmer temperatures throughout the winter and spring of 1976

-(Fig. 5) may account in part for the earlier rise and fall of winter

flounder density compared to other years.

The anchovies historically have dominated the fish larvae in the summer-

falliseason, especially in the months of July and August with their

numbers declining thereafter (Fig. 12). Peak densities of anchovies for4

all four study years occurred in a temperature range of 17 to 20 C above

which density declined, Anchovy density appeared to be higher in 19794

along with the higher summer temperatures (Fig. 5) while, in the reiatively

cold 1978 season, their densities were reduced dramatically and their

peak delayed until early August. Pipefish (Sygnathus fuscus), cunner,

tautog, and the fourbeard rockling (Enchelyopus cimbrius) were also

.
important species in this summer-fall period which was don,inated by the

anchovies.

Year to year differences in larval density were tested using one-way

analysis of variance and Duncan's Multiple Range Test on log trans-
10

formed data (Table 7). Total fish larvae were found to be significantly

more abundant in 1979 than~in the preceding three years largely reflecting
~

increases in the mean density of both sand lance and anchovies. Sand

-lance had significantly ( ot = 0.05) lower mean larval density in 1976
' compared to any subsequent year. Sand lance has shown a trend for

increased larval abundance in the Millstance area since 1974. A similar

trend in larval and adult sand lance abundance was observed on the shelf ~
'

waters of~the Northwest Atlantic.from Cape Hatteras northward (Meyer.

|. et al. 1979; Smith et al. 1978). Anchovies (mostly the bay anchovy
i
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annual means (a=0.05) by year. Entrainment ichthyoplankton

* data from dischdrges 1 and 2 in the years 1976 through 1979
has. bcen used. Means for. years connected by or overlapping the
same line are not significantly dif ferent.<

,
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'
t

Species'or Group Years (decreasing mean density) '

; Total Eggs 1976 1979 1978 1977 ;

' Total Larvae 1979 1977 1978 1976
i

1 .

| Ammodytes spp. 1979 1978 1977 1976
4

i

Anchca spp. 1979 1976 1977 1978

Pecadopleuronec ca 1978 1976 1977 1979
'

'

americanus
;

' Scomber secchrua 1977 1976 1978 1979 -

. .
.

[ -Tautoga onitia 1976 1977 1979 1978.

!- Tautogoldbrus- 1977 1976 1979 1978
;cdagerous'
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Anchoa mitchilli) had a significantly Icwer mean density in 1978 than in

warmer years. Total fish eggs and winter flounder larvae had no significant

year to year difference in mean annual density over the first four years

of two-unit commercial operation. The labrids, cunner and tautog, were

both found to have significantly lower densities in 1978 (simi3ar to the

anchovies) than in the other three years; both species showed a slight

resurgence in density for 1979. Mackerel wa. found in significantly4

higher numbers in 1977 than any other of these four study years.

i

. Previous reports have described several ichthyoplankton species whose
i

densities appeared to be greater in night samples than in the day (NUSCO
:

1978; 1979b). A one-way A0V using log 10 transformed density data f rom

i the discharge and Station 5 (mid-Niantic Bay, Fig. 1) in 1979 was conducted
1

to see if ichthyoplankton densier was different in the day versus the,

night. Total eggs, total larvae, sand lance, cunner, tautog and mackerel

showed no significant ( ot = 0.05) day or night mean density for either

the discharge or sc. .)n 5 in 1979. However, winter flounder, anchovies

and the grubby sculpin (Myoxocephalus aeneus) mean densities were signifi-

cantly higher at night only at the of fshore Station 5.

A one-way A0V of log 10 transformed data was used to examine station

location (Station 5 versus the discharge) as a factor in the mean density

of several species of ichthyoplankton for 1979. Sand lance, grubby

sculpins, winter flounder, and total fish larvae showed no significant

( et = 0.05) differences in density between the two stations. Anchovies,
.

cunner, mackerel, and total eggs, however, were higner in density at

[
Station 5 in mid-Niantic Bay than at the discharge. However, restricting
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the analyses to the period of peak and post peak abundance, it was found

that the discharge'had significantly (o( = 0.05) greater mean density

.than Station 5 for both winter flounder and anchovies.

The time dependence of densities at the discharge was apparently related<
,

to a greater frequency of larger larvae (6 to 8 mm T.L.) found at the

discharge compared to Station 5 (Fig. 13). Comparison of day and night

sampling indicated that the frequency of the larger larvae was lower

: during the day at both the discharge and Station 5 and, for both day and

night. samples, the discharge had a higher frequency of larger larvae

than at Station 5 (Fig. 13). The lower frequency of larger larvae

collected during (aylight at Station 5 compared to both night collections

ct Station 5 and daylight collections at the discharge suggested th c
,

[ the larvae were able to avoid net capture during the. day at Station 5.

Assuming no visual' avoidance of the intake' structure.in either day or

night, the higher frequency of larger larvae collected at the discharge

during night compared to day suggested some type of day-night activity

pattern causing a greater susceptibility to entrainment during the.

night.

i

"This hypothesized day-night activity pattern by the larger larvae was

substantiated for winter flounder and also indicated for anchovy larvae
~

from the examination'of an earlier stratified offshore' sampling program

1(NUSCO 1979a)'. Larger l'arvae for both anchovy and vinter flounder

~ .. appeared. congregate near.the bottom during daylight and disperse vertically

during the night. - The increased frequency of. larger' larvae collected

'

during night at Station 5 could tur attributed to vertical movement more
,

t
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into the direct path of the sawtooth ~ oblique tow. At the discharge, the

increased- frequency of larger larvae could be attributed to the increased

vertical movement off the bottom putting these larvae into the source

water for cooling (primarily in the bottom third of the water column
.

near the. intakes) and 'thereby increasing their susceptibility to entrainment. t

'
e

Besides the effect of vertical behavior on the quality of ichthyoplankton
J

density sampling, other factors which may effect the seasonal density
.

i
! estimate are temperature (considered in NUSCO 1978 and 1979h and throughout
.

this section), weather-(seasonal shift in wind speed and direction as
* well as catastrophic storm events), food availability (density of copepod

nauplii required for. successful growth or survival) and predation (loss
,

to planktivorous fish, jellyfish and so forth). Because of the varying

response times or lags in the effect on ichthyoplankton density of these

. factors, some of the previous linear correlations (of temperature with

larval density, for example) may be misleading. Future time series or

autoregressive approaches will be used to try to resolve the problem of

lag in response time of populations and of the confounding effect of

many of these factors working at the same t'ne.
,

Ability of Monitoring Program to Detect Changes in Larva 1' Density

. Statistical analyses are used to determine if there are significant

differences between means. Frequently the actual probability of detecting

a specific dif ference.in the means tested based on the r.ampling program

is'not calculated. The power of a statistical 'est, used in testing

. differences in means, is .he probability of detecting a specified difference,

79
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between the means under the parameters of the sampling program (namely,

the variance, sample size).
,

Absolute differences between ichthyoplankton population means that would :

indicate a plant-related impact are not known. Therefore, power cuives

were constructed for a range of hypothetical differences in means.

Power curves between Station 5 and the discharge in 1979 and between

pairs of years from 1976 through 1979 at the discharge were calculated

for total larvae and five important local taxa (winter flounder, sand

; -
lance, cunner, anchovies, and tautog). The curves were based on a

!

two-tail test of at = 0.05 and the data were transformed by log 10 '4

t

better satisfy the normal assumptions of parametric test used. The

hypotheses tested were:

H: JA -)L g =0
5

#0H : jA g -/t2 =
,g ,

where:
.

JA 1 = true mean, level 1
g

j ' ja = true me n, level 2
2

= hypothetical true difference of the two means

The large number of samples (N > 100) for testing differences in yearly

means allows the use of the normal deviate test. Sit te it can be assumed

that_the ( was known, the power of the test is:
r
i

L

l
t
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\ Ii-S | [ *t
P > l% -

I ** ( N, + Y,) Av'(t,+R) Jwhere:

g = mean of samples from level ix

t = number of samples from level in

vi. vi a,

(A ) -Is8 + (Xat Aat,
... . . ,

( vis * Ms - ?. )

Two parameters from the sampling program for estimating mean density

that effect the power are the variability of sample densities ([) and

the number of samples in which the taxon was present.

Power curves for spatial differences between the discharge and Station 5

in 1979 were almost identical for winter flounder, sand lance, conner

and tautog (Fig. 14). The power of detecting a specific difference in

means for log 10 tr asformed data was highest for total larvae and lowest

for the anchovies (that is, the probability of detecting a difference in

means of 0.25 was 0.97 fc r total larvae and 0.45 for the anchovies).

The highest power for total larvae corresponds to the greatest number of

samples. The lowest power for anchovies indicated greater variability

in sample density since anchovies were the second most frequently sampled

The similarity in power curves for winter flounder, tautog,taxon.

cunner and sand lance indicated the same probability of detecting a

specified difference in density between the discharge and Station 5.

Evaluation of an environmental sampling program based on power should be

treated with some-caution when comparing different taxa since the magnitude

of the population mean for _ each taxon will determine the actual difference

in means that are ecologically important to detect.
I
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One of the most important tasks of the icFthyoplankton monitoring program

is to detect temporal changes in density at the discharge from year to

year. For each of the six taxa, the power curves for detecting differences

between yearly means at the discharge were almost identical for the six

paired comparisons of years 1976 through 1979. This similarity in power

curves irrespective of which years were compared indicated a similar

probability of detecting a specified change in mean density for any two

years. Due to the similarity, only the power curves for differences

between 1978 and 1979 are presented for comparison with each of the six

taxa used in this analysis (Fig. 15). The probability of detecting a

difference of 0.15 in mean density from log tr nsformed data, between
10

1978 and 1979 for total larvae, sand lance, winter flounder, cunner,

anchovies and tautog was 0.97, 0.76, 0.61, 0.52, 0.47 and 0.38, respectively.

As stated previously, caution shot - oe used when comparing taxa cince

the size of the population mean will determine the ecological importance

of a specific difference between yearly means.

Seasonality of Pelagic Fish Eggs in 1979 at the Discharge

In the period from May through October when most of the pelagic fish

eggs have been collected (Fig. 16), there were a total of 33 species

groups of pelagic fish eggs collected. The thirteen most abundant

species were included in percent species composition, rank order and

mean seasonal density table similar to the fish larvae (Table 8).

Cunner (Tautogolabrus adspersus) accounted for 62% of the eggs collected.

.An additional 18% were accounted for by the other loc.4_ .tbrid, tautog

(Tautoga onitis). Anchovies were the seccnd most dominant group of
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3Table 8 Percent species composition, mean seasonal density (#/m ).

of fish eggs collected at the discharges May through
October 1979.

Species or Group Percent #/m

Z2utogoiabrus adcpersus 61.67 10.26

Tautoga onitia 17.81 2.25

Anchcc nitchilii 7.65 2.02

A!oca sp. 6.76 12.61

Anchoa hepsetus 1.84 0.81

Eggs (unidentifiable) 1.40 0.94

Scopthalmua aquosua 0.81 0.35

Frionotus sp. 0.72 0.45

Enchelyopus cimbriua 0.32 0.20

Stenotomus chryocyc 0.27 0.39

Scomber acombrua 0.12 0.19

Irincetes n2culatus 0.12 2.04

Cynoscion regalis 0.11 0.05

|
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pelagic fish egg, comprising almost 10% of the total eggs collected.
~

Bay anchovy-(Anchoa mitchilli) and striped anchovy (Anchoa hepsetus)

were-ranked third and fifth, respectively. Because of the similarity in
4

; the appearance of. eggs between two or more species, the generic grouping

for Alosa spp. and Prionotus spp. was used for taxonomic and data purposes.
2

* A relatively small portion (1.4%) of these pelagic eggs had to be classified
- as unidentified due either to the damaged condition of the' eggs or to

insufficent taxonomic information. Although these unidentified eggs had '

. passed through the cooling water cycle and been collected by net tow,
4

relatively few eggs were mechanically damaged (ruptured or collapsed).

Most of the local winter and spring spawning fish such as winter flounder

and sand lance have adhesive, demersal eggs so that the seasonal variation,

in density of total eggs (Fig.16) consisted largely of the summer and

|. ' fall pelagic egg spawners between_May and October (Table 8). In 1979,
a

the peak mean weekly density of total eggs occurred _in the second week
3of June at a density of over 50/m . The broad peak in e< density from,

4

this second week of June through the first week of July corresponded to
2

the highest densities of labrid (cunner and tautog) eggs. The highest

mean density of eggs occurred one week earlier in 1979 than in 1978 when

a peak density 'of 43/m and about two weeks earlier than 18177 when the
i 3; . peak density was at a comparable 50/m level. Total egg density averaged

over the entire year was, however, not _ significantly different among the

years 1976 through 1979 (Table 7).

.

; : As would_ be expected, .the local distributions of spawning adults (especially

-inshore 'versus offshore)' influenced the number of eggs -(Table 8) or
~

*
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larvae (Table 6) present in discharge samples. Data from the seine,

gill-net and other trawl programs (Section 8) and the impingement studies

(Section 2) was used to judge the seasonal and area distribution of

reproductive adults of the dominant seven pelagic egg species. The

L percentage of the total catch in each collection area (Fig. 1) and

method was then calculated. _The bay anchovy, striped anchovy, cunner,

and tautog were most abundant as adult fish inshore. The bay and striped

anchovies were important in beach seine samples in early June, comprising

10% of the total catch there. Tautog also comprised an additional 10%

of total June catch from seines, otter trawls and gillnet,. Cunner was

50% of the total gillnet catch in June in the area of the thermal plume.
4

For these four species whose spawning adults appeared to be more abundant

inshore, egg densities peaked slightly after adult catch and larval

densities peaked slightly after the eggs. Alosa spp. was also more

abundant inshore, comprising 15% of the August beach seine catch in,

Jordan Cove (Fig. 1). These nearshore spawners made up the most dominant

pelagic egg species in entrainment samples. Cunner comprised 62%,

Anchoa spp. 10%, Alosa spp. 6% and tautog 18% of the total eggs entrained

(Table 8).

In contrast to -the nearshore spawners, vindowpane flounder and the

searobins were most commonly found by ottertrawl in deeper offshore.

stations. Windowpane appeared to be most dense in the area of Bartlett's

Reef'in August. Searobin catch was highest in Twotree Channel in ' ly.-

Windowpane ranked low in the composition of eggs (0.81%) and larvae

(0.53%). Searobins comprised only 0.47% of the eggs and 0.07% of the

la rva e . 'These low numbers of eggs and larvae entrained supported the

88-
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. belief that these species were more out of the source area for coolingr

water than. the ' five dominan'. nearshore spawners.
j

,

|

The seasora1 density of each of the seven top pelagic eggs was plotted

-against temperature as in Fig. 5. The graphical coincidence between

peak egg density and temperature could be described as follows. All,

; seven most dominant egg types (Table'8) were spawned at temperatures
C.ranging from 15 to 21.5 The minimum temperature at which a peak

density occurred was 15 C; these were the eggs of Alosa spp. during the

second week of June. Cunner and tautog eggs followed a pattern where

| egg density increased with increasing temperature, peaking during the

last two weeks of June at temperatures from 15.5 to 16 C. Windowpane

flounder eggs were.also most abundant- at the end of June (16 C.). The

j bay and. striped ::hovy eggs showed .very similar -graphs of density

v'ersus temperature or'of density versus time. Each reached a maximum
' ' density during the last week in July (18 C). The searobin spawned at

the h'ighest. temperature'(21.5 C) of the seven species, peaking in mid-

August. .Each of these~ seven dominant egg types also had a secondary

j peak of density later in the season at temperatures . ranging from 18 to

21.5 C. This second peak appeared as a shoulder on the graph of density

versus temperature or time corresponding to.the period from late July to
1

mid-October.

,

Relative Impact of Egg and Larva 1'Entrainment on Local Fish Species
.

In the preceding sections, the seasonal density of fish eggs and larvae

:in the cool"ing water. of dnit 1 and 2 discharge has been described and
,

89--,
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compared to earlier studies. The density of total fish larvas was

significantly' higher in 1979 than in the three previous years mostly as

a result of anchovy and sand lance (Table 7). Total fish egg and larval

winter flounder density showed no significant difference from 1976

through 1979. The changes which did occur (cunner and tautog) may have

been related to a cold spring in 1978 or some other natural factors.

Power plant operation has not adversely affected the density of fish

eggs or fish larvae in adjacent waters.

In previous annual reports, estimates of the numbers of fish eggs and

larvae entrained were extrapolated to several indices of impact including

percent standing crop removed, fraction of annual egg production, and
!

| equivalent adults (NUSCO 1977, 1978, 1979b). These approaches have

shown generally that the effect of fish egg and larval entrainment was

on the order of magnitude of one to several thousand mature fish. The

most direct evidence suggesting little if any adverse plant related
,

impacts of entrainment on local fish populations is the annual maintenance

of similar ichthyoplankton density (Table 7) as well as sustained annual

catches of adult fish (Section 8, 9).

Because of the dominance of winter flounder as a species vulnerable to
,

!

capture by many of the monitoring programs, this species was chosen
i

j several years ago for hydrodynamic and population models of the effect
!

| on entrainment (Hess et al.1975; Saila 1976) and for monitoring of
|

f

successive population size and age structure in Niantic River (Section 9).!

Despite.the entrainment of larvae and impingement of juvenile and adults,
~

ae changes in the size or structure of the Niantic River population of
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winter flounder were attributed to factors other than plant operation.

For example, the catch per unit effect of adult winter founder in Niantic

Bay has recently been increasing and peaked in 1979 (Se'. tion 3).

Because there is considerable life history information concerning winter

flounder (especially the Niantic River spawning population), this resident -

demersal species was used to model the expected magnitude of entrainment

impact on fish populations. Two approaches were used.

First, it was determined that the Niantic River population could sustain

itself with larvae remaining in the system independent of those entrained

at the plant intakes. The annual egg production (6.7 x 10 eggs in

1979) was converted to hatched larvae (3.5 x 10 ) assuming a 53% hatching

success as suggested in Saila (1976). Then, on the basis of the tidal

exchanges over the growth season of these larvae (120 tidal cycles), a

figure for the survival (0.0025) to metamorphosed benthic larvae within

the Niantic River system was used to estimate the number of benthic

0stage larvae (8.88 x 10 ) (NUSCO 1977). Using the survival coefficients

(in parentheses) of Saila (1976) and NUSCO (1977), these metamorphosed

larvae (x 0.035) would produce 310,700 Age 0 recruits in Niantic River.

E7*rapolating these survive,rs up to the older age classes, there would

be (x 0.14) 43,498 Age 1 recruits, (x 0.33) 14,354 Age 2 recruits,

(x 0.33) 6172 Age 3 recruits, and (x 0.33) 2037 Age 4 recruits. Based

on these extrapolated numbers, the successive sizes of one year class

were very similar to the average age structure observed in the Niantic

River population,(about 37,000 Age 1 recruits to Age 2, 11,000 to 25,000

Age 2 recruits to Age 3 and 5,000 to 18,000 Age 3 recruits to Age 4 as
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described in Section 9). This calculation suggested that there were

enough larvae remaining in the Niantic Rivtc system each year to support

the observed population levels and that the loss of larvae through

entrainment may not influence this population directly.

Secondly, it was found that Niantic River population could not only

-sustain itself, but also could provide many of the larvae (and presum-

tive adults or juveniles) entrained during plant operation. Pearcy!

(1962) and Saila (1962) found between 18 and 44 Age 1 survivors (or

Age 0 recruits) per unit of 100,000 eggs laid in nearby Mystic River and

Charlestown Pond respectively. At the mean Age O survivorship of

30/100,000 eggs, about 2,010,000 Age o recruits would have survived from
9'

the 6.7 x 10 eggs produced in 1979. Using the same Age 0 to 1 (0.14)

and Age 1 to 2 (0.33) survival coefficients as in the previous extrapolations,;

these Age 0 recruits would be equivalent to 92,862 Age 2 recruits to

Age 3. This Age 3 initial population size was from about 4 to 9 times

the actual estimated Niantic River population size over the years 1976

through 1979 (Section 9).

. . Future studies using a Leslic matrix approach similar to Saila (1976)
!
'

will concentrate on refining the survival coefficients used between age

classes and established the.most critical life stages accounting for any
.

. variation in population structure.

,
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Plankton Sunnary

Seasonal density cf phytoplankten, zooplankton, fish eggs and fiah

larvae were monitored in 1979 and compared to the previous three years.

In 1979 the seasonal density and species composition of phytoplankton

was similar to other years with a f ew exceptiens. The density of

phytoplankton was lower over .ipril, May and June due to a decrease in

the dominant diatoms Skeltonema costatur and Thalassiosira spp. Several

other species of diatom or a group of chlorophyceans showed relat ive

increases in density for 1979 which tended to restore phytoplankton cell

densities to more usual levels in spring.

The zooplankton community monitored over the first f our years o f two-unit

operation showed considerable similarity of species composition and

seasonal density from one year to another. Operation of the power plant

appeared to have little or no ef f ect on the zooplankton community.

Total zooplankton, Acartia hudsonica, and Eurytemora herdmani showed a

slight increase in mean density in 1979 while Temora longicornis, Ceatrapazes

typicus, ib_ himatus and gammarid amphipods shoved only a slight decline.

Fish eggs and fish larvae have also been similar in species conposi* ton

and seasonal density over recent years. The fcw changes that occurred

from one year to another appeared to be natural population responsea.

Density of total fish larvae increased in 1979, primarily a reflection

of increases in .sandlance larvae and anchovy larvac. ' sinter flounder,

larvae showed no significant dif f erences in density over the last four

years. " sing winter flounder as an example of the order of magnitude of
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expected entrainment impact, the similarity of larval density and the

sustained or increasing adult populations found in Niantic Bay together

suggested minimal impact of plant operations on this local fish.

i
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ROCKY. SHORE SURVEY

INTRODUCTION

-

The rocky intertidal zone in the vicinity of the Nillstone Nuclear Power

Station .(MNPS) is easily accessible, and supports a wide range of organisma

that are sessile or . slow-moving, and mostly field identif iable, these

organisms are potential tools of monitoring as bio-indicators of environmental

5 change. L large volume of literature conccrning the rocky intertidal region.

and its biota permits comparisons of our control and experimental areas with

. areas studied elsewhere. Gradients of many parameters af f ecting shore

populations result in almost universal patterns of zonation (Chapman 1946;
.

Lewis 1964; Zaneveld 1969; Stephenson and Stephenson 1972); some of these

.

parameters can be quantified and characterized over time, and some can be

experimentally manipulated in 1ut ef fort to determine causal relationships

(Connell 1961; Painc.1966; Dayton 1975; Menge 1975). Perturbation of the

marine environment, particulatly thermal pollution, would be evidenced

first and most obviously in tha intertidal region; this, and all the above

f actors, aake the rocky shore an ideal area for biological monitoring.

The primary objectives of the Rocky Shore Survey were to characterize the

intertidal sites in the vicinity of MNPS, to identify the attached plant

-and animal species at thes* sites, and to determine if dif f erences in- the

biota of' these sites exist that could be attributed to the operation of-

t the power sta' tion. The environmental monitoring program included quali-

tative algal collections, estima : ion of percentage of substratua coverage

by intertidal organisms,. measurement of recolonization rates and patterns

.following 'small ' scale denudations, experimental exclusion of grazers and
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predators from selected areas, and growth studies of 5'ucus vesiculosus

and Ascopi:yLlum nodocum.

MATERIALS AND METHODS

Sampling Procedures

The seven rocky intertidal stations (Fig.1) and their resident biota were

sampled monthly, beginning in February 1979 and continuing through December
|-

1979. The physical character and other relevant f eatures of these stations

have been described in previous repcrts (Battelle 1977).

L

Qualitative algal samples were identified fresh, or af ter short-term freezing.

Voucher specimens were preserved in 4% formalin / seawater, as herbarium
*

,

- mounts, or on microscope slides. Plant f eatures auch as general condition,

cytology, age, habit, and reproductive status :are noted where applicable.
.

Quantitative ' studies were alca instituted. At each station, five half-
,

meter wide strips were established perpendicular to the waterline, and

extending f rom Mean High Water to Mean Low Wat6r levels. These strips
.

(which will be referred to as undisturbed transects) were marked with stain -

less steel screws at their-extremities. The transects were non-destructively

sampled with the use of paired lines, marked at half-meter intervals, de-

fining 50 x 50 cm quadrats. At low tide, the percent coverage of all

- organisms and remaining free space was subjectively determined and recorded.

To give a more accurate representation of species that were partially or

102
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Figure 1. Location of rocky intertidal sampling sites. CN-' rs Neck,
BP-Bay Point, FE-Fox Island (Exposed), FS-Fox Island (She.Y tcred),
WP-White Point, SE-Seaside Exposed, SS-Seaside Sheltered

,

_



.

. .

totally obscured by the canopy layer, an additional percentage was given

for the occurrence of 'understory' organisms.

Each transect was divided tato three zones, each characterized by a specific

biota: Zone I - upper intertidal, with blue green algae and Balanus

dominating, Zone II - mid intertidal, largely covered with Fucus and/or

Ascsphyllum, and Zone III - low intertidal, dominated by Chandras.

Eata from all five transects at a station were pooled to generate an

average percent ecver for each organism in each zone. The rationale for

pooling data was statistically acceptable because the variability betueen

transects was much less than the variability between stations, between

simpling periods, and between the zones of a single transect.

For convenience and clarity, each organism and substrate type was assigned

to one of eight general categories:

Class 1 - free space, includes rock, sand and mud.

Class 2 - barnacles; mostly Eclanus balanoides.

Class 3 - mussels; mostly Mytilus edulis.

Class 4' - fucoids; Ascophyl!:c: nodosum and Fucus spp.

Class 5 - carrageenoids; Chondrus crispus and Gigartina stellata.

Class 6 - ephemeral algae; includes host specific epiphytes,

non-specific epiphytes, lithophytes and crusts.

Class 7 -- grazers; mostly Littorina spp. , but includes any

primary consumer.

Class 8 - predators; mostly Urosalpine cinerea and 27:cis lapil!as,

but includes any carnivore that will attack barnacles,

cmussels, or the herbivores.
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-These classes were established to condense a large amount of data into an

easily understandable and more readily presentable form; all rankings and

calculation of diversity and similarity indices were performed using the

entire species list.

Recolonization studies were done at four of the stations: Giants Neck,

White Point, Fox Island-Exposed, and Fox Island-Sheltered. At each of

the first three sites, three transects additional to those previously

described were established in April 1979. Af ter initial determination

of species composition and percentage of substratum covered, each strip

was scraped free of all attached algae and invertebrates and subsequently

burned with a Liquid Petroleum Gas torch; this procedure was repeated

until all organic matter was removed. Algae in areas adjacent to the
,

denuded strips (which will be ref erred to as recolonization transects )

were removed to minimize the possibility of edge effect, e.g. shading or

whiplash. These nine transects, together with three strips at Fox

; Island-Sheltered (which had been burned and cleared in June 1978), were

sampled monthly in the same manner as described for the undisturbed tran-

sects.

1

At each of the four recolonization sites, nine exclusion cages were attached,

three cages in each tidal zone, i.e. upper, middle, and low tidal level.
<

The cages (20 x 20 x 5 cm) were constructed from 3 mm stainless steel mesh

and were fastened with stainless steel screws to flat rock surfaces which

had been burned and cleared in the same way as had the recolonization tran-

sects. Each cage had' a gasket-like strip around the edge to discourage

entry of predators and gracers. Adjacent to each cage, a 20 x 20 cm patch
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was burned and cleared, to be used as a control.

Percent coverage by benthic plants and animals in the experimental and

control areas was determined and recorded on a monthly basis. Additionally ,

Facus plants, when present, were measured in each cage and control area.

The cages were inspected, and c1 caned as necessary.

Ascophyll c7 tip length was measured at three stations (Giants Neck, White

Point, and two sites at Fox Island-Exposed, one low intertidal and one

mid-upper intertidal) to determine growth. Fifty plaats at each of the.

four sites were tagged with methods similar to those of Vadas et al. (1976).

A numbered plastic tag was fastened to the base of the pl. ant, and five

apices were marked with colored plastic tape. Measurements were made from

the top of the most recently formed bladder to the apex or apices ifi

branching has occurred. In April and May 1979, the bladders were too small

to be securely tagged; measurements were made of five tips on each of 50

randomly chosen plants. Monthly measurements of tagged plants began in

June. To estimate tag and tip mortality, lost tags were not replaced. Loss

of the entire plant was assumed when the base tag and tip tags were missing;

~

edp mortality was equated with loss of colored tape. Therefore, the measure of

tip mortality includes a combination of actual tip loss and tag loss; stucies,

are in progress to distinguish between the two.

Data Analysis

Relative abundances of intertidal organisms were represented as ranks,

performed on the basis of percent substratum coverage of each taxon and

' remaining free space.
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Diversity of the intertidal communities was represented by the Shannon

information index, H', and evenness coefficient, J, as outlined in the

Benthic Sand Infaunal section of this report, substituting percent coverage

of each species for abundance values.

Similarity of the communities was determined by a percent standard iz ed

form of the Bray-Curtis coefficient (Sanders 1960) calculated as:
n

min (P ), Pik)S I=
g

i=1

~where P is the percent of species i at station j , Pik is the percent
ij

for station k, and n is the number of species in common. The same clus-

'

tering algorithm was applied to the resulting similarity matrix as was

outlined in the Benthic Sand Infaunal section.
,

1

Asocphyllum growth data vere subjected to an analysis of covariance to

determine whether growth rates dif f ered significantly between stations.

RESULTS AND DISCUSSION

s

cualitative Collections

A total of 103 species of algae, exclusive of diatoms and blue-green algae,

were collected from the rocky intertidal stations from February to December

1979. No single collection period or the combined collections at a single

station included all species. The maximum number of species collected in

any one month was 65 in August; the most collected at one station was 76 at

- Fox Island-Exposed. In general, the richest collections were made in autumn
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(Aug.-Nov.), and the poorest in species number were in winter and early

spring. Species lists for each month at any station are presented in

Table 1, and for each station during any month in Table 2. Species lists

for each station by month are included in Appendix 1.

Of the 103 algal species, 45 were reds, .26 were browns, and 32 were greens.

Number of species in each division at each station are given in Table 3.

Increases in total number of species cited, as well as the relative pro-

portion of Rhodophyta to the other algal divisions, over previous years

(Battu11e 1978) were due primarily to increased intensity of sampling,

especially from the sub-littoral fringe, i.e. the zone immediately below
.

mean ' low water level.
,

Undisturbed Transects

Average percent coverage of each zone and at each station is summarized

in Table 4a, species data for each month are presented in Appendix II.

Zone I was characterized by a blue-green algal turf (primarily a

Calothrie-!ynghya association) that was present in the spring, disappeared

in the summer, and returned in autu=n. The Fox Island-Exposed station was

unique in having high Fucus (35%) and barnacle (29%) coverage in this zone.

Zone II was largely covered by Fucus resiculosus, except at White Point,1

where the dominant species was Ascophyllun nodosum. Bay Point was

atypical in-having very low fucoid coverage; instead, dominated by mussels

and barnacles. . The sharp decrease in percent coverage of mussels between

August and September at this station (Appendix II) corresponded to the
!
|
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Table 1. Algal species collected at any rocky intertidal streion, by
month.

M A M J J A S 0 N D

Contotsten:ca alatatt X. X.
.- . . . . . .

av:!ta.rotrichia carnea X_

Fanada atro;.n<rrurea X X X X X X X

Porchyra leucocticta X X X X

P0rrh:<ra vinbilicalia
/.udcastella rurrurea

,
X X X X X X X X X

X
* E .m 9

..uusutnew.c cacmtaata X X X X

I' 7.idite cr0' ale X

:: malice he''~inthoidsc X
'

fcnnce: tie 0nia hamiferc X X X X X

llecagardhie',la bai!c;fi X X X X
l'ou;tcee rotuncac X X X X X X X

C,farcelonne curruretc X X X X X X X X X

C.jetoclonic rurrurcur: v. cirrhosum X X X X X X X X
'I'nfel:ia plicata X X X X X X X X X X.

- 6 6. scr.:cra DJcudoccranotdeS X X X X X

ri I! col.cra Panca ta X X X
C?.cndruc cricrua X X X X X X X X X X

7 ? 7artir.a stellata X X X X X X X X
21.cdcchycer:a r.*acv;ii X X X X

Corcllina c *'ic h:clic X X X X X X X X X X
| h montic btcraccata X X X X

Ci.crcocolar roL;.'aichonia X
Ta! maria raleata X X X X X X X X''

m.u n* 02: rarvula X X X X X X

Lc rel10arta baile;f ana X X X X

Anti:|:cmnion cruciar:c X X X X X X X

Callithcr:nion corymbosur: X X X X

Callitinmnien roseten X X X X X

Callitin~:nicn tetrapcrse X X X X X

Cced:.ci diarhantan X X X X X X X

Cara=5:en rubriforme X X X X
Cer2r ::a rubric X X X X X X X X X X

|remccha:-nicn recens X X X X X
. .. . .

G:'tnneLLta amertcarx~: X
14:fccdrye 2".4bena X X X X

E cua bai?.louviana X X X X X

- Ci:cndria scr.uiscima X X
?Cl :cinhonic ;'ibrilloca X

2:1.70ichenia_harucui X X X X X X X X
-

?cI; ci?hcnia Ecnoca X X X X X X X X X .X
,, .. . .

e o ;!ctrnenta ntgra X X X
Fol:faichenic negrescens X X X X X X X X X X
,. .. . .
ro e;!s tonanta tecco e.ata X X X X X X X

RhodCmala confervoides X X X X X X
- fotocar' ras cil,icu!ccic X X X X X X X X

- . ,.

us:.J'cra;c ms, en, eL.,ae X
m ,avc u, e.a Ltctoralis X X X X X X X Xrt

.

3conacnem cmen:cc:a: X
.'icl;'sia verrucosa X X X X X X X X X X

Clachicta fucicola v- T X X X X X X .X
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. Tabla '1. (cont. )

M A -M J J A S O N D

Teathesia di:'|ormis X X X ;
I Chcrdaria flagelliformic X X X X X X X

'

,

: Xccerccoccuc fistulosus X X X X
:, Cecnotrichten undulatum X

; Ru:ctaria latifolia X X X
:'unehwia p1anta;rinea X X

i '
,Pe::alenia faccia X X X X X X X X
Sr.tcclai:en lcmentaria X X X X X X X X X

5. 9:: arc cia acuIcata X X-
i |, car.ar 2c ti2 ririC0 X X X X

. . -3__.cecc PiI:n X X
!. C;^cm 1 tar:entoca X X
>

'i. unit: aria-lonjicrac=fc X X X

M elttvia caecharir.c X X X X X X X X X X4

fghacelaria cirrosa X X X X X X<

Acco v yllter nadact.n X X X X X X X X X X
Fucas dia:lchus v. cdentatus X X X

~

Jucuc dictichuc v. cuanescens X X X X X
rucuc crtralic X X X

-

,.
,

Fucus vesiculosus X X X X X X X X X X
-

;
4

. Ulothri: .I'lacca X X X X X X X,

! Croupora renici!Liferr:is X X X- X
; ' Urocpora :Jormck|0ldii X X

..cnociTorn crevillei x y y x'

i |?cncetroma vulchrw: y y y x x
Suo n,,?g":Graha anrL X X X X

'

;;oonycn.croha aeruginoca X x x x x x
'

Cw:cocinhon ',u.,veccens X xv
, _ , . . . . ..

! a o z.u ,n:na min;rn X X X X X X X X X X
_ , . . .::. :,da.n na may nrata X

j._ dnteror:cerha clathrata tupe I X- X X X' X X X X
D:tcrce:cecha clathrata tyve II X X X X X'
|-;nter ~crpha flexuosa subcp. flexucca X X X-

!- :ntarcaprpha 'lexucca euben. carcdoxa X X
i latecron:crrha meenlandica X X

<! )?dtcruccrsha intactinalic X X X X- X X X X X X
' ' 19:urcmcroha ! inca X X X X X X X X .X X4

! daccrcmcepha rrolifera X X X X X X X X

! .inscruccrrha torta- X- X X- X
'

[cycurcaria percurea X
Ulua -cactuca X X -X X X X X X X X4

i

i U_lva -rigida X X X
4'

-

Jh:sfola-cti;itata- X X X X X
; Chaetomorpha linx1 X X- X X X X X X X X

Uhac ce.orrha acrca X X X X X
c .C. dcrhora a;bida X X X X X -- X X.

- CEadophora rc % cta X X X X X X X
' ' Cladephora cericca- X X X X X X X X X
: Ehiccolonium vircrfwn y y y y y

; .
.??j' CUcic Ulkr'CSa X X X X y y
- ,irbdcia trarir.a x -y x y y y

.
,

Ccd5'c* D'aG5Ee- X X Y Y Y X' Y X X Y
:

,
-

,
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Table 2. _ Algal species collected la any month, by station.
.

GN BP FE FS WP SE SS

Goniotrichwt cleidii X X
Erythrotrichia carnea X
5cngia atrocurrurea X X X X X X X

Forrham leucosticta X X X X
' - Forrhym tenbilicalic X X X X X X X

'1udouineiia rurpurea X.

Audouinalla cecundata X X X X X,

Gelidita crinale X

Mer:alion hel:-inthoide: X

Vonnemiconia ha:~i'cra x x x X
Neoa;:cydhiella baileyi v x X X
Fol!! ides rotwiduJ X x X X X X,

i Castocionitc cur =urcun x x X X X X
Cyatocioni:cn purrureum v. cirrhosten x x x x X X X

Ahnfeltic clicata X X X X X X X
Pivllochora cae idacevanoides x x x x
Fh;;Ilophom trunaata x x x x Xs

Chondrus criccus x x x x x x x
Gigartina stellata -

X X X X X
Rhodoch:!acria ;cor;ii y X

Comllina officinalis x x x x X X X
. Dumontia incrassata x x x X X X
Choreacola: volyaichonia x
PcImaria ralr:cta X X y X X X X
Chancia par >ula x x x x x x x
Lomenta2"2 baileyana x x x X X
Antithamnion cruciatte: x x x X X X X
Callith= nion corymboa:a y x y x x
Callithannion rosetc7 x x x X X
Callitharr. ion tetrapon:en x x x x x x
Cerami:en diaphamc~ x x x x x x _ y_*

Cer:mitc7 rubriforme y x x
. Ceretium rubrten x x x x x- x x
i Spermothm niot recens x y y x x x x

GrinneLLia americanun x
Phycodrya rubena x x
Dasya baillouviana y y x x x
Chondria tenuissima X X

^

Polyaichonia-fibrillos: x
Polyeichonia ha?)cyi x x X x X x x
Polysirhonia lanosa y X X X X X
Folysichonia nigm x x X X
'Polyciphonia negreacena x x x x x x x
Polysiphonia ta'ceolata x x x x x x
Rhodomela confervoides y y y x x x
Ectocarpus ciliculosia x x x x x X y
Gifforaia micchellac X
Filayella lictoralis x X X X X
Spon;onema tomentocuri X

- Ralfaia verrucosa- X X X X X X X

E!achista fucico!a x X X X X X X

J}v111 m( ~ < <bo c <

v ._m.=w;.%.. ,
- ~

1

-- . -



_ . __ ___ _ - . _ - .. . . .

. -.

|
l

Table'2. (cont. )<

- GN BP FE FS WP SE SS

Leathecia difformis X X X

Chordaria flagelliformic X X X X X X X

Aaperococcua fistulosuo X X X
' Desmotrich:m undulatim X

,

Punctavia latifolia X X X X

Punctavia plantaginea X X

Fatalonia fascic X X X X X X X
'

' Scytosiphon lomentaria X X X X X X X

Desmreatia aculeata X

Desmarastia viriaic X X X X X X

Chorda filw, X X X

Chorda tomentosa X X

Laminaria lorpiortc>ia X X X'

h inaria caccharina -X X X X X X X

Ehcce7cria ciprosa X X X
*

iscorhpllicn nodos:m X X X X X X X4

t Fucus dictichus v. edentatuo X X X X

: Fucua dictichus v. evanescens X X X X X X X

Fucus spiralia X X

Fucus vesiculosus X X X X X X X

'Ulothric flacca X X X X X X X

Urospora penicilliformis X X X X X X

Uroccora uorm&Joldii X'

Ronostrom avevilles X X X X X X X

i Nonostroma rulchr'c1 X X X X X X X

Spon;;omorrha arek: X X X X X X X

Sponyomorpha aeruginosa X 'X X X X

Capsosiphon fulvescenc X X
' Blidinaia minim X X X X X X X

* Blidingia marginata X

Enteromorpha clathrata tyve I X X X X X X
,

Entaromarcha clathrata type II X X X X X
,

Entero."orpha fleauosa subsp. Secuosa X X X

L Enteromarcha flecucaa subsp. paradoaa X X X

Enteromorrha groenlandica X X

Enteromorrha intestinalia X X X X X X X

| .D:teromorpha lins: X X X X X X X

i Interomorpha rrolifera X X X X X X
^ Enteromorpha torta X X X X X

Percursaria percursa X X

Ulva lactuca X X X X X X X

Ulva rigida X X X- X X

Emciola atipitata X X*

i~ 'Chaetomorrha Linum X X X X X X X

Chae:omorpha aerea X X X X

Cladophora albida X X X X X X
_

Cladorhora refrcata X X X X X X _
C!adcriarc sericea X X X X X X X'

Rhinocloni:e ricaritc': X X' X X*

e
'

Bryopsia plumosa X X X -X X X

^Derbesia marina' X X X
y

. Coditc frapile X X X X X X X

,

6. % j nt. wmui
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Table 3. Total number of species f rom cach division ecliected at each station -in' ench month (qualltat ive
. . collections). * '

: Month Yearly'
_S tat ' on . ' Division - !!a r . Apr. - Play June Jylv Aug. Sept. Oct. Nov. Dec. Total-i

'

Rhodophyta 111- 12 10' 10 6 8 9 12_ 11 16 .29
.Ciants Phaeophyta 11 13 11 10 9 8 5 6 5 4 17'
LNeck Chl o rophy ta - 7 7 8 6 ,4 6 7 6 6 4 23:

Monthly total 29 '32 29 26 19 22 21 24 22 24 69
Rhodophyta 10 6 -1:2 6 6 19 9 8 13. 13 31 >

P,a y Pha ea phy ta ' '7- 6 8 9 5 6 4 5 6 17 16
Po int Chlorophyta. 8 10- 6 7 6 8 .4- 7 'll 13 24

-

Monthly total -25 22 26 21 17 33 17 20 30 33 71
Fox Rhodophyta 11s -16- 7 '8 10 18 13 17 12' 12 32
Island- Phacophyta 9 8 11 .9 8 9 6 8 7 5 18
Expo sed .Chlorophyta. .12 11 10 9 10 -15 12 15 10 9 26

Monthly total 32 35 .:28 26 28 42 31 40 29 26 76-
,

- Fox:
.

. Rhodophyta : 6 9 6 5 5 6 15 16 16 12 32
Island - Phaeophyta 6 11 11 8 3 2 4 4 5 6 16

i
[' Sheltered Chlo rophyta ' _ ill 7 6 7 5 6 8 10 4 3 24. i

-

u Monthly total 23 27 23 20 13 14 27 30 25 21 72
Rhodophyta 7 16 13 10 12 18 17 22 12 11 34

White- Phaeophy ta 10 10 9 9 .12 7 8 5 5 6 18
Point Chlorophyta 7 11 8 12 10 10 7 13 8 5 23

'

Monthly: total 24 - 37 30 31 34 35 32 40 25 22 75
>

Rhodophyta 6 12 13 9 7 11 9 10 11 10 27
Sea sid e- Phaeophyta ,10 9 9 8 7 6 7 4 3 4 14 '

Exposed Chlorophyta 3 6 10 7 4 8 6 8 6 8 17 1

Monthly total 19 26 32 24 18 25 22 22 20 22 58,

Rhodophyta 4 9 10 10 13 20 19 9 13 12 29
Sea sid e- . Pha cophyta 6 6 9 9 7 8 5 4 3 2 16 I
Shel tered 'Chlorophyta 5 6 9 11 7 8 7 9 6 6 23

.

Monthly total 15 21 28 30 27 36 31 22 _22 20 68
'

Chlorophyta 32
Totals at all stat ions in all months' Rhodophyta 45

Pha eophy ta 26
;.

Total species found 103

i

i

t
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Table 4. Average percent cover of rocky intertidal stations - a) undisturbed
transects b) recolonization transects.

S t a t ion
Zone Classe GN BP FE FS WP SE SS Fean

1 rock 60.5 61.1 18.8 34.2 63.3 42.6 53.6 54.9
. barnacles 0.9 17.3 29.1 0.5 3.0 10.3 11.0 10.3
mussels 0.1 2.8 0.2 Or0 0.1 0.2 0.1 0.5
fucoids 4.3 0.3 34.5 0.1 8.5 3.7 8.2 8.5
carrageenoids. 0. 0 0.1 0. 0 0.0 0.1 0.3 0.7 0.2
ephemerals 33.2 16.2- 16.7 14.2 24.1 42.5 24.9 24.5
grazers- 1.0 2.1 0.8 1.0 0.8 0.8 1.3 1.1 -
predators 0.0 0.1 0.1 0.0 0.1 0.0 0.2 0.1

2 rock 14.4 12.7 13.0 32.9 25.9 15.1 22.9 19.6
barnacles 15.4 62.0 6.8 15.4 17.3 26.8 16.4 22.9
mussels 2.3 13.7 0.3 0.6 - 0. 5 0.4 0.2 2.5
fucoids 63.3 1.4 59.7 46.1 48.1 35.3 39.5 41.9
carrageenoids 0.4 1.7 2.0 0.2 3.9 8.3 13.8 4.3
ephemerals 2.2 4.5 17.7 2.6 1.5 12.2 4.3 6.4
grazers 2.0 3.5 0.6 3.1 2.7 2.0 3.0 2.4
predators 0. 0 0.6 0.2 0.1 0.3 0.2 0.3 0.2

3 rock 19.6 17.9 4.0 42.7 18.5 17.0 30.4 21.4
barnacles 9.2 12.4 1.3- 6.9 7.3 7.4 4.4 7.0
mussels 8.8 16.4 0.1 0.2 0.1 0.2 0.1 3.7
fucoids 10.1 0.5 16.3 37.7 3.6 10.7 19.0 14.0
carrageenoids 37.3 35.4 35.3 5.5 58.8 47.0 32.2 35.9
.ephemerals 12.2 13.4 42.9 3.4 7.5 14.6 8.1 14.6
grazers 2.8 3.3 0.5 3.5 4.1 2.4 5.8 3.2
predatorr. 0.3- 1.0 0.4 0.5 0.5 0.5 0.2 0.5

1

b) Recolonization Transects
S ta t ion

Zone Class * ~ CN FE FS WP Mean
1 rock 78.6 52.1 84.7 74.0 n.3

barnacles 11.6 8.3 7.9 0.1 7.0
mussels 0.1 0.0 0.1 0.0 0.1
fucoids 6.7 1.7 '0.1 0.0 2.1
carra geenoids 0.0 0.1 0.1 0.0 0.1
ephemerals 1.4 37.3 5.6 24.5 17.2e

grazers 1.6 0.6 1.7 0.7 1,2

predators 0.0 0.1 0.0 0.7 0.2

2 rock 55.8 20.2. 38.5 49.8 41.1

barnacles 31.0 23.6 .34.8 34.9 36.0
mussels 0.1 0.1 0.1 0.1 0.1
fucoids 9.6 26.1 1.0 5.0 10.4

0.3 0.0 0.1 0.1carrageenoids 0.0
.27.6 0.5 7.8 9.2cphemerals 1.1

grazers ~ '2.4 1.4 5.0 2.1 2.8
predators 0.0 0.7 0.2 0.2 0.3

3 rock 26.5 26.1- 31.5 39.o 30.9

ba rnacles 50.1 13.8 57.1 39.6 40.1'

mussels 0.9 0. 0 - 0.1 0.1 0.3
fucolds 10.0 6.8 3.7 6.6 6.8

I carrageenoid s 3.1 6.7 0.2 3.0 3.2
ephemerals 5.4 - 43.0 1.0 5.8 13.8
grazers' 4.0 2.3- 3.0 3.8 3.8'
predators - 0.1 1. 3 - 1.5 1.5 1.1

,

1

* see Materials & Methods for additional explanation of classes.
,

. 1
,

(
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passage of Hurricane David (Sept. 5-6). The more gradual loss of Fucus

f rom the other stations f rom late summer to early autumn was also attri-

buted to summer storms, but the mechanism of loss was dif ferent. Obser-1

vations made immediately af ter major storms showed that mussels had been

lost as large mats, but that Fucus plants were _ lost as individuals af ter

having been weakened by the storms.

Zone III was characterized by highest coverage of Chcndrus crispus (36%),

fucoids and ephemerals (14% each). Fox Island-Sheltered dif ferred from

the other stations by having less Chondrus in Zone III (<6%), but more

Fucus and more bare rock (38 and 43%, respectively) . In general, percent

coverage of ephemerals was inversely related to that of Chondras. S inc e
'

the percentages cited reflect canopy coverage, a decrease for Chondrus

does not -necessarily indicate mortality or removal of these plants; rather,

they became overgrown with other algae. In the spring, !!cnostroma pulchrun

was the dominant epiphyte on Chandrus, it disappeared by summer, and
i

Folysiphonia harrcyi became the most common ephemeral, until late autumn.

Seasonal patterns of species abundance were also reflected in species

ranks, su=marized by station (Table 5) and by station and month (Appendix III) .

It is significant that free rock substratum was available at all zones and

at all. stations throughout the year; clearly, competition for space was not

the major limiting factor for recruitement and growth of algae and benthic

invertebrates. .The more likely principal factor for determining the degree

of substratum coverage was the relative abundance of grazers and predators.

Evidence that . biological' factors' largely control intertidal distributions

will be examined in more detail in sections dealing with recolonization.

115
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Table 5. Relative species abundance (rank valt.es) at each station
for 1979 reporting period.

Undisturbed Transects Recolonizat ion Cages Control Areas
GN BP FE FS WP SE SS GN FE FS WP GN FE FS WP GN FE FS WP

Zone 1
rock 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
B.balanoides - 2 2 - - 4 3 2 4 2 2 2 - - 2 - - 5-

Blue-green 2 3 4 2 2 2 2 5 2 3 2 3 4 2 2 4 2 2 2
F. vesiculosus 3 - 1 - 5 - 4 3 - - - 4 3 - - - - - -

L. l it to r ea 5 - - 4 - - - 4 - 4 5 - - - 5 3 - - 4
U.flacca - - - 3 4 3 - - 3 5 3 - 5 - 3 - 3 - 3
B. minima - - 5 - - - - - 5 - - - - - - - 4 - -
A. nodo sum 4 - - - 3 - 5 - - - - - - - - - - - -

M. edulis - 4 - - - - - - - - - - - - - - - - -

U.lactuca - 5 - 5 - 5 - - - - - - - - - - - - -

U.penicillifo rmis - - - - - - - - - - - - - - - - 5 - -
B.a t ro pu r pur ea - - - - - - - - - - - - - - 4 - - - -

E.linza - - - - - - - - - - - 5 - - - - - - -

U.c iner ea - - - - - - - - - - 4 - - - - - - - -

Zone 2
F.v esiculo su s 1 - 1 1 3 1 1 3 1 4 3 2 - 2 3 - 1 3 4
rock 3 3 2 2 2 3 2 1 3 2 1 1 3 3 2 1 2 1 :
B. balanoides 2 1 3 3 4 2 3 2 2 1 2 3 1 1 1 2 4 2 1
L.littorea - 4 - 4 - - - 4 - 3 5 - - - - 5 - 4 3
M. e<*ulis 5 2 - - - - - - - - - - 2 - - - - - -

A. noda sum 4 - - - 1 - 5 - - - - - - - - - - - -

P. ha rv eyi - - - - - - - - 4 - - - - - - - 3 - -
Blue-green - - - 5 - - - 5 - 5 - - - - - 4 - - -
U.flacca - - - - - - - - 5 - 4 - - 5 4 - 5 - -
U . lac tuca - - 5 - - 5 - - - - - - 5 - - - - - -

E.fucicola - - 4 - - - - - - - - - - - - - - - -

E. intestinalis - - - - - - - - - - - - - - - - - - 5
E.linza - - - - - - - - - - - 4 4 4 5 - - - -

C. crispus - 5 - - 5 4 4 - - - - - - - - - - - -

R.v er ruco sa - - - - - - - - - - - - - - - 3 - - -
P. umbilicalis - - - - - - - - - - - 5 - - - - - - -

Zone 3
C.c r is pu s 1 1 1 5 1 1 1 5 5 - - - - - - - - - -

rock 2 2 - 1 2 2 2 2 1 2 2 2 - 1 1 2 2 1 1
F.v e siculo su s 3 - 3 2 - 3 3 3 4 4 3 3 - - - 3 - 3 4
B.balano ides 4 4 - 4 3 4 - 1 3 1 1 1 1 2 3 1 4 2 2
L.littorea - - - - 4 - 5 4 - 3 5 - - - - 5 - 4 5
P. harv eyi - 5 2 - - 5 - - 2 - - 5 5 - - - 1 - -
M. pulchrum - - 4 - - - - - - - - - - - - - 5 - -
M. edulis - 3 - - - - - - - - - - 2 3 2 - - - -

A.nodosum -e- - 3 5 - - - - - - - - - - - - - -

U.lactuca - - - - - - - - - - - - 3 4 - - - - -

U.rigida - - - - - - - - - - - - 4 - - - - - -

R. verrucosa - - - - - - - - - - 4 - - - 4 4 - - 3
P. umbilicalis - - - - - - - - - - - - - 5 - - - - -

B.atropurpurea - - - - - - - - - - - - - - 5 - - - -

C. linum 5 - - - - - - - - - - - - - - - - - -

C.r ef racta - - - - - - - - - - - - - - - - - 5 -
C. fragile - - 5 - - - - - - - - - - - - - - - -

U. c iner ea - - - - - - - - - 5 - - - - - - - - -

sand - - - - - - 4 - - - - - - - - - - - -

E.linza - - - - - - - - - - - 4 - - - - - .-
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' Species diversity, number of species, and evenness of each zone at each

station for each month are listed in Table 6. Although values are variable,

general trends are evident from these data. Peaks in both diversity and

species number occurred h1 spring (Apr.-May) and in autumn (Oct.-Nov.),

with minima La summer (July-Aug.) . In general, diversity and species

number were lowest in Zone I, and higher in Zones II and III. Fox Island-

Exposed was again the exception, owing to the fucoid coverage in Zone I.

Seasonal trends were not apparent from the evenness data, nor were there

consistent patterns between stations or zones.

Similarity indices are depicted in the form of clustering dendrograms

,

(Fig. 2). When data for all months are analyzed by station and zone
I

(Fig. 2a), three groups are apparent at the 35 percent level, representing

the three designated shore zones. The inclusion of Fox Island-Exposed

Eone I and Fox Island-Sheltered Zone III in a cluster therwise composed;

of Zone II stations was attributed to the high proportion of Fucus at

the former and the absence of C7:cndrus at the latter. Eay Point Zone II

is less closely related tc the other Zone II stations because of high mussel

coverage, and the paucity of Fucus plants. Within each zone, patterns of

interstation affinities are not apparent.

;

When data for all stations and zones are pooled and analyzed by month

(Fig. 2b), four groups are apparent at the 70 percent level. These appear -
,

to correspond to the seasons, and represent autu=n, vinter, summer, and

spring . flo ra s .
i

L
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Table J6' . Measures 'of species diversity at rocky intertidal stations - undisturbed transects.

.SLation Zone Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

-1 ll ' * - 1.37 -1.37 1.33 1.08 0.50 1.49 1.29 1.41 1.37 1.14
J 'O.457 0.531 0.475 0.384 0.214 0.576 0.499 0.543 0.457_- 0.441

Ciants S- 8 6 7 7 5 6 6~ 6 8 6
; Neck 2 11' 2.08- 2.21 '2.26 2.09 2.04 1.87 2.21 2.21- 2.16 1.95

J 0.656 0.596 0.631 0.603 0.679 0.5 64 0.666 0.696 0. 68 1 0.587.
-S- 9 13 12 11 8 10 10 9 9' 10

3 !!' 2.34 2.49 2.72 2.49 2.69 2.71 2.67 2.35 2.51- .2.72

J 0.833 0.694 0.734 0.674 0.897 0.755 0.700 0.740 0.659 0.701'
S 7 12 13 13 8 li' 14 9 14 9

1 11 ' _2.02 2.44 1.92 1.80 1.53 0.91 1.51 1.53 1.46 1.12
'J 0.607 0.659 0.518 0. 54 1 0.592 0.455 9.436- 0.482 0.518 0.434

''

BayL S 10 13 13 10 6 4 il 9 7 6

Po int 2 11 ' 1.82 1.87 1.79 1.60 1.70 1.71 1.86 2.05- 2.00 1.66

| J 0.492 .0.478 0.459 0.421 0.435 0.495 0.503 0.513 0.499 0.462
S 13 15 15 14 15 11 13 16 16 12r.

5 3 - !!' 2.46 2.61 2.83 2.38 2.74 2 . 68 2.36 2.71 2.52 2.04
J 0. 6 64 0.652 0.644 0.582 0. 64 5' O.705 0.638 0.733 0.662 0.591,'

S 13 16 21 17 19 14 13 13 14 11
1 !!' 2.15 2.07 2.12 2.14 2.04 2.24 2.30 2.27 2.32 2.25

' J 0.717 0.576 0.668 0.617 0.590 0.675 0.665- 0.657 0.671 0.651
Fox' Island S 8 12 9 11 11 10 11 11 11 11
Exposed 2 11 ' l.77 2.13 2.06 1.94 1.59 1.73 2.47 2.20 2.55 2.11 1

J .480 0.510 0.528 0.540 0.406 0.442 0.592 0.595 0.613 0.569
S 13 18 15 12 15 15 18 13 18 13

.. 3 11 ' 1.93 2.39 2.51 2.65 3.00 0.03 2.30 2.34 2.40 2.57
' J 0.483 0.627 0.601 0.571 0.720 0.028 0.588 0.615 0.588 0.605

S 16 14 18 25 18 2 15 14 17 19
1 !!' 1.18 1.05 0.83 1.10 1.05 0.03- 0.07 0.19 0.16 0.12,

t J 0.457 0.453 0.320 0.473 0.450 0.028 0.032 0.117 0.100 0.121
Fox S 6 5 6 5 5 2 4 3 3 2'

Island 2 11' 1.93 1.98 1.59 .1.84 1.49 1.49 1.60 1.81 1.67 1.49
Sheltered .J 0.610 0.571 0.478 0.513 0.430 0.498 0.532 0.64 6 '0.594 0.498 ,

S 9 11 10 12 11 ~ 8 8 7 -7 8
*3 !!' 1.48 2.67 2.45. 2.97 2.84 2.53 2.05 1.95 1.97 1.80

J 0.467 0. 68 3 0.683 .0.688 0.7 67 0.707 0.618 0.544 0.591 0.*'8
S 9 15 12 20 13 12 10 12 10 9

.

___ - - - - - -



--- -- _ ... . . . - . . - . - - - . . . . - . . - . .. .. - , - . . , . . . ,

'

. . . 1

Table 6. (cont.) Ma r. -Apr. May June July Aug. Sept. Oc t . Nov. D ec .
51 11' 2.09 2.32 2.21 0.95 1.70 1.63 0.74- 1.16 1.28 1.19

J 0.456 0.669 0.666 0.317 0.535 0.489 0.233 0.415 0.4 03 0.360 .,

- White :
__ 2 !!' 2.19 2.47 2.38 2.52 2.34 2.46 2.25 2.33 2.35 2.35

S 8 11 10 8- 9 10 9- 7- 9 10
Po in t - '

J ;).592 0.571 0.570' 0.680 0.653 0.602 0.590 0.612 0. 6 57 -0.587
S- 13- 20 18 13 12 17 -14 14 12 16

3 11'. 1.37 2.66 2.15 2.53 1.86 2.13 2.01 1.84 1.86 1.93
J 0.456- 0.698 0.505 0.606 'O.465 0.545 0.543 0.498 0.489 0.494
S 8 14 19 18 16 15 13 13 14 15'

1 II' 1.69 -2.25 2.16 2.00 1.75 0.92 1.34 1.42 2.01 1.61-
J -.0.563 0.649 0.651 0.578 0.623 0.329 'O.477 0.551- 0.635- 0.507

Seaside- S 8 11 10 11 7 7 7 6 9 9-
Exposed '2 11' 2.36 2.92 2.79 2.35 '2.35 2.47 2.48 2.53 2.53 2.42

J 0.637 'O.701 0.635 0.588 0.574 0.650 0.634 'O.633- 0.664 0.606'
S 13- 18 -21 16 17 ~14 15 16 14 16

3 11' l.89 2.90 3.13 2.33 2.53 2.38 2.28 2.57 2.07 2.04
J 0.527 .0.696 0.711 0.538 0.607 0.663 0.583. 0.657 0.577 0.551
S 12 18 21 20 18 12 15 15 12 13 ;

1 It' -1.67 2.24 1.93 2.13 1.73 1.40- 0.81 1.95 1.93 1.11
J 0.526 0.648 0.538 0.594 0.577 0.467 0.314 0.563 0.609 0.396

Sea s id e- S 9 11 12 12 8 8 6 11 9 7
Sheltered 2 11' 2.43 2.80 2.65 2.81 2.33 2.59 2.72 2.63 2.44 2.53

r. J 0.657 0.716 0.67 9 0. 68 7 0.674 0.679 0.713 0.691 0.705 0.684
5 S 13 15 15 17 11 14 14 14 11~ 13

.

3 11' 2.08 2.67 2.75 2.50 2.77 2.10 2.16 2.51 2.21 2.34
*

J 0.626 0.684 0.721 .0.598 0.653 0.586 0.603 0.613 0.640 0.632
3

S 10 15- 14 18 19 12 12 17 11 13

* Explanation of diversity Indices (also apply to Tables 7-9).
,

11' - Shannon information index
J - Evenness component
S - Number of species

,

b
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Recolonization Transects

Average percent cover and top ranked species at each recolonization

station are summarized in Tables 4b and 5; data by month are presented

in Appendices IV and V.

The length of time between denuding the transects and their recovery to

pre-experimental conditions appears to be inversely related to the degree

of exposure. At Fox Island-Sheltered, the least exposed station, the

transect strips were still very distinct 18 months af ter burning; barnacle

coverage at this station was extensive, especially in Zone III (57%), but

algal colonization was sparse. At Fox Island-Exposed, however, the strips

were almost indistinguishable from undisturbed areas af ter nine months.

- The other two stations were intermediate in their degree of recolonization,

with White Point being more exposed and more completely recovered than

Giants Neck. In the following discussions, " sheltered stations" ref er to
I

Fox Island-Sheltered and Giants Neck; Fox Island-Exposed and White Point
~

are " exposed stations".

Zone I in the recolonization transects was characterized by barren rock

and barnacles at the sheltered stations, and by rock.and ephemerals at

the exposed stations. The _ ephemerals were predominantly Ulothrie and

blue-green algae, and their percent coverage generally followed a seasonal

pattern of -being high 'in winter and summer, and lower in spring and autu=n.
!'

!

L
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The seasonality of -these plants corresponded to the vertical migration

and subsequent distribution of the littorinid grazers; they moved from

the high intertidal areas to nearer low water level when temperatures

became extreme.

In Zone II, percent coverage of recolonizing organisms was also directly
4

related to the degree of exposure, and inversely related to ccncentrations

of grazers and predators. At Fox Island-Exposed, individuals of Urosalpice

(predator) were more abundant than at other stations, and barnacles (prey)

were least abundant. At the same station, littorinids (grazers) were less

common, and coverage values for Fucus and ephemerals were virtually the

same in December as they were prior to clearing. These observations in-

dicate that_ increased wave action at the exposed stations may influence
s

species composition two ways: directly, by minimizing desiccation, and

indirectly, by controlling distribution of grazers and predators, which

in turn regulate the abundance of algae and sessile invertebrates.

In Zone III of the recolonization transects,.a dense barnacle set occurred

between April and May, and by June accounted for ca. 65% coverage at

all stations. This coverage decreased throughout the remet er of the

year, both at sheltered stations, where no major algal canopy occurred,
,

and at exposed stations, where recovery of Fucus,. Chondrus, and other algae -

was more rapid. These data indicate that predation is the major factor

'directly controlling barnacle abundances in the low intertidal areas.

|

|

I
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Diversity, evenness, and richness of the recolonization transects (Table 7)
.

.were all generally low in Zone I; values were higher in Zones II and III,

and Fog Island-Exposed was usually the station with the most diverse

co mmunit y. There was a general trend toward increased diversity measurements

with time since denuding, but values were variable, and patterns related to

'
seasonality were no. evident.

4

Exclusion Cages and Controls

Data from the exclusion cage studies support the conclusions made in the

previous section and those of other researchers: that rate of recoloni-

zation is greater in more exposed areas (Keser 1978), and that grazers

and predators exert a profound ef fect on the structure of the recolonization

| community (Jones 1948, Southward 1956; Menge 1976; Keser et al. 1977).
1
'

Diversity, evenness, and. number of species were usually higher under the

) exclusion cages than in adjacent control areas, and values for these

indices increased wita increasing degree of exposure (Tables S and 9) .
,

In Zone I, beneath the experimental cages where snails were excluded, "

percent cover by barnacles and algae were consistently higher than in

> . corresponding control areas (Table 10, Appendices VI and VII); this is

also represented in species ranks (Table 5, Appendices VIII and IX). The

control ~ areas remained mostly rock throughout the study period, and only

.u: the most exposed station (Fox Island-Exposed) was there appreciable

| cover by ephemerals, primarily U!o:hric and blue green algae.
.

. Zone II control areas were characterized pri=arily by rock and barnacles,

L . except' at Fox Island-Exposed, where a summer peak of S:tsrecorpha linea (85%)
|
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. Table 7[ . . Measures of species diversity at rocky intertidal stations - recolonization transects.

Station Zone Apr. tiay June July ~1ug. Sept. Oct. Nov. Dec.

I li' l.40 0.49 0.35 0.74 0.55 0.60 0.74 1.07 1.21
~J 0.4 68 0.485 0.221 0.469 0.349. 0.377 0.469 'O.459- 0.522

Clants S 8 2 3 3 1 3 3 5 5
,

: Neck .2. It ' O.79 0.80 0.76 1.14 1.04 1.04 1.22 1.32 1.57
J 0.283 0.798 0.482 0.719 0.655 0.655 0.609 0.566 0.558 -

S 7 2 3 3 3 3 4 5 7

3 11' 2.80 0.93 1.19 1.05 1.08 1.58 1.65 1.90. 2.53
J 0.808 0.934 0.752 0.527 0.340 0.497 0.823 0.600 0.763
S 11 2 3 4 9 9 4 9 10

1 11' 2.01 1.26 1.09 1.35 1.19 1.55 1.28 0.74 2.05
J 0.719 f . 7 98 - 0.688- 0.583 0.596 0.466 0.427 0.287 0.728

Fox Island S 7 3 3 5 4 10 8 6 7

Expo seil ' 2 11' '2.33 1.90 1.43 2.93 2.81 2.61 2.39 2.35 2.29

J 0.583 0.819 0.476 0.733 0.738 0.668 0.598 0.574 0.550
S 16 5 8' 16 14 15 16 E17 18

i '3 11' 2.69 1.51 2.40 3.00 1.66 1.23 1.93 2.51 1.217
J 0.64 6 0.582 0.614 0.811 0.399 0.388 0.493 0.660- 0.320

r. S 18 6 15 13 18 9 15 14 14

$ 1 11' -- 0.76 1.12 0.95 1.08 0.43 0.63 0.57 0.39 |
'

J -- 0.381 0.559 0.473 0.4 67 0.272 0.271 0.245 0.247 ,

Fox Island S --- 4 4 5 3 5 5 3,

' Shel t er'ed 2 11' -- 0.80 1.37 1.20 1.48 1.26 1.53 1.37 1.28
J -- 0.401 0.530 0.599 0.571 0.542 0.660 0. 68 6 0.640
s -- 4 6 4 6 5 5 4 4

3 H' -- 0.47 ' l.12 0.76 1.51 1.88 2.14 1.84 1.68
J -- 0.297 0.400 0.325 0.454 0.565 0. 64 5 0.614 0.560
S -- 3 7 5 10 10 10 8 8

1 It' 1.22 0.29 0.18 1.00 0.78 0.00 1.10 0.96 0.96
J 0.609 0.185 0.078 0.996 0.784 -- 0.393 0.607 0.413

White S 4 3 5 2 2 1 7 3 5

Point 2 It' 2.43 1.15 1.30 1.15 1.17 1. 04 1.46 1.58 1.74
J 0.766 0.726 0.4 64 0.444 0.368 0.4 04 0.486 0.612 0.525
S 9 3 7 6 9 6 8 6 10

3 11' l.76 0.97 1.19 0.73 1.10 1.902 2.09 2.13 1.40
__

J 0.625 0.971 0.460 0.314 0.393 0.678 0.629 0.710 0.440 ,

S / 2 6 5 7 7 10 8 9

. >
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Tabic . 8 Measures of species diversity at rocky intertidal stations ' exclusion cages.. -

.~

Station Zone Pla y June July Aug. Sept. Oct. Nov. Dec.
11 11' 0.95 1.25 1.37 1.33 2.03 1.20- .1.26 1.36

J 0.601 0.786 0.588 0.787 0.517 0.517 'O.447 'O.485
Giants- S 3 3 5 5 6 5 7 7
' Neck 2 11' O.90 1.52 1.91 '1.75 0.86 1.13 1,58 1.12

J 0.901 0.960 0.822 0.623 0.541 0.486 0.609 0.561
S 2 3 5 7 3 5 6 4

3 11' O.97 1.63 1.75 2.36 2.28 1.27 2.12 1.37.
! J 'O.609 0.632 0.552 0.604 0.719 0.4 54 ' O.607 0.488-~

S 3 6 9 15 9 7 12 7
1 M' 1.55 1.42 1.40 1.49 2.70 2.49 1.98 2.31

J 0.987 0.611 0.603 0 .64 3 0.813 0.718 0.767 0.769
Fox Island S 3 5 5 5 10 11 6 8
Exposed 2 11' 1.80 0.60 1.62 1.76 .2.51 2.39 2.34 1.83 |

J 0.776 0.231 0.628 0. 58 7 0.725 0. 64 6 0.737 0.610 |

S 5 6 6 8 11 13 9' 8
3 11' 17d5 0.83 2.46 1.81 1.82 1.81 1.85 2.03

''J 0.662 0.294 0.877 0.54 6 0.783 0.903 0.714 0.642
[ S 3 7 7 10 5 4 6 9

l- An 1 11' O.00 0.00 0.96 0.97 0.00 0.92 0.97 0.99
J -- -- 0.960 0.971 -- 0.918 0.971 0.987

' Fox Island S 1 1 2- 2 1 2 2 2
Sheltered 2 11' O.89 1. 08 1.52 1.73 1.33 1.57 1.56 1.30

J 0.345 0.538 0.537 0.744 0.442 0.676 0.983 0.651
S 6 4 6 5 8 5 3 4 t

"
3 11' O.36 2.28 2.55 2.63 1.75. 0.81 0.21 0.34

J 0.218 0.658 0.768 0.761 0.624 0.348 0.132 0.172
'

S 3 11 10 11 7 5 3 4
1 11' O.06 0.00 0.82 0.96 0.00 0.52 0.41 1.01

J 0.058 -- 0.514 0.960 -- 0.223 0.257 0.434 -

White S '2 1 3 2 1 5 3 5
Po in t - 2 11' 1.25 0.84 0.64 1.34 1.53 1.44 1.65 1.51

J 0.788 0.361 0.405 0.577 0.765 0.556 0.637 0.583
1 S 3 5 3 5 4 6 -6 6 '

3 11' O.86 1.43 3.32 1.58 1.08 1.73 1.84 1.45,

'J 0.860 0.398 0.830 0.499 0.405 0.670 0.555 0.4 57 I

; S 2 12 16 9 5 6 10 9

|

|
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,. . . Measures of species diversity at rocky intertidal stations - control areas.- Table, 9

--------

Stat ion : Zone Fb y June July Aug. Sept. Oct Nov. D ec .

I 11 ' O.44 0.36 0.38 0.00 0.16 0.36 1.00 0.63
J 0.274 0.227 0.378 -- 0.160 0.226 0.499 -0.397
S 3 3 2 1 2 3 4 3 <

Giants 2' 11 ' O.69 0.41 0.92 0.81 1.02 0.93 1.28- 1.28.

Neck J 0.687 0.414 0.918 0.811 0. 64 5 0.589 0.641 0.550
S 2 2 2 2 3 3 4 5

-3 11 ' O.97 1.00 0.84 0.87. 0.95 1.12. 1.93
,

2.29
J 0.971 0.998 0.531 0.291 0.369 0.400 0.607 0.721
S 2 2 3 8 6 7- 9 9

1 11 ' l.16 1.43 0.92 1.05 1.62 1.26 1.15 1.96
J 0.731 0.714 0.582 0.663 0.627 0.543 0.576 0.760-

. Fox S 3 4 3 3 6 5 4 6 -

'
Island- 2 It ' l.50 1.67 2.42 0.77 2.44 1.70 1.46 0.83
Exposed J 0.945 0.717 0.861 0.332 0.813 0.6 04 0.440 0.415,

S 3 5 7 5 8 7 10 4
3 11 ' 1.95 1.72 2.29 1.92 1.17 1.50 2.37 1.70

J 0.838 0.573 0.721 0.742 0.416 0.501 0. 64 1 0.512s

$ -S 5 8 9 6 7- 8 13 10
1 11' O.00 0.00 0.72 0.21 0.00 0.00. 0.00 0.00

J -- -- 0.722 0.211 -- -- -- --
"

'
' Fox S 1 1 2 2 1 1 1 1

Island - 2 11' 1.07 1.08 1.32 1.00 1.03 0.94 1.11 1.22
Sheltered J 0.674 0.538 0.660 0.631 0. 64 7 0.593 0.698 0.609,

S 3 4 4 3 3 3 3 4
'

3 li ' O.55 0.92 1.73 1.17 1.31 1.02 0.87 1.26
J 0.344 0.459 0.616 0.505 0.656 0.441 0.376 0.543
S 3' 4 7 5 4 5 5- 5

1 11 ' O.03 0.00 0.97 0.57 0.00 0.19 0.06 0.'06
J- 0.032 -- 0.971 0.567 -- 0.194 0.058 0.058

White S 2 1 2 2 1 2 2 2

Point 2 11 ' 1.00 1.08 0.74 1.07 1.03 0.96 1.21 1.41
J 0.997 0.682 0.4 67 0.534 0.647 0.414 0.605 0.707
S -2 3 3 4 3 5 4 4 I

3 11 ' O.97 0.81- 0.80 1.01 0.65 1.69 1.75 1.81 ,

J 0.971 0.313 0.398 0.504 0.337 0.602 0.677 0. 6 644

S 2 7 4 4 4 7 6 7;

1 *
2
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Table 10. Average percent cover of rocky intertidal stations -
a) exclusion cages b) control areas.

a) Exclusion Cages

S ta t ion
Zone Class * CN FE FS WP :tean

1 rock 57.7 44.0 70.2 77.3 e2.3
barnacles 24.0 26.0 0 0.1 12.5
mus sels 0 2.7 0 0 0.7
fucus 6.3 6.3 0 0 3.1
carrageenoids 0 0 0 0 0

ephemerals 11.5 19.4 29.8 22.4 20.8
grazers 0.5 1.3 0 0.2 0.5
predators 0 0.3 0 0 0.1

2 rock 33.9 12.7 15.1 29.7 22.9

barnacles 23.4 37.5 47.3 53.5 40.4
sussels 0 16.0 0.2 Q.4 4.1

fucus 30.2 4.3 32.0 10.4 19.3
carrageenoids 0 0 0 0 0

ephemerals 12.0 27.5 4.9 5.6 12.5
grazers 0.5 2.0 0.5 0.4 0.8
predators 0 0 0 0 0

3 rock 27.3 7.8 46.c 26.6 27.1
bar nacles 31.4 25.6 22.3 22.5 25.5
mu ssels 1.1 18.5 10.2 23.4 13.3
fucus 24.2 0.2 2.3 0.3 6.7
carrageenoids 0.5 0.1 0 0.2 0.2
ephe=erals 14.4 47.6 16.7 26.5 26.3
grazers 1.1 0.2 0.2 0.4 0.5
predators 0 0 1.7 0.1 0.4

b) Control Areas

S t a tio n
Zone Class * G?. FE FS WP Mea n

1 rock 91.6 50.9 97.1 92.7 83.1
barnacles 7.5 1.6 0 0.1 2.3
mussels 0 0 0 0 0

fucus 0 0 0 0 0

carradeenoids 0 1.3 0 0 0.3
ephemerals 0.3 42.5 2.9 7.0 13.2
grazers 06 3.7 0 0.2 1.1
predators 0 0 0 0 0

2 rock 70.8 18.7 54.4 37.5 45.4
barnacles 26.6 16.0 44.0 60.1 36.7
mussels 0 0.1 0 0 0.03
fucus 0.1 29.2 1.0 0.9 7.8
carrageenoids 0 0 0 0 0

ephemerals 1.7 34.5 0 0.1 9.1
grazers 0.8 1.4 0.6 1.3 1.0

predators 0 0.1 0 0.1 0.05

3 rock 19.5 23.4 47.4 42.6 32.2
barnacles 60.9 10.2 48.0 37.0 39.0
mussels 0 0.1 0.2 4.2 1.1

'fucus 13.3 6.2 2.8 3.1 .

carrageenoids 0.3 0.7 0 0.3 ~.3
ephemerals 4.4 57.8 0.5 10.8 13.4
grazers 1.5 1.0 1.0 2.0 1.4
predator s 0.1 0.6 0.1 -0 0.2

* see Materials i Metheds for additional explanation of classes.
.
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I

was followed by a steady increase of Fheus that averaged 85% cover by
~

December. This pattern was also observed by other researchers working

on exposed coasts (Southward 1956; Menge 1976; Grant 1977; Southward3

and Southward 1978). Beneath the exclusion cages, barnacle coverage was

generally greater than in the controls, although it was at time obscured

by attached ephemerals, Fhous, and mussels. In Zone II, mussels were
!

common only- under exclusion cages at Fox Island-Exposed; at this site,

in early June, mussels settled into the caged areas that were dominated,

by barnacles (85%). The mussels grew rapidly, and by late summer they

had outcompeted the barnacles in tern.s of space occupied; similar ob-
f

servations have been made by otherr, (Menge 1975; Grant 1977).
i.

:

Competition for space between barnacles and mussels was seen more clearly

1 .in Zone III (Fig. 3 and 4). Under the cages in this :one, mussels again

outcompeted barnacles, as was seen in Zone II. Coverage by mussels in-

creased up to 100% in the cages by late summer. In the control areas,,

however, Urosalpin effectively prevented mussels from becoming dominant.

This pattern was evident at all stations except Giants Neck, where mussels

were never dominant, even under the cages.

; To determine if adult mussels could survive without protection from pre-

| dation, several cages were permanently removed at various times during

the autumn, af ter maximum mussel coverage had occurred. In each instance,

total mortality occurred within a week of cage removal, but the mechanism

| of loss dif f ered between exposed and sheltered stations. At the exposed

128
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Figure 3. Percent substratum coverage by barnacles, by station and zone.
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stations, the mussels were lost as they were not sufficiently well attached

to the rock, and were quickly removed as a mat. At Fox Island-Sheltered,

. predation was the primary cause of mortality. Six days af ter one cage had

been sufficiently loosened to permit predator entry, 200+ Urosalpin

specimens were found in the 20 x 20 cm area, and each mussel shell had

been drilled. One shell was noted to have five holes drilled in it.

These experiments indicate that mussels are physiologically capable of
,

setting and growing at all the recolonization sites. Absence of mussels,

even at Fox Island-Exposed, was directly related to predation, rather than

to a thermal effect, as had been previously considered (Battelle 1977).4

.

Fucus Crowth Studies
,

4

1

The first' appearance of Fucus in the exclusion cages and in the control

areas occurred between three and nine =onths af ter denudation. Appreciable

growth of Fucus germlings was appareat at most sites by August, five months

after clearing.. Fucus growth was-variable between stations and between

zones (Fig. 5 and 6) .

Growth in Zone II, as measured by average length increase and by percent

coverage, was highest in the control areas at Fox Island-Exposed, where
4

plants grew from 10 mm in July to. 221 mm in December, and reached a maxi-

mum of 85% cover. Fucus' growth was less under the exclusion cages at
'

- this_ station, owing to danse mussel settlement; Fucus recruitment into

'131
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mussel beds .and subsequent growth is low (Menge 1975; Grant 1977). At

the'other stations, with less mursel coverage, Fucus in Zone II grew

better beneath the cages than in the control areas by both measures of

growth, -i.e. length increase and percent ' coverage of substratum.

In Zone III, Fucus growth was highest at Giants Neck, and slightly higher

in the cages at this site than in the adjacent control areas. At the

other stations, percent coverage by Fucus was low in both cages and controls,

again concommitant with an appreciably dense mossel cover.

The variability of growth measures supports conclusions of Knight and

Parke (1950), of Mathieson et al. (1976), and of Keser (1978) that blade

length is not an adequate measure of Fucus growth; dif ficulty in marking

individ 21 plants, their relatively loose attcchment to the substratum,

and the irregular branching habit of Fucua make measurement of growth rate

of this genus very dif ficult. Estimation of percent coverage as a measure

of growth also had disadvantages, and neither method accurately assessed

fucoid growth rates.

-Ascophyllum Growth Studies

Results of the A800F Fh l!aM. studies are summarized in Fig. 7 and 8.

Highest growth occurred at the lower Fox Island site where tip length

in December. averaged 113.3 mm; lowest total growth was at Giants Neck.

-68.9 mm. The highest growth rate at all stations, as indicated by

monthly incremental growth (Fig. 7), occurred between' July and August,

ranging from' 25.8 mm/mo. at the lower Fox Island site to 16.7 mm/mo, at
.-
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White Point.

These field studies showed that growth at all stations started in late March-.

early April. Since the average length in April at the lower Fox Island site
,

. (5.7.sm) was greater than at the other 'two sites (1.7 and 2.1 =m), it is

apparent that the initial growth rate was highest at Fox Island-Low. Fox
4

Island-High was not sampled until June, but then the average length at this

station (21.0 mm) was slightly higher than at Giants Neck or White Point
4

(17.8 and 18.7 mm) . ' Analysis of covariance indicated that growth at both
t

Fox Island sites was significantly greater than at the Giants Neck-White Point -

station pair (p<0.05), but' that dif f erences within pairs were not significant,
i

| Other researchers have shown that environmental cenditions (e.g. t empera-

ture, tide height, exposure) affect the growth of Asocphyllum (Printz

1956; Baardseth 1970; Keser 1978). Our observations that Ascophyllum

cannot survive- in the immediate vicinity of MNPS thermal ef fluent support

the conclusions based on field ' studies (Vadas et al.1976) and laboratory

7 experiments' (Str5mgren 1977) which' indicate the _ lethal af f ect of sustained

high temperatures (>300C). However, the ~ increased growth at sites within

70 m of. the discharge supports findings of Vadas et al. that a slight-

. thersal addition can- have an enhancement effect on Ascaphy!Zta growth
|
I

i

Jdsecphyllkn mortality at the study sites is represented in Fig. 8. Loss

of.both plants and' tips was highest at Fox Island-High and lowest at Fox

Island-Low. Both forms of mortality were primarily. the result of mechan-

| ical damage, especially during summer storms. Hurricane David (Sept. 5-6), .

i
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coincided with the period of maximum loss rate at all stations. Add it ional

loss of plants occurred when the rocks to which they were attached were

removed by wave action.
4

i

Secondarily, plant and especially tip mortality resulted from the f eeding

activity of grazers, particularly Littorina obtusata and L. littorea.1

Grazer-produced holes in apices and bladders were common; on occasion,

several snails were observed within a damaged bladder.

Ascophyllum growth and mortality patterns at all stations f ell within the

ranges reported in other studies of Ascophyllum populations in New England

(Mathieson et al.1976, Vadas et al.1977; Wilce et al.1978), even though

this was the southernmost population studied.

SUMVARY AND CONCLUSIONS

1) The rocky shore in the vicinity of the Millstone Nuclear Power Station

supports a rich and diverse benthic marine community throughout the

year, characteristic to that of other areas of southern New England

|
where the biota has been studied.

2) The abuedance and distribution of predators and grazers play a dominant

. role in the structuring of intertidal communities during recoloniza-

tion and under undisturbed conditions.

13)' Degros of exposure is also a major factor influencing distribution of

Iinte: tidal algae and. sessile invertebrates, directly, as storm forces

138
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or by minimizing desiccation, and indirectly, by controlling the

distribution of predators and grazers.

4) Degree of exposure, and the concommitant ef fect on grazers and

predators, are also directly related to the rate of recolonization

of intertidal communities, the time between perturbation and recovery

ranged f rom nine months at an exposed site to incomplete recovery

af ter 13 months at a sheltered site.

5) Blade length of Fuzac peascalosus is an inadequate measure of growth

of this plant; more useful results were obtained by measuring per-

centage of substratum covered.

6) AcccpIgllum was not present i==ediately adj acent to the thermal

offluent, but plants were found within 25 m of the discharge, and

extensive populations showing normal or enhanced growth occurred at

sites within 70 m of the discharge.

7) During 1979, detrimental dif f erences between potentially impactcd

and control stations were not detected, adverse effects on the rocky

shore communities resulting from operation of MNPS vere not evident.
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BENTHIC SAND INFAUNA

INTRODUCTION

The benthic infauna is an important component of marine ecosystems

3 serving as food for demersal fish populations and contributing to the

energy and nutrient recycling processes necessary for the maintenance of
,

ecosystem productivity (Peterson 1918; Magnum 1964; Richards and Riley

-1967; Aller 1978; Woodin 1978). Traditionally, studies of benthic
I

assemblages have included descriptions of density, distribution, and

species composition (Coe 1956; Smith 1971; Wade 1972; Maurar et al.

1978).

Shallow water benthic assemblages, similar to those found in the Millstone

Bight, characteristically undergo wide fluctuations in species composition

and density on both a seasonal and annual basis, reflecting the unpredictable

physical environment and varying levels of biological interaction (Coe

1956;-McCall 1975; Whitlatch 1977). For example, disturbances by storms

can have dramatic ef fects on shallow water infaunal populations (McCall

1975; Yeo and Risk'1979). Biological interactions, i.e., competition

and predation, are also important factors influencing patterns of species

composition and density (Paine and Vadas 1969; Paine 1974; Woodin 1974;

Connel 1975). These variations in species composition and density, make

the collection of multiple samples over extended periods of time necessary

before man induced. changes in benthic communities can be distinguished

from natural changes (Cairns 1976). Despite the inherent variability

r associated with benthic communities, the generally sedentary nature and

r
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the sensitivity of infaunal species to physical and biological stress,
!'

make them an important tool for evaluating the potential impacts of

man's activities (Reish 1960; Wilhm and Dorris 1966; Wilhm 1970).
!
i-

,

The nearshore benthic -infauna have been studied at the Millstone Nuclear,

Power Station since 1968. Potential stresses on the benthic community

induced.by operation of the Millstone Station include substrate scouring,
,

I temperature. elevation, and entrainment. Scouring at both intake and

discharge ~ structures might result in localized changes in the benthic

community; however, increased thermal regimes and entrainment of pelagic

stages of infaunal organisims could influence density and species compositon <

! over a much larger area.

4

1,.
The objectives of this study were: (1) to characterize the shallow-water

subtidal and intertidal infaunal assemblages with respect to density and

species composition, (2) to compare infaunal communities at stations

located near and 'away from the Millstone plant, (3) to evaluate the

significance of temporal changes in infaunal communities based on previous
4

studies of the Millstone Bight.

.

; MATERIALS AND METHODS
3

.The Millstone Nuclear ~ Power Station is located on the north shore of-
~

~

~Long Island Sound.(LIS) in southeastern Connecticut ( lat. 41 18' 25"
j 11ong ;72 10'). Benthic'infaunal sand samples were collected quarterly

(September and December 1978' and March and June 1979), at. four subtidal

ji and: two '. intertidal stations ' (Fig. 1) . IThe Giants Neck.subtidal and
-
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intertidal sites were considered reference stations (non-impacted) for

this study while the Intake, Effluent, and Jordan Cove subtidal and the

Jordan Cove intertidal stations were considered potentially impacted. A

more detailed description of stations is given in Battelle (1975). For

this study, samples collected from September 1978 to June 1979 will

hereafter be referred to as the 1979 collection period.

SCUBA divers, using a corer 10 cm in diameter and 5 cm deep, collected

ten replicate samples within 3 m of each subtidal station marker. Each

sample was placed in a .333 mm mesh nitex bag and brought to the surface.

Ten replicate intertidal sand samples were collected along a 3 m transect

parallel to the waterline at mean low water.

An additional five samples were collected at each subtidal and intertidal

station in March and June 1979. These samples were collected to evaluate

the effects of using a 0.5 mm sieve during sample processing in 1979

instead of the 0.7 nn sieve used in studies from previous years.

After sampling, all replicates were returned to the laboratory and fixed

with 10% buf fered formalin; af ter a minimum of 48 h, organisms were

floated from the sediments (Sanders et al. 1965), stained with rose

bengal, and preserved in 70% ethyl alchohol. Samples collected in

September were sieved through a 0.7 mm sieve, while a 0.5 nn sieve was

used on all successive samples. Both 0.5 and 0.7 sieves were used to

process the five addition cores, and organisms retained on each were

preserved separately. Separation of organisms from sediments was done

with the aid of a dissecting microscope. Initially all organisms were

14 6
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sorted into the following categories: (1) annelids, (2) arthropods,

(3) molluscs, (4) miscellaneous invertebrates. Subsequently, they were

counted and identified to the lowest possible taxon. Organisms not

sampled adequately by our methods because of their small size, e.g.,

Nematoda, Copepoda, and Foraminifera were excluded from data analyses.

Biomass of each replicate was obtained for the annelid, mollusc, and

arthropod fractions. Samples were dried in an oven at 80 C for 72 h and

seighed to the nearest 0.01 g. Values for the ten replicates were

sur.med and reported in g/m dry weight for each station and sampling

period.

Sediment for sand grain analysis was collected at each site at the time

of infaunal sampling. Mechanical analysis using the dry sieving method

as outlined by Folk (1974) was performed on one, 5 cm deep core. llis

method oZ moments technique was used to calculate the arithmetic n.c

phi (; ) and standard deviation (c? ) for 1/2 class intervals. The

standard deviation (c0 ) was verbally described as the degree sorting,

and refers to the distribution of particle size classes in the sample.

Data Analysis

The quantitative measures used in this report were calculated for each

collection period (seasonal) by summing species counts in the ten replicate

samples. The mean species count. .<er the four sampling periods was

used for all annual calculations.
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Diversity

Seasonal species diversity for each station was expressed using the

Shannon informatior. index (H') and was calculated as:

S

H' -I 31_ log, nj_ (Pielou 1977)=

~

i= 1 N :;

thwhere n; = number of individuals in the i species

N = total number of individuals for all species

S = number of species

This index is sensitive to both the number of species and the distribution

of individuals among the species (evenness). The evenness component (J)

was calculated as:

H'
J= H max (Pielou 1977)

where Hmax = log S nd represents the theoretical maximum diversity when2

all species are equally abundant. This index is scaled from zero to

one, thus, as abundance becomes more even among species, J approaches

one.

Diversity calculations excluded taxa not identified to the species

level, i.e., oligochaetes and rhynchocoels and organisms not identified

to species because of their poor physical condition.
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Biological Index Value I
'

|

; The. Biological Index-Value (BIV) of McCloskey (1970) was calculated for

the ten most abundant species by assigning a rank to each species for

each collection period and then summing these ranks over all collection
!

periods. The sum for each species was then expressed as a percentage of
;

.a theoretical maximum sum, which occurs if a species ranked first for

all collection periods. For example, if a species ranked 1st in abundance

in- four collections when ten species were collected, the theoretical
1

maximum would be equal to 40. This value mitigates the effects of one

| large seasonal collection of a single species on overall community

dominance.

!

.

; Jaccard's Coefficie_n_t

The overlap of infaunal species (affinity) was calculated for the entire

year and for each sampling period for each subtidal and intertidal station.
4

The coefficient was calculated as:

A

C0 B+C-A (Grieg-Smith 1964)=,

:

,

-where A = number of species shared by two sites,

i.

B = number of species at site B, but not at C,

C = number of species at site C, but n'+ st B
..

-This similarity index is sensitive only to pres.w<// absence and is not
,

i affected by the abundance of individual species.

!
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Similarity

The Bray-Curtis similarity coefficient is one of the most frequently

used quantitative measures in ecological studies (Boesch 1977). In this

study the index was used to classify sites (normal analysis) and species

(inverse analysis) for each sampling period and over the entire year

using log transformed species counts [In (count +1)]. The coefficient

is calculated as:

2 Imin (Xij,Kig)
i

S =

(Clifford and Stevenson 1975)(Xij + Xp)
i

where x. . = abundance of attribute i at entity j .IJ

x = abundance of attribute i at entity k.
ik

For normal analysis, species were considered attributes and stations

entities while for inverse analysis species were considered entities and

stations attributes. Inverse analysis was performed using the ten

numerically abundant spe ies throughout the year and any additional

species having a higher BIV than the numerically dominant organisms.

Cluster Analysis

A cluster;ng algorithm was applied to the normal and inverse Bray-Curtis

similarity matrices to group stations and species at decreasing levels

of similarity. The group-averaging agglomeration or " unweighted pair group"

method using arithmetic averages was sed cnd the results presented as

dendrograms (Boesch 1977).
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.This ' algorithm calculates one resemblance between groups k and h when k'

is formed from the fusion of groups i and j as:

nt n.
Chk ". hi + n hjn,

where. C =
hi resemblance of group h to i and n , n ,'n are theg k

number of entities in groups i, j, k.
I

Trophic Group Classification

'

Analysis of population trophic structure was performed for each station

!
t

over the entire year and for each sampling period by assigning feeding

types to each species based on current literature, habitat, or specific;

. morphological features, which suggested potential feeding modes and
'

possible food sources. Although classification of community trophic

structure based on such broad feeding type categories may suffer because,

of the feeding-plasticity of many benthic animals (Boesch 1973), this
|-

type of analysis can still provide useful data on resource utilization

and partitioning by local infaunal populations.
I

1

The feeding -pes-used were based on those listed by Maurer, Watling,

Leathem and Kinner (1979) for. polychaetes, molluscs, and crustaceans,

and Biernbaum (1979) for-amphipods, Additional information on polychaete
;
'

feeding behavior were obtained from Fauchald and Jumars (1979). The,

classifications were:

I
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Suspension feeders (SF) - organisms removing food from the water
column.

!!erbivores (II) - feeding on live plant material.

Detritivores (DT) - obtaining nutrients from decaying plant
matter.

Deposit f rs (DF) organisms feeding on surface or subsurface-

sediments and the organic matter, bacterial
films and unicellular algae associated
with them.

Omnivores (0) - obtaining food indiscriminately.

Carnivores (C) - those individuals that actively search for
other live organisms.

RESULTS

Sediment Characteristics

Subtidal - Sediment composition at subtidal sites ranged f rom medium

sand to sandy mud (Table 1). Giar.ts Ne:k sediments were of finest grain

size and least sorted of all subtidal stations, while the Jordan Cove

sediments were coarsest. The sediments ;; Effluent were of intermediate

size, and the best sorted. The highest seasonal fluctuation in sand

grain size occurred at Jordan Cove, where mean grain size ranged f rom

fine to very coarse sand.

The silt content of the Giants Neck sediments was highest of all sub-

tidal stations ranging from 36.4-59.5%, while the Effluent sediments

generally contained the least amount of silt (0.0-14.1%). Seasonally,

silt content was lowest in the fall and values less than 1% were obtained

in September at Jordan Cove and Effluent.
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Table .1. Sediment characteristics of Millstone subtidal stations
sampled September 1978 - June 1979.

,

1S tation -~ Month- ~Mean D % Silt / Clay c0 Sorting

Sept. 2.62 36.4% 2.66 VP

Giants Dec. 2.61 44.5% 2.06 VP'

tieck
Mar. 3.29 59.5% 2.08 VP,

June 2.62 38.3% 2.16 VP
.

:

Sept. 0.08 0.0% 1.09 ?-

Jordan Dec. 1.36 16.9% 2.02 VP4

j Cove
Mar. 2.18 7.0% 1.04 P

{ June 1.25 14.7% 1.87 P

Sept. 1.66 2.8% 1.18 P

Intako Dec. 2.58 17.5% 1.36 P

Mar. 1.65 9.5% 1.81 P

June 2.18 13.5% 1.69 P
f

' Sept. 1.71 0.0% 0.66 M

Effluent Dec. 1.97 3.1%_ 0.86 M;

j Mar. 1.94 2.5% 0.84 M

June 2.00 14.1% 1.60' P

:

1 VP = very poor
! P = poor-

M = moderate>

i
.

'
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Intertidal - Intertidal sediment characteristics are summarized in

Table 2. Sediments at the Jordan Cove intertidal site were poorly

sorted and composed of very coarse to medium sand, while those at Giants

Neck were poorly to moderately sorted medium sands.

Silt content in Jordan Cove sediments was low, and ranged f rou 1.2% in

March to 4.3% in September. Giants Neck sediments contained very low

silt f ractions throughout the year with the high 1.9% occurring in June.

The sediment composition at each subtidal station varied seasonally

during 1979. The range of grain size and silt content were within those

reported in 1978 (Battelle 19/8). The grain size and silt content of

Jordan Cove and Giants Neck intertidal sediments during 1979 were also

similar to the values reported in previous studies. Historically mean

grain size and silt content of Giant's Neck sediments vary little over

the year. In contrast, mean grain size and silt content at Jordan Cover

undergo larger seasonal variation.

General Community Structure

A total of 194 species and 35,998 individuals were collected at all

Millstone subtidal and intertidal stations during the 1979 sampling

program (Table 3). Annelids were the most abundant phylum and comprised,

79% of the organisms collected. Of the 194 species, polychaetes were

most numerous (103), while fewer crustacean (31) and molluscan (42)

species were collected. Total polychaete abundance increased from 8943 |
|

|in 1978 to 16,548 in 1979 and the numbers of crustaceans rose from 1788
|
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Table 2. Sediment characteristics' of Millstone intertidal stations
sampled September 1978 . June'1979.

Station Month Mean 6 % Silt / Clay c6 Sortingl

i

| Sept. 'l.08 0.00% 1.14 p

Giant s ' Dec. 1.71 0.00% 0.75 M
Necki

Mar. 1.59 0.00% 0.78 M

June 1.44 1.9% 1.00 P
i
i

.

Sept. -0.04 4.3% 1.45 P
,

|
Jordan Dec. 1.39 3.3% 1.13 P
Cove

Mar. 0.85 1.2% 1.21 P

June 1.14 2.1% 1.14 P
4

4

4

d -

1 P = poor
: M = moderate
i

'

>

f
!

a

d

''
.

;

i ..

I
P
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Table 3. Total number of individuals, f amilies and species of the four
najor taxa collected at >fillstone Point subtidal and intertidal

stations sampled from Sept. 1978 - June 1979.

t

011gochaetes Polychaetes Fbilu sca Cru st ac ea

1978 1979 1978 1979 1978 1979 1978 1979

# Individuals 14884 12,015 5943 16548 447 551 1788 6884

% Composition 57 33 34 46 2 1 7 19

C
o.

# Families -8 - 31 28 24 21 23 24

# Species - - 99 103 34 31 44 49

a
Ident ified to class only. ,

.
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to 6884. The total numbers of oligochaetes and molluscs collected were,

~ '

generally similar to the numbers found in .the previous year.
4

C

The higher abundance of infaunal organisms observed in 1979 was probab'.y

due to the_ change from the 0.7 mm to 0.5 mm mesh sieves. Estimates of
I; infaunal density in March and June .1979 averaged 36% higher at all sites

.when a 0.5 mm selve was used (Appendix 1); this increase was similar to

the 38% increase in total abunaance observed between sampling years.,

1

.

The number of taxonom!s families and species represented in benthic
4

I sampics remained fairly consistent between'1978 and 1979. Most of the
I

~

newly collected species reported in 1979 (Table 4) were small polychaetes -

4

tlat sere probably most susceptible to the smaller. mesh sieve used in
i
2 the 1979 program.

Species Dominance

Subtidal - The infaunal communities at all Millstone subtidal stations

were dominated by oligochaetes and polychaetes (Table 5). The total
i
- number of individuals for each species collected during each sampling
:

period is presented in Appendices 2-5. The ten numerically dominant
,

| ' species accounted from 82.1% (Intake) to 87.6% (Giants Neck) of all the

individuals collected.-

|

) Oligochaetes and the polychaetes, Aricidea catherinae, Capitella spp.,

and Chaetotone spp., were the only organisms ameng the ten dominants

,
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- Table -- 4 New species collected at Millstone subtidal and intertidal'

'

stations sampled f rom September .1978-June '1979.

,

'
REYNCHOCOELA

Cerebratulua lutdia
~M0LLUSCA,

Bivalvia
Nuculidae
Nucula annulata

| ANNELIDA
;; Polychaeta

Aspharetidae
Hypaniola grayi,

- Nephtyidae
: Nephtys caeca

Phyllodocidae,

j ?lereiphy!!a , spp.
Sabellidae'
Chcne spp.
~Suchone elegana;

!

'Spionidae

Scalelepia of bcusfieldi
| -Syllidae

Syllides convoluta
Syitides fulva '

- . Syllides verrilli
Sy2lides cecoculata

l;
' '

Terebellidae t

!!icolec venustula
ARTHROPODA'

'

Pychnogoida
Anoplodactylus lentus'

Crustacea ' -

Ostracoda
Saraiella a.=ericana

1 Amphipoda
'

a Photidae
Photia r:acrocca:

$

i
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2Annual Mean 2ensity (#/:n ) Percent Contributica andTable 5.
Biological Index '.'alue f or the ten dominant species
collected at Millstone subtidal staticas, September 1978-
June 1979.

.

x % Cum % B7V

Ef fluent

Oligo c haeta 5430 36.3 36.3 97.3
22 cts:cr.e sp. 3325 22.2 58.6 65.8
Arisilea 22:hcrince 1552 10.4 69.0 90.3
?;;gcirra e&ne 560 3.7 72.7 S0.9
Prc cdsrvi;;er, j22 peer. sic 426 2.8 73.6 57.2
Te ;h:a 25 :5 50 400 2.7 73.2 64.5
Caa!!sr.:?! k spp. 339 2.3 30.5 63.8
22:gcr.e :cheJ 259 1.7 32.2 67.1
Capite!M spp. 205 1.4 S3.6 49.3

lcrcph:Aa! na aberra':J 198 1.3 8 '. 9 42.7
Rhync hocoela 198 1.3 86.3 53.3

Giants !:eck

Cligochaeta 6602 38.1 38.1 98.2
Aricide: c #.erir.as 3139 18.1 56.2 89.3
~;:ary: spp. 1997 11.5 67.7 53.0
CI:2e:03c".e spp. 1210 7.0 74.6 80.4
02pite!!a spp. 461 2.7 77.3 48.2
::icio~:::r.a 2-biaet2 403 2.3 79.6 52.7
?clycirrua cair~i:a 390 2.3 51.9 54 . 5
?;;c: cephalas i:c!bo;h 381 2.2 84.1 48.2
2:c::rir.eris iqa'ier.a 377 2.2 66.2 45.5
?rc:Ods:">il:aa jaspeensia 224 1.2 87.6 38.4

Intake

A g eliaca w rrilli 1253 25.1 25.1 82.6, . .. .. .
nr c;;ea 02:r.erpue 1216 24.2 49.3 97.3
Capite:2 spp. 736 14.7 64 95.7
Oligoc haeta 307 6.1 70 88.0
C;:aceczcne spp. 122 2.4 72.5 62.0
Je Z :f r.: Ji!is 118 2.4 74.9 70.7
Amar:.s R:/re".cicnus 112 2.2 77.1 48.4
C & .e".e!k :srq a:a 109 2.2 79.3 65.8
t'naiola irrce::a 77 1.5 80.3 54 .3
E.:Ji %a heles 67 1.3 S2.1 58.7

Jordan Cove

Oligochaeta 8858 43.3 48.8 98 .3
Ariaidea c2:::arince 2787 15.3 64 .1 85.1
2w-brineria i~pa:iens 694 3.8 67.9 51.2
?:iycier:a a:inius 627 3.5 71.4 (79
.t|elacrist: 3 :riiJe:a 576 3.2 74.6 75.6
Capi e!M spp. 476 2.6 77.2 66.7
2x-brineris tenaia 387 2.1 79.3 61.9
CarsieR anerio r:a 326 1.5 81.1 53.6
FarcpierosyI;is 304 1.7 32.3 59.;

kn;icirr1:2
CJustaesr.e spp. 204 1.7 84.5 70.2
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! that were commonito all subtidal stations. Oligochaetes were the most

abundant organisms at all but the ~ Intake site, accounting for 36-48% of

the> total population. The gammaridean 'amphipod,' Ampelisca verrilli, was *

4

; numerically' dominant at!the' Intake; this species constituted 25% of'all

the individuals. collected at this site. Aricidea catherinae was a

co-dominant member of the infaunal community at each subtidal site,

| averaging over.1000/m and' comprising 15.3-24 2% of the total number of.

, individuals' collected throughout-1979. Chaetozone spp. ranked second at
i

the Effluent and accounted for.22% of the total number; however, at
1

other subtidal stations it contributed only 1.7-7.0% to the total. Over
.

2'the entire year, Tharyx spp. was abundant ( > 1000/m ) at only Giants
,

Neck and was not included among the ten numerically dominant forms at
;

any other site.

,

I

The Biological Index Value indicated that Cligochaetes were the most

consistently dominant organisms at Giants Neck, Jordan Cove, and Effluent

where the BIV was over 97% (Table 5). Aricidea catherinae ranked second
i

at all subtidal. sites indicating seasonal consistency in its numerical.

} dominance. At the Effluent, Chaetozone spp. ranked second numerically,

but-large seasonal fluctuations in abundance resulted in a low BIV

-(65.8%). cThe !ntake species assemblage was numerically dominated by A.,

4

verrilli over the year, but seasonally wide variations in abundance

resulted-in a BIV, which ranged fourth,
f

.

On a seasonal 1 basis, the dominant species complement of most sub.ida'
.

sites was generally similar although the species rankings in terms i. -'
_

Labundance, varied (Appendix 6). Over half of the ten dominant organisms
; 1

|- 160
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collected at Giant Neck, Jordan Cove, and Intake were abundant in three
'

or more collections during the year. The' dominant species at the Effluent

were most variable of al.. .subtidal sites and only three of the ten dominant

species fall into this category.

4

'

The dominant species at all subtidal sites during 1979 were.similar to

O those reported in 1978 (Battelle 1978). ' Differences between years

involved variations in species abundance rather than species presence or

absence. At the Effluent, a high density of Chaetozone spp. , in September-

1978, resulted in a higher mean density in 1979 relative to 1978. In

addition, a sharp increase-in the overall abundance of A. catherinae and

a decrease in P. eximius occurred at this site. The density of A.

catherinae, Lumbrineris impatiens, and Mediomastus ambiseta increased at

i Jordan Cove in 1979. Although overall infaunal density at Giants Neck
i

increased in 1979, the numerical ranking of species was similar to that

of the 1978. An increase in mean abundance of A. verrilli was the only

major change in species dominance that occurred at Intake in 1979.

Intertidal - Annelids also dominated the annual infaunal assemi .m,e at

the Jordan Cove and Giants Neck intertidal sites; however, oligochaetes
.

'

were'a major component only at Jordan Cove (Table 6). The tctal number

of ~ individuals for each species collected during each sampling period is
i

; presented in Appendices 7-8. Oligochaetes, rhynchocoels, and the polychaetes,

Mediste diversicolor, Scolecolepides viridis,-and Capitella spp. were

among the ten most abundant organisms at both intertidal sites. The

numerically abundant species accounted for 97.1% and 99.4% of the individuals

collected at Jordan Cove and Giants Neck, respectively. At Jordan Cove,,

161~
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2Table- 6. -Annual mean density (#/m ) percent contribution. and -
, - Biological Index Value for the ten-dominant species
' , collected at Millstone intertidal stations, September., ,

1978 . June 1979.
|

:
r ,

k' '

x %- Cum % BIV-
'

- Giants Neck

i- Haploscoloplos acutus 634- 22.1_ 22.1 77.2
Raplossoloplos fragilis 493- ~17.2 39.3 88_.2
Sco!scolepides viridis -493 17.2 56._5 91.2

| Rhynchecoela 346 12.1 -68 .6 70.0
Paraonia |ulgens 256 8.9 77.5 80.9+

'

Capitalla spp. 205 7.1 84.7' 61.0
'..

Oligochaeta 195 6.8 91.5 77.9
Rediste diversicolor - 106 3.9 95.2 46.3

i Eydrobia totteni 32 1.1 96.3 36.8
g Cer:n gema 22 0.8 97.1 38.2
i-

!

j Jordan Cove-
i- .

' 011gochaeta- 17,056 81.3 81.3 100.0
Microphthains sesalVouii 1,072- 5.1 86.4 50.0'
CapiteEliz spp. 826' 3.9 90.4 59.1

< '

t Rhynchococla' 819 3.9 94.3 _77.2^

^

Scolecolepides viridis 560 2.7' 97.0 60.8
Gamarus , laurencianus 138 0.7 97.6 54.5
Streblospio benedicti 134 -0.6 98.2 47.7
Gan::arus r:ucrcnatus 106 0.5 98.7 46.6

- FoJydora ligni 90 0.4 99.2 45.5
Eedista diversicolor 42 0.2 99.4 67.6

:
.

A

e

.g.

P

J

h

+ ~ |
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2oligochaetes averaged 17,056/m over the' year, and accounted for 81% of
!

-the: total number of individuals. Although four other species had densities
I

2over-500/m , their contributions to community dominance was low ( < 6%)..

In contrast, the Giants) Neck' assemblage included four taxa, Haploscoloplos
.

acutus,--Paraonis'fulgens, Scolecolepides viridis, and rhynchocoels,

which contributed over 10% of the ; total number- of individuals collected.

- Oligochaetes accounted for only 6.8% of ' the organisms ~ collected at this
;

- site.

t

i~ In addition to the faunistic differences observed between the two intertidal
,

stations, the number of species that consistently contributed to the
;

overall' faunal dominance, as reflected by the BIV, was also different.

At Jordan Cove, oligochaetes consistently ranked first in abundance over

the year resulting in a BIV of 100%. Of the remaining nine nume,rically
; . abundant organisms, only rhynchocoels, Hediste diversicolor, and Scoleco'epides
i

viridis had BIV's above 60%, while seven of the ten dominant species at,

* '
Giants Neck had BIV's over 60%.

1

i

Seasonal changes in the species that-dominated intertidal a:semblages

-were alsc evident on-a numerical basis (Appendix 9). Of the ten dominant.

species at Jordan Cove, only oligochaetes and rhynchocoels were abundant

in more than two seasonal collections;- however, at Giants Neck, seven

| species were numerically dominant on three or more occasions.,

The species that dominated the Jordan Cove assemblage were generally the

same as those reported in previous years, although, the mean density of

163
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some species varied (Battelle 1978). Scolecolepides viridis, the most

abundant species during 1978, ranked fif th in abundance in 1979. Three

-species, Microp'thalmus sczelekowii, Streblospio benedicti, and Gammarus

mucronatus were among the numerically dominant species in 1979, but not"

in 1978. In 1979,'these species were found only in the September collections.
*

The infaunal assemblage at Giants Neck included higher numbers of Hapioscolopolos

acutus, and H. fragilis in 1979 than in 1978, while two abundant members

of the 1978 assemblage, Chaetozone spp. and Polydora ligni were not

among the ten dominant species in 1979.

I

Infaunal Trophic Structure

! Subtidal - Over the entire year, deposit-feeders dominatcd subtidal'

benthic communities (Fig. 2). All feeding types were present at Giants
i- Neck and Jordan Cove. The contributions of omnivores, herbivores, and

( suspension-feeders were higher, and carnivores and detritivores lower,

at Jordan Cove than at Giants Neck. Deposit feeders also dominated at
.

the Effluent; carnivores constituted the second most abundant feeding

type (9.25%). The Intake station differed from other stations, in that,

the numbers of deposit-feeders were lower and numbers of detritivores
.

and suspension-feeders higher, than at other stations. In addition,

this site was the only subtidal station that lacked herbivores.

Deposit-feeders were the dominant organisms in each seasonal collection

made,at the Effluent, Jordan Cove, and Giants Neck sites (Appendix 10).4

At Giants Neck',' the other. feeding groups consistently occurred in low

numbers. ' Jordan Cove communities had large numbers of herbivores in
.
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0
6.25 %

! O H
l DT 2.0 */ 5.5 %
| 3. 5 % 37
'

H 2.0% 3.0 %
SF l.5% DT 4.75 %

DF DF
| C 5.75 % C 5.5% 78.0 %85.25 %

i

|
r

|

GIANTS NECK JORDAN COVE

i

1 0
| 1.0 % H

O.375 %! *

1 O l.875 %
3. 5SF DT

17.2 5 % 19.2 5 % SF l.5%

C
9.25 %

DFC 60% 83.25 %
DF

56 5 %

INTAKE HERSIVORE =H EFFLUENT
SUSPENSION FEEDER =SF
DEPOSIT FEEDER =DF
CARNIVORE =C
DETRITUS FEEDER =DT
OMNIVORE =O

Figure 2. Annual percentage of infaunal species for the six feeding types
represented at each Millstone Point subtidal station.
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September and omnivores in March. At the Effluent, changes in trophic

structure occurred in March and June, when no herbivores were found.

Seasonal variations in feeding types were greatest at the Intake,

deposit-feeotrs dominated in ~ all months except June, when detritivores

dominated. The abundance of suspension-feeders at this site declined

from September through June.

Intertidal - Deposit-feeders generally dominated intertidal populations

at both stations throughout the year (Fig. 3). Differences between the

two stations were evident in the number and proportion of the other

feeding types present. The Gi...s Neck assemblage included high numbers

of carnivores, low aumbers of suspension-feeders, omnivores, and detritivores,

and no herbivores. The Jordan Cove fauns included higher numbers of

detritivores and lower numbers of carnivores and omnivores than the

Giants Neck community.

The seasonal variations in feeding types at Giants Neck were greater

than at Jordan Cove (Appendix 11). At Jordan Cove, deposit feeding

oligochaetes totally dominated throughout the year, with September being

the only time when all feeding types were represented. In contrast,

Giants Neck displayed more seasonal hetereogeneity in trophic composition.

' December was the only month in which deposit-feeders and carnivores were

present. The deposit feeding community at Giants Neck was also different
|

from Jordan Cove because its dominant members were polychaetes rather

than oligochaetes.

|

|
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Figure 3. Mean percents of the six f eeding types represen;cd ac each Millstone
Point intertidal station for the 1979 sampling year. j
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,D.asity and Biomass
<

Subtidal - Infauna density at subtidal stations varied over the year at
b all sites (Table 7). Density was= highest at Jordan Cove averaging
-

2
! .31,331/m .and lowest at Intake (6742/m ). Seasonally, density varied
.

least at Giants Neck and most at Jordan Cove. Infaunal density at
,

- Jordan Cove.and Effluent increased from September to December, decreased

in March and increased again in June. At Giants Neck population densities

;- -increased from September through March and decreased in June while at
;.

the Intake they decreased through March and increased in June,
t

i

The mean population densities of subtidal macrofauna were higher during
i

,

1979 than 1978; the average density at each station increased two-fold

'in 1979 relative to 1978. This increase is believed primarily attributable

to the smaller mesh sieve used in the 1979 study (Appendix 1).

2Subtidal biomass estimates ranged from 103.55 g/m at the Effluent'in
2September to.0.89 g/m at Giants Neck in December (Table 7). Biomass at

Jordan Cove, Giants Neck, and the Intake was higher in September and

March and . lower in December and June. At the Effluent biomass decreased

from September-to June. Bicmass estimates in 1979 were' higher than

those in'1978 at all stations except Giants Neck.1

Intertidal - Jordan Cove population densities were consistently higher
2 2p than those at Giants Neck, averaging 22,322/m and.2985/m , respectively

(Table 7). . Highest density at Giants Neck occurred in September and~

,

lowest in. December. 'At Jordan Cove, highest densities were in March and-

lowest in December.
~

'. 68
,

'

.

I
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2Table 7. Infaunal density (#/m2) and dry weight biomass (g/m ) at Millstone
subtidal and intertidal stations, September 1978- June 1979. !

>
.

Sept. Dec. Mar. June
1978 1978' 1979 1979

Subtidal
Ef fluent

biomass 103.55 26.24 4.74 2.43
density 18,022 22,886 8,307 18,585

3

2 .- Jordan Cove

biomass 6.27 2.43 18.56 7 . 04
density 36,032- 39,244 20,032 30,016

Intake

biomass 29.69 2.17 5.50 1.28
density 13,235 4,864 2,265 6,604

Giants Neck

bioma ss 7.42 0.89 6.78 4.48
density 19,712 26,752 27,904 20,838

Intertidal

Jordan Cove

biomas s 1.92 0.13 0.90 0.90,

d ensity -20,812 6,092 33,356 29,030

Giants Neck

biomass 13.44 4.10 1.92 0.77
density 6,003 1,139 2,342 2,457

1

k
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2- AL LGiants: Neck highest biomass _ occurred in September (13.44 g/m ) and

2decreased steadily to June. Biomass at Jordan Cove exceeded-l g/m only
,

in September, while at Giants Neck biomass exceeded this value in three

of the four sampling periods. Unlike Giants Neck, trends in biomass

- closely ~ parallel changes in population size at Jordan Cove.

Annual estimates of population density and biomass at the Jordan Cove

. intertidal site showed pronounced dif ferences f ron. the 1978 estimates.

There was a 3-fold _ increase in density coupled with a 4-fold decrease in

biomass at this e.ite. Annual density estimates at Giants Neck were

slightly higher than 1978 estimates, while, biomass was more than 6

times that found in the previous yesr.

Station comparisons based on biomass estimates are often misleading,

since the presence of a few large rare individuals will result in over-

estimation of infaunal biomass. In this study we believe density estimates

yielded a better indication of standing' crop than biomass estimates.

Diversity

Subtidal - Species diversity was highest at Jordau-Cove, averaging 4.035

,
over the year (Table 8). At the remaining three stations mean diversity

ranged between 3.482 and 3.519. Seasonally, the range of -infaunal diversity

' at Giants Neck was small.(3.163-3.894). til other. sites exhibited more

- seasonal variability with~high diversity in December and low diversity
_

in September. . Evenness (J) at all but the Giants Neck station followed

170-

,

L



. . -. . . - . . .- ..

s e

i

Table 8. Species diversity at the Millstone subtidal . station, September 1978-
June 1979..

Sept. 1978 Dec. 1978 March 1979 June 1979
Jordan Cove H' ' 3.413 4.668 -4.211 3.849

J 0.611 0.860 0.739 0.639
S 48 43 52 65
N 1061 196 656 958

Intake H' 2.628 4.165 3.712 3.370
J 0.4 97 0.738 0.781 0.717
S 39 50 27 26

-
N 824 301 1 51 194

Giants Neck H'- 3.894 3.169 3.163 J.850
J 0.659 0.628 0.576 0.644
S 60 33 45 63i N 764 448 1065 1048

Ef fluent H' 2.144 4.520 3.174 3.877
J 0.369 0.726 0.552 0.671
S 56 75 54 55
N 1108 625 451 721

-

A

Table 9. Species diversity at the Millstone intertidal stations, September 1978-
~

June 1979-

!
Sept. 1978 Dec. 1978 March 1979 June 1979

Giants Neck H' 2.091 1.885 3.207 2.291
J 0.660- 0.730 0.8 67 0.662-

.S- 9 6 13 11
N 416 70 74 165

3ordan Cove H '. 2.173 1.585- 0.789 0.430
J 0.487 1.00 0.305 0.143
S 22 3 6 8
N 248 3 43 174

H'= Shannon index
J e Evenness,

Sd Number of species

N y Number of individuals

.
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.a similar pattern of high values in December and low values in September.

The high December diversity at Jordan Cove was coupled with a more even
.

distribution of individuals among species with the number of species

remaining fairly constant. At the Effluent and Intake, high diversity

in December was reflective of increasing numbers of species and evenness.
4

No clear seasonal trends in the number or species collected- at the

subtidal stations were evident. -With the exception of the December

collection, the infaunal assemblages at the Intake had the fewest number

of species. Diversity, evenness, and the number of species at most -
3 -

subtidal sites sampled in 1979 were generally similar to those reported

in 1978. However, a considerable change in meau diversity occurred

- between years at Jordan Cove (2.984 in 1978, 4.035 in 1979).

Intertidal - Species diversity at the Millstone intertidal stations were

generally lower than those obtained for subtidal stations (Table 9).

The mean diversity at Giants Neck was 2.68; 'disersity was lowest in
~

December and highest in March. Average diversity at Jordan Cove was
r

lower (1.244) than that of Giants Neck, because of the very low values

obtained in March (.789) and June (.430). Evenness was higher throughout

the year at Giants Neck (x = .730) than Jordan Cove CE = .484). The
t

total number of individuals at both stations was highest in SeptemberL
h-

|

| and June and lowest in December and March.

i

! - During the past two years, diversity at the intertidal stations has
'

_ fluctuated seasonally with no apparent patterns within ' stations. Diversity
|
L

~

is generally more uniform and equitability higher at Giants Neck than

-172
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(Jordan Cove;' the latter. is characterized by low ' evenness and large

seasonal variations in diversity, abundance, and number of species.
i ..
I
!.

1The effects of the smaller mesh size (0.5 mm rather than 0.7 mm), used

to process samples. during the 1979 study, appeared to have little effect

on diversity (Appendix 12). The differences observed between stations
;

and years are probably not an artifact of sampling, but rather reflect

-real fluctuations in species composition.

!-

Faunal Affinity

,

Subtidal - Over the entire year, species overlap between subtidal stations

ranged from 38-49% (Table 10). Giants Eeck and Jordan Cove shared the

most species while Jordan Cove and Intake shared the fewest. Generally4

i

the highest species overlap between stations occurred in June and the'

lowest in December (Table 11). Giants Neck and Jordan Cove were

most consistent in their faunal affinity throughout the 1979 sampling
,

period. The faunal af finity between the Intake population and other
.

. sites was consistently low throughout the year and did not exceed 30%.
2

Temporal variations in species composition at each subtidal site were

high, resulting in low faunal affinity (Table 12). Faunal affinity at
s --

' Jordan Cove was most consistent, followed by the Effluent, Intake and>

f Giants Neck. At' Jordan Cove and Giants Neck, overlap. generally exceeded
i

35%, while Effluent and Intake values were similar to cach other and

usually less than 35%.
.

1
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Table 10. Macrobenthic f aunal af finity ascng Millstene subtidal and among
intertidal stations during the 1979 samplins period.

._

Subtidal

CNS JCS EFS INS
Int ert id a l

GNS 49 48 43

JCS 40 38 JCI

EFS 43 GNI 24

INS

Iable 11. Seasonal n.acrobenthic af finity between sampling periods for each
Millstone subtidal and intertidal statica, September 1978-June 1979.

~

Subtidal
Sectember 19'8 Dece=ber 1978

C:;$ JCS EFS 155 G:.S JCS EFS INS

GNS 46 23 23 GNS 40 19 18

JCS 32 30 JCS 18 IS

ETS 24 EFS 17

INS INS

March 1979 June 197 9
G:;S JCS EFS INS GNS JCS ETS INS

GNS 3S 26 27 CNS 42 42 26

JC" 32 27 JCS 44 26

EFS 13 EFS 25

INS INS

Interti3al

Septer.ber 1973 March 197 9
GN1 GNI

JCI 21 JCI 15

,

|
|

December 1978 June 1979 1

GNI GNI

|JCI 18 JCI 29 '
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Table 12. Macrobenthic faunal affinity -between : sampling pet-iods for each
Millstone subtidal and fintertidal station sampled, September 1978-
June 1979.

.

Subtidal

Giants Neck Jerdan Cove

k S ept .~ Dec. Mar. June Sept. Dec. Mar. June

|. Sept. 35 <4 9 44 Sept. 42 39 42

i Dec. 37 30 Dec. 38 42

; Ma r . 38 >b r . 40

June June

^

Effluent Intake

Sept. Dec. Mar. June Sept. Dec. Mar. June

,

Sept. 34 33 34 Sept. 29 30 26
|

{ ' Dec.- 32 28 Dec. 25 25

i- Mar. 29 Sh r . 41

,

June June
1

8

!
In tertidal

i Giants Neck Jordan Cove

' Sept. Dec. Mar. June Sept. Dec. Mar. June

j. Sept. 58 44 64 Sept. 12 11' 18

, . Dec. 44 54 Dec. 18 13-
| -

| Mar. 40 Mar. 23

; June. June

t

r

6
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Intertidal - The faunal affinity between Giants Neck and Jordan Cove

intertidal assemblages was 24% (Table 10). Variability in species

composition between these sites resulted in low overlap throughout the

year (Table 11). Affinity between sites decreased from September to

March, then nearly doubled to 29% in June. Species overlap among seasonal

collections was higher at Giants Neck (40-64%) then at Jordan Cove

(11-23%).

COMMUNITY ANALYSIS

Numerical Classification of Stations

Classification of sta ions, based on faunal collections throughout the

1979 study, was performed to relate stations that had similar species

composition and species abundance. Two distinct station clusters separated

intertidal from subtidal sites (Fig. 4). On an annual basis. Jordan

Cove, Giants Neck and the Effluent subtidal sites were faunistically

similar and linked at around 60%. All pairwise comparisons of these

sites using Spearman Rank Correlation revealed significant (p < .10)

positive correlations in species abundances (Appendix 13). The fauna at

Intake was most unique of all subtidal sites clustering at 34%. The

only significant (p < .10) positive correlation was between the Intake

and the Effluent. The annual infaunal populations of intertidal sites

linked with each other at 42%, and the Spearman Rank Correlation Coef ficient

was not significant (p s.10).
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Figure 4. Dendrogram of similarity between "llstone subtidal and intertidal
stations based on macrofaunal collections during the 1979 sampling
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Comparison of the stations by season yielded a dendrogram of two large
;

groups that ' generally separated subtidal from intertidal sites, but no

consistent seasonal relationships were apparent (Fig. 5). Within the
'

subtidal group (A), the Jordan Cove and Giants Neck sites formed numerous

pair-wise comparisons, linking between 40% and 50% similarity. Effluent

collections in September and March were the most similar of all subtidal
*

collections within Group A; however, seasonal variations of infaucal
;

| populations at this site resulted in large changes in similarity between

Ef fluent collections and other subtidal samples. Two Intake collections,

September and December, formed a station pair at 48% but these were

considerably different from all other subtidal collections and linked

. with them at around 30%.
!

The second major group (B) was divided into two distinct clusters ti.at

exhibited low similarity to each other. The first of these groups (C)

was composed of Giants Neck and Jordan Cove intertidal collections, and
*

these showed a higher similarity within a station rather than between
i
*

. stations.
.

~

The'second group (D) included both intertidal and subtidal stations.

Two Intake samples formed the 'most similar pair-wise comparison (63%)

and'these were linked to the March intertidal collection from Giants
; Neck. Another unusual pair-wise group of September Giants Neck intertidal
f

and. December Giants Neck subtida'1, linking at 45%' similarity, was included
,

in group D. Since the stations composing cluster D had low species

numbers and l'ow density, the presence of one organism in .high abundance

-(Capite11a spp.)?at these sites greatly influenced their relationships
a
p withLother stations.
!
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The relationship among subtidal stations in 1979 was somewhat different
:

from that reported in the previous year, although the strong similarity
'

bet' ween Jordan Cove and Giants Neck remained evident. During 1978, the,

Intake assemblage was closely associated with Jordan Cove and Giants
,

Neck.(50% similarity level); however, in 1979, the similarity between
|

Intake, Jordan Cove and Giants Neck was less than 40%.
4

b

Numerical Classification of Species
.

Classification of the ten most abundant species was performed to identify;

similarities between species collected at each station over the entire

j year, and the dendrogram is presented in Figure 6; each species name is '

listed in Table 13. The clustering procedure resulted in two distinct

faunal groups which separated subtidal (Group I) from intertidal (Group II)
,

species. Higher similarity generally occurred among subtidal species
i groups than intertidal.

i

The subtidal cluster was subdivided into Groups A, which included species
*

,

abundant only at the Intake, and. Group B, which consisted of species-

common to more than one station. Additional subdivisions of Group B

included a cluster of' species that were numberically dominant and generally.

ubiquitous.(Group D). Species in Groups E and F however, were less

abundant and more restricted in their distribution, being found at
i generally 'less .than two of the four sites.
,

.

The intertidal species. cluster (II) also separated the numerically
5

| abundant forms,- (Group G) from those of lower abundance (Group H). The

i
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Table 13. Species names corresponding to codes used with inverse
classification of subtidal and intertidal species collected
at Millstone benthic statier- sampled from Sept. 1978 - June 1979.

Species Species

Ga";":arua mucronatus-GM Prc :darvillea facpecncia-PG

3treb:22pic benedicci-SB Caullerei ia app.-Ca

Ga'7"arus laurencianua-GL E ca:ne ebec-En

Vierc=hthalma eccelkcuii-MS Tellina agilia-TAe

?clyicra li i-PL Parapicncayllia icngiairra a-PAL

liediate divercicolor-HD Palpirrua c=i dua-PE

Eydrobia tocteni-HT Chaetczone opp.-CH

Cc ma ge =a-GG Thary: s.c.o . -Til

Paracnic 'lu.=cna-PF Capitella typ. -C?s

:!aploccolcpolca fragilia-HF Aricidea ca:herinac-AC
Hapic 30icpoics acutua-HA Olig:chac a-o

Scolecolepidee viridis-HV Unciala irrcrata-UT

De-brinerie i-vatiens-L1 Polidora quadraloba a-PQl

he-brincric tenuie-LT Clymenella corquaca-CT

'!cdicmas:uc ar:biseta-MA .43e2iaca uceriili-Av
Carcicila =ericana-SA Nicr:phthain.tc aberrana-ML

Pho:ccephalua halbolli-PH Cuenia fusifor'da-OF
Rhynchcace la-?di |Iucula prcrim '.'?
. . . ..

Es dcrh e A n h' h Y$"~ o
s

1

1
|
|

|

I

1
!

|

|
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,

very low similarity between these groups is reflective of a spatial_

discontinuity in. intertidal species distribution. Three of the five

species in Group G and both species in Group K were numerically dominant

only.at Giants Neck. Group I was composed of six species, five of which

(Group J) were abundant only at Jordan Cove and one species that was'

common at both intertidal sites,

e

l'

Numerical Classification of Species by Stations

,

Inverse cluster analysis for each subtidal and intertidal station was

i , performed using the Bray-Curtis similarity coefficient, based on the ten

numerically dominant species (Fig. 7). Stations were analyzed separately,

!

to eliminate differences in the spatial distribution of species thus

maximizing the temporal relationships. The Biological Index Value was,

}' included as an indicator of species dominance.

Cluster analysis of the dominant species complement of each subtidal and,

intertidal site resulted in one large group (A) that linked with small

species groups (B and C) at less than 50%. At the Giants Neck, Jordan

Cove, and Effluent subtidal sites, the large group (A) included species
,

that varied seasonally in abundance, as reflected by low BIV's. The
i '

variable species linked with the more consistently abundant ones between,

i

40-47%.

;

In contrast the large. species group (A) at the Intake site was composed
!
'

of eight species that were generally dominant throughout the year.

183
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At the Jordan Cove' intertidal site the abundanc2 of most species was
,

seasonally variable resulting in a large species group (A) that had low.

'

BIV's (Fig. 8). In contrast, Giant's Neck species formed a large cluster (A)

composed of'seven consistently dominant species.

DISCUSSION

1

The benthic communities of the Millstone Point area are heterogenous assemblages

that are numerically: dominated by deposit feeding annelids. The dominant
i

feature of this community are the large fluctuations in species density and

composition that occur among stations and between sampling periods. These

| fluctuations are characteristic of shallow water infaunal assemblages (Coe 1956;

Sanders 1960; Maurer, Leathem, Kinner and Tins =an 1979) .
4

J

Seasonal variability of benthic infaunal density and composition in Long

Island Sound has .been attributed to an unpredictable physical environnent

(Sanders 1968); however, the importance of. biological factors has also been

stressed' (Rhoads and Young 1970; Rhoads et al.1978) . McCall (1975) related

the temporal variability of Long Island. Sound polychaete assemblages to

continual' disturbances of the local seafloor. Biernbaum (1979) attributed

seasonal fluctuations in amphipod populations to changes in sediment texture,'

and Fran: (1976) reported that fluctuations in molluscan abundance were related
.

to physical and biological factors affecting survival of larval and post-larval
.p

stages.

~

Subtidal Despite' the'large temporal fluctuations in density and species

composition at our sites, some distinct differences were evident among
~

,
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the subtidal stations. The infaunal . community at Giants Neck was unique

because of the presence of high densities of Tharyx and other cirratuild

species. The sediment composition at Giants Neck was also different

from other sites, being of smallest grain size and containing the highest;

percentage of silt. This site was located near rocky outcrops that

supported large numbers of the blue mussel, Mytilus edulis, and as a
i

result large amounts of broken shell.become incorporated into local

sediments. This shell might help stabilize the sediment, by reducing

current velocities across the sediment-water interface, and thus allow

set.iing of fine silty material. A relationship between high abundances

of cirratubid species, including Tharyx, and pockets of silty material

has been described by Jumars (1975). A shell-sediment habitat also
1 occurred at the Effluent, where large numbers of empty gastropod shells
,

occurred in the sediment; however, silt content of Effluent sediments
f

was consistently lower than that of Giants Neck sediments. Although

high densities of the cirratulid, Chaetozone spp., occurred at the

Effluent in September, silt content was very low (0.1%), thus any strict

relationship between the abundance of this species and silt content at

'this site remains unclear.

[ The Jordan Cove subtidal station was most affected by variations of the

physical environment. Sediment grain size and silt content varied at

this site during the year, possibly. reflecting seasonal changes in wind

direction and. sediment transport patterns. An increase in grain size

_and a. decrease in silt content occurred _in' September when frequent
~

|~

( storms and northwesterly winds occurred. This scouring effect was.of
|

| .short duration,'and grain size. decreased and silt content increased

187
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again by December. The changes in~ sediment composition at Jordan Cove

resulted in a benthic fauna that varied in density and composition.

The species assemblage at the Intake station was different from other

sites because of' the high abundance of suspension feeders and low abundance

: of deposit-feeders. Strong tido! currents in this area (NUSCO 1976;

Stone and Webster 1977), were probably responsible for' enhancing the

development of~a suspension feeding community. The removal of organic

material by currents could also inhibit the development of infaunal

populations, requiring deposited organic matter (Wildish and Krishmanson

1979) as a food source, and this may explain the low abundance of oligochaetes,

in this area. Species such as Aricidea catherinae, which ingest sand

grains, proliferated at this station despite the strong currents.

- Although the subtidal community characteristics of density, biomass, and

diversity were within the ranges reported for other East Coast studies

(Sanders 1960; Phelps 1964; Orth 1973; Normandeau 1977; Maurer et al.

1
1978; Maurer, Leathem, Kinner and Tinsman 1979), the species composition-

was different. Sanders (1956) described a typical benthic community in

Western Long Island Sound as being dominated by Nepthys incisa and

Yoldia limatula; these species were generally 7,st abundant at depths of

' 4-30m in areas, where silt-clay content exceeded 252. ' McCall (1975)

described an additional species assemblage in this area, dominated by
'

Capite11a capitata, Streblospio benedicti, and Ampelisca vgiorum. He

considered these species capable of rapidly re-colonizing areas recently j

disturbed by physical. or biological factors. The differences between

the benthic infaunal communities at Millstone stations and those of

188
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other researchers in LIS may be reia.<o to the lower stlt-clay fractions'

in the Millstone area caused by the strong tidal currents (NUSCO 1976;

j Stone and Webster 1977). However, the silt-clay component of the sediments

cannot alone explain the absence of the Nepthys-Yoldia assemblage at the

Giants Neck site, since silt-clay content at this site was conside' ably.
4

higher than that reported by Sanders (1956) as necessary for the development

of this type of community. 'The presence of pytilus shell in the sediments
;

at this station may be o primary factor preventing the establishment of
' a population of burrowing deposit feeding species. Several researchers

have reported reductions in populations of burrowing deposit feeders
1

when suitable sediment area is reduced by the presence tube dwelling

polychaetes (Fager 1964; Rhoads and Young 1970; Woodin 1974), and it is

possible that the incorporation of Mytilus shells into the sediments at

I Giants Neck may act ia a similar manner.

Intertidal - Intertidal. communities are exposed to more extreme variations

in temperature, salinity and wave action. This high energy environment

strong!y influences the structure of intertidal communities (Sanders

1968; i!alland and Dean 1977; Whitlatch 1977). Studies of exposed intertidal
4

sandy beaches have reported high abundances of haustoriid amphipods

(Dexter 1969; Croker 1978; Eleftheriou and Nicholson 1975; Croker et
,

al. 1974) while polychaetes and molluses become abundant in sheltered
.

. areas (Whithes and Thorp 1978). .The annelid dominated assemblages found

at Jordan Cove and Giants Neck were more typical of those found on more

sheltered sandy beaches exposed to intermediate wave action.
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The _ range of ' species diversity at M'illstone intertidal sites was similar

to that of amphipod dominated communities (Croker 1978; Normandeau 1977;

- Gray.1974; Croker et al. 1974; Dexter 1969) but much lower than that of

. polychaete dominated mudflat. areas (Sanders et al.1962). The strong

spatial differences in species composition between Millstone intertidal

is tes. is probably a reflection of the contrasting sediment composition

: of these stations. Sediment composition at Giants Neck was consistent

over the year with very low amounts of silt-clay and the infaunal commuraty

was dominated by species that ingest sand grains. In contrast, the

seasonally varying Jordan Cove sediments, with higher amounts of silt-clay

and detritus supported a community dominated by a few highly abundant

species that were more dependent on organic detritus.

POWER PLANT INPACTS

During 1979, no changes in the Millstone area subtidal or intertidal
" . infaunal communities coult be attributed to operation of the Millstone

Nu~ clear Power Station. Changes in infaunal density and species composition

between 1979 and the previous ~ year were believed to be natural fluctuations,

which are characteristic of shallow, subtidal and intertidal communities -

exposed to_the physically unpredictable environment in-the Millstone Point

area.

,
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LOBSTER POPULATION DYNAMICS,

i

INTRODUCTION

1

+

The American Lobster, Homarus americanus, is an important commercial and

sport species of the Millstone Point region. As such, it is necessary

to monitor the population characteristics and standing crop to identify i
4

any possible impacts by the operation of the Millstone Nuclear Power

Station. There are three potential sources of impact attributable to
.

| plant operation: impingement of post-larval lobsters on the intake
i

! traveling screens, entrainment of larvae through the cooling water
1

; intake system, and possible thermal effects of the heated effluent
,

j waters (e.g. varying growth rates, aberrant molting or movement patterns).

The lobster population has been monitored with varying degrees of effort

since'1969 (Battelle l'978). During the past four years, intensive

[ sampling programs have been conducted to measure population characteristics

and estimate population size using tag and recapture techniques. Since
,

i

1976, almost 16,000 lobsters have.been captured and pertinent measurements-

taken.
f

, --Although ts.: lobster has been extensively studied throughout much of its
,

range, few lang-term investigations have been undertaken within Long-
'

Island Sound (LIS). Stewart (1972) studied the movements, population

dynamics, and ecology of lobsters in a small area of Fisher's Island

Sound; Lund, Stewart, and Rathbun (1973) inventoried lobster habitat and
~

,
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r

gathered data on lobster movements throughout the Sound; Smith (1977)

described population characteristics in LIS and socioeconomic aspects of

,the commercial fishery along the Connecticut coast; Briggs and Mushacke
i

[ (1979) published results of a three year study on selected population

s - characteristics of lobsters in western LIS.
:

J.
.

t If there is significant impact of the Millstone Power Plant on the local
b lobster population, then this should manifest itself by altering the
. standing crop and/or population characteristics in the area. Efforts-

-

,

i are made to compare population characteristics with those of surrounding
|

areas and identify any temporal changes-.

:
i

MATERIALS AND METHODS
,

|

To ef fectively sample the area lobster population, three stations were
*

established surrounding Millstone Point: Jordan Cove, east of Millstone

Point; Intake, along the western shore of Millstone Point near the power
1:
'

; plant intake structures; and Twotree, about 1.6 kilometers of fshore neara

Twotree-Island (Fig. 1.). These three stations were chosen because they
1

were dominated by rocky outcroppings and as such were the most suitable

; lobster habitat-in the area,

f
F

|
1

-In May 1979, twenty. commercial lobster pots (10 metal and 10 wood) were
f

,

_ placed at each station. Wooden lath pots (3-5cm. lath spacing) and metal
!

I wire pots (2.5cm x 2.5cm' mesh) were fished in trawls consisting of

5 pots strung between two marker bouys. For the first half of the study
(. May,through July) each station was' fished with two wood pot trawls and

.
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two metal' pot trawls. For the remainder. of the study (August through4

0ctober), wood and metal pots were alternated on each' trawl. The trawls

were hauled on Monday, Wednesday, and Friday, weather permitting.
~

- At each station, all lobsters were removed from pots, claws restrained

with rubber bands, and pots rebaited. To standardize the ef fect of bait

on catchability, flounder carcasses were used throughout the study.
:
'

Carapace length (CL), sex, presence of eggs (berried), crusher and
*

. pincher claw position, missing claws, and molt stage were recorded for

all lobsters captured. Criteria of Aiken (1973) were used in determining

molt stage. Recaptured tagged lobsters, severely injured individuals,.
t

and those less than 55mm CL were returned to the water. All others were

taken to the laboratory and held in separate continuous flow saltwater

tanks according to station caught and pot type used. Each Friday, all '

lobsters collected that week were tagged with a numbered, international
iorange sphyrion tag as described by Scarrett (1970), and returned to the
I

4

| site of capture.

i

4

The size of the local lobster population was estimated using the method- .

of Jolly (1965)'as modified by Seber (1965). This multiple census
*

method uses tag and recapture data collected from an open population in

f which recruitment, immigration, mortality, and permanent emigration are
.

.

operable.

;

t At'each station, prior to pots being pulled, surface and bottom water
-

temperatures and salinities were recorded with a Beckman salinometer.

. General seaLand weather tonditions were noted.
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Methods for collection of lobsters impinged on the intake traveling

screens are described in Section 2. Collection of lobster larvae

from entrainment samples are described in Section 3.
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RESULTS AND DISCUSSION I

i
lPhysical Measurements ;

Based on measurements taken during each sampling trip, monthly mean

surface temperatures and salinities and mean bottom temperatures and

salinities were calculated for each station (Table 1). Bottom water

temperatures ranged f rom about 7 C early in May to over 20"C during the

summer menths. Surface water temperatures were up to 2.1"C higher than

bottom temperatures. Water temperatures at our two shallowest stations,

Jordan Cove and Intake (4-6 meters in depth), were similar. Twotree,

the deepest station (about 12 meters in depth), consistently had the

lowest water temperatures (surface and bottom). Surf ace water salinit ies

dif fered slightly from bottom water salinities and neither varied appreciably

between stations nor throughout the study. Due to the spring freshwater

runoff, salinities were lowest in May and June These data show a

pronounced seasonal change in water temperature throughout the Millstone

Point area, but very little change in salinity.

Area Population Characteristics

Catch per Unit Effort - In 1979, 5,031 lobsters were caught in the

Millstone Point region. Catch per unit effort (CPUE) was 123 lobsters

per 100 pots hauled. In 1978, 4,371 lobster: were caught with a CPUE of

76 lobsters. Monthly CPUE for total catch (lo5sters of all sizes) and

for legal catch (lobsters greater than 81mm CL) was calculated for each

station and for each pot type (Table 2).

!
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Table 1. Monthly mean water temperature (cC) and salinity
(0/00) of surface (S) and bottom (B) waters
at each station in 1979.

Temperature (OC)

Jordan Cove intake Twotree

S B S B S B

May 10.3 9.5 10.5 9.5 9.9 9.2

June 15.0 14.2 15.2 14.4 14.5 13.9

July 19.9 17.8 19.2 18.3 18.3 17.7

Augu st 20.6 19.6 20.2 19.8 19.7 19.2

September 19.8 19.2 19.8 19.3 19.2 18.?
,

Oc tober 17.0 15.9 15.8 15.7 15.6 15.5

Salinity (0/00)

Jordan Cove Intake Twocree

S B S B S B

May 29.1 29.9 29.2 29,8 29.3 30.0

June 29.2 29.7 29.3 29.5 29.0 30.0

J ily 30.0 29.9 30.1 30.1 29.8 30.2

Au gu st 30.2 30.4 30.S 30.6 30.5 30.7

September 30.8 30.5 30.8 30.7 30.8 31.0

October 30.8 30.9 30.8 30.8 30.9 31.0
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Table 2. Monthly catch per unit effort (per 100 pot hauls) for
total catch and legal catch (carapace length _81mm)
for wood and metal pots at each station in 1979.

JORDAN COVE

Total Catch Legal Catch

Wood Metal Wood Metal
May 82 124 4 3

June 108 188 21 12

July 134 281 21 36

Augu st 101 227 12 10

September 77 173 7 10

October 70 132 9 10

INTAKE

Total catch Legal Catch

Wood Metal Wood Metal
May 59 112 1 6

June 93 194 17 20

July 142 182 30 26

August 129 191 22 18

September 91 181 13 5

October 43 134 4 4

TUOTREE

Total Catch Legal Catch

Wood Metal Wood Metal
May 117 161 12 8

June 108 166 16 12

July 96 122 19 13

9 pst 55 73 10 9

September 40 100 10 13

October 51 71 13 12

|
1

l
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A multiway analysis of variance was performed on these data to test for

significant (2-0.5) differences between CPUE for the 6 months sampled,

Ifor the three' stations, and for the two pot types (Table 3). For total

catch, the CPUE varied significantly with month, but the month with the
'

highest CPUE varied w..h the station. At Jordan Cove and Intake the

catch peaked during June through August, while at Twotree catch peaked
i

during May and June. Total catch varied significantly between stations

with Jordan Cove having the highest CPUE and Twotree the lowest. Metal

pots' caught significantly more lobsters than wood pots.

3

For legal-sized individuals, CPUE varied significantly with month. As
'

!
; with total catch, the legal catch varied significantly between stations. ^

!
!At all three stations, the legal CPUE peaked in July, but it subsequently '

,

declined at Jordan Cove and Intake. At Twotree the legal CPUE was more-

i
,

; consistent throughout the sampling. There was no significant difference

j in the legal catch between stations or between metal and wood pots.

t

The increased catch per unit effort this year over 1978 was most likely
|

due to -a reduction in the number of months that sampling occurred and to
,

the increased use of metal pots. In 1978, sampling was conducted from

' January through November A change _to sampling during the ootimal catch.

months of May through October in 1979 resulted in the observed higher

. fishing efficiency. Metal pots were only used from August through

November in 1978; in 1979 they were used throughout the study. The

metal pots with a-2.5cm x 2.5cm mesh prevent the escape of smaller

,_ _ lobsters that are able to escape through the 3-5cm gap in the laths of

the wood pots. Similar results were reported by Krouse (1973, 1976) and
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. Tabic.3. Multiway , analysis of . variance on catch per unit ef fort for total catch and~

: legal catch '(carapace length QE 81mm) for 1979.

,

TOTAL CATCll '

. Source of Var iat ion df SS MS F

Mode 11 120 100171.49 5008.57 11.93**
s Month 5' 21987.76 4397.55 10.47**
' Station 2 12877.80 6438.90 15.34**
- Pot Type 1 41227.21 41227.21 98.20**
Month X Station 10 19477.34 1947.73 4.64**
Stat ion X PotE Type 2 4601.37 2300.69 5.48*-

'

Error 15 6297.61 419,84

-

,

Correc ted . Total 35 106469.10

n
3

LEGAL CATCll
~~

Source of Variation dr SS MS F

tbdel 20 1770.08 88.50 5.91**-
Month 5 1285.23 257.05 17.16**
Stat ion 2 16.00 8.00 0.53

l' Pot Type 1 5.70 5.70 0.38
Honth X Station 10 443.66 44.37 2.96*
Station X Pot Type 2 19.49 9.75 0.65

g Error 15 224.70 14.98
4

_

Corrected Total 35 1994.78 .

----

* P < .05
* * P <t . 01 *

, ,

J
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by Battelle (1978). Krouse (1971) reported that lobsters be'_ ween 68-70mm CL

were- fully vulnerable- to metal pots while with wood pots only' individuals

greater than-85mm CL. Although we would expect metal pots to catch more.

. lobsters in the 81-85mm CL range, our data does not support this contention.

i

The positive relationship between catch and water temperature is well

established (McLeese and Wilder 1958; Dow 1966, 1967, 1976, 1977;

; Cooper and Uzmann 1971; Flowers and Saila 1972; Dow, Bell, and Harriman

1975). Weekly catch per unit effort and mean weekly bottom temperaturee
1

|: were plotted together to show their-relationship (Fig. 2). At Jordan
a

[ Cove and Intake a significant positive correlation was found (Spearman

rank correlation, P < .05). However, at Twotree the catch was significantly

negatively correlated with bottom water temperature. In their laboratory

I experiments McLeese and Wilder (1958) demonstrated that the activity of

lobsters in Canada was low at temperattares less than 10 C' and increased:

; at temperatures above 10 C. In our field study, as temperatures increased
.

past 10 C, catch began to increase at Jordan Cove and Intake and peaked

at temperatures between 15 C and 20 C. At Twotree, the peak catches

' were highest between 7 C av.s 15 C. Since catches at Twotree decreased

as they increased at Jordan Cove and Intake, the movement of 1.obsters

from Twotree to our inshore stations is a plausible explanation. Our

movement ~ data does not, however, support this hypothesis. If lobsters

;. are moving, they.are-more likely moving offshore. Further examination

of the data is needed to support'this contention.'

' Size Frequencies - The size distribution of lobsters caught in the

Millstone. Point ~ area are presented in Fig. 3. Sizes ranged from 44-100mm CL
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Jwith a.mean CL for all lobsters. of 72.7mm. -Legal-sized individuals,

(> 81mm CL) comprised '10.7% of the total catch. -Assuming a~ growth per
,

molt of 13% in carapace . length, 92% of the legals could have come into
:

the fishery on the previous molt (i.e., newly recruited individuals).

.

;.. The catch of the two types of -sampling gear, wood and metal pots, were

of different . size d'stributions (Fig. 4). These differences were signifi-i
.

'

,

_ cant (Kolmogorov-Smirnov test, P<.05), with the metal. pots having.a

,
greater proportion of smaller lobsters in their catch. The mean CL of

1-
lobsters caught in tiie. metal pots was 71.2mm and was 75.6mm in the wood'i

pots. '

,

,-

There were no significant differences in the size distributions of

i- lobsters caught at each station (Fig. 5). At Twotree the mean carapace

length was 73.3mm; at. Jordan Cove and Intake the means were 72.2 and

: 72.9, respectively. Twotree had slightly more legal-sized lobsters with

11.6% of the catch, while Intake had 11.1% and Jordan Cove 9.7%.
J

;

The-size distribution has changed little from the catch of last year

(Battelle 1978). This year-there were more individuals in the smaller-

; . size | classes than last year, largely resulting from the increased use of

metal pots. Smith (1977) calculated the average- carapace length at,

:

.{' about-79mm in an area of LIS east of the Connecticut River. Briggs and
,

-Mushacke (1979) working in western LIS calculated the average carapace
: :
'

- length at about 77mm in the_ catch they examined. From our wood pots

- (the type used-by Smith and~by Briggs and Mushacke) the average was

e :75.6mm. -Marcello, Davis, O'Hara and' Hartley (1979) in their investigation
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of the' lobster population in Block Island Sound calculated an average

ca rapace length . of .74. lmm. - Although their sampling gear was similar to4

! our; metal pots, our average CL was 71.2mm.

.! -

The percentage of legal individuals in the. catch,15.4% for wood pots

and 8.2% for metal pots, was considerably lower than the 24.6-30% reported

by other area investigators (Smith 1977; Briggs and Mushacke 1979;

- Marcello, et al. 1979).
,

_

Three possible factors might explain the greater-

! percentage of sublegal lobsters in our catch. First, our nearshore

stations (Jordan Cove and Intake) may support smaller lobsters than the
-

deeper water stations of the other studies. We have some evidence of4

;-
4

' this since our deepest station, Twotree, had slightly larger lobsters

'and a somewhat higher percent legal. Second. the exploitation rate may,

1

be greater in our study are- than in surrounding areas. Ninety-two1

percent of our legal catch were newly recruited individuals. This high

value attests to the high exploitation rate of lobsters throughout the

study area. 'The third possible explanation was that our sampling from

May through October was conducted in a limited study area, in contrast
,

to the larger areas fished by commercial lobstermen.
t

| Sex Ratios - This year 54.2% of the catch were males and 45.8% were
'

females. In the previous three years (1976-1978) males made up 51% of
i

! the catch, females 49%. At Jordan Cove 58.8% of the catch was male and
.

at Intake 53.6%. Ilowever, Twotree differed with only 47.6% of the catch

- male. This pattern has been observed since 1976 and was supported.by a

! number of' area- studies. Briggs and Mushacke (1979) found that in deeper

waters,-females dominated the catch,.while males dominated in shoaler,

i

r

.
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waters. Smith (1977), Marcello, et al. (1979) and Stewart (1972) working

in waters similar in. depth to Twotree, reported similar higher percentages
L.of females in their catch.

.

Berried Females - In 1979 and in 1978 3.1% of all female lobsters . caught

were carrying . external eggs (berried). Twotree has the highest percent

of berried females with S.2%, followed by Intake with 2.8% and Jordan
.

Cove with.l.7%. This trend has been observed in previous years (Battelle

1978). Stewart (1972) reported 2.6% of females were berried off Noank,

Connecticut, Smith .(1977) found about 8% east of the Connecticut River,
t

and Marcello, et al. (1979) reported 5.2% in Block Island Sound. These

values differ considerably from those reported in restern LIS where

Smith reported 27.3% of females berried and Briggs and Mushacke who
'

found 27.6% berried.

1

The size distribution of all berried females caught in 1979 is shown in
'

Fig. 6. The overall mean size was 80.6mm CL with the smallest individual

64mm CL. The mean carapace length has not changed from the 80.lmm of

1978. ~ About 54% of the berried females caught this year were of sublegal
4

size. Briggs and Mushacke (1979) reported similar results while Marcello,

et al. (1979) and Smith (1977) reported higher values of 83.1mm and

6.6mm,.respectively. The smallest berried female caught in 1979 was8

smaller than reported by most of the area investigators. Briggs and
1

Mushacke (1979) did report a herried female of 64mm CL from western LIS. |
l

- It appears from available- data that female lobsters in LIS and Block

Island Sound mature earlier than those off the coact of Maine and the
,

- outer shelf which mature at 90mm CL (Skud and Perkins 1969;-Krouse 1973;
c .

i Thcmas 1973).
! -.
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There has been a decline in the percent of berried females of sublegal

size from the 67.2% of 1978 to 53.7% in 1979. These value.i are considerably
;

higher than reported by Marcello,.et al. (1979) who found 31.5% sublegal

and Smith (1977) who reported only 26%.

There is an indication that while the percent berried female in the area

has changed'little in the past few years, the size at which female

lobsters are maturing may be decreasing; however, with such a small

sample size, these trends could represent random events.

. Claw Loss - In 1979, 16.2% of lobsters caught were missing either one or

[ both claws (culled). Twotree had the lowest percent cull with 9.6%

J while Intake and Jordan Cove each had about 18%. Legal-sized individuals.

had a higher percent cull than sublegals, 18.4% and 13.9%, respectively.

There was no change in the percent ull in the catch since last year's

16.5%. Smith (1977) reported that sublegal, rather than legal-sized

lobsters, as in our study, exhibited the greater claw loss. He also
1

; found a percent cull of about 26%. The two principle causes of claw

loss are recognized as handling by lobstermen and by aggressive behavior

-of lobsters in dense populations (Scarrett 1973). Sublegal individuals

would be expected to suffer greater claw loss in both cases. The reason

for our data differing from the expected results is primarily sampling

methodology. Using metal wire pots we catch many smaller lobsters not

F vulnerable to the commonly used wood-pot. These individuals are therefore

; infrequently handled by lobstermen. However, these smaller lobsters are

) vulnerable to aggressive behavior of large lobsters in the restricted
|

environment of a metal pot. It'therefore appears that handling is more

responsible for'. claw loss than aggressive behavior.

'
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Molting Patterns - During 1979 2.7% of the lobsters caught showed signs

of imminent molt (Table 4). .The onset of a spring molt appeared in June

at all_ stations, but the appearance of a fall molt was only evident at
1

Jordan Cove. Jordan Cove had the largest percent of molting lobsters-

: ~with 3.4% of the catch.

I -Another method employed to detect mass-molting behavior is inspection of

; the percent legal-sized lobsters in the catch. A nadir in the plot of

percent legal vs. month (Fig. 7) indicates a depletion of legal-sized*

lobsters with the subsequent recruitment resulting from molting into

legal size. This plot supports the occurrence of a molt in June and

another beginning in October.
.

i-

.

The correlation between bottom water temperature on molting is shown in.

Fig. 8. About 98% molted at temperatured between 12 C and 20': with the

; peak between 14 C and 16 C.

.

Although molting lobsters were observed in the catch throughout the.,

I sampling, there is--good evidence that June and November mass molts
i

described by Lund, Stewart, and Rathbun (1973) in LIS also occurred in

the Millstone Point region. The peak molting period coincides with
E

| bottom water temperatures of between 14-16 C. The mean bottom water
!.

_

temperature in June was 14.4 C and October 15.5 C. The rise in percent ~
.

' nolting'in the catch at Jordan Cove in October and the general increase

in the number of legal-sized . individuals in October is a good indication

|| that the November molt occurred.
;

..
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Table 4 Monthly percentage of molting lobsters in the |
catch for each station,1979.

]

S tat ion
All

Month Jordan Cove intake Twotree S ta t ions

May 1.0% 0.6% 0.0% 0.5%

June 8.3 6.7 4.8 6.6

July 4.1 1.8 3.1 3.1

Aug. 1.5 1.3 0.6 1.3

Sept. 0.9 1.7 0.9 1.2

Oct. 2.0 0.9 0.0 1.1

TOTAL 3.4 2.4 2.1 2.7
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'The spring molt was noted by other area' investigators- (Briggs and Mushacke

| 1979); Marcello, et al.1979); neither study sampled into the fall. In

Maine and in offshore waters, one period of peak molting has generally

been reported (Krouse 1973; Skud and Perkins 1969). Although temperature

is strongly implicated as triggering the molting process, Hughes and

Matthienssen (1962) additionally suggest a " rapid increase in body

tissue resulting from increased feeding activity during the warm summer

months" might be responsible for the fall molt.

Tagging Program
4

,

Of'the 5,031 lobsters caught in 1979, 3,732 were tagged and released;

674 were recaptured individuals. The remainder were either released

i untagged (caught in October so only examined for tags, less than 55nm. CL,

injured, or dead) or they were recaptures tagged prior to 1979. The

percent recapture in 1979 of 18.1% increased from the 11.8% of 1978.

The percent recag.ure was highly variable in tagging studies by othere

researchers (5.5%-76%1 and .eemed to depend on the size of lobster.

i

tagged and the site.of celease (Cooper 1970; Cooper and Uzmann 1971; Dow

1974; Krouse 1977). '

Approximately 80% of tagged lobsters caught in our study were recaptured;

|
'

only once; 14% were-recaptured twice and 4.8% three times. These values;,

are similar to findings from 1978 (Battelle 1978).
|

L

| . The average time at large for recaptured iadividuals was 44.8 days. The
r;

g

' minimum was~3 days (smallest possible since all tagged lobsters are-

217
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released on. Friday) and the maximum. was 434 days for an-individual

released in 1978.-

When lobsters are tagged, they are examined for presence of a scar 'from
~

) in lost tag. This scar is obvious if the individual has not molted.

. Using the occurrence of.these scars, we were able to estimate tag loss

at about.14%. .This value is the same as reported in 1978. Other investi--

gators using the sphyrion tag estimated non-molt -induced tag loss at
o

,

between 6.2%.and 12% (Fair 1977; Stewart 1972). Loss of tags due to
,

molting has been estimated at about 12%~(Cooper 1970).
!
,

..

Interstation Movement - During 1979 interstation movement was minimal

with only135.of the 674 recaptures, or 5.2%, having moved from the.

station where released. - At Twotree and Jordan Cove, 99% and 97.5% of -

the lJbsters released there and subsequently recaptured had not moved4

1 (Fig. 7). At' Intake, 84.1% of t a lobsters stayed; 12.7% moved toh

Jordan Cove and 3.2% moved to 'i-otree These data support the conclusions
I that inshore lobsters tend to form localized populations (Wilder and

Murray 1958; Wilder 1963; Cooper 1970; Battelle 1978).
,

4

1

The movement from the Intake station to Jordan Cove and to Twotree

support th general trend.of eastern movement suggested by Lund, Stewart,

and Rathbun (1973). Although the. vast majority of tags returned to us

. came from the study. area, we have received tags from as far away as
|~

Hudson and Block Canyons on the outer continental shelf.

h
-

\

\

,

I
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During 1979, local lobster movements were minimal with the exception of

those released at the Intake station. In previous years (Battelle

1977), sampling in the Effluent suggested that lobsters do not reside in

that area and might move in to feed. The Intake station is close to the

ef fluent which may be an influence on the observed movement to Jordan

Cove.

Growth - Of the 674 lobsters recaptured, 85 had molted with an average

increase in carapace length of 12.8%. Growth per molt for lobsters

caught at Twotree was 13.3%, Intake 12.4%, and at Jordan Cove 11.1%.

There was no difference in growth per molt between males and females;

males grew an average of 12.3% and females 12.0%. Stewart (1972) reported

growth per molt of 15.6% from eastern LIS and Briggs and Mushacke (1979)

reported 10.4% from western LIS.

Other researchers have found growth rates of lobsters to be variable

(Wilder 1953; Cooper and Uzmann 1971). In northern waters, growth per

molt has been reported from 13.3% to 15.7% (Ennis 1972; Fair 1977;

Wilder 1953). Cooper and Uzmann (1971) found growth f rom 17-19% for

lobsters caught in deep offshore waters.

Population Estimates - The monthly lobster population estimates in the

Millstone Point region are shown in Table 5. The population size ranged

from 3,700 to 10,557. The peak abundance was in July with a subsequent

decline.
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Table 5. Est ima t ed lobster populat ion size, number of recruits, anl probability of survival
in the Millstone Point area, 1979.

Estimated Standard Estimated # Standard Estimated Standard
Populat ion Size, Deviation of of Recruit s, Deviation of Probability of Deviat ion of

ti
t N B B Survival ogi t t

Month 0
1

June 4637 922 7682 1727 .62 .105

July 10557 1959 -334 1084 .63 .1 01

Aug. 6317 1119 2026 575 .34 058

Sept. 4174 852 1822 - .45 .087

Oct. 3700 - 1446 - .54 -

O
-
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The: estimated recruitment generally follows the trend of population
,

_ size, with a peak in June corresponding to the peak population size in
'

July. .The recuritment of--334 in July with its high standard deviation-.

is hard to explain. The monthly probability of survival averaged about<

1

. 51 throughout the study. r

.

The 1978 ~and 1979 ~1obster- population estimates follow the same trend of
f

peak size :in July, peak recruitment in June with a decline in both into

p the fall season. The 1979 monthly population estimate averaged 5.877

' lobsters, an increase from the 4,704'of 1978. The present estimates are
,

,

more precise than those from the preceeding years as shown by the standard

~ deviations between 17-20% of the estimate, while in 1978 they were,.

}|

18-65% of the estimate. This' increase in precision is-likely due to the
1

increased percent ' recapture of 18.1%. The estimated population size

i- ' generally reflects the trend in CPUE this year. Since the estimates are
l

; -largely~ of the sublegal size classes, the depletion in' stock size in tae
_

.

later months of the study cannot be adequately explained by fishing

|-
pressure. It is. more likely caused by a decline in the catchability of

4

i

lobsters with decreasing temperatures-
,

#

i-

[ Impingement

i:

1

From January. to December 1979, an estimated 707 lobsters were impinged;

at Unit 1 and 2 intakes (Table 6). -This number. is fairly consistent-

with .the years since 1976. Unit 2 has consistently impinged more indivi-

duals than Unit l'although not always to . the 'same degree. Approxima tely

. 64% of these lobsters impinged at Unit 1 survived and were returned to
p-

222-
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Table 6. Yearly impingement at Units 1 and 2
and at both unit s combined 1976-1979.

Year Unit 1 Unit ' Both Units

1976* 477 654 1131

1977 308 399 707

1978 261 280 541

1979 303 404 707

* 1976 values are based on 7 days of sampling per week.
1977-1979 values, based on 3 days of sampling per week,
are factored up and as such are comparable with 1976.

>
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the water, about 507. survived from Unit 2. In December of 1978, a bottom

, . boom (5.cm chainlink) was set in front of Unit 1 to help reduce the numbers

. . of organisms impinged. - A detailed discussion of the bottom boom can be
,

[ found in'the Impingement section this report. tihile the boom might be

responsible ~ for some of the discrepancies _ between the -two units since the-
,

boom's installation, further1 examinations are necessary.

,

The number:of lobserts impinged this year varied seasonally with the peak '

occurring in July (Table 7) . This was.a' consistent trend at Unit 2,

but at Unit 1 there was a peak in April with subsequent oscillations for

the remainder of the year. The size distribution of lobsters impinged

: at Unit 1 and 2 intakes are shown in Fig.10. The overall mean size at
4

both units was 62.5mm CL. The frequency distribution for Units 1 and 2

were not significantly different (Kolmorgorov-Smirnov test , P<.05). The

mean carapace length of lobsters impinged at Unit I was 62.0mm and

62.9mm at Unit 2.

1

3

~The increase in number of lobsters impinged during the summer months1

I coincides with increased water temperatures and the June molt, both

- hown to ' increase the availability of lobsters. Reasons for the apparents

difference in total numbers impinged at Units 1 and 2 and seasonal

; discrepancies in numbers impinged are unclear.

Entrainment

,

Presentation of' the data concerning the numbers of ' lobster larvae entrained

~ La 1979;with discussion of the findings are presented in the Entrainment--

portion of this report (Section 3).
:

l-
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-Table 7. .' Estimated *. number of lobsters .fmpinged by month for unit 1 and
unit 2 intakes .and e total impingement for 1979'

.--

.

Month:. Unit 1- Unit 2 Both Units

-January. 7 0 7
< '

,

6February 0 .0 0

; March .18 0. 18,

i '
,

April '75
i -

9 84

May . 0 28 18
' '

] . June 7 77 84

July- '49 91 140-y.
s '54
> sa

August 30 79 110
.

September 33 63 96
t

October. 47 52 98- ?

2-

November 32 12 44
4

December 5 3 '8

i
Total 303 404 707

1

* These values, based on 3 days of sampling per week,
are factored up to represent the estimated total,

-

i number impinged per month.

!4

;

_ _ _



. i

10 0 -

-
-

80- UNIT
la 2

-

-

60- -

-

40- -

_ _

20-
- -

-

- -

: a i | .n m.. ,

-

60-
UNIT 2

g40- - -
,_

w,

- -
-

I m
2
3 20- -

z _

-

7 r . . i i ,

60-

-

UNIT I
40-

-

20- -

-
-

-
~

9
i

-

|
8 8 8 8 I i i i ii

| 28 34 40 46 52 58 64 70 76 82 88 94
CAR APACE LENGTH (mm)

|
i

i l

l I

| Figure 10. Size distribution of lobsters impinged at unit 1,'

unit 2, and at both units in 1979.
,

226

|

|

|
. _ _ _-- _ .. . ._



. . .. - .. . . -. . _. .

-.- .

~

,

SU?c!ARY AND CONCLUSIONS
,-

1-
*

The total catch per' unit effort of lobsters in 1979 was similar to that

reported in previous years. Differences in numbers caught are attributable

to-changes 'in sampling gear. _ Seasonal variations in catch were shown

to result _from the increased activity of lobsters caused by the seasonal
.

increase in water temperature and the occurrence of mass molting in the.

late spring and fall. The catch at our deepest station, Twotree, did not$

follow these trends and it appears other . factors are involved._

!

The size distribution was similar to those since 1976 and to those+

reported from surrounding areas. Inspection of the histograms does
i

reveal that the study area is subject to a high rate _of exploitation.
.

The percent of legal-sized lobsters in the catch was generally. lower
s

than in surrounding areas.

tfore than half of the berried females caught were of sublegal size.
~

Either _ ' he high exploitation rate is -selecting for precocious femalest

or our nearshore stations simply support smaller lobsters. Our
,

b deepest station,.Twotree, had the highest percent of b'erried females

-of the three stations as well as the highest percent of total females.
~

'The spring and fall molts that have been reported to occur in LIS also
,

occurred in the Millstone Point region. The onset of molting appeared,

to be most affected by water temperatures in the 14 C to 16 C range.
r

!

|
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. Very little movement of lobsters between stations was detected. Most

5 individuals that did move went from the Intake station to the other

stations. Although some-lobsters moved great distances during the

term of the study, most individuals remained in their immediate;_

locale.

i

.

The monthly mean population size rose from last year's estimate of-

i

[ 4,704 individuals to 5,877 in 1979. The precision of the estimate also

- increased over that of 1978. This was likely due to the increased

numbers of recaptures.

The number of lobsters impinged on the intake traveling screens in.1979

varied little from previous years. Individuals impinged are smaller

| - (x CL=62.5mm) than the individuals caught'in pots (x CL=72.7mm). The

seasonal variation -in impingement rate reflected variable activity rates
~

and mass molting behavior. Over half of the lobsters inp2 nged survived

and were. returned to the surrounding waters.

.

Characteristics of the lobster population of the Millstone Point region
'

are similar to_ those of previous years and to those reported from
.

. surrounding areas. Based-cn these findings, we feel that the impact-

j _ of power plant operation on the local lobster population could not be

| distinguished from the natural fluctuations in standing crop and the
'

'\
effects of the intense rate of exploitation.

;
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EXPOSURE PANELS

INTRODUCTION

Early interest in the marine fouling community stemmed f rom the aconomic

implications associated with the maintenance of ships, buoys, wharves, and

other man-made structures. Wooden wharves were weakened f rom attacks of

wood boring molluscs and crustaceans, while ships and buoys, were laden with

extra weight. The advent of industEial use of seawater for cooling purposes

increased the need for understanding the ecology of fouling communities.

Artificial substrata (exposure panels) have been the primary means of monitor-

ing fouling communities and over the years a variety of designs and materials

have been employed (WHOI 1952; Frame 1968 ; Schoener 1974) .

Recently, environmental monitoring studies have included exposure panel

programs to assess impacts of thermal ef fluents from steam electric stations.

Initially, programs were conducted to gather background information on local

fouling communities, which potentially could be impacted by electrical power

plant construction and operation (Cory 1967; Frame 1968; Hillman, et al.1973;

NAI 1979). Follow-up studies of thermal ef fluents described impacts on

epifaunal biomass and changes in seasonal growth (Cory and Nauman 1969; Nauman

and Cory 1969; Hillman 1975, 1977).

Thu exposure panel program at Millstone Point was designed to assess

potential ef fects of the construction and operation of the Millstone Nuclear

Station on fouling and wood boring organisms in the marine ervironment. To

meet this obj ective, community composition and species abundances on exposure
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panels have been monitored over an eleven year period. During 1979, changes,

i -

'in monitoring procedures were made to increase the precision of community

assessments and thus allow separation of man-induced fluctuations in species ,

composition from those that occur naturally.

| MATERIALS AND MET 110DS

Exposure Panels and Frames

Each exposure panel consisted of a sof t pine (wood) panel 25.4 x 9.5 x 1.9 cm

backed by a 25.4 x 9.5 x 0.4 cm panel of transite - a hard, asbestos material.

1 Wood provided a substratum for wood boring organisms, while the asbestos
' panel allowed settlement of flora and epifauna. Panels were bolted to iron

frames in two groups of six panels (Fig.1). Each frame was suspended verti-
i

cally to reduce siltation on panel surfaces (Coe and Allen 1937; Fuller 1946).

Frames were positioned just below low tide level at dock stations and 30 cm

below the surface at floating stations.

The 1979 sampling dif fered from that in previous years (Battelle 1978's. This
,

year panels were submerged for six months at five stations: Effluent, Intake,

Fox Island-North, Giants Neck, and White Point (Fig. 2). From 1968-1978,
1

panels were submerged for one and twelve month intervals. More detailed de-

scriptions, of earlier programs and location of stations are given by Battelle

'(1975).

Panels were submerged at each station in November,1978; February,1979;

and May, 1979. Af ter six months, panels were collected and replaced with a

|
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Figure 2. Map of the Millstone Point area showing locations of exposure panel,
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stations (1. White Point, 2. Fox Island-North, 3. Effluent, 4. Intake,
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new set in May, August, and November, 1979. Exposure periods for panels

hereaf ter are referred to by the month in which they were collected. The

panels submerged in November,1978 were placed on the top of the f rames and

those in February,1979 on the bottom. This panel orientation was continued

in subsequent replacements.

The wood and asbestos panels were separated for analysis. Organisms between

the panels were included with the panel they adhered to upon separation.

Individuals were identified to species whenever possible. '4 hen species

identification was uncertain, the lowest identifiable taxonomic grouping was

used. Direct counts of solitary invertebrates on the panels were made when

p rac t ical . If individuals were numerous, total panel estimates were derived

2from counting individuals within four to ten, 6.5 cm subsamples. Percent
y

cover estimates on panels were made for colonial and aggregating species.

Both counts and percent cover were obtained for barnacles, mussels, wood boring

molluscs, spirorbis tubes, serpulid tubes, and solitary tunicates. The abun-

dances of algae and arborescent invertebrates were obtained by estimating the

total percent cover of holdfasts.

Diversity, evenness, the Bray-Curtis coef ficients, the Jaccard coefficients,

'

,

and cluster analysis were calculated for wood and asbestos communities using
i

formulas described in the Benthic Infaunal Section of this report. Algae

were only included in the calculaticn of the Jaccard coef ficients.
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RESULTS

General Community Structure

.

In 1979, twelve phyla composed of 102 discernable taxa were reported . from

i exposure panels in the vicinity of the Millstone area (Tabic 1). Of the

12 phyla reported, only White Point had representatives of each. The

number .of taxa found at each station ranged from 40 at the Effluent to 61

at Giants Neck. The most diverse flora on the panels were red algae

(Rhodophyta) followed by greens (Chlorophyta) and browns (Phaeophyta). The,

most abundant faunal groups were Mollusca and Arthropoda. Po rif era ,

Coelenterata, Platyhelminthes, and Chordata were poorly represented, having
,

'

only one or two species per phyla.

.

'
E

Highest numerical abundance on wood pancis occurred at Giants Neck and the,

lowest at the Effluent (Table 2). Counts on asbestos panels were the highest

at the Intake and lowest at White Point. Dif f erences in numerical abundances

between wood and asbestos panels at the Effluent and the Intake were less

than 6%, but greater than 50% .at Giants Neck and White. Point. Percent cover

estimates were greatest at the Effluent and the Intake on both panel types

(Table 3). Generally, dif f erences in percent cover between wood and asbestos
,

panels were less than those for-counts.

' During the year, eleven species occurred at every station during one or more

exposure periods. Of these " ubiquitous" species Salanus spp. were the most

common occurr'ing on both panel types in every exposure period and at every

s ta t io'n . The wood ' boring molluse, Toredo navaZis, cccurred at every station

during-August and November. The remaining species were Ceramiun rubrm:,

237.
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I Table 1. Number of species within major taxa collected from exposure panels
at each station in the Millstone Point area during 1979.

S ta t ion''j

Taxa EF IN FN GN WP Total.

Chrysophyta 0 0 2 2 2 2

f' Chlorophyta 1 3 3 9 6 12

Pheophyta 0 4 4 2 6 8

g' Rhodophyta 5 12 8 14 13 23

Porifera 0 1 1 1 1 1

Coelenterata 2 1 1 0 1 2

Platyhelminthes 1 1 0 1 1 1
+

| Bryozoa 4 4 4 3 3 9

Annelida 4 6 6 6 5 8

Mollusca 7 10 9 11 10 14

Arthropoda 16 9 10 9 10 19

| .. Chordata 0 0 0 3 1 3

.

;
,

Total 40 51 48 61 59 102

,-
- EF = Ef fluent GN = Giants Neck" ~ '

' IN = Intake WP d White Point
*FN d Fox Island-North

f

i

f

i-
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731s 2. AvIrr$5 counts El 1;.dividuals per (sposura period co11seted an asbestos sud wed passis in the Millstone
Point area during 1977.

S T A T I O 'I *
TA1A FF IN Ps rN '.*

A W p W A W A d A W

Platybelainthes
Cry!cahas <! iptisus <1 41 11 18 - - 1 2 3 3

Annelida
Polyc heata

Sedentarta
Arrhirries spp. -b . . . g1 g . 1 . .

5de f . iJec; ht:uin - - - <1 15 9 27 22 7 7

serpults tubes 14 3 2 1 19 1 72 16 15 2

spircrbis tubes 159 2 . - 129 29 15 9 2 -

!
Errantia

.hu thce khri:2u - - - 41 - - - - - -
,

|
R;i '.w t a vr.,:r u ra 1 2 - - 1 a.1 3 1 2 ;.

ravvis aw.-iae 5 5 1 2 1 2 3 1 - 1

Pol yno id ae - - 1 - - - - - - *
,

Mu11usca
Castrepaja

b 2? .is m2r2 . - 4 1 <1 - - - 41 . 1S

iCref h!.2 ,#91-: i z.2 ! , g 1 <1 41 . - . 2 <1 4 1 -

|reri h :a p!2m - . I 1 1 - 1 - 1 1

Crg fLIJ spp. 41 - . - 41 - . - 41 .

2it teriu lit t rs's - - . . - - . 4,1 . .

Lit:2-im cbt satz - - - 1 3 2 7 3 5 4

ffiere!!2 !auta - - 23 19 ? I 6 9 37 37
Orze r! i . Jir.e re z - - - - 1 - - 2 <1 -

f

Bivalvia e

IAMl21'1 fpp.
A W a si7:n !< 1-

- - 1 - - - - - -

<1 8 1 1 1 4 2 2 1

"r*'!.s dia:is 4e 23 57 75 3 2 1 <.1 2 3

Ter ed ir.id a e - 55 - 4 - 61 - 220 - .

*ua L7 bers A.i - 6 - - - - - - - -

Tervl; .or*2:i.r - 39 - 16 - 78 - 672 - 75

Ar t hrc pod a
|

*

Crustates |
Amphipoda

{Caprel*a 2ec-ettin 1 - - 1 1 1 3 6 - -

Carroll a ir.e.:r*:s 2 1 - - - - - - - -

Che!:.or ee:stres . . . - - - - - . 647
C rcrhi r n;ctsai m 1 1 - - - - - - - -

Cervphiam amer <1 2 - - - el - - - -

Orghir is:sifieze 17 21 223 219 34 37 223 2t2 84 76
Cr:!hir sp, 13 10 - - - - - - - -

'Arrur:.a |JLTer ri.zus 100 189 - 3 4 - - - -

v'Js81 J'1 32*.1 41 - 7 6 1 * * - - -

8fi%'th.M *i h *J 41
1

Isopoda
ficts-2 ba!:hiea 2 6 1 3 - - - - <1 1

2i w ri2 :!yaer - - - . - - - 2501 - 230
20-reri2 trip.nsuu - 59 - - - 1281 - 1 - 2t80

Thoracica
3Gh'*:no 2 Ehi t.*i t a . . . . 41 . 5 2 41 .

IdMad Jf852!h8 78 21 8 9 191 26 243 77 31 53
W mkaeb.rr.as 66 106 23 35 4 3 52 53 65 60
EdI#k8 WM f 82'8 ;66 58 3 L787 1285 9 6 30 24 36 28
Ja*m .J spp. 958 1050 1776 1861 1783 1261 e35 373 202 177

Cumacea sp. 41 . - - - . - - . .

Cordata

Cio*L2 intestina,lla . . . . - . _ 1 g zg
vc;uLa usszeta ssa

- - - - - - 1 2 - -
f 9 g, ,pp,

. - . . . . - 1 - -

Total counts 2030 2184 3934 3555 2202 2805 1334 4266 513 4087

a
IF = Effluent CN * Gianta Tec k A = Asbestos
IN * Intake WP = ktite Point W = bood
FM e Fox island-North

b Species not g resent during 1979.
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Table 3. Aversge percent covtr of species collected on antestos and wood exposure panels in the Millstone Point are.e
during 1 U9.

S'.* A T 1 O N a

TAXA EF W D A W
4 W A W A W A b A W

b 0.lb 0.2 0.1 0.2 0.1tacillariophyceae spp.4 -- -- -- -- --

.7at'fea*.a spp. -- - -- -- 0.2 0.2 0.1 0.1 0.1 --

Chlorophyta
- - - -- -- -- - - 0.2 0.1Braciala ;I:cea2 -- --

:h1atomrplu Line -- -- -- -- -- - -- -- -- 0.1
Calim fra;i!4 -- -- - -- 0.1 -- 0.2 0.2 0.1 --

Interomrpha xmpressa -- -- -- - -- -- - -- 0.1 --

Enterem rpha intestinalia -- -- - -- -- -- 0.1 -- -- -.

Entecmerha Linz -- -- -- -- -- -- 0.1 0.2 -- 0.1
In:sromrpiu spp. -- -- 0.1 0.1 -- -- 0.1 -- 0.1 --

|0.1 -- 0.1 --0.1 -- --3!cr4strona spp. -- -- --

0.2 0.1 -- 0.1 -- -- --Jipi.cnales pr:tane:v -- -- --
,

Jpon.jemcrylu areta 0.1 - -- -- -- -- -- - ----

;pengy.:cepha spp. -- -- -- -- -- -- 0.1 -- -- --

0.1 0.5 0.2 0.5 0.20.4 0.4Chu !acetc2 ---- -

i
l Pha euphy ta

:horhrk [la;eiiifor-la -- -- 0,1 0.10.2 0.2 0.1 -- .- ~.

0.1 0.1 -- -- -- -- -- --l'J en.2ry .a spp. -- --
,

Faca.r app. -- -- -- -- -- -- -- -- 0,1 --

- - 9.4 12.2 -- -- 0.4 0.5 0.2 1.1!.riinaria a;.2rc3ti!
Larincria spp. -- -- -- 0.10.8 0.3-- - -- --

Eilapel b Zittoralia -- - 0.1 0.8 0.1 -- 0.1 -- -- --

0.1 --icytosiphonaceae -- -- -- -- -- -- --

0.1 -- - -- 0.1 --@ usehrid spp. -- -- -- --

i

ph dophyta
.

0,2 0.1 -- -- 0.1 0.1 0.3 0.3 0.2 0.2hititha.-nicn *rucht:c's
Ca!!ithawfon hx;cri 0.2 0.1 -- 0.1 0.3 0.5 0.4 0.1 0.1--

Ca:;iL .~nion rceem -- -- -- -- -- - -- -- -- 0.1
~

,

0.2 0.2 -- -- -- -- 0.1 --Cat'.ith .- icn tetr1pnm -- --

0.1 0.4 0.3 0.3 0.3Care.ia- "drs* 0.1 0.1 0.6 0.7 --

- -- - - 0.1 -- 0.2 -- 0.1 0.1i Odruvie spp.
Ch pia farrah -- -- -- -- -- -- 0.1 -- 0.1 0.1
C;;atco;cnic purpursm 0.1 -- -- -- -- -- 0.1 0.1 -- -

raaja ta.!,!cwia.na. ., . -- -- - -- 0.1 0.1 0.1 0.1 -- 0.1
. 0.1 -- -- -- -- -- --kntetrwac~ aacu - - -

Jrinr.e:ifa an ricana - -- -- -- -- -- -- -- 0.1 --

|mantarix orcah nata -- . - - -- -- -- -- 0.1 -- -- --

L.r'antaria 12f!eyanJ - -- -- -- -- -- 0.1 0.1 -- --

Pz m ria pa!n2ta -- -- 0.1 0.2 -- -- -- -- -- --

Ec?paiphenia h nt.d::a -- -- -- -- -- -- 0.1 -- -- --

Ectysiph:nia etcny ta - --- 0.1 0.1 -- -- -- -- -- --

h!ysiphoni.2 fribri:!oca - -- 0.2 0.2 -- - -- - -- --

Tc:ysighcnia nigr2 -- - -- -- 0.1-- -- 0.4 0.2 .-

i h ;3oiphonia nigresesna - -- 0.6 0.6 0.6 0.4 0.t 0.3 0.4 0.3
To:pJiphonia spp. -- -- 0.2 0.1 0.1 -- 0.1 0.2 0.2 0.2<

Rhcde s h spp. - - 0.2 0.2 -- -- -- -- -- --

J;sz-otharniens repans 0.1 0.1 -- 0.1 0.1 0.3 0,2 0.4 0,4--

G1yyritz ,';:arantosa -- .. -- -- -- -- -- -- .-

| For if era
0.1 02 01 3=8 1=2 21 05Eaiichonicia Lc;erbankia -- -~ ==

Coelenterata
-- -- 0.4 0.4Hydrosca spp. 0.3 0.3 0.2 0.2 0.4 0.3

- -- -- - ~ ~ " ~
2.ba kria spp. 4,6 4.6

,

i

|
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lable 3. (c on t . )

STATION

TAXA EF IN FN CN VP

A W A W A W A W A W

Bryozoa
Alcyonidiura app. -- 8.2 -- -- -- -- -- -- -- --

St.,ula .<iq ler -- -- -- -- 0.6 0.4 -- 0.1 -- -

Agala :arrita 0.3 0.3 -- --
'.

O.4 0.3 0.7 0.7 1.2 1.1
Ngulu spp. -- -- -- -- 0.3 0.3 -- -- - 0.1
Calla;wra aurita -- 0.2 -- -- -- -- -- -- -- --

Cr;';'tocula p2ZlaJiana 0.6 0.7 0.4 0.5 31.4 18.0 3.3 4.8 13.4 7.9

Elcatra Jr:c tulenta -- -- 0.1 0.3 -- -- -- -- -- --

Elactra ww>ataka -- -- 0.3 0.2 -- -- -- -- -- --

hJmli;mu liliasaa -- -- 0.1 -- -- -- -- -- -- --

Annelida
Polycl. ata

Sed ent a r ia
Serpulid tubes 0.3 0.2 0.2 0.1 0.5 0.2 0.9 0.6 0.4 0.3
Spirorbis tubes 1.0 0.2 -- -- 0.7 0.4 0.4 0.3 -- --

Bivalv ia

Tur ud inidae -- 0.9 -- 0.3 -- 0.5 -- 0.7 -- --

Tereds l~ wt s& t -- 0.4 -- -- -- -- -- -- -- -

Tcecda ruralia -- 6.8 -- 4.3 -- 7,4 -- 33.8 -- 21.4

Arthropoda
lloracica

Lulawn.a sqhitrite -. -- -- -- 0.1 -- 0.3 0.2 U.1 --

b luin.J e2va t uJ 10.7 2.6 0.6 0.5 10.0 1.5 11.6 3.8 1.1 2.1
blan..a cit.cm.J 7.2 10.2 4.7 4.6 0.7 0.4 5.3 6.8 6.5 7.3
Mlarne ige.mlJud 24.0 21 6 34.9 26.1 0.4 0.3 2.4 1.6 3.4 1.4
Ba l.va.J spp. 21.4 17.4 22.3 25.3 10.5 5.4 7.8 5.2 4.7 3.5

Cordata
Ba trallta ochlossari -- -- -- -- 3.7 0.3 2.0 2.8 1.8 2.4
Ci m IntJClim LIB -- -- -- -- -- -- -- 0.2 0.1 0.1
|L ~gula twdut tenaic -- -- -- -- -- -- 0.2 0.3 -- --

E ula 6PP. -- -- -- -- -- -- -- 0.1 -- --

d

Total percent cover 71.0 74.0 76.8 79.3 62.8 37.3 44.0 e6.7 39.1 52.2

EF = El f lu ent GN= Giants :eck A=As1.cstosd

IN=lutake WP= White Point W-Wood

FN=Fux I sland -Nor t ti .

b
Species not present during 1975.

-
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Spermothamnion repens, Cryptoauta pallasiana, ||ercia auccinea, Anomic

aimplex, L'gtitua edulia, Corophi:c: insidiosum, Balanus creratus, and

Balama improvisua.

'Eight additional taxa were collected at all stations except the Effluent.

These uere: Ulva tactuca, Polysiphonia nigrescena, Polyaighcnia spp.,

Nitratta lunata, Eatichondia bouerbankia, Sabella microphthalma, Crepidula
,

plara, and Littorina obtuaata.

The following taxa were unique to the Effluent: Sponpomorpa artica,

Tubularia syp., Alcyoniditan spp. , Cai2opora aurita, Teredo bartachi,.

9

Caprella linearia, Corophi:en acheruaic:en, Corophium acut:en, Corophiten spp.,

Stenothoe rtinuts, and Ctanacea spp.

I Twenty five of the 102 taxa reported for 1979 were only found on a single
1

' panel. Twenty-one of these were algae which comprised 50% of the taxa
i

reported for the divisions Chlorophyta, Phaeophyta, and Rhodophyta. The

remaining four taxa include two species of bryozoans and two taxa of tunicates.
!

i The five most abundant species at each station accounted for 86-98% of the

counts, and 72-92% of the percent cover (Table 4) . Generally, asbestos panels

were dominated by Salanus , while wood panels were dominated by Limnoria.
I

At~ the Ef fluent and the Intake, counts and percent cover on both panel types

were highest for Balanus. In. general, percent cover-estimates at Fox Island-

North, Giants Neck and White Point were dominated by .either Cryptocula

j pallasiana or Teredo navalia.

!
-,
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Table 4. Avurade counts (x), percent cover (x), and the percent contribution of the five m0st dominant crpnisms On asbestos and waJ exposure
panels collected f rom the M111stuus roint area during 1979.

Effd1NT GUJ: ' Asbestos ranels u ranel.

_ thia 11'r e _ Cuntnuldtivu
a t i 'Frecleg a 2 tspec f us

Bakrms spp. 958 47 47 N L&us spp. 1050 48 48
Balarms iraprovieus $67 28 7% klwwa :qweka $6 3 27 75

Q>irurbis t.ubea 159 8 83 Gz:nte.<c L 2:wu:ama 189 9 84
syrnwua la;.sre>ui-2nua 100 5 88 Paka:ua e! a<rnr.a 16s 5 69
Balaerus crenatea 78 4 92 Limwr:a tripuuta t,< 59 3 92

EfdINT IBM COER: ^=bestum ranels Wod ranel.
Comnulative Cumnulative

Spec ies
_

t t Spec t-s
,

: ta x
4

k laque i g roaisuJ 24 32 32 l'Jhn:o igareidNJ 21 28 28
1442make spp. 21 28 60 falauhe spp. 17 22 50

o- 114Leus er.52tua 10 13 73 E2fraua clorwaa 10 13 63 5
*"

&lanus clwncha 7 9 82 AlcieniJivt sp. 5 11 74
#jtilus 4 tig 5 7 89 .'.;tvJO navalis 7 9 83

lENE CANT: . Asbesto= rau l= wod ranets

Cummulat1ye CuwuIatave
species

_

T T Sreeles
_

t txy

klaMkJ ig ror*0k8 1787 45 45 MI#mJ spp. 18 f,1 52 $2
~

klanks spp. 1776 45 90 N l.v.u J iqWWla:<J 1285 36 $$
C1.orophiwt inai. % ews 22) 6 96 C:onp':iw: i u:J:vs...- 219 s 94
Mgtilus edulla 56 1 97 .':s tilus cJu|ia 75 2 96
14 h:Lus eburr;ct s 28 1 98 k h a.3 clutw:.a 35 1 97

[$A}[ [7[j{[ M; Asbestos ranels Wad Panels

_., CumuIa t iv e
_

CunaulaLiye

spec t =s x t ; s p.-c i e . x t t

Nianua iqrovia.<a 35 43 43 |uian: :grasia. : 26 3t 31
k lanus spp. 22 27 70 lb .cna spp. 25 30 Cl
laurituria arpr.D;ii 9 11 81 !wirs,wia apnihii 12 14 75
klanus chiamua 5 u 81 :.}tilus cJul:.- 5 6 81
14tilha cJulis 4 5 92 L22mna ciurwia 5 6 87 .

.

%
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hble 4 (cont.)

f0)( IW2 - fETil CIU(T- A b sta= ran*is *>od Panets
Cuu.mu!at 1ye . Cucumu la L iy e

Specles x % % Sr ec leu
_

% 2x'

N Zanus app. . 1783 81 31 Lim wria trijwhatat 2 1281 47 47
NZanus emutus l'11 9 90 li2!anuJ spp. 1261 46 93
Spirorbis tubes - 129 6 96 Tastla namlia 78 3 96
Corophiwn inaid:oaum 34 1 97' cozv;h:um ina:Jivaan 37 1 97
Sur pulid tuben 19- 1 97 Spiroubts tubes 29 1 93

fuX IStM 0 - I W ll PO U NT CO G : Asbe.cos Panets mod ranets

CuorulatAve Cunestat Ave
Spec 1es'

_

% t Specles
_

% %x x

Cr.ptoaula pailualaiu - 31 49 49 CrgptosuZa ;u!!aalapu 18 48 48
A lanus app. 10 16 65 Tcredo naculic 7 19

.-86
67

bulamw asutua 10 16 81 Pal nua sp p. 5 13
Botr;llua schloosari. 4. 6 87 Rziam.2 ewutus 2 5 91
I.rsleurla upp. I 2 ' 83 Talam.a churr tua <l. 1 92,

U

i blMS E M: Asbeston Panels Wood Panels
Cuaanu14 tive Lucaisulat av e

species
_

t t Srretes
_

t %
,

a x i

h?dnas app. 635 47 47 Lirauria lig wrw 2501 62 62
.alanua cwutus 243 18 65 Teredo navalia 672 17 79
Corophiwn inaidioaum 223 17 82 Balanua upp. 323 8 81
Serpulid tubes 72 5 87 Corephium inaid*os.c ::62 6 93 .
klanua cherneus 52 4 91 Ealanus a w:atua 77 2 95

{

GlWS ECK IGCDff C04R: Asbestos Panels hd Panels
Cummulattve Cun.n.ula t iv e_-

sp.cIes
_

2 % Srecles X 2 tx

Alara4a emutua 12 27 27 Terw!) Masul[a 34 52 52
' bala*tuJ upp. 8 18 45 ! zL nua ch:.2%dJ I 11 63

l Mlanas eluenena 5 11 56 !al zw..: app. 5 8 71

I!a:ichondria hacerlankia 4 9 65 Je; vaa:a ; . :aakn., 5 8 79
*

} Cryptocula gallaalana 3 7 72 In:a n..a ow u t :<a :. 6 85

_



Table 4. (cont.)

UlITE F0lffT C0lfd: Asbest a ranels w*J ranel.
''

Cumaula t iv e _
Cu ealative

Specion
_

t : S pec i e. x ! Ix

lielstua spp. 202 39 39 L:r? ve .; tel; m 3*.4 t 4 20ho b6 o t,

lutaruna sburr:et<a 85 17 56 C:.c: tau tele!:u :.: 647 16 82

Chars; hism i. Jid:eJ et 64 16 72 f.:meur:a li;*:cew- 230 6 US

.!!treella Zwaata 37 7 79 I m ! i .. spp. 177 4 92

klarund irrgraviJ:ss 36 7 86 ' 1v;'.. :ie a ir:.::Jh:wn 16 2 94

N!Il[|DIIdkN b d @vb; Asbestos Panels Wood Panels
CummulativeCumrnul s t ive _

*
Species

_

i : spsefe, x tx

Crg; tvauLa pall,2siaru 13 33 33 Tenda *ue2lia 24 46 46
,,

0 NZw ua ef:arnet.d 6 15 48 Crgtedula ;'27 tani,vu 8 15 61

Ju lam.J spp. 5 13 61 Ea:arwa c' urr:cu.: 7 13 74

!5z la%J irgreviaaa 3 8 69 1a lam.s si p. 4 8 d2
JL2lidwrLiria LO;Jerlankia 2 5 74 Eatet;llue ed.lo:x ci 2 4 b t,

e
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Wood borers were dominant components of the fauna at Fox Island-North,
;
;

Giants Neck and White Point; generally, these organisms accounted for dif-

-ferences in abundance between panel types (Table 5 and 6). At the Intake

and the Effluent, where the abundance of wood borers were lowest, the abun-

dance of fouling organisms 'on wood and asbestos panels was similar.

' Species Diversity

i

.

In general, diversity for both types of panels increased from May to
'

November except at the Effluent where the inverse was observed (Table 7).

Highest diversity on asbestos panels occurred in May at the Effluent and

lowest in May at Giants Neck. On wood panels at Fox Island, the highest

diversity at all stations was attained in November, while tne lowest occurred'

in May. Evenness for both panel types was similar throughout the year. The

number of species increased from May to November, except at the Effluent where

the reverse occurred (Fig. 3). The number of species were generally similar

in August and November at all stations but . White Point, where November values'

were nearly twice those of August.

Species area curves revealed the eff ectiveness with which six replicate panels

sampled the available species pool. After three replicate panels at each
d

station and exposure period, 80% of the wood panels and 40% of the asbestos

panels had attained 80% of their total replicate floral and faunal species

found on six panels. Four panels were needed to achieve 80% sampling pro-

ficiency for all stations and exposure periods.'

l
(-
!

?
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Table 5. Average counts (x) and standard deviations (STD) of the marine

borers, Limnoria and Chalura, in wood panels collected during
1979.

Exposure Period
Station Mov emb er-May Februarv-Autust Ma v-Nov ember

Y Count STD * Count STD 7 boer ':TD
a

Ef fluent

Limnoria lignorum b -- -- -- ----

Limnoria tripunctac2 0.8 1.2 26.2 20.2 2.3 3.9
Limncria tunnels 1.2 1.6 36.7 25.7 7.0 11.8

Intake

Limnoria lignorum -- -- -- -- -- --

Limnoria tripunctata -- -- -- -- -- --

Limnotic tunnels -- -- -- -- -- --

Fox Island-North

Limnoria lignorum -- -- -- -- -- --

LLnnoric tripunctata 0.3 0.5 466.7 86.9 173.3 81.2
Limnoria tunnels 0.5 0.8 386.7 75.0 242.5 88.5

Giants Neck

Limnoria Zi;morum 489.2 221.9 675.0 112.6 86.2 49.9
Limnoria tripunctata -- -- -- -- 0.7 1.6
Limnoria tunnels 290.0 131.0 620.8 111.6 134.3 63.2

L'hite Point

Limnoria lignorum 40.7 33.8 74.2 14.29 -- --

Limnoria tripunctata -- -- 641.7 64.6 69?.3 88.6
Limnorda tunnels 49.3 33.7 651.7 73.6 1116.7 136.6
Che!ura te!ebrans -- -- 8.7 5.7 315.0 47.6

a STD = Standard Deviation b Species not found

!
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Averagu couats (x) and percent cover (x) on wood exposure panels, of Tereda collected f rom the Millstone Point area -Tabic 6.
in 1979.

Exposure Period

Nov ember-Hay February-August Fuy-November
g

-x Percent u x x Fercent x
-

_ _

-x Percent x-

C.w er STD coim t RTn c, m e r STD c < ,, , ,, t STD Giver STD Count' STD

Ef fluent

Ter edinidae 0.7 0.5 1.2 1.2 1.b 0.0 2.3 1.8 1.2 0.4 23.8 25.7-

TcPela hartaehl 0.2 0.4 0.2 0.4 -- -- -- -- 1.0 0.9 3.0 2.8

Teredo navalla 0.2 0.4 0.2 0.4 0.2 0.4 0.5 1.2 20.0 4.5 18.8 6.2

|

Intake

Teredinidae --b -- -- -- 1.0 0.0 1.8 1.6 -- -- -- --

g,
Turado napalis -- -- -- -- 0.7 0.5 1.0 0.9 12.2 3.2 7.0 2.5 ,

on

Fc,x i sland-No r t h'

Teredinidae -- -- -- -- 1.5 0.5 30.5 18.4 -- -- -- --

TurcJ, nasalis -- -- -- -- 1.8 1.0 20.8 7.6 20.3 5.7 18.3 9.2

.

Clants Neck

I Teredinidae -- -- -- -- 2.2 1.2 110.0 31.1 -- -- -- --

Turelo navalls -- -- -- -- 3.7 2.7 39.3 17.4 97.7 1.0 296.7 26.6

,

khite Po int

Ter edinidae -- -- __ -_ -- -- -- -- -- -- -- --

i TJroda navalla -- -- -- -- 1.0 0.0 2.0 0.9 63.3 22.7 35.3 11.9

bSTD= Standard Deviation Species not found'"

4

i

- , - . - ,_



. .

Table 7. Species diversity for asbestos (A) and wood (W) exposure panels
collected from the Millstone Point area in 1979.

_

Exposure Period

Station November-Mav Februa rv-Au gu st Mav-November
A W A W A W

a
EFFLUENT H' 2.95 2.58 1.77 1.97 1.56 1.49

J 0.74 0.65 0.76 0.62 0.47 0.45

S 16 16 5 9 10 10

N 1482 1108 1334 1076 3272 4196

INTAKE H' 1.89 1.82 1.30 1.25 2.08 2.33

J 0.94 0.91 0.37 0.36 0.55 0.55

S 4 4 11 11 14 19

N 12 18 8062 6982 3756 3692

'

FOX H' O.59 0.33 2.01 3.32 2.64 3.81
' ISLAND -
NORTH J 0.21 0.10 0.52 0.27 0.69 0.46

S 7 9 16 10 14 14

'

N 5182 3608 808 3156 616 1472

GIANTS NECK H' O.46 0.90 2.61 1.62 2.76 2.29

J 0.23 0.35 0.62 0.36 0.69 0.54

S 4 6 18 22 16 19

N 1218 3590 1722 5384 1060 2572

WHITES POINT H' 1.43 1.85 2.34 1 17 3.00 1.79

J 0.62 0.66 0.68 0.30 0.69 0.44

S 5 7 11 15 20 17

N 106 511 516 4716 916 7032

c H'= Diversity S= Number of Species
J= Evenness N=}NumberofIndividuals,
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Figure 3. Species area curves for the six replicate exposure panels collected in
,the Millstone Point area during 1979. '
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- Cluster Analysis

Numerical classification of stations based on the Bray-Curtis similarity

coefficients was performed to compare faunal species abundances between

stations and exposure periods (Fig. 4) . . The asbestos panels clustered into

two. groups. The May Intake assemblage (group I) was most unique because of

low faunal abundance relative to other collections. Group II consisted of

Ithres subgroups: A, B, and C. Group A was a temporal grouping composed of

panels collected in Nay, but also included White Point in August. Group B

comprised Giants Neck, White Point, and Fox Island-North in November and

Giants Neck in August. Group C was a spatial grouping composed of Ef fluent

panels f rom all exposure periods, Intake' panels f rom August and November ,

and Fox Island-North in August.

| The wood panels generally clustered into similar groups as the asbestos

panels. White Point and Fox Island-North in August were the only collections

that clustered into dif f erent groups (Fig. 5) . The dominance of borers on

wood panels contributed to the within-station similarities observed in

Group B.

The affinity of the stations based on the Jaccard coef ficients are presented
,

! as trellis diagrams in the Tables 8 and 9. The highest affinities, 50-60%,

were found in August and November between the Fox Island-North, Giants Neck,

and White Point comparisons. In contrast, the highest similarity value at
,

the ' Effluent station was with itself during August and November. These trends

were similar for both panel types.
i

|

{ |
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| Figure 4. Dendrogram of similarities between tha faunal abundances on asbestos
panels collected at the Effluent (EF), Intake (IN), Fox Island-North
(FN), Giants Neck (GN), and White Point ('4P1 in May (M), August (A),
and November (N), 1979.
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Figure 5. Dendrogram of the similarities between faunal abundances on wood
panels collected at the Effluent (EF), Intake (IN), Fox Island-
North (FN), Giants Neck (GN), and White Point (WP) in May (M),
August (A) and November (N), 1979.
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Table 8. Jaccard similarity coef ficients for asbestos exposure panels from
the Millstone Point area in 1979.

t Ma'1 Auzust I November
EF FN GN IN WP EF FN GN IN WP EF FN GN IN WP

2_5" 17 22 13 20 23 21 225EF 23 12 16 15 18 24
'

FN 14 20 35, 10 21 14 19 23 9 8 12 14 8

GN 21 E 5 15 14 16 19 4 16 10 15 8

-7- 8 10 8 12 14 7 7 5 14 72IN

WP 5 17 19 27 27 9 8 14 17 12

EF 17 16 14 17 27, 18 20 13 16

FN 50 24 53 22 40 42 32 47
e
d GN 28 49 15 39 - 31 5059
:s

*C

IN 34 21 20 26 - 2438

WP 20 38 43 35 36

EF 24 22 22 18

FN 51 30 40
t -

55e GN 39 -
a
o

j IN 38

WP

a :: umbers underlined indicate the highest similarities between each
station-time couplet.

EF= Ef fluent IN= In ta ke
FN= Fox Island-North WP= White Point
GN= Giants Neck
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Table 9.~ Jaccard similarity coefficients for wood exposure panels collected
in the Millstone Point area in 1979.

i

%v I Autust November
EF FM GN IN WP EF FN GN IN WP EF FN GN IN WP

a
EF 23 10 10 18 23 27 26 24 23 27 22 25 19 23

|
j FN 24 19 37 9 21 14 15 25 14 12 10 13 7
1 m
'

2 GN 14 28 5 '8 10 9 14 5 10 10 11 88

1
IN E 6 9 7 10 11 5 3 2 8 5 .t

i

WP 8 19 24 28 28 13 11 14 18 12 I

EF 32 26 18 21 E 23 24 16 22
FN M 26 38 20 31 34 26 32: ,

| m

?g GN 33 43 16 41 54, 35 43
j <
! IN 28 21 27 27 4_0 250

WP 24 37 42 28 37

EF 19 20 18 18

FN 55, 32 495

; .u

! .$ GN 35 _5 6_.

g
! $ IN 41

~ -

: WP
,

a
Numbers underlined indicate the highest similarities between each

| station-time couplet.

!- - EF= Effluent IN= Intake
FNdFox. Island-North WP= White Point

!- - GNdGiants Neck
*

. .

8

i

t
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DISCUSSION

Distribution of Communities on Exposure Panels<

Community structure of exposure panels remained consistent from 1978 to'

1979 with the same 12 phyla found in both years. A total of 119 taxa were

collected in 1978 and 102 in 1979. The total percentages of fauna and flora

for each station during 1979 were approximately equal to that reported over

the previocs ten years (Battelle 1978).

,

The similarity of 1979 results to those of previous years indicated that

present sampling methods .(using six month panels) were as representative

of community structure as prior schemes (12 nonths). This agreed closely

with Brown and Moore (1977), who worked with data gathered at Millstone

Point from 1968 to 1974. They concluded that species found on 12 month

panels could be obtained af ter exposure periods of only seven to nine months.

Temporal and Spatial Distribution of Species

Dif ferences in temporal distributions of exposure panel communities were

evident in species area curves, species diversities, Bray-Curtis similarities,

and Jaccard similaricias. At the Intake, Fox Island-North, Giants. Neck, and

White Point, the lowest number of species and diversity occurred on panels

collected in May. These low values may be related to the low water temperature

that occurs during winter. This seasonal pattern of reduced colonization

in winter has also been reported by Coe and Allen (1937), Schoener (1974),

Osman (1977), Sutherland and Karlson (1977), Brown and Moore (1977),

Schoener et al. (1978), and Field (1979).

256;
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The Effluent station, due to location, was most af fected by the thermal

discharge of the Millstone plant. This thermal ef f ect caused the species

diversity and total number of species to decrease from May to November at*

t

the Effluent, while these parameters increased during the same period at the

Intake, Fox Island-North, Giants Neck, and White Point. The Effluent site

also differed from others because the wood boring species, Teredo bartsc*:i,

| has only been collected at this station since 1975,
1

The differences in species composition and abundance at the Intake station

from those at Fox Island-North, Giants Neck, and White Point were probably
.

associated with its location. The latter three stations were located ini

shallow areas that were protected by jetties, while the Intake station was,

1.
more influenced by wave and tidal currents. The presence of Mytilus eduliJ

'

and icminaria agard 7tii, in greatest abundance at the Intake, were probably

j reflective of this higher energy environment.
i
1

!

J

i Wood Versus Asbestos

1

) Wood borers were primarily responsible for differences in abundance between

; wood and asbestos panels. At the Intake and the Ef fluent, where popu-

lations of wood borers were low or totally absent, dif ferences in total

l' abundance between wood and asbestos panels were less than 6%. At Giants Neck

and White Point, where wood boring species were abundant, differences were

; greater than 50%. These results indicated that one species or group of species

could affect comparisons between stations. At Fox Island-North, the percent

cover of Cryptocula pallasiana-on asbestos panels was primarily responsible4

I

'for the differences. observed in total abundance between panel types. Other--
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researchers have shown that certain species can have a disproportionate

influence on community structure (Sutherland and Karlson 1977; Osman 1977).

4

Throughout this study (1968-1979), wood panels have provided information on

| .the variability in distribution and abundance of wood boring species.

Asbestos panels provided an alternate type of substratum, which was not

affected by borers.

!

,

"

Panel Variability

Qualitative sampling could be achieved using fewer than six replicates,
.

I because variability between replicate panels was low. However, the new

; sampling strategy-will increase the precision of quantitative estimates,

f and will better allow us to discern between natural and man-induced
|

j fluctuations in wood boring and fouling community composition and abundance.
,

SU10!ARY AND CONCLUSIONS

:
.

i

1) In 1979, community composition and structure of fouling and wood boring

organisms were similar to those of previous years. Changes in sampling
,

methods were initiated to improve the precision of community estimates.

.

2) Dif ferences in abundance between wood and asbestos panels were attrib-

uted to the presence of large numbers of one or a few dominant species,
' urually wood borers.
,

i.
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3) Temporal variations wer. indicated by a steady increase in speciess

; (flora and fauna) abundance and diversity between the May and November

exposure- periods.

,

|-

.4) Spatial diff erenc'es in species composition between the Intake and the
.

remaining ' sites were probably due te physical factors, e.g. increased

wave action and' tidal currents, rather than thermal stress.

~

5) However, spatial differences in ' species composition and abundance between

the Effluent and other sites were a . direct result of the ther~al ef fluent.
,

*
s

|

~
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FISH ECOLOGY
,

INTRODUCTION

,-

$ 'Finfish in the area of'the three-unit electric generating station located
'

at Millstone Point, Connecticut, in eastern Long Island Sound have been

studied since 1969 as part of- an ecological program designed to evaluate

the effects of construction' and operation of the power plants on the'

marine environment in their vicinity. Shore-zone fish have been sampled

with beach seines since May,1969, pelagic fish since December, 1971

with gill nets and ground fish since April, 1913, using otter trawls.

_ Unit 1 became operational in December, 1970, Unit-2 in October, 1975,'

and Unit 3 is under. construction. Therefore, both preoperational and
;

operational data bases exist.for comparative analyses.
.

The significance of shore-zone, pelagic and demersal fish to estuarine
*ecology as well as to the commercial and sport fisheries of the Mid-Atlantic

Bight region has been emphasized by various authors. Clark (1967) out-
'

lined the dependence of sport and commercial fish on tbe Mid-Atlantic

coastal region and Saila and Pratt (1973) summarized the distribution of
4

ccamercially important fish in this region. The relationship of shore-zone~

fish to coastal and estuarine ecology has been indicated by several

authors (Wa'rfel and Merriman 1944; June and Reintjes 1957; Gunter 1958;

.de Sylva, Kalber and Shuster 1962; Perlmutter 1971; Hillman, Davis and
,

Wennemer 1977; Carr and Giesel 1975). The importance of demersal fish

has been emphasized by Richards (1963), Oviatt and Nixon (1973), McErlean

et al. (1973), Jeffries and Johnson (1974) and Bradbury (1978). However,

|
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few investigators have considered the ecology of the. shore-zone, pelagic

and demersal fish together (Massman, Ladd and McCutcheon 1952; McErlean

et al. 1973).

The distributions of fish in Long Island Sound have been presented

primarily in summaries of marine' resources (Baird 1873; Bean 1903;

Merriman and Warfel 1948; McHugh 1972; Saila and Pratt 1973). Additional-

ly, reports have focused on fish ecology in estuaries of Long Island

Sound (Greenley 1938; Pearcy and Richards 1962; Briggs 1975; Dey and
I

;Baumann Texas Instrument manuscript; Pease, Savage and Schmidtt

1979), and in the Sound proper.(Warfel and Merriman 1944; Richards 1963;

Perlmutter 1971; Hillman et al.1975; Austin and Amish 1974).;

,

,
few have studied any populations for more than two consecutive years.

The overall objective of the monitoring program at Millstone is to

determine the impacts of construction and operation of the power plants

on local fish communities. These impacts have been defined as power-
|

. plant related changes in the occurrence, distribution and abundance of2

fish species which would affect the community structure and ecology of

the region. This report summarizes such fluctuations in the Millstone

-area over several years some of which were prior to the startup of the

power plants, and relates these changes to the ecology of the area.
,

'

t

t

,'
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MATERIALS AND METHODS

-Shore-zone Fish

1

' Beginning in May, 1969, three beach seine. hauls were made within the
'

two-hour period preceding high tide using a 9.2m x 1.2m knotless nylon

seine with 1.3m mesh drawn parallel to the beach. The person inshore

hauled the full length of the tow, 30m, and the person of fsh' ore arched

into the beach at the end of the tow. Hauls were made each February,

May, July, September and December through 1972 at Giants Neck (GN), Bay

Point (BP), Jordan Cove (JC), and White Point (WP) (Fig. 1). In February,

1973, two additional stations were added: Seaside Point (SS) and Crescent4

. Beach (CB). In 1974, the sampling frequency was increased to include

collections during June,' August and October. During 1975, one additional
J

station, Sandy Point (SP), was sampled. Fish in each tow were identified

to lowest practical taxon, counted and measured .(standard length) to the
,

nearest millimeter. When expressed as catch per unit effort, shore-zone
J

fish abundances were standardized to a 30m haul.
A

e
Pelagic FishJ

.

!

Beginning in_ December, 1971, gill nets were set overnight near Twotree

. Island (TT) and Bay Point'(BP) on a quarterly basis (Fig. 1). In June,

1973, sampling _ sites were added near-Black Point (BLP) and in Jordan

Cove (JC), and the sampling frequency increased to bimonthly beginning

if with the_ July, 1973 sample. In January, 1974, the sampling frequency

was increased,to monthly.

t
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Standard monofilament experimental nets from Sterling ?!arine Products

made up of six 7.6m panels, 1.83m deep, with a stretch mesh of 5.1, 3.2,
,

2.5,1.9, 3.8 'and 6.4cm were used during the period from December, 1971,

through January, 1975. sThey were placed perpendicular to the prevailing
,

currents and set so that the float line was approximately 0.6m below the
i

surface at low tide.

In February,1975, the number of sites was increased ad nets were set

both at the surface and approximately 0.5m off the bottom at some sites.

Surface and bottom nets were set at Twotree, Bartlett Reef (BR), Niantic
,

. Bay (NB), and Bay Point. A surface net was set west of the effluent

plume (EW) and a bottom net was set east of the effluent (EE). A surface

net was also set at the Jordon Cove and Black Point sites. lo Stay,

1975, the nets were changed to a multifilament net from the Nylon Net

Company, made up of eight 7.6m panels,1.83m deep, with a stretch mesh
,

o f 10.1, 6.4, 5.1, 1.9, 2.5, -3.8, 7. 6 and 12. 7 cm.

In February, 1976, surface and bottom sets were replaced with mid-water

j. sets at all stations. From October, 1977, to present. monthly midwater
i

gill nets were_ set overnight at eight stations (Fig. 1). Throughout the
!
'

program, fish were identified to the lowest practical taxon and counted.

| Standard lengths to the nearest millimeter were recorded for Petromysoniformes
i

; (lamprey eel)-and Chondrichthyes (sharks). When expressed as catch per
;.
! unit effort, pelagic fish abundances were standardized to an 18 hour

| set.

t

'
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Demersal Fish

Beginning in April, 1973, the demersal fish were sampled biweekly using

a 9.2m Wilcox otter trawl with-a 0.6cm mesh cod-end' liner. The trawl
,

was towed at 1.5 to 2 knots at each station for 15 minutes. Initially,

one tow was taken at Stations 1, 4, 6, 7, 8, 9 and 10 (Fig. 1). Station 11

was added in September,1974, Station 5 in February,1975, Station 2 in

June, 1975, and Station 14 in February, 1976. Single tows were taken at

each station in every sample period until June, 1974, when two tows were

made at one randomly chosen station in a sample period. In August,

three tows were taken at one randomly chosen station each sample period.

In September, 1974, duplicate tows were taken at Stations 8, 10 and 11.

In February, 1975, duplicate tows were begun at Station 5. For the

remainder of the stations, one tow per sampling period was taken plus

one randomly chosen tow. Beginning in February, 1976, triplicate tows

. were made at Stations 2, 5, 6, 8, 11 and 14, and single tows at Stations 1,

4, 7, 9 and 10. Stations 1, 4, 7, 9 and 10 were deleted in January,

1977. Beginning in October, 1977, the duration of the tow was the

length of time required to cover a fixed distance of 0.69 km over the

bottom. Throughout the study, fish from each haul were identified to

: lowest practical taxon, counted and measured (total length) to the

nearest millimeter. When expressed as catch per unit effort, demersal

fish abundances were standardized to a 15 minute tow.
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Analyses |

Preliminary evaluations using the Shapiro-Wilk W-statistic (Shapiro and

Wilk 1965) and the Kolmogorov Smirnov D-statistic (Stephens 1974) tests'

for normality, indicated that the log (CPUE+1) transformation could be

assumed to normalize the trawl data for analyses of variance, while no

transformation could adequately normalize the seine or gill net data.

~ For consistency, all abundance graphs were prepared using the log
;

transformation. Ilowever, analyses of variance of the shore-zone and

pelagic fish data utilized the nonparametric procedure of Kruskal and

| Wallis (1952) that is based on ranks. All significance levels were

a t O( = . 05.

In order to evaluate the fishery data as a time series, the observations'

had to be equally spaced in time. For this reason, and to maximize the

use of the available data, the observations from the shore-zone and

pelagic fish data were grouped together on a quarterly basis, while the-

demersal fish observations were considered on a monthly basis. The mid-

points of these intervals were used on all graphics that considered time

as the independent variable. Quarters were designated by the center
,

month, e.g., the quarter that included January, February and March was

referred to as the February quarter. Abundance estimates were plotted

as the loge (CPUE+1) where CPUE was the mean catch per unit effort of

all data points in a time interval. As an indication of richness, the
,

total number of species recorded from ecch time period was also considered!'

against time,-and subjected to analyses of variance.

268
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Graphics and statistical analyses were completed using the SAS79 (Helwig

and Council 1979) statistical package on an IBM System 3033 computer.
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! RESULTS AND DISCUSSION

Overview of Fish in Greater Millstone Bight

Species composition. From May, 1969, through December, 1979, a total of
f

291,470 individuals representing at least 86 species of shore-zone,
~

pelagic and ground fish was recorded from 4,637 samples collected around

Millstone Point. Of these,- 175,890 fish including 41 species were

collected from 1,168 seine samples yielding 151 fish per sample. A

total of 6,581 individuals representing 46 species was collected from

582 gill net sets yielding 11 fish per sample. The 2,887 trawl collections

averaged 38 fish per sample based on 10P,999 representatives of 70

species. In this respect, the seines provided the most data per sampling

event and the gill nets the least.
4

In terms of actual abundance, 95% of all fish caught were represented by

20 species (Table 1). Silversides (Menidia spp.) were the most abundant

fish captured, making up almost half of the total species composition.

They were also the most important shore-zone fish collected, making up

76.8% of this group. The winter flounder (Pseudopleuronectes americanus)

and scup (Stenotomus chrysops) were the second and third most abundant

fish overall, making up 15.4% and 6.4% of the catch respectively, and

were the first and second most abundant demersal fish collected, their

combined-catch contributing over half to the trawl catch. The most,

abundant pelagic' fish, the Atlantic herring (Clupea harengus) was only4

the-13th most abundant fish overall.

1
.
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Distribution of total catches. For summary purposes, the geographically

proximate sampling stations' indicated in Fig. I were considered together

in'the regions' listed below:

Trawl 1, 2, Seine SPL Niantic River

Trawl 4,~5, Seine CB, Gill Net BLP, NR Niantic Bay

Trawl 11', Seine BP, Gill Net BP Intake

Gill Net'EW, EE Effluent

Trawl 8, Gill Net TT Twotree

Trawl 6, Seine JC, WP, Gill Net JC Jordan Cove.

Trawl 7, Seine SS Seaside

Trawl 9, 10, 14, Gill Net BR Bartlett Reef

Seine GN Giants Neck

The distribution of catch and sampling effort in these regions since

1969 was summatized in Table 2. Fish were most numerous in the Jordan

Cove region where-the most collections were made. The resulting 170

fish' collected per sampling episode.was almost twice the catch in the

next highest region, 88 fish per sample at Giants Neck. These numbers

probably reflect the high proportion of seine samples collected in both

regions. The Niantic Bay and Intake regions had the next most numerous

catches at 29,240 and 25,398 fish respectively, representing 37 and 36

fish per sample. However, the Niantic Riv'er, with 22,817. fish in 479

. samples,'actually had more fish per sampling event, 48. The least

productive region in terms'of fish per sampling episode was the. Effluent

region sampled only by gill nets, which produced 8. fish per: collection.
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tat,le 2. Yearly t=sniant e o f all f ish species in eacta samiel tiig re gion in long J alami Soun! near tbs + ttillstai '.' a . r :tatnon: 1969-1979.

Bart let t Heef Effluent blant s Neck Intake Jorcian Love Niant ic Bay _.N1 antis R ive t
. ._.-~___ .

Twotice Tot al s
- --

ea s tst e

#Finh #Tovs # Fish fTows fF13h # Toss (Tinh ( To ws # Fish * Town # Fish # Tows # Fish 8Tav4 *tish # Tows # Fish # Tows (Finh #fows

, _ _ _1969

.

Trawls . ., . . 6,897 48
Seloch 6ea 12 26 12 6,011 24 . .

.

.

Cill Nets . . . . . .

6,897 48
All Gear 860 12 26 12 b,011 24 . .

:^10

, , , . . . . . . . .
Trawls
Seines 801 15 1,302 15 5,1A6 30 7,289 60

. . . . . . . ,
. .

Gill Nets 7,289 60
All Gear 801 15 1,302 15 5,186 30 . . .

1971

Trawls . . . . , . . .

O Seines . 2,926 15 140 15 30,005 30 .
33,131 60

31 1 38 2*- Gill Net s ,, , 7 1 ,

31 1 33,169 62
All Gear 2,926 15 147 16 30,065 30 .

ly72

Trawls . , , , ,
. . . .

Seines 1,307 15 596 15 5,927 30 . . 7,830 60

157 A 323 8.

Clll Nets . , 166 4

All Gear . . 1,307 15 762 19 5,427 30 .
157 4 8.153 6M

1973

Trawls 2,319 31 . . . . . 527 15 1,060 16 499 14 243 14 610 16 5,298 106

Seines 682 15 144 15 5,913 30 74 12 IRO 15 - 6.993 87
.

140 5 398 20
C111 het s . . . . . 72 5 105 5 81 5 ,

. r> 3 29 750 21 12,o89 213
All Cear 2,319 31 682 15 216 20 6,545 50 1,215 33 499 14

1974

Trawls 3,032 62 . 709 16 1,14 *. 33 Blu 30 1,310 29 '. 2 5 22 **9 35 8.446 227

Seines 2,438 24 156 21 8,832 48 280 24 o '* 24 11.820 141
.

Gill Net s . 288 12 30's 13 525 12 .
234 11 1,356 48

All Gear 3,032 62 2,484 24 1.153 49 10,285 94 1,635 06 1,310 29 457 4h 1,232 4e 21.622 416
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Table 2. (c on t ima at )

Battlett Reef Effluent Gl.snt s Nec k Intabe Jordan Cove Nisntic Bay Niantic River s e a s i.t e Twotree Tatals
f F l e.h # Tows # Fish # Tows # Fish # Town (Fish #Tous # Fish # Town # Fish # Tows # Fish # Tows 6Fi.h # 1. .w s # Fish ihws FFlah (Tows

1975

Trawl s 2,983 120 . _ . 2,627 89 1,160 32 5,582 112 2,192 59 711 34 1,732 89 16,'*89 535
Seines . . 2,130 24 7 7 9,518 48 142 24 6,617 21 114 21 . 18,728 145
Gill Nets 74 22 200 22 . 265 21 297 13 38 tt 34 .

1,027 55 2,012 132 37,221 8IS
- 28 0 23 1,504 135

All Cear 3,057 142 200 22 2,130 24 2,899 117 10,975 93 6,112 170 8,809 MO

1976

Trawls 3,334 130 . . 4,041 73 3,$n4 77 4,08 5 104 5,836 122 51 8 26 1,780 78 22,958 615
Seines 2,707 21 114 21 19,797 45 499 24 5,MS 24 . 48,922 135
Cill t;et t 12 11 185 24 . . 104 13 171 12 106 14 . . . 37 13 615 87
All Cear 3,346 141 185 24 2,707 ll 4,259 112 43,532 134 4,690 142 5,8 16 122 6.123 50 1,n17 91 72,495 8 37

1977

Trawlm 2,64 5 78 . . 4,648 78 2,037 78 3,412 78 2,165 78 . 1,715 79 lb,b22 4 68

u . . . 2,198 24 !!8 24 19,126 48 209 24 IN 24 21,771 144Seines
j Cill N to to 12 85 25 . 64 12 117 12 54 16 . . 21 12 359 89

All Gear 2,663 90 85 25 2,198 24 4,810 114 21,260 138 3,675 118 2,165 78 120 24 1,736 90 36,752 701

1978

Trawls 2,121 78 , . 4,081 78 1,943 78 5,057 78 1,428 78 1,525 78 16,155 468
Seines . . . ,. 1,126 24 346 24 2,978 48 168 24 323 24 . 4.941 144
Cill Nets 55 12 248 25 . 117 12 198 12 168 24 . .

32) 24 1,591 90 21,948 709
66 12 852 97,

All Gear 2,176 90 248 25 1,126 24 4,544 114 5,119 138 5,393 126 1,42!l 78

1979

Trawl s 2,389 78 . . 4,720 7M 3.125 78 5,959 78 2,770 78 3,568 78 22,531 468
Seines , . , 1,554 24 442 24 5,089 48 149 24 1 54 24 7,568 144
Ctll Nets 25 12 292 24 . . 98 12 278 12 412 24 . ,

31 12 1.13b 96
All Gear 2,414 90 292 24 1,554 24 5,260 114 8,492 138 6,520 126 2,770 78 ' P. 24 3,599 90 31,235 708$

All Year s

Tsawls 18,823 577 . . 20,826 417 13,500 391 25,985 496 16,200 4 5a 1,737 96 11,928 452 .08,899 2,887
Seines , , 18,779 213 3,391 193 138,442 429 1,521 156 6,617 21 7,140 156 . 175,890 1,168
Cill Nets 184 69 1.010 120 . 1,181 92 1,475 79 1,7 34 129 997 93 6,581 582
All Cear 19,007 646 1,010 120 18,779 213 25,398 702. 153,417 890 29,240 781 22,817 479 ",877 252 12,925 545 291,470 4,637

.
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The greatest' number of fish in a single year (72,495) was collected in

1976. This was the most intensively studied year with 837 collections.'

-The' highest density of fish per sample (535) was reported in 1971. The.

earlier years.(1969-1972), in general, had higher catches per collection,

ranging from 120 in 1972 to 535 in 1971. In 1973, when the trawl collections

began and the gill net program intensified, the number of fish collected

per sample dropped precipitously because, as pointed out previously,

trawls and gill nets did not collect as many fish as seines. While the-

sampling effort over the last three years was fairly constant (700

collections per year), the total number of fish caught ranged from

21,948 in 1978 to 38,752 in 1977. The fewest number of fish per collection
,

4

(31) occurred in 1978.

J

Regional distribution of selected species. The regional abundances in

terms of catch per unit of. effort (CPUE) of species contributing at

least 1% to any of the fishery catches, were summarized in Tables 3-5.

Silversides were the most abundant shore-zone fish caught in five of the

1

seven regions sampled by seines (Table 3), being highest in abundance at
i

. Jordan Cove and lowest at Seaside.

.

Sandlance (Ammodytes americanus) was the most abundant shore-zone fish
4

collected from Seaside and was at its highest abundance there. Fourspine

! stickleback (Apeltes quadracus), mummichog (Fundulus heteroclitus) and

killifish (Fundulus majalis) were found at their greatest abundances in

the Niantic River, while menhaden (Brevoortia tyrannus) and silversides

were most abundant in Jordan Cove. The very large CPUE of silversides
! .. .

from Jordan Cove was partially attributable to unusually large catches.

of juveniles (> 5,000 per- haul) in the summer of 1971 and agsin in 1976.
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Table 3. Regional dist ritat ion of selec t ed * 3pec ies' mean c at ch (number per 30 'tet er haul) using sein s. I w 9- 1979

-- -

Spec i es Bartlett Feef Effluent Gia n t s Wc k__ Intake lordan Owe Niantic_ _ _ . _ _ Niantic River Seaside Twc4reeSg

Anulg tes arwrinma NS** NS 1.52 0.06 8.27 0.15 0.19 36.03 hs
A;witva qua.lruand NS NS 0.On 0.04 8.55 0.04 11.62 0.18 NS

brepoortia t,nznma NS' NS 0.45 b.57 6.70 0.01 0.00 0.01 NS

thdlus hetuvolitas J NS 3.45 0.05 14.62 1.01 73.71 0.06 NS

/k4fulha rb4 alls NS NS 1.46 0.10 15.81 0.03 37.57 0.09 NS
*

Lssidia Jg. NS NS 74.60 8.28 259.56 7.h0 186.52 5.69 NS

__ _

Table 4. Regional d ist r al.iat ion of selec t ed spec ies' mean cat c h (number per 18 hour set) using gill ne t e, 1971-1979

Spec ie s Bartlett R .-e f.-- Fffluent Giant s Nec k Intake lor < tan Cove Niantic
. _ __ _ ___ _ _kiver Seastle Twot teeBay N 1.snt ic

_.

Alosa aestivalis 0.21 0.70 NS 0.38 2.86 0.85 NS NS 0.0)
Ala.Ja ;;sud 214ren.p.s 0.04 0.67 NS 0,10 0.76 0.3% NS NS 0.59,

brepoori.2 t,,ranm a 0.4b 2.04 NS 2.94 4.56 4.21 NS NS 0.59
Clapaa 1.areng:.s 0.84 2.24 NS 5.53 4.83 3.56 NS NS 7.18
l'efrilkJ tri.aa2nthus 0.00 0.43 NS 0.51 2.50 2,06 NS NS 0.06
Ite.zt ma s saltatrix 0.04 0.53 NS 0.25 1.79 0.31 NS Ni 0.00

h JYionatus spp. 0.34 0.19 NS 0.94 0.1h 0.26 NS NS 1.49
S salka a.Nnthlag 0.19 0.01 NS 0.21 0.03 0.44 Ns NS 0.62f
.itena turn.d chrysaps 0.05 0.12 NS 1.37 0.36 0.11 NS NS 0.97
Tautujulabrua udag sn, a 0.02 I . *> 7 n.' O.II n.22 M NS 2.17'''

_. --___-_
_

. , . . . - _ _ _ _ . _ _ _ .

Table 5. Beg ional d i st r ito r ion of s e t.x t el y cc in+' r . an catc h (mM er l er 15 r, inure t .w ) u s ing t s a.;1 s, 1973-1979

Spec i es Bartlett Reer Fffluent Ctant s Neck Intake lordan N e Niantic Bay Niant ic River SeastJe. Twt r ee

A ncL2 spp. 0.01 NS NS 2 . t:8 1.02 5.11 0.hl 0.00 0.80
AniJi uj p. 0.64 NS NS 6.26 4.24 1.92 5.19 0.09 0.90
A rth m ika bilinaarlJ 1.58 NS NS 0.75 0.14 0.49 0.01 0.17 0.58
Pgax00sg h.tlks avuc;.J 1.10 NS NS 0.7b 0.99 0.28 0.56 0.26 0.46
Ir/ows:.s 1.21 NS NS 0.51 0.19 0.57 0.59 0.08 0.90
fcul. pleuronectes amwria2%s 11.09 NS NS 13.71 17.77 20.81 29.95 7.18 14.61
R Ja spp. 3.34 NS Ns 1.89 0.96 1.va 0.01 0.68 2.23
S.y h ti. alas.s ,a p.uc:.a 7.65 NS NS 2.h 6 1.71 2.39 1.20 1.11 2.46
Stenaturm.s chegsgo 4.08 NS NS 9.35 3.63 21.12 0.52 0.94 '5.41
Taut 4a onitie 0.36 NS NS 0.97 0.97 0.ls 0.91 0.49 0.32
Tak t40ldrm; a.hjYr.tuJ 0.76 NS NS 8.69 1.96 u.66 0.9) 5.08 0.61

. -_ .__ _. . _ . _ _ - _ . _
,

* Timise fish that m Je up at least it of the qvcies composit ion.
** Mat umpl ed .

.

_ _ _ _ _ - _ - -
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Atlantic herring were the most abundant fish caught in all but one of

the six regions sampled by gill nets (Table 4), being most abundant at

Twotree and least abundant at Bartlett Reef. Menhaden were the most
,

abundant fish caught in Niantic Bay. Blueback herring (Alosa aestivalis),
'

alewife (Alosa pseudoharengus), menhaden, butterfish (Peprilus triacanthus)

and bluefish (Pomatomus saltatrix) were at their greatest abundances in

Jordan Cove, while Atlantic herring,'searobins (Prionotus spp.) and

spiny dogfish (Squalus acanthias) were most abundant at Twotree. Scup

were found in_their highest abundance in the Intake region.

,

Winter flounder was, numerically, the most important fish collected by*

bottom trawls from all. regions but Niantic Bay (Table 5). Highest,

catches were recorded from the Niantic River and lowest catches off
,

,

Seaside. Scup was the dominant species collected from Niantic Bay.
.

Silverhake (Merluccius bilinearis), searobins, skates (Raja spp.) and

windowpane flounder (Scophthalmus aquosus) were found in their highest

abundance in the Bartlett Reef area, while silversides and cunner
,

:
'

(Tautogalabrus adspersus) were found to be most abundant in the Intake

region and anchovies _(Anchoa spp.) and scup in Niantic Bay. The grubby

; .(Myoxocephalus aenaeus) was found in its highest abundance at Bartlett

Reef and Jordan Cove. Blackfish (Tautoga onitis) were evenly distributed,
;~

but were most abundant in the Intake area and Jordan Cove.

!

|
|

Annual distribution for' selected species. Silversiies were the most

abundant shore-zone fish collected by seines in ten of the 11 years

1 sampled since the beginning of the -program, and were particularly

f
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abundant in'1971 and 1976 due. to large. catches of juveniles in Jordan

Cove-(Tible 6). Killifish was the most abundant species collected in

1969. Menhaden, caught primarily as juveniles in the seines (personal

observation) seem to have decreased considerably from the earlier years

'in the shore-zone catches. S'andlance, killifish and silversides also

had catch ranges that varied as widely as the menhaden and the decrease

may reflect either a normal long term fluctuation or a patchy distribution

'in time and space.

Of th'e pelagic species, Atlantic herring was the most abundant fish

. collected in five of the nine years sampled with gill nets (Table 7).

Searobins, menhaden (primarily adults), blueback herring and butterfish

dominated the 1973, 1976, 1977 and 1979 catches respectively. Four of

the ten selected pelagic-species (alewife, menhaden, butterfish and

bluefish) recorded their maximum average abundances in 1974. Atlantic

herring, scup and cunner were most-abundant in 1972. While 1971, 1973

and.1978 were the best years for spiny dogfish, searobins and blueback

herring respectively.

Winter flounder was the numerically dominant demersal fish in all years

of the study and was notably most ' abundant, along with blackfish and

cunner, in 1979 (Table 8). The remaining species had peak occurrences

in other years: anchovies and grubby in 1978, and silversides in 1976

-(also-a year it was very abundant in shore-zone seines). Silverhake,

windowpanc flounder and scup were most abundant in 1975, skates in 1974

~and searobins in 1973 (the year in which they were most abundant in gill

net catches).

279-
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Seasonal distribution of selected species. The abundances of many of

these selected species were also seen to vary seasonally. Silversides

were-the most abundant species in all but one of the months sampled by

seines June, when mummichog was dominant (Table 9). Although the average

monthly abundances varied widely and peaked in the August quarter, none

of the shore-zone fish except silversides, exhibited a strong seasonal

progression, increasing and then decreasing from month to month.

.

The most abundant pelagic species, Atlantic herring, exhibited a seasonal

pattern (Table 10). Not only was it most abundant in the winter-spring

months (December-April), but was also the numerical dominant collected

from gill nets during this period as well. Cunner peaked in June and

searobins and-butterfish in July and August respectively. Menhaden

exhibited semiannual peaks in May and again September through November.

Among the demersal fish, winter flounder was the dominant recorded from

January through July (Table 11) and from October and November samples.

Scup was most abundant in August and. September, and silversides in

Dece mber trawls. All of the demersal species exhibited some seasonality

in their catches over the months. Skates could be considered ascasonal

in their occurrence as they were caught in similar amounts year round

with several relative minima and maxima. Two demersal species were

found to be bimodal in their annual cycle of abundances. Winter flounder
1

had maximal average monthly abundances six months apart (May a'nd November).

| Windowpane flounder, on the other hand, had two separate peaks in the

late summer and late fall. Distinct seasonal maxima were observed for
'

grubby (February), cunner (June), searobins (August) and silverhake
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(November). Large_ seasonal abundance variations were exhibited by scup

(August), anchovies (September) and silversides (December).
~

Taken together, these. summaries suggest that certain species were permanent

residents during all life stages of the shore-zone, pelagic and bottom

. communities of the greater Millstone hight, while others migrated between

these communities or in and' out of the area completely, in differing

frequencies. Winter flounder, skates, windowpane flounder, grubby and
~

blackfish could be considered permanent residents of the demersal

community--they have been present in varying degrees in all regions and

all months-(with some seasonal variation) since the beginning of the

trawl program. Alewives and menhaden could be considered the most

pe.manent residents of the pelagic community in the area. While Atlantic

-herring were dominant in the winter gill net catches, their absence

during some seasons suggested they migrated completely out of the area

during late summer.- Seasonal ~out-migrations were also implicated for

blueback herring, butterfish and spiny dogfish by their complete absence

during certain months. All of the shore-zone fish were recorded in

~ lowest numbers in February,'and their abundance. varied widely from year

to year and region to region. While sandlance, fourspine stickleback,

killifish, and mummichog were recorded only from seines, menhaden at

different. stages appeared equally-in the shore-zone and pelagic communities

and silversides appeared to migrate between the shore-zone and demersal

communities. Juvenile menhaden were most abundant in the July seines-

and were abundant periodically as adults throughout the summer from the

trawls. Silversides, however,-exhibited an inverse seasonality in the

shore-zone and demersal communities. Juveniles were most abundant in
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.the' shore-zone in July and. adults most abundant in demersal collections

in December. These data support the idea presented by Bayliff (1950)

: that silversides move to deeper water when the water temperature drops.

I - Anchovies and silverhake were only present over a period of several

months in the demersal community, suggesting that these species migrate

into the area periodically. While anchovies were caught exclusively in

; trawls, they are not generally considered pact of the demersal community

(Bigelow and Schreoder 1953). It seemed that when they were in the

,

area, they occurred in great enough numbers to be caught in the trawls.

Finally, searobins, scup and cunner uppeared to be seasonal residents of

both the demersal and pelagic communities--when they were-in the area,

both gill nets and trawls captured them,

i
:

:

Assessment of Potential Power Plant Impact on Fish in Greater tiillstone'

Bight

]

1

The power plant would have the greatest effect on those fish populations

subject to impingement or entrainment losses. Therefore, to put the4

numbers of impinged and entrained fish in the perspective of those

caught in the fish program, those species whose abundances contributed

1% or more to either impingement, entrainment, reine, gill net, or trawl,

!

j collections'were considered together in Table 12.

Of the 16 most commonly. impinged species, ten were also found in seine,

I gill net or trawl collections and of the seven most common entrained

~

larval species, four were represented in the fish samples. These eleven

species included winter flounder, silversides, grubby, anchovies, cunner,

L
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Ta t,l e 12. Comparison of species representing at l ea s t 1 *. o f f ish collected f rom impingement, ent r.s inunent , seine, gill pet, and trawl
samples, 1969-1979.

Impingement Ent ra inmer.t
(Unit 1 & l'ait 2) (Unit 1 & Unit 2) Seines (;ill Ne t s Trawls

1972-1979 1979 1969-1979 _ _ 1321-192 1 1323:19H _Spec ies A nk Ta t;11 1 Jnk ffm3 * Jank Total I . R.mk Tetal L. Kank Tgtal 1

Peculepleuroucates wwrixiew 1 57,871 27 3 .195 6 1 44.809 41nenidia spp. 2 30,391 14 1 135,137 17 4 7,221 7
Caetaroatcza .uz.leatua 3 26,367 12
3%oxxc;1u!ta aenae:a 4 18,939 9 5 .065 2 10 1 .58 2 2Anchoa spp. 5 11,236 5 1 1.829 72 7 3,912 4
TautogolabruJ adeFocuJ 6 9,790 5 5 357 5 5 5.598 5
Tautog oriris 7 5,847 3 11 1,478 1::erlusalus Lillnearia 8 5,368 3 9 1,661 2SaghthMar s aquama 9 5,182 2 3 8,318 8Micra.jalus toruod to 5,0.t o 2
#srane w criaaru 11 4 ,51 6 2

g Cyr::futI.us f.acuJ 12 4,374 2 7 .026 1

Brevoortia (31Jun44 13 3,082 1 5 4,477 3 2 1,325 20
*

Alvea acatipalid 14 3,069 1 4 384 b
Cancrtsa mordax 15 2,3sg 1'
Cyclortertu lv us 16 2,106 1p
ArsedytcJ av:cricanus 2 .234 10 2 9, t4 5 6
H.olic gurmalin<a 6 .048 1

l'riid ent if led 4 .044 2
FwiluluJ ha taroalitua 3 8,142 5
Fwidulua rajalla 4 7,921 5
A;'eltas qwtJea x.J C 3,963
Clurca haren,r a 1 2,826 43
E'qvilua triaoant).u: 3 548 6
h=ionutus spp. 6 177 3 8 1,827 2
hv.2ttnu" ealtatrix 7 150 2
A les2 culol.aranyus 8 145 2
Ste wr:us chrysops 9 133 2 2 18,590 17
g ius aJanthias 10 91 1

Ra,fa spp. 6 4.671 4

.
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blackfish, silverhake, windowpane flour. der, menhaden, blueback herring

and sandlance. Seven potentially impacted species including threespine

stickleback (Casterosteus aculeatus), tomcod (Micro 2adus tomcod), white

perch (Morone americana), pipefish (Syngnathus fuscus), smelt (Osmerus

mordax), lumpfish (Cyclopterus lumpus) and rock gunnel (Pholis gunnellus)

did not contribute 1% to any of. the fish collections. Eleven other

species contributed 1% only to the fishery samples and included mu.nmichog,

striped killifish, fourspine stickleback, Atlantic herring, butterfish,

searobins, bluefish, alewife, scup, spiny dogfish and skates.
4

The potential impact. of power plant operations on shore-zone, pelagic

and demersal fish _was considered by way of graphical interpretations of

changes in the total catch and numbers of. species. Temporal and spatial
.

I distributions of selected species abundances were also graphically
1-

evaluated. To support interpretations of shore-zone and pelagf e graphs,

separate nonparametric one-way analyses of variance were performed using
;

as single factors year, station and quarter The evaluation cf the

trawl abundance and numbers of species graphs were supplement.:d with

; analyses of variance using year, quarter and station as combiied effects

,

and a Duncan's multiple range test on the main effects.

Shore-zone fish. The total catch of shore-zone fish exhibited extreme

'
seasonal fluctuations at all stations, but did not experiences any obvious

net change over time (Fig. 2, arrows indicate startup of Units I and

L II). Even though the two peaks representing a log (CPUE+1) greater

than 8.0 for Jordan Cove in both 1971 and.1976 might suggest that these

| years were significantly different from the others, the: counts-in the

I
i
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other quarters of those years were sufficiently low to prevent the

overall annual abundance over all stations from being significantly

different from the remaining years. The results of the nonparametric

one-way analysis of variance on the ranks of the total catch indicated

no significant effect due to year (Table 13). Seasonally, minimal

abundances occurred in the first quarter of every year at all stations

.ind maxima in the second and third quarter. Nonparametric analysis of

variance indicated that significant differences existed between the

catches in each quarter with the August quarter highest and the February

quarter lowest. In general, abundances recorded f rom Jordan Cove appeared

higher than those from the remaining stations, and the nonparametric A0V

indicated that there was a significant effect due to station. Jordan

Cove had the highest mean abundance for total shore-zone fish catch and

Bay Point the lowest.

The number of species recorded each quarter also varied seasonally

(Fig. 3), ranging from an average high (7.0) in the August quarter

through 3.3 species in the November quarter to a low of 41 in the

February quarter and then to 4.1 species in the May quarter. There

appeared to be no net increase or decrease in the number of species with

time and Jordan Cove was seen to have the highest number of species at

all times. An analysis of variance with quarter, year and station in

combination as factors, indicated that significantly more species were

caught in the August quarter but there was no significant difference in

the average number of species collected (3.8) each year. Jordan Cove

catches had significantly higher numbers of species (6.6) than all other

stations.
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Table 13. Kruskal-Wallis nonparametric analysis of variance on shore-zone seine data using
quarter, year and region as single factors. If a significant effect existed,
the value of the class variable in which the maximum mean abundance and minimum
mean alundance occurred is listed under each class variable.

Quar ter * Year Statlon**

Dependent variable Max. Min. Ma x . Min. Max. Min.

Total catch 8 2 NSD*** JC IN

Manidia spp. 8 2 NSD JC SS

A. andricanus 8 2 NSD NSD

?. heteroclitus 8 2 NSD JC IN

F. majalis 8 2 NSD JC CB,o
m
@

B. tiorannus 8 5 NSD t:S D

A. quadracus 8 2 NSD 3C LU

.

* 2 = February quarter ** JC = Jordan Cove * * * N3D = !!o signif icant dif f erence
5 = May quarter SS = Seaside
8 = August quarter IN = Intake
11 = November quarter CB = Crescent beach

.

4

i
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i

: Even though silversides, mummichog, killifish and stickleback did not
i
'

exhibit strong seasonal progressions from month to month (Table 9), the

i seasonality of these species was quite apparent at least at some stations

on a quarterly basis (Fig. 4-7). Silversides abundances could be seen

to vary seasonally at all stations (Fig. 4). All of the selected shore-zone'

species experienced a significant effect due to quarter (Table 13)..

Highest abundances were recorded f rom the August quarter and lowest

abundances from the February quarter except for menhaden whose lowest-

mean abundance occurred in the May quarter. Except for the large peaks'

of silversides in 1971 and 1976, none of the selected species experienced
'

any apparent change in annual abundance (Fig. 4). The analysis of

variance indicated no significant differences in annual abundances for
'

any of the species (Table 13). Again lower than average-values in the
' other _ three quarters of 1971 and 1976 kept the annual mean abundance for

l those years from being significantly different from the other years.

All four of the graphical./ depicted shore-zone f 1h abundances varied
4

from station to station (Figs. 4-7). The effect due to station was

significant for these four species. Silversides were most abundant at

Jordan Cove and least abundant at Seaside (Table 13). Mummichog and

killifish were also most abundant in Jordan Cove and, except for White

Point, made only sporadic appearances at the remaining stations.(Figs.

5-6). The fourspine stickleback was found almost exclusively at the

Jordan' Cove site (Fig. 7). Menhaden an sandlance abundances were not

significantly affecte'd by station (Table 13).
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Pelagic fish. The total catch of pelagic fish did not exhibit the

seasonal fluctuations so characteristic of the total shore-zone fish

catch'(Fig. 8). There were no significant differences between the mean
.

catch in the quarters as determined by the nonparametric analysis of

-variance.(Table 14). At.all stations except Twotree, there did not seem
,

L
to be any increasing or decreasing trend over the years (Fig. 8).

liowever, the analysis of variance indicated a significant effect due to
,

&

year with 1974 recording the highest mean abundance over all stations

I- and quarters and 1917 the lowest (Table 14). The low value in 1977 may
i

l be-partially attributable to sampling problems (ice) in the February

quarter due to the extremely cold weather that year. The total pelagic

-catch also exhibited a significant effect due to station (Table 14).

Average catches were highest at Jordan Cove and lowest at Bartlett Reef.

'

The average number of pelagic species (2) was lower in the February

quarter than in all other quarters, the strong seasonal pattern characteris-

tic of the number of shore-zone species was not apparent graphically

(Fig. 9). Neither was a decreasing or inc,reasing trend over time indicated

j (Fig. 9). Niantic Bay appeared to consistently have the most number of

species present. An analysis of variance using quarter, year and station
,

in combination and a Duncan's multiple range test indicated all three
.

] factors had a significant effect on the number-of species. The February

quarter had significantly fewer species than all other quarters. The

highest annual number of species was recorded from 1975 (5.9) and' lowest

from 1977 (3.1).
|

i

i
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Figure 8. Total pelagic catch per 18 leur gill net set at each station.
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Table 14. Kruskal-Wallis nonparametric analysis of variance on gill net data using quarter,
,

year and region as single factors. If a significant ef fect exi st ed , t he value
of the class variable in which the maximum mean alundance and minimum mean abundance
occurred is listed under each class variable.

Quarter * Year Station **

Dependent var iabl e Max. Min. Max. Min. _ Max. Min.

Total catch NSD*** 74 77 JC BR

C. harangua 2 8 NSD NSD

B. tyranqua 11 2 74 72 JC BR

P. triaeanthua 8 2 USD tlB BR

A. aestivalis 8 2 USD JC TT

T. adaperouc 5 2 72 74 NSDu

$
Prionotus spp. 5 2 USD NSD

P. saltatri 8 2 NSD NSD

A. pecudoharangue NSD NSD EU BR

S. chrysops 8 2 NSD NSD

S. acarthias NSD NSD NSD

* 2 = February quarter ** JC = Jordan Cove *** NSD = No signif icant dif f erence

5 = May quarter liR = Bartlett Reef

8 = August quarter Nil = Niantic Bay
11 = November quarter TT = Twotree

IN = Ef fluent West

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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Atlantic herring, menhaden, blueback herring, searobins, butterfish ana

cunner abundances versus time were depicted in Figs. 10-15. While all

; of the species except alewife and spiny dogfish had a significant quarterly

effect (Table 14), the seasonal pattern was not as apparent graphically
|

at all locations as in the shore-zone fish data. Atlantic herring

showed the most obvious pattern (Fig. 10), but this species, along 'th'

mennaden (Fig. 11) in contrast to all other selected species, both had

peak occurrences in the colder quarters. Menhaden was most abundant in

the November quarter and the Atlantic herring peaked in the February

quarter, when all other selected pelagic and shore-zone species abundances

were at a minimum (Table 14). The menhaden cycle was frequently bimodal,

within a year (Fig. 11). Butterfish, blueback herring, bluefish and,

scup were most abundant in the August quarters, and searobins and cunner

most abundant in the May quarter (Table 14).

Only, two of the selected species abundances were significantly effected
4

by year (Table 14). Mehaden were most abundant in 1974 and least abundant

in 1972, and cunner were most abundant in 1972 and least abundant in

1974. The remaining rpecies considered were not significantly affected
9

by year.

i

Unlike the shore-zone fish, all of which had a significant effect due to
i

station and were most abundant in Jordan Cove, only menhaden, butterfish,

alewife, blueback herring and butterfish _had a significant station

effect. Menhaden and blueback herring were most abundant in Jordan Cove

. while butterfish were most abundant' in Niantic Bay and alewife west of

the effluent (Table 14). All other species appeared equally abundant at

i 300
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Figure 10. Total catch of Atlantic herring per 18 hour gill net set at cach station.
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Figure 11. Total catch of mentuden per 18 hour gill net set at each station.
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Figure 12. Total catch of blueback herring per 18 hour gill net set at each station.
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e e

the various stations. Even though cunner had no significant differences

due to station, an interesting pattern emerged (Fig. 151. In the earlier

_ years (1972-1974), cunner was more abundant at Twotree than in recent

years. Cunner has been increasing at the effluent stations since 1975

when the sites were first sampled. Since cunner prefer a rocky reef

habitat (Olla, Bejda and Martin 1975) they may be attracted to the rip

rap now present near the effluent.

Demersal fish. A periodicity, characteristic of the total shore-zone catch,

was not readily apparent in the total demersal catch (Fig.16). However,

analyses of variance on the log transformed total catch per effort data

indicated that the mean catch in the August quarter was significantly

higher than the catch from all other quarters and the catch in the

February quarter was lowest (Table 15). The mean annual catches did not

exhibit any notable trends, but some years were significantly different

from others. Mean total catch for 1973 was significantly lower than all

subsequent years and 1979 was higher than all previous years, but 9.ot

significantly greater than catches in 1974 or 1975. Regionally, the
'

total catch was highest at the Intake and Niantic Bay and lowest at

Twotree and Seaside (Table 15).

The number of species varied over time and space, but without a graphi-

cally apparent pattern (Fig. 17). A significant difference between the

mean number of species in each quarter, however, was indicated (Table 15).

The most ' species' were found in the August quarter and the fewest in the

February quarter similar to mean total catch. Since the beginning of

'the study, the most species were found in 1975, but not significantly
_
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Table 15. Duncan's Multiple Range Test of cignificance for the means of total catch log (CPUE+1),
number of species, and means of selected species catch (log (CPUE+1)) in various
classes. Class values connected by a line had means that wSte not significantly different.
Mean values within a class decrease f rom let t to right.

_.- - -.--

Class variables

Dependent variable Quarter * Year Region **
- -..--.- -

Total catch 8 11 5 2 79 75 74 76 78 77 73 IN NB NR JC BR TT SS

Number of species
8 5 11 2 75 76 74 79 77 78 73 IN BR JC NB TT NR SS

P. americanus 5 11 8, 2_ 79 74 75 78 76 77 73 NR NB IN JC TT BR SS

S. hrysops 8 5 1l 2 79 75 77 73 76 74 73 NB IN TT BR JC SS NR
u

S. aquocus 11 8 5 2 74 75 76 79 77 73 78 BR UB IN TT JC NR SSo

31 nidia spp. 1I 2 8 5 79 78 76 77 74 75 73 JC IN NB NR _TT BR SS

T. adspercus S 8 11 2 73 74 75 79 76 77 78 SS IN JC BR NB NR TT

R2,fa spp. 11 2 5 8 74 75 76 73 77 78 79 !!R TT NB IN JC SS NR

,luchoa spp. 11 5 8 2 77 76 78 79 75 73 74 NB IN JC NR TT BR SS

halonotus spp. 8 5 11 2 73 76 7_4 79 77 75 78 BR TT NB IN NR JC SS

M. bilinearis 11 2 8 5 75 76 74 77 79 78 73 BR IN NB TT JC SS NR

N. acuacus 2 5 11 8 78 79 77 75 76 74 73 JC IN NR TT NB SS

T. onitic 8 5 11 2 No significant difference IN JR NR SS NB filt TT

.

* 2 = February quarter ** IN = Intake llR = Bartlett Reef

5 = May quarter Nil = Niantic liay TT = Twotree

8 = August quarter NR = Niantic River SS = Seaside
11 = November quart er JC = Jordan Cove =
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more than in 1976 or 1974 (Table 15). There were no significant differences

among the mean numbers of species found in the remaining years. Regionally,
,

the most species have been found at the Intake and Barlett Reef and the

fewest at Seaside aud the Niantic River.
I-

The abundances' of many of the frequently caught and abundant species

such as winter flounder, scup, windowpane flounder, silversides, cunner,

skates, silverhake and searobins appeared to fluctuate in recurring -

patterns at most stations-(Fig. 18-25). All of the selected demersal

species were significantly affected by quarter (Table 15), but in differ-

) ent ways. Grubby abundance peaked in the February quarter and winter

flounder and cunner in the May ' quarter (Table 15). Grubby spawn all-

winter (December through March) in this area (Lund and Marcy 1975) and
'

cunner from May through July (Johansen 1925; Dew 1976). These species

would be more concentrated during these periods and might be more suscep-
t

tible to capture. Even though winter flounder spawn from February,

''

through April (see Winter Flounder Population Dynamics section), they

were caught in highest abundances as spent adults when they were believed
,

'

to be feeding in Niantic Bay. Scup (Fig. 19), searobins (Fig. 24) and

blackfish -(Table 15) were most abundant in the summer, again corresponding

'to their approFimate spawning periods (Bigelow and Schroeder 1953). The;

!

remaining species, windowpane, flounder (Fig. 20), silversides (Fig. 21),

' skates (Fig. 23), silverhake (Fig. 25) and anchovies had significantly,

higher abundances in the November quarter than in the spring or summer

(Table 15). 'In the case of the skates, this period corresponds to one

of.the spawning periods of the little skate, Raja erinacea, (Richards et

; .al~. 1963). However, in the casel of the other species and winter flounder

311
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;which exhibited a secondary-peak during'this period (Fig.'18), these
' peak abundances may be the result of migratory patterns or other factors.

The' fact that individual species-abundances peaked at.different times of

the year may contribute to the lack of an apparent seasonal cycle in,.

'
total catch.

>
+

, .

All of the selected species had mean annual abundances tha't were signifi-

cantly af fected by-year (Table 15), even though most of the graphs

(Figs. 18-25) did not show any consistent increases or decreases. The

large. catches of winter flounder from May through December 1979, in

certain regions (Niantic Bay and Twotree) (Fig. 18), were responsible4

,

for the significantly increased abundance in 1979 over all other years

except 1974. Searobins (Fig. 24), skates (Fig. 23) and windowpane

! flounder (Fig. 20), on the other hand, were significantly more abundant

in the early years of the study than 1979 (Table 15). Scup and silversides
,

had mean catches that were highest in 1979 and lowest in 1973 (Table 15).
;

4

Grubby mean catch for 1979 fel'1 off f rom its peak value in 1978. Anchovies'

j mean catch was highest in 1977 'and was significantly lower in 1979 than
.

| in the three previous years. In 1975 and 1976, the mean catch of silver-

hake 'was significantly higher than all other years while cunner had its

highest catch in 1973..

!

i

The' selected demersal species were distributed geographically in different

..

ways.with some being caught in greater abundance at offshore locations
!

I and others'at inshore regions. .Even though the mean total catch was

highest at the Intake, only.blackfish were more abundant there (Table 15).

Many of- the other. species were found in their second or third greatest |
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. abundances at the Intake, thus contributing to the large total catch

. there. Historically, the prime area for catch of winter flounder was

the Niantic River, but in early 1978 this shif ted to the Niantic Bay and

remained there for most of the months -since (Fig. 18). The reasons for

this. apparent shif t were unclear. Ilowever, since 1974 there havc been

' increases in bottom coverage by eclgrass (Zostera narina) and red and
' blue-green algae in the river. This may be an indication of changes in

the River habitat. Windowpane flounder, skates, searobins and silverhake

were significantly more abundant at the of fshore stations in the Bartlett
i

Reef region (Table 15). However, while windowpane flounder and searobins

were present (although in reduced abundance ) in the Niantic River

(Figs. 20 and 24), skates and silverhake w virtually absent from this

region (Figs. 23 and 25). Silversides and grubby were significantly'

more abundant in Jordan Cove and the Intake regions, while significantly,

more scup and anchovies were found in Niantic Bay. Conner was the only

j fish that had its highest mean catch at Seaside (Table 15).

Summary and Conclusions

,

Fish populations in the Greater Millstone Bight have not experienced any

detectable adverse change due to the. operation and construction of power

plants on Millstone Point. Ten years of shore-zone seine , -eight. years
.

of gill net and.six years of trawl data provided the bases' for this con-

clusion. While total catch and numbers of species of shore-zone, pelagic
'

and demersal fish were seen to vary periodically, no net change in these

parameters was detected. Neither was any adverse change detected in any

of the selected species also subject to impingement or entrainment:

,

E.

.
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. losses. Winter flounder, potentially affected by both ic ingement and

larval entrainment, were most' abundant during 1979. A shift in the area

of ' dominant catch from Niantic River to Niantic Bay occurred and was

throught to be more a reflection of ecological changes in the river than

power plant influence in the Bay. Silversides, the second most important

impinged fish, were caught in highest numbers by seines in Jordan Cove.

They apparently undergo a 'igration.to. deeper water in the colder months,*

j similar to that reported in the literature, where they were subsequently

caught by trawls. Annua ~ catches of silversides were not significantly
i

dif ferent. in either trawls or seines before and af ter the power plants

became operational. Windowpane flounder abundances as estimated by

trawls remained stable both temporally and spacially. Adult menhaden,

catches decreased in the gill net collections since 1971, but juvenile

abundances as estimated by seines, did not change detectably. Blueback

herring, the least impinged species also represented in the fish collec-

:tions, has not exhibited any detectable change attributable to the power
i

plant.

Grubby, anchovies, cunner, blackfish and silverhake represent species
.

that were subject to entrainment/ impingement losses but may not be4

quantitatively sampled by trawls. Grubby prefer dense eelgrass beds

(Bigelow and Schroeder 1953) and cunner and blackfish rocky ' reef' type

habitats (011a et al.1975), neither of which are trawled with high

efficiency. Schooling fish like anchovies and silverhake, neither of

.which are bottom fish (Bigelow and Schroeder 1953) had catches that were

seen to vary as much as four times from tow to tow within a set of-

triplicates (personal observation). This variability, suggestive of a
,

322.
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,

patchp distrib'ution, would' contribute' uncertainty to absolute abundance-

estimates as determined from trawls. Even so, assuming the gear samples
~

_

-these populat' ions 'in'a' consistent way,- relative comparisons' indicated no

| 1 detectable change in'the abundances of~ grubby, anchovies, blackfish or'
.

! -silverhake. Cunner, as sampled by. gill nets have become increasingly

. abundant at two near shore locations, the In'take' and. Ef fluent where rip

~ rap may be'providing added habitat.
~
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WINTER FLOUNDER POPULATION DYNAMICS

INTRODUCTION

Winter flounderr(Pseudopleuronectes americanus) is one of the most

common demersal. fish species in northeastern coastal-waters. Its range

is known;to encompass nearly the-entire eastern coast of North America4

(Bigelow and Schroeder - 195 3)' . It isithe most abundant fish in trawl

. samples in the Millstone Point area of Long Island Sound.
,

Peak ~ abundance of flounder usually occurs during the spring and late
.

fall, although they are present during all seasons. Late summer or;
i

carly fall are the only seasons when other fishes (scup, anchovies, and -
.

cunner) have been caught in greater abundance..

1
;

.,

Spawning of flounder usually occurs during late February through early

April. In the Millstone Bight, males mature at age two and females

mature at age three. This is not true for all northeast Atlantic coastal-

areas. - MacPhee (1978) states that maturity may be related to size

rather.than age, since northern flounder mature at an older age than

southern fish, but are the same size at maturity. Male flounder are

usually ripe by December when the abdomen of females is just beginning
,

to enla rge - f rom egg development.' Most female flounder are not ripe
i

until late February through March.

Flound'er ranged in size from 2cm (age zero) to 45cm (age ten or older).-

Mean size by age during March through May for 1977 through 1979 was age
_
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-one - 8.3cm, age.two - 18.7cm, age'three'- 26.3cm, and. age three plus -

132.8cm. The yearly mean size by age-has varied significantly (p=.05)

over the period of 1977 to'1979. The variation in size may have been

due to changes in temperature and/or food quantity or type (Kurtz 1975).

Winter flounder were caught in all areas of the Millstone Point sampling

area, from the intertidal zone to a depth of 20 meters and on rock, sand

and weed bottoms. A few flounder have also been caught in. overnight

gill net sets.

Winter flounder congregate in the Niantic River each winter and early,

spring to spawn. Special emphasis has been placed on understanding the
4

. dynamics of this population because of the proximity of the Millstone

Power Station and because the contribution of the spawning product to

the greater Millstone Bight is uncertain. Studies initiated in 1973,

included development of a predictive mathematical population dynamics

.model (Sissenwine et al.1975 and.Saila 1976) and a program of monitoring

the Niantic River winter flounder population size. Field studies were

; expanded in 1977 to include' age structure and fecundity estimates in

order to verify model parameters and to develop a time series of information

for assessments independent of the model.
i

This report summarizes results of the Niantic River winter flounder

study for 1979 and includes comparison with earlier years. Age structure,

length distribution, survival coefficients, and fecundity estimates are

| reported and compared with those used in the population dynamics model

(Saila 1976). Length frequency distributions for winter flounder in |
1.

|

'. - standard trawl catches are also included.
J

r
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Aa evaluation of the Jolly-Seber method of population size estimation is

presented as part of a continuing effort to insure that the methods used

provide the most representative data. Results follow the winter flounder

population dynamics section.

,
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MATERIALS AND METHODS

An outline of the winter flounder studies from 1973 through 1979 is

shown in Table 1. Additional details regarding earlier study techniques

can'be'found in NUSCO (1975 1978 and 1979).,

The 1979 population study was carried out from the week of March 12

through May 14. The Niantic River was divided into eight sampling

stations. Stations 1, 2 and 4 were located in the channel ar.d Stations 3

and 5-8 were located outside the channel (Fig. 1).

During 1979, mark-and-recapture sampling was conducted two days each

week, usually Monday and Tuesday. To maximize the catch, two boats were

used for trawling. Each boat towed a 9.1 meter Wilcox biological otter

trawl with a 6.4mm bar mesh cod-end liner. The majority of tows was

taken at the stations of best catch per unit ef fort. Tow duration

varied between 5 to 20 minutes according to conditions such as the size

of the area to be towed, expected catch, or the amount of clogging of

nets with eel grass and algae. All flounder over 15cm were marked by.

,

using a freeze-branding method. A 15.9mm brass letter (week code) and

number (station code) cooled in a container of liquid nitrogen was used

to brand the fish on the pigmented side, midway between the dorsal fin

*

and the lateral line. All recaptured fish were recorded and then remarked

with the brand designating the week and station of recapture. Each week

approximately 100 to 200 fish were measured to the nearest millimeter

(total length). Upon completion of the processing, all fish were returned

to the ganeral area of capture.

d
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Figure 1. Location of Niantic River winter flounder sampling stations.
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Population estimates.were' calculated using the Jolly (1965)' method.

Data were analyzed by computer using the population estimating program

outlined by Davies'(1971) with a modification. The Fortran D0 loop,

where R(I) was defined, was changed so that the initial I value was 1

instead of 2. Total population estimers were obtained by starting with

- an estimate of the initial population and then adding the total number

of fish that were recruited during subsequent weeks. The estimated
,

,

populati9n of fish less 'than 15cm was determined from the following

proportion:

;
;

,

population of fish < 15 cm = population of fish E 15 cm
total catch of fish < 15 cm total catch of fish > 15 cm

i

:

The sex of all winter -f1cunder over 24cm was determined by sexual dimorphism

as described by Smigielski (1975). The Massachusetts Department of

Natural Resources, from 1963 to 1964, found that of 518 fish examined,
_

90 percent agreement was made on scales versus gonads in sex determination.

I ' lost disagreement occurred when attempting to sex immature males.

}.

j Scales from 762 fish, chosen randomly, were removed f rom the dark side
1

| midway between the head and the caudal peduncle and midway between the

dorsal fin and the lateral line. Four or five scales from each fish
I

werc cleaned and mounted on a slide with plastic resin and a cover slip.~

,

' Ages were' read from scales using a Bausch and Lomb trisimplex projector
j-
~

with a'5.cmf lens and a-5x extension tube. An image of the scales was

!
. projected onto a white screen, which was placed approximately 1.4 meters

:

f rom the projector, giving an approximate magnification of 60x. The

333'
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. scales were read by two people. When no agreement could be made on an

age, the estimated age of the fish was determined by its length.

The aging techniques using otoliths and scales were both satisfactory if

all fish over three years were' categorized as three plus year fish due

; to the difficulty of aging older fish. Berry (1959), Landers (1941) and
~

Kurtz'(1975) also had difficulty in aging fish older than three years.

They used otoliths and found scales unsatisfactory for aging. This may

have been due to the use of scale impressions rather than the actual

scales. The main advantage of scales over otoliths was that the fish

did not have to be sacrificed.

The age distribution, as a percent of fish < 15cm and 3,15cm, was deter-

mined from the 762 aged fish. The number of two year old fish was the

sum of the number of age two fish < 15cm and the number 2.15 cm.

The percent length frequency of flounder by 2cm intervals was determined

by age and year for the Niantic River winter flounder population and by

year and station for vinter flounder caught in standard trawls. An

analysis of variance was used to compare differences of mean length per

age'between years.

The total number of spawning females was considered to be all females

three years and older in the estimated spawning population. The-population

during the spawning period for 1976 through 1978 was obtained from the

population estimates from the beginning of the-population study through

the first week of April. The 1975 spawning population was estimated by

'
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comparing the 1975 catch per unit effort data at Stations 1 and 2 to the

1976 data. The ratio of unit-effort data of 1975 to 1976 was used to

determine the 1975 spawning population. Survival from age two to age

three was determined by dividing the number of age three fish in year x

by the number of age two fish in year x-1.

Total and mean fecundity by age for 1979 were derived by applying a

kn>wn length-fecundity relationship, log 10 ( ecundity)=0.6366 + 3.3703

Lozl0 (t t I length in cm) (NUSCO 1978), to the lengths of all female

flaunder measuring over 23 cm.

.
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RESULTS AND DISCUSSION

1- ~Results from 1973 through' 1978, are summarized in NUSCO (1975,1978 and

- 1979). During 1979, there were - 19,177 winter -flounder caught over the
~

: ten weeks studied, and of these 8,104 fish over 15 centimeters were

marked. A total of 492 (6.1%) of the marked fish was recaptured. Of

the fish marked in 1973 through 1978, 40 were recaptured in 1979 (Table 2).
.

The numbers af flounder marked and recaptured from 1975 through 1979 are

listed in Table 3. The number marked and the percent recaptures has not

varied greatly between years.
,

i

i

The 1979_ data from weeks 1, 2 and 3 were combined and weeks 9 and 10

were combined because of the small number of fish marked and the lack of

recaptures during those periods. The 1978 and 1979 population estimates

indicated that more than 700 fish per week are needed for satisfactory

results.

' - Estimates of the instantaneous weekly populations ranged from 36,237 to

; 131,217 during 1975; 23,827 to 51,381 during 1976; 5,798 to 54,019

during 1977; 13,332 to 24,660.during 1978 and 9,892 to 34,111 during

1979. The total population of winter flounder over 15cm in total length

in the Niantic River during 1979 was estimated to be 53,643 (standard

- error. S.E. ,10,700)(Tables 4 and 5). There was a large decrease in
.

population size'from 1975 to 1976. Smaller decreases occurred each year

thereaf ter but-estimates were all within the bounds of the 95 percent
; .,

i confidence interval.
.
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Table 3. Yearly mark and recapture data of Niantic River winter flounder
115 cm in length.

Number
of Weeks Number Number Percent Number Recaptured

Year Sampled Marked Recaptured Recaptured From previous vears

1975 6 10,633 547 5.1 --

1976 10 10,693 674 6.3 155

1977 10 7,358 616 8.4 47

1978 11 8,283 689 8.3 95

1979 10 8,104 492 6.1 40

Table 4. Yearly population, spawning, and f ecundity data of Niantic River

winter flounder 115 cm in length.

Total Number of
Populat ion Standard Weeks of Spawning Spawning Total Mean
Est imates Error Population Populat ion Percent Females Fecund ity

Fecung)ity3 3 3 3 9Year (X 10 ) (X 10 ) E st ima t e s (X 10 ) Females (X 10 ) (X 10 ) (X 10

1975 160 19 4 55 -- 14 4.8 3.2

1976 91 15 9 51 -- 12 4.3 3.5

1977 74 20 8 37 53.3 12 5.9 4.4

1978 56 9 6 19 71.4 11 6.8 6.0

1979 54 11 5 34 53.8 13 6.7 5.2
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Table i Niantic River winter flounder population estimates (Jolly Method), 1979..

,

Number
Total Probability Joining Number S.E. S.E. S.E.

Date Number of Survival (calculated) Joining

(week of) (N) (Pill) (B) (actual) (N) (Pili) (B)

3/12/79 to 0.7183 34,110.61 0.0981
3/26/79

4/2/79 34,110.61 0.3892 -2,404.25 0.00 6,556.86 0.0551 2,317.26

4/9/79 10,870.76 0.7826 1,383.84 1,383.84 1,696.97 0.1297 1,330.99

4/16/79 9,891.70 0.5445 7,931.60 7,931.60 1,748.30 0.1168 1,908.22

4/23/79 13,316.57 0.4935 10,216.78 10,216.78 2,685.06 0.1398 3,462.68

U
* 4/30/79 16,789.10 4,918.30

Total Population 53,642.83

S.E. 10,700.11

_
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Abundance, as measured by routine trawls, was somewhat different.

. Catches of flounder increased from a low point in 1977 to a peak in
,

1979. The increase was greatest at Niantic Bay indicating a shift in

the area of dominant catch (see Fish Ecology Section).
>

Annual trends in catch of winter flounder at Millstone appear to reflect
t

j those reported regionally for the last decade. Fig. 2, updated f rom t!R1

and NEP (1978), shows a generalized decline in winter flounder catch
J

through 1976 and a leveling of f thereaf ter or very slight increases.
i

;

2 There were two distinct periods of winter flounder occurrence in the

Niantic River during each tag and recapture study period. The first

week of April appeared to be the dividing point between~ the two periods.

During the first period when spawning occurred, most of the flounder

were caught in the lower part of the river. During 1975 through 1979,

the number of the spawning females remained fairly constant (Table 4).

The second period was assumed to be the " feeding" period because very
,

'

.few ripe females were caught and there was an increase in stomach content.

During this latter period, most fish moved into the shallower parts of

the river (Station 6 and 7). The major decrease in numbers of winter

flounder f rom 1975 to 1976 occurred af ter the spawning period.
i

The percentage of females in the total population (Table 4) varied.

between years from 53% to 71%. This suggests that the percentage of

males found in the Niantic River during the spawning season is not a !1

i true percentage for the entire population during other periods of the

year. During the spawning season males and females behave differently

340
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1; *

, and tend to ' congregate in different areas. During the 1978 spawning
,

period, more females s tre caught in the lower channel stations (1 and 2)

!: of'the Niantic River and more males were caught in the upper stations (4
,

4 and 5) of the Niantic River. Since the majority of fish caught in 1978
;

were in the lower stations of the Niantic River, the percentage of

females was larger than in 1977'and 1979 when the distribution by sex

) was approximately the same for all areas sampled in the river.
I
f

*

:

The 1977 through 1979 populations are broken down by number of flounder

per age group in Table 6 and percentage of flounder per size group per

; age in Fig. 3. There was a slight increase in numbers of one and two

year.old flounder and a slight decrease in numbers of three and three
'

plus year old flounder. This may have been due to higher 1977 and 1978

total fecundity and lower 1975 and 1976 total fecundity (Table 4).,

Length distribution by age is shown in Figs. 3 and 4. Yearly mean

lengths and ranges of length distributions per age varied each year.

Duncan Analysis (Table 7) indicated there was a significant decrease in
i

mean size of one and two year olds in 1978 as compared to the mean size

in 1977 and of two and three year olds in 1979 as compared to the mean
|

q sizes in'1977 and 1978. The decrease in mean length followed through a

complete year class (Table 7 and Fig. 3). This suggests that the decrease
t

in size may have had its origin during the zero age groups of 1976 and
t

1977, rather than the adult stages, and continued to be expressed in

. subsequent years.
!

'

i

!

k
~
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Table 6. Niantic River winter flounder population estimates by age

including survival f rom age two to age three.

1977 1973 1979

Age Population Survival M Population Survival Age Population

1 60,000

1 42,000 2 37.000

1 51,000 2 28,000 .3856 3 11,000

2 37,000 .3491 3 13.000 3+ 13,000

3 25,000 3+ 13,000

3+ 12.000

Mean survival from two to three years of age for 1977-1978 and 1978-1979 = .3674

_
__ _ __

Table 7. Duncan analysis showing differences in winter flounder mean
lengths by year and age.

AGE

Sample
1 Year / Year Class 1976/1975 1979/1978 1977/1976 1973/1977

Mean Length (em) 10.1 (2) 8.7 8.6 7.5
Group 1

2 Sample
Year / Year Class 1977/1975 1978/1976 1979/1977
Mean Length (cm) 20.0 13.7 17.4
Group

3 Sample
Year / Year Class 1977 1978/1975 1979/1976
Mean Length (cm) 27.2 27.0 24.7
Group

3+ Sample
Year 1978 1977 1979
Mean Length (cm) 33.0 32.9 32.6
Group

i

(1) Group - Means connected by a line are not significantly different.

(2) Mean of approximate length groups per age. ;
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Changes in length distribution of winter flounder caught in the otter

-trawl study were also evaluated. Length distributions for March through

.May per station are shown in Figs. 5-10. This period of time was chosen

.so that the' lengths could.be compared to those measured and aged duringi

the Niantic River winter flounder study.
1

Flounder caught during the routine trawl survey were not aged, and their

lengths could not be broken dov i into ages due to the overlap of age

length ranges. In order to clarify charges in length distribution by

age, approximate ranges (obtained from Fig. 4) of age one fish were 0 to

14cm, age two were 14 to 23cm, age three were 23 to 30cm and age three

plus were greater than 30cm.

:

Significant (p = .05) dif ferences (analysis of variance) occurred in,

t-

winter flounder mean lengths between years. These differences reflected
,

changes in both mean length and percent catch by age (Figs. 5-10). The

major changes in length (age) distribution of trawled fish occurred

af ter 1974' when there was an increase in total percentage of age one

fish and a decrease of age two and three fish.

t

Annually, the winter flounder length distribution was most constant for

those' fish collected in Jordan Cove (Fig. 5). The only notable change

was a decrease of two year old fish in 1979. There was a higher per-

centage of three and three plus year old fish in Jordan Cove and in

'Niantic River,' compared to other stations, indicating that both areas
1.

were probably spawning grounds for winter flounder. Previous trawl

collections of juvenile winter flounder in Jordan Cove and Jordan River

. support this.
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Flounder less than 25cm were the primary size group caught at the Bartlett

Reef,.Twotree, and Intake stations (Figs. 6-8). This size class, representing

ages one and two, was also the major group observed in impingement

samples.

After 1975, when percent abundance of age one flounder in Niantic River

had increased and the percent of older fish had leveled off, the length

distribution of the flounder caught in the river and Niantic Bay were

simila r (Figs . 9-10) . The similarity suggests that winter flounder in

both areas may represent the same subpopulation (race). Electrophoritic

analyses are presently underway to examine this possibility.

The yearly total and the mean fecundity by age for the Niantic River

population are listed in Tables 4 and 8. The 1978 and 1979 total fecundity

increased over previous years. The mean length, which is the mean for

1977 through 1979 combined and mean fecundity per age are listed in

Table 8.

The field data (Tables 4, 6 and 8), when compared to the simulated data

used in the mathematical population dynamics model (Sissenwine, Hess and

Saila 1974), were similar. Survival from age two to age three was

estimated for 1977 to 1978 and 1978 to 1979 (Table 6). lhe mean survival

|
'

from age 2 to age 3 was .3674 as compared to .3333 (the mean of the

survival rate obtained by Berry, Saila and Horton 1965 and Poole 1965)

used in the model. The age length-weight, and fecundity relationships

compared very closely to that used in the model (from Saila 1961 and ,

|
Berry, Saila and Horton 1965) (Table 8). The major differences were the
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Table S. Female vinter flounder scen size and mean f ecundity comparing
the "iantic River data during 1977-1979 to that used in the

mathe=atical populations dynamics model (Saila 1976).

Age Mean Size of Mean Fecundity
5Females (cm) (X 10 )

Niantic Niant ic

River Model River Model

1 8.2 13.5 - -

2 18.3 21.5 - -

3 27.7 27.4 3.2 2.6

4 31.7 31.8 4.9 4.4

5 33.5 35.2 6.0 6.4

6 35.7 37.7 7.4 8.1

7 37.6 39.6 8.8 9.7

8 39.8 40.1 10.6 11.1

9 40.7 42.2 11.5 12.2

10 42.3 43.0 13.2 13.0

11 44,0 43.6 15.0 13.7'

12 45.6 44.1 16.9 14.2

351



,
. - . -

. .'
-

_ percent . females, a mean of 60%,-as . compared to 70% (Saila 1976) used in
. . . 9

the model, and the total fecundity, 3 to 6 x 10 eggs as compared to 1 x

910 used in the initial model_run (Sissenwine, Hess and Saila 1974) and
,

913 x 10 used in a revised model run (Saila 1976). Changes in mean

fecundity and population' size have little effect on the final outcome of--

'

the mathematical population dynamics.model since the population is

- assumed.to be in a state of equilibriur.
'

J
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SLE!ARY AND CONCLUSION

Tag 'and recapture information was used in the Jolly-Seber formulation to
,

estimate winter flounder population size in the Niantic River during
~

,

March through May, 1975-1979. The estimated population decreased from a
i

peak of 160,000 fish in 1975 to much lower but near constant levels

(91,000 to 54,000) from 1976 through 1979. The number of spawning

females ranged more- uniformly between 11,000 and 14,000.
|
t

Trends in winter flounder abundance in the greater Millstone area were.

. monitored through the use of otter trawls taken repetitively over several

yea rs , 1973-1979. Catch per unit effort in otter trawls decreased in

1976 compared to 1975. Abundance over all stations increased in 1978

and peaked in 1979. Observed trends in winter flounder abundance at

Millstone were comparable to those reported regionally from Long Island.,

Sound to Caoe Cod Bay.

J-
,

Various popula# tion parameters including age structure, survival, fecundity..

and length distribution were determined. Age structure based on otolith

and scale readings since 1977 were uniform. Survival coefficients'

between age two and three and fecundity estimates were withi. the ranges

'

reported in the literature. Length frequencies of tagged winter flounder

changed annually. Mean length by age was found to decrease from the.

1975-year class through the 1977 year class but reflected events operating
;

| in the larval and juvenile stages in Niantic River.
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Based on regional trends and various population parameters discussed

above, it is concluded that the operation and construction of power

. plants at Millstone have not had a detrimental impact on the Millstone

Point area winter flounder population.

,

$
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-J0LLY-SEBER EVALUATION
,

j. The Niantic. River winter flounder population is an open population

. subject to immigration, emmigration, natural death, and removal by '<

i fishermen. The Jolly method of population estimation was chosen because
i

it is the least complicated, uses all the information provided by the
!

: experiment , 'anij provides the most valid results (Cormack 1968),
i

Although'Seber's (1965) population estimation method is almost identical-

' to the Jolly method, the Jolly method was used because it is more general
t

- and allows for the removal (deliberately or accidentally) of animals

caught in any sample. The Jolly (or Jolly-Seber) method has been used
I extensively. Others that have used it are DeLong_(1966); Lidicker
i

: (1966); Parker (1968); Williamson, Cameron and Carter (1977); Schweigert,

p Ward and Clayton (1977); and Siniff, DeMaster, Hofman, and Eberhardt
,

(1977).
.

. In order to use the Jolly method to estimate the winter flounder popula-

[ tion-in the Niantic River the following. conditions or asse ptions had to.
I

; be.made: (1) a marked fish had an equal chance of being caught as an
1

1

? unmarked fish; (2) there was no mark lost or mark-related mortality i

| during the study period; (3) the complete capture history of all re-
r.

j . captured fish'had to be known;cand (4) fish that emmigrated from the
i

study area would __not return during the study period. In order to meet
. .

the first assumption a period of at least 4 (usually 5) nonmarking days
~

4

separated each marking period and all marked' fish were returned to the

- approximate . area of capture. .The second assumption was met by using the

' 355 >
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freeze-brand marking method which was chosen (by observing marked fish

in captivity) to have little effect on the fish af ter a period of at
,

least three months. The third assumption was met by using a~different

. mark for each marking ' period' and by remarking all recaptured fish. The
<

fourth ~ assumption of the Jolly-Seber method of analyzing tag and re-

capture data is that tagged animals do not migrate outside the popula-

tion being studied 'and then immigrate during the course of the sampling.

If this assumption is not met, then animals which do temporarily out-

migrate are not subject to the same probabilities of survival and

capture as those remaining in the population for the duration of sampling.

Further, the estimates of the survival and capture probabilities would

be biased -if there were significant numbers of tagged animals that

temporarily out-migrate. The estimate 9. of survival from time i to
'

1

time (i+1) is an overestimate of 9. if temporary out-migration occurs.
1

In order 'to | consider this assumption further, a test was developed for

determining.whether non permanent emmigration is op'erating in the

Niantic River winter flounder population. Results are summarized below.
:

The quantities used in the maximum-likelihood estimation of the para-

s ' meters 9 , the probability of a marked animal surviving from i to i+1,1

and pi,.the probability of capture in sample i, were as follows:
.

;

number of animals caught in sample i.n =
,

g

I number of marked animals caught in sample J .m. =
L4

_ number of marked animals caught in sample i thatm =
gj. were last caught-in sample J.

;
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|
r. = number of animals released at sample j that are |

3 subsequently recaptured. |
.

number of animals captured prior to time i, notz =
i

caught at i, but are caught subsequently.

In tabular form, these quantities are:

Week of Capture

2 3 4 5 6 r.
J

Week of release 1 m m m m #y 37 47 51 *61 1

"32 "42 "52 *62 2
#

3 m
43 "53 "63 3

#

0
"54 "64 4

#

.

. .

Totals m m
g 2 *3 "4 "5 *6'

The Ei are obtained from:

E ,1=E +r -m ,1 2 =0.g i 1 g 7

o
If we let 13 . . be the probability a marked anical survives from time

lj

i to time j and is not recaptured between i and j , then if no temporary

out-migration occurs,

c
9 9 O'*?? ij 1 i+1 i+1 1+2 * * * 9j j

where q : 1p. If temporary out-migration does occur between
1 g

i and j then

khij'1i+1 ' 9j j9 '''
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Under the assumption that temporary out-migration does not occur, then. ,

can be estimated from the set of random variables.the-parameters $g, Lpg

{n , m , r ,.E }
g g i t

in the following- way:A

:Let M =n.E = ~ mt = estimated number of marked animals
'

g g g

'i

in the population at time i.
A;

M +1
iThen =

'
W b-mi+ngi i

A

and rg = m
;

__

A

M..
1

i

Note that -if temporary out-migration does occur, then $ is not a
1

|
valid estimate of the number of marked animals in the population at

i
time i, since E may in 'ude animals marked prior to i, not captured.

g

at i because theyJare not in the population, but are recaptured sub-

sequently.
4

h

If temporary 'out-migration does occur, then we can estimate the set

of parameters'{T ),pt}' using the complete set of' returns {mij). It ,

g
'

~ -can be shown that the probability distribution of {m )|{ m , r }} isg f g

; multi-hypergeometric and therefore a test of the hypothesis of no

temporary. out-migration is possible. The test is of the form of a

sequence of single degree of freedom chi-squared statistics.

I'
f
|
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.

The above ' method 'of testing ~ for temporary out-migration was applied'
~

,

j. to> winter flounder tag and recapture data for the-. tagging seasons of
r

.1976, 1977,.1978, and 1979. The results are presented in table (9).'

;.

The interpretation of the table is as follows: The 6, 7, 8, 9 in the

ij-Ui cell-indicate that for the years 1976, 7, 8 and 9 respectively,

I a significant degree of temporary out-migration occurred for the~ animals
,

~

jL i+2..relsased at time (1, 2, ..,'i), between time i and time j,
4

Note -that.the number of weeks of sampling were:
a

i
1976 11 weeks

i
j 1977 10 weeks
<.

1978 8 weeks

.1979 9 weeks#

[
!
,

t

From the table a-number of conclusions can be drawn. First, it is

apparent that any marked animals released on or after the sixth week

h of sampling- do not appear _ to temporarily out-migrate. This would indicate
a

that the population of winter flounder in the Niantic River appears to

stabilize;sometime around mid-April, and that.there is a more mobile

i _ pulation prior.to this time. The second major conclusion is that
j1
l' temporary out-migration seems to occur mainly as a two-week phenc aenon,

i.e. most temporary out-migrations occur between weeks i and i+2,

for i = 1,.2, 3, 4, 5.

j. >

1

k

!-

:

,
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Table 9. Results of Niantic River winter flounder data on temporary

out-migration by week of recapture - week of release per
year (197_).

Week of Recapture

3 4 5 6 7 8 9 10 11

Week 16 7 7 7

7

of

Release 2 8 9 9 6

9

3 6 7 7

7 9
8

4 8 6 7

- - .

5 6
7

8

9

6

7

8

9

10
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The recommendation f rom this study of the migration pattern of mare
'

winter flounder are:

'

1. A significant degree of temporary out-migration does c.ccur;

2. The Jolly-Seber estimates of survival probability are therefore

too high;

3. Modifications to the estimation procedure accounting fer

nonpermanent emmigration would improve the estimates of the
.

population size of winter flounder in the Niantic River.
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ilEAVY METAL ANALYSIS

INTRODUCTION

i

The objective of heav metal analyses of seawater, oyster (Crassost rea

-virgigig;), and mussel (Mytilus edulis) tissue is to determine if there
- is.any detectable contribution by the _ Millstone Power Station to heavy

metal concentrations of adjacent Long Island Sound (LIS). The study of

heavy metals associated with power plant operations began in September,
_

1971. Metals selected were copper, zinc, iron, chromium and lead in

-

seawater, and the same with the exception of lead in oyster and mussel

tissue.-

.

MATCRIALS AND METHODS

Sample Collection

i

One gallon of seawater was collected immediately below the surface, at

each of four stations in LIS in the power plant vicinity during February,

May, July, September and December. The Effluent, Twotree and the Intake

were chosen because of their close proximity to the power station.'
,

Giants Neck was chosen as a control. Water samples were collected

approximately tw , hours before low tide.

' Samples of oyster and mussel tissue were collected on the same schedule

as was seawater. The oysters were taken from trays suspended at the

Millstone Environmental Lab dock, White Point, Effluent and Giants Neck

(Fig. ;.1) . Cysters growing naturally in the quarry were also sampled.
,,

The 2 to 3 year old oysters were placed in the trays each February. At

3 64
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...this time tissue Lof ten individuals was analyzed for ambient levels of

heavy metals. - Mussels were collected from the rocky shore at Fox Island-

South in the influence of the thermal effluent, White Point,. Fox Island-

North,-and Giants Neck.

,

;- Oyster and mussel tissue was collected to provide five grams of pooled

- tissue .of each species at each site. The organisms were kept cool while

in transport to the lab where they were shucked and their tissue frozen.

The samples were usually. analyzed within one day of collection by Battelle,'

Columbus Laboratories.

Laboratory Analysis,-

J

;

Determination of copper,- zinc, iron, chromium and lead in seawater and

j . in oyster and mussel tissue followed .he methods of Mansell and Emmel
5

: '(1969), Mulford (1966), and. Brooks et al (1967). For additional methodo-
.

! logical detail, see Battelle (1978).
1

RESULTS

!'

Heavy metal concentrations in seawater, oyster and mussel tissue collected

I dur,ing_1979 are shown in Table 1. ;

.

' Annual.means and ranges = are given in Tables 2 through 6.
!-

(

i .
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Table 1. (osa;wut r at t.in= ot supper, alue. Iron, c hr am tum , and laud nu se.swater and in vyotor amt tr.unss i L i swu u t u l l s t ed f rom long 1814hd Sound
uaturn pe.n Mallotutv Polut. Wat er t o n d. Cunue..-t t s ut . 1979.

__. __

Cu Zn re Cr Pb

Feb. Ray July Swpt. Dec. Feb. Ny July 5spt. Dec. l'eb. N y July Lept . Dec. Feb. N y Jaly Sspt. IM . P tb. Ny July Sept. IJac. Site

1.4 1.4 0.9 1.8 1.0 1.7 3.8 2.9 1.8 7.b =0.5 0.5 1.0-1.0 <1.0 = 0. 5 ' t . 0 -1. 0 . l . 0 1. 0 1.3 0.5 2.7 1.0 *1.0 13.t a k e

Seawater
soluble 1.5 2.4 1.7 1.8 1.6 2.9 3.1 4.0 2.4 2.6 0. 5 < 0. 5 2.0 1.0 <1.0 0.51.01.01.01.0 0. 5 1.1 < 1. 0 < 1. 0 1. 0 Eltlu=ut

(ppt,)
1.9 1.3 1.4 1.4 1.4 2.5 1.9 4.9 1.4 2.6 - 0. 5 0. 5 * 1. 0 < l .0 < 1. 0 < 0. 5 < 1.0 * 1. 0 ( 1. 0 1. 0 -0.5 1.1 1.0 1.2 =1.0 Giants Neck

1.1 0.9 0.9 1.6 1.4 2.8 2.2 4.4 3.8 2.8 0.5 0.5 3.1 < l . 0 1. 0 ' U. 5 1. 0 < 1. 0 - 1. 0 1. 0 1.5 0.6 *1.u <1.0 <1.0 N Taee

F=b. Ny July Sept. Dec. Feb. Ny July hpt. bec Feb. M y July Sept. Dec. Feb. Ny July Sept . bs.c . F b. Ny July Jwpt. Dec.

0.5 'O.5 3.0 0.9 <0.4 1.2 0.5 6.3 3.3 2.1 130. 75, 100. 120. 101. =0.5 <1.0 1.u 0.5 <0.5 0.8 0.5 <1.0 4.u 1.0 Intake

Sea wa t e r
lumolublu 0.5 1.5 3.3 1.0 'u.4 0.8 1.0 4 3.2 0.8 130. 92 110. 94. 2%. <0.5 '1.0 -1.u <0.5 0.b o.b <0.5 1.0 1.0 2.1 Et t lu.nt

(ppb)
1.1 -0.5 3.0 0.4 0.4 1.2 1.8 5.5 2.4 1.3 lbd. 75. 87. 250. 2 54 . 0.5 1.0 -1.0 0.5 0.5 1.1 0.5 1.0 1.6 1.2 blant. Nc k

u

0.4 <0.5 2.9 0.4 0.4 1. 7 < 0. 5 5.2 2.4 1.3 120. 53. 54. 130. 132. 0.5"1.0 1.0 0.5'O.5 0.6 0.5 1.0 1.0 1.0 Iw Tree(P
"

Fe b. N y .luly dept. Ne. isb. Ny luly Sept. Dec. Fe b . N y Jul y Sg t. Nc Feb. Ny July hot. Dec.lil,. May July Sept . Der

105. 70. t,7 . 82. 74. 13 u0 1040 1030 1290 1300 41. 52 91. 100. 54 . 0.4 1.0 0.9 0.6 0.2 Gl.enta Neck

Uyeters
97. 88. 91. 80. 16. 17.0 129u 1440 1220 1360 40. 35. 20. t> 7 . 54. 0.5 1.0 0.9 0.1 0.2 f .,x I n t u.J

(tray-held)
(rpm)

114. 46. 97. 100. 83. 1410 9eu 1200 l' -) 1300 79. 3b. 57. 51. 52. 0.5 1.0 0.7 0.8 0.2 White raint

293. 69. 220. 32u. 335. !?20 8t,u 150:3 1620 2320 109. 37. 270. 97. 115. 0.7 1.0 1.4 0.7 0.4 Et t lu=ut

39's. 390. 590. 590. 505. 1940 1730 3t,90 3320 2 bt0 72. 63. 370. 140, 92. 0.7 1.9 1.5 0.3 (Narry

Feb. % y July Sept. Der Fe b. Ha y July Sept. Dec teb. %y July Sept. Iw t e le . !! a y fuly Lept, b. s i = b. %y July Sept. Zu.

Giants htL
2.0 2.1 1.9 2.0 2.5 29 42 35 27 56 107 55 89 t,5 114 0.6 1.0 1.u 1.1 1.4

(pp ) 2.3 2.5 2.0 2.1 2.1 29 34 J2 39 67 b5 61 72 62 106 u.6 1.0 1.0 1.1 u.7 hay PointMue.swls

to I slas.J :=

1.8 2.8 3.4 1.8 2.1 16 34 3 'h 39 58 56 e. J 90 e, $ 95 0.4 -1.0 1.0 0.6 u.9

fox !=lsud So.
1.7 2.4 2.5 2.0 2.4 la 44 41 41 65 64 60 e.8 63 9 t, 0.5 1.0 1.1 0.9 0.7

._.________ ______ _ _ _ _ _ . . _ _ _ _ . _ _ . . _ . . .
_. _

_ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _
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t aw.1 L o j'; . hJ 6 n t t a t I > ta . lin a + st in s'ot e a s si t 1 . . . .a i. 6.. l l e t d .E. '.a 1 :.l .: L td Lt et h nt f *A l a t m.*[ Ele . . w. . i .

..;nt, G tettard, G. mu . t i u t . I '/ l . - l '. N .

1972 1973 1774 1975 197 h 1977 1978 1979 Sit e

_ . - . _ _ - . _ .

h gr N on R eige Mein k an,. e han kange *1ca n Pange Mean F.mf e Stan No. e He 3n Fange %.a n

4-28 14 (. 16 10 1-12 6 2.5-12 6 2.lu 4.6 1.4 -4 . R 3.1 2.9-6.0 4.6 1.5-2.4 1.6 Qiarry

| 3-70 23 7-9 8 1-15 6 1.1-8.9 m 1.5-12 5.5 2.0-5.7 3.8 1.1-3.h 2.h O.9-1.0 1.1 Twtse

3-28 11 3-6 5 3-10 5 1.7-8 4 2.4-20 8.5 2.0-92 6.3 1.9.l.t 2.3 0.9-1.8 1.3 I nt ake
Soluble
(ppb) 4-32 11 3-7 5 2-12 8 1.7-12 5 2.7-16 6.5 2 .4 -5 . 0 3.2 1. 3 -4 . 0 3.1 1.3-1.9 1.4 Giants link

_
_

ci-11 4 1-27 8 ( 1 -0 2 40.5-<1 0.7 <0.5-2.8 1. 0 < n . 5-4.1 1.5 ca.5 3.9 1.4 e.o.4-3.3 1.3 Osarry

(1-16 5.4 1.6 4 s1-4 2 c u.5-ci 0.7 < 0.5-3.2 1.0 ( 0. 5 -4 .1 1.5 < 0. 5 -0. 7 < 0.5 < o .4 -2.9 0.9 Twottee**d I "

Al-6 3<!-3 2 c l.5 2 c a.5-<1 0.7 c O.5-4.5 1.3 e n.5 ?.6 2.2 <n.5-3.h 1. 3 c o.. -3.0 1.1 Int ak elusoluble
(ppy

2-23 8 1-5 2 2-6 4 < 0.4 -* 1 0.7 c o. 5-7.9 1.2 < 0.5-13 3.2 c 0. 5-2.4 1. 3 < 0.4 -3,0 1.1 ciant s Ks k

6
-

- _.-
-

i loofa) 39(a) 75(a) 5 9 t t.) 151:4) B2(e) IIR) ob) 67(f)'

205-525 ini .is2-470 168 100-357 2M 19-334. 27b 2v2 497 354 79-706 499 505-7.o 623 h0-M4 4 's '. . o Oaarr)
u

155 75-1 % 123 c.7-110 b4 H-190 101 51-130 100.8 M -I no MI.6 92-16d 120 78-97 e6.8 lux I nland -b r t h
oy ,,g e, ,
(t a myl. eld) 75 95-130 lit (c) 39-145 93(J) n.53 55 99 180 135 bl.l t t. til 67-105 79.6 Giants hek

NI 41-110 98 39- (c) 53-117 t.6 . 4 80 151 Ill e 9 14 5 101 46-114 Bs.O W1.it e Point (e s

125-8 W 356.4 275-519 405 (d) 09-335 247.4 ffiluent

_ _ _ _
- _ - _ _ _

2-2 2 3-3 4 2 -4 3 2.M -7 4 2.3-3.2 2.8 1.7-3.0 2.5 2.1-2.7 2.4 1.7-2.5 2.2 Fr x l a l and -s.u t h

**"I" 2-3 2 2-3 2 2-3 2 1.9-3.5 3 2.1-3.2 2.6 1. M -2 . 6 2.1 2.4-3.5 3.1 1.M-3.4 2.3 Foz I sl ar.d-b r t h

2.3 2 2-3 2 2-2 2 2-3 2 2.1-3.1 2.6 1.8 -2 . 4 2.2 1.9...A 2.3 1.9-2.5 2 .1 Giants to k(pga)

1.9-2.4 2.6 1.R-2.4 2.2 2.l-2.9 2.4 2.0-2.5 2.2 liay Pa t r.t

. = = = - .-.-.. .- = =_-=--==
.._- - - - - . = - - - - .;--- - . = .---.m-== - - - - . -

(a) Ambient leveln in oymter s at st ar t of year.
(b) Ambient level in oy t ers, new stoc k set out in Hey at Vhtte Poirit and Giant s f.d b , or iginal ocw stex k lowr, v..*a81su.
(c) T r a y m i s s i rg 1,y it.s y .
(d) Tray alu.ing in L ad cr.
(c) Astb l en t levels in a v >t t e s, new a.t oc k met in May at WP.i t e 3% i nt .and Giant. Nec k, or iginal ne w .t i k le st , vand 11.m .

( f' ) Aa.b lent levels to ns. .o a ei stock Deu el,et 197 *+ . 1

1

!

|

)

Y
,



au .awates .u.1 t ra e st er as.J un d s= 1 t h =is mollu t.J tsom Lag Istmod h.eund . t es s ne M111stane

Isble 3. Mean annual s tuc cow er.tr at i.:ns
Point. Waterfo:J. Counetticut. 19'2-1979.

-

- -
- - . - - _ . - - . -

-- - -- - -. - _ _ _ _ _ _

1972 1973 1974 1975 1976 1977 1978 1979 S it e

Fe.en R a r'r e W an Ne ge %.an
Mean N ge Mean Mge

F e y_ Mean ,RqyNnge %an F:ange Mean n
+2 8' ' Y

5-22 11 2-11 7 5-15 9 1.9-15 9 4 20 10.3 1.3-8.4 3.8 2,4-It. 5 7,4 .6-4.0 3.0
Tatree

Seawater 7-20 12 4-73 19 4 -8 6 2.3-24 !! 3.5-19 15.7 1.9-11.0 5.7 2.7-11.e m.5 2.2-4.4 3.2
tntake

9-133 37 4-8 6 6-13 7 4.u-26 12 6-2b 12.2 1.5-6.9 5.2 2.2-15.4 9.4 1.7-7.6 3.6 clar.t s * cc k
*

IPP 'l 5-24 15 6-14 10 5-11 8 6-28 12 2.9-15 14.0 < l.6-10.0 4.8 2.1-29.0 12.7 1. 4 -4 . 9 2.b

I

(1-3 2 1.4 2 < !-7 4 (0.5-4 2 ( 0.5-5.3 2.7 1. 5 -4 . 5 2.4 0.7-1.5 1.1 0.8 -4 . 4 2.0 Quarry

l**'**

Seawater < !-3 2 < !-5 3 .1-3 1 ( 0.5-6.4 3 ( 0.5-4.3 2.0 1.1-5.2 2.9 0.9-1.5 I .2 ( 0. 5-5.2 "' . 2
*

Insoluble < !-9 3 2.4 3 < 1-4 2 ( 0.5-18 6 < 0.5-2.7 1.5 0.8 -4. 7 2.4 (0.5-1.7 1.4 ( 0.5-6.3 2.6

(PP ) c i -4 7 17 2-9 3 2.5 3 < 0.5-5.9 2 ( 0.5-22 5.8 1.5-24.0 6.3 0.7-5.3 3.9 1.2-5.5 2.4

I - _ _ .- .

-

& 1770 (4) 10lHa) 9 '. M a ) 1040( O 137 t,( a) 1720(e) 147)(a) Il30(my 1 G 1(g )u

*

1595-1570 1732 1430-2150 1770 1645-2440 id 93 I Dl o-11Mi 27 32
1160-2030 1618 960-28'/J 2109 2230-3t 10 2M54 175% hv0 *** < =.ai r y

( t r a yt.elJ) 2440 890-2241 1031 1060-2050 129) 1010-2140 1744 9 4 0-19 t>0 114s 1430-1730 1300 110u-21'4u 1723 12.'U-17 4 0 1410 M lsland-wrttiOy st er s

I3f"I 1240 1099-lb50 1121 h) l ul a-2253 1530(J ) IMO-14 30 12 35 M52-2330 lbN 1650-2Nu 1540 1050-136a 1204 o t.u.t > ck

W tc N uit

1120 1770 1100 1910- (c) 1010-15to 1020 962-1740 1310 1 hto-2 510 1650 930-1410 1244
IIIIS*D'

1370-2th0 IM% I440-16t.o 1682 tt) fr.0-2320 I t.t

30 79 50 29 72 51 20-68 43 4a-197 94 27-47 37 27-157 58.6 30-48 !*.5 In-65 43.0 . gw g ,;,na -g.mt g,

f%ssels 27 45 38 22 45 32 I H -5d 3h 34-170 75 24-39 33.20 24-e6 3 's . 4 22-49 3n.s 16-Se 34.6 y 13 t a, g.5,s t h

(16*) 26-36 31 28-b5 41 21-47 36 41-169 F2 24-43 % .2 22-100 4u.o 21-30 25.8 27-5*2 35.6 (:1 r.t s Le k

2 b4 5 35.2 1+ .o m.o 1 4 - *. 43.8 '..e7 4o.2 _.y, P_iq

(a) M L ient level in oyster s at st a r t af the year.
(b) M bient !cvel in oyster s, r.ew st oc k me r out in Nv at W t r I% 1rJ .nd G i.m t s

'n k . e r 16snal new stock lost . v .a l t e .

(c) 1 ray missing by Ptay.
b

( .1) Trey misstry in Iw ember
(e) Ambient level in new oy st er stock at erfluent in fuly,
(t) sufficient data not available for calcul.1 tons at t ti t s t i:ne .
(g) Ambient level in new cyster stoc6 in l'ee ,n.t e r .

.
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lablu 4. Hewn mmal t r en i ,qu g ut u al j..n s in a.6.a w n t s r a mi in oy3tst au<1 Nu we 1 t i a e..i c c a l l es. t e.1 i t m long 15 lend S'un.3 watert. nea r Mil i tit unt
Paint, W L er f o n d , t|ouuvs t n eu t . I '> 7 2 - 1 W 9.

~ '* ~ ' : T.r _^= = -= ~ ' - - - - - _ - _ . _ _ ~ T _ r ' '--- -- _-~~~;~'~^-~~~ _ ~~T ~ ~-~~-~~~''m~~.7~
-

_ - _

1972 1973 1974 1975 197,3 1977 1978 1979 Site

H.gnge Mean fpnge 'tran Rance bean Range N an R.. nge Mean R nge Mean t ute Me.n Range W.1

1 1 1-6 3<!- 3 < ! -10 3. c o.5-2.4 1 4 G . M .2 1.3 0 3-0.9 A 7 < 0.b2 A < l .0 %ny
Se. swat er

4,1-61 17 < !-18 7 < l-5 2 < !-1.7 1.2 0.8-8.9 3.4 c u.5-1.1 0.8 0.5-1.7 0.9< 0.5-3.1 < l .0 Twot r e-.

2-19 7 1-13 4 < 1-3 2 < l -1,6 1.3 <0.5-2.4 1.6 c0.5-1.7 1.2 0.5-1.7 1.4 (0.5-cl.n <l.0 totske
(ppb)

2-43 13 2-10 5 < ! -7 3 < l-1.6 1.1 0.8-3.5 1.8 c a. 5- 3.1 1.2 0.5-1.3 0.3 < u.5-c a .0 ( 1. 0 c ants he.: k

. --.-. .. - - _ _ _ . - - . _ _ . _ . . . . _ . - . - - . _ _.. _ . . _ . . _ - .-. .. - -.... . - . . _

11-227 MS 33-720 204 43-196 116 15-101 56 49-195 112 55-400 151 71-131 99 92-130 10'. 0 Quatry

SC'Wdtr[ 11-347 128 67-;47 194 51-240 125 33-146 70 85-251 151 4H-llo 142 57-Ild 101 53-132 93.2 Twotsee

in so lu ble 27-29h 108 55-120 N1 37-170 101 21-148 75 44-195 106 53-490 157 3P-Id5 th 75-130 105.2 Intake

( pph) 83-6200 1350 216-533 152 67-191 141 19-88 f;0 61-100 143.2 43-3600 655 124-411 209 75-254 165.2 d.iant %ck

_ _ _ . _ _ . _ _ _ _ _ . . _ _ - _ _ _ _ _ _ . _ _ _ _ __ . _ _ _ _ _ _ _ . _ _ _

23(a) 37(a) ll(a) Nu(b) 33(a) N3(c)** 34(a) 35(a) 34(e)w
*4

53-58 56 43-112 HI 23-170 84 37--173 121 27-24) 134.9 W -4 2 4 167 1 14-1 % .' 5 2 ns-170 14 7 . '. v. tr a y

oy st er s
45 37-62 46 23-60 39 37-86 62 31-90 65.2 42-129 65 36-71 49 35-80 55.2 Fox 131and-brth

(t ra ylield)
50 35-50 45 (c) 36-73 44(.1) 80-103 91.5* 40-70 51 30-64 56 41-100 67.6 Gianti. L tk

(ppm)
- 23-71 51 37- (c) 42-73 44.2 27-134 71 34 '.9 43 24-57 45.0 kbite Pctnt(b)

73-175 119.4 99-21'. 155*** (d) 37-270 125.6 f.f f inent

. _ _ _ _ . . . . _ _ _ _ . _ . . . _ _ . - _ _ _ _ _ _ _ _ _ . - . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . . _ _ _ _ . . - ._._ _ _ ____.__-__ _ __ _ __._ _ _ _- -

64 -9 0 77 44-190 104 54-18b 94 64-332 152 102-198 125.4 84-127 110 64-14a 97.3 h0-9n 70.2 for island ' ou t h

Hussels
86-133 110 51-9) 72 45-133 bo 78-175 129 65-137 101 42-121 7M 81-100 89.3 5 6 -9 -) 73.8 fox I lan.1-Wrth

(ppm)
54-125 90 54-104 70 71-15e 110 t>6-126 95 108-151 135 57-137 En 59-100 7 '. 0 55-11 56.0 t. tant s '.66

72-112 86.2 54-122 Al 49-140 9?.5 h1-106 73.2 IL y Point

_ _ _ _ _ . _ . _ _ _ _ _ . _ . _ _ _ _ _ . . . - _ _ _ _ _ _ _ _ _ _ _ . _ _ _ ____... _ . . . _ _ . . . _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ . . . . _ _

(a) Am bient level in oystern, at start of year.
(b) Ambient level in oyster s, new t ock et out at Whit e Point and Giant s Nec k , or ig inal new st oc k lost, vamt Itsa.
(c) Tray missing by May.
(J) Tray missing i n Dec en.l.cr .

Oysters reissing f rom tray in Fel.suary.*

** New stock set out in September, concent rat ion 8 5.0 p pn.
*** Oyst ern missing f rom t ray in M.ny.
(e) Aa.b i en t level in new oyster st oc k in De(crl.cr.

-



Lble 5. ::e n ar.uu I .orom iu.a consrutt.atAon= in a m ats: . . nu in s ,ter and :,ussvi t i =suc i c il ec t e 1 t r .n to% !aland eund waterm nut Mill st a ne
iblut, Waterford, C*nnectliut, 1972-19/9.

_ . _ _ _ _ _ . _ , _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ . _ . . . _ _ . __ _. _

1972 1973 1974 1975 1976 1977 197d 1979 S it e
_ _ .

Ran g Hean Range Mean Range M r.i n Range Me.in Ran.e Mean kanee Mean Fanec Hosn Rge Mean

cl-<1 < 1 < ! -<1 <1 < ! - 41 <1 40.5-*1 0.7 <l-2.4(a) 1. ') 40.5-el 41 4 2-42 42 < 0,5-(1. 0 0.9 Q2a r t y
gy

< !- 41 < 1 < ! - ci <1 < ! -<1 <1 (0. 5 - cl 0.7 41.5(a) 1.8 <. O . 5-< 1 <! < 2-<2 4 2 < 0. 5-< l .0 0.9 Twut r ee

4 1-<1 < ! < ! -<1 <1 < !-c! <1 < 0. 5-<1 0.741-41 <1 4 0.5-<1 <1 < 2-<2 <2 <0.5-41.0 0.9 Intake
(pph)

(1-<1 < 1 < l-<1 <1 < ! -< 1 <1 40.5-<1 0.741-<1 <1 <0.5-<1 <1 <.2-r2 <. 2 < 0. 5-41. 0 0.9 Giant s tieck
_ . _ _ .

< 1-41 4.1 < ! -3 1 < 1 -2 1 <0.5-2 1 <!-cl 41 4.0.5-<1 <, I c. 2 - < 2 <2 <0.5-<l.0 0.7 Qiarry
,

d I-(I 4 I C l-4 1 ( 1 -1 c.1 < 0. 5-2.7 1 41 - <t (1 < o,5_cl <1 < 2-82 <2 40.5-cl.0 0.7 Twtree
I n soln t.le

< !-< 1 (1 <1-3 1 <!-5 1 < 0. 5 -2 1 ( 1-41 41 <0.5-<1 41 < 2-C <2 <0.5-41.0 0.7 Intake
(pph)

<,1-2 1 <.1 -7 2 <!-3 1 < 0.5-2 1 < ! -<1 4 1 go.5 10.0 (2 (.2-42 (2 40.5-<l.0 0.7 Giants ';es k

__ - .._--.. .

1(b) 2(b) 1 ( l') 0.h(c) 0.4(a) 0. 5 (g ) * * 0. 2( .i) 0.4(b) 0.2(1)

Oyster. (1-41 41 < 1 -2 1 1-5 3 2-4 3 0.1-1.1 0.7 c.0.2-0.7 0.6 4 2-<2 4 2 0.3-1.9 1.1 rN rry

(t ra y held) 41 < ! -2 1 1-5 3 1 -4 2 < ! -0.3 0.6 0.1-0.6 0.3 <2-<2 42 0.2-<l.0 o.7 l'o/ I sland-L rt hv
w

( p g.m) 41 < 1 -1 <1 I? (d) 1 -4 2(e) U.4-0.6 0.5* (0.2-0.6 0.3 <2-<2 <2 0.2-<l.0 0.7 Giant s heck"

1 -4 3(t) 2 (c) 0.2-0.6 0.4 0.1-2.4 0.M % 2-r2 <2 0.2-41.0 0.7 Whit e Po int

41-1 0.H 0.2-0.8 0.h*** ( t.) 0.4-1.4 0.6 Ettluant

_ - - _ _ - _ _. _ _ . . _

41-1 s1 <!-5 2 1-14 7 < 3 -3 0 13 41-I.2 1.0 0.5-1.1 0.8 0.9-c2 s2 0.5-1.1 0.8 Fox I st mi-sout h

< ! -l c l 41-2 1 1 -8 4 3-10 6 4.1-0.9 0.8 0.2-0.9 0.h 0.t-<2 (2 0.4 -1. 0 0.8 Fox Islar . orth

< !-1 4 1 (1-2 1 2-8 4 3-10 6 c.1-1.6 1.2 0.4 - 1.1 0.7 0.5-82 42 0.t>-l.4 1.0 Ciantr hd

9 2 -4 3 White Point

< ! -1. 5 1.2 0.4-0.9 0.M U .M -< 2 <2 0.6-1.1 0.9 Itav Point

(a) February sample contaminate ! in transit to the 1 <.t=> r a t o r y . (f) to Frt rua ry sar-ple - o y st er s m t ., s h x .

(12) Anhient level in oysters at tart of > car. Oy,.tcr> missing fro, tray in Irl.ruary.*

(c) hubient levels in oyst ers, new st .>c k se t out in t'a v a t ** New <tock sst out i n .s er t ru he r . ons e n t r a t ion 0 ', ppm.
Whit e Point and Giant s ':eck, or iginal new =t oc k lo st , *** Fifluent c).,ters mis 4tng ir :tiv

vanda l ism . (g) lobirnt levelr in new eyct er st os k in July.

(d) Tr.sy m issina in May. (b) %u f f ic i rr.t <i,. t a not a v a i l a ?,1 c for calculat iens at thin t i.a c .

(e) Tray mi sing in December. ( i) he ia nt level = in new oy>ttr .t m L in Decomier,
b

.
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Table t, . Metau arawa t l ead s ouc ent r a t ton s in ssawater collect.J from long I s1 ad So und w a t er s nea r Millstoi.e ratut, L test'ord, C.e nn ec t i c u t ,
1972-1979.

_ _ _ _ _ . . _ _ _ . _ -____ _ _ . - _

1972 1973 1974 1975 1976 1977 1978 1979

.-

Range Mean Range Mean Range Mean Range Mean Range Mean Range Me in Fange Mean Pange Pean

2-4 3 < !-5 2 < ! -4 2 1 -1 1 < !-14 ( h) 3.6 < 0. 5 -< 1 0.7 40.5-1.5 1.1 c0.5-1.1 0.9 Qiarry
,
eewater

2-32 10 < ! -4 2 < !-3 2 1-1 1 ( 1-13(b) 3.4 4.0.5-1.9 <1 4 0.5-2.0 1.2 0.6-1.5 1.0 TwotreeSoluble
(ppb) 3-30 9 (1-7 4 < !-2 1 1-2 1 < !-1. 3 1 ( 0.5-3.6 1.6 40.5-8.0 3.0 < l .0-2.7 1.3 Intae

< !-7 3 < ! -3 1 < 1-5 2 1-3 1 < !-1 1 <.0.5-2.4 1.0 < 0.5-1.2 0.8 < 0.5-1.2 0.9 Giant s riri. b
_

<,1-<1 < 1 < l -14 4 < 1-42 4.1 1-1 1 <.1 -12 2.5 c.0.5-3.0 1.2 < 0.5-11 3.3 (0.5-2.1 1.4 Quarry

Seawater < !-2 < 1. 2 <,1 -2 ( 1.4 < !-42 < 1. 4 1-1 1 < !-21 5 < 0. 5 -4 .0 1.3 (0.5-<1 0.6 c.O.5-41.0 0.8 Twotste

Insoluble < ! -< 1 <.1 < ! - i 4.1 <l-42 4.1.4 1-1 1 < 1-6.7 2.1 (0.5-3.3 1.2 (0.141 0.7 ( 0. 5 -< l .0 0.6 f i.t k e

IPP <!-13 3 <!-3 2 (1-3 < ! .4 1-6 2 ( 1-8.3 2.5 c.0.5-L.0 0.8 0.5-6.7 2.e .,0.5-1.6 1.1 G1 nt s f.ec k

-- - - - - - - -
. . . - -

--
_ --- --._-_=:. - - - -- - - - -

(a) Demaber Jata available for calculations.
( t.) February sample raay have been contaminated in transit to the laboratory.
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4 4

Copper

Concentrations of soluble copper in 1979 ranged between 2.4 ppb at the

Quarry and 0.9 ppb at the Twotree and Intake sites. Differences between

the months sampled were usually small with the monthly means ranging

netweri 1.2 ppb in July and 1.6 ppb in September.

Annual soluble copper concentrations in seawater declined steadily since

1972. The constant trend towards lower values is undoubtedly the result

of constantly impcoved methodology to reduce contamination in every

| stage of the sampling, storage, processing and analytical processes.

The highest annual mean during the eight years of study was 23.0 ppb at

Twotree Channel in 1972 while the lowest, _1.1 ppb, occurred at Twotree

Channel in 1979. At the effluent station values were generally higher

I in 1978 and 1979. Because of the variability associated with these

measurements, it has not been possible to discern at y consistent re-

:!
'

lationship in the long-term ranking of sites.

.

Insoluble copper concentrations in seawater were also highest in 1972.

Insoluble copper has fluctuated from year to year with no one site

consistently higher than the others. During July.1979, insoluble copper .

was found at levels about 2.2 ppb above other months for all sites. A-

' low for al'c sites of < 0.4 ppb was recorded in December.

!

Annual copper concentrations in oysters during 1979 showed a general

decrease for the first. time since 1976. Consistent with previous years,
,

1

the annual means for oysters in the Quarry- (494 ppm) and at the Effluent.

,

.Ic.
l

.373

i.

.. _ . _ _ . _ , . . _ _ , _
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(247 ppm) were higher than all other sites. During 1979 annual mean

concentrations at Fox Island, Giants Neck and White Point were very

consistent ranging between 79.6 ppm (Giants Neck) and 88.0 ppm (White

Point).

|

4 Copper concentrations-in mussel tissue continued at comparatively low

levels in 1979. Annual means from 1972 through 1973 were within a range
i
'

of two to four ppm and have not. risen past 3.1 ppm since 1976.

!

Zinc

Annual concentrations of soluble zine in seawater fluctuated between
,

sites and years. Concentrations during 1979 were the lowest recorded

during eight years of study, ranging between 3.6 ppb at the intake and

2.6 pph at Giants Neck. The largest monthly mean, 3.8 ppb, occurred in
i

December, and the lowest mean, 2.4 ppb, in September. The December

Intake concentration, 7.6 ppb, was the largest recorded during 1979.

-,

Insoluble zine concentration in seawater during 1979 were consistent !
;

with other years except 1978 when values were only slightly is . No

obvious trends have been established. Highest values at all stations

; _.during 1979 were found in July, with the maximum of 6.3 ppb at the

-Inta ke . Concentrations ranged to a low of 0.5 ppb at both the Intake

and Twotree sites .n May.,

I

. Annual mean zine levels.in oysters during 1979 were highest at the;

Quarry and Effluent sites with values of 2668 ppm and 1604 ppm respec-

tively. .The elevation of. zinc in quarry oysters is a trend observed as

!

i' 374
y
!'
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early as 1973. Concentrations were highest at the Quarry in July with a

value of 3690 ppm and lowest at Ef fluent in May at 860 ppm. There

appears to be a seasonal relationship showing a progressive uptake of

zine af ter the spawning period and as water temperatures increase.

,

Zinc concentrations in mussels have remained relatively constant for all

years except 1975. When compared to previous years, the 1979 values

show little increase or decrease. Fox Island-South had the highest mean

value of 43.0 ppm during 1979. Elevated levels have been observed at

Fox Island-South since 1972 and may be related to the proximity of the

station to the ef fluent. Zinc concentrations in mussels during 1979

were highest in December at Bay Point (67 ppm) and lowest in Febru ry at

Fox Island-North (16 ppm).

Iron

Soluble iron concentrations in seawater were highest in 1972. The peak

value of 61.0 ppb was found at Twotree Channel. Since 1972, iron con-

centrations have generally declined and for 1979, were among the lowest

observed, ranging between 3.1 ppb and (0.5 ppb. Seasonally, concentrations

were generally higher in July when the monthly mean was 118 ppb.

Insoluble iron concentrations were highest in both 19/2 and 1977, when

values ranged upward of 6200 ppb and 3800 ppb respectively. Among the

stations, Giants Neck has had consistently higher insoluble iron levels

execpt in 1975. In 1979, the annual mean at Giants Neck (1652 ppb)

continued to be higher than other stations although the value represented
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|



_ _ _ _

% 6

a five fold reduction compared to 1977. ~ Seasonal' low concentrations

- occurred 'in May .but levels continued to be varied among the other |

months.

sus years, mean concentrations of iror. in oyster tissueCompared to ; .

remained essentially.the same in 1979. Oysters collected from the

Quarry and Effluent sites continued at higher concentrations with values

of 147.4 ppm and 125.6 ppm respectively. Seasonal values ranged'from a

high of 370.0 ppm in July at the Quarry to 29.0 ppm in February at White

|
Point.

4

4-
,

]_ No ' trends have been observed in tiie iron concentrations in sussel tissue.
r

The highest mean recorded was at Fox Island-South in 1975 (152 ppm) and

the lowest at Fox Island-South in 1979 (70.2 ppm).'

i

f Chromium

Soluble chromium concentrations in seawater have fluctuated little since-,

1

1972 and were uniform from site to site. Throughout the study, concen-4

trations have never risen above 2.0 ppb and in 1979 the values remained

less than 1.0 ppb. Chromium concentrations have not changed appreciably-

i
in oysters or-in mussels.

,

1

Lead

.

~ The-highest annual values for soluble lead in seawater were recorded at
t.

Twotree (10.0 ppb) and the Intake (9.0 ppb) in 1972. Since then, no

i
-

|-

t
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means have exceeded 4.0 ppb. In 1979, the Intake had the largest mean

of 1.3 ppb and also had the single highest value for 1979 of 2.7 ppb in
;

July.

Insoluble lead concentrations in 1979 showed no distinguishing trends

and the values remained essentially the same as in previous years.

September had the highest concentrations at Giants Neck (1.6 ppb) with

the lowest levels in May at all sites ( < 0.5 ppb) .

.

DISCUSSION

Of the five metals studied, copper, zine and iron were found in the

largest concentrations in seawater with chromium and lead in very small

amounts. The values for soluble and insoluble trace metals in 1979

showed a general decline over previous years, however, it is probab.c

that the long term fluctuations in the data reflect more an analytical

improvement than actual decreases in concentrations.

The values of heavy metals in oysters in 1979 showed the same pattern as
,

previous years, with only slight decreases at some sites. The oysters

collected at the Millstone Power Station effluent (tray-held) and the

naturally occurring oysters in the Quarry continued to have the highest

levels of heavy metals. It has been shown that the rate of uptake of
,

1

heavy metals tur a marine organism is dependent upon the rate of respiration

(Galtsoff 1928, Feng 1965). The maximum pumping rate for C. virginica

was_ reported to occur at 25 C. Below this temperature, pumping rates

decrease until a temperature of 7.6 C was reached at which time pumping'

377

o
- - - -

- _ _ , ___ _ ___ _ _ _ , _ _ _ _ _ _ . _



. _. _ _ _ __. _ __ _ _ _

1

> 6

I

. |
ceased (Galtsoff 1928). This being the case, the Quarry and Effluent j

\

oysters would tend to concentrate heavy metals faster. !

There also appears to be a seasonal trend in the concentrations of heavy

metals in oysters. Since the ripe oyster gonad may comprise 31-41% of;

total body weight (Galtsoff 1964), the Quarry sample collected in May

would reflect high body weight and lower concentrations of heavy metals.

After the weight loss due to spawning, concentrations of heavy metals

would appear to double. This trend was apparent at almost all sites for'

|
,

all metals in 1979 although the timing was.different for control stations.
<

Concentrations of heavy metals in mussels showed no significant increase

or decrease for values reported in 1979 compared to previous years. The

fluctuations between sampling periods and sites obscured any trends.
'l

j
In summary, continuing heavy metal analysis at Millstone have shown a

decline in seawater concentrations over the entire study period. This

decline is thought to reflect improvements in analytical techniques
4

rather than actual decreases in concentrations.

.

~

Higher concentrations- of heavy metals, particularly copper and zine were'

found in oyster and mussel tissue at Millstone Quarry. However, there
;

has been no noticeable long term increase in heavy metals in seawater or

indicator molluscs in-the surrounding waters.

378
i

,.

L



.- .- -_ -. . .

4 (

,
LITERATURE CITED

Battelle. 1978. A monitorin2 program of the ecology of the marine
environment of Millstone Point, Connecticut area. Annual
Report for 1977 to Northeast Utilities Service Company.
Report No. 14820. Battelle Columbus Laboratories, William F.

Clapp Laboratories, Inc., Duxbury, MA.

! Brooks, R. R., B. J. Presley and I R. Kaplan. A.P.D.C.-MTBK Extraction
System for the determination of Trace Elements in saline

'
waters by Atomic absorptions spectrophotometry. 14, pp. 809-

816 (1967).

Feng.-S. Y. and G. M. Ruddy. 1974. Zinc, copper, cadmium, maganese and
mercury in oysters along the Connecticut coast. In investigations
on Concentrations, Distributions and Fates of ifeavy Metal
Waste in Parts of Long Island Sound. pp. 132-158. University
of Connecticut, Groton, Connecticut.

Galtsoff, P. S. 1928. The effects of temperature on the mechanical
activity of the gills of the oyster. J. Gen. Physiol., 11:
415-431.

4

Galtsoff, P. S. 1964.' The American Oyster Crassostrea virginica Gmelin
Fishery Bull. U.S. Fish Wildl . Serv. , 64: 1-480.

; _
Mansell, R. E. and H. W. Emmel. Trace metal extractions from brine with

'

APDC and 0xine. Atomic Absorption Newsletter, 4, pp. 365-366

(1969).

Mulford, C. E. Solvent extraction techniques for atomic absorption
'

spectroscopy. Atomic Absorption Newsletter, 5, pp. 88-90

(1966).
-

f

a

, -

!

379-

L



- _ -

b 6 e

C
v1
e.;
W
C*|
<

_ - - . . , _ . . . . . . . _ . . _ _ _ - , _ - . . . . _ . . . _ . - . . . , - _ _ .



s 6

OSPREY

The osprey, Pandion hattaetus carolenensis, or fish hawk, is a fish

eating migratory bird of prey that has been victimized by pollution.

Due to PCB's, dieldrin and especially DDT contamin.ition of our coast.il

waters, ospreys have suffered a severe decrease in productivity, resulting

in its classification as an endangered species in Connecticut (Wiemeyer

1975). Once numerous along the Connecticut coast with nests numbering

over a thousand, the osprey population dwindled to a nadir of nine

active nests in 1974 (Spitzer 1979a). DDT use was limited by law in 1965

and the osprey is beginning to repopulate the Connecticut shoreline.

Millstone Point, historically, has been an osprey nesting site. In

1967, an artificial nesting platform was provided for the birds by

Northeast Utilities to substitute for an unused derrick dismantled

during the construction of Millstone 1. Another site was erected in

1974 in the wildlife preserve area of the Millstone site. These nests

have been very successful, fledging a total of 23 ospreys since 1969.

In 1979 another nesting site was erected on Fox Island, adjacent to the

NUSCO Millstone Environmental Lab. It is hoped that this site will also

attract active, reproductively mature birds in the near future.

The history of the Millstone area nests is presented in Table 1. From

1971 through 1975, from 30 to 50% of the fledglings born in Connecticut

originated f rom this site. Since 1969, 18% of Connecticut osprey fledglings

have ccme from Millstone Point.
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During the 1979 breeding season visual observations of the osprey nests

were made. Following are the reports from these surveys:

March 27

The first sighting of ospreys in area was on this date. Two adults were

seen in the wildlife p reservation area near Jordan Cove. Nest rebuilding

commenced within a few days.

April 25

Another osprey pair were observed at the nest behind the Millstone

Environmental lab. This nest was not successful and was subsequently

~

abandoned in mid-May. Spitzer (1979b) notes that young ospreys often

engage in housekeeping activities a year prior to actual breeding.

June 14

First observation of nestlings. Two juvenile ospreys were seen in the

nest being fed.

July 16

Nestlings fledged by this date. Osprey were noted either feeding in the

nest or perched in the vicinity of the nesting site after fledging.

381
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August 30

Nest was abandoned.

October 5

Last day cspreys seen in the !!illstone area for the year.

It is anticipated that the young housekeeping osprey pair will return

next year along with the original pair, thus doubling Millstone's osprey

productivity and further enhancing the limited but resurgent osprey

population.
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Table 1. Number of Active Nests anit Number of Flettglings
Prottuced in Connecticut ami !!illstone Point

flillstone Point Connecticut
Year Active . Nests Fleilg i t ng s Active Nests F l eilc l i n g s

_ _ _

1969 1 0 to 10

1970 1 0 13 8

1971 1 3 12 S

1972 1 3 10 9

1973 1 2 10 4

1974 1 2 9 7

1975 1 2 9 to

1976 1 3 10 14

1977 1 3 14 20

1978 1 3 15 15

1979 1 ._2_ 15 _2_5_

Totals 23 130
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ETS SECTION 1

INTRODUCTION

1.1 Background

The Environmental Technical Specifications (ETS) for Millstone Nuclear

Power Station Units 1 and 2 require annual operating reports on environ-

mental surveillance. This report covers those nonradiological surveil-

lance activities, as specified in Section 5.6.1.a. which were conducted

in 1979. Included are results of activities related to Limiting Con-

ditions for Operation (Section 2), Environmental Surveillance (Section 3)

and Special Surveillance, Research or Study activities (Section 4).

The ETS was issued en December 19, 1975 for Millstone Unit 1 and on

August 1,1975 for Millstene Unit 2. Nineteen hundred and seventy-nine

(1979) therefore, was the fourth full year during which both units operated

under ETS requirements.

.

|
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ETS SECTION 2
|

LIMITING CONDITIONS FOR OPERATION
,

f

'

2.1 Thermal

2.1.1 Maximum AT Across the Condenser and Maximum Discharge

Temperature
j

*

Mon itor ing

Water temperature 'is continuously monitored by sensing units located in-'

.

| f ront of the intake structure and at thu quarry cut. The continuous output

; of the sensors is reduced to digital form using a Data General Model 1220
:

Nova minicomputer and recorded every 15 minutes. At the end of each hour, f

|_
a host computer system at Northeast Utilities Service Company telephones

-the field computer and logs the data on disc storage. The data is examined

twice daily, edited as' necessary on a monthly basis, and transferred to
,

magnetic tape for permanent storage. If the field computer is not called

j for a period of two hours, it' automatically prints out the data on its

; teletype and punches a paper tape for later incorporation into the data
;

| record,

i

'
The output of the above sensors is also recorded in the control rooms at <

'

the plant. The 4T is determined by continuously dif ferentiating the in-

take and quarry cut temperatures and is also recorded, as is the change

; in discharge temperature from the previous hour. Alarms are provided

.

when discharge temperature, AT, or rate of change of discharge tempera-

ture exceed the limits of _ Environmental Technical Specifications, Section

2 .1. ' This analog record is used to fill in data gaps caused by digital
~

4

system _ failure.

-

!
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Data Summary

Table 2.1 summarizes condenser cooling water intake and discharge tempera-

tures, their differences, and the maximum hourly rate of change during

each day of 1979. Intake temperature ranged between 30.6 F on February 17

and 75.0 F in August. Discharge temperatures ranged between ambient at

periods of shutdown and a maximum of 97.3 F on September 1. The specified

maximum discharge temperature of 105 F was not exceeded at any time.

The specified maximum temperature increase (AT) of 28 F was not exc eed ed

during routine operation. An apparent increase of up to 30.4 F on

October 8 was caused by a drop in indicated intake temperature at low

tide on the sensor for Unit 1. No appreciable drop was registered by

the Unit 2 sensor or by either discharge temperature.

During nonroutine operation, when only three of the four condenser cooling

water pumps were operating at one of the units, the AT exceeded 28 F only

three times and did not exceed the specified maximum of 32 F at any time.

2.1.2 Rate of Change of Discharge Temperature

Monitoring

The rate of change of discharge temperature is determined from those

temperature sensors at the quarry cut required by ETS Section 2.1.1.6.

Sensor outputs are diff erentiated and recorded.

Data Summarv

Maximum rates of change in-discharge temperature (MRC) are recorded in

-3-
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I Table 2.1 for each day. The specified tiRC of 6 F/hr was nct exceeded in |

|' 1979. .

i

.

2.1.3 H,(eat Treatment of Circulating Water System -

Monitoring

The -influence of heat treatment on discharge water temperature is deter-

mined from water temperature measurements at the quarry cut as specified

in ETS - Section 2.1.1.6.

Data Summary
i

;

Heat treatments for mussel control in 1979 are summarized in Table 2.2
,

The maximum condenser water box temperature attained was 123 F en

! S'eptember 22. Increased water box temperature and reduced coolant flow

I . were off set, at least in part, by reduced power. The overall effect on

j quarry disoharge temperature ranged from 0.9 to 4.60F. Power reduction
!

i ranged from 2% to 33%.

.

1

The time required varied from 2.25 hours on July 14 to over eleven' hours

'on September 22.
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Table 2.2

Thermal Effects of Heat Treatment

Duration of Maximum !!et Rise Reac to r
heat Treatment Quarry Quarry Power

Date (hours: min.) T emp . (OF) T emp . (O F) Level

February 3 3:45 62.6 4.6 98%

March 15 2:45 51.4 2.7 98%

April 6 7:00 53.0 3.0 97%

April 13 6:30 38.3 3.6 95%

June 2 3:10 79.9 3.2 84%

July 4 4:00 85.1 2.5 75t

July 14 3:00 86.9 0.9 85%

August 1 3:30 92.8 1.3 70%

September 22 11:42 93.7 3.2 83%

October 3 3:25 90.5 1.1 67%

october 13 2:15 87.8 1.3 82"

December 6 4:30 70.7 4.5 75%

December 6 3:45 69.4 3.2 77%

s
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2.3 Chemical

'~ . 2.3.1 Bioc ides

Monito ring,

Plant releases of total residual chlorine were monitored as required by

ETS Section 2.3.1.4 and 2.3.1.5. Weekly grab samples of water from the

quarry cut were collected during periods of inter =ittent chlorination

and daily grab samples during continuous chlorination. These samples

were analyzed for total residual chlorine using an amperometric titrator.

Data Summary

All quarry cut samples analyzed have shown less than the detectable limit

of 0.05 mg/l total residual chlorine.

2.3.2 pH

Monitoring

.

The pH is continuously monitored by two sensing units at the quarry cut.

The sensor output data is handled similarly to .that of the temperature

j sensor output. If the pH of the station discharge as measured at the
i

| quarry cut is outside the specified range of 6.8 and 8.5, an alarm is

ac tua t ed .

I

Data Summary

|-

The quarry cut pH reasurements have been summarized and tabulated to

-18-
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m ~

give daily and monthly ranges as shown in Table 2.1.

There have been no instances where pH was less than 6.8 or more than 8.5.

Sensor calibration was checked by analyzing weekly grab samples using

standard methods. When both pH sensors were inoperative, daily grab

samples were taken. These results have been incorporated in the tables.

l.

-19-
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ETS SECTION 3

ENVIRONMENTAL SURVEILLANCE

3.1 Nonradiological

3.1.1 Abio tic

3.1.1.1 Chemical Usace

An inventory of the major chemicals used at Units 1 and 2 in 1979 leads

to the following quantities used and/or discharged.

4

A total of 234,000 lbs. of 96% sulfuric acid and 378,000 lbs. of 50%

sodium hydroxide were used as regenerants for the ion exchange demin-

eralizers which produce the high purity water needed for the station's

steam generation system. The spent acid and caustic solutions were

mixed and adjusted to neutral pH prior to being discharged. The spent,

neutralized regenerant vaste contained a total of 339,000 pounds of

sodium sulfate and was discharged over a period of 1212 hours. The

average concentration was 0.6 mg/l at the quarry cut during periods of

discharge.

Boric acid is used in the primary coolant of Unit 2 for reactivity

control. A boric acid evaporator system is used to recover boric acid

from displaced coolant for reuse and to avoid discharging the material

into the station effluent system. A second evaporator, previously used

for processing low level radwaste, has ceased to be functional and will

not be replaced. Henceforth, any boric acid in this system will be

discharged to the cooling water stream. . It has been determined that the

quantities discharged are insignificant compared with the amounts naturally

-20-
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present in marine waters. Plant inventory records show that 72,000 lbs.

of ' boric acid were -issued for use in 1979. Waste monitor test tanks are

discharged to the cooling water stream at concentrations no greater than

~ 10,000 mg/l and with the further ~ restriction that at least two circulating

. pumps are in service on Unit 2 at the time of discharge. Under these

conditions,- 14,400 pounds of boric acid were discharged in batch discharge

periods totaling 576 hours. The average concentration in the discharge

i

tanks prior to discharge was 1233 mg/1.

Liquid chlorine is used to chlorinate periodically the circulating and

i

service water systems to control the growth of biological species on the

intake structure and heat exchanger structures. A total of 165 tons of

chlorine was used for this purpose. Of this, less than one ton of total

residual chlorine was discharged from the quarry and at concentrations

less than the detectable limit of 0.05 mg/1. Chlorine was discharged

during periods totaling 4,928 hours.

3.1.1.2 Meteorological Monitoring

,

Meteorological data have been sumenrized and reported in a format consis-

tent with the reco=mendations of Regulatory Guides 1.21 and 1.23. These

data are fcund in the Semiannual Radioactive Effluents Release Reports

'

for 1979.

'

3.1.2- Biota

Results of marine envircnmental surveillance at Millstone for 1979 are

. presented in the preceding sections 1-10 of this report.

-21-
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3.1.2.2 Terrestrial

3.1.2.2.2 Transmission Rights-of-Way Manage =ent

Transmission rights-of-way associated with Millstone Units 1 and 2 re-

ceived no herbicide treatment during 1979.

-22-
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ETS SECTION 4

SPECIAL SUR"EILLANCE, RESEARCH, OR STUDY ACTIVITIES

4.1 Stathematical Tidal Circulation Model
.

4.2 Mathematical Biological Model

The ETS require final reports upon completion of the mathematical

modeling studies. A final report covering both ETS sections was sub-

mitted under separate cover in a letter dated November 24, 1976 to

Mr. James P. O'Reilly.

4.7 Chlorination Study

This two year study was completed in 1977 and was submitted as Section

4.7 of the Annual Environmental Operating Report, Part A, dated

March 31, 1978.
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