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The drawing on the front cover represents a small piece of Antithamnion pectinatum, a small
epiphytic red alga common on local rocky shores. Characteristic features include oppositely *

attached branches, gland cells (G) adjacent to at least two cells of the branchlets, and thizoids -

(R) and undeveloped indeterminate branches (I) arising from the basal cells of the
i determinate branches. The latter two features permit fragments ofA.pectinarum to reattach ,

to intertidal macroalgae, and grow into entire new plants.
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Executive Summary

Winter Flounder Studies Niantic River during 1994 were among the lowest
since sampling began in 1983. Abundances of Stage

ne local Niantic River population of the winter 3 and 4 larvae, however, were greate: and above the
flounder (Pleuronecres americanus) is potentially long-term average. Annual larval abundances in the
affected by the operation of MNPS, particularly by bay since 1976 appM to reflect region-wide trends,

g entrainment of larvae through the cooling water because they were highly correlated to abundance
systems of the three opersting units. As a result, indices for Mount Hope Bay,MA and RI.
intensive studies of the life history and population Larval dmiopmental stap ar.d length were closely

a dynamics of this valuable sport and commercial rek:cd. Smaller larval size-classes predominated in
* species have been undertaken since 1976. the river and larger size-classes were more prevalent in

Because of heavy ice cover in the Niantic River in the bay. In Niantic Bay, growth and development
early 1994, the adult winter flounder survey did not were correlated with water temperature. In the river,

"
begin until March 22, the latest start in 19 years, and growth appeared to be related to both water temper-
only 4 weeks of sampling were completed. The ature (positively) and larval density (negatively).
median trawl catch-per-unit-effort (CPUE) of fish Es:imated mortality of larvae in the Niantic River for
larger than 15 cm present durW the spawning season 1984-94 ranged from about 82 to 98%. Mortality was
was 4.5. His value was more than twice the record consistently highest during Stage 2 of development
low CPUE of 1.9 for 1993, but nonetheless remains (3- to 4-mm size classes), which is when feeding first
as the second smallest CPUE for this time-series, occurs. This stage may include a "criti:al period" for
The Jolly stoclastic model was used with mark and winter flounder as survival rates generally improve
recapture data to estimate the absolute abundance of progressively forlarger size-classes. Density-depen-
the adult spawning population (all winter flounder dence was examined using a function comparing
larger than 20 cm, which includes some immature mortality and egg production estimates. With 1993
fish). The most recent abundance estimate was data excluded, a significant positive relationship was
11,779 winter floundct for 1993, in contrast to apparent, such that when egg production and larval
estimates between 33 and nearly 80 thousand fish for *nhee increased, mortality also increased.
1984-91. Young-of-the-year winter flounder have been

About one-third to one-half of the winter flounder collected during late spring and summer at two sta-
found in the Niantic River during the spawning period tions in the Niantic River since 1983. Correspondmg
each year are mature females. Annual female winter to late larval abundance, densities of newly meta-
flounder parental stock sizes were estimated using morphosed young in 1994 were relatively high.
available information on sex ratios, age, and size Median densities for late summer were among the
composition. These estimates have ranged from largest found in 12 years, with the 1994 year-class
7,821 (1993) to 78,629 (1982) spawning females, having the potential to be relatively strong,
with corresponding total egg deposition ranging from An indet of abundance was calculated for young
about 6.4 to 45.6 billion.j winter flounder taken during the late fall and early

Estimates of larval winter flounder abundance at the winter at the trawl monitoring program stations, ne
MNPS discharge (entrainment sampling) have been 1993-94 abundance index (1993 year-class) was 7.4,
obtained since 1976, at a station in mid-Niantic Bay the lowest recorded since 1987-88. Since 1983, when*

since 1979, and at three stations in the Niantic River comparative data were available, this abundance indexa

since 1983. The low abundance of newly-hatched was significantly correlated with that of young fish
larvae in Niantic Bay compared to the Niantic River taken in the Niantic River during summer. High,

suggested that most local spawning occurred in the indices for the 1988 and 1992 year-classes indicated
river. In addition, abundance indices of Stage 1 larvae that these were relatively abundant year-classer. Few
in the river were significantly correlated with juveniles were taken within the Niantic River during
independent estimates of female spawner egg the aduh spawning population surveys in recent years.
production. Abundance of Stage I and 2 larvae in the Young-of the-year abundance indices v:re not
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significantly correlated or were negatively conclated 22% and the estimated fraction of Niantic River winter

with those for age-3,4, and 5 female adult spawners. flounder production that would have been entrained

hus, none of the early life stages were considered as under full (100% capacity) three-unit operation ranged

reliable indices of year-class strength for Niantic River from 5.4 to 25.0% (geometric mean of 12.1%).

winter flounder strek. A computer simulation model (SPDM) was itsed for

Egg production estimates frorn annual spawning long-term assessments of MNPS impact. Input data

surveys were scaled to numbers of spawning females used by the model included basic life-table parameters,

and used as recruitment indices. These indices the three-parameters of the SRR, February water
together with adult female spawning stock estimates temperature statistics, and simulation parameters
and mean annual February water temperatures were specific to each model run, including a random )
used to fit a thtee-parameter Ricker stock-recruitment variability component. Conditional mortality rates
relationship (SRR). Additionally, the indirect esti- corresponding to postulated larval entrainment and

mate of the winter flounder theoreucal rate ofincrease juvenile and adult impingement at MNPS were e
*

(the SRR a parameter) derived by the Connecticut simulated according to historical information and
Department of Environmental Protection (DEP) was projections. Fishing mortality rates (F) were p:ovided
used for modeling the dynamics of the winter flounder by the DEP. Initially, F was set at 0.40 and remained ,

population for impact assessment purposes. The unchanged through the 1960s; increased gradually to
value of ot, re-scaled to units of fish numbers from 0.62 by 1988 and thereafter more rapidly to a maxi-
biomass units, was estimated as 5.42 and described the mum of 1.30 in 1991. Based on proposed regulatory

inherent potential for increase of the Niantic River changes, F was projected to decrease substantially

winter flounder stock. The estimate of (the second through the late 1990s, dropping to 0.50 by 2001, and

SRR parameter), which describes the annual rate of remaining unchanged through the rest of the simu-
compensatory mortality as a function of stock size, lation years. The winter flounder stock was simulated

showed little annual variation since 1988. The third as female spawner biomass (in Ibs), which is more
and last parameter in the SRR described a negative directly related to reproductive potential than fish
relationship between winter flounder recruitment and numbers. Annual rates of Niantic River winter floun-
water temperatures in February, the month when most der larval entramment were based on actual or esti-
spawning, egg incubation, and hatching occur. mated MNPS cooling-water flow and estimated or

The number of larvae entrained through the projected entrainment as derived from mass-balance
condenser cooling-water system at MNPS is the most calculations. All SPDM runs were stochastic and .

direct measure of potential impact on winter flounder. their output consisted of 100 Monte Carlo replicates |
Annual estimates of entrainment were related to larval for each yearly stock projection over a 100-year period

'

densities in Niantic Bay, as well as to plant operation. (1960-2060).
The entrainment estimate for 19a4 of 182.1 million An initial stock size of 98,104 lbs was used to
was about average since three-unit operation began in represent the theoretical (no fishing assumed) |

1986. Unit I was shut down from January 15 maximum spawning potential (MSP) of the Niantic )
'

through May 23 because of a refueling outage. This River female spawning stock. When fishing effects
decrease in cooling water use resulted in a calculated were sirnulated, the annual projections of the initially

reduction in entrainment of about 21% (48.1 million unfished stock become the baseline time series of
larvae) from that expected if Unit I had operated annual spawning biomass for Niantic River winter g
during this period. flounder subjected to fishing, but in the absence of

The impact of larval entrainment on the Niantic any plant impact. Under the exploitation rates simu-
*

River stock depends upon the fraction of its produc- lated, the stochastic mean stock size of the baseline

tion that is entrained each year. Empirical mass- declined to 49.476 lbs in 1970 and to its lowest point
*

balance calculations for 1984-94 indicated that a large of 12,907 lbs in 1993. The latter value was about j

number of entrained lanae came from areas of Long one-half of a generally accepted critical stock size, '
,

Island Sound other than the Niantic River. An esti- defined as 25% of MSP. Following simulated reduc-

mated 14 to 38% of the larvae entrained at MNPS tions in fishing, however, the stock rapidly recovered.

appeared to have originated fram the Niantic River dur- A new series of stock size projections were then
ing these years. Percentages of the river production simulated by adding the effect oflarval entramment at
that were entrained annually ranged from about 5 to MNPS, The lowest projected stock biomass under

i

l
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simultaneous fishing and effects of MNPS occuned in mine the impact of MNPS on local fish assemblages.
1993 (10,947 lbs), whereas the greatest absolute Over 100 different fish taxa have been collected. Six

decline relative to the baseline ocetured in 2003 (a taxa (American sand lance, anchovies, grubby,
difference of 7,026 lbs). Generally, however, greater silversides, tautog, and cunner) were identified that
reductions in stock biomass resulted from fishing than were potentially impacted by MNPS, either by
from larval entrainment, because fishing tends to entrainment of their eggs and larvae or by exposure to j
remove larger fish and reduce average weight of the elevated seawater temperatures.

'

remaining spawners. He simulated spawning stock Abundance data were analyzed separately for two-
retumed to within 1,000 lbs of baseline levels (44,000 unit (1976-1985) and three-unit (1986-1994) opera-

g Ibs, or 45% of MSP) about 6 years after the scheduled tional periods and for the entire 18-year data series
termination of Unit 3 operation in 2025. (both periods combined) to determine if changes in

De probabilities that the Niantic River female abundance have occurred. For the potentially impacted
A spawning stock biomass would fall below selected fishes, declining ahnnaanm trends were found for so.nei

| reference sizes (25,30, and 40% of MSP) were deter- life stages in four (American sand lance larvae,*

I mined to help assess the long-term effects of MNPS Atlantic silverside juveniles, tautog eggs, and cunner
operation. A stock smaller than 25% of MSP is and tautog adults) of the six taxa. Because many,

considered overfished, whereas one that is at 40% of factors may affect the abundance of these taxa the,

| MSP can maximize yield to the fisheries while reasons for these declines were difficult to ascenain.
remaining stable. For both baseline and MNPS- American sand lance larvae ranked third among fish'

| impact simulations, it was likely (p 2 0.95) that the larvae entrained and have significantly decreased in

| stocks were greater than 40% of MSP in 1970. At abundance in entrainment samples. Decreases in sand
| the lowest point of both stock projections in the mid- lance abundance were also apparent in other areas of

1990s, all replicates were less than 25% of MSP. the Northwest Atlantic Ocean. Reir abundance was
Sirnulated seductions in fishing allowed for a rapid noted to have been inversely correlated with that of
increase in spawner biomass in 2000. By 2010, the Atlantic herring and Atlantic mackerel. Given the

,

| stocks had a high (p 2 0.95) likelihood of being large abundance changes of this species along the
greater than 30% of MSP and the impacted stock had a Atlantic coast, effects of MNPS operation on sand '

beuer than even chance of being greater than 40% of lance were difficult to quantify. The bay anchovy is
MSP. His recovery, however, assumed that changes typically the most abundant ichthyoplankton species )

in fishing regulations would be implemented as collected in estuaries within its range and it was the f
scheduled and that they achieved expected reductions in dominant larval taxon entrained at MNPS. Egg and i

fishing mortality. Even with reductions in fishing larval densities and entrainment estimates for 1993 |
mortality, there still was a 34% chance that the new were within the historic range. Similar to the sand
equilibrium stock biomass would remam smaller than lance, this fish also exhibits large natural abundance
40% of MSP. fluctuations. Along the coast of Connecticut, the

Adantic silverside and the inland silverside are among
Fish Ecology Studies the most common shore-zone species. Typical of

short-lived species, the catches of Atlantic silverside

Studies of fish assemblages inhabidng the area by trawl and seine were highly variable and annual
ca a rang per two oden of mapde.J around MNPS were conducted to determine the effects
De catches of Atlantic and inland silversides m seme |of station operations. Rese effects have been defined
samples were all within historic ranges and were las power-plant related changes m the occurrence, '.
greater than the two-unit period average, except for the

distribution, and abundance of fish species which
Atlantic silverside at the Jordan Cove station. Unlike

.

could affect community structure. Fish assemblages
severd o otendMly impted fishesAe @ycould be adversely affected by losses due to
experiences no fishing pressure. Both larval and adult

impingement of juvem,ie and adult fish on the mtake
grubby abundance indices were stable throughout the

screens, entramment of fish eggs and larvae through
18 years of monitoring. He tautog was the second-

the cooling water system, or by changes in thermal
most abundant egg taxon entrained and accounted for

) regime or physical habitats.
h 30% of h%mW h 1979.Smce 1976, trawl, seine, and ichthyoplankton

During the three-unit operational period there was a
monitoring programs have been conducted to deter-

\
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3/16 n) to 81.8 mm (3 7/32 n); minimum size wasi isignificant negative trend in the densities of tautog
eggs. However, larval densities were within the increased again in 1990 to 82.6 mm (3 th in).
historic range. Trawl catches of adult tautog exhibited Because of the regional economic importance of
a highly significant negative slope for the 18-year data lobsters, adult lobsters have been monitored from May
series. Young-of-the-year tautog accounted for a high through October since 1978 using wire lobster traps
proportion of the fish caught in the trawl since three- set at three stations around MNPS; additionally, since
unit operation began. He cunner was the most 1984, studies have been conducted during the hatching
abundant egg taxon entrained and accounted for more season to estimate the number of lobster larvae
than 50% of all eggs collected since 1979. He den- entramed through cooling water systems. He objec- >
sity of cunner eggs in 1993 was within the historic tive of the lobster monitoring program is to determine

*

range, and the 1993 egg entrainment estimate was the if operation of hNPS has caused changes in local
highest since the three-unit operational period began. lobster abundance beyond those expected from natural e
ne densities of larvae were low, but were within the variability and high fishing mortality rates.

*

range of previous values. Comparable to tautog, he total number of lobsters caught and total catch
youngef-the-year cunner accounted for a higher pmpor* per unit effort (CPUE) in our study area reached record
tion of the fish caught in the trawl since three units levels in 1992 and remained high during 1993 and

*

began operating. 1994. However, legal lobster catches (those indiv-
Entramment of wrasse (cunner and tautog) eggs was iduals 2 82.6 mm carapace length) have significantly

identified as the primary potential impact to these declined since the NUSCO study began in 1978.
fishes because over 85% of the eggs entrained at Legal catches were expected to improve in 1993 and
MNPS were of these species. He spatial distribution 1994 after large numbers of lobsters, observed to be
of wrasse eggs was studied in 1994. Results idmd jus *. below legal size in the 1992 and 1993 catches,
that these eggs were not concentrated near MNPS molted to legal size. Instead, legal CPUE has
intakes, but were representative of a more homo- continued to decline the past 2 years,in contrast with
genous distribution, including areas outside Niantic recruitment patterns observed in previous studies when
Bay. T!us apparent widepsread standing stock of strong recruit classes were followed by an increase in
tautog and cunner eggs in the MNPS area would legal catches one to two years later. He fact that
minimize any impact from entramment loss. CPUE of legal-sized lobsters continued to decline

despite the strong recruit classes observed since 1992
Lobster Studies may be further evidence that the local lobster resource

is currently overfished.
One of the most valuable species in the Connecticut During 1994, the peak in number of molting

fishing industry is the Amer.;an lobster (Homarus lobsters was later, and growth per molt was lower
americanus). Annual Connecticut landings of 0.8 to than previously observed in our studies; these
2.7 million pounds yielded between $2.4 and 8.4 conditions were attributed to below normal water
million to lobstermen ernployed in the fishery. temperatures during spring 1994. Changes observed
Lobsters are highly exploited throughout their range in the size structure, sex ratio, and proportion of
and the fishery is almost completely dependent on new berried females of local lobsters may be primarily due
animals molting into legal size each year, in long to increased fishing rates and to implementation of

IIsland Sound (LIS), more than 90% of all the lobsters new fishery regulations. During three-unit studies,
above the minimum legal size are removed by fishing. the incidence of claw loss was lower, and recapture
Over the past decade, the lobster fishery has become rates and size structure of tagged lobsters caught by *

highly regulated in an effort to reduce fishing NUSCO and commercial lobstermen were inconsistent -

mortality rates and to increase larval production and with results observed during two-unit studies. Rese
subsequent recruitment. Since 1984, Connecticut changes were attributed to the implementation of the

'lobstermen have been required to install escape vents escape vent regulation in 1984. He percentage of
in traps; the escape vents allow sublegal sized lobsters berried females collected nearly doubled during three-
to escape from traps and thereby reduce injury and unit studies and was probably related to segulations
mortality to this portion of the population. He increasing the minimum legal size. He new regula-
minimum legal size (carapace length) of lobster was tions implemented to sustain the lobster resource by
increased in Connecticut in 1989 from 81.0 mm (3 mproving lobster survival appeared to be effective.

viii Monitoring Studies.1994
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However, fishing effort continues to escalate and after Unit I retubing in 1993 may result in future
fishery managers question the long-term stability of declines of the T. bartschi population within the
the resource under that kind of fishing pressure. efIluent quarry.

De density of lobster larvae collected in samples of
the MNPS cooling water was higher during three-unit EelgrLss
studies due to the higher percentage of berried females.
Estimates of the total number of larvae entrained at Eelgrass studies during 1994 monitored three
MNPS were also higher during three-unit studies due populations in the Mdistone area: Jordan Cove (JC),

o to a combination of higher larval densities and hi ,her White Point (WP) and the Niantic River (NR).t
cooling water demand of Unit 3. De potentialimpact Results from 1994 indicated generally poor regional
of higher larval entrainment on subsequent legal conditions for growth and reproduction of these local

o lobster abundance is difficuh to assess because of the populations. Population parameters at WP measured
* uncertainty that exists conceming larval origin, larval in 1994 were relatively low, but still within ranges

survival, and recruitment rates to legal size. However, established over the previous 9 study years. He
the high total CPUE for lobsters in cet area over the deeper water WP study site provides more protection

*
past 3 years suggests that entrainment during the against elevated temperatures from insolation in the
initial years (1986-88) of three-unit operation has not summer, sediment freezing during low tides in winter,
adversely affected the local adult population. and swan grazing. Eelgrass populations at shallow

water sites are more susceptible to these stress
Marine Woodborer Study mechanisms. Overall environmental stress was

apparently greatest at NR in 1994, and was related to
ne Marme Woodborer Study report describes the regional and site-specific (depth-related) factors, and

local distribution of Teredo bartschi, a semitropical possibly water quality conditions in the Niantic River.
shipworm common from Texas to South Carolina, Zostera populations were elimination at NR by
but not found farther nonh except in close proximity September 1994. Similar localized elimination events
to nuclear power plants in New Jersey and have been observed at other sites in the Niantic River
Connecticut. Consistent recruitment and survival of in 1986 and 1993, indicating an overall long-term
Teredo bartschi has been observed in MNPS discharge population decline in the Niantic River during the
waters from 1975 to 1994. Within the effluent study period. This population is at its lowest level
quarry, high recruitment of T. bartscht was again since studies began in 1985, in terms of abundance
observed in 1994, primarily in panels on the western and distribution, and now consists of only small
side. His finding was consistent with the previous isolated patches.

Exposure Panel Studies and Distribution Studies Shallow-water stress, as temperature extremes, were
conducted since 1975. Outside the effluent quarry, T. measured directly at JC, and may have contributed to
bartschi remains closely associated with discharge population declines observed at that site. Sediment
waters, with highest recruitment at the quarry cuts freezing likely occurred during two extreme low tide

(undiluted effluent). Recruitment decreased substan- events in the winter of 1993-94. Although hydro-
tially with distance from the outfall; in 1994, thermal modeling studies indicate some thermal plume

g relatively few individuals were found in panels 100 m incursion to JC, elevated temperatures measured at JC
from the quarry cuts and none were found at sites 500 during the summer appeared more related to insolation
m away. Sampling sites 500 m from the quarry cuts of the shallow sand flats in Jordan Cove than to
appear to be near the limit of suitable thermal thermal plume incursion. Large-scale decline / recovery*

conditions for T. bartschi recruitment; several cycles in Zostera populations throughout North-

individuals recruited onto panels there in 1993 America and Europe have been observed since the
ahhough none were collected in 1994. T. bartschi has 1930s and attributed to disease and eutrophication. In

,

not expanded its occurrence to other areas in Long particular, populations on the east coast North
Island Sound unaffected by MNPS discharge. America, including Long Island Sound, have been
Although present in MNPS discharge waters for over declining steadily since the 1960s. It is likely that
20 years, this species has not adapted to near-ambient population declines at JC and other sites in the
or ambient temperature conditions outside the effluent Millstone area are part of this regional trend, and not
quarry. Furthermore, discontinued use of woodchips the result of MNPS operation.

Executive Summary ix
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Rocky Intertidal Studies station nearest the discharge (FN) caused Ascophyllum
to grow longer and more rapidly at this site, relative j

Rocky intertidal studies in 1994 charactenzed nearby to stations fanher away. A moderate level of growth
'

shore communities impacted by the MNPS thermal enhancement was observed at FN during 1993-94,

plume, as well as those farther away and unimpacted, when compared to previous years, attributed to
Conditions resulting in much of the variability among lessened thermal plume incursion resulting from an
communities at sampling sites outside the influence extended outage of Unit 3 for much of the peak
of MNPS were related to natural factors including site growing season. As in previous years, Ascophyllum
orientation to prevailing wind-generated waves, the mortality, or loss of tagged plants and tips, at our

'
ability of available substratum (slope) to dissipate the present sampling sites was not related to proximity to
horizontal force of those waves, and the character of the power plant but rather to degree of exposure to
that substratum (e.g., boulders, bedrock ledge, etc.). storm forces.
Community differences beyond those attributed to ?
natural factors occurred within the thermal plume area Benthic Infauna
at sites located on Fox Island (FE and FN), and were
directly attributed to MNPS operation. Various Benthic infaunal studies during 1994 continued to -

aspects of the impact related community changes at monitor subtidal soft-bottom habitats in the vicinity
Fox Island were identified through separate studies of MNPS for power plant-related changes in
which included qualitative algal sampling, estimations sedimentary characteristics and infaunal community
of intertidai organism abundance, and studies of local structure (total abundance, species number, and species
Ascophyllum nodosum populations. composition). The top four most dominant taxa at

Elevated temperature conditions caused by the three- each station in 1994 accounted for more than 60% of
unit thermal plume allowed development of a unioue all individuals collected. These were: Oligochaeta,
flora at FE. The most notable shifts in species Protodorvillea gaspeensis, Tellina arills, and
occurrence, revealed by qualitative algal sampling. Archiannelida at EF; Oligochaeta, Tharyx spp.,
were the presence of warm water-tolerant species not Mediomastus ambiseta, and Protodorvillea gaspeensis
typical of other sites (Agardhiella subulata, Gracxlana at GN: Aricidea catherinae, Oligochaeta, Mediomastus
tikvahiae, and Sargassum filipendula), absence of ambiseta, and Tellina agilis at IN and Mediomastus
common cold water species (Mastocarpus stellatus, ambiseta Anadeacathermae, Oligochaeta,and Tharyx
Dumontia contorta, and Polysiphonia lanosa) and spp. at JC. In most cases, these organisms were
extended or reduced periods of occurrence of seasonal dominant taxa in both two-unit and three-unit
species with warm water or cold water affinities, operational periods. Most stations were characterized
respectively. by one or more clearly dominant taxa (oligochaetes at

During 1994, power plant impacts on dominant EF, GN, and JC, Aricidea catherinae at GN and JC,
species abundance pattems, caused by two-cut water and Tharyx spp. at GN) during both operational
circulation panerns and by three-unit operations, were periods. There has been no single dominant taxon at
observed only at FE, and were most pronounced in the IN during either operational period, where mean
low intertidal, where temperature conditions were relative abundance of any single taxon rarely exceeded
most severe. The low intertidal community at FE, 10% The control site at GN continues to exhibit
which prior to 1983 had been unimpacted and stability in terms of the sedimentary environment and I
characterized by perennial populations of Fucus, infaunal community structure. Some stability in
Chondrus, and Ascophyllum and predictable seasonal these parameters has also been noted in recent years, ,

peaks in bamacle and Monostroma abundance, has including 1994, at sites impacted by short-term
,

been replaced by a persistent community dominated by episodic disturbance events (e.g., dredging and
Codium, Ulva, Enteromorpha, and Polysiphonia, construction activities at IN, and siltation at JC).
Also, populations of species observed in undisturbed Community recovery is ongoing, but is not complete e

transects only at FE (Sargassum, Gracilaria) continued at either site. Effluent scour at EF remains a
,

to persist and expand during 1994, dominant structuring factor on both the sedimentary j
Ascophyllum populations at three stations in the environment and infaunal commtmity, and is expected

,

vicinity of MNPS continued to be monitored in 1993. to continue throughout MNPS three-unit operation. l

Elevated temperatures (2-3*C above ambient) at our

x Monitoring Studies,1994
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Introduction !
!

Reporting Requirements entitled " Docket No. 4, Certificate of Envronmental
Compatibility and Public Need for an Electric

'Ihis report summartzes results of ongoing environ- Generating Facility Identified as 'M111 stone Nuclear !

mental monitoring programs conducted by Northeast Power Station, Unit 3 ' located in the Town of
Utilities Service Company (NUSCO) in relation to Waterford, Connecticut" and dated March 22,1976).

the operation of the three-unit Millstone Nuclear 'Ihis report satisfies the requirements of the NPDES j

Power Station (MNPS). MNPS can affect local permit and of the CSC by updatmg and summarizing ;
,

marine biota in several ways: large orgamsms may be various studies conducted at MNPS that were :
,

impinged on the traveling screens that potect the presented most recently in NUSCO (1994). !

condenser coohng and service water pumps; smaller [,
ones may be entramed through the condenser cooling- Study Area ,.

'
water system, which subjects them to various
mechanical, thermal, and chemical effects; and marme MNPS is situated on Millstone Point, about 8 km |
communities in the discharge area may be subjected west-southwest of New London on the Connecticut* i

to thermal, chemical, and mechanical effects resuhing shore of LIS (Fig.1). "Ihe property, covering an area .!

from the outflow of the cooling water. In addition, of about 200 ha,is bounded to the west by Niantic !

occasional maintenance dredging is done in the Bay, to the east by Jordan Cove, and to the south by
vicinity of the intake structures. 'Ihe basis for the Twotree Island Channel. The MNPS monitoring ;

s sample a study area of approximately 50 |studies is the National Pollutant Discharge Elimin-
yhat extends from the northern portions of theation System (NPDES) permit (cit)003263) issued km t

by the Connecticut Department of Environmental Niantic River and Jordan Cove to Giants Neck,2 km i
IProtection on December 14, 1992 to Northeast south of '1wotree Island, and 2 km east of White

Nuclear Energy Company (NNECO), on whose Point. Work takes place from the shorchne into areas ;

behalf NUSCO has undertaken this work. 'Ihe regu- as deep as 20 m southwest of Twotree Island. '

lations in the permit allow the MNPS cooling water Strong tidal currents predominate in the vicinity of
to be discharged into Long Island Sound (LIS) in Millstone Point and influence the physical charac. !

accordance with Section 22a-430 of Chapter 446k of tenstics of the area. Average tidal flow through Two- !

3

tree Island Channel is approximatelyse,400 m sec-13the Connecticut General Statutes and Section 301 of ,

and at manmum is about 8,500 m c-3 (NUSCO |the Federal Clean Water Act, as amended. Nryyh
5 of the MNPS NPDES permit states that: 1983). Current velocities are about 1 to 1.8 knots in !

The permittee shall conduct or continue to conduct the channel, slightly less (1 to 1.5 knots) near the |
biological studies of the sqpplying and receiving plant and in Niantic Bay, and relatively weak in |
waters, entrainment studies, and intake innpinge- Jordan Cove and in the upper Niantic River. 'Ibe !

ment monitoring. The studies shallinclude studies currents are driven by semi-diurnal tides that have a
of intertidal and subtidal benthic communities, mean and maximum range of 0.8 and 1.0 m, ;

fiqfish communities and entrained plankton and respectively. Thermal and salinity induced stratifi-'
'

shall include detailed studies oflobster populations cation may occur in regions unaffacted by strong tidal
,

andwinterflounderpoP%. currents. The greatest temperature variation has been |*

In addition, paragraph 7 of the permit requires that observed in nearshore areas where water temperature i

On or before April 30, JP93 and annually can vary from -3 to 25'C; salinity varies much less.

thereq(ter, submit for review and approval of the and ranges from 26 to 30k The bottom is generally,

Commissioner a detailed report of the ongoing composed of fine to medium sand throughout the r

biological studies required by paragrqph 5 and as area, but also includes some rock outcrops and muddy ;

gprowdunderparagnqph 6. sand, especially near shore. Strong wmds, particu- |*

Furthermore, a decision and order of the CWcut larly from the southwest, can at times result in
Siting Council (CSC) requires that NNECO inform locally heavy seas (up to 1.5 m or greater) near
the Council of results of MNPS environmental Millstone Point. Additional information on local
impact monitoring studies and any modifications hydrography and meteorology can be found in ;

'
made to these studies (paragraph 6 of the proceeding NUSCO (1983).

,
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Fig.1. 'Ibe area in which biological monitoring studies are being "W to assess the effects of the operation of MNPS.

Millstone Nuclear Power Station a combination of 9.5- and 4.8-mm mesh screens from
early 1990 through summer 1992, and only 9.5-mm

ne MNPS complex consists of three operating :nesh screens as of August 15, 1992. Fish return !

nuclear power units; a detailed description of the systems (sluiceways) were installed at Unit 1 in
station was given in NUSCO (1983). Unit 1, a 660- December 1983 and at Unit 3 during its construction L

MWe boiling water reactor, began commercial to return aquatic organisms washed off the traveling
operation on November 29,1970; Unit 2 is an 870- screens back to LIS. The installation and operation
MWe i.wie water reactor that began c=T-Tscial of sluiceways have minimized the impact of impinge-
operation in December 1975; and Unit 3 (1150.MWe ment at MNPS (NUSCO 1986,1988a). A chron-
pressruized water reactor) commenced commercial ology of significant events associated with MNPS
operation on April 23,1986. All three units use construction and operation, including installation of .

*

once-through condenser cooling water systems with devices designed to mitigsle environmental effects and
rated circulating water flows of 26.5,34.6, ard 56.6 unit operational shutdowns exceeding 2 weeks, are ;

m sec-1 for Units 1 through 3 respectively. Cool- found in Table 1. Capacity factors (the electricity3 * '

ing water is drawn from depths of about 1 m below produced as a percentage of maximum possible -

'
mean sea level by separate shoreline intakes located production) during 1994 were 58.3% for Unit 1,
on Niantic Bay (Fig. 2). He intake structures, 48.2% for Unit 2, and 94.0% for Unit 3.

,,

typical of many enacent power plants, have coarse bar MNPS cooling water is nominally heated in Units
racks (6.4 cm on center, 5.!-cm gap) preceding 1,2, and 3 from ambient temperature to a maximum
vertical traveling screens to protect the plants from of 13.9.12.7, and 9.5'C, respectively. Each unit has
detris. Units 1 and 2 have always had 9.5-mm mesh separate discharge structures that release the effluent
screens. Unit 3 originally had 4.8-mm mesh screens, into an abandoned granite quarry (ca. 3.5 ha surface

2 Monitoring Studies,1994
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TABlJi 1. C3menology of major comanuman and opunham evens at MNPS siwangh 1994.

Deas Aaivsy Refssenes*

Desseher 1965 . Censumanom munsand for Unit i . NUSOO (1973)
Nousseher 1969 Camsumanas salusand for Unit 2 began NUSCO(1973) I

: Osseher 26,1970 Unit 1 inhial anneakty, psodmand Ssm shonnel amment DNGL !

Nosumher 29,IMO Unit 1imisialphans no grid DNGL |
*

; Desember 28, IMO Unit I began ommmemial syssuaism DNGL 1

; -." Jammary 15,1971 en Fahsmary 22,1971 Unit I shundown DNGL. ;

| Ausma-Danseher 1972 Surfees hoesa at Unit 1 NUSCO(1978) ,

November 1972 Rah hanierinsenBed as quarry am NUEL ;
'

Sayesmber 3,1972 no Masch 20, IM3 Unit I shundous DNGL j

| D November 1972 Unit 2 emner dem sumoved NUSCO(1973) ;

* ii. Apsil18 toJuly 28,IM3 Unit I shundown DNGL
J Augustamosusher 1973 Sufnes hamn at Unit 1 NUSCO(1978)
! July-December 1974 Surfaes boom at Unit 1 NUSCO(1978) )

Sepaumber I to Novenhor 5,IM4 Unit I shundown DNGL*
,

Julyomaber 1975 heinan home at Unit 1 NUSCO(1978).

July 1975 samen hamninsenBed a Unit 1 NUSCO(1978)
Assust 5,1975 Unit 3 emner dem eenseressans hagan NUEL !

Sayammber 10 to Osnabar 20,1975 Unit I sheedown DNGL ,

Omober 7,1975 Unit 2 puedmond first ant ==r BDAN ,

November 7,1975 Unia 2 imisial aumenhty; psodneed first shammal adflums BDAN
,

November 13,1975 Unia2imisialphans nogrid DNGL |
D===har 1975 Unit 2 began ====cist opermison NUEL
Monk 19,1976 Unit 3 onffor damn - -- - ^ fW=had NUEL

,

Jams 4 amber 1976 Surface homa a Unit 2 NUSCO(1978)
'

OmaberIson - h.,2,1976 Unit I shuulown DNGL
h===h-e 20, IM6 to January 20,1977 Unit 2 shuidown DNGL
May 6 to Jes 25,1977 Unit 2 shuulown DNGL
lume4aAer 1977 Surfeos home at Unit 2 NUSCO(1978)
November 20,1977 to May 1,1978 Unia 2 sinadown DNGL

*March 10 so April 15,1978 Unit I shadous DNGL.
Masch to no May 21,1979 Unit 2 shadows DNGL
AprB 28 toJums 27,1979 Unit I senadown DNGL i
Aagost 10 to 25,1979 Unit 2 sinadows DNGL !

November i non.- h.,5, IM9 Unit 2 shuulowa DNGL |
May 7 to Jens 19,1980 Unit 2 shuidown DNGL i

June 1 to Jens 18,1980 Unit I shoulows DNGL ?

August 15 to Omober 19,1980 Unit 2 shuulown DNGL !
Omober 3,1980 to Juss 16,1981 Unit I skuedows DNGL ,

January 2 no 19,1981 Unit 2 shuulous DNGL |
December 5.1981 to Mank 15,1982 Unit 2 shoulows DNGL !

Mank1981 Bamamiboma summoved a Unit i NUEL *

8-r==h- 10 no November 18,1982 Unit I shoulous DNGL |
,

Masch 2 to 18,190 Unit 2 shmedown DNGL 2

^;-2 , 1983 Unit 3 esser dem sumoved,insaks h deedgin8 NUEL |
May 28,1983 to Jammary 12,1984 Unit 2 shoulown DNGL i,
Desember 1983 Pish susum syman immeBed at abs Unit 1 issake NUEL !

*
August 1983 Second quarry em opened NUEL [
Apse 13 to June 29,1984 Unit I shundows DNGL i
Pshsmary 15 to July 4,1985 Unit 2 shuulown DNGL i*
Jams 1985 Iniske 4 - - skedgm8 NUEL i

Sapismber 28 to November 7,1985 Unit 2 shoulown DNGL f
Omster 25 to h 22,1985 Unit I shmalown DNGL i
Novesuber 1985 Unit 3 prodeand first alDuant EDAN j
Fatsmary 12,1986 Unit 3 produced firm thenmal ofDoomt EDAN |
ApeG 23,1986 Unk 3 began ===acial ayersuan DNGL j

I
*

;
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!

TABlJI1. (esme
!

July 25 m Augua 17,1906 Unit 3 shadown DNGL j

Sapsesaker 20 no h it,1986 Unit 2 shadown DNGL '

Dessener I en 15,1986 Unit I shadown DNGL }
Jesunry 30 to rubruary 16 1987 Unit 2 shudows DNGL5

Masuk 14 to April 10,1987 Unit 3 shadown DNGL i
IJune 5 to August 17,1987 Unit I shutdown DNGL

Newussbar 1,1987 to Feirmary 17,1988 Unit 3 shundown DNGL
Deessaber 31,1987 so February 20,1988 Unit 2 shuidown DNGL *

AprE 14 to my 1,1988 Unit 3 shutdows DNGL * ;

my 7-22,1988 Unit 2 sbusdown DNGL f

Osasher 23 no Novemmber 8,1988 Unit 3 skuedown DNGL i

Febsuery 4 to Apr0 29,1989 Unia 2 shusdown DNGL .
AprG 8 no June 4,1989 Unit I shuidown DNGL ',
my 12 toJune 12,1989 Unit 3 shuidown DNGL ;
Oenober 21 to Novesober 24,1989 Unit 2 sinadown DNGL |
Mandi 30 to Apra 20,1990 Unit 3 shutdown,6 n= d somme 9.5-mun intake sessen panels DNGL ,*
May 8 toJune 15,1990 Unit 2 sbundown DNGL
Sepeamiber 14 no November 9,1990 Unit 2 abundown DNGL i

Febsmary 2 so Apsu 17,1991 Unit 3 shadown;inssanation d new Esb buckets and spreyen DNGL
Apra 7 ao hp-w 2,1991 Unis I shoulows DNGL ,

AprG 23 to my 11,1991 Unit 2 abaulown DNGL I

May 26 to July 7,1991 Unit 2 abandown DNGL
July 25,1991 to February 6,1992 Unit 3 abandown,inssahn- d new Esa buckets and spesynes DNGL

,

Assust 7 to *=ra-w 11,1991 Unit 2 abandown DNGL ,

Omober I,1991 to Ere 3,1992 Unit 1 abandown MOSR
November 6 so Tw-w 27,1991 Unit 2 sheidows MOSR |
January 24 to Falunary 14,1992 Unit 2 abudows MOER

*

Endi22 to AprG 6,1992 Unis I shutdown MOSR
Wy 16 toJune 4,1992 Unit 3 stundown;insi n== dnew Esb buckets and sprayers MOSR

'my 29,1992 to January 13,1993 Unia 2 shuulown MOSR
July 4 to August 15,1992 Unit I shoulown MOSR i

August 15,1992 Counpleted ia..n== d new Esb backas and sprayen a Unit 3 NUEL '

hr-w 30 to Noweenber 4,1992 Unit 3 shuulown MOSR :

July 31 toNevesuber to,1993 Unit 3 shuulown MOSR
sy-w 15 to Ossaber 10,1993 Unit 2 abuelows MOSR
January 17 to by 1,1994 Unit I abandown MOSR
Apru 22 to June 18,1994 Unit 2 shuulown MOSR )

!July 27 to br-w 3,1994 Unit 2 abaulows MOSR
hr-6 8-22,1994 - Unit 3 sbandown MOSR
tww I,1994 to spring 1995 Unit 2 shuulown MOSR

* DNGL ruders to abe deGy met samaratamt inn, NUEL to NUSCO Envu====anaal t- - i socords EDAN to abe envuonenemaal dans !
'

ary==a= merwork, and MOSR to abe samedily nuclear plant operenng stanis separt. |
i

*
area, maximum depth of approximately 30 m). 'Ihe cwrents (Fig. 3) Hydrothermal surveys conducted at
thermal discharge (about II*C warmer than ambient MNPS were described in NUSCO (1988b). !
under typical three-unit operation) exits the quarry .

i

through two channels (cuts), whoseapon the thermal Monitoring Programs '

.

effluent mixes with LIS water (Fig. 2). The cuts are
equipped with fish barriers consistag of 19-mm 1 bis report contains a separate section for each

,

metal graies, which serve to keep larger fish out of makr monitoring program, some of which have been ' '

the quarry. The thermal plume is warmest in the ongoing since 1968. These long-term etwtw= have !
unmediate vicinity of the cuts and within about 1,100 provided the representative data and scientific bases !
m of the quarry the surface-orimated plume cools to necessary to assess potential biological impacts as a

'

within 2.2*C above ambient. Beyond this distance result of MNPS construction and operation. The sig-
' the plume is highly dynamic and varies with tidal nificance of changes found for various communities ;

4 Monitoring Studies,1994
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and populations beyond thosa that were expected to Mdistone Nuclear Power Stapon.
occur naturally were evaluated using best available . NUSCO.1983. Mdistone Nuclear Power Station
methodologies. Programs discussed below include Unit 3 ee+ronmental report. Operating license
Winter Flounder Studies, Fish Ecology Studies, stage. Vol.1-4.
Lobster Studies, Marme Woodborer Study, Eelgrass, NUSCO.1986. The effectiveness of the Mnilm-
Rocky Interudel Studies, and Benduc Infauna. Report- Unit I sluiceway in returnag impaged organisms
ing periods for each section vary and were predicated to Long Island Sound. Enclosure to Letter
on biological considerations and processing time D01185 dated May 27,1986 from R.A. Rockert,
necessary for samples, as well as on regulatory NUSCO, to S.J. Pac, Commissioner, CT DEP.
requirements. In cases where the seasonal abundance 18 pp.
of organisms differed from arbitrary annual reporting NUSCO.1988a. The effectiveness of the Millstone
periods, the periods chosen were adjusted to best Unit 3 fish return system. Appendix 1 to
define the season ofinterest for a particular species or Enclosure 3 to Letter D01830 dated January 29,

'

* community. 1988 from EJ. Mroczka ' NUSCO, to L.
Carothers, Commismoner, CT DEP. 21 pp.

References Cited NUSCO.1988b. Hydrothermal stuches. Pages 323-,

355 in Monitoring the marine environment of*
NUSCO. (Northeast Utilities Service Company). long Island Sound at Mdistone Nuclear Power

1973. Environmental effects of site preparation Station, Waterford, Connecticut. Three-unit
e and construction. Pages 4.4-1 to 4.5-1 la operational stuches,1986-87.

Millstone Nuclear Power Station, Unit 3, NUSCO.1994. Monitoring the marine environment
Environmental report. Construction permit stage, of Iang Island Sound at Millstone Nuclear Power

iNUSCO.1978. Impingement studies. Millstone Station, Waterford, Connecticut. Annual report '

Units 1 and 2,1977. Pages 1-1 to 4-2 in Annual 1993. 228 pp.
report, ecological and hydicyps studies,1977.

|

Introduction 5

. .

._ . _ __ _ _ _ _ _ ______ __ _ _ ________ _ ______ _ __
,



_ - - - _ _ - _ - _ _ -

__

,

=

,

* | |.

0 5000 ft N .

ne@S Jordan
Niantic Bay E cyte

A ''

|
^

- 8F
Whit *' 8F Seaside

'

(|
1.5F- W -( s. ..

Twottee
leiend

som
Point

Maximum Ebb Tide

'

0 5000 ft N

Niantic Bay befS Jordan
g Cove

8F

) White.

D, ;- L // Point Seaside
,

hF
'/ t *

b'\
~4 Fs

- *

p . .-1.5 F - *

Ibad '
Twotree
island

Point *

Low Stad Tide

Fig. ~,. locations of selected three-unit thennal plume isotherms (1.5'F. 4*F,6*F, and 8'F) under various tidal conditions.

6 Monitoring Studies,1994

_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _



,

t

. i i

0 5000 ft N
.

" M"
Mentic any ,

E cow
C

I /- White*

,,aF, , - - pogg Seaside .

4F
e '. -*

1.5 F
I (.- ,

Twotree'
.

Mshd
Point

,

Maximum Flood Tide
i

!

P

, . .

0 5000 ft N

Mantic Bay wes Jordan

3 Cow !

N' White
8F aJ *

Pds 8888id*

:::F)
'

-

|1.5F ,.
,

*
Twotree
MBack

t Point -

High Slack Tide

Fig. 3. (continued).

!
;

Introduction 7

L



_ - _ _ _ _ _ _ -

1
1

1
)
i

!

.

e
a

.

I

|

.

.

|.

o

8 Monitoring Studies,1994

_ _ _ _ _ _ _ _ _



. ___ . ._.

Winter Flounder Studies

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1
Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Sampling pgrams ............................................12
.

Ad uit winter flounder sampling ...............................12
Larval winter flounder sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13* -

Juvenile winter flounder sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
Indices of abundance ...........................................15

0 Relative annual abundance of adults ............................15
Absolute mb>Mam estimates of adults . . . . . . . . . . . . . . . . . . . . . . . . . . 16

*

Adult spawning stock size and egg production .....................16
Development and powth, abundance, and mortality of larvae . . . . . . . . . . . 17

'

.,

Abundance, growt 1, and mortality ofjuveniles in summer .............18
Abundance ofjuveniles during fall and winter . . . . . . . . . . . . . . . . . . . . . . 19
Stock and recruitment relationship . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Assessment of MNPS operation on Niantic River winter flounder . . . . . . . . . . . . . . 21 i

Estimates oflarval entrainment at MNPS . . . . . . . . . . . . . . . . . . . . . . . . . 22
Mass-balance calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Stochastic simulation of winter flounder stock dynamics . . . . . . . . . . . . . . . 24

Results and Discussion ...............................................32
Seawater temxrature ........................................... 32 :
Adult winter ilounder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

Relative annual abiMaw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Absolute nbundance estimates ................................33
Spawning stock size and egg production .........................38

Larval winter flounder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 i
Abundance and distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 !

Development and growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 i

Mortality ..............................................50
Juvenile winter flounder ......................................... 52

Age-0 juveniles (summer) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 i

Age-0 juveniles (late fall and early winter) ........................59
- Age-1 juveniles (latewinter) ................................61

Compadsons among life-stages of winter flounder year-classes . . . . . . . . . . . . . . . 62
Stock-recruitment relationship (SRR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
MNPS impact assessment ........................................ 70.

Larval entrainment ........................................ 70
Stochastic simulation of the Niantic River winter flounder stock . . . . . . . . . . 76

* Conclusions ......................................................85 :
* References Cited ...................................................86 j

s
.

,

t
,

WinterFlounder 9

- - - - - - . - .



.

<
.

. .

.

.

.

t &

1

10 Momtortng Studies,1994



i
I

;

Winter Flounder Studies

Introduction 12-15'C (McCracken 1%3), although some remain in
estuaries. Dese fish apparently avoid temperatures

The winter flounder (Pleuronectes americanus) has above 22.5'C by burying themselves in cooler bottom
been a focus of environmental impact studies by sediments (Olla et al.1%9). Other aspects of winter
Nonheast Utilities Service Company (NUSCO) at the flounder life history have been summarized by,

Millstone Nuclear Power Station (MNPS) since 1973. Klein-MacPhee (1978). Because the early life history
It is an important sport and commercial fish in of the congeneric European plaice (Pleuronectes
Connecticut (Smith et al.1989) and an abundant platessa) has many similarities to that of the wintero
member of the local demersal fish community, ne flounder, relevant literature was also reviewed for this.

winter flounder has been reported from Labrador to report to gain further insights into winter flounder
Georgia, but is most numerous in the central part of population dynamics.
its range (Scott and Scott 1988), which includes Long MNPS operation results in the impingement of*

Island Sound (LIS). Movement patterns and repro- juvenile and adult winter flounder on the traveling
ductive activity are seasonally specific and well- screens of the cooling-water intakes and the entrain-
documented (e.g., Klein-MacPhee 1978). Most adult ment of larvae through the condenser cooling-water
fish enter estuaries in late fall and early winter and system. De impact of fish impingement at MNPS
spawn in upper ponions of estuaries during late winter has been largely mitigated by the installation and
and early spring at temperatures between 1 and 10*C operation of fish retum sluiceways at MNPS Units 1
(peaking at 2 -5*C) and salinities of 10 to 35 % and 3 (NUSCO 1986b,1994c). He mortality of
(Bigelow and Schroeder 1953; Pearcy 1962; Scarlett entrained larvae potentially has greater significance as
and Allen 1992). Three years are requimd for oocyte the winter flounder, unlike many marine fishes, is a
maturation (Dunn and Tyler 1969; Dunn 1970; Bunon product of local spawning with geographically isolated
and Idler 1984). In eastem LIS, females begin to stocks associated with individual estuaries or specific
mature at age 3 and 4 and males at age 2 (NUSCO coastal areas (Lobell 1939; Perlmutter 1947; Salla
1987). Average fecundity of Niantic River females is 1%1). In panicular, the population of winter flounder
about 561,000 eggs per fish. Eggs are demersal and spawning in the nearby Niantic River has been studied
hatch in about 15 days, and larval development takes in detail to assess the long-term effect of larval
about 2 months; both processes are temperature- entrainment through the MNPS cooling-water system.
dependent. Small larvae are planktonic and although The 1994 spawning season was the ninth year in
many remain near the estuarine spawning grounds, which winter flounder have experienced impact from
others are carried into coastal waters by tidal currents the operation of all three MNPS units. Although
(Smith et al.1975; NUSCO 1989; Crawford 1990). knowledge of annual variability is important to assess
Some of the displaced larvae are retumed to the estuary short-term impacts, most significant changes in
on subsequent incoming tides, but many of them are populations affected by fisheries tend to occur on
swept away from the area into coastal waters, where longer time scales (Cushing 1977; Steele et al.1980).*
their survival may be diminished. Larger larvae Therefore, development of a long-term assessment
maintain some control over their position by vertical capability was the ultimate goal of NUSCO winter
movements wd may spend considerable time on the flounder studies. Presently, a combination of various.

bottom. Fc.tlowing metamorphosis, demersal young- sampling programs and analytical methods are used to,

of-the-year winter flounder predominantly settle or examine current abundance of the Niantic River ,

move into r. tallow inshore waters. Yearlings (age 1 population for annual estimates of the spawning !* fish) became photonegative and most of them are stock; this report section summarizes data collected !
usualh found in deeper waters (Pearcy 1962; during 1994 and updates results reported prev'ously in |
McCracken 1963). Some adult fish remain in NUSCO (1994a). A computer population simulation I

estuaries following spawning, while others disperse model, the NUSCO winter flounder stochastic popula-
offshore. By summer, most adults leave warmer tion dynamics model (SPDM), is used for assessing
shallow waters as their preferred temperature range is long-term effects of MNPS operation. The SPDM '
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can simulate the long-term effects of historical and MNPS. Additionalinformation used in various assess- i

projected rates of fishing mortality and simultaneous ments was presented in NUSCO (1987), which
plant operation, resulting in annual mortalities from summarized various life history studies of the winter
impingement of juveniles and adults and the entrain- flounder prior to the operation of Unit 3. Ongoing -

ment of larvae through the MNPS cooling water sys- sampling programs that contributed data to the Niantic
tem. Results of SPDM simulations and a proba- River winter flounder studies are shown in Figure 1 .

bilistic risk assessment provide a measure of the which includes the serW duration of sampling and >

Niantic River winter flounder population through the timing relative to th; .nnual life-cycle of Niantic ;

year 2060, well after the scheduled shutdown of River winter flounder. Brief descriptions of field
MNPS Unit 3 in 2026. methodologies used in these programs are given be- *

low. Information on water a ..r.- was obtained ;

Materials and Methods from continuous temperature recorders at the intakes
'

of MNPS Units 1 and 2; daily mean temperatures "

~

Samplingprograms were determined from available records of 15-min i

average temperatures. Monthly, seasonal, or annual !

Data needed to asses: MNPS impact on the winter means were calculated using daily means. , ;

flounder come from severt! biological sampling
programs. Some programs (e.g., Niantic River adult Adult winterfloundersenpling
and larval surveys, age-O survey) were designed to i
investigate specific life history stages of winter Basic sampling methodology for the adult winter

'

flounder. Other information comes from year-round flounder spawning surveys in the Niantic River has
sampling of the entire local fish community, such as remained unchanged since 1982 (NUSCO 1987).
the trawl monitoring program (TMP) and the Surveys started during mid-February through mid-
entramment ichthyoplankton monitoring program at March, after most ice cover disappeared from the river,

;

5 Trawlmonitoring Q\QQQ] >

!
4 Age - 0 Juvenile Survey

|
I

3 hQQQ1M Ichthyoplankton Monitoring

i

2 Winter Flounder Larval Survey !

kkk% Niantic River Winter Flounder Survey1

F |M|A|M|J |J |A|S |0 |N |D|J |F |M |A| f

Year- 0 m Year - 1 y ;*y
, w , w

*
s

1. February-April sampling (spawning season) for adults and juveniles throughout the Niantic River. *

2. February-June larval sampling at three stations in the Niantic River and one in Niantic Bay. ;

3. Year-round monitoring of all ichthyoplankton at the MNPS discharges.
' i4. May-September sampling of age-0 juveniles at two stations in the Niantic River.

5. Year-round monitoring of all benthic fishes at six stations near MNPS (juvenile data come from two stations f
in November, four in December, and six in January April).

Fig.1. Current sampling programs contributing data for computation of winter flounder akad -e indices (hatched area
show momhs from which data were used in this report).
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3and continued into April. Sampling usually ceased (filtering about 200 m ), but this varied depending
. when the proportion of.wdusively active females upon the number of circulating pumps in operation
decreased to less than 10% of all females examined for and tidal stage. In previous years, sampling time was

32 consecutive weeks, an indication of completion of longer and filtered about 400 m . Frequency of the
most spawning. In each survey, the Niantic River
was divided into a number of sampling areas, referred 1

to as stations (Fig. 2). Since 1979 no samples have |

jbeen taken outside of the navigational channel in the .

lower portion of the river because of an agreement ;

inade with the East Lyme-Waterford Shellfish Com- |
-

mission to protect habitat of the bay scallop
(Argopecsen irradians). Winter Sounder were collected 3

* on at least 2 days of each survey week using a 9.1-m 5[ Nientic !*
cteer trawl with a 6.4-mm bar mesh codend liner. i

Fish caught in each low were held Li water-filled River !
mamam aboard the survey vessel before processing. g,

Since 1983, each fish larger than 20 cm was measured j
to the nearest mm in tatal length and its gender |
ascertained. Before 1983, at least 200 randomly 53 i
selected winter flounder were maneured during each ;
week of sampling. Those fish not measured were N !
classified into vanous length and gender groupings; at ( Cm ;

Iminimum, all winter flounder examined were classi- f
*

52fled as smaller or larger than 15 cm. 'Ihe gender and

o 1km 51 !seproductive condition of larger winter Dmmder was
determined by either observing eggs or milt, or as ,

Smigielski (1975) suggested, by noting the presence } |
(males) or absence (females) of clenii on left-side 4

I 2caudal peduncle scales. Before release, healthy fish 6

larger than 15 cm (1977-82) or 20 cm (1983 and after) -4
,

were marked in a specific location with a number or '|
letter made by a brass brand cooled in liquid nitrogen. :

Marks and brand treatimi were vaned in a manner such h !
that the year of marking would be apparent in future

'

|y
collections. > |

2 i

Larvalwinterfloundersampling

Winter flounder larvae entrained through the MNPS !
.~ cooling-water system were sampled at the MNPS

discharges (station EN, Fig. 3) since 1976. Collec- i
tions usually alternated between the discharges of |

* Units 1 and 2,4-#=g upon plant operation and r

*- water flow. Larvae were collected in a 1.0 x 3.6-m
plankton net of 333 pm mesh deployed from a gantry |

system. Four General Oceanic (00) Model 2030,
flowmeters were positioned in the net mouth to >

account for horizontal and vertical flow variation; Fig. 2.1 mention of stations sampled in the Niantic Itiver i

sample volume was determined by averaging the four during 1994 for adult winter flounder from March 22 |

volume estimates from the flowmeters. Starting in through April 14 (numbers) and age-0 winter flounder |
1993, the net was deployed for 3 to 4 minutes from May 25 through September 27 0etters).

!
i
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Fig. 3. Location of stations sampled for larval winter flounder during 1994. f
!
:

sampling has varied since 1976 (NUSCO 1987). In towed at approximately 2 knots using a stepwise |
1994, samples were collected once per week during oblique now pattern, with equal sampling time at sur- ,

both day and night in February and June. During face, mid-depth, and near bottom. De length oflow ;

March through May, samples were taken on three days line necessary to sample the mid water and bottom j
and nights per week. This was similar to 1993, but strata was determined by water depth and tow line !

was one day and one night sample less per week than angle measured with an inclinometer. Nets were ;
3

during March through May of 1983 through 1992. towed for 6 minutes (filtering about 120 m ). One of -i
,

All ichthyoplankton samples, including those de- the duplicate samples from the bongo sampler was .j
scribed below, were preserved with 10% formalm. retained for laboratory processing. De larval winter

Winter flounder larvae have been collected in flounder samphng ar4=hde for Niantic River and Bay |.

Niantic Bay at station NB since 1979 and in the was based on knowledge gened during prevmus years ;.

Niantic River at stations A B, and C since 1983 (Fig. and was designed to increase data rvitardr= *Friency !
f

3). A 60 cm bongo plankton sampler was weighted while minimizing sampling biases (NUSCO 1987).
*

with a 22.7-kg oceanographic ' 7 =- and fined with Larval sampling at the three Niantic River stations i

3.3-m long nets with mesh size of 202 pm during usually starts in early to mid ."d y, but due to ice |
Febmary and March and 333 km during the remamder conditions in 1994 sampling was not possible until- J
of the season. Volume of water filtered was deter- March 2 and then only in the lower river at station C. j

mined using a single GO flowmeter mounted in the Collections at stations A and B began on March 17.
'

center of each bongo opening. The sampler was From then through the end of March, daytime tows

14 - Monitoring Studies,1994 :

|

|

|

_ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - . - - - - - , . - , _ , - - - -



-

were conducted within I hour of low slack tide. deployed in a random order. A change to the next
During the remainder of the season, until the disap- larger mesh in the four-net sequence was made when ;

pearance of larvae at each station, tows were made at fish had grown enough to become retained by it, as !

night during the second half of a flood tide. From use of larger meshes reduced the amount of detritus
1983 through 1990, sampling was conducted 2 days a and algae collected. At each station, four replicate ,

week. Starting in 1991, sampling was reduced to I tows were made, two each with the two nets in use.

day a week (NUSCO 1991a). nrough 1992, station Rarely, because of bad weather ut damage to the net,
NB was sampled day and night every two weeks only three tows were taken at a station. Tow distance
during February and at least once a week from March was estimated by lening out a measured line attached.
through the end of the larval winter flounder season. to a lead weight as the net was hauled at approximate.
Beginning in 1993, station NB was sampled weekly ly 25 m min' . De length of each tow was increased
only during the day from the start of the larval season from 40 to 100 m in 20. or 40-m increments at a,

though March and at night from April through the station as fish abundance decreased over time.-

remainder of the larval season. Jellyfish medusae at However, in years when young were abundant,
the three river stations were removed (1-cm mesh maximum tow length at a station was 60 or 80 m. I

Isieve) from the samples and measured volumetrically Catches from the TMP (see the Fish Ecology*

to the nearest 100 mL. section of this report for methods) were used to follow
the abundance of age-O winter flounder during fall and

Juvenile winterfloundersampling winter. In addition to the TMP, juvenile winter
flounder smaller than 15 cm in length (mostly age-1)

Information on juvenile (age-0 and age-1) winter were caught along with adults in the annual Niantic
flounder was obtained from three sources (Fig.1). A River spawning stock surveys. Dese fish were
special sampling program specifically targeted post- processed similarly as adults, although gender was
larval young-of-the-year. A second source of data is usually not specified, and the fish were not branded.
the trawl monitoring program (TMP), and the third is When small winter flounder were abundant, a
the Niantic River adult spawning abundance surveys, subsample of at least 200 fish was measured each
during which winter flounderjuveniles are collected survey week; otherwise, all specimens were measured.
incidentally. Data on juvenile fish abundance were
available from about May of their birth year into Indices of abundance
April of the following year. Juvenile indices were
referred to as age-0 when fish were collected as post- Data from the field sampling programs described i

larval young in summer and during the subsequent fall above were used to calculate annual and seasonal
and winter by the TMP. These fish became age-1 indices of relative AmM Indices, calculated using
when taken during the February-April adult spawning various sampling statistics, were computed for various |

surveys. life-stages of winter flounder, from newly hatched
ne abundance of post-larval age-0 winter flounder larvae to adult spawners and also included estimates of

har been monitored at two stations (Fig. 2) in the egg production. Specifics of each abundance index

Niantic River since 1983 (LR) or late 1984 (WA). depended upon the particular stage of life, sampling
Through 1992, collections were made weekly, but in effort, and suitability of the data; a detailed description

*
1993 and 1994 the sampling frequency was reduced to of each follows. The indices enabled timely assess-
biweekly. Stations were sampled during daylight ments to be made regarding the current status of the
from about 2 hours before to I hour after high tide. Niantic River winter flounder population and many of| .

| Monitoring began in late May and continued through these data were used with the SPDM for long-term.

the end of September. predictions of MNPS impact.
Young winter flounder were sampled using a 1-m

I ' beam trawl having two tickler chains and with inter. Relative annualabundance ofadults
changeable nets of 0.8 ,1.6 ,3.2 , and 6.4-mm mesh.
In 1983, triplicate tows were made at LR using nets ne relative annual abundance of winter flounder in
of increasing larger mesh as the season progressed, the Niantic River during the late February-carly April
Beginning in 1984, two nets of successively larger spawning season is described by trawl catch-per-unit-
mesh were used during each sampling trip; nets were effort (CPUE). An annual CPUE was calculated by
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using the medan catch following data standardization. methods of calculating these values were given in
,

Components of standardization included now length, NUSCO (1989). To avoid confusion with the CPUE
tow duration, weeldy effort, and fish length and gender index, this measure is referred to as " annual standard-

!

categories. Tow distance (with exceptions noted ized catch" throughout the remainder of this report. ;

below) was fixed in 1983 because using the same tow De annual standardazed catch was the basis for the !

length at all stauons was expected to reduce variability calculation of annual recruitment and egg production ,

'in CPUE: previously, tows of variable length had described below.
been taken at all stations and catch was standardized by |
time of tow. A dnstance of 035 km was selected as Absolute abundance estimates ofadedts |
the standard because it represented the maximum -

length of a tow that was formerly possible at station Absolute abundance estimates of winter flounder
1. Particularly during 1987 and 1989-91, tows one- spawning in the Niantic River were obtained using
half or two-thirds of this length were frequently taken mark-and-recapture methodology and the Jolly (1965) - ,

in the upper river to avoid overloading the trawl with stochastic model His model is considered among the
-

*

macroalgae and detritus. Because catch data from most useful in providing abundance estimates for open !

station 2 were used also in the TMP, tows there were populations as long as basic assumptions are appmx- :,

made over 0.69 km, the standard for that particular imately met (Carmack 1968; Southwood 1978; Begon
sampling. Since 1990, tow distance at station I was 1979; Pollock et al.1990). Annual absolute abun- !

reduced to 0.46 km because of the construction of a dance estimates for Niantic River winter flounder
new bridge at the mouth of the river and the destruc- larger than 20 cm were Cicuhted by pooling together
tion of the old bridge. all fish marked and re'essed durmg each annual survey >

Catches of winter flounder larger than 15 cm in and by observing tha recaptures made in subsequent ,

tows made throughout the spawning surveys were years. Absolute abundance estimates could not be
,

standardized to either 15-min tows at stations 1 and 2 generated for years peior to 1984 because of uncertam- |
or 12-min tows at all other stations, as a standard tow ty in data records and ambiguity in brands used during |
distance was no. set prior to 1983. Duration of tows early surveys. Estimates were made of annual popu-

,

varied and was usually greater in the lower river than lation size (N) and other model parameters, including '

in the upper river because of differences in tidal survival ($), recruitment (B), and sampling intensity i
currents and amounts of extraneous material collected (p), using the computer program ' JOLLY'(Pollock et |
in the trawl, even though distance was similar. To al.1990). ;

lessen error in the calculation of CPUE, data fmm
either exceptionally long or brief tows made prior to Adult spawning stock size
1983 were excluded from the analyses. De minimum andeggproduction
length of 15 cm used for CPUE calculation was
smaller than the 20 cm used for mark and recapture ne proportion of mature female winter flounder in
estimates described below because of data limitations each 0.5 cm length increment beginning at 20 cm was
from the 1977-82 surveys. Effort was standardized aima'M from qualitative observations of reproductive
within each year by replicating the median CPUE condition (percent maturity by 0.5-mm size-classes)
estimate in a given week as needed so that effart (num- made from 1981 through the present. Pooled esti-
ber of tows) was the same for each week sampled. A mates were adjusted to give continuously increasmg .

95% confidence interval (Cl) was calculated for each fractions of mature fish through 34 cm; all females
annual median CPUE using a distribuuon-free method this length or larger were considered to be mature.
based on order statistics (Snedecor and Cochran 1%7). De fecundity (annual egg production per female) was ;

*

A second relative index of abundance used the gender estimated for each 0.5-cm size-class by using the *

and size distribution of the fish from adult spawning following relationship determined for Niantic River
survey catches standardized by variable weekly and winter flounder (NUSCO 1987): i,

yearly effort. Adjustments to the catches were made .

using sampling effort to insure that each size and sex fecundity = 0.0824-(length in cm)" (1) ,

group of fish was given equal weight within each i

week of work, among weeks in each survey year, and his relationship was used with the annual standard-
to adjust for varying effort among years. Detailed ized catch of mature females and their length com-

|
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position to calculate egg production. Annual mean from daylight samples collected after March at stations
fecundity was determined by dividing the sum of all EN and NB were excluded from abundance calcula-
individual egg production estimates by the standardized tions, except for estimating entrainment at MNPS.
catch of females spawning per year. The distribution of larval abundance data over time

Absolute estimates of spawning females and is usually skewed because densities increase rapidly to
correspondirg annual egg production estimates for a maximum and then decline slowly. A cumulative
1977 through 1994 were determined by assuming that density over time from this type of distribution results
the relative values represented 3.5% of the absolute in a sigmoid-shaped curve, where the time of peak
values (see Absolute abundance estimates in Results abundance coincides with the inflection point. The*

and Discussion for how this fraction was determmed). Gompertz function (Draper and Smith 1981; Gendron
Annual estimates of the number of female spawners 1989) was used to describe this cumulative ahmh

* were also used in the derivation of a relationship distribution because the inflection point of this
*

between stock and recruitment for Niantic River function is not constrained to the mid-point of the
winter flounder. sigmoid curve. The form of the Gompertz function

used was:,

Development and growth, abundance,
andmortality oflarvae C, = a exp(-exp[-x-(t-p)]) (2)

Ichthyoplankton samples were split to at least one- where C, = cumulative density at time i
half volume in the laboratory. Sample material was t = time in days from February 15
viewed through a dissecting microscope and winter n = total or asymptotic cumulative density
flounder larvae were removed and counted. Up to 50 p = inflection point scaled in days since February
randomly selected larvae were measured to the nearest 15

0.1 mm in standard length (snout tip to notochord x = shape parameter
tip). De developmental stage of each measured larva The time of peak abundance was estimated by the
was recorded using the following identification parameter p. The origin of the time scale was set to
criteria- February 15, which is the approximate date when

Stage 1. The yolk-sac was present or the eyes winter flounder larvae first appear in the Niantic
were not pigmented (yolk-sac larvae); River. Least-squares estimates, standard errors, and

Stage 2. He eyes were pigmented, no yolk-sac asymptotic 95% confidence intervals for these param-
was present, no fin ray development, eters were obtained by fitting the above equation to |
and no flexion of the notochord; the cumulative abundance data using nonlinear '

Stage 3. Fin rays were present and flexion of the regression methods (SAS Institute Inc.1985).
notochord had started, but the left rye Cumulative data were obtained as the runnmg sums of
had not migrated to the midline; the weekly geometric means of the abundance data.

Stage 4. He left eye had reached the midline, ne a parameter of the cumulative curve was used as
but juvenile characteristics were not an index to compare annual abundances.
present; A " density" function was derived algebraically by

Stage 5. Transformation to the juvenile stage calculating the first derivative of the Gompertz.

was complete and intense pigmentation function (Eq. 2) with respect to time. This density
was present near the base of the caudal function, which directly describes the larval abundance

*
fin. over time (abundance curve), has the form:

* Larval data analyses were based on standardized j

densities (number 500m-3 of water sampled). A geo- d, = a' r exp(-exp[-x-(t -p)] - x-[t -p]) (3)
metric mean of weekly densities was used in analyses.

because the data generally followed a lognormal distri- where d, = density at time t and all other parameters
bution (McConnaughey and Conquest 1993) and are as described for Equation 2, except for a', which
weekly sampling frequencies varied among some was re-scaled by a factor of 7 (i.e., a' = 7a) because
stations. Because older larvae apparently remained the cumulative densities were based on weekly
near the bottom during the day and were not as geometric means and, thus, accounted for a 7-day
susceptible to entrainment or the bongo sampler, data period.
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larval mortality rates were estimated from data (b)is significantly different from zero. This mortality
callamd at the three Niantic River stauons; data from is compensatory when the slope b is negative and
1983 were excluded as smaller larvae were depensatoryif positive.
undersampled because of net extrusion (NUSCO Regression analyses were used to examine possible

1987). The abundance of 3-mm and smaller larvae relationships between variables and, at times, to make
was used to calculate an index of newly-hatched larvae predictions. O'dmary least-squares linen regression
because 3 mm was the apnroximate length at hatch- was used when the i~taaaadaat vanable was assumed
ing. De decline in the frequency of larvae in pro- to be measured without error (e.g., water temperature).

gressively larger size-classes (in 1-mm groups) was De test of a relationship was based on the slope
aurit sted to both natural mortality and as a result of being significantly (p 5 0.05) different from zero. .

tidal flushing from the river. Hess et al. (1975) Functional regression methods developed by Ricker
esumated the loss oflarvac from the entire river as 4% (1973,1984) were used in the cases where the inde-
per tidal cycle and also determined that the loss from pendent variable was measured with error (e.g., -

the lower portion of the river was about 28% per tidal abundance indices). For functional regressions, the -

cycle. Dus, the weekly abundance estimates of larvae probability that r (correlation coefficient) was signif- ,

3 mm and smaller at station C in the lower portion of icantly (p 50.05) different from zero was the criterion
*

the river were re-scaled by a factor of 1.93 to com- used to decide whether a valid relationship existed
pensate for the 28% decline per tidal cycle (two cycles prior to determmmg the slope and the 95% confidence
per day). De abundance of larvae in the 7.mm size- interval for the slope. ;

citas was used to calculate an index of larval abun-
'

dance just prior to metamorphosts. Because previous Abundance, growfh, andmorfality
studies (NUSCO 1987,1989) showed a net import of ofjuvenilesin summer ,

larger larvae into the Niantic River, the weekly i
abundance of larvae in the 7-mm size-class at station To analyze data and calculate CPUE, the catch of

,

C was not adjusted for tidal flushing. To calculate young of-the-year winter flounder in each of the three
each annual rate of mortality, sums were made of or four replicated 1-m beam trawl tows was standard- !

'

weekly mean abundance indices (three stations ized to a 100-m tow distance before taking a mearr.
2combined) of newly-hatched larvae (after adjusting for density was expressed as the number per 100 m og

tidal flushing) and larvae in the 7-mm size-class. bottom. For some compansons among years, a mov-
,

Survival rates from hatching through larval develop- ing average of three (1983-92) or two (1993-4) weekly
ment were estimated as the ratio of the abundance density estimates was used to smooth fluctuations in
index of the larger lasvac (7 mm size-class) to that of abundance.

the smaller larvae (3-mm and smaller size-classes). Nearly all of the age O winter flounder collected ,

De presence of density dependent mortality was were measured fresh in either the field or laboratory to

investigsled by relating annual larval abundance in the the nearest 0.5 mm in total length (TL). During the
7-mm and larger size-classes from station EN to the first few weeks of study, standard length (SL) was also

,

'

'

annual egg production estimate for the Niantic River mes.sured because many of the specimens had damaged

using the following relationship (Ricker 1975): caudal fin rays and total length could not be ascer-
tained. A relationrhip between the two lengths ;

log,(L / E) = a + b E (4) determined by a functional regremion was used to con- .
,

vert SL to TL whenever necessary:

where L = annual larval abundance of larvae 7-mm and
larger at EN as estimated by at (see Eq. 2) TL in mm = -0.2 + 1.212-(SL in mm) (5)

-

E = annual estimate of egg production in the a

Niantic River Growth of age-O winter flounder at och station was
Ia = intercept examined by following weekly mean lengths through. ,

b = slope or index of mortality dependence upon out the sampling season. Mean lengths of young
annualegg abundance taken at the Niantic River stations LR and WA from

Since the ratio L divided by E represents the fraction late July through September were compared using an
.

!
- of larvae surviving from eggs to 7 mm, density- analysis of vanance; significant differences among

dependent monality may be assumed when the slope means were determined with Duncan's multiple-range

4
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test (SAS Instnote Inc.1985\ ulation model of Niantic River winter flounder. '

To calculate a total instantaneous mortahty rate (Z), Application of this SRR to MNPS winter flounder
all young were assumed to comprise a single cohort. stock assessment was described in detail in NUSCO
A catch curve was constructed such that the natural (1989, 1990). De stock and recruitment data for |
logarithm of density was plotted against time in determining the SRR were derived from the catch-st- *

weeks; the slope of the descending portion of the age of female winter flounder during the Niantic River
curve provided an estimate of the weekly rate for Z. spawning survey. Because the spawning stock is

,

|
Once this rate was determined, the momhly mortality made up of many year-classes, the true recruitment '

rate (Z,.) was calculated as Z-(30.4 / 7). consists of the total reproductive contribution over the i.-

life of each individual in a given year class (Garrod and |
Abundance ofjuveniles duringfall and winter Jones 1974; Cushing and Horwood 1977). %erefare, |

the index of annual parental stock size was based on !*
* In fall and early winter, age O winter flounder . derived egg i c A-M= and the index of recruits or

gradur.lly disperse from areas near the shoreline to year-class size was based on calculated egg production
deeper waters. Catch of these fish during this time accumulated over the life-time of the recruits. This, ,

period at the TMP stations (see the Fish Ecology method accounted for variations in year-class strength |
secdon elsewhere in this report for methods) was also and in fecundity by size and age. De assumptions ;

used as an index of relative abundance. Data used and methods used to age Niantic River winter flounder ;

included November through February for inshore sta- and to calculate a recruitment index expressed as !
tions (NR and JC), December through February for equivalent numbers of female spawners were described i

nearshore Niantic Bay stations (IN and NB), and in detail in NUSCO (1989,1990) and is summarized i
January and February at offshore stations (TT and below. |
BR). This resulted in a uniform sample size of 42 Stock and recroltment indices. Methods j
collecucas per season. Dese catches were pooled and used to calculate the annual standardized catch index '

used to calculate year class abundance desenhd by a and total egg production of the parental stock were |
A-mean CPUE (NUSCO 1988b). His index of given previously. De recruitment index was deter-

|
abundance is the best estimator of the population mined by~ applying an age-length key described in -

mean when the data come from a distribution that NUSCO (1989) to the annual standardized catches of j
icontains numerous zero values and is approximately females partitioned into length categories. A common

lognormal (Hennemuth et al.1980; Pennington 1983, age length key was used over all years because
1986). Witherell and Burnett (1993) reported that no trends

De annual median CPUE of juveniles smaller than were observed in mean length-st-age during 1983-91
,

15 cm (mostly age-1 fish) taken during the adult for Massachusetts winter flounder despite a 50% 1

winter flounder spawning surveys was determined as reduction in biomass over that period. Aging the !
described previously for fish larger than 15 cm. females allowed for the determmanon of their numbers |
Median values were calculated for stations in the lower by year-class present at ages 3,4,5, and 6+ during ;
Niantic River navigational channel (1 and 2) as well sucassive spawning seasons. The age-6+ group was '

as for all river stations combined, when sufficient data further subdivided into the numbers of fish expected to ;

were available. For comparative purposes, an annual survive to a terminal age of 15 by assuming various j.

A-mean abundance index of juvenile fish of similar annual instantaneous mortality rates as fishing '

size was also determined using catch data from the five pressure increased from the 1970s into the 1990s. To
trawl monitoring program stations outside of the follow each year-class from 1977 through 1990 to its*

,

Niantic River during the period of January through terminal age (e.g.,2005 for the 1990 year-class), 1
*

April (annual sample size of 45 collections), which values of Z (= F + M) were used that represented
temporally overlapped the adult spawning surveys. estimates of current and anticipated annual instanta-,

neous rate of fishing (F) as provided by the Connecti-
Stock andrecrulanent relationship cut Department of Environmental Protection (CT

DEP). The instantaneous natural mortality rate (M)
A stock-recruitment relationship (SRR) described by was assumed constant at 0.35 over all years. These

.

Ricker (1954,1975) is the basis of the life-cycle were the same mortality rates used in the stochastic
algorithm that drives the population dynamics sim- population dynamics model, discussed below. From
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observations made of abundance and age over the (Roughgarden 1979) when the stock is not exploited.

years, a large fraction of age-3 females, considerable The parameter is the instantaneous rate at which
numbers of age-4 fish, and even some age-5 females recruitment declines at large stock sizes due to some
were apparently immature and not present in the form of density-dependent mortality. He natural
Niantic River during the spawning season (NUSCO logarithm of winter flounder recruitment was found
1989). Dus, the total number of females was reduced correlated with mean water temperature during Febru-
to spawning females using length-specific proportions ary at the intakes of MNPS, which is when most
of mature fish estimated from annual catches in the spawning and early larval development occurs
Niantic River for fish age-3 to 5; all females age-6 and (NUSCO 1988a,1989). Therefore, the parameters a
older were assumed to be mature. Because the and were estimated initially by fitting Equation 6 to *

estimates of age-3 fish were thought to be unreliable, the data and then re-estimated under the assumption
this estimation process was only carried through the that there was a significant temperature effect; this

~

1990 year-class (age-4 females taken in 1994). He was accomplished by adding a temperature-effect
,

adjusted numbers of mature fish provided an index of component to Equation 6. Following Lorda and
the fully recruited year-class expressed as the aggre- Crecco (1987) and Gibson (1987), annual mean water
gated number of female spawners passing through temperatures for a particular period were used as an ,

each age-class. An implied assumption was that explanatory variable to adjust the two-parameter SRR
catches in the Niantic River were representative of the for temperature effects, which served to reduce re-
population, with the excepdon of immature fish that cruitment variability and obtain more reliable parame-
did not enter the river until fully recruited. Although ter estimates for the SRR. He temperature dependent
this recruitment index could be used together with the SRR had the form:
annual number of female spawners to derive an SRR,
this would ignore size composition differences that R,= n PrexP( P) exp($-Tp,y (7)
affected annual egg production. Derefore, the above
index was adjusted for differences in fecundity among where the second exponential describes the effect of
fish using the length-fecundity relationship of Niantic February water temperature on recruitment and the
River winter flounder given above (Eq.1). Finally, new parameter $ represents the strength of that effect.
annual egg production was summed up over the his effect either decreases or increases the number of
lifetime of each year-class to determine the recruitment recruits-per-spawner produced each year because
index as eggs and, then, converted to equivalent female temperature was defined as the deviation (Tp,y of each
spawners at the rate of one female spawner for each particular mean February temperature from a long-
561,000 eggs (i.e., the mean fecundity). term (1977-90) average of February water tempera-

SRR parameters and biological reference tures. When the February mean water temperature is
points. The Ricker SRR appeared best suited for equal to the long-term average, the deviation (Tp,y in
use with the Niantic River winter flounder stock Equation 7 becomes zero and the exponential term
because the relationship between recruitment and equals unity (i.e., no temperature effect). Thus,
spawning stock indices was a dome shaped curve with Equation 7 reduces to its initial form (Eq. 6) under
substantial decline in recruitment when the stock was average temperature conditions. Nonlinear regression
larger than average (NUSCO 1989). Furthermore, methods (SAS Institute Inc.1985) were used for
this particular form of a SRR has been applied to estimating the parameters in the above equations. *

other New England flounder stocks (Gibson 1989). Fishing mortality (F) is an important factor affect-
De mathematical form of this SRR is: ing the growth potential of the stock (Goodyear 1977)

,

and, thus, is relevant for assessing other impacts.
*

R, = a PrexP( PJ (6) Because fishing and natural mortality of winter floun-
der take place concurrently through the year, the actual

where R, is the recruitment index for the progeny of fraction of the stock removed by the fishery ecch year ,

the spawning stock P,in year and a and are para- (i.e., the exploitation rate) is obtained as:
meters estimated from the data. The a parameter
describes the growth potential of the stock and u = (F/ Z)(1 - exp[-Z]) (R)
log,(a), the slope of the SRR at the origin, is
equivalent to the intrinsic natural rate of increase Stock-recruitment theory and the interpretation of
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several biological reference points derived from may pmvide unreliable estimates of equilibrium stock j

: Ricker's SRR model were discussed in detail in sizes for iteroparous fish (multi-aged spawning
| NUSCO (1989). De equilibrium or sustainable stock stocks), such as the winter flounder. Although the j
'

size of an exploited stock (i.e., when F > 0) is given parameter as in Equation 9 could be adjusted for the

|jby: effect cf repeat spawning, this equation also maanmaa
Pam = (log.Ia]-F)/ p

i.

-

(9) that no fishag mortahty occurs prior to matration. :

nis assumption cannot be met in the case of winter !
'

tRearranging the tenns and solving for the rate of flounder because many hnmature fish (ages-2 and 3)
|" , fishing that would achieve a given equilibrium stock are vulnerabl: to fishing gear. Wigley and Gabriel |
; size results in: (1991) acted that concentrations of immmense winter . i

floonder found off Rhode Island may be subjected to j
F = log,(a)-p-(P m) (10) significant mortality from fishing. Howell and :E,.

;.e Langan (1987,1992) found that discard mortahty rates - |
| For F = 0. Equation 9 becomes the equilibrium or of trawl-caught fish in New England waters may be

|
i replacement level of the unfished stock: sobstantial. Simpson (1989) reported that about 72% ;

*r of LIS winter flounder landed by the commercial |; P,,, = (log,Ia]) / $ (11) fishery wm between 28 and 32 cm; many of these j
fish would have been age-3. Additional problems are j,

; De fishing rate for " recruitment overfishing" has been found when applying deterministic models (i.e., !

recently defired for winter flounder stocks as the rate assuming steady-state conditions) to fish stocks whose !

! of fishing that reduces the stock biomass to less than exploitanon rates are not stable, especially when such !
*

25% of the maximum spawning potential (Howell et stocks increasu in abundance, as in the case of the |
al.1992). winter flounder during the late 1970s and early 1980s |

-

1 Ahhough the above equations (9-11) can be used to (Smith et al.1989). Environmental variability also |

calculate equilibrium stock sizes and fishing rates for results in year to-year variation of natural monality !
! the wmter flounder, the results are only deterministic intes, which further weakens the results of determin- 1
i approximations that ignore age-structured effects. istic assessments.

'

j nerefore, these egnatinne are primarily useful to cal. An approach to stock assessment incorporating
culate initial values of the corresponding biological environmental variability and all types of mortality,,

j reference points. Dese are betect estimated through both constant and variable, involves the computer
simulations using the SPDM or other similar pop- simularian of fish populations using a simple model
ulation or production models that include age structum of population renewal with spawning stock feed-back
and both natural and fishing mortality. (e.g., a functional stock recruitment relationship).

His approach has two advantages: assumpuans of
Assessment of MNPS operation on population equilibrium are not rwaseary, and much

Niantic River winterflounder detail can be incorporated into the conditions or
scenarios used to simulate changes in fish populations

Several well-established methods available for stock through time. An additional advantage is that Monte
assessment are based on stock-recruitment theory Carlo methods readily provides the stochastic (as,

(Smith 1988). Dese methods assume constant fish- opposed to deterministic) framework needed for
ing rates and populations with stable age structure, prnhhnW risk assessment and for testing hypothe-
which result in equilibrium er steady-state stocks that ses about the probable size of the stock at some future..

replace themselves year after year. Some analytical point. His simulation approach was applied in.

methods are based on equilibrium equations, such as NUSCO (1990) to assess the impact of larval.
Equations 9 through 11, which have been modified to entrainment under a simple scenario. In NUSCO

* incorporate effects of mortality caused by activities (1991b), the same approach used various combina-
other than fishing. Several problems may exist with tions of historic and projected fishing and larval
an SRR based approach to i:npact assessment at entrainment rates to assess more realistically the
MNPS. Because stock recruitment theory (Ricker impact of MNPS operations on local winter flounder.
1954) was developed for semelparous fish (i.e., those In NUSCO (1992a), the impact resulting firom the
which spawn only once in their lifetime), Equation 11 impingement ofjuvenile and adult winter flounder was

WinterFlounder 2l'



also simulated. The basic steps leading to the final the bay, larvae flushed from the Niantic River, and
impact assessment using this simuladon approach are: larvae entering the bay from LIS across the boundary
direct estimation of annual larval entrainment rates at between Millstone Point and Black Point (Fig. 3).
MNPS; mass-balance calculations to estimate the ne few yolk-sac larvae collected annually in Niantic
fraction of Niantic River annual flounder production Bay suggested that mirumal spawning and subsequent
lost through larval entramment at MNPS; estimation hatching occurred in the bay, which was therefore
of the equivalent instantaneous mortality rates of considered a negligible source oflarvae. Larvae were
females that were attributed to impingement; known to be flushed from the river into the bay and
stochastic simulation of the winter flounder stock this input to the bay was estimated from available
dynamics to predict stock biomass at selected levels of data. The number of larvae entering Niantic Bay from

,

entrainment and fishing rates; and an analyses of LIS was unknown. Four ways in which larvae may
simulation results leading to estimates of the proba- leave Niantic Bay include natural mortality, entering
bility that the stock would fall below selected refer- the Niantic River during a flood tide, being entrained .

ence sizes. at MNPS, and flushing from the bay into LIS. Esti- ,

mates could be made for the number of larvae lost
Estunares oflarval entrainment at MNPS through natural mortality, entering the Niantic River,

and entrained at MNPS, but little was known about *

The estimated number of larvae entrained in the the number of larvae flushed into LIS. De numbers
MNPS condenser cooling water system each year is a oflarvae flushed to and from LIS were combined as
d4ect measure of impact on the local winter flounder the unknown (Source or Sid) in the mass-balance
suxk. Anrual estimates were determined using larval calculations. Thus, the form of the mass-balance
densities at station EN (Fig. 3) and the volume of equation was-
cooling water used by MNPS. De Gompertz density
function (Eq. 3) was fitted to larval data and daily NB,,3 = NB,- Ent - Mort + FromNR - ToNR
densities (number 500m-3) were calculated. Daily i(Source or Sid) (12)
entramment estunates were determined after adjusting
for the daily condenser cooling-water volume and an where t = time in days
annual estimate was calculated by summing all daily NB,,3 = number of larvae in Niantic Bay 5 days
estimates during thelarvalseason. after day i (instantaneous daily esti-

De reduction in entrainment as a result of the rnate)
January 15 - May 23 refueling outage at Unit I was NB, = initial number of larvae in Niantic Bay on
determined by computing entrainment estimates for day (instantaneous daily estimate)
these dates using the methodology given above for all Ent = number of larvae lost from Niantic Bay due
three units combined and then simulating estimates to entrainment in the condenser cooling-

3using full Unit I flows (29.18 m sec-1) for the same water system (over a 5-day period)
period. He difference between the two estimates was Hors = number of larvae lost from Niantic Bay
the reduction in entrainment attributed to the outage. due to natural mortality (over a 5-day

Pmod)
Mass-balance calculations FromNR = number of larvae ilushed from the

Niantic River (over a 5-day period)
The number of winter flounder larvae entrained de- ToNR = number of larvae er.tering the Niantic

*

pends upon larval densities in Niantic Bay. Potential River (over a 5-day period)
impact to the Niantic River stock from larval entrain. Source or Sid = unknown number of larvae in .

ment should be related to the number of larvae in Niantic Bay that flush to LIS ,

Niantic Bay that originated from the river. Mass- or enter the bay from LIS
balance calculations were used to investigate whether (over a 5-day period)
the number of winter flounder larvac entering Niantic Solving for the unknown Source or Sid term, the "

Bay fran the Niantic River could sustain the number equation was rearranged as-
of larvae observed in the bay during the winter floun-
der larval season each year (1984-94), nree potential Source or Sid = NB, ,3 -NB, + Ent + Mort -
larval inputs to Niantic Bay include eggs hatching in FromVR + ToNR (13)
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Because these mass-balance calculatens were based on opmental stage for stage-specific mortality calcu-
the change in the number of larvae in Niantic Bay lations. De daily loss due to natural monality was
over a 5-day penod. summed for each 5-day penod (Mort).'

He 5-day input of Istvae to Niantic Bay from the
5-day change = NB,,3 -NB, (14) river (FromNR) was based on daily density esumates .i

for station C in the river after a4 justing for the rate of )
nus: flushing between station C and the mouth of the river. I

Searce or Sink = 5-day change + Eat + Mort - To determine the relauonship between the estimated
FromNR + ToNR (15) daily density at station C and the average density of

larvae leaving the river on an ebb tide, the geometne*

Daily abundance estimates were derived from the mean density of samples mite *d during an ebb tide
Gompertz density equation _(Eq. 3) and the daily for ten import-export studies conducted at the mouth

* densities for Niantic Bay at two points in time (NB, of the Niantic River during 1984,1985, and 1988
*

and N8,,3) for each 5 day period were calculated from (NUSCO 1985,1986a,1989) were compared to the '
data collected at stations NB and EN combined. Dese estimated daily Jensities at station C. De average
densities, adjusted for the volume of Niantic Bay density of larvae flushed frorn the Niantic River was.
(about 50 x- 106 ,3;E. Adams, Massachusetts estimated by the significant (r = 0.969; p = 0.001)
Institute of Technology, Cambridge, MA., pers. functionalregression equation:
comm.), provided an estimate of the instantaneous
daily standing stock. De difference between these FromNR = 9.751 + 0.473-(Daily density at
two estimates (NB, and NB,,3) was the term 5-day station C) (16)
change in Equation 15. The selection of 5 days as the
period of change was arbitrary and a cursory examina- De 95% confidence interval for the slope was 0.387 -
tion of results based on 10-day penods showed that the

0.579. De estimated ay(Kollmeyer 1972), and
density, the average

6same conclusions were reached with either 5- or tidal prism of 2.7 x 10 m
10-day penods about 1.9 tidal prisms per day were used to estimate

Daily entramment esumates were based on data col- the daily flushing of larvae from the river into Niantic
lected at station EN and the actual daily volume of Bay. His daily input to the bay was summed for
condenser cooling water used at MNPS. The daily each 5-day period io calculate the term FromMR in the
entrainment estimates were summed over each 5-day mass-balance equation.
period (Ent). Annual stage-specific mortality rates for Stepwise oblique tows were collected during 1991
1984-89 were determined by Crecco and Howell in the channel south of the Niantic River railroad
(1990), for 1990 (V. Crecco, DEP Division of Marine bndge (station RM) during a flood tide to estimate an
Fishenes, Old Lyme, CT, pers. comm.), and for 1991 average density to compute ToNR (NUSCO 1992a).
through 1994 by NUSCO staff. Mortality was parti- In 1992 and 1993, sampling again was conducted at
tioned among developmental stages by comparing the RM during a flood tide, but the collections were made

|
rates of decline of predominant size-classes of each by mooring the research vessel to the railroad bridge

'

stage. Each developmental stage was assigned a and taking continuous oblique tows (NUSCO 1994a).
portion of the total annual larval mortality rate (Z); Comparison of densities from the paired stations of
similar mortality rates were assumed for Stages 3 and NB and RM showed a poor relationship. Derefore,.

4. Although estimating stage-specific mortality in daily densities at the two stations were estimated
this manner was not precise, sensitivity analysis on using the Gompertz density curve (Eq. 3). For station

*
the mass-balance calculations (NUSCO 1991b) RM in 1992, the equahon could only be adequately fit

"
andscated that larval mortality was the least sensitive by smoodung the data using a 3-week runnirig average
parameter. Dese annual rates were modified to daily prior to calculating a weekly cumulative densty. The |stage-specific mortality rates by assuming 10-day Gompertz function could not be fit to data miled at.
stage durations for Stages 1,3, and 4 larvae, and 20 station NB during 1993. Derefore, catches frorn
days for Stage 2 larvae. The proportion of each stage stations NB and EN were combined to calculate the j

collected at station EN during each 5-day penod was weekly geometric means prior to fitting the Gompertz
applied to the daily standing stock for Niantic Bay function and estimating daily densities for Niantic
(NS,) to estimate the number of larvae in each devel- Bay. Daily density estimates for 199193 were
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;
,

combined and functional regression was used te (mostly additions and multiplications) incratively over
determine the relationship between abundance at the age index (1 through 15) and over the number of j
==== NB and RM. The average density of larvae years specified for each simulation.' His approach

~

flushed from Niantic Bay into the river was estimated was algebraically identical to the Leslie matrix
by the significant (r = 0.705; p = 0.001) functional formulation, facilitated the understandtag of how the
segression equmh- model works, and simplified the computer code when

,

describing the fish population either as biomass
ToNR = 128.149 + 2.073 NS, (17) (allowing for size vanation within each age class) or ;

numbers of fish. A similar implementation of an j

De 95% confidence interval for the slope was 1.827 - adult fish population dynamics simulation was used
2351. Aher being adjusted for the average tidal prism by Crecco and Savoy (1987) in their model of Con- *

and the number of tidal prisms per day, these daily necticut River American shed (Aloss 9hass).
estimates of de number of larvae entering the river Model components. Figure 4 illustrates the

",

during a flood tide were summed over each 5-day components of the computer program used for the [ l
penod to calculate the term ToNR in the mass-balance SPDM. Components depicted by solid-line boxes |
equath. Because of the large intercept in the above constitute the model presendy in use and one depicted
regression line when no larvae were present in Niantic by a box with dashed lines illustrates a part of the .

Bay (NB, = 0), the term ToNR was conservatively set model that was not used in the present application,
to zero. De term Source or Sink in Equation 15 but could be used in futse applications. The func-
represents the net loss from or gain to Niantic Bay of tionality of most model components should be clear i

larvae from LIS during a 5-day period that is required from the flow chart and no further details will be !
to balance the calculation. For a net loss of larvae provided. Some critical components, such as the one
(flushed to LIS), the Source or Sink term would be labeled age-1 cohort and the two random input boxes i
negative and for a net gain of larvae (imported from are described below. A list of the actual input data

,

LIS), the Source or Sink term would be positive. used in the application of the model to the Niantic
River winter flounder stock is also given.

Stochastic simulation ofwinter The most critical aspects in the formulation of a
flounderstock dynamics stock-recruitment based population model are the *

specific equation and parameters used to calculase total |
Modeltag strategy and background. The mortality during the first year of life (i.e., from egg !

stochastic population dynamics model (SPDM) devel- through age 1). De equation used for this purpose in |'
oped for the Niantic River winter flounder stock was the SPDM was derived from Ricker's equilibrium
based on the Ricker SRR fitted to the data, even equation for Zo (total instantaneous mortality from :

though Equation 7 does not explicitly appear in the egg through maturation age). His involved the exten-
,

model formulation. The mechaniers unoerlying the sion of stock-recruitment theory, which was developed |
Ricker form of recruitment are incorporated in the 1et for fish that spawn only once, to iteroperous fish with |
of equations that the model uses to calculate mortality multi-age spawning stocks. De form of the equation '

through the first year of life. Beyond that point (i.e., as usedin the present model was: !

age-1) in the life-cycle simulation, the population
mo:lel simply describes the annual reduction of each Zo,, = log,(FEC) + log (ASF) - log (ot) + n, -
year-class through natural mortality and fishing ( WT, - Z ,2 + p P, (18)

* '

I
together with aging and reproduction. his process
occurs at the beginning of each model time-step of where the subsenpt t denotes the time-step (each time- ;

,

length equal to 1 year. The projection of adult fish step represents a year) and non-sub4M terms !*
populations over time has been implemented in many remain constant from year to year; ot, $, and $ are the !
snodels by means of Leslie matrix equations (e.g., parameters of the 3R function (Eq. 7); FEC is the i

Hess et al.1975; Vaughan 1981: Spaulding et al. mean fecundity of the stock expressed as the number .

1983; Reed et al.1984; Goodyear and Christensen of female eggs produced per female spawner; ASF is a i
1984). In the SPDM, adult winter flounder were scaling factor to adjust er for the effect of a multi-age i

projected over time by grouping fish into distinct age- spawning stock; n, and WT, are independent random !

classes and by carrymg out the computations needed variates from two specified normal distributions that
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Fig. 4. Diagram of NUSCO stochastic population dynamics computer model for assessing the long-term effect of larval ,

'
winter flounder entrainment at MNPS. Dashed boxes and arrows refer to components and calculations which are not an
integral part of the model.

are described below;Z 2 s theinstantaneous mortali- plier is identical to the numerator of Equation A-4 in .1 i
ty through the immatuit age-classes; and the last term Christensen and Goodyear (1988).-
(5 P,) is the feed-back mechanism simulating stock- Stochasticity in the winter flounder model (Fig. 4) !,

dependent compensatory mortality, which varies has two annual components: a random term that rep-
accordmg to the size of the annual spawning stock P,. _ resents uncertamties associated with the estimate of .

The complete derivation of the above equation was Ricker's et parameter and annual envirnamanent vari-*
'

given in NUSCO (1990: appendix to the winter ability in the form of random deviations from theo
flounder section). 'Ihe scaling factor ASF is a long-term mean February water temperature. 'Ihese
multipher that converts age-3 female recruits into the two components of annual vanalnhty are incorporated ,'
total spawning potential of the year-class. This into the calculation of each new year-class via the

,

spawning potential is defined as the cumulative mortality imm egg to age-1 (Eq.18). The term n,in
number of mature females from the same year-class Equaion 18 (random noise) is simulated as indepen- |
that survive to spawn year after year during the dent random variates from a normal distribution with !

2lifetime of the fish. 'Ihe algebraic form of this multi- 2ero mean and vanance equal to c . The value of a is I

:

i
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)
;

estimated during the model calibration runs as the data used to estimate the SRR parameters. Although i
'

amount of variance required to generate a values this last assumption can generally be met in the case

within the 95% confidence interval of the estimate of of fecundity rates and adult natural mortality, fishing ,

a used in the model (NUSCO 1990). Similarly, the mortality rates are much less stable. Changes in
- term $ WTr in Equation 18 represents the effect of exploitation rates from year to year should not cause .

'

annual environmental variability of February water estimation problems as long as the changes are not
temperatures on larval survival. His effect becomes systematic (i.e., change in the same direction year
random when the February water temperatures are after year). Because these assumptions are seldom ;

themselves simulated as independent random variates completely met, early applications of the model
from a normal distribution with mean and variance (NUSCO 1990) included calibration runs to validate a

equal to the mean and variance of February water predictions under both deterministic and stochastic
temperatures at the MNPS intakes for 1977-90. modes by comparing model results to recent series of

He stochastic simulation of fish population stock sbundance data. Finally, no nemperature trend or
-

'
dynamics provides a framework for probabilistic risk large scale environmental changes (e.g., global
assessment methodology. His type of assessment is warming) were assumed to have occurred during the
based on Monte Carlo methods (Rubinstein 1981), years simulated in each population projection. ,

where many independent random replicates of the Model loput data. The dynamics of the Niantic
time-series are generated so that the mean of the series River winter flounder stock were simulated using the
and its standard error can be estimated. Monte Carlo SPDM under a credible real-time scenario running
replications can be used to derive the sample distri- from 1960, we!! before operation of Unit 1, to 2060,

bution function (Stuart and Ord 1987) without long after the projected snutdown date for Unit 3 in
assuming any particular statistical distribution. This 2025 (Table 1). The scenarios used power plant e

methodology was used to assess the risk of stock effects based on actual generating units in operation
reducuon resulting from the effects of entrainment and each year, concurrently with estimates of F that were ,

impingement si MNPS. The probabilities of stock based on historic and projected tates of commercial
reductions were empirically derived from 100 Monte exploitation and sport fishing for winter flounder in
Carlo replicates of winter flounder annual abundances Connecticut. Parameters used in the SPDM included:
in the time-series of impacted stocks. Briefly, the F, with an additional mortality equivalent of 0.01 to i

probability that a stock will be smaller than some account for impingement (IMP) losses (NUSCO
postninted size is given by the proportion of replicates 1992a); conditional mortality rates (i.e., fraction of
that are smaller than the reference size in a given year. the annual production of winter flounder removed as a
Additionally, the 5th and 95th percentiles of the result of power plant operation) determined for larval
frequency distribution of stock sizes for specific years entrainment (ENT); a schedule of changes when any of
were calculated. Dese percentiles help describe the these rates was not assumed constant; and the length

,

uncertainty associated with point estimates of annual of the time-series in years. De combined mortality ,

stock sizes in the SPDM projections. of F + IMP was used only during the simulation
,

SPDM assumptions and limitations. period (1971-2025) that corresponded to MNPS :

Major assumptions relate to the underlying form of operation (Table 1). '

the SRR used and the reliability of the SRR p oir.;ts Because the ability of a fish stock to withstand
estimates. Berne the SPDM inmp..W the Ricker additional stress is reduced by fishing mortality ;.

form of SRR, it was assumed that stock-dependent (Goodyear 1980), simulations of the long term
'

compensation and the postulated effect of water entramment of winter flounder larvac also included ef- |
~

temperature on larval survival (Eqs. 7 and 18) applied fects due to the substantial exploitation of the stock. !
*reasonably well to the Niantic River winter flounder The annual schedule of nominal fishing rates was

stock. A second assumption was that the three determmed from recent DEP esumates (V. Crecco, CT
parameters of the SRR were correctly estimated and DEP, Old Lyme, CT, pers. comm.). Dese exploits- ,

that a, in particular, was a reliable estimate. Al- tion rates took into account length-limit regulations <

though the population was not assumed to be at in effect from 1982 94 and from changes in regula-
steady state, the average fecundity and survival rates tions proposed by the DEP to reduce fishing mortality
for fish age-1 and older were assumed to remain fairly in Connecticut waters (Tables 2 and 3). Vulnerability

'

stable over the period corresponding to the time-series factors for age-classes 1 through 5+ were calculated for

|

'
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|TABlJi 1. Cooling-wseer aquimments and dates of operation for MNPS Uniss 1 through 3, and with an assumed life-epen of 40 years.

Coohng-weier flow Precnon of MNPS First year of Pacgeceed last year

Unit (m' sec"3) sotal Dow Start-up date . entrainment of opersuon

i

1 29.18 0.227 November 1970 1971 2010 :

2 37.62 0.292 December 1975 1976 2015 ,

3 _ 61.91 0.481 April 1986 1986 2025 :

MNPS sanal 128.71 1.000
'

e

:

TABI.E 2. Eastem lang Island Sound winter Sounder length-limit and --I cloeme regulanons in effect or pmposed for the comme cial |*
and spost Ashanes since 1982. ;

O [

hanumisasiblimit(m) men =nisasiblimk(num)
* Period Conunacs.1 Eshery span rubery Comnwecial Eshwy Span fishery Seasonal closum

1982* 8 8 203 203 None
1983 Qan-May) 8 8 203 203 None

,

1983 Omi-Dec) 11 8 279 2m None
1984 Gen-Aug) 11 8 279 2G5 None
1984 (Sep-Dec) 10 8 254 203 None
1985-1986 10 10 254 254 None

1987 (Jan-Aug) 10 10 254 254 Dec 1 Mar 31 (within Niantic River)
1987 (Sep-Dec) 11 10 279 254 Dec 1 - Mar 31 (within Niantic River)
1988-19936 11 10 279 254 Dec 1 - Mar 31 (within Niantic River)

2 19948 12 !! 305 279 Mar 1 Apr 14 (in eB state waters)

Prior to 1982 them were no sine regulations, but h was assurned that fish between 6 inches (152 mm) and 8 inches (203 num) were*

subjected to about 50% of the nommal fishing monalny for each year. Fish larger than 8 inches were fully recmited to the fishery. ;

* Mminuun newl aush codend size also increased fran 4.5 to 5.0 inches. i
* Includes an increase in abe minimum trawl snesh cadend sias to 5.5 inches for the commercial fishery and an 8 Ash cael limit for the sport

fishery.

TABLE 3. Vulneratality facsors' for eastern 11S winter Sounder by ate *, adjusted for discerd monality of undemand Ash vulnerable to the
-ecial (60% of ional landmas) and sport (40%) fisheries, according to fishing agulations in effect for abe penods listed.

Commemal Sport Total Esbery
Period 1 2 3 4 5+ 1 2 3 4 5+ 1 2 3 4 5+

51981 0.03 036 0.60 0.60 0.60 R06 0.24 0.40 0.40 0.40 0.09 0.60 1.00 1.00 1.00
, 1982 a00 0.36 0.60 0.60 0.60 0.06 0.13 0.40 0.40 0.40 0.06 0.49 1.00 1.00 1.00

1983 84 . a00 030 0.60 0.60 0.60 0.06 0.13 R40 0.40 0.40 0.06 0.43 1.00 1.00 1.00
1985-87 0.00 030 0.60 0.60 0.60 0.06 0.06 0.40 0.40 R40 0.06 0.36 1.00 1A0 1.00 |
1988 92 a00 0.12 E57 0.60 0.60 0.06 0.06 0.40 0.40 0.40 0.06 0.18 0.97 1.00 1.00 |.

1993 0.00 0.04 0.42 0.56 0.60 0.06 0.06 0.40 0.40 0.40 0.06 0.10 0.82 0.96 1.00
*

2 1994 0.00 0.01 0.25 OJO 0.60 E06 0.06 E30 0.40 0.40 0.06 0.07 0.55 0.90 1.00

|

* 'Ibese factors assume discard monality at SOE the aambt F rate for fish caught by commercial gear and at 15% of abe monunal F rate for |
*

all undermand fish caught by anglers (CT DEP estimates; P Howell, Old Lyme, CT, pers. comm.).
* %e monation 5+ mfors to fish that are age 5 and older,

the commercial fishery (60% of the total winter trawl fishery codend sizes; the size-at-age of female !
flounder catch) and were based on actual or proposed Niantic River winter flounder at mid year (age + 0.5)
changes in length limits and minimum commercial determined using the von Bertalanffy growth equation
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(NUSCO 1987); selection curves for ll4 mm result of more protective regulations, the effect of
(4.5 in),127-mm (5-in), and 140-mm (5.5-in) trawl commercial fishing on ages-1 as.) 2 has been or will
mesh codends provided by the DEP; and a discard be greatly diminished and many age-3 and 4 fish
mortality rate of 50% for undersized fish. The sport should be protected as well. The derivation of the
fishery was estimated to take 40% of the total catch, equivalent mortality rate IMP was given in NUSCO
having a discard mortality rate of 15%. The values of (1992a) and is an additional small (0.01) component
F used in the simulations were stepped up from 0.40 of mortality added to F during the years of MNPS
in the 1960s to a peak of 1.30 in 1991 (Fig. 5), operation. Other data, rates, and inputs to the SPDM
which reflected the recent historical increase in fishing are immimrimi on Table 4 and include the number of

*
and the current high exploitation of winter flounder, age-classes, age-specific rates of maturation, natural
The value of F was subsequently reduced to meet a tar- mortality, average weight and fecundity at age, the
geted rate of 0.50 by 2001. Although the Atlantic three-parameter SRR estimates, February water .

States Marine Fisheries Commission management temperature statistics, and other specific factors for ,

plan for inshore stocks of winter flounder (Howell et each simulation.

al.1992) calls for a further reduction in F to about Conditional mortality rates for larval entrainment
0.43, the perhaps more realistically attainable value of (ENT) from 1984 through 1994 used in SPDM -

0.50 was used for all remaining years after consulting simulations under actual operating conditions were
with DEP staff (V. Crecco and P. Howell, DEP estimated directly using the mass-balance calculations
Division of Marine Fisheries, Old Lyme, CT, pers. described above. Values of ENT determined for other
comm.). The effect of the changing fishing rates on years were varied stochastically. An annual value of
partially vulnerable fish is seen in Figure 6. As a ENT was chosen from the range of values determined

1.4 -
E : :
3 . . .

m : :
3 1.2 - ; ;
9 . .

s
-

: :

{ {@ 1-

t - : :
:t : :
g 0.8 - ;.

b -

h 0.6- ; {c . .

$
-

;

! 3-unitoperation !0.4 -
.

I -

! i
g 0.2 - ; ; .

s - : : -

E : :- 0, , , , , , , , , , , , , , , , , , , , ,

1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 *

YEAR

Fig. 5. Historic and projected annual mortality rate due to fishing (F), as determined in consulation with the C.T DEP, plus a
small (0.01) component accounting for impingement mortality (IMP) at MNPS as implemented in the SPDM simulations.
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Fig. 6. Estimated reductions in F (including discard mortality) for age.1 through 4 winter flounder as a result of actual or ,

planned regnkiane imposed by the Cr DEP on the winter flounder commercial and sport Ashones. |

from the mass-balance calculations for full MNPS water flow rates calculanid for 197194 were re-used to ,

three-unit operation. '!his was done by resampling predict entrainment for 1995 2025 by resampling the |
with replacement using uniform probabilities to historic flows with replacement using uniform j
randornize the process. 'Ihese estimates were calcu- probabilities to randomize the process. This approach !

lated under the assumption that all three units used assumed that the existing 24 year record of MNPS |
i

cooling. day *3). pumped at maximum capacity (11.1 x
water operation adequately described the operational vari-

610 m The selected value of ENT was then ability expected at the station in the future. Except j
scaled by both the number of units in operation in a for those cases where randomly chosen values for a -

g,k; ei year (Table 1) and the fractions of cooling- year had all three units operating near 100% capacity, i

waser flow actually used during the annual March-May annual values of ENT used in the simulations were j
larval winter flounder season (Table 5). MNPS less than the theoretical maximum under full three- |
cooling water use was known for 1976 through 1994 unit operation. |

*

and actual flow values were used to scale the randomly Simulation of MNPS impact. Simulation !
selected value of ENT. Because no data were available output consisted of a time-series of annual stock sizes i

,

during 197175 for Unit 1, flow values for these years ge..es4 under a specified set of population parame- ;,

were estimated from net electrical generation records. ters and conditions (including random varialality) that ;

Estimates for 1972 and 1975, years in which this unit constituted a scenano. All model runs consisted of
apparently operated near maximum capacity, were 100 replicates of the 1960-2060 stock projection i*

inormalized to the value for 1987, the year of maxi- series. The rmal population projection resulted from
mum flow for the Unit 1 time-swies; other years were averaging these identically generated 100 sy;;esic ;

scaled accordingly. Since the simulation time-series . ume-senes, except for the random components used to !

extended to 2060 (incliding a recovery period follow- compute annual fish rurvival rates. It was previously }
ing the end of MNPS operation), historic cooling- concluded that 100 replicanes were sufficient. given the |

,

P
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TABI.E 4. Data, rues, and other inputs used with the Niantic River winter flounder populatica dynanucs simulation model

Modelinpa Value used or available

Number of age <: lasses in populance 15

i

Earbest age as whid all fan ==Ima are matme 6 i

Fracnion menare, mean we (me), and swan fecundary by age:

Age-1 females 0 0.011 0
Age-2 females 0 0.125 0

Age-3 fornales 0.08 0.554 223,735 *
,

Age 4 fesnales 036 0.811 378,584

Age-5 females 0.92 1.089 568,243

Age 6 females 1.00 1377 785,897 ,

Age-7 f===at a 1.00 1.645 1,004,776 e

Age-8 females 1.00 1.873 1,201,125

Age 4 females 140 2.057 1,366,951

Age-10 females 1.00 2.203 1,502,557 ,

Age-Il females 1.00 2J04 1,598,597

Age-12 females 1A0 2390 1,682,208

Age-13 females 1DO 2.461 1,754,800

Age-14 females 1.00 2.516 1,809,000

Age-15 females 1.00 2.552 1,845,800

Age after which annual mortahry is constant 3

Instanuneous monahry rises M and F at age-1 0 50 0'
Instantaneous monahty ranas M and F at age-2 035 0
Instantaneous monahty rues M and F at age-3+ 035 0

6Initial number of female spawmers 67,658

Biomass of female spewnere 98,104 lbs

bMean fecundity of the stod (eggs per female spawner) 371,000

a from the three-parameter 3RR for the virgin (F = 0) stock (numbers of fish) 5.4 28

$ imm the three-parameter SRR 2.498 X Igs

$ from the three parameter SRR -0.379

Mean February (1977 90) weser temperature ('C) 2.61

standard devanan 1.16

miniman temperature 0.36

maxirnurn temperature 4.28

Numberof spewning cycles (years)to simulate 100

|
Number of simulation rephomase per run 100

Fraction of age-O group w t MNPS (i.e., impact) 0.00'
*

a

* Values are entered here only when manahues remain constant during all the spawning cydes or years simulated. Zern . . m direct die
~

muodel to ga a detaDed schedule d manalities fran an auxiliary input file set up as a look-up table (see Resuhs and . 2,,i). +

b Canesponds to the unfished stock an equilibrmm (see Table 32 in Resuha and Discussion)
* 1aduectly calculated from life history 7 - m (see Stock-recruitment relationship in Resuhs and Discussion).
d A sem simulaies a non-impecaed snact; ciberwase the "'Wa1 monality due to m ...a.t is used. *

; amount of variability present in SPDM simulations in units of spawning biomass (Ibs) because over-
| (NUSCO 1990). 'Dius, the Masse Carlo sample size fishing criteria often rely on measurements of biomass

| was set to 100 and the geometne mean of the repli- and biomass assessments tend to be more conservative

| cases was computed. All stock projections are given than those based on fish numbers, Furthermore,
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TABt2 5. Annual avers 8e coolin8. water flow and perczot of nominal mnimum flow at MNPS Units 1 throu8h 3 durin8 the Mard-May |

winser flounder larval entramment season from 1971 throu8 1994.h

Unit 1 Uru2 Unit 3 i

INominal flow at
100% capacity: 29.18 m sec-1 37.62 m sec 8 61.91 m sec'88 8 8

Fraaion of total MNPS flow: 0.227 0.292 0.481 |

Mard-May March-May March-May

avera8e flow % of nominal average Dow % of nommal everage flow % of nominal
i

in m sec~3 ranmmm in m'.so:*1* 8 '8iam sec'8 tanumomYear * mar emm

1971 - 67.41 - - - -

99.641972* - - - --

33.81* 1973 - - - --

83.501974 - - - --

99.641975 - - - --

1976 2539 90J0 29.16 80.83 - -
.

1977 27.61 98.73 24.61 68.20 - -

1978 17.48 62.53 IL91 52.41 - -

1979 17.18 61.44 21.48 59.53 - -

1980 27.60 98.70 31.75 88.01 - -

1981 1.52 5.43 33.98 94.18 - -

1982 27.60 98.70 32.33 89.61 - -

1983 26.79 95.83 30.90 85.63 - -

1984 13.88 49.61 35.83 9931 - -

1985 27.86 99.64 1640 45.45 - -

1986 27.21 93.25 3689 98.07 49.82 80.48

1987 29.01 99.40 36.99 98.32 47.12 76.12

1988 28.84 98.81 32.83 87.27 55.58 89.78

1989 13.85 47.46 24.72 65.72 51.33 82.91

1990 27.55 9439 33.28 88.48 48.71 78.68

1991 10.79 36.98 32.29 85.83 38.65 62.44

1992 25.11 86 06 28.50 75.75 51.10 82.55

1993 27.78 95.21 33.52 89.10 58.82 95.00
1994 433 14.84 31.39 83.44 58.20 94.01

* No records of coolin8-water flow were evailable for 197175. Net clestrica1 eneration records were used to estimate Dow, with values for8
1972 and 1975 normatized to the value for 1985 (maximum of the Unit I time-series); 1971,1973, and 1974 were adjusted accordin8 y.1

larval entrainment effects result in long-term stock mortality (i.e., the baseline time-series without
reductions which can be quite different depending on MNPS effects); and the expected biomass when all
whether the stock is expressed as fish numbers or as three types of anthropogenic mortality (F IMP, and
biomass. Population reproductive capacity is more ENT) occurred. The first time-series with no fishing

*
accurately reflected by biomass, which takes into or plant effects was the reference series against which
account the size of individual females (egg production the potential for recruitment failure was evaluated
is a function of length or weight), as well as the when the largest reductions of stock biomass occurred.

number of spswners. during any of the other simulations. The second time-,

A complete simulation of MNPS impact consisted series represented the most likely trajectory of the
of three model runs, which provided a set of time- exploited stock without MNPS operation. The third
series generated under the same scenario, but with time-series was the expected stock trajectory when the*

different combinations of F (plus IMP) and ENT. conditional mortality rates corresponding to ENT and
These model runs were designed to simulate the IMP were added to the fishing mortality simulated for
natural variability of the theoretical unfished stock the baseline. This last time-series was the basis for
(i.e., with no fishing or plant operational effects); the quantitatively assessing MNPS impact on the Niantic
reduced stock biomass when subjected to fishing River winter flormderpopulation. i

!

|
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Results and Discussion was 11.60*C, which was slightly warmer than the ,

long term average of 11.51*C. I

Seawater se .iarer
Adult winterflounder

Monthly mean seawater temperatures recorded at the
MNPS intakes were variable during 1994. Water Relative annualabundance
temperatures durir g January through March (seasonal

mean of 2.55'C) wese the coldest observed since 1982 Because cold winter temperature produced heavy ice
(Tables 6 and 7). The mean temperature for April cover in the Niantic River the ~1994, adult winter
(6.62'C) was consistent with the long-term average, flounder survey did not begin until March 22, which .

but May was the coolest (9.96'C) since 1978. De was the latest start in 19 years (Table 8). As a result, j
mean for June (15.37'C), however, was slightly above only 4 weeks of sampling were completed, even after
average and July had the highest mean (20.50'C)in 19 extending the survey to mid-April to increase the -- '

years. Saneanas mean temperatures in both summer number of fish marked and recaptured. By this time. *

(20.13*C) and fall (12.87'C) were the eranal warmest no fish remained in spawning condition, as illustrated
of the corresponding time-series (Table 7). Dese by the percentage of females 26 cm and larger that

,

extremes in water temperature likely had an important were gravid (Fig. 7). Most spawning apparently
*

-

effect on spawning success, larval growth and devel- occurred earlier in the season under the ice cover.
opment, settlement, and growth of young. Overall, Despite the cold water temperatures in 1994, the ;

monthly mean temperatures are most variable from observed fractions of gravid females durmg each week |January through March (monthly coefficients of of sampling fell within the range of the past 5 years. ;

variation = 25 t2%; Table 6), when winter flounder Apparently, spawning was not delayed to the extent I

spawning and early larval development occurs. that gravid females were common after mid-March. :
Temperatures were most stable (CV = 3 5%) from late As a result of 4 weeks of sampling, the total of 185 !

spring through early fall, when collections of winter tows completed in 1994 were the fewest since 118
flounder were dominated by young and otherimmature were made in 1982 (Table 9). As in the past several i
fish. Overall, the annual mean temperature in 1994 years, most adults were concentrated in only a few

,

j TABLE 6. Mankly and annual siean answeest aanpernaus (*C) from January 1976 through D-8- 1994 as calculeend inun sneen daily
weser nampereuses socorded --ly en she insekes of MNPS Units 1 and 2.i

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annualsneen
i

1976 3.65 331 4.81 7J5 10.75 15.11 18.29 19.60 18.93 15.04 9.28 4.73 10.90i

| 1977 0.67 036 1 85 5.66 10.72 14.92 19.08 20.33 19.41 15.58 12.18 6.72 10.84
1978 3.01 1.09 1.67 4.85 9.10 14.24 17.68 19.82 19.24 IE14 12.47 7.74 10.64
1979 4.53 1.48 3.35 5.93 10.50 15.57 18.84 20.91 20.05 15.99 12.41 8.60 11.57
1980 5.16 238 2.80 638 10.44 1436 18.44 20.23 2al6 1607 10.25 5.73 11.10
1981 1A6 2.63 3.36 6.40 10.19 15.48 19.51 20.86 19.94 14.75 IIM 629 11.01

| 1982 2.20 1,56 3.04 5.41 la06 14.16 17.98 21.10 20.01 15.95 12.47 8.97 11.13
| 1983 5.58 3.74 4.55 7.07 10.50 15.05 19.10 19.17 2037 17.37 12.57 7.90 11.98

1984 4.84 4.02 3.98 058 late 15.53 18.90 20.60 19.52 1641 13.04 9.07 11.97 i
1985 436 236 4.17 7.02 la95 14.99 18.98 21.24 20.44 17.46 13.14 7S5 11.98

* '

1986 4.62 338 4.11 7.25 11.32 15.99 18.83 20.62 18.80 1&$3 12.43 8.19 11.89
1987 5.28 3.27 4.53 7.51 11.26 15.91 19.19 20.47 1930 1530 11.10 7.16 11.78
1988 2.65 2.67 4.49 7.01 10.67 14.69 1830 2031 18.86 14.91 11.41 7.20 11.12

-

1989 4.49 3.24 3.67 6.21 10.59 15.25 18.95 20.31 19.92 15.83 12.25 4.87 11.34 .

1990 3Ao 428 4.96 6.84 la73 14.93 18.65 21Ls0 2a23 1734 12.47 9.12 12.08
1991 5.72 436 5.61 8.11 12.26 1661 1933 2D.48 19.99 17.11 1240 8.17 1239
1992 5.20 3.68 4.42 6.80 la72 15.42 18.43 19.62 19.20 15.17 11.12 7.28 11.45 ,

1993 5.09 3.10 3.12 6.09 11.37 15.64 18.96 20.88 le t8 15.35 11.73 8.47 11A9
1994 3.15 139 1 81 6.62 9.96 15.37 2030 20.78 19.27 1 & 27 13.21 9.15 11.60

Overen mean 3.94 2.79 3.81 6.62 10.68 15.25 18.84 20.43 19.64 1607 11.91 7.53 11.51
CV (%) 38 42 25 12 6 4 3 3 3 5 8 18 4

i

|
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TABLE 7. Seneaner mean seawaner saumperamus (T) for 1976 throssb 1994 as calcuissed from mean deGy weer assaperesume desenamed

by semammaus seensdess et the intakes d MNps tJaks I and 2.

Year Wieser W sammer FeR

1976 3.M 11.14 18.94 9AD
1977 132 10.72 1941 11.49

1978 1.95 9.40 18.91 12.11

1979 3.17 1047 19.93 1233
1980 3.47 1033 1941 10A9
1981 2.34 1049 20.11 10.70

. 1982 2.29 9.88 19A9 12.46
* 1983 4 65 10.87 1941 1241

1984 4.29 10.99 1948 1234
1985 3.67 10.98 20.22 12.85

- * 1986 4 06 11.52 19.43 12.38
e 1987 4.4D iL56 1946 1132

1988 3.28 10.79 19.16 IlJ7
1989 3.82 1048 19.72 10.97
1990 4.28 10.83 1939 13.16 j,
1991 5.38 1232 20.00 12.48 |

1992 4 45 10.98 19JDB !!.19 )
1993 3.79 11.03 19.91 11.85
1994 2.55 10.64 20.13 12.87

Overan mean 3.53 10.85 1944 11.85

CV (5) 29 6 2 8

* wimmtis January suoush Mardi. aprins is April duumsb Jane,-is July shrough tara* and fab is Omober ihmugh December,

TABLE 5. Annual Ninanic River wisser flaundes* mens, including the upper riva em (stations 52-54)'" " *' " ' ' * * " " ' " ' * '"""' and in station 51 (Fig. 2). *Ihe median CPUE in ;

Numberof 1994 of winter Sounder larger than 15 cm was 4.5 -I
Yar Dum esmphd wh maplad (Table 9; Fig. 8). 'Ihis value is more than twice that

of the CPUE of 1.9 for 1993, but nevertheless

!$ N. Apru !2 |remams the second smallest CPUE on record. Winter6
1978 Marcb 6. AprG 25 g flounder taken during the 1993 survey were, on ;
1979 March 12. April 17 6 average, larger than those collected during any previ- 1
1980 Mardi 17. AprG 15 5 ous surveys (NUSCO 1994a). 'Ihe length-frequency i
1981 March 2. April 14 7 distribution in 1994 was similar to that found in

'

|$ N. Ap,g 1991. with the proportions of smalla fish increasmg
i

I 1984 Fehmery 14. AprG 4 8 from that observed during the previous 3 years (Fig.
I 1985 February 27. Apru 10 7 9). A comparison of the annual standardized catch of
i 1986 February 24. AprG 8 7 females froni 1991 through 1994 showed a peak in.'

1987 Mana 9 AprG 9 5 catch of females at 32 34 cm (Fig.10). Proportion-

|$ [1 ~ ^ j ately fewer largw females were found during 1994 in
21 5

1990 Fehnsory 20. AprG 4 7 comparison to 1992 and 1993, except for the very j
*

* 1991 February 13.Mann 20 6 !argest (45+ cm) females, which were the most of any
''

1992 February 18 Manh 31 7 survey to date.
1993 February 16 AprG 7 B'

* 1994 Man * 22. AprG 13 * Absolufe abundance estimates

| * Mammen eine for markas was 15 an eming 1976 82 and Absolute abundance estimales of Esh larger than 20

f 20 mmiberenner. cm (N) were determined using mark and recapsme data
6 lanhed esophes mies week 2 bommee dice femmaan. and the Jolly (1965) model. Estimates of survivale
* Ah"*""* ""P m8 urias wuk 3 and limind maphes duing (4), recruitment (8), and sampling irdensity (p) were

i d
weeks 2 and 5 because of ice and womsber con &sions.
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Fig. 7. Weekly percentage of Niantic River female winter flo eler larger than 26 cm that were gravid during the 1989
through 1994 aduk population abundance surveys. Data from weeks in 1993 dursag which few or no tows were taken won
mot included.

6 m deRiverduringTABl.E 9. Annual 9.1.m caer uswl adjusend median CPUE' of winist na-i., larger than 15 an iakan '-- f tme a

abe 1976 denugh 1994 aduk populeman abundance surveys.

Tows Adjusted Median 95% onnfidence Coefficism

Survey Weeks accessable number of CPUE inservat ier of
year sampled for CPUE' town usedd estimene snedian CPUE skewness'

IM6 7 I43 231 37.0 34.2 39.6 3.01

1977 6 184 228 23.1 20.4 264 1.95

1M8 6 137 159 21.0 18.8 27.0 1.83

1979 5 122 145 334 253 39.5 1J2

1980 5 112 145 36.0 30.0 43.2 148

IMI 7 182 231 514 454 564 3.50

1M2 5 118 150 424 424-460 1.14

1M3 7 232 238 30.2 26.2 31.8 CL85

1984 7 245 287 16.8 15.8 - 18.0 1.17

1985 7 267 280 14.8 14.2 15.4 1.33
*

1986 7 310 336 10.2 9.7 11.1 1.47

IM7 5 233 270 14.8 14.1 . l & 2 1.46

1M8 6 293 312 16.8 15.7 17.5 0.50
*

1989 6 277 318 12.2 11.1 - 13.3 1.08

1990 7 320 343 94 8.7 10L3 3.04 .

1991 6 302 330 123 11.1 - 13.4 2.62

1992 7 380 406 6.2 5.6 66 1.29

1993 7' 288 392 1.9 1.7 26 1.92 e

1994 4 185 212 43 3.85.0 2.68

* Cand per standenhand now (see Mansnals and Meshads).
6 Masdy age-2 and older fish.
* only news of mandard ene a dimance wem emindeed.
d E5es eh-l among weeks.
* zeio tw synunsericany dianhand deia.
8 Becamm oflow efron, dein from the third week of samplin8 not used for the -- , -:- of CPUE.
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k relatively high. However, Gilbert (1973) and fU
so- Csothem (1973) reponed that N was undnestimated j

and had low accuracy when sampling inummities were
'

, , _
low (5-9%), regardless of popntatina sise or anmhar

40- of fit marked. Loss of maks because tags were not' i<

observed, or from mortality of fish handled, also j'

[ so- requires increased sampling effort. Other sampling 3

. so- errors, model assumptions, and biases inherent in the

|5 io.
'-

Jolly model that could have affected these assimanaa j

were discussed in NUSCO (1989) and Pollock et al. !

* 0 (1990). Nevertheless,even though the Jouy estimates (...... .... .. ......
* M M so s2 s4 as as m et 94 are subject to considerable error, CPUE and Jolly 'j

sbundance estimates were significantly (Pearson !
'

correlation coefficient = 0.89; p < 0.001) correlated
Fig. 8. Annual median CPUE and 95% confLi,,,,* !

interval of Niantic River winter flounder larger than 15 (Fig.11). 'thus, based on a median CPUE of 4.5,
absolute alumdanea of winter flaundar in 1994 would

>

can froen 1976 through 1994.
have been approximately 15,000 fish. By extrapola- [
tion, abundance in 1981 could have armadad 200,000 i

winter flounder. I
also ga 44 by this model. Because of the contin.
ned depression in the Niantic River winter flounder Estimates of survival (4) have vaned considerably |
population and limited empimg this year, only 1.033 from year to year (0.180-0.853; Table 11). Kanmanad :

fish 20 cm and larger were marked with a freese brand, recruitment (8) was particularly low in both 1992 i

which wu a slight increase from 1993 (Table 10). (3,473) and 1993 (4,127). 1hese two mani== sad ;

Seventy-six previously marked fish were recaptured in population parameters are considered to be less rehable !

1994, which was the fewest of this time-series. than those of abundane* when using the JoUy model .{

Nearly equal numbers of fish that were marked in (Bishop and Sheppard 1973; Arnason and Mills 1981; !

1992 (n = 25) and 1993 (27) were observed.
Hightower and Gilbert 1984). As for other parameter i

Addition of recaptme data from 1994 resuked in an estimates based on only 1 year of recapsme informa- |

increase of about 2,500 fish for the 1992 estimate tion, those for e and E may change enanidarably with i

I
reported in NUSCO (1994a), froen 12,178 to 14,632 the addition of data fraa the next annual survey. The

(Table 11). The initial abundance estunate for 1993
low estimates of B for 1992 and 1993, however, (

was 11,779 winter flounder; this value will be subject appeared to accurately reflect weak recruitment of j
to change as additional muted fish are recaptured in winter flounder noted in recent years. ;

future surveys.1he standard errors of N given in Because of a reasonable correspondence between :

Table 11 are correlated with N because of the particu. median trawl CPUE and Jolly abundance estimates, j

lar form of Jolly's vanance formula. Therefore, the the annual standardized catches of all fish larger than !

95% confidence intervals computed are generally 20 cm for 1984-93 were compared to total abundance !

considered unreliable as a measure of sampling error, estimates from the Jolly model As in previous i*

except at very high sampling intensities (Manly 1971; reports, the relative numbers of females and eggs !

Roff 1973; Pollock et al.1990). produced each year were assumed to represent, conser-

Sampling intensity (p), or the probability that a vatively, about 3.5% of the absolute values (range of,

fish will be captured, was a relatively high estimate of 2.7 - 7.0%) and a multiplier of 28.571 (the ratio of |,

0.160 in 1992, but decreased to 0.083 in 1993. 100 to 3.5) was used to scale alumdance indices to |
Sampling intensities of about 0.10 are recommended absolute nunbors of winter flounder spawning in the :*

to obtain reliable and precise estimates of population Niantic River that are given below. This adjustment [
size and survival rates with the Jolly model (Bishop also assumed that the ratios of annual standardized

'

and Sheppard 1973; Nichols et al.1981). Hightower catch to absolute abundance for 1977 through 1983

and Gilbert (1984) found that low sampling etfort may would have been similar to those for 1984 93, had

give acceptable estimates if population size is rela. estamates of absolute abundance been avalable for the

tively large and the number of marked animals is also earherpenod. |

l
|
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Fig. 9. Compenson of percent length-frequency distributions of all winter flounder 20 cm and larger taken in the Niantic
River dunng the spawning season from 1991 through 1994.
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TABG 10. Mark and secaptme data inmu 1983 through 1994 need for esumatag al==d- of winter flounder larger than 20 cm in the
,

Nienue River during the spawning season.
i

Total Total not Number Total Nanber of Sah marked in a given year
Survey number previously marked and number recaptured during subsequent annual surveys:
year observed marked released recaptured 83 84 85 86 87 88 89 90 91 92 93

,

1983 5,615 5,615 5,615 0 -

1984 4,105 3,973 4,083 130 130
1985 3,491 3,350 3,4M 141 47 94
1986 3,031 2,887 3,010 144 23 45 76

*
1987 2,578 2,463 2.573 115 2 13 27 73 ;

1988 4,333 4,106 4,309 227 7 22 31 63 104
1989 2,821 2,589 2.752 232 2 11 9 33 32 145 '

* 1990 2,297 2,135 2375 162 1 7 4 15 14 38 83
* 1991 4,333 4,067 4,324 266 1 5 4 12 27 33 54 130 ,

1992 2,346 2,119 2,336 227 0 0 1 2 3 21 20 53 127 l
'

1993 984 830 972 154 0 0 0 1 0 4 4 15 21 109
e 1994 1.035 959 1,033 76 0 0 0 1 0 0 4 5 14 25 27

TABI E 11, Esumated abundance * of winter flounder larger than 20 cm taken during the spewning season in the Niantic River from 1984
shmugh 1993 as determmed by the Jolly (1965) mark and recapime mad =1

Abundance n = dard Probatality Standard
esumase error of 95% C of survival error 95% C

Year (N) N for N (6) of @ for@

1983 0.328 R040 0.251 0.405
,

1984 57,706 8,370 41,300 74,112 0.558 0.065 0.430 0.686
1985 79,607 10,851 58,338 100,876 0.360 0.041 0.279 - 0.440 i

1986 49,057 6,194 36,917 61,197 0.654 0.068 0.522 0.786
1987 75,909 9.783 56,733 95,084 a598 0.063 0.476 0.721
1988 66.946 7,278 52,681 81,211 0.453 a048 0.360 0.546 ,

1989 41,777 4,744 32,479 51,075 0.394 0.042 0.312 0.476 *

1990 33,270 3,832 25,759 -40,781 0.853 a100 0.657 1.048
1991 62,032 7,516 47,301 76,763 0.180 0.024 0.133 0.227
1992 14,632 1,966 10,779 I8,486 0.525 0.118 0.294 - 0.755 4

1993 11,799 2,706 6,495 17.104 |
Mean 49,274 2.191 44,979 53,568 0.490 0.016 0.459 0.521

Sarnphng Sundard Annual Standard |
intensity error of 95% C recruinnent error 95 % 0

Year (p) y for p (B) ofB forB

1984 0.071 0.0103 0.050 0.091 47,428 9,083 29,626 65,231,
1985 0.044 0.0060 0.032 0.055 20,454 5,200 10,262 -30,647 |
1986 0.061 0.0M8 0.046 0.077 43,850 8,499 27,191 -60,509 i

'
1987 0.034 0.0044 0.025 0.042 21,555 6,404 9,002 - 34,108

~
1988 0.065 0.0071 0.051 0.078 11,471 3,669 4.280 - 18,661

* 1989 0.067 0.0077 0.052 0.082 16,832 3,108 10,740 - 22,943

1990 Ch69 0.0000 0.053 - 0.084 33,688 5,595 22,721 - 44,654
1991 0.070 0.0085 0.053 0.086 3,473 1,319 888 - 6,059

* 1992 0.160 0.0216 0.117 0.202 4,127 1,423 1,335 6,917
1993 0.083 0.0191 0.046 0.120

Mean 0.072 0.0036 0.065 0.079 22,542 1,036 20,511 - 24,573

* Esumates may vary imm those reponed in NUSCO (1994s) because of mark and recapture data added frma the 1994 adult winter flounder
population survey.
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h70 lor early February, so approximately two-thirds of the

early April as relatively few gravid females were found
afterwards (Fig. 7). During most years, ice in theAbsolute abundance -go20- upper river prevented the start of field work in Januaryg f, ,

. , ' ' * -
/ ,\ /,

jg g females examined during late February and early-so*

$4; / g '/ .,
March had spawned before sampling begar.. Spawn-*

/\ -50 w122 V *

.

' .., ./ ' 40 | ing was likely correlated with water temperature as in
*

gto; .

8; CPUE o relatively cold years (e.g.,1977 and 1978) propor-;,,

| s- \ ;go tionately fewer females spawned during the earlier
Portion of the survey, compared to warmer years (e.g.,6 4" b.

;10| 1989 and 1992) when more fish were spent at the
,.

2-
.

$4 is is i7 is is do el d2 d3 beginning of sampling. However, this could not be
ascertained in 1994, which was a very cold year, as iceYEAR ,

cover prevented sampling until late March. By then, .

Fig.11. Comparuon between the estimates of absolute fractions of egg-bearing females had decreased to about
abundance in thousands of winter flounder larger than 20 5% or less and were not dissimilar to proportions
em in the Niantic River during the spawning season observed in 1989-93. *

(dashed line) and the correWe median CPUE (solid During each year, the proportion of females consid- >

line) from 1984 through 1993. cred to be mature in each 0.5-cm length increment was

used with the annual standardized catch of females to
Spawning sfock size and egg production obtain relative annual abundance indices for female

spawners. Mature females comprised approximately ,

'Ihe size of the Niantic River winter flounder female one-third to one-half of each yearly total, with relative
spawning stock is used in various assessments of numbers of female spawners ranging from a low of
MNPS impact. The annual standardized catch of 274 in 1993 to 2,752 in 1982 (Table 13). Varying
female spawners (an index of spawning stock size) and sex ratios and differences in percent maturity due to
the production of eggs were determined from available changes in length-frequency distributions somewhat
data on sex ratios, sexual maturity, and fish length-
frequencies. The scx ratio of winter flounder larger TABt.E 12. Temale no male esa ratios of winter Bounder taken

than 20 cm during the 1994 spawning season in the durins the sPawnins seesco in the Niantic River from 1977

Niantic River was 1.70 females for each male (Table throush 1994.

12), the largest ratio found since 1980. The 18-year g,,,,,,
average was 1.35. Ratios of 1.50 to 2.33 in favor of year An fish capiured nsb 20cm
females have been reported by Saila (1%2a,1%2b)
and by Howe and Coates (1975) for other 1977 12 1.26

winterflounder populations in southern New England. 197 2.23 1.95

Withet41 and Burnett (1993) also reported greater IQ $ [2
proportions of female winter flounder in Massachu- 1981 1.42 1.61
setts waters, particularly in older age-classes. They 1982 1.16 tro

believed that males likely have a higher natural 19ss 1.52 1.52

mortality rate, based on evidence of earlier ages of 1984 1.07 1m =

insenescence reported for males by Burton and Idler
(1984). ,,,7 o,7, oL7, ,

'Ihe rate of spawning was determined by observing 19ss 1.50 1.50 *
weekly changes in the percentage of gravid females 19s9 1.32 1.32

larger than 26 cm, the size at which about half of all 1990 1.24 1.24
1991 1.22 1.22

observed females were mature (NUSCO 1988a). This ,

I"2 I 1
is comparable to L50 estimates of size-at-maturity of ,9 g

28.3 and 27.6 cm reported for Manachusetts waters 3994 3,7o g,7o

by Witherell and Burnen (1993) and O'Brien et al.
(1993), respectively, in recent years, spawning in the Geometric mean 1.35 1.36

Niantic River was mostly completed by late March or
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TAB 1213. Relative and absolme annual standardiand cauk of female winter flounder spewmen and - "; ess psodome in the,

Niende Riverisoin 1977 duonth 1994.

maisiin inda maladvs inda
Servey et spawnins 5 menue' Average afassal Total female Totaless

" ' Pyear funales* faunales" fecundsty* ess , seosk sias' poshusion (X 10 7

1977. 884 36 446,336 3944 25,200 11.274

1978 1,412 51 508,096 7173 40,349 20J01

1979 1,120 37 478,108 535.3 31,989 15.294

1980 908 34 469376 434J 25,793 12.122

e- 1981 2Ae9 44 518,275 1,383.1 16,248 39J17
1982 2,752 49 500,227 1,596.8 78429 45422

1983 1,869 46 578,845 1,082.0 53,406 30.914

1984 871 40 575,822 5014 24,886 14.330.
1985 928 43 609.215 565.2 26.510 16.150

.
1986 655 42 667,065 436.7 18,704 12.477 1

1987 852 39 624,085 5314 24,139 15.190 5

1988 1,279 53 677,910 866.9 36,539 24.770 |.,
1989 984 52 728,042 716J 28,108 20.464 1

1990 579 42 639,541 370.4 16,546 10.582 !

1991 1,061 47 601,132 539 4 30,300 18.275 !

1992 534 52 732,317 391.1 15,260 !!.175 |
1993 274 54 816,885 2234 7,821 6.389 j

1994 508 55 650,130 330.2 14.513 9.435 i

'
* Based on proporuen of the relative annual standardiand catches of winter flounder that west mesure females.
b As a proporuan of all winner flounder 20 can orlarger.
* Total ess poducuan divided by the number of spawnins females.
d A solasive indes for year 4o year compensons and not an absolute esumane of ps-lamaa

> */ 33% d absolete values. ja f%1=ld on the amenpuen that abe alasm annual standardiand caches wee x
i

affected average fecundity, which was low during the stock. Egg production decreased to about 10.6 bdhon !
late 1970s when smaller fish were more abundant, but in 1990 because of a dochne in female abundance and j
increased during recent years because of increasing in average siae, increased to 18.3 billion in 1991 as
proportions of older and larger fish. *Ihe relative index the number of spawners increased, decreasxi once j

of total egg production reflected female stock abun- again to 11.2 billion in 1992, and finally isli to a i

dance and length distribution and was greatest from aeries low of 6.4 billion in 1993. Egg traduction i

1981 through 1983 because of peak population then increased by 48% to 9.4 billion in 1994, reflect- |
abundance and moderate average fecundity The ing the increase in spawner abundance. j
average fecundity estimate for 1994 decreased from Comparatively little is known about the egg stage
1992 and 1993 as comparatively more smaller fish of winter flounder. Buckley et al. (1991) noted that . !

*

were present (Fig.10). female size and time of spawning affected various
Absolute estimates of spawning females and reproductive parameters, including egg size, fecundity,

,
associated egg production were g. 4 by multiply- and viability. Embryos produced earlier in the season
ing corresponding relative numbers by 28.571 (see appeared to have a survival advantage, particularly ;
Absolute abundance estimates, above). Female stock over those from sens11er fish late in the season. Egg i.

size was between approximately 7,821 and 78,629 deposition apparently takes place on gravel bars, algal ;.
fish, while estimates of annual egg production ranged mats, eelgrass beds, and near freshwater springs in i

from about 6.4 to 45.6 billion (Table 13). The total Rhode Island salt ponds (Crawford 1990). Viable _;

number of female spawners was used as an estimate of hatch is greatest at 3*C in salinities of 15 to 35b and i
*

parental stock size for the SRR, 'which will be decreases with increasing tems.u-s (Rogers 1976). ;

discussed below, Egg productica was greatest la the Based on estimated egg production and abundance of j

carly 1980s, but estimates were also relatively high in Stage 1 larvae, egg mortality may be considerable. i

1988 and 1989 as proportionally older and larger DeBlois and Leggett (1991) found that the amphipod |
females dominated a moderately-sized reproductive Calliopius laevissculus preyed heavily upon demersal !

:
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capehn (Mallctus villosus) eggs, removing up to 39% tion coefficient r = 0.441; p = 0.152) during the 12-
of the production. Dey suggested that invertebrate year period. His lack of a relationship has two pos- i

predation on demersal fish eggs may be an important sible causes. First,if many of the larvae in the bay |
regulatory mechanism for populatson size in marine came from the river, then highly variable annual larval '

fishes having demersal eggs. Morrison et al. (1991) mortality rates occurred prior to the penod when larvae .

!reported high mortahty of demersal Atlantic herring were flushed from the river to the bay. Secondly, the
(Claqpes harengus) eggs in the Firth of Clyde, Scot- Niantic River may not be the only source of larvae I

land because of heavy deposition of organic matter entering the bay and t' 1 possibility was discussed in !
resulting from a bloom of the diatom Skeletonema' detail in NUSCO (1992a,1992b,1993,1994a) and i

costatsm. The decomposing material caused a will be addressed cgain later in this section. Larval
'

, ,

depletion of oxygen and egg death due to anoxia. abundance in the bay appeared to reflect regional-wide
Skeletonema costatum was one of the most abundant trends as annual abundance (a parameter) at EN since
of the phytoplankton collected at MNPS during 1976 was highly correlated (Spearman's rank-order ,

'entrainment sampling from 1977 through 1980 correlation coefficient r = 0.651; p = 0.009) with -

(NUSCO 198t). However, highest densities occurred annual abundance indices in Mount Hope Bay, MA ;

in summer, after the winter flounder spawning season. and RI (Marine Research, Inc.1992; M. Scherer,
* '

Marine Research, Inc, Falmouth, MA., pers comm.).
Larval winter flounder However, no relationship was found between the

aburniences in the Niantic River (1984-94) and Mount
Abundance anddistribution Hope Bay (Spearman's rank-order correlation coeffi-

cient r = 0.018; p = 0.958).
De a parameter of the Gompertz function (Eq. 2) Annual spatial abundances of the first four larval

was used as an index for temporal (year to year) and developmental stages were based on cumulative
spatial (Niantic River and Bay) abundances of winter weekly geometric means (Figs.12 and 13). De ,

flounder larvae. Based on the 95% confidence interval abundance distribution of Stage 5 was not examined ;

around the a parameter estimate, larval abundance because so few were collected. Cumulative density ;

during 1994 in the river (stations A B, and C com- data (the runnmg sum of the weekly geometric means)
bined) and the bay (stations EN and NB combined) was used to compare abundances as a surrogate for the

,twas greater than in 1993, but within the range for the a parameter from the Gompertz function (Eq. 2)
12 year series (Table 14). In general, annual abun- because in some instances this function could not be !
dances in the bay varied less than in the river. In fitted. His usually occurred when a developmental
1985,1988, and 1989, larval abundance in the river stage was rarely collected at a station (e.g., Stage 1 at
was much greater than in the bay, No consistent stations EN and NB or Stage 4 at station A), Cumu-
relationship was found between the annual abundances lative weekly geometric means and the corr-aang
between the two areas (Spearman's rank order concla- a p- as were found to be highly correlated-

,

TAB!.E 14. tarvel winter flaunder abundances and 955 confidence intervels for the Nientic River and Bay as estimesed by abe a parameter
from the Gampertz function.

Year Nientic River Nientic Bay

1983 1,863 (1,798 - 1,929) 3.730 (3,670 3,791)
1984 5.018 (4,884 5,152) 2,200 (2,088 2,311)
1985 11,924 (11,773 12,(r15) I,801 (1,717 1,886) ,

1986 1,798 (1,726 - 1,871) 1,035 (979 1,091) !

1987 5.381 (5,172 - 5,589) 1,301 (1,240 1,363) *

1988 24,004 (23,644 - 24,364) 1,184 (1,708 - 1,061)
1989 18,586 (17,965 19,207) 1,751 (1,696 - 1,806)
1990 5.544 (5,378 5,709) 1,532 (1,474 - 1,589) |

*

1991 4.083 (3,973 - 4,193) 1,444 (1,388 1,500)
1992 10,646 (10,184 - 11,108) 4,415 (4,214 - 4,617)
1993 1,513 (1,470 1.557) 459 (391 526)
1994 5,685 (5,564 5,805) 2,378 (2,269 2,486) i

!
;

40 Monitoring Studies,1994

!

;

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - __



F-
i

|

|

|
1

STAGE 1w 25000 -

20000 - -

15000 -
-

10000 - _ _ f

,
--

-_ _ . _
_ _

.
.

~

0 2 A ~

'
OYEAR as a4 e5 es s7 as 89 909192 93 94 ' as s4 e5 as 87 as se 90 919293 H ' e3 e4 as se s7 N es 90 9102 s394

*
MADM A B C |,

STAGE 220000 - ,

!

16000 - -

,

12000 - |

$ 8000-
w -

_ |

4000- y
" " 'U -0 " -

' '
YEAR 83 e4 as as 87 as 39 90 9192 93 94 ' 83 e4 e586 87 88 89 90 9192 93 M ' s3 s4 85 to 87 N s990 9192 93 94U

STATION A B C
W STAGE 3 iW 5000-
a -

,

4000 -
~

3000-
_

--

__

h 2000-
~

,,
-

_
-

#

1000 - -
g- _ _

,

' - DINI"0
" YEAR 8384 ss se s7 sa t9 90 9192 93 94 ' a3 s4 85 86 87 M 89 90 9192 93 94 ' 83 84 85 06 87 80 80 90 9102 93 94 '

STATION A B C

* '

1000 STAGE 4
_

1200- -

~

800 -
~

f _
,

* -

5 400 -

k - an r- T1- _

*
- .-,O

. OYEAR sa s4 e5 se s7 sa 89 909192 93 94 ' as s4 as se e7 se s9 90 9192 93 94 's3 s4 85 se s7 as 99 90 9192 93 94 '

STATION A B C

.

Fig.12. Cumulanve density of each developmental stage of larval winter flounder at the Niantic River stations A. B and C
from 1983 through 1994. (Note that the vertical scales differ among the graphs).
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(Spearman's rank-order correlation coefficient r = prevalent in the bay compared to Stage 1 (Fig.13).
0.999; p < 0.001) in a previous study (NUSCO As with Stage 1, Stage 2 abundance at station NB was

1989), indicating that cumulative weekly geometric greater than at EN, suggesting that either station NB
means could be used as an alternative index of larval was closer to the source of newly hatched larvae or I

abundance. that smaller Stage 2 larvae were extruded through the

| Stage I abundance during 1994 in the river was one 333-pm mesh net used at EN. Dere was a significant

( of the lowest during the 12-year period of sampling at (p s 0.05) positive correlation among all river
| all three stations, but showed an increase compared to stations and between stations EN and NB (Table 15).
l

1993 (Fig.12). A comparison of annual Stage 1 Generally the later developmental stages (3 and 4) of

. abundance among years showed a similar relative winter flounder larvae were not homogeneously*

ranking at the three stations, with 1988 and 1989 distributed within the Niantic River. He abundance
ranked the highest and 1983,1986, and 1993 the decline at the upper river stations (A and B) as

[ lowest. Except for a slightly gruer abundance at development progressed likely represented a gradua'
station A in some years, annu:d abundances at the flushing to the lower portion of the river and into the
three river stations have been amilar. His indicated a bay. Stage 3 larvae were usually most abundant at
somewht homogeneous distribution of Stage I larvae stations B and C with their abundance at the two bay.

throeghout the river. Because winter flounder eggs are stations (EN and NB) increasing to levels similar to or
demersal and adhesive and the duration of Stage 1 is greater than at stations A and B (Figs.12 and 13). In
short (about 10 days), the homogenous distribution comparison to other years, Stage 3 !arvac were rela-
suggested that spawning was not restricted to a tively numerous at stations C and NB in 1994, but
specific area of the river or, conversely, that the river were about average in abundance at stations B and EN.

is well-mixed. Low abundance in 1983 was attribu- Annual abundance pattems were smular at the two bay i

ted,in part, to undersampling because of net extrusion stations and were significantly (p 5 0.05) correlated
(NUSCO 1987). However, this was rectified in 1984 (Table 15). Similar to Stage 3, Stage 4 larvae were

when a net with smaller mesh (202 m) was used generally more abundant at station C and the two
during the early portion of the larval season. Abun- Niantic Bay stations in comparison to stations A and
dance of Stage 1 larvae at the two Niantic Bay stations B. In 1994, Stage 4 larvae were relatively numerous
was low in comparison to the river, indicating that at station C and NB and were about average in
little, if any, spawning occurred in the bay, even abundance at the remaining stations. The high abun-
though 1994 was among the highest (Fig.13). dance at these two stations this year was indicative of
Abundances at station NB were consistently greater good recruitment to the demersal young-of-the-year
than at EN, possibly because NB was located closer to developmental stage, which is discussed below.

| the river mouth, the likely source of Stage 1 larvae, or Annual abundance of newly hatched winter flounder
because undersampling occurred at EN as a result of larvae should relate to adult reproductive capacity (egg,

I extrusion through the 333- m mesh net used there. production) and the fraction of eggs that hatch. To
At station NB, ranks of annual abundance indices were examine this relationship, the annual egg production
similar to those of the river stations and this suggest- estimates (Table 13) were compared to the annual
ed that most Stage I larvae collected in the bay abundance of Stage 1 larvae. The index of Stage I
probably originated from the Niantic River. Signifi- larval abundance was the at parameter from the
cant (p s 0.05) positive correlations were found Gompertz function (Eq. 2) for the Niantic River| e
among Stage 1 annual abundances at all stations, (stations A, B, and C combined). A functional
except between stations EN and NB (Table 15). regression indicated a strong positive relationship (r =

*
Stage 2 abundance in 1994 at the three river stations 0.788; p = 0.0M) between egg production and Stage 1

| was also among the lowest in the 12-year time-series. abundance (Fig.14). De abundance of newly hatched
*

in general, annual ranks of Stage 2 abundance at the larvae was directly related to the adult reproductive
three river stations were similar to those of Stage I capacity under the assumption that egg hatchability.

(Fig.12). This implied a similar annual rate of larval was similar among years. De consistency of this
loss (mortality and flushing) during larval develop- relationship implied good precision in the sampling of
ment from Stage 1 to 2. Annual abundances at Stage 1 larvae and, additionally, that egg production
stations B and C were almost identical. Stage 2 larvae esumates were a reasonable index of annual reproduc-
occurred predominantly in the river, but were more tive capacity. {
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TABLE 15.' neseria af Spensman's red <mder eerselsmens annons sianons for ibe sanani cumulssive abundance of each " . * * mese
-

,

_ silarval wisest Senadorisosa 1983 lbsough 1994.

anage tanica B C EN NB .

1 A 0.9301* E9091 0.7496 0.7413

CL0001 ** R0001 " 0.0050 * E0058 "

B 0.8811 0.6235 0.7063

0.0002 " E0303* R0102 *

fC E6445 E7133 .
i

*

amm. a0w2 "

EN 0.F186 ,
,

&O622 NS ,
,

t

2 A E8601 ED92 R3077 0.3497

E0003 " 20006 " R3306NS E2652NS
*

i

B 0.9231 0.5315 R6084

0.0001 " 0.0754 NS 0.m58 *
:

C 0.5245 0.5175

0.0800 NS 0.0849 NS

EN n8182 ;

E0021 *
t

3 A 0.8532 0.3846 R4825 a2727

0.0004 " 0.2170NS 0.1121 NS 0.3911 NS ,

B 0.6573 0.5035 R3846 |
0.0202 * E0952 NS 0.2170 NS

'

|

C 0.4685 0.7622
0.1245 NS CL0040 " ;

EN- 0.7063
R0102 * ,

4 A 0.3803 0.3240 0.5071 OJ679

0.2227 NS 0.3043 NS 0.0925 NS 0.0541 NS

B 0.7413 0.0629 0.2907

0.0058 " 0.8459 NS 0.3593 NS ,
.

5
C 0.0420 0.1856

0.8970NS 0.5635 NS e

EN 0.4168
0.1777 NS ,

?
*

* De two magistacs shown in end correlanen mania element are:
sorrelanen -F-=r (r), and .

' ' "j of a larger r (NS . not ar=Em ip > 0.051, * . mr=*== a p 5 0.05, ** . mr=Re-aatp5a01) |
*

,

+

Dates of peak abundance, estimated from the inflec- and NB combined) for each developmental stage (Table i

tion point p of the Gompertz function (Eq. 2), were 16). Dates of peak abundance of Stage l iarvae could

used to compare the times of occurrence in the river not be estimated for bay stations because this larval- .

(station A, B, and C combined) and bay (stations EN stage was rarely collected there and, similady, for ;

!
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~ { a0 -r. o.7ss | Stage 4 in the river during 1993 because of low
P = 0m abundance. In 1994, the dates of peak abundance ofg

15- 4 Stage 11ervac in the river were much later than during
g

the previous 11-year penod. Based on water tempera.'

a.

tures of 2 to 3*C during February (Table 6) and egg,

10-
incubation times reported by- Buckley (1982), peak
spawning generally a curred in early to mid-February.

5 so. s o,1 but may have occurred later in 1994. Buckley et al.k- g Y &,7
g Y (1990) reported that egg developmental time was,

I"''"'Iy to waar tempenture during oocyte
s I'0 l's do is 40 maturanon and egg incubation. Colder 1994 winter

.

M PMW W) water temperatures could have delayed hatching.
,

.
Comparison between the 1983 94 February water

Fig. 14. The reistionship (functional regression)
28nperatures (Table 6) and the annual deles of Stage 1

between annual Stage I abundance in abe Niantic River,
estimaasd from the a parameter of the Gompers: function, peak abundance in the river showed a significant*

and egg production fmm 1984 through 1994. negative relauonship (Spearman's rank-order correla-
tion coefficient r = - 0.599; p = 0.040). Iaaer peaks

^ tage in abe Niantic River and Bay and theTABLE 16. Estanated deses of peak 6-d- oflarval winter f6 Ar for each ;.. * s,

somber of days -. , ' ; so the 955 con 6denes interval

Year Saase 1 Stage 2 Stage 3 Sense 4

Ninnric River

1983 March 5 (3) Enh 15 Q) Aprilis (1) by 2 (4)
1984 mrch 7 (5) Manh 9 (5) April 24 (5) May 19 (10)
1985 Mank it (1) Mank 16 Q) April 25 Q) May16 Q)
1986 February 26 (1) Mank 11 (5) April 20 Q) hy 12 00)
1987 March 10 Q) Manh 17 Q) April 20 Q) Ey 9 (4)
1988 Febmary 29 (1) Manh 9 (1) April 7 (4) May 1(5)
1989 March 8 (6) March 12 (5) April 14 0) hy 11 (9)
1990 Febmary 17 Q) Iobruary is (5) April 21 Q) May 9 (14)
1991 February 27 Q) Mant 14 (11) April 13 (5) Ayd129 Q)
1992 Mank 16 (4) Apm ~Q) April 16 Q) May 2 Q)
1993 Erch 9 Q) March 14 r 8) April 11 Q) '

1994 Wrch 22 (4) Mont 31 s5) April 24 (1) May 10 0)

Niantic Mav

April 7 Q) April 23 (1) May 10 (4)19s3 .

April 8 Q) May 4 D) May 25 (s)1984-- -

'
19s5 April 1(4) April 29 (6) May is Q)-

April 5 00 April 2s Q) Wy 11 Q)1986 -

April 6 (6) April 28 Q) by 16(4)1987 -

*
March 24 0) April 22 Q) May 9 (5)1988 -

1989 April 13 (1) April 23 Q) hy 17 Q)= -

1990 Apr0 3 (s) April 23 Q) Wy 7 (5)-

1991 Erch28(5) April 110) April 29 (4).

April 15 (4) April 30 Q) May 7 (4)0 1992 -

1993 April 3 (44) May 6 (s) May 23 (11).

ApeG 14 c) my2Q) May 20 0)1994 -

* Due tolow abundance durins the 1993 samphag, the Oosapenz function could not be fined to the desa.

WinterFlounder 45

|

|. .
.. . . .. .. _. _- .



- - . - - . -. . - . - . - - _ . . - . . .- -

)

wem also evident of Stages 2 and 3 larvas in the river do- STAGE 1

and bay, but were similar to some other years. His j
may have been related to the effect of water tempera- 30- j

ase on egg and larval developmental rates, as the (
1994 =a==a==1 winter temperature was about 1*C 20 I

lower than the long-term everage (Table 7). By Stage |
4 of development, the dates of peak abundance in 1994 !

.

"'
in the river and bay wese about average w...M to i

the previous years, suggesting accelesated develop- ;
0mental rate that compensated for the later peaks in i . i i i.... .. ... )
22 34 44 54 sm 7A sm em jprevious stages. His may have been due to near-

average water temperatures during spring in 1994 i,,

(Table 7) and the positive retaeinnahip between water so- STAGE 2 [.

temperature and larval developmental rate that is i
'

40-a= ====i below. !

**' '
Developmentandgrowth

'
De length-frequency distribution of each larval

stage has remained consistent since developmental to- t

stage determination began in 1983 (NUSCO 1987, p" i

1988a, 1989, 1990, 1991b, 1992a, 1993, 1994a). O ". .. ."...... .... !
2D sm 44 54 as 74 sa em t

Stage-specific length-frequency distributions by
0.5-mm size-classes in 1994 showed some separation
in predominant size-classes by developmental stage, 20- sTAGEa j

which was particularly evident in the later stages (Fig. |
15). Stage I larvae were primarily (76%) in the 2.5 15 ;

to 3.0-mm size-classes,86% of Stage 2 were 2.5 to j
3.5 mm,80% of Stage 3 were 4.5 to 7.0 mm, and io. |
89% of Stage 4 were 6.5 to 8.5 mm. Dese consis- ;

tent results from year to year indicated that develop- |
5-

mental stage and length of larval winter flounder were |
closely related. Dese data agreed with laboratory '

i

c . il . . . . . . . . . . r1 .", :studies on larval winter flounder, which showed that 0 .
i 22 3D 42 54 64 ^ 74 as emthere were pos tive correlations between growth and

,

developmental rates (Chambers and Leggen 1987; *

Chambers et al.1988). His relationship was the 80- STAGE 4 !

basis for the estimation of developmental stage from i

length-frequency data. |
De length-frequency distributions of larvac (all 20- * !

stages combined) collected in the Niantic River j
(stations A, B, and C combined) were different from y >,

'
those obtained for Niantic Bay (stations EN and NB g10- ,

combined)in 1994 (Fig.16). Difforences in size-class !
distribution between the two areas were consistent g" {
with previous findmgs (NUSCO 1987,1988a,1989, 0 *

'"
. . . . .. . ... . .

2D as 4s so em 7A se es1990,1991b,1992a,1993,1994a) and the pattern
N"*)seen in spatial distribution by developmental stage, i

whese Stage 1 and 2 larvae were more abundant in the Fig.15. 1.angth-frequency distribuuan of larval winter
*

river than in the bay (see Figs.12 and 13). Smaller flounder by developmental stage for all sww com.
size-classes predominated in the river, which had about bined in the Niantic River and Bay dunns 1994. (Note

that the vertical scales differ among the graphs). j

i
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i40- RIVER significantly (p 5 0.001) different from aero (Table j
17). In addition, most intercepts of the linear regres- !

30 sian were about 3, the approximate sine of winter i
flounder larvae at hatching. Annual growth rates for !,

station EN were variable and ranged from 0.048 to :20- .

0.100 mm day *3, with 1994 about average. To i
validate this amtmarian technique, growth rates were""
estimated from length data collected at station ITA

;

. . .M.n.n n.n n.U.n.r.
fran M ermish im (NUSCO IM); annual

o growth rates were highly correlated (r = 0.89; p 5e . ...
a.o s.o 4.0 so s.o 7.0 a.o e.o

0.001) with those from anseinn EN.
,

!

In laboratory studies, water temperatae affected the i
* 15- nAy growth rate of winer flounder larvae (Lamence 1975;

;*
NUSCO 1988a). To examine the effect of temp- _!.

erature on **Imand annual growth rates, mean wata |
|10- tempentures in Niantic Bay, deter =Inad using data ;.

E collected from continuous recorders in the intakes of
$ Units 1 and 2, were calculated for a 40-day period i

2 5- starting at the beginning of the week when the first ;

larval length measurements were used to estimate the !

Il. . . . . . . . . . . . . .n .
annual growth rate (Table 17). Startmg points varied '|0 from February 28 (1993) to April 3 (1977). A

'

a.o s.o 4.o .o . .o a.o e.o
positive exponential reladonship was found between ;

growth rate and water temperature (Fig.17). A ;

Fig.16. langth-frequency distribution of larval winter similar exponential relationship of temperatue to
'

flounder in the Niantic River and Bay dunng 1994. (Note growth was reported for larval plaice by Hovenkamp i
that the vertical scales differ between the srapis). and Wine (1991). If temperatae affects growth rate, ,

then the length of a larva at a specific time during the |
74% of the larvae in the 3.5-mm and smaller season should be related to water temperatwes to
size-classes. By contrast, more than 74% of the larvae which it has been exposed. "Iherefore, the mean

"j

in the bay during 1994 were in the 4.5-mm and larger length of larvac collected at station EN during the ;

size-classes. A slight increase in frequency oflarger period of April 1 15 for each year was compared to the
size-classes in the river has been apparent in some mean March water temperatures (Fig.18). Again,
previous years in the river (NUSCO 1987,1988a, these was a positive relationship with larger mean i
1989,1991b,1992a,1993,1994a), suggesting that lengths associated with warmer March temperatures. |
some older larvae were imponed to the river. Import The small mean length in 1994 was menaciaws with i
of larger size-classes was apparent in the length- one of coldest average March water temperatures

|frequency distribution at a station in the river mouth durmg the 19-year period. I
sampled in 1991-93 during maximum flood current As concluded previously from comparisons of i
(NUSCO 1994a). annuallength frequency distribunon and developmen-e '

Length-frequency data from entrainment colleconns tal stages, growth and larval development were found j
taken from 1976 through 1994 (star.an EN) were used to be closely related. If water temperstme affects i

*
to estimate larval winter flounder growth rates in growth rates, then it should also affect larval devel-

J
Niantic Bay. Weekly mean lengths during a season opmental time. The timing of peak larval abundance

*
i

formed a sigmoid-shaped curve (NUSCO 1988a). 'Ihe should therefore be related to the rates of recruitment
linear portion of the sigmoid curve usually occurred and loss (including mortality and juvenile meta-.
during the middle of the larval season and growth sales morphosis), which, in turn, would be affected by ,

were estimated by fining a linear model to individual larval development. Annual dates of peak abundanz
larval length meassements over time _ during that of larval winter flounder collected at EN were nega-
particular period. 'Ihis model adequately described tively correlated to the mean water temperature in
growth and all slopes (growth rate as mm day'1) were March and April (Fig.19). Earlier dates of peak
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TABLE 17. Annuallarval winter flounder growth miss in Niantic Bay as an==a-d fross a linear regression Sned so length dasa -11=ad as i

nation EN. "he 955 eanfidence intervals and sneen weser taunperstmas during the Erst 40 days of the time period are also given. -

i

71me period Growth vote 955 eenfidence Mean weser !

Year included" (aun day 8)' interval assapersaare (*C)b
'

i
1976 March 21.my 2 a100 0.098 0.102 7.0 !

1977 AprG 3. June 5 OM6 0473 0479 E7 !

1978 Mardi 26. Joe 11 a055 0A52 0.056 4.5 t

1979 Mardi 25 Jae 10 0.058 C.056 0.000 5.9 |
1980 Mardi 23 June 8 0.060 0.058 0.062 5.9 ;

* '
1981 AprG 5. May-31 0.064 0.061 0.067 7.3
1982 Erdi28 Mey 30 0.063 0.060 0.066 5.8 ;

1983 hah 6 May 22 6056 0.054 0458 5.2 '

19M Mardi 25.hy 13 a069 OA66 022 64 +

1985 Erch 17. June 2 E059 OA57 0A61 60 =

'

1986 E rdi30. h yiI COM 0.087 0.101 7.6
1987 Erch 22 -my 17 E079 0M5 0.083 7.0
1988 March 27.my 8 0.088 0.083 0.093 7.1 . '

1989 ' hrA 26. May 7 R069 0.060 028 7.0 j
1990 Mardi 4.May 13 M1 0.066 0.076 5.3
1991 March 10. Apru 21 0.059 0.048 0470 4.7
1992 Manh 15. May 3 n064 0.059 0.069 5.5 :

1993 February 28.My 16 0.048 0.040 0.056 3.3
1994 March 27 Jme 12 N6 0.070 0.082 E5

,

r

!
* Time period of the weekly mean lengths used to estimate growth rate. t

Mean during a 40< lay period starting at the beginning af the week that the first weekly mean length was used in estamating growth snee. |b

[

T

f0.10- V 5 z,mg 31
,2 , ,,3, 9

-
r es.

p < 0.001 Y 4.5 .'
' '

f
"

A, " " as.V ' iE 4 .es ,,,, 'a a a. l. J a ''n
.

O.06- %1 sk 81
" $ 82 79 |

$ * 31
'

Y - m. 0 8.'
;

CA4 2.5",,,,,,,,,,,,.,,,,,,,,,,,, ., , , , ,

'
3 4 5 6 7 8 1 2 3 4 5 6

MEAN WATER TEMPERATURE (*C) MARCH TEMPERATURE ('C) :

Fig.17. The exponential relationship between mean Fig.13. The relationship between annual mean March i.

water : . a-e T (*C) and the estimated growth rate G water temperature (*C) and the mean length of winter
(mm per day) of winter flounder larvae at station EN from flounder larvas durmg April 115 at station EN for 1976 i

0 i
1976 through 1994 (G = 0.029.e .1427). through 1994. .

abundance were associated with warmer mean water dates of peak at =-M- t Although the March watar ;
'

temperatures. 'Ihis agreed with the sesults of Laurence temperatures in 1994 were below the 1976-94 mean
'

(1975), who found that winter flounder larvae meta- (Table 6), the near average temperature in April
morphoned 31 days earlier at 8'C than at $*C Annual apparently resulted in a date of peak abundance in the +

dates of peak abundance varied by 41 days during the mid range for the 19-year time-series. Despite the
17-year period, possibly because of a 3.6*C difference wide range in annual growth rates, a consistent !

in the March-April water temperature between the relationship was found between length-frequency i

earliest (April 13,1991) and the latest (May 23,1978) distribution and stage of development (Fig.15). This [
;
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MAY 20- O period (Table 18). Again, a linear model provided a

k good fit and slopes (growth rates as mm day *3) were
i

to
E MAY lo - ea3.st

highly significantly (p 5 0.001) different from zero.
Growth oflarvae in the river was similar to laboratoryg s2 afe4,
growth rztes of 0.104 and 0.101 mm. day-3Q APR 30 - *g

*.of water temperatures of 6.9 and 7.5'C, respectively
at mean

1

g APR 201 r2- eE3 4 es. .a7
ase b .

(NUSCO 1988a). An annual mean water temperature
was determined from surface and bottom temperaturesAPR to j p a m 7e c'e
measured at the time of sample collection durhig a
6-week period starting the same week from which the

MARCH-APRIL WATER TEMPERATURE ('C) I
*

,

calculation. Prev onsly, there was no apparent*
Fig.19. The relationship between March-April mean relationship between growth rates in the river and
water temperature (*C) and the annual date of peak warer temperature, but a negadve relationship was
abundance (estimated from the compertz function) of

found between growth and the abundance of Stage 2*

winter flounder larvae at station EN from 1976 through larvae, suggesdng densitydpendent growth (NUSCO1994
1990,1991b,1992a,1993). The annual index of

was consistent with laboratory observations of larval Stage 2 larval abundance was the a parameter (Eq. 2)

for all three river stations combined (Table 18). Thewinter flounder as Chambers et al. 1988) found that,
abundance of Stage 2 larvae was examined becauseat metamorphosis, age was more va(riable than length

and larval age and length were independent. during this developmental stage larvac begin to feed.

Growth rates were also estimated for Niantic River
With the addition of 1993 and 1994 data, this density-

larvae using length data from station C with the dependent growth relationship was no longer signifi-

methods given above. Station C was selected for this cant (p = 0.421) when tested with a functional

analysis because all developmental stages were col- regression. Because there was a strong relationship
between growth and water temperature in the bay,lected there in abundance (Fig.12). Estimated growth
both Stage 2 abundance and water temperature wererates for larvae from the river were generally greater
used as independent variables in a multiple regressionthan for larvae from the bay and the rate for 1994 for
model to examine growth rates. Prior to conductingthe river was among the lowest during the 12-year
multiple regression analysis it was determined that the

TABLE I1. Annuallarul wirser flounder growth rates in the Niantic River as estimated from a imear regression fit to length dsta mfw A
station C 'Ibe 955 confidence intervals for the growth rate, mean water temperatures during the first 6 wecis of the time period and tha at

annual abundance indices of Stage 2 larvae in the river are also given. , e

Time FM Growth rate 95% ccstfidence Mean water Stage 2Year included" (mm day 3) interval s~a-rature CC)* ah _= dance i A '
1983 Mad 20- May 1 0.100 0.096 0.104 6.1 7491984 March 25 May 6 0.100 6094 0.105 6.4 1.501

!, 1985 March 31 - May 26 0.084 0.080 0.088 7.7 4,6761986 March 23 May 4 0.109 a103 0.115 8.0 1761987 Mad 22 May 10 0.099 0.095 0.103 7.2 8291988 Mad 20 May21 0.099 a094 -0.104 6.8 4,469f* 1989 March 26 May 21 0.087 0.082 - 0.092 7.4 3.9761990 March 25 May 13 0.106 0.099 0.113 73 3651991 March 10 Apr0 28 0.123 0.114 0.132 6.9 2521992o March 15 May 17 0.088 0.083 0.093 5.7 1,3671993 March 7 - May 16 0.070 0.065 - 0.075 4.1 1331994 March 20 -May 29 0.072 0.068 0.076 4.7 1,248

* Time period d the weeldy mean lengths used to estimate growth rate.b

* a parameter from the Gampertz functice for Stage 2 larvae in the Niantic River (three stations combined)Mean during a 6.weel period starting the week of the first weekly mean length used is, estimating growth rate.
.
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two independent variables were not correlated 2 weeks after hatching. Based on the estimated
(Spearman's rank-order correlation coefficient r = growth rate in the river for 1984 of 0.072 mm day'3
0.126; p = 0.697). The multiple regression was (Table 18), it would require about 14 days to grow

2significant (p = 0.010; r = 0.643), with the coeffi- from 3 to 4 mm. The above 89% decline between
cient for temperature being positive and for Stage 2 these size-classes would be equivalent to a mortality

abundance negative. Rese results suggest that winter of about 15bday*3, sirailar to that reported by Pea cy

flounder larval growth in the Niantic River may be a for young winter flounder larvae in the Mystic River.
function of both water temperature and larval density. Laurence (1977) found that winter flounder larvae had
A laboratory growth study of larval winter flounder a low energy conversion efficiency at first feeding
held at 8*C showed a decrease in growth rate as prey (i.e., Stage 2) compared to later developmental stages. -

densities decreased (Laurence 1977). This study, and that it was probably a " critical period" in larval

along whh the apparent density-dependent growth in development. Hjorleifsson (1989) showed that the
*

the Niantic River, suggest that as the number of ratio between RNA and DNA, an index of condition
"

feeding larvae increased, the numbers of available prey and growth rate, was lowest at the time of first feeding

declined to levels less than optimum for larval of winter flounder (about 4 mm) and that these ratios
growth. were affected by food availability. De " critical .

Slight declines in gmwth rate caused by less than period" concept, hypothesized by Hjort (1926), was

optimal food, unfavorable temperatures, disease, or discussed by May (1974) for marine fishes. In ma::y
(' pollution leads to longer developmental times, during cases, the strength of a year-class is thought to be

I which high rates of mortality have a profound effect determined by the availability of sufficient food after

on recruitment (Houde 1987). Food availability and completion of yolk absorption.

water temperature appeared to be the two most Predation may be an important cause of larval

important factors controlling larval growth (Buckley winter flounder mortality, ne escape response of

1982). Although laurence (1975) demonstrated that larval winter flounder to predators was studied by,

'

the metabolic demands of larval winter flounder in- Wi!!iams and Brown (1992). Rey found that escape
| creased at higher temperatures, the growth rate also response increased with increasing larval size, but

increased if sufficient food resources were available, remained slower than that of other larval fishes
and other laboratory studies (Laurence 1977; Buckley examined. Larval winter flounder may be vulnerable

1980) showed that larval winter flounder growth rates to both fish and invertebrate predators. Although

I depend epen prey availability. In summary, growth susceptible to attacks by planktivorous fishes, the

and development of larvae in Niantic Bay correlated occurrence and abundance of fishes that could poten-

with water temperature, but in the Niantic River tially prey on larval winter flounder is low, particu-

gmwth appd to be an interaction of water temper- larly during the early portion of the larval winter

ature and density-dependency. flounder season. Most predation is likely by inverte-
brate contact predators, including carnivorous

Mortality copepods and amphipods, enidanans, and etenophores.
There are numerous accounts of jellyfish preying

Based on length-frequency distributions in the river upon and affecting the abundance of fish larvae.

during 1994 (Fig.16) and previous years, most winter Several species of hydromedusse and the
flounder larval mortality occurred between the 3.0- to scyphomedusan Aureliaaurita prey upon Atlantic e

4.0-mm size-classes. In 1994 there was about an 89% herring larvae (Arai and Hay 1982; Mo!!cr 1984). and

decline in frequency of occurrence between these two laboratory studies with Atlantic cod (Gadus morhua), ,

size-classes, which included yolk. sac (Stage 1) and plaice, and Atlantic herring have shown that the
*

first-feeding Stage 2 larvae. His initiallarge decline capture success by A. aurita increased with medusal

was fo!! owed by smaller decreases to the 5.5-mm sim- size (Bailey and Batty 1984). Evidence of a causal

class, indicating a reduction in the mortality rate. predator-prey relationship on tarvae of plaice and .

Pearcy (1962) reported a greater mortality for young European flounder (Plarichthysflesus) by A. curita

winter flounder larvae (20.7% day-1) compared to older and the etenophore Pleurobrachia pileus was reported

indkiduals (9.1% day'3), in a laboratory study on by van der Veer (1985). However, predation by these

I wiate flounder larvae, Chambers et al. (1988) reported species was believed to only terminate the plaice

| di-2 larval mortality was concentrated during the first
larval season and did not ultimately affect year-class

50 Monitoring Studies,1994

. _ _ - - - _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ ._ -



- _ _ - _ _ _ _ _ _ _ _ _ _ - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ -

strength (van der Veer 1985; van der Veer et al.1990). Niantic River with the occurrence of lion's mane
Pearcy (1962) stated that Sarsia rubulosa medusac jellyfish medusae, for other years there was no
were important predators of larval winter flounder in relationship between annual larval abundance at
the Mystic River, CT, and had greatest impact on stadon A and annual mean jellyfish volume. De
younger, less mobile larvae. Crawford and Carey decline in larval abundance at station A may also be

(1985) reported large numbers of the moon jelly (A. attributed to a gradual flushing of larvae out of the
aurata) in Point Judith Pond, R1 and believed that they upper portion of the river and, thus, a definitive
were a significant predator oflarval wimer flounder. predator-prey relationship cannot be stated.

A possible predator of winter flounder larvae in the The possibility of density-dependent monality of.
Niantic River was medusae of the lion's mar >e jelly- winter flounder larvae was examined using a function

fish (Cyanea sp.), which was pre"alent in the upper (Eq. 4) provided by Ricker (1975) that requires
poruon of the river at station A. .farsha!! and Hicks estimates of annual spawning stock size and larval.

(1962) also reporld fiatjellyfish were abundant in the recruitment. The annual egg production estimate ina

upper river. A MW.ary study showed that winter the Niantic River (Table 13) was used as a measure of
flounder larvae contacting the tentacles of the lion's spawning stock size. ne a parameter from the
mane jellyfish were stunned and ultimately died, even Gompertz function fit to the abundance of 7-mm and*

if not consumed by the medusa (NtJSCO 1988a). larger larvae collected from 1976 through 1994 at sta-
During 6 of the 12 years (1983,1984,1986,1989, tion EN was selected as a measure of larval recruit-
1990, and 1994) that larvae were sampled at station A, ment, even though many of these larvae may be from
weekly mean larval abundance was negatively corre- other sources (see Mass-balance calculations below).
lated (p $; 0.05, Spearman's rank-order correlation Larvae in the 7-mm and larger size-classes were used

coefficient range of -0.736 to -0.927) with weekly because they would soon metamorphose into juve-
mean jellyfish volume during the period when both niles. A larval recruitment inder was calculated by
medusae and larvae were collected. In 1994, jellyfish taking the logarithm of the ratio of the a parameter
abundance was below average compared to previous for 7-mm and larger larvae to the egg production
years (Fig. 20) and during some weeks abundance was estimates. This value was plotted against egg
below the 95% confidence interval for the 1983-93 production estimates and the slope determined with
period Although during some years there appeared to functional regression (Fig. 21). Although there was
be a relationship between the temporal decline of some scatter around the relationship with the 1993 |
winter flounder larval abundance at station A in the data point the most aberrant, a significant (r = -0.605; |

p = 0.008) negative relationship was found, indicating '

25- that compensatory mortality occurred during the
- - -- 1983-1993

k
5 '~ ;, .=2g- iw4 s2*

e H*h
E15- $ * ' 84

4 7

Mg 7) es3

- a . s,
- -

W ,.. e3 .m as...

- e s7 . at.

/ -j 89 68 * s82'3

$s. J.. /* it
...

.
'-

' ' ' ' ' ' ' '

}-p y-f N 5 l0 l5 2O 25 3O 35 4O 45 5'O )0 , , ,

17 24 3101724 31 7 14 21 28 5 EGG PRODUCTION (X 10 ) )8

'
* FEB MARCH APRIL l# Y

Fig. 21. The reladonship (functional regression)
between the annual winter flounder egg production in the

Fig. 20. Comparison of Cyanea sp. weekly mean Niantic River and the larval recruitment index (logarithm
volumes collected in 1983-93 (with 95% confidence of the ratio of the annual abundance of 7 mm and larger j
intervals) to weekly volumes in 1994. Collections were larvae to the egg production) at station EN from 1976 I

made at station A in the Niantic River- through 1994.
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winter Sounder larval period. Because there was density dependent larval mortality may have occurred i

increasing evidence that many of the winter flounder in the Niantic River, except for the anomolous 1993 :

larvae collected at station EN did not originate from year-class. I

the Niantic River, this compensatory relationship i
suggeseed that annual egg production estimates for the 4- , , , , , , . ,

''Niantic River were consistent with regional trends in p - 0 028 as + iE * "
wines flounder egg producoon. !

Because the egg production estimate was used in 3- E y |

calculating the larval recruitment index above, a ,9 i
,,

possibility existed of introducing correlation between 82 g ,

2 %, ;the independent (egg production) and dependent

|.- 4 !(recruitment index) vanables. Derefore, another
approach for detecting the presence of density-depen- i.

}dont larval mortality for the Niantic River stock was I
i i i i a

5 to 15 20 25 iused, where annual larval mortality rates from the
8

river were compared to estimates of river spawning EGO PRODUCTION (X 10 ) ;

stock size (i.e., egg production). Total larval mortal. -

Fi rdadasQ %dd ryssiWity in the river for 1984-94 ranged from 82.4 to '

, h me annud wimer fle egg Wie in the
97.9%, with a mean instantaneous rate (Z) of 2.72 Niantic River and the larval recruiunent index Gogarithm ,

(Table 19). To determine if density-dependent naal- of the ratio of the annual abundance of 7 mm and lorser i
ity could be identified in the larval stage, the values of larvae to the egg production) at station EN from 1976 L

Z were compared to egg production estimates using through 1994 with 1993 data excluded. !

functional regresdon. With 1933 data included, there
was no significant (p = 0.138) relationship between Juvenile winter flounder :

mortality and egg production estimates. Dis was }
because in 1993 the lowest annual larval abundance Age-Ojuveniles (summer) :

index in the Niantic River occurred when the mortality f
rate was among the highest (Tables 14 and 19). Abundasee. Although beam trawls are much
Therefore, when 1993 data were excluded from the more efficient than small otter trawls for collecting
analysis, a significant (r = 0.658; p = 0.038) positive juvenile flatfish (Kuipers et al.1992), the densities of
relationship was apparent, such that when egg young-of the year winter flounder reported below

,

production and larval abundance increased, larval should be regarded as minimum estimates because of |
mortality also increased (Fig. 22). His indicated that collection inefficiencies. For example, using a beam j

trawl Berghahn (1986) caught more young plaice at 1

TABLE 19. Esameted inrval winter flounder icial monalmy ham night in comparison to samples taken during the day i
heistuns to the 7em sias class. and Rogers and I.cekwood (1989) showed that replac- |

ing tickler Chains normally used with even heavier, :Abundance indes
jse,1y 7mm neonaliry Innen-. spiked chains nearly doubled catches. Efficiency of .

Y .r nached eine-class (s) monainy reie the NUSCO 1-m beam trawl was discussed in i

NUSCO (1987,1990). Large mats of the alga i

,"" gf.ris E8'eromorphaclathrata, which hampered sampling |
*

3 *

19s6 2,483 43s 82.4 1.73 efficiency a the Niantic River during 1993, were not !

1987 6.480 474 92.7 2.62 present this year. '
.

19ss 24.561 67s 97.2 3.59 Despite only average production of early stage -|.

19s9 19,192 394 97.9 3.ss larvae in 1994, the abundance of Stage 4 larvae was i
'

1990 7.915 653 91.7 2.49 relatively high (Figs.12 and 13). Following their
~

$ [mo metamorphosis, numbers of young in the Niantic2 *
'

609
1993 1,874 ss 95.3 3.06 River were also high in 1994, with densities of more

1

3994 7,270 761 89.5 2.26 than 1 fish.m 2 found during the first 2 months of !

sampling at stations LR and WA (Fig. 23). Initial !
mean = 2.72 recruitment and peak abundance of young was greater

!
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. which few winter flounder were produced, the 1994g 300.: g 3gg4

. g 22 i
year-class ranks with 1988 as one of the most abun- '

.

dont of the past decade.'

,

.g i .. Growth. Increases in mean length over time wese !200,

. -

150': N med m express gmwm M agd h M. A
'N consistent, mlatively rapid increase in biweekly mean ;.

. 1004 lengths was observed from May through late June !*

(Fig. 26), which was also typical durmg other years *

- 50 :. sampled. Smaller increases in mean lengths occuned |
4

| * 0' through the end of sampling in September. Fast, , , , , , , , , ,

MAY JUNE JULY AUGUST SEPTEMBER growth after settlement fouowed by a rapid M== in :

; .. growth rate was also reported for young winter !

'.;' flounder in New Jersey bays by Sogard and Able ;

I a 300 (1992), who reponed nearly .i4;ble growth by !

E WA 1994 the time young reached 50 mm in length. Growth of |:

| 250,g age.0 winter flounder in the Niantic River was less. ,

E2004 A variable than abundance as the weekly means had ;
-

E % relatively small confidence intervals. It is likely that '*

1504 \ growth compensation occurs in winter flounder where -

1004 size at-age, which may diverge in larval stages, ,

converges during the early juvenile phase and pro-
| 50;: gress ve declines are seen in size-at. age differences
2 0 (Bertram et al.1993)., , , , , , , , , ,

MAY JUNE JULY AUGUST SEPTEMBER Mean length of young at LR during late summer
(July through September) of 1994 was 40 mm, in

Fig. 23. Weekly mean CPUE (12 standard errors) of contrast to a mean of 61 mm in 1993 (Table 21). The .

age-o winter flounder taken in the Niantic River during man d 39 mm a WA was &c lowest obsuved a ~i
1994. (Note that the vertical scales differ among the e ther river station during any year. 'Ihc relatively
3r*P s).h g gg

in n me years (e.g 1983,1984,1989, and 1993) and
.

!
at WA than at LR, but the decrease throughout

***" "'" I*"I ' " I " N' **'' "'I
'

summer was greater at WA. Similar to observations abudant may be indMe of denskyQndentmade in several other years, a small increase in
8"* * "" " " ' " * " "" !abundance occurred at WA during the last day of study (e.'g.,1988), as other environmental jyears

sampling in September, perhaps the result of addi-
factors also influenced gmwth of young wtater

tional fish entering shaHow water once water temper- nda. Gmwm was Ekely a& cud by watu
atures began to decrease from late summer peaks. ;

tempaatse and enn &mgh fasta smw& mcun in !
Saucerman and Deegan (1991) also found that young

wann Walen, optinnat smw& ternpwatwes can be
winter flounder r-a-l~' to warm water temperatures 3

exceeded (Sogard and Able 1992). Bergman et al. jduring late August in Waquoit Bay, MA by moving
(1988) and van der Veer et al. (1990) noted that j

~
into deeper water and returning to the shallows after

growth of young plaice m northwestern Europe wasgg, , g ,,,y,, ,

n t fmd4rnited, but was plated to prevahg watu
'

Abundance indices for early summer at both LR.

(128.8100m 2) and WA (126.3) were only exceeded 2mperstmes and he hg6 d he Wg masm h
;. dMerent nunery areas. Fur &amme, GA grew maeby the density of 156.6100m-2 for LR recorded in

YM C W8HnN nun #y smunds ha embayments
1990 (Table 20). Abundance indices for the second ;

than did fish setding on beaches in the cooler North i*
half of the summer at LR (62.9) and WA (49.2) were
greater than any of those found during 12 years of Sea. Water temperatures were particularly warm I

g1 ,88peciaHy in July Fable 6); thissampling in the river. A plot of moving average
densities for each station illustrated the relative y affeced smw& by Mg nspuntry and 4

other metabolic demands. Bergman et at (1988) and |strength of winter flounder year-classes since 1984
(Figs. 24 and 25). In comparison to 1993, during Zijlstra et al. (1982) re-examined reports by Steele and j
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. TABIR 20. Sensaral 1.m beam sowl enedun CPUE (number 100m 8) of ale 4' winner flounder at two stanons in the lower Nianne River (LR
and WA) from 1983 throu8h 1994.

Median 955 confidence Coefficient
Survey Tows used CPUE interval for of
year * Susion Season * for CPUE estimais snadian CPUE siwwness'

1983 1R Early , 30 32.7 204 -50.7 2.29
1R Late 27 10.0 8.0 13.3 0.49

1984 IR Early 40 18.8 16.7 25.0 0.63
*

1R Lane 36 63 3.87.5 0J8
WA Late 32 11.3 8.0 17.5 0.94

.

1985 1R Early 40 13.3 104 163 0.91 *

1R Late 32 7.0 6.03.0 0.97
WA Early 40 15 4 104 20.0 0.81
WA Late 32 94 8.0 10.0 0.70 .

1986 LR Early 39 33.8 23 3 - 40.0 033
1R Late 36 13.8 12.5 17.5 0.80
WA Early 40 21.7 12J 267 1.49
WA Late 36 18.1 15.0 20.0 2.03

1987 IR Early 40 59.2 533 73.3 0.12
1R Late 36 17.9 12.5 - 26.7 0.70
WA Early 40 283 21.7 38.3 0.27
WA Less 36 10.6 60 13.8 0.83

1988 1R Early 40 613 52.5 72.5 0J7
1R Late 36 60.0 50.0 70.0 1.17
WA Early 40 40.0 32J-51.7 0.13
WA Late 36 38.3 333 51.7 0.22

1989 1R Early 40 17.5 11.7 21.7 0.09
'

IR Late 36 8.8 7.0 11.3 0.84
WA Early 40 10.0 L3 13.8 1.16

*

WA Lais 34 5.5 4.0 -10.0 0.66

1990 1R Early 40 1563 137.5 - 1873 145
1R Late 36 20.0 15.0 52.5 1.10
WA Early 40 68.8 '50.0 95.0 0.62
WA Late 36 13.5 104 19.0 1.20

1991 IR Early 44 77.5 51.7 - 90.0 0.96
1R Late 36 21.7 18.3 28.3 0.75 ,

WA Early 44 37.9 30.0 433 134
WA Late 36 25.8 21.3 31.7 1.27

1992 1R Early 40 90.0 57.5 -122.5 1.16
*

1R Late 36 28.1 23J - 33.3 0.51 =

WA Early 40 74.6 56.7 82.5 1.35
WA Late 36 304 275 32.5 0.23

.

1993 1R Early 20 10.6 7.0 15.0 0.68
1R Late 20 5.0 3.0 7A 1.15
WA Early 20 SA 3.3 - 7.5 2.57
WA Late 20 53 44 10.0 0.77
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TABt.E 20. (omuinued).
i

Median 95% confidence CoefEcient
Survey Tows used CPUE interval for of
year' Stasian Season * for CPUE essi.ais -A= CPUE skeweessa

1994 IJt Early 20 12s.s 125.5 - 172.5 03:

IJL Lais 20 62.9 3s.3 75.0 0.26
WA Early 20 126.3 923 192.5 031
WA 1.ase 20 49.2 35.0 55.0 0.79

.
* For age O ruk, abe year-clan is the same as abe servey yeer.

* Early ses am t io lass May enoush July and lese to Ansuss ihmush hg===4-
.

. * z m for synuneirisally duintmi.d 4.ia. ,

e

Edwards (1970), Lockwood (1972), and Rauck and single-age cohort throughout the season. With some
Zijlstra (1978) of density-dependent growth of age-O exceptions, the catch curves generally fit the data wel!

2plaice in Britain. Dey concluded that increases in with relatively high r values (Table 22). No esti- :*

"

length w.W-:='+' to maximum growth expected mates could be determined for LR and WA during the
from prevailing water temperatures and that growth high abundance year of 1988 as slopes of these catch
was not density-dependent. Similarly, Pihl and van curves were not signifcantly different from zero and
der Veer (1992) determined that growth of young for WA in 1986 and 1993 because of considerable |
plaice in Swedish bays appeared to be affected by variation in weekly abundance during those years. '

ambient water temperatures and was not food-limited. - De Z estimate for station IJL in 1994 was 0.476
However, Berghahn (1987) and Karakiri et al. (1989) (equivalent to a survival of 62.1%). As expected from
suggested that food limitation and not water tempera- the relatively greater decline in abundance of young at
ture could have been responsible for growth differences WA than at LR (Fig. 23), Z for fish at that station ;

of plaice observed among different years within the was larger (0.538; S = 58.4%). Iong-term averages j
GermanWadden Sea, of Z at LR and WA were 0.618 and 0.550, respec- i

Other factors found to affect growth of young winter tively. Mortality estimates for Niantic River winter
flounder include physical location and specife habitat flounder were usually greater than the equivalent Z,. |
(Sogard 1990; Sogard and Able 1992). Benthic food value of 0.371 reported by Pearcy (1%2) for the '

production and its availability also may differ among Mystic River, CT estuary, but were similar to various
areas within the Niantic River and likely changes from estimates (0.563 - 0.693) made for young plaice in
year to year. Karakiri et al. (1989) reported differences British coastal embayments (lackwood 1980; Poxton
in the size of young plaice of similar age between et al.1982; Poxton and Nasir 1985; Al-Hossaini et al.
Wadden Sea estuanne nursery grounds (larger fish) and 1989).
coastal waters off Germany (smaller fish). They During 1988-92, when both areas were sampled, j
suggested that the differences were due so lower water mortality of young was much greater at two stations
temperature, food limitation, or wave action in the sampled in Niantic Bay than in the Niantic River ,

waters outside of the Wadden Sea. Al-Hossaini et al. (NUSCO 1994a). Except for a station just outside the
*

(1989) reported greater growth for cohorts of plaice mouth of the Niantic River in 1988, no young were i
that settled relatively early in Wales, but these fish found in Niantic Bay following mid-summer. Even in
also had higher mortality. Conversely, growth was 1988, however, densities at the Niantic Bay station in :.

slower for late-settling cohorts, but survival was late summer were only 10 to 15% of those in the,,

higher. Similarly, growth of young Nisatic River river. Because of the apparent lack of production of ;

winter flounder was affected by many factors, with young in Niantic Bay, no further sampling was '

* temperature and abundsace likely the major determi- proposed at this site beginning in 1994.
nants. NUSCO (1994a) concluded that high natural *

Nortality. Catch curves constructed from weekly mortality of young winter flounder in Niantic Bay was
abundance data by year and station were used to rJbtain the probable reason for declines in density following -
estimates of monthly instantaneous mortality rate larval metamorphosis and settlement to the bottom
(Z ); this method assumed that young comprised a and not off-station emigration. Rus, it is likely that
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f50-
affected their probability of predation by sevenspine j

LR (soEd Ene)
45 bay shrimp (Crangon septemspmosa), with greatest 1

540- risk found for smallest fish. Young apparently [
"

$as- .....y... outgrew predation by shrimp when they reached 17 !
'

"{30- z... mm in length, which meant that fish would have to i
se before anaining a size !

l"* y:" / WA(dashed Ene) refuge frorr*im,-,erefme.- :,,
of time spent in a vulnerable size range, which is '

>.10- related to growth rate, affects the vulnerability of
35-
le 0 young winter flounder to predation by shrimp and *

, , , , , . , , , ,

* other organisms. Variation in growth, which can '

MAY JUNE JULY AUGUST SEPTEMBER depend upon specific location of settling, specific .

'i*
habitat within a location, or temperature (Sogard

Fig. 26. Weekly mean length (12 standard eners) of age- 1990; Sogard and Able 1992) may have significant !

O winner flounder taken in she Niantic River dunng 1994 implications for young winter flounder survival after |
metamorphosis. . i

few older juveniles are produced in the bay compared Recruitment of many fishes is greatly affected by i

to the Niantic River. "Ihe cause of high mortality densityet processes occurring during the first :

shortly before or after settlement has not been inves. year of life following the larval stage (Banmster et al.
.itigated. Of all life stages of marme fishes,least is 1974; Cushing 1974; Sissenwine 1984; Anderson

known about larval and earlyjuvenile stages, yet this 1988; Houde 1989; Myers and Cadigan 1993a, {
is likt.ly where relative year-class strengths are 1993b). Banniste et al. (1974), Lockwood (1980),

determined (Sissenwine 1984; Bailey and Houde and van der Veer (1986) all reported densitye !

1989). Piedation by caridean shrimp (Crangon spp.) mortality for young plaice, although examination of

has been suggested as the cause of high mortality after their fmdings indacated that greatest rates of mortality ;

metamorphosis for both winter flounder (Wining and occurred only when extremely large year-classes of (

Able 1993) and plaice (Lockwood 1980; van der Veer plaice were produced (three to more than five times i

and Bergman 1987; Pihl 1990; van der Veer et al. larger than average). NUSCO (1994a) noted that |
1990; Pihl and van der Veer 1992). Van der Veer et when densities were about 1.5 to 2.m.2 durmg early [

al. (1990) speculated that, in general, predation by summer in 1990 and 1992 (Figs. 24 and 25), higher j

crustaceans on young may be a common regulatory mortality was observed than occurred in other years. t

process for flatfishes. Witting and Able (1993) found Survival rates were highest in 1988, despite abundance [
that the size of age-O winter flounder significantly that was well above average, as peak densities

TABM 21. Compenson of the mean lengths of age-O winter flounder taken at nations IJt and WA in the Niantic River during lese July
through September of 1983 thmugh 1994. |

t

Maan Innsth*in mm for statimi and year:

*66 61 59 Ss W 55 51 51 51 Sn 48 d7 M di M 41 41 42 42 42 40 39

m M' m m m M WA WA m WA WA m WA M M WA M WA WA WA WA M WA
!33 93 M 89 85 91 91 93 88 88 SP 92 87 86 s7 92 90 84 35 90 86 94 M *

*
!

Di5erunne between the lois ==-t mean at IJL as compared to that for WA: '

i-

Year 84 85 06 57 Is 39 90 91 92 93 94 :
Diffemene in nun 16 15 4 2 0 8 1 1 4 10 2 {

* Moses joined by undertuung are act sign 5cantly (p 5 0.05) diffesent frasa each other, as desarmmad by analysis of variance and Duncan's
malayis-range test. i

,

!
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I

TAB 12 22. Mondily inseamiamosas tonal monalsy runs (Z) esameses as demannised fraas enach serves for age 0 wisser Sounder saken a two f
meninas GJL and WA)is she Niamaic River inum 1984 alwangh 1994. .

!
!

sia ded siended
8 8error r - Sission m* . slope *Year Stasimi . s* slope" error r

i1984 IJL 16 4 129 " 0.017 0.80 WA - - - -

1985 15 4118 a RO15 0.82 16 4 084 * ' O.023 0J1 J
1906 15 4 127 " - 0.012 0.89 * * ;- -

1987 15 4 108 " 0A21 047 16 4 139 * 0.016- 0.84 i
|19 N8zo ~ 1988 19 NB - -- -

1999 12 4 154 " 0A22 0.84 13 4 145 ** OA28 0.71 i

1990 13 4 322 " 0228 0.92 15 4 235 " E028 0.84 ,'
I

1991 18 4 140 ** Ohl6 0.82 18 4 049 " 0A11 0.54
.*

1992 18 4 129 " 0A19 0.74 16 4 112 " 0.009 0.91
*

1993 9 4 087 * 0.028 OJ7 10 NS - -

1994 9 4 110 " 0.005 0.96 9 4124" 0A20 0.84
i

* Monahey(Z ) servival(S ) Manalsy CZ ) Servival(5 ) ,

1984 tR a560 57.1% WA - -

1985 4512 59.9 % 0363 69.9 % i

1986 0.552 57.6% * -

1987 0.469 62.6 % EdO4 54.7 % !
!1988 - . . .

1989 0.669 51.2 % ESO 53J% -|

1990 1398 24.'J % 1.021 36.0 % I

1991 R608 54.4% 0.213 80.8 % |

1992 0.560 57.1 % 0.486 61 3 % !

i1993 0377 68.6 % - -

1994 0.476 62.1 % 0.538 58.4 % |
t

Mean a618 53.9 % Mean 0.550 57.7 % |
SD R286 SD 0.253 :
CV 46 % CV 46 5 1

!

* Wasidy ensuphas during 1984-92 and biweekly samphes during 1993 94. WA was not sempled in 1984. i
6 Probabihey level aban the slope of ibe esadi surve differs ime asso is abows: .

NS not as=n== (p > 0.05), * si mificant at p 5 0.05," =r=Aa== es y 5 0.01. |8
* Akhamsb having a signinomat slope, the casch serve for 1986 at station WA did not psovide a rehable assunans of Z hecause of enmedsable :

venenen in weekly alw -ae j

that year remained below 1 m-2. However, although young remaining was relatively substantial and this !
peak densities at LR during 1994 approached that of year-class has the potential of being relatively strong. i

1992 (>1.5 m-2), the mortality rate during July |.
through Septe.mber was apparentiy less this year than Age-Ojuveniles (latefall and early winter) !
in either 1992 or 1990. At WA, the 1994 abundance j
peak was the highest of all years sampled and densities As waier temperatures decrease in fall, young winter |

+

reached about 2 m-2 Although a sharp decline flounder disperse from shallow waters near the (.

occuned in July and early August, the abundance curve shoreline to deeper waters and become available for {
flattened out in late August and September, perhaps sampling by the otter trawl used in the year-round

|*
implying a lessening of mortality rate. 'Ihus, the trawl monitoring program (TMP). Young are first t
relationship between density and mortality rate for regularly captured by trawl at the two rhallower !
young winter flounder may be subject to considerable inshore stations (NR and JC) adjacent to hshore !
variability (i.e., regulatory mechanism not well- nursery grounds in November, the near-shcre Tiantic !,

established). As mortality rate was apparently not Bay stations (IN and NB) in December, arvi at the !
excessive during the summer of 1994, the number of deeper-water stations in LIS ('IT and BP) 6 January. i

i
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A A-mean (NUSCO 1988b) index of relative abun- 8 so-.
dance was developed for these age-O fish using TMP E

'

catch data, beginning with the months given above E 80'; !.

and continuing through the end of February. This |40j ,'
,

*

November-February period is a transition following g 80 : .

:the 1-m beam trawl sampling of young in summer g
*

204 | i pand preceding the catch of this cohort of fish as age-1 o n

juveniles during the intensive adult winter flounder 3 .[" Yg 10]:
.. ... /;

from late February through early April. Based on the 0. ? . . '.' . . ' . . .

survey that takes place in the Niantic River, usually *

availability of data for this report, the most recent 76 78 80 82 ..84 86 88 90 92
"*88A-mean CPUE is for the 1993 year-class. He A-

mean CPUE of 7.4 is the lowest recorded since 1987- *
Fig. 27. Comparison between the late fall-early winter

88 (Table 23). The strength of the 1988 and 1992 seasonal A-mean CPUE (solid line) of age-O winter
*

year-classes of young are evident from the conespond- flounder (all trawl monitoring program stations) and the
ing A-means of 29.6 and 31.1, respectively. 1983 93 late summer Niantic River (stations LR and WA '

Since 1983, when data were first available from combined) age-O l-m beam trawl median CPUE (dashed
beam trawl sampling, the fall-carly winter A-means line) for the 1976-93 year-classes,

were compared to a 1 m beam trawl median CPUE
from late summer using data from both stations LR the Niantic River during the subsequent (late Febru-
and WA in the Niantic River (Fig. 27). These ary carly April) adult winter flounder survey (Fig. 28).
abundance indices track each other closely and are For the 1985 and earlier year-classes, more juvenile

significantly correlated (Spearman's rank-order winter flounder were taken in the river than at the six
correlation coefficient r = 0.84; p = 0.002). However, TMP stations (five of which are outside of the Niantic
no obvious relationship (r = 0.05; p = 0.89) was River). But since the 1988 year-class was produced,

found between the TMP A-mean CPUE and median consistently more fish have been taken by the ThP,
CPUE of winter flounder smaller than 15 cm taken in although the TMP A-mean CPUE for the 1993 year-

TABt2 23. 7he late fall-carly winter seasonal * A<nean CPUEbof age 4' winter flounder taken at the six trawl monitorins stations in the
viciniry of MNPS fiorn 1976-77 through 1993-94.

Survey year' Number of samples Non-zero observations A-mean* 95% confidence interval

1976-77 42 36 6.1 2.0 103
1977-78 42 38 5.1 13-7.9
197079 42 36 43 10 64
1979-80 42 38 4.2 2.2 6.2
1980L81 42 39 10.1 4 3 - 15.9
1981 82 42 39 77 19-123
1982-83 42 37 19.6 9.0 - 30.3
1983-54 42 39 6.6 3.2 - 10.0
1984-85 42 35 7.4 1.7 - 13.1

*1985-86 42 39 8.1 4.4 11.7
1986 87 42 39 11.7 3.4 - 19.9
1987-88 42 41 4.8 11-73
1988 89 42 41 29.6 11.8 47.3 -

1989-90 42 42 11 3 6.7 15.9 .

1990 91 42 40 21.7 6.7 - 36.8
1991-92 42 41 19.0 7.6 303
1992-93 42 39 31.1 7.4 - 54.8 .

1993-94 42 38 7.4 3.4 11.4

* Data restricted to November-February for NR and JC, December-Fetruary for IN and NB, and January-February for TT and BR.
6 Catch per standardized now of 0.69 Ern (see Materials and Methods cl Esh Ecology section).
* For age-O fish, the year. class is the same as the first year given.
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Igo
so. a number of sources occurs throughout LIS during the

no. winter. 'Ihis would have influenced measures of:.

yo abundance hacane of potential vanable conenbutions

)/ from different stocks.,

I3 so. ' ' Age-1Jweniles(late winter)-

ao. ,
,

30 / s

--/ Small winter flounder are incidentally captwed eachr[ d.. s
'

g 30
.

/., year during he February-April adult winter nomider.: . .,0

f [. 717 surveys in the Niantic River. An annual mediango. .

so sa ad as as so 92 CPUE was catenlanad for winter Sounder smaller than
.;

7s 7s
.e_ m tass 15 cm, which included mostly age 1 fish spawned

g Pm h p. 4 m e m hPig. 28. Comparison between the late fall-early winter
catch data for the calentatian of CPUE were similar toseasonal A.mean CPUE (solid line) of age-0 winter

flounder (all trawl monitoring program stations) and the those previously discussed for adult fish. In somee

Niantic River (stations 1 and 2) spawning survey median annual comparisons, data were restricted to statians 1

CPUE (dashed line) of winter flounder smaller than 15 cm and 2 in the navigational channel (Fig. 2) because the
for the 1976 93 year.cla==== distnbution of small winter flounder generally varied

more than for adult Ash and, moreover, no tows were
class declined relative to 1992. made in the upper river from 1977 through 1980.

Relationships among abundance indices ofjuvende 'Ihe 1994 median CPUE for age-1 juvendes taken
water flounder may have been obscued by diffesences in the navigational channel of the lower Niantic River
in sampling gear and variations in fish behavior. was 4.1, which similar to the CPUE of 4.3 for 1993
Major biases in at;undance estunation can arise from (Table 24). When tows from throughout the river
size selectivity of the gear, spatial distribution of were considered in the calculation, the mechan CPUE
individuals in relation to the gear, and behavior of fah was 1.8, marking the fifth consecutive year that
in the vicinity of the gear (Parnsh 1963). Mean relatively low values were recorded for this time-series
lengths of ag>0 winter flocwler taken by caer trawl (Table 25). Behavior of juvenile winter flounder
in fall were usually about 15 to 25 mm larger than largely influences their availability to sampling and
those taken during the immediately preceding months apparently varies frorn year to year as a result of
by 1-m beam trawl. 'Ihis size difference was greater changing environmental conditaans. Distribution and, r

than would have been expected from growth alone and therefore, relative abundance of small winter flounder I

suggests that CPUE indices were biased because differs between Niantic Bay and River from year to !
smaller individuals were excluded from the catch. year (NUSCO 1993). Data from the TMP this ;

Differences in mean length by year (Table 21) may spring, however, are not yet available for c'_ "t )
also have differentially biased the trawl sampling. abundance of winter flounder in Niantic Bay during the |
The fixed locations of otter trawl sampling stations in 1994 adult spawning season. A A-mean CPUE was ;

relation to the habitat available to juveniles also may computed for winter flounder smaller than 15 cm !

have affected catches. Movements of smalljuveniles taken by the TMP from January through April at.

were probably influenced by factors such as water stations outside of the Niantic River. This time span
,

temperature and tide. Moreover, their availability to overlapped the spawning period and also served to i
sampling gear in fall and winter appeared to have increase sample size. Values of this index were then !

*

varied from week to week and year to year. Relatively compared to the CPUE median of fish found within ;*

large confidence intervals around the A-mean CPUE the river during the spawning season (Fig. 29). ;

values were probably a consequence of this variation. Generally, the catch of age 1 winter flounder in the |,,

In contrast, variation was less in data collected during winter and early spring fluctuated less outside than i

summer by the relatively efficient 1 m beam trawl. inside the Niantic River. As the number of small fish |

Furthermore, sampling in summer occurred weekly or in the river declined to low levels in recent years,
biweekly during the same tidal stage and in areas abundance of age-1 winter flounder in Niantic Bay
known to be preferred habitat of young winter floun- remained relatively constant. The CPUE of fish found
der. Finally, most likely a mixture ofjuveniles from in the bay was greater than that of fish taken in the

.
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I TABLE 24. Aamue19.1.un emar new1 ad need sma&am CPUE' of wisser Sounder smaller enn 15 em* sekam in abs navisasional abammal ofibe .|
lower Niansic River during abs 1976 aluongh 1994 aduh populamos abundanos surveys. ,

fTow. Agussed Me&an 955 enandance Castrussma
Servey Weeks acceptable num&ar of CPUE inserval for of !

byear sampled for CPUE' news need8 eeneness ses&aa JUE shownestr

1976 7 98 154 204 19A 'to.0 2.77
19T1 6 166 229 13.5 12A 17.0 1.50

'

1978 6 129 156 214 15A -25.0 1.39
"

1F79 5 107 136 41A 27A - 6663 2.82 ,

1980 5 110 145 49 3 34.5 - 62.6 1.30 *-

1981 7 93 140 71.1 SSA - 84.8 0.79
1982 5 50 70' 34A 13.2 52.5 1.46 _ j
1983 7 77 77- 43A 33A - 58.8 0.55

*

e
1984 7 72 77 18.5 14.2 20.8 2.23 ,, 3

1985 7 82 54 23 4 ISA - 28.2 1.27
s

1986 7 72 118- 4.1 2.75.3 1 51 ;
1987 5 41 50 SA 4.36.7 2.08 ,
1988 6 49 54 11.2 7.7 - 15.7 1.38
1989 7 50 54 7.9 4.0 11.9 1.19_
1990 7 - 65 91 7.4 5.8 13.3 2.06

.

!
1991 6 45 60 4.9 3.3 - 6.5 2.55 ;
1992 7 31 49 54 5.2 - 9A 2.10 t

1993 7' 36 48 43 3.1 63 2.G1 !
1994 4 22 24 4.1 2.5 - 5.5 147

.'
!

* Catch per siandarshand low (see Maienals and Masbods).
;6 Moody age-1 Esb. so ; ' age-class was peoibiced 1 year befose the arvey year.

* only is. of mandard eins or .-- made in es =r channel of e 11 r river woes -w ia
e E5est espaalaand ammong weeks.

* zmo for synen.orianuy diariinned data.
8 asceum oflow erron.deia from en eind week of samphas not esed for she ~ p=== of CPUE.

river frorn 1986 thiough 1994, except for 1988.' A _ }

small CPUE value from the Niantic River may not :

Ia0-
necessarily represent a continued decline in abundrace, {

7oj Even a relatively small increase in catch for the iauch
|

soJ | larger geographical sea of Niantic Bay and nearby IJS
|

.

,oj i could account for a low abundance index in the rim as '

g ; fish dispersed from a relatively confm' ed area to .more.

"
-

open waters. As a result of the differential discibu-.

804 / i 7 tion and abundance of age-1 juveniles, perhaps as a
.g {80J gN/. 71 .. q result of variable envuonrnental conditions influmic-' *-*

to- ing their behavior and avadability to sampling, thnr - |.

*~ " '

abundance indices remain generally unrehable prod'c- !
0

7s 7s s'o s'2 as es as si0 e2 si' tors of future adult population size. !
~

YEAR WANUARY.APfty
;.

|

Fig. 29. Comparison between the annual January-April p- qra.am satnOng E.C-Stages d |

A-mean CPUE (solid line) for all trawl monitoring W1riter flounder year-classes .

prograin stations except NR and the Niantic River
(manana 1 and 2) spewning swvey median CPUE (dashed Abundance indices for various life-stages of the j
line) for winter flounder smaller than 15 cm from 1976 1976 through 1994 year-classes of winter flounder !

through 1994. discussed throughout this report are summarized in

Table 26. Coefficients of varution (CV) were used to
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b *
TABM25 r'-; = cf ammual 9.1.sn omer trew! adjusted median CPUE' of winestfla=ad r manBar aban 15 an takse in ibe Q*

shannel of the lower Niastic River wish aboos asught throughout the entire sampling ame of the river during the 1976 abrough 1994 adult

Populetice w surveys

Naviaananal channel aalv- Enure area af river samplad.

Adjusand Medaan Adjusted Median
Survey samber of CPUE ConfEcient of ' aumber of CPUE r'n.sta m of
year * tows used' ====aa* shewoessd tows used* estaness skeweessd

1976 154 2CL0 1 77 231 14.4 1M
19T1 229 13.5 1.50 Insufradset news made in upper siver
1978 156 21.6 1.59 Insufracisme news made in apper rivero
1979 136 41.0 1 82 Insufracient towe made in apper river

1980 145 49.3 130 Insufficient towe made in upper river
1981 140 71.1 0.79 182 140 144

*
1982 70 34.4 1.46 118 8.7 2.40

*
1983 77 43.0 0.55 238 11.5 1.80

1984 77 18.5 2.23 287 64 4.08

1985 84 23.6 1.27 280 13.3 136
* 1986 118 tt 1.57 336 40 1.47

1987 50 - 5.0 1 08 270 3.2 1 46
1988 54 11.2 138 312 3.7 3.05
1989 54 7.9 1.19 318 61 144
1990 91 7.4 2.06 320 10 5.00
1991 60 49 2.55 330 1.4 5.41

1992 49 5.6 1 10 406 10 ( 58
1993 48 43 2.02 392 1.9 3.08

1994 24 4.1 1.07 212 1.8 1.74

* Catch per standardazed now (see Materials and Mesbods).
* Mostly age-1 fish, so g. ' - ass-cleas was pmduced I year before abe survey year.
* Effort equalised amcas weeks.
d g {gg g;--- -- - naygag g

TABI E 2fL '' ,- ofindices of abundra for various life-stages of wirmer flaimder for abe 1976 through abe 1994 year < lasses.,

Aduk nuhees imXalladgg Invenile indices
Female Annual Niantic River macians (Feb4un) MNPS Lower Lower River / hey Age 1

Year. spawners egg Stage 1 Stage 2 Stage 3 Stage 4 (EN) river river A.mean CPUE
cleos (Feb-Apr) production (3 mm) (3.5 nun) (6mrn) (7.5 mm) (27 ann) (Mey-Jul)(AuS-Sep)(Nov-Feb)(Feb-Apr)

76 854 6.1 13.5- - - - - - - -

5.1 214 177 884 3944 567 - -- - - -

4.2 4th j78 1,412 717.5 754- - - - - -

79 1,120 5353 L2 49 3 i641- - - - - -

80 903 424 3 - - - - 845 10.1 71.1- -

81 2,669 1,383.1 561 7.7 4.4- - - - - -

e 82 2,752 1,596.8 610 19 4 43A- - - - - -

749 408 56 1,215 32.7 10.0 6.6 ISJ83 I,869 1,0824 -

84 871 501.6 2,601 1.501 573 67 917 18.8 6J 7.4 23 4
85 928 565.2 6,260 4,676 584 35 312 13 3 7A 8.1 (1..

86 655 436.7 1,279 176 3bl 24 510 33.8 13.8 11.7 5A
*

87 852 5314 3,218 829 1,(B6 48 315 59.2 17.9 4.8 11.2
88 1,279 866.9 14,491 4.469 1,531 210 419 613 60A 294 7.9
89 984 716.2 12,463 3,976 589 73 327 17J 8.8 11 3 7.4

*
90 579 370.4 4,728 355 258 57 SOS 1563 20h 21.7 4.9
91 1,061 6394 3,248 252 343 112 439 77.5 21.7 19A 54
92 534 391.1 5,476 1,367 2,339 195 1,003 90A 28.1 31.1 43
93 274 2234 1,187 133 111 6* 130 10.6 54 7.4 tl
94 508 330.2 3,692 1,248 429 90 834 128.8 62.9 - -

* An appsotimation based on cumulative geometric weekly means. Gompertz function could not be fit to the data as larvae were only
colleaed during 2 weeks of samp1ms.

.

}
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examine annual vanability in these abundance mdices 75%. De CV for abundance of European flounder

(Table 27). De CVs of Niantic River adult and decreased from 172% (n = 9) in the larval stage to

juvende winter flounder abundance indices increased 99% (n = 8) in newly settled young to 80% (n = 8,
slightly over those given in NUSCO (1994a). 12) for both young in September and at age-1 (van der [

'

Variability was lowest (CV = 61%) for the number of Veer et al.1991). As summarued by van der Veer
females spawning in the Niantic River and of associ- (1986'), the highest CV for yendy abundance estimates ,

ated egg production (57%). For the first three adult of different life stages of plaice in De Netherlands
female age-classes, variability decreased from age-3 occurred during larval development in late winter (n =

(98%) through age 5 (69%). This likely reflected 4, CV = 95%) and at first settlement of pelagic i

vanation in recnaitment of year-classes as well as the juveniles in spring following larval metamorphosis i*
varying rumbers of immature ages-3 and 4 fish and settling (9,62%). Iess variation was found in
present in the river each year. Mdler et al. (1991) post larval young during mid-summer (9, 30%) and ,

noted that interannual variability of many flatfishes age 2 recruits (9,35%). He attributed the dechne in i
,

appeared to decrease with age. Small decreases (-1 to variation of abundance of olderjuvendes to a density- |.

-5%) were noted for CVs oflarval abundance indices ha-laat sg.:.;.y mechanism that operated during
,

from those reported last year. Variability among and shortly after larval settlement. Van der Veer i

larval stages was greatest in Stage 2 larvae (104%). (1986), van der Veer and Bergman (1987), and Berg- a
i

nis was expected because much of the compensatory man et al. (1988) noted that recruitment variability in ,
'

mortality is believed to occur during this stage of plaicc in 7he Netherlands was stabilized between ycars

development. Annual vanability in larval abundance as a result of density-dependent regulatory processes

decreased for the subsequent developmental stages,3 (i.e., shrimp piedation) on newly metarnarphosed fish.

(90%) and 4 (78%). De CV became relatively higher The CVs for year class strength of plaice in Swedish
(91%) in age-O young in late summer, but decreased bays varied to a greater degree (67 118%), which was

again to 71% during fall and early winter after young thought related to temperature effects dunrig the larval t

left shallow inshore waters. Another increase in CV stage and more variable crustacean predation on newly I
'

to 95% of age-1 juveniles in the Niantic River during metamorphosed young in northern waters than in The

the adult surveys was probably related to the previ- Netherlands (Pihl 1990; Pihl and van der Veer 1992). !
'

ously discussed annual differences in distribution Population regulation in flatfishes may be coarsely
related to their behavior as well as from actual determined in earliest life history by variabile survival

variation in year-class strenstth. Rothschild and of eggs and larvae and then fine-tuned by density-
DiNardo (1987) reported a mealan CV for recruitment dependent mortality of newly metamorphosed juve- i

indices of various marine fishes of 70%, although niles (van der Veer and Bergman 1987).

various flatfishes had CV values mostly less than
t

TABLE 27. Cacificients of veristica (CV) for annual abundance indices * af various life mages of Encic River winner flaunder

Number of i

tife mage Abundance indes used observations CV }
!

Fe nale spawners Annual standardized catch 18 61 5 |

Age-3 females Annual standardised catch 16 98 %

iAge 4 females Annual standardized catch 15 76 5 .

Age 5 females Annual standardized catch 14 69 6 [
Eggs Egg production inden 18 57 5 :

Stage I larvae a parameser of Gampens function 11 81 5 |.

k;e 2 larves a parameser of Gampenz function 12 104 % !*
Siege 3 larvas a parameist of Gampens function 12 90%

Siege 4 larves a parameser of Gampens funceian 12 78 5 [
Age Oyoung Media CPUE at mania tJt (MayJuly) 12 31 6 !

*

Age-O yams Median CPUE et stasia tJt (Angum Seps) 12 91 5 !

Age O young Fall-wirner A<nean at trawl manons 18 71 % k

Age.1 juvuiles Median CPUE of fish < 15 cm in Entic River 18 95 5 ,

I

* Indices used -.-.,-.. so ihose siven an Table 26. except for ase 3 ihroush age 5 females.
I
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Relationships among abundance indices of winter juveniles during summer and late fall-early winter
'

flounder for the same year-class are of interest for (Table 29). Age-Ojuvenile abundance indices during

impact assessment. Knowledge of the earliest summer and late fall-carly water were also correlated

possible measure of relative year class strength is (Fig. 27). 'Ihe abundance oflarvae 7 mm and larger
desirable because it enables predictions of future collected at MNPS (station EN) was not significantly
recruitment to the adult stock, thus providing an early correlated with any of the adult, larval, or juvenile
warmng of decreases in stock abundance. Ifindices for abundance indices, except for age-1 juveniles taken in

all life-stages are assumed to be accurately and the Niantic River during the adult winter flounder
precisely measured each year, they should be correlated surveys. However,the relanonship between these two

* after applying appropriate time lags, except when abundance indices was not clear and may be an arufact

processes such as density d-adaat mortality or size- of the long time-series (Fig. 30). Also, the age-1
selective fishmg result in s lack of colineanty between index was also not correlated with any of the other

,
two consecutive life-stages. Female spawners and egg larvalorjuveaileladas

.

produchon were highly hM which was expected If catch indices were assumed to be representative of

because calculation of the latter included female annual relative abundances, Niantic River winter
spawner abundance as part of the methodology of flounder were found to be fully recruited only at about 1e

( estimanon (Table 28). Significant or near-significant age-5 (NUSCO 1990). Thus, age-3 or age-4 fish
correlations were found among most larval stage probably should not be used as an index of year-class
abundance indices. Niantic River Stage 4 larval strength because it is likely that only a fraction of
abundance was also significantly correlated with age O these fish occur on the spawning grounds each year.

TABLE 28. Matrix of Spearman's rank order corv-sanans among various winter flounder spawning stock and larval ahnada-indices.
Enospt for larvae 7 mm and larger taken at abe MNPS intakes. an other indias refer to adahs or larvae conected in the Niantic River.

Adult egg Stage 1 Stage 2 Stage 3 Stage 4 Larvae at MNPS intakes
ladca" production larvas larvas larvae larvae 97 sun)

Female o.94:46 0.51s2 o.3776 o.27M 0.27M 0.1331

spaweers 0.0001 " a1025 NS R2262 NS 0.3786 NS 0.3786 NS 0.5985 NS

18 il 12 12 12 18
I

Adukegg 0.5818 0.4336 0.4056 0.2797 0.0134

production a0604 NS al591 NS 0.1908 NS 0.3786 NS 0.9579 NS
11 12 12 12 18

Siage 1 R7909 0.6364 0.6273 0.0273
larvse 0.0037 ** 0.0353 * 0.0388 * 0.9366 NS

11 11 II 11

Stage 2 0.7902 0.4406 0.0420
larvae R0022 " R1517 NS 0.8970NS

12 12 12

*
Stage 3 0.5594 0.0629
larves a0586NS 0. 459 NS -

12 12
,

* Stage 4 0.3776
larvae 0.2262 NS

12

' * Indicas used _ " to those given ai Table 26.,

* 'Ibe three staustacs shown in each correlation matriz element are:

correlation coef5cient (r).
probability of a larser r (NS not signincent [p > 0.051. * significant at p 5 0.05. " significers as p 5 a01), ed
number d annual observaties (sample siae).
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!TABLE 29. Maoix of Spaannan's rank onier correlations anong vanous larval and juvenils wiser Sounder d=h edians.

Nienne R.iver lower river lower river Fall-endy wisser Nianic River
$sese 4 andy age 4 . Inas age 4 siver-boy wisser spring

*

'
Inden* 1arvec juveniles joveniles ):veniles age 1 Juveniles

MNPS intaks 0.3776b 0.4615 0.3357 4.1415 0.5349
: larvae E2262 NS al309 NS 0.2861 NS 0.5754 NS 0.0222 * ,

97 ass) 12 12 12 18 18

Niansic River 0.5874 0.7133 0.6287 0.3189 .

'Stage 4 0.0446 * 0.0092 ** 0.03:3 * 0.3391 NS *

larvas 14 12 11 11

lower river 0.8881 0.6333 ROT 75 .
early age 4 0.0001 " 0.0365 * Rs209 NS . ,

juveniles 12' 11 11 ;

lower river 06970 A0638
* '

Ime age 4 R0171 * E8522NS
pveniles 11 11

Fau-endy winner o.4357.
river-bay 0.0707 NS

age 4 juveniles 18

'
* Indians used : , ____" to those gives on Table 26.
b Ins three ===w hown in each correlation matrix stenant are: !s

correlation coefficient (r).
praW= =y of a Innser r (NS not sigm5 cant [p > a05]. * significant at p 5 a05," - agndicant at p 5 0.01), and
number of annual observations (senple siae).

,

g'8 jpen w ter er ces ga W 4 h1400-- -802 . : CPUE of age-1 fish taken in the river during the adult
g1200i f., spawning surveys was significantly correlated with

.

H70

[1000i ! ,\ h60 both age 3 and 4 female spawners. However, there |,e

j { ji f50 was no correlation found with age-5 females. Signif-3 gonj . ,., ,,

Q ! \ ,, / ,.
1 !i h40 ht negatin cormlations were M Mween both ;g600

[ 4004 \ ,*/ i !.30 w age-3 and age-4 females and the age-O fall-winter5
y ...-

,..
if *.,, f i L20 5 4-mean CPUE, but the weakest of the negativeg .

g 2002 5 L10- correlations (not significant) was found between age-5 !

5 is ' 7's ' e'0 ' s'a ' 4 ' s's ' e's ' s'0 ' e's ' 0 h spawners and the fall-early winter juveniles, whichE o '

,-

should have been one of the most reliable as females !*
YEAR-CI. ASS are fully recruited by this age. If negative correlations :

persist in future years, they could be interpreted as an - [
inde f unknown processes operating aher winterFig. 30. Comparison between the et index of abundance o ,

of larval winter flounder 7 mm and larger taken at the flounder become age-1 that result in fewer adults being ,

MNPS intakes (dashed line) and the Niantic River recruited in spite of larger numbers of juveniles. !
(stations 1 and 2) spewning survey median CPUE (solid Possibilities include variable discard mortality of
line) for the 1976-93 year-classes. juveniles in the commercial fishery; high rates of --

fishing; and non-random fashing effort, which may . j
Furthermore, this fraction may very from year to year. occurin overfished stocks. Meanwhile, none of these
Several significant correlations were found between life. stage indices can presently be used as a seliable i

the abundance of female spawners and those for 7-mm measure of year-class strength. !
and larger larvae at MNPS and also with some

,
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TABLE 30. Matrix of Spaannon's rank <mier conelanone among varians winner fleinder larval and female eyeweer abundemos adices.

MNPSinsake lower river Lower river Fell-endy weser Nianne River
larvas eady age-O Ines age 0 siver-boy wisser-spring

inden* 97aun) juveniles joveniles juveniles age-1 joveniles

Age-3 0.40ss' -0.2000 0.0167 c.6107 473s2
female al159 NS 04059NS 0.9MI NS a0120 * 0.0011 "

apawmers" 16 9 9 16 16

Age-4 0.4357 0.0952 0.3095 0.s954 05679
e femals 0.1045 NS 0.s225 NS R4556NS 0.0001 " 0.0272 *

eyewners* 15 8 8 15 15

o Age.5 0.6659 0.0357 02143 0.4s41 0.2923
female 0.0093 " 0.9394 NS 0.6645 NS 0.0795 NS R3105 NS.

hspewoors 34 7 7 34 34

*
* Endy life biciory indians used - soihose sivai en Table 26.
6 Duernused by apptras mi age lengdi key (Nt!SCo M?) no abe longib disutunen d annual assaderdised femak =6=h
* ne ihme maiinice shown h endi canaissian mania e,oness am

sanelation coefficient (r),
pmbehany of a larger r (NS met agnificant Ip > E05). * - significma et p 5 0.05," air-rv== at p 50.01). and
nunbar of annual observeuans (sample sim).

Stock-tecruittnent relationship (SRR) line curve and the three-parameter model (SRR
a4jumedforT eb)isrepresentedbythesolid-line. DeF

Sampling based estimates. Egg production outermost two dashed lines describe low recruitment
estimates from annual spawmng surveys were used to in the warmest year (1990; TFeb = +1.67) and high
determme recruitment because the abundance of other recruitment in the coldest year (1977; T eb = -2.25).F
early life-stages have not been reliably correlated with For the three-parameter model, a was estimated at
adult spawners. Both recruitment and the parental 2.071, with a standard error of 0.428, which is 21% of
spawning stock indices were scaled to absolute popu- the parameter value (Table 32). Estimates of the a l

lation size as described previously (see Absolute have ranged from 1.977 thmugh 2.646 and those for $
abutdance estimates, above). De resulting annual from -4.412 through -0.259 (NUSCO 1990,1991b, .
values were used with the Ricker SRR model as 1992a,1993,1994a). Variation in esumates of a-
esumates of adult female spawning stock and potential could be caused by increasing fishing mortality rates
female recruitment (Table 31). The addition of new on winter flounder in nMitian to the inherent instabil-
catch data from the 1994 adult winter flounder survey icy of parameter estimates fhaed to small data sets. In
resuhed in some differences between present emi-neae particular, the influence of the 1988-90 data potats on
of spawners and recruits reponed in NUSCO (1994a). the estimate of a were illustrative of higher recent
A two. parameter SRR model (Eq. 6) was initially exploitation (Fig. 31). Because of the relatively high
fitted to the spawner and recruit data. The stock abundance of juvenile winter flounder from the 1988,

growth potential parameter a (scaled as numbers of year-class, numbers of females were expected to
fish) was estimated as 2.057, with a standard enor of increase in 1992 and 1993 and form t*m bulk of the |
0.699 (34% of the parametervalue). spewaing population. However, these recruitment-

Two-parameter model esumates were used as initial indices were much below expected values, likely the.

values for 6tting the ihree-parameter SRR model with resuk of high fishing mortality rates in recent years.
temperature effects (Eq. 7). De three-parameter SRR The estimate of Ricker's $ parameter, which i

explamed 63% of the variability associated with the describes the annual rate of compensatory mortality as I
*

recruitment index. Relationships resulting from fits a function of the stock size is important in SPDM
of both Ricker models are shown in the central simulations. De parameter estimate of 2.498 x 10-8
portion of Figure 31 as follows: the unadjusted SRR has remained fairly constant (range of 2.140 - 2.523 x
(two-parameter model; Eq. 7) is shown as the broken- 10 5; NUSCO 1990,1991b,1992a,1993,1994a). |
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TABLE 31. Annue1 Niande River winner floundw stod-recr=*==== data based on indices of egg production for the 1971 abrough the 1990

g- with mean February weier temperatu e and devnauens (Tm) fran the mean.'

Mean February Deviadon from

Indes of female Index of funale IUP weier mean February weser

Year-class spawners (Pf recruiu (Rf rado esmperature ('C) issuperatuse (IM)

1977 20.097 65,125 3.24 036 2.25

1978 36,544 45,750 1.25 1.09 1.52

1979 27,262 36,758 1.35 1.48 1.13

1980 21,608 28,861 134 238 0.23

1981 70,441 28JT76 0.40 2.63 0.02 e

1982 81,324 32,709 0.40 1.56 1.05

1983 55,104 35,881 0.65 3.74 1.13

1984 25.544 27,195 1.06 4.02 1.41 ,

1985 28.789 25,727 0.89 236 0.25
~

1986 22,241 24,208 1.09 338 0.77

1987 27,D76 21JTT7 0.78 3.28 0.67

1988 44,153 16,107 036 2.67 0.06
~

*
1989 36,478 10,271 0.28 3.24 0.63

1990 18,863 10,231 034 4.28 1.67

Mean 36,823 29,141 0.79 2.61

CV 53 % 49% 44 5

* Scaled number of female spewners and recruns from expected egg production; scaling feaan used wese 561,000 egge per females and a
moldplier of 28.571 to convert reladve abundance to an absolute populaden size. Indices of female spawners and recruiu differ inan
ibase reported in NUSCO (1994a) because of data added from the 1994 aduh winser flounder population survey.
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FEMALE SPAWNERS IN Th'GANDS

Fig. 31. The Ricker SRRs for Niantic River winter flounder (see text for ext nation of the four curves plotted). Calculatedk
recruitment indices for the 1977 through the 1990 year-classes are shown.

68 Monitoring Studies,1994

_ _ _ - - _ _ _ _ - _ _ ..

-

_



. . . . _ . - - _ .._ _ _ _ ._ ._ _ . - _ __ _ _ . . _ _ _ ~ _ -.

y

TA31JI 32. Parenssen of the Ekter mod-acndament model Amed to does for %:ic Rivw innale wisser Sounder speween inun 19M>

,

dweesh 1990 and seen denved pens of afemmen. ,

needal pensassors and safesemos painas :

md.a ym ra i a e-- .-ahm af ruhi Esaused. rales asandard aner ( ,

as faamp==aan~y seserve for ==8EM sted) ' 5.42 - -

!
a (seness compensmery senerve) 2 5116 0.42s 4.s4 a
S (posk.depsedsmi - p --~y nas) 2.49s x Igs 4.7s X la' 5.22 a.

*

~ *- $ (envuemmamist liespemamel effecs) 0.379 Osn 4.s9 a

Denved ynimaser efammaa. Numban er ash Em ana Sm) ,

o ;

Uudished med aquihh== mins (P.,: enBed ==*1=== spawmas passant by Howen et al 1992) 67A5s* 98.104 i..

Pausant (dwensh 1990) aT=hi-= sins (Fm) 29.145* 29,145

Ffor Fm = 29.145 femals spewmars sL96 -
,

. Esmesses of critical med sins (25% of ==6=== spewnins paesmael) 24.526 ~
'

-

;

* s-sismsac for paresneest osemaae a 0 wide d.f. = n-3 = 11 (** - sismficent at p 5 0.01). ,

* Insindse she eseas of seems - mess. !
-

* Averase weisht of female spewner for unAM mod is 1.45 lbs and for ennent emploiand mod is I lb.
1

De parameter 4, which was an esumate of the effect As noted previously, the effect of tempersucc on
of February temperature deviations (T eb) from the posential prey or predators of larvu and newlyF
1977 90 mean of 2.61*C, was -0.379. De values for metamorphosed juveniles, such as the sevenspine biry .
$ are negative and akhough the relaniaa hia between shrimp, may be an additional mears for control of

,

wirder floimder recratment and February temperatures population abundance. Strong year classes of plaice |
remain unknown, February coincides with most wcre also associated with cold winters,likely because

'

.

spawning, egg incubation, and hatching. These the predatory brown shrimp (Crangon crangen) suffers |
processes, as well as larval growth, are all tempera- high mortality or migrates out of plaice nursery areas j

~ tatslaaandaat. Buckley et al. (1990) noted that the (Zijlstra and Wine 1985; van der Veer 1986; Pihl !
wmter flounder reproductive process appears to have 1990;Pihland van derVeer 1992). ;

been aa*"i=d for cold winter temperatures followed In addition to the above SRR parameters duectly '

by gradual spring warming. Adult acclimation estimated froen stock-secruitment data (Fig. 31), Table
'

temperatures and egg and larval incubanon temperature 32 includes four derived biological reference points.
affected larval size and biochemical composition. Ricker's stock-at-replacement, or P., (Eq.11), was .

Cold winters and warm springs produced the largest estimated at 67,658 female spawners and is the |
larvae in the best condition at first feeding. His unfished equilibrium spawning stock size, also known

,

favored good survival and may partly explain the as the maximum spawning potential (MSP). His *

observed correlation between cold years and strong reference point, expressed in units of biomass as
year classes of winter flounder. Townsend and 98,104 lbs, is the basis for the critical stock size.

;

Cammen (1988) noted that the metabolic rates of (25% of MSP) below which the stock is considered j
pelagic consumers are more sensitive to lower temp- overfished (Howell et al.1992). The present equilib. :

* !erature than rates of photosynthesis by phytoplankton, rium size Ps(p)(Eq. 9) of 29,145 spawners refers to
which bloom more in response to the amount of solar the sustainable or equilibrium size to which the stock i*

radiauon received. Derefore, an earlier bloom in a . could converge if present (through 1990) exploitation |
cold year has the possibility of lasting longer before and other conditions remained unchanged. The. ;..

being grazed down by ---_ '
'-

This allows for a calculated (Eq.10) value of F that would achieve !
m

greater contribution of organic matter to the benthos equilibrium stock size was 0.96, which is much !

than in other years, benefiting juvenile demarsal fishes : higher than the DEP estimates of F for those years. |
that metamorphose just after the spring bloom of This difference can mostly be due to the lack of age> ;

phytoplankton and have to outgrow various predators, structure in Ricker's model, which causes fashing ;
I

|
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mortality to be concentrated in a single year for each ity was assumed to have occurred (i.e., the unfished

year class; winter flounder year-classes are exploited population). A mean weight of 1.45 lbs per female

during many years. As mentioned previously in the spawner for the Niantic River unfisied winter flounder

Materials and Methods section, these reference points stock was calculated (Table 33) using population data

derived from fishery data are only deterministic previously reported (NUSCO 1990). Using this mean

approximations useful for comparative purposes weight,the re-scakd a parameter for this study was
across stocks and, in this study, to compare to the obtained as:

corresponding and more realistic values derived ao = a%dmean weight) = 3.74-(1.451bs)'
through simulation using SPDM. = 5.42 (20)

*

Estimation of a for SPDM simulations.
De above stock-recruitment-based estimates of a for This parameter describes the inherent potential of a

the Nianne River winter flounder provided an underes- mock for increase because the natural logarithm of a
,

timate of the true slope at the origin for this stock. is the slope of the SRR at the origin for the unfished ,

De method of M2 =5 annual recruitment included stock (Ricker 1954) and that slope, in turn, corre-

the effects of fishing on winter flounder age-2 and sponds to the intrinsic rate of natural increase of the
-

older as well as the entrainment of larvae at MNPS. population (Roughgarden 1979). Since the slope of .

Derefore, these direct estimates of a w.wd to a the SRR at the origin decreases with increasing

compensatory reserve diminished by existing larval exploitation rates, it is useful to think of a as the
entrainment and exploitation rates. The concept of " remaining growth potential" or " growth reserve" of

compensatory reserve in fishing stocks and the effect the stock. Consequently, the large difference between

of exploitation on the shape of the reproduction curve the derived value of a (5.42) and direct regression

when the recruitment index is based on the exploited estunates of a reflects respective differences in growth

stock was discussed by Goodyear (1977: Fig.1). reserves between unfished and highly exploited stocks

Thus, if larval entramment and fishing rates increase, of winter flounder. Using an unfished stock as a

the field estimates of recruitment will be smaller and starting point for simulations also has other advan.
so will the estimates of a (i.e., the ' remaining" tages, dependmg upon the particular scenario selected.

compensatory reserve). To assess impacts appropri. For example, simulation in this report includes
ately, the inherent potential of a stock to increase in initially moderate fishing rates that are much lower

the absence of fishing and plant effects must be than those affecting the data on which the regression

determined. Crecco and Howell(1990) investigated estimate of a was based. The data-based estimates of

the possibility of using indirect methods to estimate the other two SRR parameters ( and (), which do not

the true tx parameter (i.e., for the unfished stock when depend upon fishing and entrainment rates, were used

F = 0). Dey used four indirect methods (Cushing in the population simulations as given in Table 32.

1971; Cushing and Harris 1973; Longhurst 1983;
Hoenig et al.1987; Boudreau and Dickie 1989) based MNPS impact assessment
on different life history parameters. Because these
methods do not depend upon direct estimates of lavalenrainment
recruitment, they avoid biases caused by changing
fishing rates and provide independent means of Estimates of larval entrainment at MNPS.
validating SRR based estimates. De present study De number of winter flounder larvae entrained in the

*

used a Ricker SRR a parameter estimate derived from condenser cooling water of MNPS is the most direct

the value of 3.74 in biomass units reported by Crecco measure of potential impact on the Niantic River ,,

and Howell (1990: Table 2). his value was re-scaled winter flounder stock. Annual totals of entrained *
for numbers of fish on the basis of the following larvae were related ;o larval densities in Niantic Bay

relationship: and plant operations (i..e. cooling-water volume).
Nearly all winter flounder larvae collected at station .

o% = a / (mean weight per mature female EN were taken from February through June, with

fish) (19) most (> 90%) found in April and May. De
entrainment estimate for 1994 (182.1 million) was

where the mean weight was calculated for a population about average smce three-unit operations began in
*

at equilibrium and one for which only natural mortal- 1986 (Table 34). From January 15 through May 23
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TABLE 33. Biomass enimt nn-a for ehe Niantic River winner flounder female spawning stock at equihbriurn based on an in - - assural
anonality rase of M = 0.35 and an innen-a fishing monalny rate of F = 0 (virgin stock).

Female Number of Weight of Eggs pr Spwning stock Egg

population Fraction mature mature females mature biomass producsion

Age size mature females Obs pr fish) female obs) (mm,-a)

0.0002 1,000.00 0.00 0.00 . . -

3 704.69 0.08 5638 C.554 223,735 31.23 12.613

4 496.59 036 178.77 a8il 378,584 144.98 67.680.

5 349.94 0.92 321.94 1.088 568243 350.27 182.942
* 6 246.60 1.00 246.60 1.377 785.897 339.56 193.800'

7 173.77 120 173.77 1.645 1,004,776 285.86 174.604

8 122.46 1.00 122.46 1.873 1,201.125 22936 147.086
C 9 86.29 140 86.29 1 057 1,366351 177.51 117.959

10 60.81 1.00 60.81 2.203 1,502,557 133.97 91371+

11 42.85 140 42.85 2.304 1,598,597 98.73 68.503

12 30.20 1.00 3a20 2.390 1,682208 72.17 50.798
e 13 21.28 140 21.28 2.461 1,754,800 5237 37342

14 1520 120 1540 2.516 1,809,000 37.73 27.127
15 10.57 120 10.57 2.552 1,845,800 26.97 19.505

Total 3,36145 1,366.91 1,980.71 1,191.329

Mean weight pr manne female fish (1,980 lbs + 1,367 snature females) 1.45 lbs (37.6 cm fish)= =

Mean fecundity (virgin stock) 871,548 eggs pr female spawner=

during the winter flounder larval season Unit I was million larvac) from that expected if Unit I had
not operating due to a refueling outage (Fig. 32). "Ihe operated during this period. This estimated entrain.
decrease in cooling water usage resulted in a calculated ment reduction was higher than the 14% reported in
reduction in larval entramment of about 21% (48,1 NUSCO (1994b), which was based on a long-term

TABLE 34. Annual abundana index (cx parameter of the Gomperts function) with 95% confidence inserval of winter flounder larvae in
entrainment samples and total annual entrainment estimates during the larval season of occurrence, and the volume of seawater entrained at
MNPS sach year frorn 1976 through 1994 during sn 136<isy period from February 15 through June 30.

a Standard 95% confidence Number entrained Seaweier volume
8 8Year prameter error interval (X 10 ) entramed (m X 10 )

1976 1,656 32 1,588 1,724 107.6 662.8
1977 751 47 650 852 31.2 585.6
1978 IS47 352 1,186- 2,706' 87.4 490.9

1979 1,296 81 1,121 1,470 47.7 474.1
1980 2,553 37 2,475 2,632 175.7 633.3
1981 1,163 23 1,113 1213 47.7 455.2*
1982 2259 36 2,184 2.334 170.4 674.1
1983 2.966 21 2321 3,012 2193 648.0
1984 1,840 47 1,741 - 1 S39 88.1 573.8

*
1985 1,585 48 1,483 1,686 83.3 528.1

e 1986 9Q1 31 837 968 130.6 1.353.4
1987 1,194 23 1,145 1.242 172.0 1,323.6
1988 1,404 42 1,315 1,493 193.3 1,381.7
1989 1,677 13 1,650 1,704 175.0 1,045.9.

1990 1.073 25 1,021 1.125 138.8 1,302.7
1991 1,149 18 1,110 1,189 1213 934.4
1992 3.974 76 3,812 4.136 513.9 1,1993
1993 328 23 280 377 45.1 1,412.3
1994 1,709 38 1,626 1,790 182.1 1,174.6
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Fig. 32. Abundance curve for entrained winter flounder larvae in relation to the period of Unit I refueling outage dunng
1994.

,

(1976-91) average annual abundance distribution of these two age-0 abundance indaces was not obvious |
entrainedlarvalwater flounder. (Fig. 33). Densities of winter flounder larvae 7 mm

As in previous years, Stage 3 larvae pst.o...k.;ted and larger taken at EN (an index of abundance rather '

in entrainment collections. In 1994, the percentages than one of estimated impact) were not significantly j
of each developmental stage entrained were 4% for cormlated with the age-O abundance indaces (Table 29).

-

Stage 1,17% for Stage 2,66% for Stage 3, and 13%~ Also, a first-year survival rate index (CPUE of age 1 ;

for Stage 4. These proportions were similar to fish collected in the Niantic River during the spawn-
!findings in previous years. Percentages for 1983 93 ing surveys divided by the 7-mm larval index) was not

combined were 3% for Stage 1,22% for Stage 2,64% significantly correlated with entrainment estimates. |
for Stage 3, and 11% for Stage 4 of development. Furthermore, the significant correlation coefficients |

Effect of entrainment on a year class. To found were positive, implying no apparent '

determine the effect of winter flounder entramment on entrainment effect. In general, even negative correla-
a year-class, the relationship between entrainment tions between annual entrainment and abundance of .

,

estimates and vanous indices of juvenile abundance early life histry stages do not necessarily imply an ;

were examined. Annual entrainment estimates were entrainment impact unless positive correlations can be !

sigai6aa*8y correlated with two abundance indices of found between those early life history stages and '
,

*

juvenile winter flounder (Table 35). 'Ihese were for manne female Ash. *
|

the age O fish taken in late summer at station LR and Mass balance calculations. Themagnitudeof
'

during late fall <arly winter at the * IMP stanons. The the impact of entrainment on the Niantic River winter j,,

abundance of young at LR in early summer, which flounder stock depends upon how many of the en-
'

immediately follows the larval entrainment season, trained larvae originated from this stock. Hydrody. .

was not significantly correlated with estimated namic modeling (NUSCO 1976) and cunent drogue !

entrainment. Although significant, the form of the studies (NUSCO 1992b) showed that much of the ,

relationships between the entrainment estimates and condenser coohng water used by MNPS enters Niantic

72 Monitoring Studies,1994 ;
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TAB 1.E 35. Speannan's rank. order oorselasians between the annual animates of larval wisser fla==ht entrainment at MNPS and the
h indices of several post ensrannessa andy life history anges.

!

Lower river I.mwer river fab early winner Niansic River Apposent larval |

early age-0 loseage-o river-boy winser-spring servival |
Inden* juveniles juveniles juveniles age-1 juveniles rate

'

Annual oJ245' o.6573 0.5473 .o.o796 o3356
enuness of RoscoNS 0.0202 * o.o187 * o.7537 NS 0.1734 NS ,

ense====a 12 12 18 18 18

e

* Indices used n ' to those given en Table 26. exaspt for the appannt samvat mee, whidi is abe age-1 inden divided by the indes :,

ef 7 mm and larger larves at EN in Nisasic Bay. l

O b 'the three assistace shown in endi correlasion astrix element as: i

eormlasion cosmeient (r), !*

"=, si a larger r (NS not as-na=an [p > o.05) * . significant as y 5 0.05), and '
,-

nanber of annual observations (sanple siae).
. |

35.00 - Bay from LIS. Other stocks are known to spawn bodi !

Q 30.004 to the east and west of the bay and results from tidal* -,

3 25.00 j studies also indicated that a large number of winter
'

flounder larvae enter Niantic Bay from LIS (NUSCO

I2am4
,

1992a,1992b). To determine if the number of winter
.

..

15.004 flounder larvae leaving the Niantic River could J

* go.co j s support the number oflarvae observed in the bay each*

i * * year, mass halance calculations were made for 1984

h '"1
. 3,* * * * '

througl.1994; nine of these years (1986-94) occurred*

'08' during three-unit operation. 'Ihe results of each 5-dayi i i i i i

o.ooo 10.000 20.000 30.000 40.000 50.000 60.000 Iperiod in 1994 are provided as an example of sese
ENTRAINMENT ESTIMATE (TENS OF MILUONS) calculations (Table 36). Results for other years were

given in NUSCO (1993,1994a).
During the 1994 larval season, the sign of the term

S-day change shifted from positive to negative when
7aco. the estimated number oflarvae in Niantic Bay started

5 ,,, j ., so decline during a 5-day period beginning on April 21
* ' (Table 36). Also, in early April the sign of the

sam 4 Source or Sink term changed from negative to
40.00 4 positive. A negative Source / Sink term indicated a net

3o.oo j loss of larvae from Niantic Bay during the first part of
*

2am ; the larval season. During the 5-day period starting on

9 q ,. * about April 1, the Source or Sink term became
.

81a0N .* positive, an indication that larvae from other sourcese ,
*

" o.co : (ie., LIS) were required to support the change in
, , , , , ,

o.000 10.000 20.000 30.000 40.000 50.000 60.000 larval abundance and balance the equanon. Timing of
* ENTRAINMENT ESTIMATE (TENS OF MILUONS) this change in the Source or Sink term in 1994 was

similar to previous years (NUSCO 1993), except for*

Fig. 33. Relationship between the annual entrainment an earher date (February 25) in 1993 (NUSCO 1994a).
estimate of winter flounder larvae at MNPS and she late During peak entrainment (April and May), fewerfall 4arly winter seasonal A-mean CPUE of age 0 w,mier,

flounder from all trawl monitoring program stations larvae were entrained &an were W fran LIS,
(TMP) for the 1976-93 year-classes, and between the indicating that sources other than the Niantic River

entrainment estimate and the median CPUE of age-o provided larvae found in Niantic Bay.

winter flounder taken at station LR in the Niantic River During each 5-day period the proportion of entrained
during late summer for the 1983-93 year-classes. larvae from the Niantic River was estimated from the
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. TABLE % Resehs af mass.belsnes 1 1-t for endi 5< lay period in 1994.

Nussber 1mes des Numberfass %e Numbersoabs !

Seart of J.dsy entramed tomonahay Nientac River Nu' nsic River

5-day etsate . (Ent) (Afers) (FreniNR) (TaNR) Joerce er Sin & =

passed (K 10') (X IO*) (X IO*) - (x IO*) (X 10 ) (X 10') }
8

2 15 0.0* c4 OA 04 0.0 44
2-20 R0 R0 0.0 R9 OA -0.9 t

2 25 OA 04' 40 2.1 - 0A -2.1 '

342 OA R0 A0 4.7 OA -4.7

341 SA GA R0 93 OA 93 *
.

3-12 41 60 CA 15 4 6.7 -8.7 f
3-17 1.1 40 al 223 7.1 -14A
3-22 43 40 as 28.2 9.4 13 4 si |
3 27 30.1 A0 2.8 32.2 16 3 -2.8 . t

441 SSA al 43 34A 29.8 15.1 1

446 15 3 IA 11.2 33.8 46.7 40J [
4 11 10.7 11 15 3 31.9 61 4 80.8

'

.

4 16 4A 15.2 14.9 29A 703 75.4

4-21 -2.1 253 10.3 25 4 71.8 79.7 ,

4 26 4.2 283 8.9 22.1 67 4 763 !

541 -4A 253 5.1 18.7 59.9 63.7 I
546 -83 19 3 4.1 15 4 51 4 503 [
5 11 -74 14.8 18 12.9 423 ' 39J '

5 16 4.5 12 4 2.1 10.6 34 3 32.2 >

5 21 -5.2 11.1 1.4 84 28.1 26.7

5 26 -4.1 8.2 1.3 7A 22.9 21.2 a

5 31 -3.2 54 0.9 5.7 18.8 16J [
645 -2.4 3.9 0.6 4.6 15.7 13.2

6 10 -1.8 16 0.4 3.8 13.4 10.8

6 15 -1.4 14 03 3.1 11 4 9.1

6 20 -1A 1.2 0.2 24 103 83 !

6-25 0.7 0.8 0.2 21 93 7.4 i

* Das no mundm8.any aero vales sepie mis is iban 50,000 larvae. [
i

ratio of larvae entering the bay from the river emrained by MNPS onginated from the Niantic River ;

(FromNR) to the total input from both sources (Table 37). For 1994, the estimated number oflarvae |

(FromNR + Source or Sink). 'Ihis proportion was entrained that originated from the river was about !
applied to the total number entrained in that 5-day average compared soprevious years. I

period to estimase the number entrained from the 'Ihe potential impact of larval entramment on the I
*

Niantic River. Durms 5<isy pmods when there was a population depends upon the age of each larva at the
'

net loss (negative Source or Sink term) or when the time it is entrained. Older individuals have a greater
proportion from the river was greater than one, all probability to contribute to year. class strength than . i

' larvae entrained were assumed to have anginated from younger ones. Therefore, the estimated number of
the Niantic River. This estimate was conservative, each developmental stage entrained durms each 5-day
because the resuks of a dye study and larval dispersal period was based on the proportion of each stage * '

modelling (Dunos and Adams 1989) showed that only collected at station EN. By applying the proportion )
*

about 20% of the water discharged from the Niantic of entrainment attributed to the Niantic River !

River passed through MNPS during full three-unit (FromNR / [FromNR + Source or Sink]), the number . . ;

opersoon. Fa==sa of annual total entrainment and oflarvae in each stage was allocated to each of the two i
the annual number estrained frorn the Niantic River sources (Niantic River or other) for every 5 day penod. j
were determined by summing over all 5-day periods. 'Ihe annual number of each larval stage entrained imm {
Based on mass-balance catentarw== for data collected each source was esumated by summing ovar all 5-day [
in 1984-94, about 14 to 38% of winter flounder larvae periods (Table 38). Most of the Stage 3 larvae (the !
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TABLE 37. Estimaies of total nurnber of larval winter flounder entrained, number of larvae entratned from the Niantic River, and the I

percentage of satal entramment maribuisd to the Niantic River for 1984-94. .

!

Niantic River % entramment ;

Total entramment larvel entramment aanbuted to
8 8Year (X 10 ) (X 10 )* the Niantic River

1984 88.1 33.1 37 4

IM5 83 3 28.8 34.6
1986 130.6 28.9 22.1

1987 1724 42.8 24.9 *

1988 1933 das 21.1 |*
'

1989 1754 34.5 - 19.7

1990 138.8 39.7 28.6
V 1991 121.3 363 29.9 i

'

e 1992 513.9 82.5 16.1

1993 45.1 6.2 13.7

1994 182.1 44.8 24.6

o
* A slight increase than previously reported (NUSCO 1994a) due so a conecuan in computer coding in e==mang the term TaNA.

TABLE 38 Estunnied number of winner flounder larvas entramed at MNPS by developnental stage from the Niantic River and other sources,
based on mass. balance eahtanans for 1984 through 1994.

Stage 1 Stage 2 Siege 3 Stage 4
8 8Year Source (X 10') (X 10 ) (X 10') (X 10 ) ,

i

1984 Niersic River 0.2 15.4 14.4 3.2

Other 0.1 253 25.9 3.7

1985 Niantic River 3.5 17.9 7.1 0.4
Other 0.8 11.1 35.9 6.7 i

1986 Niantic River 0.7 7.7 15.9 4.5 i

Other 1.5 25.6 63.1 11.4

1987 Niantic River 0.8 15.6 24.5 1.9

Other 0.6 313 89.1 7.9

1988 Niantic River 4.1 9.8 25.3 1.6

Other 1.2 8.1 119.4 23.9

1989 Niarcic River 2.9 !!.5 19.7 0.5 i

Other 43 42.4 85.0 8.8

1990 Niamic River 14 6.4 28.5 3.8 ,

*
Other 0.9 12.8 76.1 9.4

,

1991 Niantic Ricc- 03 3.7 27J 4.9 '

* Otte 0.7 9.2 68.5 6.7
'e

1992 Niantic River 5.8 10.4 57.2 9A
Other 31.4 56.5 308.8 34 4

. e

1993 Niantic River 03 1.2 4.1 0.5 i
'Other 13 5.4 24.2 8.1

;

1994 Niarnic River 1.7 9.8 27.4 5.9
Other 3.9 28.5 87.0 17.9
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predominant stage entrained) originated from sources areas other than the Niantic River.
other than the Niantic River. As mentioned previ- De above mass-balance calculations were based on
ously, some larger larvae from other areas may have actual daily condenser cooling-water volumes. To de-
entered the Niantic River during a flood tide and caused termine the production loss for projected full (100%
the increased frequency noted in larger size-classes capacity) three-unit operations, these calculations were
(Fig.16). Results from a special bay-wide sampling recomputed based on a maximum daily condenser
during 1991 (NUSCO 1992a) showed that in April cooling-water volume of 11.1 million m day ~I (Table3

and May, when about 75% of Stage 3 larvae were 39). To increase the time-series, three-unit operation
entrained, more larvae entered Niantic Bay from LIS was simulated to include 1984 and 1985, prior to Unit

*east of Millstone Point and passed by the MNPS 3 start-up. Estimated annual percentages of the
intakes during a flood tide than were flushed out of the Niantic River winter flounder production that would
bay to LIS during an ebb tide. Derefore, greater den- have been entrained since 1984 under simulated three-

,,

sities of Stage 3 !arvae were expected at station EN unit operation ranged from 5.4 to 25.0% (geometric
,

during a flood than an ebb tide. His was confinned mean = 12.1%). Rese estimated annual reductions in
in NUSCO (1993), where significantly (p 5 0.05) year-class strength were used in impact assessment
greater Stage 3 der,sities found in April and May from simulations with the SPDM as described below. a

1983 through 1992 at station EN were from collec-
tions made during flood tides as compared to ebb tides. Stochastic simulation of the Niantic
Estimated production loss from the River winterflounder stock

Niantic River stock. Estimates of larvae en-
trained by stage from the river were compared to Model simulation of MNPS Impact. De
annual abundance estimates for each larval stage in the initial input data used to run the SPDM were desciibed
Niantic River to determine the percentage of produc- in the Materials and Methods section (Tables 15;
tion loss from the Niantic River stock (Table 39). Figs. 4-6). Simulations were made from 1960, a
Estimates of Niantic River Stage I larvae entrained decade before Unit I went online, until 2060,35 years
were calculated from daily abundance estimates (Eq. 3) after Unit 3 is scheduled to be retired. The model
at station C, following an evaluation presented in accessed a secondary input file, which included fishing
NUSCO (1993). His study indicated that entrain- (plus impingement mortality) rates and the larval
ment sampling may underestimate Stage 1 larval entrainment losses (i.e., % Niantic River annual larval
abundance because of net extrusion. Based on dye production loss) assumed for each year of the simula-
studies (Dimou and Adams 1989),20% of the Niantic tion (Table 40). The combined mortality of fishing
River discharge passes through MNPS during full (F) and impingement (IMP) was used only during the
three-unit operation. Therefore, for full three-unit years 1971-2025, corresponding to actual or expected
operation,20% of the daily density of Stage 1 larvae MNPS operation. Rates oflarval entrainment (ENT)
at station C were used as an estimate of Stage 1 larval during 1971-94 were based on known rates of MNPS
entrainment from the Niantic River. During periods cooling-water flow and calculated entrainment of
of reduced plant operation, estimates were proponion- Niantic River winter flounder larvae as derived from
ally reduced based on daily water volume use. the mass-balance calculations discussed above.
Entrainment estimrtes for Niantic River Stages 2,3 Entrainment rates from 1995 through 2025 were
and 4 !arvae were from the results of mass-balance estimated by randomly selecting values of ENT from '

calculations, which used entrainment sampling the historic time-series for full three-unit operation
densities. The estimated percentage of the Niantic (Table 39) and of cooling-water flow for each unit

,

River winter flounder production entrained annually (Table 5), which also depended upon a unit retirement
since 1984 ranged from 4.7 to 22.0% and had a schedule (Table 1). ENT was then adjusted to account

*

geometric mean of 9.2%. In 1984-93, production for historically varying flows by unit during the larval
losses were slightly higher than reported in NUSCO winter flounder season. In this process, it was -

(1994a) due to a computer coding error, which was assumed that MNPS would operate during a larval
corrected and the estimates recomputed. Based on winter flounder season in the future as it had in the
several special studies (NUSCO 1992a,1992b) and past. Calculated annual values of larval production
the empirical mass balance calculations, a large loss used for simulations in this report are given in
number of larvae entrained at MNPS likely came from Table 40.
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TABLE 39. Estimated abundance of winner flounder larvae in the Niantic River and the surnber and percentage of the production entrained !

frcen the Niantic her by developneraal stage for 1984-94. Ninnbers of larvae fran the Niantic River were based on the most recent eness-

[ balance calculations.

Projected fult* MNPS
Anual MNPS operauns meditions. shree.umt operannr condancms.

Niantic River Entrausnent fioso lintraimenent froni

| Siage of annindance' the Niantic Rived 5 of abe the Ninntic River 5 of abe
8 8 8Year denlapment (X 10 ) (X 10 ) psoduccian* (X 10 ) producaian''

*
i 1984 Siege 1 2864 10.3 0.4 22.6 0.8

! Stage 2 685 15.4 2.2 32.7 4.8

i Siege 3 337 14.4 43 34.9 10.4

{ # Stage 4 235 3.2 1.4 94 3.8
| Total 43 3 8.2 99.2 19.7*

1985 Stage 1 3228 15.6 0J 44.2 1.4

* Suge 2 773 17.9 2.3 44.7 5.8

Siege 3 380 7.1 1.9 15.2 4.0

Stage 4 265 0.4 0.2 th 0.4

| Total 4th 4J 105.1 11.5

1
'

1986 Stage 1 2494 11 4 0.5 14.4 0.6
Suge 2 700 7.7 1.1 8.5 1.2

Stage 3 366 15.9 43 15.7 4.3

Stage 4 255 4.5 1.8 5.1 2.0

| Total 39.7 7.7 43.7 8.1

1987 Stage 1 3036 34.4 1.1 39.8 1.3

Stage 2 853 15.6 1.8 18.1 2.1

Stage 3 445 243 5.5 25.4 53
Suge 4 311 1.9 0.6 2.0 0.6
Total 9.1 85 3 9A

1988 Stage 1 4951 83,7 1.7 92.1 1.9

Stage 2 741 9.8 1.3 103 1.4

Sage 3 267 253 9.5 27.1 10.1 .

Stage 4 192 14 0.8 1.7 0.9 6

Total 120.4 13.3 131.2 143

1989 Stage 1 4091 66.5 14 84.3 2.1
Stage 2 570 113 2.0 14 3 2.5
Stage 3 188 19.7 10.5 24.1 12.8
Stage 4 126 0.5 0.4 0.7 0.6
Total 98.2 14 5 123.4 17.9

*
1990 Suge 1 2115 33.2 14 36.7 1.7 I

Stage 2 869 6.4 0.7 74 0.9
Suge 3 239 28.5 11.9 32.4 13 4

*
Suge 4 206 3.8 1.8 43 2.1

* Total 71.9 16.1 81 4 18.2

,

| 1991 Stage 1 3653 8.0 0.2 13.0 0.4
| Stage 2 2549 3.7 0.1 5.2 0.2

*

Siege 3 715 273 3.5 36.2 4.7
Siage 4 628 4.9 0.8 6.4 th
Total 44.1 4.7 60.8 6.2

|
|
| -

1
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TABLE 39. (coat).

8Propeceedfull MNPS
Asamal MNPE apemame maahans. shme.und aparanng mandmans.

Niansic River Eneaumment inun Eno====a inun
Seese of abundance" she Naamac Riverb 6 af abs the Niende River 5 af abe

8 8 8Year /.* (X 10 ) (X 10 ) pedmenen* (X 10 ) ;- '

,

1992. Sense 1 2234 23A la 2s& 13
Sense 2 936 10.4 1.1 II.s 1.3 i

' Sense 3 344 37.2 16 4 64.4 is.7 !

!Sense 4 216 9A 33 10.5 3J *
Tasal 994 22A 1153 . 2sA |

?
1993 Sense 1 1277 11.7 0.9 13.3 la . !

Sense 2 660 1.2 0.2 IJ 0.2 - !.

Sense 3 119 4.1 3.4 4.2 3.5
Sense 4 s3 03 0.6 03 04 }
Total 17J 5.1 19 3 5.4 |e

i
1994 Sense 1 Iss6 27.4 1.5 36.1 1.9

'

Sense 2 1035 9.s 0.9 12.5 1.2

Sense 3 519 27.4 53 35.7 6.9 i
Sease 4 451 5.9 13 7A 1A !

Tatal 10.5 9A 913 11J ,

i
!Geomaanc uneen 9.2 12J

I

* Ma=d=== estunsees for 1984 39 wese inun Caseo and Howell (1990) and shose for 199094 were calculated by NUSCO staff. !
* Emer====== esemnases metribused to the Niansic River en hisber than those in Table 37 due no adjusenanes made for Sense I assiammment. ;
* A siisht kncsenes than previously suponed (NUSCO 1994a) due to e conectson in a-gunar coding in aae-ment the isnm TaNA. ?8

Akhoush only MNPS Unies I and 2 operased in 1984 and 19s5, the pecyscied values ===- fun ihree-imit openuan for au years.

Expected changes in the values of F over time were ronmental vanabdity; a baseline stock, whose size
determined after consultation with DEP Marine was affected by rates of fishing in addition to the |Fisheries (V. Crocco and P. Howell, CT DEP, Old above; and an impacted secck, which funher added the .

Lyme, CT, pers. comm.) and reflect recent changes in effects of MNPS entrainment and impingement to [
regulations to considerably reduce F (Table 2). those of fishing and natural variation. Because the *

Nominal fishing mortality rates were initially set at F baseline stock projections include fishing but no i
= 0.40, remained unchanged through the 1960s, power plant effects, this time-series was used as the !
increased gradually to 0.62 in 1988, and thereafter reference against which the impacted stock projections '

increased more rapidly to a maximum rate of 1.30 in were compared. 'Iherefore, the baseline needs to be a ;
1991 (Tabie 40; Fig. 5). Note that the rates in Table fair representation of past and projected trends of !
40 included an additional mortality of F = 0.01 that Niantic River winter flounder abundance. "Ihe ,

accounted for fish impingement during the years of unfished stock size used initially in the simulations <

MNPS operation (NUSCO 1992a). A.'ter 1991, and was 98,104 lbs (value of P,ap equivalent to 67,658 |
as a result of implemented or proposed regulatory female spawners), which was based on the age and size -,

changes to the fishenes, F was projected to decrease structure of female winter flounder (Tables 5, 32, and s
substantially through the late 1990s, reach a low of - 33). The initial stock size represents the maximan j
0.50 in 2001, and remain unchanged throughout the spawning potential (MSP) for the unfished Niantic |
rest of the simulation time period. River female spawning stock. 'Ihe geometric mean .!

~

Simulation results. 'Ihree stochastic time- estimate of MSP from the SPDM was 98,046 lbs, !

series of female spawning stock sizes were generated remarkably similar to the deterministic estimate of !

by SPDM simulation runs: a theoretical.unfished P,ep used to initiate the simulations. '!he stochastic !
stock, whose size was dependent only upon the mean size of the exploited stock by 1970 (under the j
dynamics of winter flounder reproduction and envi- starting nominal fishing rate of F = 0.40) was quickly i

!
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TABLE 40. Schedule of condiaxmal entrausnent (Eh7 values), fishing (F) mortalities with adjustments for impingement (IMP), and fishing
discard monaliiss as E ,' - -"in the 1994 SPDM simulations.

% of year-class reduction
Tune Simulation based on calculated or Nominal F Fractional fishin8 discard F for :
step year simulaied levels of EN7* (plusIMP/ Age-I A e-2 Age-3 Age-48<

0 1960 04 0.40 0.0360 0.2400 0.4000 0.4000

1 1961 OD 0.40 0.0360 0.2400 0.4000 a4000
2 1962 0.0 0.40 0.0360 0.2400 a4000 a4000
3 1963 OA 0.40 0.(D60 0.2400 a4000 a4000

o 4 1964 0A 0.40 a(D60 0.2400 a4000 0.4000
e

5 1965 OA 0.40 a0360 a2400 a4000 0.4000

6 1966 04 0.40 0.0360 a2400 0.4000 (L4000

7 1967 OA 0.40 0.CD60 R2400 R4000 0.4000
0

8 1968 02 0.40 0.0360 a2400 0.4000 R4000
*

9 1969 0.0 0.40 0.(D60 0.2400 Q4000 Q4000

10 1970 OD 0.40 0.0360 0.2400 0.4000 R4000
Il 1971 0.1530 X ENT= 1.239 0.41 0.0390 0.2440 a4040 a4040

*
12 1972 0.2262 X EhT= 1.402 0.42 a0399 0.2500 R4140 0.4140

13 1973 0.0767 X EhT = 0.882 0.43 0.0408 0.2560 0.4240 0.4240
14 1974 0.1895 X Eh7= 1.175 0.44 a0417 a2620 04340 a4340
15 1975 0.2262 X ENT = 4.456 0.45 a0426 0.2680 0 440 R4440
16 1976 0.4421 X EKT = 11D53 0.46 0.0435 0.2740 0 4540 0.4540
17 1977 0.4232 X ENT = 4.147 0.47 0.0444 0.2800 0.4640 0.4640
18 1978 03018 X ENT= 3.471 0.48 0.0453 0.2860 0 4740 a4740

19 1979 03133 X ENT= 3.603 0.49 0.0462 0.2920 a4840 R4840
20 1980 0.4810 X ENT = 5.532 0.51 0.0480 03040 0.5040 a5040
21 1981 0.2873 X ENT = 1.781 0.53 0.0498 0.3160 0.5240 0.5240
22 1982 0.4857 X ENT = 6.946 0.56 0.0360 0.2735 0.5540 0.5540
23 1983 0.4675 X ENT= 8.509 0.58 E0372 0.2491 0.5740 0.5740 1

!24 1984 8.2 0.60 0.0384 0.2577 0.5940 0.5940
25 1985 4.8 0.61 0.0390 0.2200 0.6040 a6040
26 1986 7.7 0.63 0.0402 0.2272 0.6240 0.6240 1

27 1987 9.1 0.64 0.0408 0.2308 a6340 0.6340
28 1988 13 3 0.63 a0402 all56 a6054 a6240
29 1989 14.5 0.86 a0540 0.1570 R8285 R8540
30 1990 16.1 1D4 0.0648 0.1894 1.0031 1.(840

31 1991 4.7 131 0.0810 0.2380 1.2650 1.3040

32 1992 22h 1.18 0.0TJ2 0.2146 1.1389 1.1740
33 1993 5.1 1.18 a0732 0.1210 E9634 1.1272

34 1994 9.0 140 a0624 0.0733 a5485 R8950
35 1995 Ul, U2, U3 flow X ENT = 13.622 0.77 0.0486 0.0572 a4220 0.6880
36 1996 UI,U2 U3 Dow X ENT= 4.532 0.75 0.0474 0.0558 0.4110 0.6700
37 1997 Ul, U2, U3 flow X EST = 3.110 0.70 0.0444 0.0523 0.3835 0.6250
s8 1998 Ul, U2, U3 flow X ENT = 15.961 0.65 0.0414 0.0488 a3560 a5800
39 1999 UI, U2, U3 flow X EhT = 14.992 0.60 0.0384 0.0453 0.3285 R5350

e 40 2000 Ul, U2, U3 flow X ENT = 8.016 0.55 0.0354 0.0418 0.3010 E4900
41 2001 UI, U2, U3 flow X EhT = 6.707 0.51 0.0330 a0390 0.2790 a4540
42 2002 UI, U2, U3 flow X ENT = 4.450 0.51 0.0330 a0390 0.2790 R4540

, 43 2003 Ul, U2, U3 flow X Eh7 = 12.370 0.51 0.0330 0.0390 0.2790 E4540
44 2004 Ul, U2, U3 flow X Eh7 = 11.757 0.51 0.0330 0.0390 0.2790 0.4540,
45 2005 Ul, U2, U3 flow X ENT = 19.371 0.51 0.0330 0.0390 0.2790 0.4540
46 2006 UI, U2, U3 flow X ENT = 8.673 0.51 0.0330 a0390 0.2790 R4540-
47 2007 Ul, U2, U3 Dow X ENT = 6.934 0.51 0.0330 0.0390 0.2790 0.4540,

48 2008 Ul, U2, U3 flow X ENT = 8.506 0.51 a0330 0.0390 0.2790 0.4540
49 2009 Ul, U2, U3 flow X ENT = 10.477 0Jl a0330 0.0390 0.2790 0.4540
50 2010 Ul, U2, U3 flow X EhT = 16.898 031 0.0330 0.0390 0.2790 R4540
51 201I U2, U3 flow X EKr = 7.648 0.51 0.0330 0.0390 0.2790 0.4540
52 2012 U2, U3 flow X ENT = 9.464 0.51 0.(D30 0.(D90 0.2790 0.4540
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TABIJi 40. (a=== d).
j

% of year. class reducten j
'line Samulanan based en calculseed or Nammal F Fracnanal6shing discard F for:

.

;

esep year simulated levels ofIDf!* (plusIMPf Age.1 Age-2 Age.3 Age.4
'

53 2013 - U2, U3 flow X ENT = 11.098 0.51 a0330 0.0390 0.2790 E4540
54 2014 U2, U3 Sow X ENT = 6.605 0.51 0.0330 0.(D90 0.2790 R4540 |
55 2015 U2,U3 Dow X ENT = 12.372 031 R(D30 E0390 0.2790 R4540-
56 2016 U3 Sow X ENT = 3.669 031 0.0330 CL(590 0.2790 R4540
57 2017 U3 Sow X ENT = 3.702 031 R0330 0.0390 0.2790 0.4540 -

58 2018 U3 AowX ENT= 5.534 0.51 0.0330 0.0390 0.2790 a4540 *
,

59 2019 - U3 flow X ENT = 8.180 0.Al 0.0330 0.0790 0.2790 0.4540

60 2020 U3 Dow X ID(T = 3.499 0.51 0.(B30 0.0390 0.2790 0.4540 - '

61 2021 U3 Dow X ENT = 11.325 0.51 0.0330 atD90 0.2790 0.4540 e

62 2022 U3 Dow X ENT = 2.833 0.51 0.0330 0.(590 CL2790 0.4540 '. i
63 2023 U3 Gow X ENT = 4.451 0.51 0.0330 0.0390 0.2790 a4540
64 2024 U3 flow X ENT = 7.142 0.51 0.0330 0.0390 0.2790 a4540
65 2025 U3 flow X ENT = 5.534 0.51 0.(D30 0.0390 0.2790 a4540 ,
66 2026 0A 030 0.0300 0.0350 0.2750 E4500

I67 2027 0.0 030 0.0300 0.0350 0.2750 0.4500
68 2028 0.0 0.50 0.(D00 0.0350 0.2750 0.4500 ;

69 2029 0.0 0.50 E0300 a(D50 0.2750 0.4500 '

70 2030 0.0 0JO 0.0300 0.0350 0.2750 0.4500 ;

71 2031 0.0 0.50 0.(D00 0.0350 0.2750 0.4500
72 2032 0.0 0.50 0.(D00 0.0350 R2750 0.4500

,

73 2033 0.0 0.50 0.0300 0.0350 0.2750 0.4500
74 2034 0.0 0.50 0.0300 0.(D50 0.2750 a4500'
75 2035 0.0 0.50 0.0300 0.0350 0.2750 0.4500
76 2036 0.0 0.50 0.0300 0.0350 0.2750 0.4500
77 2037 0.0 0.50 0.0300 0.0350 0.2750 0.4500
78 2038 0.0 0.50 0.0300 0.0350 0.2750 E4500
79 2039 0.0 0.50 0.0300 0.0350 0.2750 0.4500 :

80 2040 0.0 0.50 0.(D00 0.0350 0.2750 0.4500 - |

81 2041 0.0 0.50 0.(000 0.0350 0.2750 E4500
82 2042 0.0 0.50 0.0300 0.0350 0.2750 0.4500 ,

83 2043 0.0 030 0.0300 0.0350 02750 0.4500
84 2044 0.0 0.50 0.(000 0.0350 0.2750 0.4500

85 2045 0.0 0.50 0.0300 0.0350 0.2750 0.4500
86 2046 0.0 0.50 0.0300 0.0350 0.2750 0.4500
87 2047- 0.0 0.50 0.0300 0.0350 a2750 a4500 ,

88 2048 0.0 0.50 0.(B00 _0.0350 0.2750 0.4500 [
89 2049 0.0 030 0.0300 a0350 0.2750 0.4500 1

90 2050 0.0 0.50 0.0300 0.0350 0.2750 0.4500
'

91 2051 0.0 030 n0300 0.0350 0.2750 0.4500
92 2052 0.0 0.50 0.0300 - 0.0350 0.2750 a4500
93 2053 0.0 0.50 0.(000 0.0350 a2750 R4500

*94 2054 0.0 030 a(D00 0.0350 0.2750 0.4500 '

95 2055 0.0 0.50 0.0300 0.0350 0.2750 a4500
96 2056 0.0 0.50 0.(500 'O.0350 0.2750 - a4500
97 2057 0.0 030 0.0300 0.0350 0.2750 E4500 *

,

98 2058 0.0 030 a0300 0.0350 0.2750 0.4500 4 '

99 2059 0.0 OJO CL(D00 E0350 0.2750 E4500 i

100 2060 0.0 0JO 0.(D00 0.0350 0.2750 0.4500 ,

* ENT values for 1984-94 were estimases snade under actual MNPS eperaung -Amn'ns as shown an Table 39. For 197183 and 1995 2025, I

ENT vekses were sendomly selecsed from proyected roses deiermmed from sness. balance calculations for full thres. unit aparation during
1964 94 (Table 39). To adjust the chosen values of ENT, actual MNPS flow values were used for 1971-83 and randomly selected values

,

from Table 5 wese used for 1995-2025. 7he values of ENT given above were used in the SPDM simulati<ms for this report. >

6 F values were oboamed from the DEP (P. Howell and V. Crecco, CT DEP. Old Lyme, CT, pers. comm.). Impingement monality was
.

implemassed as an equivalent instantaneous monalsy rate (0.01) held constant throughout the MNPS operauonal period (19712025). !
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I

reduced to 49,476 lbs. The simulated baseline (the stock. Fishing reduces biomass of the stock at a
,

solid line in Figs. 34 A and 35) responded as expected greater rate than it reduces the number of spawners '

to the high rates of fishing through 1991 and the because it tends to select for larger fish and, thus,
i

stock steadily declined to its lowest point of 12,907 reduces the average weight of the spawners remaining |

lbs in 1993 and rose only slightly to 13,704 lbs in in the stock. However, the most important difference -|
1994. He estimated biomass for 1993 was only between fishing (with an added component accounting i

about half of the critical stock size (dermed as a stock for impingement) and larval entramment is that the ;

biomass equal to 25% of the MSP) of 24,526 lbs, former process removes fish from each year-class
'

,
shown as the dashed line in Figures 34A and B; this every year for as long as any fish remain, while the
reference stock size will be discussed in greater detail lauer causes a reduction only once in the lifetime of |
below. Allowing for natural variation in the simula- each generation and, then, very early in the life history |.

tion, maximum replicate values of stock sizes for of a species. De relative effects of stock reductions {.
'

1992-94 were below 25% of the MSP and the mini- due to fishing and MNPS impact can be assessed by

mum value in 1993 was as small as 8.3% of MSP. comparing the unfished stock projection line to those ;

* De simulation illustrated that the baseline population for the fished stock with and without plant effects .

could fall below the critical stock size at any time (Fig. 36). Most biomass reductions were due to i
from 1984 through 1999. However,if reductions in F fishing. However, as fishing mortality was reduced j

work as planned the stock should recover rapidly and stock biomass increased, absolute reduction in ;

following its lowest point in 1993. population size due to MNPS impact became larger |
To determine the effect of MNPS on the Niantic until units began to cease operation. ;

River female spawning stock, the baseline time-series Stock sizes projected for each simulation acenario at ;
'

was compared to the impacted time-series, which is seven selected points in time are given in Table 41; !

shown in Figure 34B and as the dashed line in Figure losses relative to the theoretical unfished stock for !

35. The impacted series corresponds to projections of each particular year are shown as percentages. Stock .

the same initial stock as the baseline, but with sizes represen:ing the fifth and ninety-fifth percentiles I

additional annual losses due to MNPS operation (i.e., for the 100 Monte Carlo replicates generated for each
ENT + IMP). In this impacted population projection, year are also given. The theoretical unfished stock in ;

the stock did not respond to larval losses due to each of the 7 years shown varied little and averaged ;

entrainment until 1974 (the fourth year of Unit 1 about 104,000 lbs for each year. Prior to MNPS ,

operation), when biomass began to decline below operation in 1970, the baseline and the impacted
baseline leveis (Fig. 35). De lowest projected stock stocks were identical (49,476 lbs) and made up about {
biomass (10,947 lbs) was reached in 1993, whereas 47% of the unfished stock. By 1990, winter flounder |
the greatest absolute decline relative to the basche spawning stocks under full MNPS three-unit opera- i
occurred in 2003 (a difference of 7,0*6 lbs), when the tion declined nearly 50% relative to 1970. However, J

effects of reductions in F since 1994 were propagated this was mostly the result of increased fishing as the :

through the spawning population. From this point impacted stock was only about 2,100 lbs less than the
on, biomass of the irrpacted stock generally paralleled baseline. As noted previously, smallest stock sizes ;

that of the baseline and began to approach it as MNPS were found in 1993 as a result of high rates of |,
units went offline. He impacted stock moved to exploitation during the early 1990s. In 1994, both ;
within 1,000 lbs of the baseline in 2031 (6 years after the baseline and impacted stocks increased by 6% from ,

the end of Unit 3 operation in 2025) and became 1993, but biomass remained only 13.1% and 11.1%, !.

virtually identical to it by 2033. Dese projections respectively, of the unfished stock. By 2000, the |.

depended upon the rates used, but actual winter baseline stock had r*3v* more rapidly to decreased |c

flounder abundance could depart considerably from fishing than the impacted stock and represented 39.4% |

predictions if annual rates and simulated conditions are of the unfished population as opposed to 32.8% for i
-

not matched by real conditions. the impacted stock. He gap between the two began |

The different nature of stock reductions caused to narrow in 2010 and 2020 and both were nearly the :
directly by fishing and impingement and those same by 2030, when the impacted stock was consid- !

|resulting from larval losses through entrainment at cred to be fully recovered. Finally, the time-series
MNPS is related to the age structure of the spawning were indistinguishable after 2035.
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Fig. 34. Stochastic variability associated with the projected Niantic Rives female winter flounder stock expressed as .

biomass Obs) for: A. De baseline stock with simulated sport and commercial fishing rates, but no effects from MNPS
operation, and B. The impacted stock with both fishing effects and MNPS impact. The solid lines are the geometric means ,

and 95% confidence interval (100 Monte Carlo replications) of each stock size uniectory and are equal to the baseline and |
Impacted stocks illustrated on Figure 35. He symbols above and below tbs line correspond to the largest and smallest

"

stocks among the 100 replicates generated for each year. The dashed line represents the critical stock size (here. 24.526
Ibs), defined as wl en stock biomass has been reduced to 25% of the maximum spawning potential (Howell et al.1992).
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Fig. 35. Results of the SPDM simulation showing the combined effects of fishing and calculated larval entrainment rate and
fish impingement rates (dashed line labeled ENT + IMP) on the biomass of the Niantic River female winter flounder spawn-
ing stock. Entrainment rates changed annually according to the number of MNPS units in operation and fashing rates were
also variable (see text and Table 40 for details). The solid line labeled "No impact"is the baseline with fishing effects only.
All stock sizes are averages of 100 Monte Carlo replicates.
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Fig. 36. Illustration of the effects of fishing (solid line labeled "No impact") and MNPS operation under calculated larval
,

entrainment and impingement rates (dashed line labeled "ENT + IMP") relative to the theoretical (SRR-based estimate) ;

unfished stock expressed as female spawner biomass in Ibs. All stock sizes are averages of 100 Monte Carlo replicates.
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TABLE 41, Expected biomass in pounds of female winter Dounder spawners at seven seleaed poinu in time during SPDM simulauans of the
Niande River populauon (see Figures 34 and 35). Espected mean stock sizes are geometric means of 100 Monte Carlo rephesies and the fifth
and ninety-fifih percentiles of stock sizes for the 100 repticates of each year are given.

Type of
pqndation simulated 1970 1980 1990 1994 2000 2010 2020 2(D0 2040

'neossucal infished
esack*

Geometric mean 104,536 104,237 104,839 104,832 103,093 104,940 101,?$7 102,698 104,965

5th percentile 85,740 83,017 86,337 84,670 81,700 85,664 83,008 84,804 85,393 *
05th peranule 123,550 125,320 127,149 127,086 129,077 129,264 118,877 121,864 127,151

Basehne* e

Geometric mean 49,476 41,587 27,383 13,704 40,568 44,604 43,706 44,134 45,274 .

5th perantile 38,572 30,634 10,999 9,879 27,264 33,364 33,160 32,687 33,379

95th percentile 63,070 53,912 36,332 19,858 55,852 59.369 54,809 59,899 61,959

*
% of the theoretical
infished stock 47.3 % 39.9 % 2661 % 13.1 % 39.4 % 42.7 % 43.0% 43.0 % 43.1 %

1mpaa (ENT + IMF)*
Geometric mean 49,476 39,737 25,253 11,633 33,849 39,t31 40,009 42,277 45,274
5th percentile 38,572 29,158 18,267 8,334 22,062 29,125 30,213 31,776 33,384

95th percentile 63,070 51,648 33,802 16,940 46,856 51,957 49,409 56,765 61,916

% of the theoretical
wifished stock 47.3 % 38.1% 24.1% 11.1 % 32.8 % 37.3 % 39.3 % 41.2 % 43.1 %

* No fishing or MNPS effccis.
6 Fishin8 effecu, but no MNPS impact.
* Cambined effecu of entrainment and impingement (ENT + IMP) at MNPS in addition to fishing.

Probabilistic assessment of MNPS ef- combinations of length (10,11, or 12 inches) and
fects. The stochastic variability associated with trawl codend mesh (3.5, 4.5, 5.0, or 5.5 inches)
stock projections for the baseline and impacted stocks restrictions imposed on the commercial fishery. A
(Fig. 34) formed the basis for probabilistic analyses. stock that has been reduced to less than 25% of the
These analyses took into account not only the mean MSP is considered overfished and its continued main-
stock biomass predicted for each year, but also the tenance is questionable. Furthermore, spawner abun-
empirical frequency distribution of 100 replicate dance may decline lo even lower levels. Altematively,
predictions that were both smaller and larger than the fishing rates tha: preserve 40% of MSP allow for the
mean. To assess effects of MNPS operation, the preservation of the stock and maximize yield to the
probabilities that the Niantic River female winter fisheries. His level may be viewed as conservative .

flounder spawning stock would fall below selected 1.ccause the simulations suggested that even under
reference sizes were determined directly from the moderate exploitation in the 1960s and 1970s, a num-
frequency distribution of 100 replicates of each annual ber of simulated projections were below 40% of MSP.

~

sto7k size. he reference sizes were percentages (25, in 1970, both the baseline and impacted stocks were *

30, and 40%) of the biomass of spawning females for likely (p 2 0.95) larger than 40% of MSP (Table 42).
the unfished stock (i.e., the MSP) as suggested in the However, by 1980 both stocks had increased proba- .

Atlantic States Marine Fisheries Commission bilities (0.36,0.45) of falling below 40% of MSP,
management plan for inshore stocks of winter flounder Ir; 1990, the stocks were almost certainly less than
(Howell et al,1992). In eastern LIS, values of F 40% of MSP and likely (p 2 0.68, 0.79) less than
ranging from 0.37 to 0.68 would be necessary to 30% of MSP. The impacted stock also had a proba-
achieve maximwn yield, depending upon various bility of 0.40 of falling below 25% of MSP, At the
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TABt.E 42. Probabilities of Niantic River female spawning stock biomass faning below three selecied referencs siaes at seven selected points
in time. Reference sizes an expressed as a percentage of the maximurn spawning posentaal (MSP) of 98,104 lbs for the theoretical unfished ,

siock (F = 0). Probabilities were based on the empincal pmbability distributicm function cornsponding to 100 Monte Carlo nek=r-

Type of
populatica Reference
simulated stock size' 1970 1980 1990 1994 2000 2010 2020 2030 2040

Baselane* 25% of MSP 0.00 040 a26 1.00 0.00 0.00 a00 0.00 0.00 i

Impacted * 25% of MSP 040 040 0.40 1,00 OD8 ODO 0.00 0D0 0.00

Baseline 30% of MSP 0.00 022 0.68 1.00 0.09 0.01 a01 041 0.00 i

Impacsed 30% of MSP 0.00 027 0.79 1.00 0.25 0.05 a00 042 0.00 f

0 Baseline 40% of MSP 0.05 0.36 0.99 1.00 0.41 0.20 0.27 0.2s 0.21

Impacted 40% of MSP 0.05 0.45 1.00 1.00 0.76 0.51 0.45 0.34 0.21 {
d'

* Corresponds to reference stock sizes given in Howe!! es at. (1992) of 25%,30%, and 40% cd the MSP (24.$26,29,431, and 39,242 lbs, |e
respectively). |
Fishing effects, but no MNPS impact. |

6

* Combined effects of erarammers and impingement (ENT + IMP) at MNPS in =Me to Eshing.

lowest points of both stock projections in the 1983. Thus, the 1994 year-class appears to be rela- l

mid 1990s, all replicates were below 25% of MSP. tively strong. A number of environmental and bio-
Reductions in fishing rates in the late 1990s allowed logical factors interact to affect winter flounder growth
for a rapid increase in spawning biomass above this and survival within a particular year. It appears that
critical level to more optimal stock sizes by 2000, the unusually cold winter, low spawning stock, warm
Spawning biomass would then be likely greater than early spring, and cool late spring contributed posi- ,

25% of MSP and the impacted stock had a one in four tively to the success of the 1994 year-class. Newly
chance of being greater than 30% of MSP. By 2010 implemented fishing regulations are designed to
and 2020, the stocks had high (2 0.95) likelihood of protect these fish as they grow and age, insuring an
being above 30% of MSP and the impacted stock had increase in the numbers of spawners recruited in
a better than even probability of 1 ing greater than subsequent years.

40% of MSP. For a winter flounder stock to reach a The long-term assessment of MNPS operation and
more desirable size, which according to Howell et al. its effects on Niantic River winter flounder was made
(1992) is greater than 40% of MSP, fishing mortality using the NUSCO stochastic population dynamics
would have to be further reduced. The Niantic River model, which took into account fishing mortality as
stock stabilized at a biomass of about 44,000 lbs well as plant operation. Effects of MNPS operation
following the shutdown of MNPS in 2025 and were primarily from larval entrainment, which from
probabilities that this stock would be smaller than 1984 through 1994 reduced Niantic River larval
40% of MSP were about 20 to 30% annually. production by 4.7 to 22.0% each year. Model

simulations indicated that fishing alone reduced female,

*
| Conclusions spawner biomass from about 100,000 lbs for the

theoretical unfished stock to 45-50,000 lbs in the
Since sampling began in 1976, adult winter 1960s and 1970s. Following those years, large.

flounder abundance indices reached their lowest point increases in fishing mortality reduced the baseline,

in 1993. Although the catch of spawners in the (fishing effects only) stock biomass rapidly to about
Niantic River increased in 1994, abundance remained 12,900 lbs in 1993 and to 13,700 lbs in 1994.
the second lowest on record. Densities of early stage MNPS impact further reduced stock sizes in the mid-*

larvae found in Niantic River and Bay were relatively 1990s by an additional 1,000 lbs each year,
low. However, the densities of late stage larvae in the Present stock biomass is considerably below the
lower Niantic River and in Niantic Bay were above- critical stock size, defined by the Atlantic States
average and young collected during summer in the Marine Fisheries Commission (ASMFC) as 25% of
Niantic River were among the most abundant since the maximum spawning potential (MSP; i.e.,

i
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equilibrium spawner biomass in the absence of Bannister, R.C.A., D. Hardmg, and SJ. Lockwood.
fishing). MSP was determined to be 24,526 lbs for 1974. Larval mortality and subsequent year-class

the Niantic River population. When substantial strength in the plaice (Pleuronectesplatessa L.).
reductions in fishing mortality, which should occur in Pages 2138 in J.H.S. Blaxter, ed. "Ihe early life
the near future as a result of new regulations, were history of fish. Springer-Verlag, New York.
incorporated into the model, the simulated stock Begon, M.1979. Investigating animal abundance: i

recovered quickly. By 2000, the baseline ar.d MNPS- capture-recapture for biologists. University Park
impacted stocks had high probability of being larger Press, Baltimore. 97 pp,
than 25% of MSP and by %t0 of being greater than Berghahn, R. 1986. Determmmg abundance, distri-
30% of MSP. As stock abundance increased, how- bution, and mortality of 0-group plaice (Pleuro- .

ever, the effect of MNPS operation became relatively nectes platessa L.)in the Wadden Sea. J. Appt
larger in terms of absolute losses of stock biomass. Ichthyol. 2: 1122.
After the cessation of MNPS operation in 2025, the Berghahn, R.1987. Effects of tidal migration on '

two biomass time-series became identical within a few growth of 0 group plaice (Pleuronectesplatessa L.)
*

years. The stock was then considered to be fully in the North Frisian Wadden Sea. Meeresforsch.
recovered and stabilized at a biomass of about 44,000 31:209-226. (Not seen, cited by Karakari et al. ,

Ibs, or 45% of MSP. This stock recovery, however, 1989).
assumed that planned changes in fishing regulations Bergman, MJ.N., H.W. van der Veer, and JJ.
had been implemented as scheduled and that they Zijlstra.1988. Plaice nurseries: effects on recruit-
achieved the expected reductions in fishing mortality. ment J. Fish Biol. 33 (Suppl. A): 210-218.
Even with reductions in fishing mortality there still Bertram, D.F., R.C. Chambers, and W.C. Leggett.
was a 34% chance that this new equilibrium stock 1993. Negative correlations betwen larval and
biomass would remain smaller than 40% of MSP, a juvenile growth rates in winter fiounder: implica-
targeted goalof the ASMFC. tions of compensatory growth for variation in size-

at-age. Mar. Ecol. Prog. Ser. 96:209-215.
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FISH Ecology Studies |

Introduction and compared to historical data from June 1976
through May 1993 of trawl, seine, and larval
entrainment collections and from June 1979 thmugh

Millions of dollars accrue annually by both com- May 1993 for entrained eggs and larvae collected in
mercial and sport fishing in Connecticut (Sampson Niantic Bay.
190, Blake and Smith 1984). Clearly fish are
important members of the estuarine community in Materials and Methods*
eastern Long Island Sound (LIS). 'Ihe objective of the

,

fish ecology monitoring programs at Millstone This repon year comprises the 12 month period )*
Nuclear Power Station (MNPS) is to determine from June of a given year through May of the follow- )*
whether operation of the three generating units affects ing year. Because of occasional overlap in the occur- j
the local fish communities. These eff cts have been rence of a species during the May June transitional l
defined as power-plant related changes in the occur- period, species-specific analyses are based on actual I,

rence, distribution and abundance of fish 7cio, periods of occurrence instead of being constrained to
which would affect community structure. Annual the May 31 endpoint. When the season of occurrence
abundance estimates have been calculated for various of a species crossed a calendar year, the year was
life stages of fish in the vicinity of MNPS to help reported as "1993-94", but when the species occurred
assess the effects of station operation. Direct MNPS only within a calendar yur, the year was reported as
impacts (entrainment, impingement, and thermal "1994". Materials and methods of the 1993-94
changes) affecting fish populations are easily mea- reportmg period are essentially the same as those used i
sured, but the quantification of long-term effects for in previous years (NUSCO 1990,1991,1992,1993, I

these impacts is more difficult. Numbers of fish eggs 1994).
and larvae entrained through MNPS cooling water
system have been reliably estimated. How this loss Ichthyoplankton Program
actually affects local populations is influenced by
many mechanisms, such as compensatory monality, Ichthyoplankton (fish eggs and larvae) entrained

4
density-dependent gmwth, fecundity of individual through the MNPS cooling-water system were
species, population age structure, and life history collected both day and night three times each week
strategies. Impingement of juvenile and adult fish at from June through August, one day and one night per j
the MNPS intakes can also be measured but, as in the week in September 1993, and one day per week from
case of eggs and larvae, the implications of removal October through January 1994. In February 1994,
are more difficult to ascenam in addition to impinge- samples were collected both day and night once per
ment, fish popula: ions are alm affected by natural and week and in March through May 1994, three times per {
fishing mortality. Chanro % the thermal regime of week. Generally, samples were collected each week at
local waters are well-domnented. If water tempera- only one of the three plant discharges (station EN,
tures exceed tolerance le.'els, fish move from the area Fig.1), with the site of collection alternating weekly
thus changing local populations, especially if the area between Units 1 and 2. To collect ssmples from the 3

.

vacated is a major spawning or nursery ground. discharge water, a 1.0 x 3.6-m conical plankton net
Trawl, seine and ichthyoplankton monitoring pro- with 333-pm mesh was deployed with the aid of a

* grams have successfully measured impacts from gantry system. Four General Oceanic flowmeters {
MNPS on local fish populations. These programs (Model 2030) were mounted in the mouth of this net |

*

provide a basis for identifying which taxa could be and positioned to account for horizontal and vertical l

3potentially impacted, as well as long-term abundance flow variations. Sample volume (about 200 m ,,

trends used to assess changes in local populations. except during periods of high plankton or detritus
1.ife history and population characteristics of poten- concentrations) was determined by an average of the
tially impacted species are reported and evaluated to volume estimates from the four flowmeters.
determine potential detrimental MNPS impacts. Data Plankton samples were separated using a I

from June 1993 through May 1994 are summarized NOAA-Boume spliner (Botelho and Donnelly 1978); I

, Fish Ecology 95
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Fig.1. location of trawl, seine, and ichthyoplankton sampling stations.

ichthyoplankton were removed from the samples with Wrasse Egg Distribution Study
the aid of dissecting microscopes. Successive splits
were completely sorted until at least 50 larvae (and 50 In addition to ichthyoplankton monitoring, the
eggs for samples processed for eggs) were found. or spatial distribution of tautog and conner eggs in the
until one-half of the sample was examined. Samples MNPS area was examined in 1994. Five stations-
examined for larvae included all EN samples collected were sampled (Fig.1) and three of them (BP, LI, and

*
from January through May and July through Decem- SS) were new collection locations. 'Ihe water depth at
ber. In the June samples, only two (one day and one all offshore stations ranged from about 6 to 10 m.
night) EN samples per week were examined. All EN Station BP was sampled during an ebb tide and station .

samples collected in April through September were SS during a flood tide, so that collection densities .

examined for fish eggs. Larvac were identified to the would represent eggs potentially imported into Niantic
lowest practical taxon. Wrasse (tautog Tassoss Bay from the west and east, respectively. The
omitis and cunner, Tassogolabras adspersas) eggs remaining three stations (EN,' NB, and LI) were *

were distinguished from a weekly composite sample sampled during both tidal stages. Station EN was
of their eggs using the criterion of bimodality of egg sampled using the previously described entrainment
diameters (Williams 1967). Ichthyoplankton densities gantry system and the other four stations with a

3are reponed a number of organisms per 500 m . bongo frame fitted with 333-pm mesh nets using a
stepwise oblique now pattern for a 6-minute duration.
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Samples were collected during 0500 to 1100 hours. shore zone hauls were made parallel to the shoreline at

his time period was selected because 24-h studies White Point (WP), Jordan Cove (JC), and Giants
conducted in 1993 (NUSCO 1994) showed that tautog Neck (GN) biweekly from May through November in
and cunner egg densities remain relatively stable at 1993 (Fig.1). Begmning May 1994, sampling was
this time. Stations EN and NB were sampled at reduced to one station, JC. A standard haul distance

approximately at the same time. The collection was 30 m. Collections were made during a penod 2 j
sequence of stations sampled with bongo nets was LI, hours before to 1 bour after high tide; generally all i

NB, and SS during a flood tide and LI, NB, and BP three stations were sampled the same day. Fish in j

during an ebb tide. Dese sequences facilitated pared each haul were identified to the lowest possible taxon, i
,,

Icomparisons of stations BP, LI, and SS with EN counted, and the total length of up to 50 randomly
using the Wilcoxon's signed-ranks test (Sokal and selected individuals of each species inun each rephcase

,

Rohlf 1969). By sampling NB second in the sequence were measured to the nearest mm. Catch was ex. |e
(with EN sampled nearly simultaneously), the pressed as number of fish per haul. !

.

sampling interval between EN and the other three
stations was minimized. Sampling dates wwe June Data Analyses !
23 and 24 during a flood tide and June 29 and 30 ;*

during an ebb tide. nese time penods occuned dunns Abwidance Esdmates i

peak densities of tautog and cunner eggs. On each |
sampling date, three sequences of samples were taken Occurrence, distribution, and abundance of selected

(LI, NB, EN, BP during an ebb and LI, NB, EN SS potentially impacted fish, as well as observed spatial 1

during a flood), with the first sequence starting about and temporal fluctuations, were analyzed to assess the |
one hour before maximum tidal current, the second possibility of plant-related impacts. Indices of fish |
starung near maximum current, and the third immedi- abundance wem selected on the basis of underlying !
ately after the second was completed. A minimum of distributional assumptions; failure of the data to ;
100 eggs (if present) per sample was measured to conform to these assumptions may reduce the preci- !

distinguish between tautog and cunnar eggs. sion of the estimates or, worse, provide biased results. |
Dus, the A-mean was used as an index of abundance. |

Trawl Program ne A-mean was selected to describe annual abun-
,

dance trends because it is the best esumator of the ;

Triplicate bottom tows were made using a 9.1.m mean of a population that approximately follows the |
otter trawl with a 0.6-cm codend liner. Demersal lognormal distribution and contains many zeros i

fishes were collected biweekly throughout the year at (Hennemuth et al.1980; Pennington 1983, 1986). I

six stations: Niantic River (NR), Jordan Cove (JC), Calculation of this index and its vanance estimate was
,

Twotree Island Channel (TT), Bartlett Reef (BR), described in oetail in NUSCO (1988). The A-mean |
Intake (IN) and Niantic Bay (NB) (Fig.1). Occasion- was used as an index of abundance forjuvenile and |
ally, only two replicate tows were taken at a station adult fish collected in the trawl and seine programs, !

because of damage to gear or severe weather. A and for larvae and fish eggs collected at EN. He |
standard low was 0.69 km and this distance was A-mean indices of ichthyoplankton species were |
measured using onboard radar. When the trawl net weighted by the largest number of samples collected

*
became loaded with macroalgae and detritus, now in a week to standardize data across weeks and years.
distances were shortened and catches standardized to For species that occurred emanally, the data used for i

0.69 km. Catch was expressed as the number of fish calculating the A-mean were restricted to their period !
.,

per standardized tow (CPUE). Up to 50 randomly of occunence to reduce the number of zero values in i,

chosen individuals of certain selected species per the distribution tails. Two unit operational period !

station were measured (total length) to the nearest A-means were calculated from the begmning of two- ,
* mm. unit operation (1976) to the beginning of three-unit ,

operation (1986). A non-parametric, distribution-free, |
Seine Program Mann-Kendall test (Hollander and Wolfe 1973) was |

used to determine whether the direction and rate of
Shore-zone fish were sampled using a 9.1 x 1.2-m change of a time-series of annual A-means represented

knotless nylon seine net of 0.6-cm mesh. Triplicate a significant trend. Sen's nonparametric estimator of
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she slope (Sen 1968) was used to describe linear trends function, which directly describes the larval abundance
whenever significant. His appmach to trend analysis over time (abundance curve), has the form:
was suggested by Gilbert (1989) as particularly
satable for the analysis of environmental monitoring 4 = a' k exp(-exp[-k-(t-p}]-k-[t-p]) - (2)
data because no distributional assumptions are
aqused. where a* equals 7 a because the cumulative densities

were based on weekly (7 day period) geometric means,
. EntrainmentEstimates d, is density on day and au the otherparameters me

as describedin Equation 1. -
Estrainment esumates of dominant ichthyoplanken Da ly entrainment was estimated by multiplying *

were calculated from daily density estimates at EN. these daily densities 4 by the daily volume of cooling
Dese estimates were determined from a Ganpenz

weer that passed through MNPS. Annual entrain-
function fitted e the enamnment data. The distribu- .

ment estimates were determined by summing an daily
tion of egg and larval abundance over time is usually

,

esummes de pamd of occwmoce.
skewed Iwanee densities increase rapidly to a maxi-
mum and then decline slowly. The cumulative Results and Discussion -

density over time from this type of distribution
resembles a sigmoid-shaped curve, for which the

From June 1976 through May 1994, over one
inGecuon point occurs at the time of peak abundance.

hundred species of egg, larval, juvenile, and adult
The Gompertz function (Draper and Smith 1981) was

fishes were collected in the MNPS monitoring
used to describe the cumulative egg and larval abun-

programs (Appendix 1). The most common fishes
dance distribution. Dais, the innection point was not

were winter flounder (Pleuronectesamericans),
constramed to be the mid-point of the sigmoid curve

,

, anchovies (Anchos mitchilli and A. hepsetus),
as is the case in the frequently used logistic and probit

silversides (Menidia menidia and M. beryllina),curves. The form of the Gompertz function used
grubby (Myazocephalm senaen), Amerman sand

(Gendron 1989)was: lance (Ammodyses americanus), skates (Rq/s ersneces,
R. ocellata and R. egianteria), scup (StenotomusC, = a exp(-exp[-k-(t-p))) (1) chrysops), windowpane (Scophthalmas agnosus),
tautog, and cunner.

whee: Sixty-one taxa were represented in ichthyoplankton
C, = cumulative density at time samples; of these, three egg and fifteen larval taxa
: = time in days from the date when the eggs or were found in sufficient numbers to calculate A-mean

larvae generally first occur densities (Table 1). All 1993-94 egg and larval
a = total or asymptotic canulative density densities at EN were within historm ranges. Howev-
p = inflection point in days since first date of er, densities of anchovy larvae at EN were the third

occurrence lowest recorded with only anchovy larvae densities in
k = shape parameter 1987-88 and 1992-93 lower.

De origin of the time scale was act to the date when Over the past 18 years,103 fish taxa were caught in
the eggs or larvae generally first appened in the waters trawls and 50 taxa were captwed in seines (Appendax
off MNPS. Least-squares estimates, standard errors, !). Six taxa in trawl samples (winter flounder, scup,

*

and asymptotic 95% confidence intervals of these windowpene, skates, silversides, and anchovies) and
parameters were obtained by fining the above equation one taxon in seine samples (silverades) accounted for ,

to the cumulative abundance data using nonlinear over 80% of the catch in each monitoring program ,
regression methods (SAS Institute Inc.1985). De (Appendices II, III, IV, and V). Winter flounder
cumulative data were obtained as the running sums of continued to dominate the trawl catches, accounting
the weekly geometric means of the abundance data per for 38% of the catch from 1976-77 through 1993-94. *

unit volume. Although the 1993-94 catch was the second lowest in
A ' density" function was derived algebraically by the 18 year series, winter flounder accounted for 41%

calculating the first derivative of the Gompertz of the catch this year. (Appendix II). Historically,
function (Eq.1) with respect to time. His density scup comprised 29% of the catch, but only accounted
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TAB 121. Tw Amean' density 6m. 500 m ) of de mon abundet Esb eggs and larvee =n==I as IN for each span per fan Juus 1976i

shsoush May 1994 Sweemmt opennenal peded: 1976-85; tenue-unit opennenal period: 1986-94F

r-- - 7&n n.7a vs ?o vs.ao an a1 si.a2 m2.as as na a4.as as.a6 noa7 a7-as an.no so-co 00.o1 on-ei 3u3.333.,

moosa-
T.edysesw 5,870 8,223 5,1715J017,068 5,719 7,484 2,969 5,0o2 5,395 6,904 4,998 66954 4,416 5.436

T.maisie 1,364 2,842 2A47 2,244 2,114 2,157 3,237 2,756 3.0112.269 2,887 2,0001,5781,4491,596
AmeAss spp. 1,447 1,245 1,000 765 2,257 4,880 145 910 89 38 54 127 476 107 54

.1

|6l.AltVAE,

Ancessspp. 1.152 931 483 2 le 2,00 5,768 8161,41 302 1,102 1,344 126 359 619 1,122 799 178' 205 l

P. - ' 106 143 114 285 129 233 297 210 180 87 109 116 205 106 99 388 21 14 !

A.- -2-- - 94 318 119 til 136 21 27 18 9 3 13 41 31 24 .7 18 28 4 :,
M. eennew 41 - 38 36 38 107 72 68 50 68 34- 29 95 8 30 24 58 34 48 !

' * S.spenne 5 4 4 0 3 1 11 23 2 41 3 2 6 72 - II 97 41 9

T.edystem 29 58 1 13 58 78 31 49 4 12 4 5 9 14 88 209 8 10

P. gesiasile 13 13 16 13 58 27 13 14 14 22 4 26 9 6 3 15 8 - 28 ,

T.anirir 37 36 1 Il ~46 83 44 33 3 15 3 7 17 15 33 99 13 6* '

K. eindrew 2 8- 6 8 6 1 6 13 5 8 8 12 45 31 37 98 5 18 ;

U.asupacess 5 9 14 14 16 17 6 4 60 7 9 23 41 51 34 28 2 18 i

14 paris spp. 27 30 10 16 22 5 13 8 36 1 4 42 18 12 3 23 14 12 |

5.fhace 4 7 .4 9 8 13 7 9 9 5 4 6 7 5 3 5 3 6 +

3.aquesw 10 11 1 5 5 5 2 13 3 1 4 3 5 3 4 :2 2 2

P.arancesAw 14 3 1 2 11 17 9 9 1 2 3 0 9 5 29 10 2 '2

Gobodse 6 3 1 0 1 0 0 1 4 3 3 2 4 8 7 12 2 5 )

!

i* Does seasonally susinceed to May 22. July 23 for T.adsperse, nimy 23.Ausust 25 for T. sniria and June 15-August 5 for Amenos opp.
* Desa -tiy metrimed to July hra==h= for Aachas opp., March 4une for P. m - ; n.-A Mey for A. . .Febenary- _|

May for M. eensen, January May for P. gesine#w, July-Dooseber for S. spannw. to June-August for T. adspersw. June-August for T. !
!

emisis. March-May for Ibsrir app., ^.-2 " ,- . for S.fiscw, Apr0 Jme for U.ausM@rosas, AprG. July for E.cssdrinar, May October for -'

s. a9 , June.s psamber for P. nriscewan, and Jew-Nomnber for Gebudast
>

1
!

for 5% during 1993-94, *lhe low cach of scup in 78% of the catch in 1993-94 (Appendix IV). I

1993 94 resuked in a low percent contribution, thus Cunner, tautog, and anchovies accounted for 88% of

increasing the relative contributions of the other all eggs entrained from June 1976 thmugh May 1994 .

dominant species caught by trawl In 1993-94, (Table 3). Anchovies, winter flounds, Amencan and ,

windowpane and skates secounted for 14% and 15% of lance, and gmbby accounted for 80% of the entrained ;

the total, respectively, which was well above the 18- larvae during the same penod (Table 3). More conner |
year (1976-77 through 1993-94) average of 7% ech. eggs were entrained in 1993 than any other year (Table |

- Historically, silversides accounted for 4% of the trawl 4), Except for cunner eggs, entrainment estimates of
catch, but this year only 3%. Anchovies accounted eggs and larvae were within historic range 8 (Tables 4 i

'

for less than 1% of the catch in 1993-94, which was and5).*

an historic low, Additional data analyses were completed for six taxa ;

'the A-mean catch for scup was also at an historic that were idenafied with potential for impact, based on
,

low and winter flounder had the second lowest, with their prevalence in entrainment samples or their ,

only 1977 78 lower (Table 2).' '!he A-mean catch of susceptibility to thermal impacts. Am C .ely, the {
* -

other taxa were all within the ranges of previous A-mean densities (no. 500 m*3) for eggs and larvae, ]
.

annual A means. During the three-unit operational A-mean catches (no.-0.69 km'3) for trawl, and (no. 30 i.

period, the A-mean trawl catch of winter flounder m-3) seine monitoring programs were calculated for |
exhibited a significant (p = 0.013) negative slope abundant life stages of American sand lance, ancho- ~ !

(-0.5); no significant trends were found for other vies, silversides, grubby, conner and tautog, The !

species collected by the trawl monitoring program. winter flounder is discussed in a separate secnon (see
Silversides dominated seine catches amounting for Winter Flounder Studies) and is not included among

81% of the catch from 1976-77 through 1993-94 and these fishes.
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TABG 2. The A-mean* catch (no. 0.69 km*3) of the most stamdant fish coDected by inwl for each report year from June 1976 through May

1994 (two-unit operauonal period: 1976 85; three-unit operational period: 1986-94).

Taxeri 76 77 77-78 78 79 79-80 80 8111.R2 82.E3 83 84 84 8515-86 86-87 87 88 88-89 89-90 90-9191-92 92.93 93-94
p. americanus 16.6 13 3 16.7 26.8 32.6 24.1 41.8 27.7 293 22.0 19.8 19.3 26.2 18.2 19.1 17.1 17.3 15.7
S.cArysops 10.6 19.8 13.3 183 17.0 20.4 27.5 26.6 22.3 13.6 30.6 21.7 18.0 14.5 120.9 212.0 63.4 3.9

AncAos spp. 11.1 33 39.3 0.1 0.1 4.0 0.2 0.4 0.7 113.8 573 1.6 3.1 15.9 0.0 0.6 0.6 GI
S. aguuss 2.9 2.4 1.8 2.9 33 2.9 6.7 5.0 4.4 4.7 3.8 4.0 5.1 5.7 3.5 1.8 2.9 4.8

Jtaja ssp. 1.4 1.2 0.8 0.8 2.0 1.4 6.1 53 3.1 83 43 4.6 63 5.3 63 6.4 3.9 53
M,nidia spp. 16.2 9.7 2.8 6.2 . 6.5 1.8 1.5 2.1 0.5 1.9 17.8 23 3.4 1.9 1.8 5.9 13.4 2.0

*

* Data seasonally restricted to Juneoctober for S. chrysopr, August-October for Anchos spp., October February for M,midia spp., and the
remammg taxa year-round Qune May).

*
TABt.E 3. Taxonomic canposition ofichthyoplankton collected at Declines in sand lance abundance were also apparent in
EN (as a percentage of the total) from June 1976 through May 1994 other areas of the Northwest Atlantic Ocean. Larval

*

for larvae and April 1979 through September 1993 for eggs. ggg ,g

rasa t arvae r,n highest in 1965-66 and 1978-79. Density figures in the .

latter years corresponding to a peak observed throughout
Aachos opp. 54.6 6.6 the entire range of American sand lance (Monteleone et
ri,uronneres americanus 12.8 al.1987). Nizinski et al. (1990) also reponed a peak in

,''1,=an u, [.5 sand lance abundance throughout the Nonhwest Atlantic
'

,
ar,,o,nia ry,annu 3.7 in 1981, with numbers declining since then. Sand lance
7 urogotabrwadtpersw 2.4 52.8 abundance was noted to be inversely correlated with that
FAotis gana,nus 2.2 of Atlantic herring and Atlantic mackerel (Sherman et al.
T8"'#88 8"I'i' 2.1 28.6 1981; Nizinski et al.1990). Sand lance likely increased
fj' #j ] in abundance, replacing their herring and mackerel

uparis spp. 1.2 competitors, which had been reduced by overfishing in
SyngaarAw/wcw 1.0 the 1970s (Sherman et al.1981). In more recent years,
scophrA Imus aguosur 0.8 Atlantic mackerel, which prey heavily upon sand lance
F'pr#ur aiacanthus R8 (Monteleone et al.1987), have become very abundant as
Gobiidae 0.6

sand lance abundance decreased. Given the large abun-
dance changes of this species along the Atlantic coast,
effects of MNPS operation on sand lance are difficult to

American sand lance ascertam.

American sand lance were caught primarily as larvae Anchovies
in the winter and spring and were seldom caught by
trawl or seine (Table 5). Larval catches were variable The bay anchovy is the most common fish along the
and annual entrainment estimates have ranged from 5 to Atlantic coast and the most abundant ichthyoplankton

190 million larvae. Their abundance varied over two 8pecies within its range (Leak and Houde 1987). Larval

orders of magnitude during the past 18 years (Table 6). anchovies dommated plankton collections and anchovy .

Larval densities during two- and three- unit operational eggs ranked third in abundance. The entrainment esti-

periods were compared to assess abundance trends and mates for eggs and larvae for 1993 fell within historic
*

annual variation (Fig. 2). Because sand lance larvae ranges (Tables 4 and 5). The 1993 anchovy egg density

were so abundant from 1976-77 through 1980-81, larval was within the range of densities since 1987 (Table 7). *

densities in the three-unit period have been lower than All egg densities during three-unit operational period
during the two-unit period. Larval densities decreased were below the two-unit average, because after 1984 .

significantly (p < 0.05: Mann-Kendall test) during the (before the three-unit period) densities declined an order

two-unit period (slope = -19). The 1993-94 densities of of magnitude and remained low (Fig. 3). Larval densi-
sand lance larvae were the highest of the three-unit ties in 1993 were the third lowest on record (only the
penod. 1987 and 1992 densities were lower, Fig. 3: Table 7).
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TABM 4. Esnmar.d number of canner, tautog, and anchovy eggs entramed each year at MNPS and the volume of coolms water on which the
entramment estimates were based (two4 rut operat4onal period: 1976-85;ihree-unit operational period: 1986 93).

rs ,- T.. A.Anvy

Year No. entramed Volume (m 7 No. antramed Volume (m f No. entramed Vohane (m*/8 8

6 8 8 6(x10 ) (z 10*) (x10 ) 'c. I'f) (x10 ) (a 10 )

1979 1,534 728 705 *e28 215 711
1980 2,302 806 1,273 806 91 795!

|
1981 1,736 816 1,735 816 172 799

* 1982 2,726 853 1,486 853 234 843
, 1983 2,631 798 1,180 798 618 786

1984 2,031 827 1,369 327 652 812
o 1985 2,802 831 1,784 831 20 825
a 1986 2 S32 1,870 3,907 1.370 517 1,846

1987 4,533 1,784 3,740 1,784 37 1,752
1988 4,386 1,953 2,813 IS53 16 IS20
1989 3,885 1,643 3,094 1,643 5 1,611.
1990 3,651 1,823 2,185 1,823 28 1,795

1991 4,758 1,265 1,589 1,265 147 1,247 '

19926 2.754 1,565 1.390 1.565 17 1,537
1993 5,750 1,748 2,168 1,748 237 1,728

| * Volume was decernuned from the condenser cooling water flow at MNPS during the season of occurrence for each taxa.
6

Conections have been made to the 1992 estimates due to an error in calculating volume of cooling water during August, and September.

'
TABE 5. Estimated number of a dovy, winter flounder, American sand lance and grubby larvae entrained sed year at MNPS and the

'
volume of coohng water on whie the entramment estimaies were based (two-unit operational period: 1976 85; three unit operational period:
1986-94).

'A - A avy wi m rio. man Am-te a t.~ omu,,
8 8 8 8Year No. entrained Volume (m f No. entrained Volume (m 7 No, entramed Vohune (m f No. entramed Volume (m f ,

8 8 8 8 8 6 6(110 ) (a 10 ) (a10 ) (x 10 ) (x10*) (a 10 ) (x10 ) (x10 )

1976 419 616 108 663 20 339 13 625
1977 424 57D 31 586 84 983 32 653
1978 173 657 87 491 190 808 11 446
1979 887 552 48 474 154 941 21 534
1980 918 505 176 633 124 1,090 34 702
1981 1,784 633 48 455 90 713 43 414
1982 464 550 170 674 32 1,065 49 629
1983 623 482 219 648 41 1,127 57 704
1984 169 602 88 574 20 981 41 643

*
1985 712 601 33 528 to 1,031 37 582
1986 1,328 1,259 131 1,353 5 1,734 56 I,286
1987 124 1,161 172 1,324 48 2,106 55 1,370

* 1988 3% 1,334 193 1,382 126 2,036 124 1,273

. 1989 546 1,201 174 1,046 55 IS27 72 1,110
1990 1,025 1,272 139 1,303 61 2,247 49 1,335
1991 478 786 121 934 7 1,330 34 1,024

. 1792 174 1,018 514 1,199 32 1,672 76 1,132
1993 220 1,098 45 1,412 50 2,261 54 1,374
1994 .b - 182 1,175 77 2,091 58 1,118

i

|

* Volume was desemuned froen the condenser cooling water now at MNPS during the season d occurrence for each tama. I
6 Not calculated because larvae occur after end of report period (May 1994). i
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TABIA 6. He A-mem* densisy (no.500 m 8) and 955 eenE- . TABLE 7. De A-meen* density (no. 500 m 8) and 956 eenE-

danos interval for Asneriosa send lanes larves sonecand at EN danos inserval for endowy eggs and larves eauseend at EN nod -

during and nyest year imm June 1976 stuough May 1994 (two- larves ecuemed at NB during each sport year freen Joe 1976
mit "" period: 1976-77 through 1984-85; shme-unit tiuengh May 1994 (two unia .r- - ' Period: 1976-85; ihree-
epsesional period: 1985-06 iluough 1993 94). . anit opensional pasiod: 1986-94).,

Year EN EOOS LARVAE
1976-77 94117 Year EN EM

'
1977-78 318i117 IM6 1.1521419
1978-79 119125 1M7 9311408 )

1979-80 liti26 IMS 4831206 1

198 4 81 136132 IM9 1,447 1 336 2,168 1 908 .e i

1981-82 2114 1980 1,245 ISM 2,430 t 1,249 |

1982 83 2718 IMI 1A801264 5.76at3,325 |
j1983-84 18i4 1982 7651228 8361240 .

1984-85 912 IN3 2,257 1 1 #76 1,4211530 ; '

1985-06 - 311 1984 4,880 1 3,680 3021165 ;

1986-87 1314 1M5 145175 1.102 1 453 .|'
1987-88 41113 1986 9101547 1,2441893 .

1988-89 31113 1987 89i46 126169 j

1989-90 2417 1988 37133 3591216
1994 91 712 1989 54147 619i416 |

'

1991-92 1816 1990 1271117 1,1221853
1992-93 28110 1991 4761526 7991801 |
1901-94 41*13 1992 1071112 178130 !

teos sa2 + 400 2m + im

I* Data seasonaDy resencted so D-l= May.
.

|* Data seasonaUy assericted so June 15 - August 5 for eggs and

All three unit A-mean densities were below the two. July - M for larves. ~|
'

unit A-mean average (Fig. 3), but there was no signif.
icant difference between densities (p > 0.05; Mann- caught by trawl, A-mean CPUE could not be calcu- j

Kendall test).
lated because catches of anchovies were highly i

Juvenile anchovies resulting from_the summer variable. Of all the anchovies caught during the past ' ;

spawn are typically captured by trawl sampling from 18 years,70% were collected in only two years,1985- |

August through October, predominantly in Niantic 86 and 1986-77 (Appendix II). Anchovies mature ;

itay. Even though anchovies rank fifth among fish within a few months of hatching and live only 1 or 2 [
years; such short lived species usually exhibit large j

oscillationsin abundance. .

E AEEo"
EN hi}VCf3|dC$ j,

mo- |

{ m. | Along the Connecticut coast, the Atlantic silverside ' i

4 | and the inland silverside are the most common shore- !

I. "- | zone species. The Atlantic silverside is the most !
| $80- | dominant. Essentially, all the silversides caught by i

*

g ion. | trawl were the Atlantic silverside; less than 0.1% i

g .-"'--- -- - --- caught in the past 18 years were the inland silvesside. |, , , ,

| Histoncally, more than 80% of the silversides col- j
*

'4 4 4 4 4i4 4 4 4i lected by seine were the Atlantic silverside, although . i

nerom vsan this proportion has vaned from year to year. Both

Fig.2. The annual (-) A-mean densities (no.500 m'3) 8Peces am m h W hanh % can .
,

of American sand lanos larvae at EN dunng two-imit and be analyzed separately. Trawl and seine catches were i

three-unit operational periods. The two-unit operational highly variable and annual catch indices ranged over ' !

' period (1976-1985) A-mean density is represented by the two orders of magnitude, which is typical of short
flat line (- - - ) that is extended ova the three-unit lived species such as these species. The A-mean trawl '
*Pastional paiod as a refwence level. CPUE for Atlantic silverside at all stations was [2
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TABl2 8. 'the A-mesa * esteh (no.4.69 Imm-8) and 956 esmE- 1

demos insenal for Aslantic e0verside esDemed towletsolemed |

N w 9 77 85
'

shree unit operatie' mal period: period 1986 87 shsough). !

<

*

T asso- ;
.

g | .= -v, tw r Nn hat I
,

g ''""
'

1976-77 15i16 13 1 3D 6i8 771283 ;*

| 1977-78 29i92 61612 18125 10121 :

I ,,,,,
' .1978-79 60t105 918 817 211 I

; 1979-80 421276 6217 0.712 4i6 !
1900 41 8117 415 19142 314 i---------.

'e 1981 82 -619- 110 516 618 i
'

,,,,,,,,,,,,,U, 1982-83 214 122 1112 1215 io ,

n a ao se es se es so se 1983-84 214 411 4t! 116 j

1984 45 216 5211 111 til i"""g
.f

*
|1985-86 718 618 211 316

* 198647 ' 513 817 413 1101222 :
soco- | 1987-88 315 2t2 314 151 27 1

| 1988 49 211 It0 110 25114 !

'
e 1989-90 111 212 til 12120 !

8888 " | 199041 Ito 110 110 17til (
| 1991 92 2'i l0 211 513 1917 -|

1992 93 115sl56 712 24119 24115 !=
8'" " '... . tooted s*? s*2 1*2 142 !,

N !

# * Dme m==Hy sesencied io November - Pebruary e:IN, !.. .... .. i .....,
m a ao se es as as so se NB,and NR.and Ocsober January as JC. i

vEAR ;{
t

8
IFig. 3.1he annual (-) A-meen densities (no. 500 ni ) test)durig te duce-unit period.

t uni To determine if a change in length-frequency f
8

period (1976-1985) A-meen density is represented by the distrah occured aher Unit 3 became operational, {
flat line (--- ) that is extended over the three-unit the length frequencies (expressed as percentages) were 1
oPeretional period as a referenos level. examined for the periods before and aber three-unit |

operation and for the 1993-94 study period. The 1
within the historic range (Table 8). In 1993-94, trawl leng&-frequency distribution for silversides colleced

'

catches at all stations were below the two-unit average by seine and trawl remained similar during these two
'

(Fig. 4). This was the first year since three-unit operational periods (Fig. 7). :
operation that the annual A-mean catches at NR was :
below the two-unit average. Although trawl catches Grubby

'

were low in 1993-94 there were no significant
difference between the two unit and three-unit CPUE 1he grubby is the fourth most abundant larval fish j(p > 0.05; Mann-Kendall test). entrained, accounting for 4.5% of all larvae collected j

'Ihe A-mean catches of Atlantic and inland silver- at EN from June 1976 through May 1994 Usble 3).
sides caught by seine in 1993 was all within historic Entrainment estimates ranged from 11 million in !* ranges (Table 9; Fig. 5). Catches of Atlantic silver.

1978 to 124 million in 1988 (Table 5). An estimated !side in 1993 were below the two-unit average at JC 58 million larvae were entrained in 1994, which was |and WP and above at GN; inland silversides were wis n te range of previous estimatos. The A-mean j,

above the two-unit average at WP and GN and below larval density in 1994 was within the range of historic* ;st JC. Historically, Atlantic silversides were more
data gable 10). Three-unit operational annual A-mean '

abundant than inland silversides. However, during larval densities flucmated around the two-wiit average !1990 and 1991 inland silversides were more abundant.
and the 1994 A-mean was just below the two-unit ithan Atlantic silversides at JC (Fig. 6). In 1992 and average (Fig. 8); thus there were no significant (p > {1993, Atlanuc silversides again dominated the catch at 0.05; Mann-Kendnu test) data trends.1he grubby was '

JC, but catches of both species remained within the seventh-most abundant fish taken by trawl, !historic values. 'the catch of Atlantic silversides at accounting for more than 2% of the catch at all
JC decreased significantly (p < 0.01; Mann-Kendall <

6
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s-uurr sans7 TABLE 9. De A-mean* omich (no. 30 m'8) and 956 cairadenes i
PE8NDO PE2800 interval for Adantic silverside and inland silverside conected by '

- iis seine during each seport year from June 1981 through May 1994 i* ,

(two-unit uonal period: 1976 85; three-unit operational |.

. . | Period: 1 ). !

"" Iat n at- *: '' ''
-

k 30- | Year JC ON WP f
'

g ,j | 1981 1521251 83178 32149

3 | 1982 1141162 461109 1571526 ;

to - A 1983 397 1 598 35149 109 1 153.
,,,,_ _ ,,, , , , ,

W \ 1984 29124 18111 311''

*

m'n 'n'n 'ao|st u'e 'u'es 'as'st 'as'es 'so'ei se'es ' 1985 2 45' '

45

m e 1987 109190 50127 66168,
,

e e 1988 961108 36134 36123 *

| 1989 70193 36134 33122 >.

m- | 1990 83180 70144 65152 i

g ,, _ | 1991 38111 61125 72 t 34 . !
1992 78155 68130 101 1 70 '.

h so- | 1993 60173 39136 17112 I

.

5 -------- -( |
so -

o w-~' a-w. . ................
EM M 79 8041 8243 w4s as47 0840 00-01 8243 Year IC GN WP

so " 1981 313 til 113
| 1982 6116 112 9144

88 " * 1983 881243 315 113 |

e- e 1984 312 til 010
| 1985 418 010 010

80 " ' 1986 14121 212 115 !

h so- 1987 312 til .010g | 19u 27 54 1*1 1*15
"" '_ . 1989 14116 112 6128 i__

,Y,, 1990 1331234 14124 431148 !o , , , , , , , ,

wn 47e so41 sees asas as47 asse soit sees 1991 74137 1019 917
1992 43127 311 11 <1 -i" "

JC e 1993 515- 112 213 !
| I

{
80-

< . t

g | * Dei anauy resoia.d te June November at au manans
"~

g so. | :

g ,,; | NR and JC (Fig. 9) were below, but all were within [
5 | the range of historic values (Table 11). Similar to the [h""

, , , , , ,' q _ _ _ _ . g larval abundance indices, the three-unit operational [
annual A-mean indices of grubby taken by trawl ;o , , , ,,,,,,,..

"" ** "*'"'** M U "" "*'"* fluctuated around the two-unit averaget thus there was '
,

no trend (p > 0.05; Mann-Kendall test) in abundance
Fig. 4. The annual (---) A-mean densities (no.0.69
km',) of Atlantic silverside taken by trawl at NR,IN NB. (Fig. 9). The normalized (each period equals 100%)

i
and JC durms two-unit and three-unit operational periods, trawl length-frequency distributions of grubby were [.

The two-unit operational period (1976-1985) A-mean similar before and after three-unit operation (Fig.10)
'

.

density is represented by the flat line (- - - ) that is although the 1993-94 distribution had greater frequen- !
extended over the three-unit operational period as a cies of smaller fish.
reference level. '.

Tautog f
stations over the past 18 years. The largest two peaks

. W atNR Wlo follow @ h The tautog is an important recreational fish resourcem
.

in larval densities by 1-2 years. In 1993-94, catches in coastal waters from Massachusetts to New Jersey. j

at IN were above the two-unit A-mean average, while in Connecticut, cv...ii.sc I landings have n.c.d
|
!
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ris. 5. 'Ihe annual (-) A-mean densities (no.30 m'3) for Atlantic silverside and inland silverside taken by Seine at JC. |
WP. and GN during two-unit and three-unit operational periods. *Ihe two-unit operational period (1981-1985) A-me8n i,
densi y is represented by the flat line (---) that is extended over the three-unit operational period as a reference level. i

t

significantly during the past decade. Tautog reside in entramed and accounted for 29% of fish eggs collected. ,

'

rocky nearshore areas in the spring. summer, and fall since 1976 Unble 3). At MNPS. tautog eggs are,

(Bigelow and Schroeder 1953; Wheatland 1956; found each year during mid to late June. Eggs are !

Cooper 1%5); juveniles also dwell among macroalgae pelagic and hatch in 42 45 hours at 22*C (Williams
Uracy 1910; Briggs and O' Conner 1971). Adults 1967). Entrainment ranged from 705 million in 1979 !*-

move into deeper water in the winter and remain dor- to 3.9 billion in 1986 and was estimated at 2.2 billion |

mant. while juveniles overwinter in a torpid state near in 1993 Fable 4). 'the 1993 A-mean density of eggs I

shore (Cooper 1%5; Olla et al.1974). at EN was below the two-unit operational A-mean i

'The tautog is the second most abundant egg taxon Gable 12; Fig.11). During the three-unit operational !
!
;

!
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Fig. 6. The annual A-mean catch (no.30 m'3) for the unem
Atlantic silverside and inland silverside taken by seine at Fig. 7. Length-frequency distribution by 20.mmJC, WP, and GN from 1981 through 1993.

intervals for the Adantic silverside and inland silverside

period there was a significant (p < 0.05; Mann- taken by seine and trawl during two-unit (1976-85) and
,

Kendall test) negative trend (-103)in the densities of thne-unit (198643) operadonal penods and the IW4
repon year.

tautog eggs.
Although tautog eggs are the dominant fish eggs in Historically, tautog catches in the MNPS trawl

*

the plankton samples, tautog larvae accounted for only program have been low. De 1993-94 total catch was *

2% of all fish larvae collected (Table 3). No correla- among the lowest recorded in the 18-year data series
tion was seen between the abundance of eggs and (Appendix II). Because tautog catches were low and .
larvae within a year (Fig.11). Except for 1990 and the data contained too many zeroes, annual A-mean
1991, larval densities at EN were low since 1984. catches could not be calculated. As an alternative, the
Rese low densities were similar to those observed for annual sums of all the catches at each station were
cunner larvae; however, there was no significant used as index of annual abundance (Appendix II).
negative trend (p > 0.05; Mann-Kendall test).
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n

TAB 1210.1he Ameen' desity (nev500 en ) and 955 een6- TABIE 11.1he A mees' ess& too.4.69 km*8) and 956 eenE-4

domes inserval for gnddry larves colleasd as EN during each domes inserval for grubby eenemed by newt es saleseed sessions

sapest year frees Jane 1976 duough May 1994 (two.umia oper- during each supon year f em Jene 1976 shsungh May 1994 Geo-

esiensi possed: 197645; sisse imus eyesessemel period: 198644). unis * period: 1976-77 shsensh 1985-86; three-unit'

spesseienal possed: 198647 duough 1993-94) -
v, aw

* waar NR JC IN1977 4119
1978 3819
1979 3617 1976 77 A9iOJ 4610.2 0410.1
1980 3817 !777-78 0.510.1 2310.5 1.1102
1981 terti27 1978-79 1.210.2 2D1R6 E7102

, ' .
19 5 72113 ?97940 3310.9 E7 &El R9102
1983 60 t 19 1980 41 3.811.1 1.11a2 2.1104
1984 50115 1981 42 7Jt23 1Ai02 2.3104

,#
1985 68123 1982 43 11.712.7 1.4iR2 2.2105

.e- 1986 34110 1983 4 4 4.110.8 1.7iR3 1.7103
1987 2917 1984 45 5.9112 14iE3 4910.2
1988 95135 1985 4 6 2.3iOJ 1.410.3 A710.1

* 1989 63 i 18 198647 7.2123 1.1iR2 0.910.2
1990 30t 8 1987 48 3.7i1.2 1.210.2 1.110.2
1991 241 6 198849 103 123 1A10.1 1.4103
1992 581 17 1989-90 3.612A R410.1 1.0103
1993 341 9 199041 8.012.0 0.410.1 0.810.2
1994 481 16 1991 4 2 3.4103 0J10.1 1.010.2

1992 93 6.212A 1.4 i R3 1.9103
1993 44 2.213A 0.710.5 1.913.8

' Dese sesseneDy remriceed se February . May.

*Ihere was a highly significant (p < 0.001; Mann- * Das assemeny seansed to December - June et IN, and year-

Kendall test) negative slope (-9.2) for the 18-year """d '' 3C "d 38 0"" * M*y)

trawl data series. The CT DEP began conducting a
random trawl survey of LIS in 1984. '!he DEP trawl Length-frequency distributions of tautog before and
catch index of tautog also declined imm 1984 to 1992. aher three-unit operanon were calcida8ad Ages wese
'This catch index indicates that the decline in trawl assigned So length categories based on recent age-
catch near MNPS may be a part of a general decline length work in LIS reported by Simpson (1989),
throughout LIS. Young-of-the-year and age-2 tautog ace =anad for a

high proportion of the fish caught after three-unit
operation began (Fig.12). In 1993-94, the proporuon

. . . , ,
E of age-2 fish also increased. If egg losses due to

,,
pasmos

| entrainment affected recruitment, then juvenile
*

See - abundance should decstase and the relative abundance
; of older fish should rise. The percentage of juvenile

"' g: fish increased durmg the three-unit operationa' penod,

[ es. f v and, therefore, changes in the relative proportion of-- - --- --*

[ C | juveniles and adults was probably unrelated to
se - | entrainmentlosses.

* | Current values of F (fishing mortality) for tautog
* 4 '4 '4 '4 *s''4 '4 'e','4 ' wert estimated to be about one-third of F,,es in LIS*

* (Simpson 1989), and, at this rate, the losses resuking

Fig. 8. The annual (-) A-meen densities (no.500 m'3) from egg and larval entrainment when converted to*

of grubby Isrves et EN during two-unit and three-unit eqmvalent-adults would have to amout to more than
oPeretional periode. The wo-unit operational period twice the current annual commercial catches in order
(1976-1985) A-meen density is .-r.- f by the flat to bocome critical.
line (---) that is extended over the three-unit
operational period as a reference level.
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TABLE 12. The A-mean* density (ncv500 m 8) and 95% omfi-Sciev s user
M OD M OD

,,,
"" ; denM interval for tautog eggs and larvae mH*w t EN during< a

sach report year frorn June 1976 through May 1994 (two-unit
so - | operational period: 1976-85; three unit operational period: 1986-

I'e.

[ .. ; EGGS LARVAB
g Year EN EN< ,

e. _ __ _ .
,

'

1976 37216''
| 1977 36117

ft 1778 I*I
'

. . ii i . ..i. ... ii. =
mn are eSai sa os e6es es-a7 u se oSet ores 1979 1.3641231 111 5

g. . 1980 2,842 1 623 46118'*
| 1981 2,647 1 434 83136

io - | 1982 2,244 1 434 44i21
,

f
''.

| 1983 2,114 1 472 33121 *

q | 1984 2,157 1 440 312
R e. | 1985 3.237 1 1.073 15112
5 1986 2,756 1 794 3 2 -.

3 | 1987 3,011 1 823 713
d-

| 1988 2,269 1 600 17110
~ Q- - y 1989 2.887 1 1,000 1517f

0 ^

1990 2,06o 1 933 33128. . .. . . .... ...i ..,
wn re-n so4 na4s mes u47 esas so41 esas

1991 1,8781765 99151
1992 1,4491589 1314is .

h"
1993 1,5961567 6i3

to - |

e-
g | * Data seasonally restricted to May 23. August 20 for eggs and
E o- | June . August for larvae.

''
Cunner

a- m w.~

n'n 'n'n 'so'es 'm'es 'e4N 'w's7 'm'es 'so'es 'm'es '
ne cunner inhabits rocky coastal habitats from.

northern Newfoundland to the mouth of the Chesa-" " * "
peake Bay (Bigelow and Schroeder 1953; Serchuk

Fig. 9. The annual (-) A-mean densities (no.0.69 1972; O!!a et at 1974,1979; Dew 1976). Individuals
km*8) of grubby taken by trawl at NR. JC, and IN during maintain highly localized home ranges and mantre in
two-unit and three-unit operational periods. The two-unit I to 2 years (Dew 1976). In cold weather (water
operational period (1976-1985) 4 mean density is
represented by the flat line (--- ) that as extended

temperatures below 8'C), they become torpid (Dew,

over the three-umt operational penod as a reference level. 1976; Olla et al.1979). Cunner eggs are Pe1agic and
hatch in 2 to 6 days, depending upon water tempera-

40 - ture (Williams 1967; Dew 1976)., , , _

e

' I,
, ,k

In the MNPS area, cunner eggs and larvae were
El """"* found primarily from June through August, and *so.

j
~

a em juveniles and adults were caught at all six trawla

stations, mostly from spring through fall. Eggs are, , _ .

abundant at EN from May through July and larvae
-

<

! |
' ,' occur from mid-June to mid-July.,_

i ! - The A-mean density of cunner eggs in 1993 was
"'

-:

|
- | _g I within the historic range (Table 13). He 1993 eggk -

entrainment estimate was the highest since the three-, ,
ano nao ai i ico ici.no .no unit opemtional period began (Table 4). He A-mean

densities of larvae were low, but were within the rangeFig. 10. Length-frequency distribution by 10-mm
miervals of grubby taken by trawl during two-uru,t (1976- of previous values (Table 13). The 1993 A-mean
85) and three-unit (1986-93) operational periods and the dens.ity for larvac was below the two-un.t operationali

1993-94 report year. A-mean (Fig.13). Most (6 of 8 years) of the annual
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swrr ses7 TABI.E 13. *1he A-mean* density (no. 500 m-8) and 95% confi-" "
smoo. m , dance interval for cunner eggs and larvae coGected at EN and

,
' afEN larvae coDected at NB during each sport year frorn June 1976.

8880 "
through May 1994 (two-unit operational period: 1976-85; ihree-,

asco- ' , , , unit operational period: 1986-94).
_ _ , , , , ,v

amo- EGGS t.ARVAE
* Year EN ENg ,,,, ,

t
3 '0"- f 1976 29i14

_, , , , . | 1977 58128
, 1978 110

0 ^

1919 5.870 1 1,301 1315i i e i i e i i i iiii .
m n so sa as as as so at 1980 8,223 1 1,645 581190

- 1981 5.171 1 882 78136iss.

YE | 1982 5,501 1 1,377 31t 14
'

, , , , , | 1983 7,068 i 2,679 49126
1984 5,719 1 1.246 412: ,

d "" | 1985 7,484 1 2,659 12110
*

* 1986 2,969 1 1,082 511
| 1987 5,002 i 1,644 513g

I "" | 1988 5,395 t l,756 914
m ' 1989 6.90413,071 14112, , , , , , , , , , , ,, , , , ,

as- 1990 4,998 1 2,250 68161.
'

1991 6,954 1 3,22s 209i157
0

i i s' 1992 4.416 1 2,238 814e a ie ii e i i i i ,

m 7e so sa na es as so ea 1993 5,436 1 2,364 1016
YEAR

Fi
m'g.11. The annual (-) A mean densities (no.500 * Data ocasonauy restricted to May 22 -July 23 for es8s, and June

) of tautog eggs and larvae at EN during two-unit and . August forlarvae.
three-unit operational periods. The two-unit operational
period (1976-1985) 4-rnean density is represented by the
flat line (--- ) that is extended over the three-unit
operational period .s a reference level. (Note that differ- three-um.t operational A-mean m, dices were below the
ent vertical scales were used for eggs and larvae.) two-unit average.

De trawl catch of cunner at IN and JC has been
declining since 1980 (Fig.14) and this low abundance

continued during 1993-94 at these two stations (Fig.
m. 14 Table 14). Cunner trawl catches at IN and JCB **"''""

trended significantly (p < 0.05; Mann-Kendall test), , , ,

g"" a n.,ean downward (-3 at IN,-14 at JC) during the two-unit
g so - operational period. However, abundance was low

8 **g throughout the three-unit period. Thus, ro trends in
g so. abundance were found (p > 0.05, Mann-Kendall test).*

?g '" '
p 9

' - De A-mean catch at NB was above the two-unit
operational A-mean in 1992-93, but was below again

| .

|Og|nggn,|Rn,
"~

this year (Fig.14),.
8e '

To deterraine an age-frequency distribution, ages* , , , ,

'fg* jf '*j'* 85 ,'" 85's"" "'j" $ were assigned based on an age length key provided by
Serchuk (1972). A normalized frequency distribution

Fig.12. Frequency distibution by length (mm) and age was ra_kn1='ad for both the two- and three-unit periods
*

(determined from age-length key of Simpson 1989) for and the 1993-94 report year. The distributions far
tautog taken by trawl during two-unit (1976-85) and these three periods appeared quite different, as over
three-unit (1986-93) operational periods and the 1993-94

50% of the cunner caught during three-unit operationreport year.
were young-of the-year (Fig.15). Ahhough the abun-
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Fig.13. The annual (-) A-mean densities (no.500*
m.

m ) of cunner eggs and larvae at EN dunns two-unit and |
three unit operational periods. h two-unit operational so . .. !

period (19761985) A-mean density is represented by the | |
flat line (--- ) that is extended over the three-unit E is- | .

foperational period as a reference level. (Note that differ- g
'0-

=

ent vertical scales were used for eggs and larvae.) 3 |
. i

s. ,

dance of adult cunner in the MNPS men has decreased
.W... 7.. Y."T.4.. .

'n

over the past decade, the declining trend was regional O'
#*" " " " ** " " " "

and was observed in LIS (Smith et al.1989), Cape ,

Cod Bay (MRI 1994), and Mount Hope Bay (Lawson j

et al.1994). Fig.14. N annual (-) A-mean densities (no. 0.69
'

km*3) of cunner taken by trawl at IN JC, and NB during j

Wrasse Egg Distribution Study two-unit and thr -unit opaauonal periods. N two-unit
,

operauonal period (1976-1985) A mean density is
Irepresented by the flat line (--- ) that is extended

Fish eggs entrained through the MNPS cooling- over the them-unit operatanal penod as a reference level. .

water system are at risk of suffering high mortality
because they are exposed to elevated water tempera-
tures, mechanical stresses, and intermittent chlor. hatching rates and entrainment survival were high. .

inntion. Mortality caused by entrainment could affect However, subsequent studies indicated that entrain- ;.

local fish stocks because early life mortality rates ment mortality may be over 95%. 'Ihis year the J

influence aduh aW- (Cushing and Harris 1973; spatial distribution of tautog and cunner eggs entrained
*

Cushing 1974; DeAngelis et al.1977). Over 85% of by MNPS was examined to determine if eggs were

the eggs entrained at MNPS were wrasse (tautog or mostly from a concentrated distribution located in

cunner) eggs. Thus, studies were conducted in 1990, immediate vicinity of the MNPS intakes or were ,

1991, and 1993 to determine entrainment mortality of representative of a more homogenous distributien, |
these eggs. Initial results indicated that natural including areas outside of Niantic Bay. Station EN l
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TABl B 14. The A-mean* catch (no.4.69 bn 1) and 95W con 5 dence intervals for the geometric mean densities at
dance interval for cunner collected by trawl at =1.aed stations each station (Fig.16). The lack of localized egg
durins each report year frorn June 1976 throush May 1994 (t** concentrations was confirmed by the results of paired
unit operational periot 1976-85; three-unit operational period:
1966-94). compartsons between station EN and the other

,

stations (NB, LI, SS, and BP) when tested with the
War IN IC NB WilCoKon's signed-ranks test (Sokal and Rohlf 1969).

l
Although the number of paired comparisons was |

$ soi! rather low (12 pairs for NB and LI and 6 for SS and !

t 619n 24
. 1978 60 3.7 34 t 1.4 0.7 i 0.3 BP), no significant (p s 0.05) differences were detected

1979 29.0123.0 9Di 5.0 2hi 1.0 between station EN and the other four stations. Dese
1980 234 1160 6412.0 34 i1.2 data suggested that eggs were not concentrated near
19st 12.0 t la0 5.0 t 2.2 3mtap MNPS and entrainment densities of tautog and cunner.

'$ Nf$$ N24 f$ 6
eggs were representative of a more homogenous* i

1984 2.0 la 241la a4 a2 distribution,incluaing areas outside of Niantic Bay.
1985 1.0i o.6 lh10.5 0.4 ia7 Derefare, potential entratnment losses are minimized

*
19s6 a110.2 0.5 t a4 at at due to an apparently large standing stock of tautog and
19s7 a2io.2 a4 ta2 nota 0 cunner eggs in the Millstone area and, possibly, over
1968 CL310.1 3413.4 0.2 i Q1

larI*r areas within LIS*1989 a910.4 0.8 f 0.4 0.210.2
1990 0.410.1 0.910.2 0.l t at
1991 a4 2 0.1 2.310.7 0.010.0
1992 1.010.7 1.410.5 3.811.0
1992 0.111.1 1.4 f a7 <o.110.1 5000 - Turroo

-

* Data seasonally restricted to May - Ausuit at IN, May. ) '

Septernber atJC,and April NovemberatNB. E sooo _

k
g saco- ~~ ~~

was sampled in conjunction with four other stations, g*- __

so that collection densities represented eggs potential- --
--

,

ly imported into Niantic Bay from the west or east.
*Results indicated that the density of eggs at each i i i i

"" "' " " '"
station were similar and had overlapping 95% confi-

' " - '
CUNNER

*-
- a m ennoo sg " -

$ sooo _g"' O mr mwo

e am E.g so-
sooo _ __g ,, _

*
-- --

--

5 ,, _ 3 ; , , , , _ __

*

io . 9 !
i

' ' ' 'II n- E EN NS U SS SP+ o

(sp sg7o ' vi.,iio 'siguo 'ug.,ivo 'trgaoo 'g' stAToo

Fig.16. Comparison of spatial distribution of tautog and.

cunner eggs in the Millstone area. based on geometric
Fig.15. Frequency distribution by length (mm) and age mean densities with 95% confidence intervals for each
(determined from age-length key of Serchuk 1972) for station during a special study conducted in 1994.
cunner taken by trawl during two-unit (1976-85) and
three-unit (1986-93) operational periods and the 1993-94
report year. I

Fish Ecology 111
|

|



Conclusions References Cited |

Results of the 1993-94 fish ecology studies and data Bigelow, H.B., and W.C. Schroeder. 1953. Fishes of

analyses were similar to results from gevious years. the Gulf of Maine. U.S. Fish Wildl. Serv. Bull.
In 1993-94, negative abundance trends were found for 53:1-577.
some life stages in four of the six species examined. Blake, M.M., and E.M. Smith. 1984. A marine
Rese abundance declines do not remrily suggest or resources management plan for the State of Connec-

implicate MNPS operation as a causative factor. ticut. Ct. Dept. Envir. Prot., Mar. Fish. 244 pp.
Rather, overall changes in fish populations this year Bothelho, V.M., and G.T. Donnelly. 1978. A
may be related to a number of facton, including fish- statistical analysis of the performance of the
ing mortality density-dependent growth, age structure Bourne plankton splitter, based on test obser- .

of the population, compensatory mortality, or phys- vations. NMFS unpub. ms.

ical parameters such as air and water temperature and Briggs, P.T., and J.S. O' Conner. 1971. Companson

precipitation. of shore-zone fishes over natural vegetated ar.d *

American sand lance larvae, Atlantic silverside sand-filled bottoms in Great South Bay. N.Y. *

juveniles, and cunner and tautog adults exhibited Fish Game J. 18:15-41.

negative trends in abundance. American sand lance Cooper, R.A. 1965. Life history of the tautog, ,

inhabit the study area for short periods of time, Tautoga onitis (Linnaeus). Ph.D. nesis, Univ. of

exhibit large year to year fluctuations, and are proba- Rhode Island, Narragansett, R1.153 pp.

bly more affected by events elsewhere. Cunner and Cushing, D.H. 1974. De possible density depen-
tautog adults have declined in trawl catches concur- dence of larval mortality and adult mortality in
rently with a shift in age structure to juveniles that fishes. Pages 103-111 in J.H.S. Blaxter, ed. De
accounted for a high proportion of the catch. He early life history of fish. Springer-Verlag, New
abundance of tautog and cunner adults in the MNPS York.
area has been decreasing over the past decade. Cushing, D.H., and J.G.K. Harns. 1973. Stock and
Entrainment of cunner and tautog eggs was identified recruitment and t!x: problem of density dependence.

as the primary potential impact on these fish because Rapp. P.-v. Cons. int. Explor. Mer 164:142-155.
more than 85% of the eggs entrained at MNPS were DeAngelis, D.L., S.W. Christensen, and A.G. Clark.
of these two species. He decrease in abundance, 1917. Response of a fish population model to
however, reflected declining trends in L1S (Smith et young-of-the-year mortality. Oak Ridge Nat. Lab.

al.1989), Cape Cod Bay (Lawton et al.1994) and Publ. No.1065.
Mount Hope Bay (MRI 1993). He shift in age Dew, C.B.1976. A contribution of the life history
structure from older to younger fish could not be of the cunner, Tautogolabrus adspersus,in Fishers

attributed to entrainment, but may be indicative of Island Sound, Connecticut. Chesapeake Sci.

increased fishing pressure on older fish. Entrainment 14:101 113.
losses alom would likely cause a shift in the age Draper, N., and H. Smith. 1981. Applied regression

distribution towards older fish because of the loss of analysis. John Wiley and Sons, New York. 709
new recruits, but increased fishing pressure would pp.
shift the age structure from old to young. Further. Gendron, L.1989. Seasonal growth of the kelp,
more, spatial distribution studies conducted in 1994 Laminaria longicaurris in Baie des Chaleurs,
suggested that these eggs were not concentrated near Quebec, in relation to nutrient and light availabili- .

MNPS, but were representative of a more homoge- ty. Bot Mar. 32:345-354.
nous distribution, including areas outside of Niantic Gilbert, R.O.1989. Statittical methods for envi-
Bay. His apparently large standing stock of tautog ronmental pollution monitoring. Van Nostrand- *

and cunner eggs in the MNPS area minimizes the Reinhold Co., New York. 320 pp. -

relative impact due to entrainment mortality. Hollander, M., and D.A. Wolfe. 1973. Non para-
metric statistical methods. John Wiley and Sons, ,

New York. 503 pp.
Lawton, v..P., B.C. Kelly, VJ. Malkoski, J.H.

,

I Chisholm, P.Nitschke, B. Starr, and E. Casey.

| 1994. Semi-annual report on monitoring to assess

|
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Bay in Marine ecology studies related to the Tautoga onids, of Iang Island, New York. Fish. i

operation of Pilgram Station. Semi-annual Rpt. Bull., U.S. 73:895 900. |
No.44. Boston Edison Company. Olla, B.L. 1979. Seasonal dispersal and habitat |

leak, J.C., and E.D. Houde. 1987. Cohort growth selection of cunner, Tautogolabras adqpersar,and j

: and survival of bay anchovy,-Anchos mitchilli, young tautog, Tautoga omitis, oflong Island New |
larvae in Biscayne Bay, Florida. Mar. Ecol. York. Fish. Bull, U.S. 77:255-262. )
37:109-122.' Pennington, M.1983. Efficient antimmeans of abun- .!

Marme Research, Inc. (MRI) 1994. Brayton Point dance for fish plankton surveys. Biometrics j

Station biological and hydrological report. 39:281-286. j
..

- January December 1993. Submitted to New Paaaiaa'aa. M. 1986. Some =rati='ical echniques - it
England Power Company. for estimating abundance indices from trawl |

-o Monteleone, D.M., and W.T. Peterson. 1986. surveys. Fish. Bull., U.S. 84:519 525. |
laterannual fluctuations in the density of sand Sampson, R.1981. Connecucut marme recreatsnal !.e
lance, Ammodytes americanus, larvae in Long fisheries survey 1979 1980. Ct. Dept. Envir. -!
Island Sound,1951-1983. Estuaries 10: 246-254. Prot., Mar. Fish. 49 pp. |

* ' Nizinski, M.S., B.B. Collette, and B.B. Waiagtaa SAS Institute Inc. 1985. SAS user's guide: statis- |

1990. Separation of two species of sand lance, tics. Version 5 edition. SAS Inannite Inc., Cary, i

Ammodytes americanus and A. dubius, in the N.C. 956 pp. ;

Western North Atlantic. Fish. Bull., U.S. 88: Sen, P.K.1968. Estimator of the regression coeffi- |
241 255. cient based on Kendall's tau. Amer. Stat. Assoc. |

Northeast Utilities Service Company (NUSCO). 63: 1379-1389. i

1988. Delta distribution. Pages 311-320 in Serchuk, F.M.197'2. 'Ihe ecology of the cunner, !

Monitoring the marine environment of Long Island Tautogolabras adspersus (Walbaum) (Pisces: !

Sound at Millstone Nuclear Power Station, Water- Labridae), in the Weweantic River Estuary, j
ford, Ct. Ann. Rep.,1987.

~ Wareham, Massschusetts. M.S. Thesis, Univ. ;

NUSCO. 1990. Fish ecology. Pages 81-118 in Mass., Amherst, MA.111 pp. -!
Monitoring the marine environment ofIong Island Sherman, K., C. Jones, L. Sullivan, W. Smith, P. |
Sound at Millstone Nuclear Power Station, Water. Berrien, ad L. Ejsymont. 1981. Congruent 'r
ford, Ct. Ann. Rep.,1989. shifts in sand eel abundance in western and eastern ;

NUSCO. 1991. Fish ecology. Pages 89-125 in North Atlantic ecosystems. Natue (Inndan) 291: ;

Monitoring the marine environment ofIang Island 486-489. |
Sound at Millstone Nuclear Power Station, Water. Simpson, D.G.1989. Population dynamics of the j

ford, Ct. Ann. Rep.,1990. tautog, Tautogs omitis, in Long Island Sound. |

NUSCO.1992. Fish ecology. Pages 111-156 in M.S. Thesis, So. Ct. State Univ., New Haven, j

Monitoring the marine environment of Long Island Ct. 65 pp. !

Sound at Millstone Nuclear Power Station, Water- Smith, E.M., E.C. Mariani, A.P. Petrillo, L.A. i

ford, Ct. Ann. Rep.,1991. Gunn, and M.S. Alexander.1989. Principal i

NUSCO.1993. Fish ecology. Pages 153-180 in fisheries of Long Island Sound, 1961-1985. Ct. I
Monitoring the marine environment of Long Island Dept. Envir. Prot. Mar. Fish. 47 pp. !

Sound at Millstone Nuclear Power Station, Water- Sokal, R.R., and FJ. Rohlf.1969. Biometry W.H. |
*

ford, Ct. Ann. Rep.,1992. Freeman and Company, San Francisco. 775 pp. !
NUSCO.1994. Fish ecology. Pages 113132 in Tracy, H.C. 1910. Annotated list of the fishes j.

Monitoring the marine environment oflang Island known to inhabit the waters of Rhode Island. R.L i,

Sound at Millstone Nuclear Power Station, Water- Ann. Rep. Comm. Inland Fish. 40:35-176. j
ford, Ct. Ann. Rep.,1993. Wheatland, S.B.1956. Oceanography ofIang Island !

Olla, B.L., AJ. Bejda, and A.D. Martin. 1974. Sound.1952 1954. IL Pelagic fish eggs and larvae. !
*

Daily activity, movements, feeding, and seasonal Bull Bingham Oceanogr. Colt 15:234-314. j
occurrence in the tautog, Tautoga onitis. Fish. Williams, G.C.1%7. Identification and seasonal !

Bull., U.S. 72:27-35. size changes of eggs of the labrid fishes, i

Olla, B.L.1975. Activity, movements, and feeding Tautogolabrus adspersus and Tautoga onitis, of i

behavior of the cunner, Tautogolabrus adspersus, long Island Sound. Copeia 1%7:452-453. |
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APPENDIX L List of Ashes causand la ihe Rah Boalogy samphas psegrams<

Sasan6c name Caesman name Trewi Seine Ichshyeplanksas

AWr asyrhynchw Adansac saargeon *

Naas asssivels bluebad herring * *

Ness medocris hickory shed *

Ness pseudo 4sreyw alewife * * . *

Naas aspidwsses American shed * *

Ness spp. river herring * * *

Nasers acharp)I orange file 6sb *

Asensdjees assericeam American send lance * * *

AncAss Aepsets striped anchovy *
,

AmeAms siischilli boy andowy * * *

Aguius esseess Amences est * * *

Apsidst gassdracw fouropine mL*1=han* * * *

Seardesas chryssens eDwer perd e*

BoAw seeHasw syed flounder *
,

Dreveersis tyreenw Adentic ===had=a * * *

# resaw erasnie sansk *
,

Corsar cryser blue runner * *
*Cerens hipper ersvalle jed * *

Centreprissis stiass black ses bees * *

CAsasandse sce#ats spotfin bunerflyrash * *

r%p=.d=* herrings , * *

Capes Aarenge Ailmanic bevring * * *

Coger ecesmics aangersel * *

Cyclopeerw Jaseqpear hungdish * *

Cynascion regalis weakilsh * * *

Cyprimados unriegate ' ," ' unianow * *

A.f; 7 welassar Dying gumasd *

Darystie censroene soughamil stingray *

Decepfern nascarellus macLetel ocad *

Decapserw pesecterw sound scad *

Eichelymper cisi6riar - fourbeard rocklang * *
,

Bropw niicrossomw smallmoush flounder * *'

Emeinassoaislefroyi mouled mojarre *

Fissalaris as6scaris bl==paaad cornetrah *

Fasidade duqphsamt banded killifish *

FameAda Asseractico + =; * *

Fundade lucise spadin kiBifish *

Fasidule misjetis striped idllifish *

Gedidas cadrashes * *

'iadur meeraus Atlanne cod * *

Jesterarses acadearm threespine =Mh4 . * **

Gasseressew weseslandi bladsposed stialebed * * *

Godiidae gobies * *

Ge6seeases sies6ersi ===haard goby *

Neanisrperm assericeam sea revee * *

#ippocanipear erecsw lined seahorse * *

!abridae wresses *

lacseparys spp bonfish * e
biassanewmensharw spas *

I4erir am sessnail * *

Laphim misericeam gooserash * *
*Imcenisparie ' sainweier killifish * *

Macreeserces aniericeaw ocean yout * *

Ne' ; _ _ __ seglq$naar heddock *

NausicirrAw asast#s marshese kangfish * * *

Nenidis &srylisis inland adverende * * .

Nemidis ansaidis Adassac sDverside * * *

Mariacciw es7inearis sDver hake * * *

MicrogaAir sonneed Adanne n-aad * *

Nonecs ,Aw Anpade planchead fDessh *
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APPENDIX L (continued)

Scientific name Common name Trawl seine Ichthyoplankton

Monocenths spp. filefish *

* *
Morone americans whies perch

* *Marone anassJh striped bass
* * * iMugilcephals un' ped mullet

Maif#cwoms whase muBat *

Mullsawasw sed scatfish
*

Mussels cash asuoosh dogfish *

Mylaohesiopeninvinel n=atan== say *

* * *
o Mynaecophalw eennew gruhby ,

* *Myssecepastw ectodecemppinaew longhorn scalpin
My*88cephalw spF sculpin *

7" - cusk sels *

-0 OpAufaen margiastwo ariped cusk es! * * *
'

* Ophufnen welsAl crossed cusk ect *

*Opasaw ass oyster sondfish
Osmerw mordaz seinbow smeh * * *

ParalicAth)s deadste summer Sounder * * '

.
* *Paralichthyr e6fangw gourspot Sounder

. Paprilw sriscanske beterfish * * *

Petromyeen marias ses lamprey *

* * *PAalisgunna#w tod gunnel
Plewoneefas amerienaar winter flounder * * *

Plewoneesesferruginaw yellowtail nounder j* *

e * ;Polischiur wirens panoa
Pomeranus malsaalz bluefish * *

Priacanthus arenatw bigeye *

Priscamshur crwasats glasseye snapper *

Prhtig*=pr alla short bigeye *

Priomofw carolisw northem searcian * * *

* * *Prionseur avolaas striped searobin |
Passgsiw perignis ninespine stickleback * * *

Raja eglaartria clearnose skate *

Agia erinacea little skate *

Rajs scellass winter skate * j

|Salmo srwie brown trout *

Sciaanidae drurns *

ScoperAsimus aguatw windowpanc * * *

Scom6er scom6rw Atlantic mackerel * *

ScyliorAins ratifer chain dogfish *

Solar crumenorthalmus bigeye acea *

Selene serapians Asissaic annafish *

Selene womer lockdown * *

Synodarfoefear inshore lizardfish *

Sphyraena borealis northem sennet *

Sphoeroides maculatw northern puffer * * *

Sgualus meanthias spiny dogfish *

Stenocomus chrysore ocup * *

e Saongylura marina Atlantic needlefish *

Syngmathurfwcw northem pipefish * * *

Taanogolebrw adspersw cunner * * *

Tautors omith inutog * * *,

TracAimarwfalcate pernut * *

* TracAwwla Anni sough sced *

Trackisocephelw myopt snakefish *

Trinecses maculats bogchoker *

* Ulveria sub6ffwcasa sedtated shanny * *

Upeneur parrw dwarf gostfish *

Urophyck chuss sed bake * *

Urophych sanus white hake * *

UropArcir spp. hske * * *

i
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APPENDIX H. Tasal number of samples coBened and ==h-of fish caught by unwl fa endi sport year (two-unit , '-- * period: 1976-77 iluee8b |

198546; slues 4: nit operational period: 198647 sluough 1993 94).

Year 76-77 7778 7879 79-80 8041 8142 8243 8344 8445 8546 8647 8748 8849 89-90 90-91 91-92 92-93 93-94

Nimmber of samples 468 468 468 468 468 467 474 400 - 468 468- 468 465 468 468 468 . 468 468 468

Tamea *

P. anierissaw 7,415 6,045 7,23611,44213.29610,74919,20112,56013.260 9,849 9,321 8,87713.440 8,600 9,378 SJll 9A28 6,856
3. chryospe 1,918 4,040 2,556 4,094 3,844 3,403 4.896 5.268 4,206 2,640 5,205 3,632 3,294 2,869 10,497 25,287 9,710 890 !

3.aquesw 1,480 1,296 875 1.500 2,016 1,518 3.517 2.475 2,199 2,483 1A55 1,966 2,399 2,735 1A56 8 % 1,519 2,389 '

A4s spp. 661 579 362 401 954 696 2,797 2,493 1,583 3,801 2,207 2,183 2.864 2,437 2,858 2,872 1,892 2.461 e
Anchos spp 979 580 2,226 16 109 578 38 109 . 15710,003 B,038 292 496 1,241 31 1,557 80 11 |
Menidis spp. 2,152 1,647 1.463 1,340 882 501 518 583 322 519 3.438 698 982 485 474 1,346 3,567 428 |

M. asasem 266 636 297 342 632 870 996 672 477 341 727 434 989 615 640 451 857 520 , t

Gedidae 112 326 230 211 3,296 1,424 4% 481 562 630 168 593 88 84 121 106 207 444
Prismene spp 338 322 138 313 405 661 1A59 422 371 395 436 159 356 1,277 363 435 327 173 ' ;
T.adspersw 838 875 400 1J99 940 840 611 362 248 119 147 61 205 109 103 141' 401 % i

P. sriscanthw 37 44 407 174 44 69 182 244 19 135 132 111 1,831 179 1,878 426 1,302 264

P. damassa 286 141 92 75 122 240 250 269 1,937 281 653 617 360 80 393 ~ 403 634 465 * ,

Ursphycis app. 99 87 103 69 163 313 615 286 251 272 286 164 174 141 335 91 964 231
*

M. hilinserie 425 163 69 134 558 220 382 147 100 175 197 118 73 321 124 179 337 45 *

E. micrasemm 43 7 0 3 31 91 94 56 85 218 640 190 359 62 494 394 694 217 ;

G.aculeesw 30 12 47 77 206 103 63 218 1,102 116 354 405 94 10 15 447 172 133 |
'P. gasinellw 85 106 99 65 251 273 302 145 127 151 ' 186 203 407 189 155 126 152 224

5.fucw 43 54 49 88 151 264 232 202 254 196 207 275 321 85 154 134 175 325 i
T.saisir 229 283 263 270 146 228 239 140 119 134 215 87 162 85 185 111 131 Ill
O.moordaz 111 286 90 5 123 63 89 26 227 391 257 249 152 26 48 35 334 9
H. maiericans 34 48 39 148 278 410 557 377 125 41 45 11 3 7 12 38 1 1 -

'

A. gendracw 10 6 24 27 194 %5 % 11 112 130 107 52 31 11 18 100 69 90
A. tyrmans 1 14 11 1 1 1 0 1 0 34 10 4 1 1,320 5 205 64 21
C.serissa 33 9 3 4 10 63 23 38 30 80 412 16 53 69 130 94 60 10
P. oWongw 31 7 21 11 51 32 138 34 Il 66 72 28 123 155 92 28 55 56
M. ocsadecemepinaam 11 10 97 40 30 145 172 51 20 13 12 5 12 18 56 222 9 3

A. pseudoherenge 11 272 13 17 4 15 5 26 - 4 16 208 1 4 3 14 41 35 21
0. ses 98 21 7 18 31 35 25 23 24 32 56 51 2 30 55 17 5 10

A. maiericaaw 5 59 128 36 117 14 19 11 19 6 11 29 1 1 1 1 2 1 t

A. restrasa 19 16 8 5 10 37 29 24 22 34 28 22 20 5 15 8 2 4 >

C.imayw 19 11 28 58 11 0 14 1 29 1 I 44 6 1 7 6 21 9 '

liparis spp 9 27 10 10 18 33 15 16 11 3 18 8 12 22 2 3 22 6 r

5. miaculate 16 10 1 0 9 14 16 15 7 7 3 1 9 14 26 50 26 4
Alessspp. 0 0 0 0 0 0 0 0 0 0 0 4 11 26 26 34 52 30 ;

C.regalis 9 21 4 2 2 45 7 0 1 5 36 5 14 9 6 1 5 3 |
C hereagw I 9' 13 0 0 1 0 2 9 63 10 2 1 2 1 10 19 21

'

A.aspedmins 33 6 1 5 40 12 0 29 0 0 1 1 9 5 3 7 1 0 ,

H. erectas 0 0 0 0 0 0 0 1 4 7 20 12 6 4 17 67 4 0 '

Clupsidae 2 1 0 0 0 0 0 0 0 110 0 0 0 0 0 0 0 0 *

Gobiidae 3 0 0 0 4 0 0 3 9 7 2 '5 10 2 23 17 1 25 e
M. canis 2 5 45 11 1 5 4 6 0 2 2 1 2 2 4 2 0 0
M. Aispide 3 6 b 4 0 0 8 1 8 9 2 2 2 11 9 5 1 11

M americanw 5 7 9 2 2 2 2 2 3 1 0 6 2 2 1 10 2 0 i
S assepamw 0 0 0 0 0 0 0 0 1 0 0 0 30 0 0 0 1 0, [
D. volisaar 3 0 0 0 0 1 3 1 0 1 3 4 1 2 4 3 3 2 i

A.acheepfi 0 2 2 1 1 0 0 1 1 2 2 0 3 4 6 1 1 2
0.misrgiastasa 0 0 0 0 0 0 0 0 1 2 4 4 4 0 4 3 2 5,
P.asisstris I 1 0 2 1 2 3 3 0 0 0 2 1 0 1 11 0 0 t

Wen. assar#is 0 1 0 1 0 3 1 0 0 0 4 2 1 0 3 0 1 5 I

L asarharw 5 6 0 0 0 0 2 0 0 3 1 0 5 0 0 0 0 0 e

A. aswimslis 3 11 8 12 4 1 1 17 5 2 4 2 2 0 0 10 4 0 !
P.ferruginew 7 5 5 2 3 15 6 0 4 0 0 23 0 3 0 3 2 4 !
M. aaiericans 8 17 3 5 8 2 1 0 0 0 0 0 5 11 1 3 3 5 !

i
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APPENDIX II (corshmed)

Year 76-77 77-78 78-79 79-80 80-81 81-82 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94

Taxon *

F.sebacaris 2 3 0 0 3 0 1 0 8 1 2 0 1 3 22 9 5 4

C. eceaniew I O O O 1 0 0 0 2 0 1 1 1 3 0 1 1 6

5. vomer 1 2 0 0 0 0 0 0 0 0 1 1 Il 1 0 0 0 1

U.su66premia 0 2 0 0 1 1 0 0 0 1 1 1 4 0 1 2 3 0

o L americans 2 0 0 0 1 0 1 1 0 0 1 4 0 0 2 3 0 1

W.awatw 0 0 1 0 0 0 2 0 0 0 1 0 4 0 0 0 1 6

P.pmairlw 0 0 0 0 1 2 0 0 5 1 5 0 0 0 0 0 0 0

Guterosicidae 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0
,

Fundufs spp. 0 0 0 0 0 5 2 0 0 2 1 0 1 0 0 0 0 1

* 5. Loreafis 0 0 0 0 0 0 0 1 1 2 0 1 6 0 0 0 0 0

P. crwasatw 0 0 0 0 0 1 0 2 3 1 0 0 4 5 3 0 0 0

G. wheatlandi 0 0 0 0 0 1 1 1 0 1 2 0 1 0 0 1 1 0

S.fantess 0 1 4 0 0 3 1 0 0 0 0 0 0 1 1 0 0 0*

C. ocellasw 0 0 0 0 1 0 0 1 0 0 1 0 1 0 3 0 0 0

E. cimbrim 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 1 2 0

Mar.sazai#is 0 0 2 1 0 1 1 0 0 1 0 0 0 4 1 0 0 2

P. arenats 0 0 0 0 0 0 0 0 2 1 0 0 1 1 3 1 0 0

T. lashami 0 0 0 4 0 0 0 0 0 0 0 0 4 0 0 0 0 0

T. maculate 3 1 0 0 0 0 0 0 0 1 2 1 0 0 0 0 0 0

fecsophrys spp 0 0 0 0 0 0 0 0 3 0 0 0 0 0 3 3 0 1

S.acanAlas 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 4 0 1

C. crysos 0 0 0 0 1 0 1 0 1 2 0 0 0 0 0 0 0 0
M.cephalw 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0
P. alsa 0 0 0 0 0 1 0 0 2 I I O O 1 0 0 0 0
C. Alppw 0 0 0 0 0 0 1 0 0 1 0 0 0 2 0 0 0 0

5. scombrw 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0
U.parvw 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
D.puscsatu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0
L parve 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0

A. mediocris 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

C. variegate 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0
D. macarellu 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0
M.aeglefins 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0
Monacoathus spp 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0
A. maculatus 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A. aryrhyncAs 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B. brosme 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
B. chrysoura 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
B. ocellatw 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
D. centrows 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

, M.freminvillei 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
MyazocepAals spp. 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

P A* 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

P. marinw 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0,

5. crwnemopshalmus 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
* 3. marina 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

S. rer(er 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5. srwis 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

*
T.falcatus 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
T.myops 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Total 17,941 18,147 17,497 22,469 29,010 24,773 37.699 27,860 28,169 33,546 35,568 21,681 29,524 23,478 30,471 44,957 33,768 16,665
,

i

* Fish identified to the lowest practical taxort
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and number d Ash cau8 s by trew! cs each manian (June 1976. May 1994).APPENDIX III. Total number d samples ~w 1

Sissica JC NR NB TT BR IN TOTAL !

Number of sanples: 1,406 1,406 1,406 1,406 1,406 1,406 8.436

Taman *

P. onericaem 15,903 67,974 22,620 26,916 22,508 30,033 185,954

S. cArjeopr 9,047 566 34,994 15,844 10,306 27,492 98,249

S.mperm 1,849 3,607 3,159 4,485 14,713 6,749 34,562

Jt#s spp. 2,105 41 5,344 9.113 12.479 5,020 34.102
AmeAssspp. 3.343 1,177 18.226 339 25 3,431 26.541 e

,

Memidis spp. 4A20 6,431 2.210 1,736 486 5,862 21,345 !

M. asasew 1,486 5.182 611 655 918 IS10 10,762

Gadidae 2,415 850 2,062 1 S00 290 2,062 9,559
'

Prianssw app 131 1,025 707 1.356 3,734 997 7,950
T, adperew 1,956 395 632 285 533 4,U14 7,875 '

7

P. arianseram 73 13 1,047 IS59 2,955 1,431 7,478
'

P. densasm IA65 1,930 1A57 1,850 314 1,082 7,298 '

Ursphycie app. 567 87 487 435 2.445 623 4,644 *
"

M.eilinsers 200 10 538 681 1,579 759 3,767
E. seieressener 272 36 745 351 1,682 592 3,678

G. eendestw 2,187 1,369 18 12 6 12 3,604
P. gssimellw 1,655 559 330 277 48 377 3,246

S.fwem 921 1,640 171 126 137 214 3,209
T. anirir 795 826 313 216 277 708 3,135
0, meerds: 1,422 302 245 174 101 277 2.521
#. maiericasm 444 82 405 298 541 405 2,175
A. quadracw 268 1,560 1 I 1 2 1,833

3. sysans $36 1,0 73 40 6 7 32 1,694

C.seriass 96 212 75 53 76 625 1,137
P. e6fongw 0 12 73 14 952 30 1A01
M. ecsodecemrplaasw 3 0 20 53 834 16 926
A. pseudoAsrengw 10 67 58 30 277 268 710
0.ssa 9 574 0 0 0 13 596
A. maiericeam 20 96 6 29 301 9 461

A. rostrate 43 234 0 20 3 8 308
C.insynt 168 10 21 8 3 57 267 ,

lipsrk app. 26 12 38 40 102 27 245
S.misculatw 19 103 17 10 18 61 228
Aless spp 7 47 18 24 77 10 183
C.regals 22 1 30 11 77 34 175 I

C. Asrengw 70 4 44 14 31 6 169
A. myidaariais 8 17 56 12 38 22 153
N. erects 53 63 9 3 2 12 142
Clupeidae 0 1 0 1 0 lit 113
Gobildas 4 103 2 0 0 2 111
M. cenis 10 1 40 3 36 4 94 . r

M.A6pedw 21 2 13 12 25 17 90
A. aesriuslis 1 29 17 11 14 14 86

P.ferracinaw 0 2 0 8 72 0 82 .

M. americans 10 25 6 2 6 23 72
*P ssAscarm 40 13 1 1 0 9 64

M. americanas 0 0 0 1 55 2 58
S.assapiamir 16 0 8 2 0 6 32 !,

D. wolisans 2 15 0 0 0 14 31 !

A. seAsep/i 10 0 4 2 6 7 29 ,

O. misrgiastune 5 6 2 5 10 1 29 !
P.ashesriz 3 5 6 8 5 1 28 ,

L aserhaus 4 0 8 0 4 6 22
'

Men.masarilis 1 3 4 5 1 8 22
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APPENDDC 111 (continued).

susie JC NR NB TT BR IN TOTAL

Taman *

7. cewasssw 2 0 2 5 2 8 19
5. wonesr 1 1 15 0 0 1 18
C. eessnacw 1 4 3 3 7 0 18
U. " '" a 3 0 1 1 !! ! 17

- --

L: -- - 1 0 2 2 9 2 16
--

M.eanumer 1 0 0 2 1 !! 15
* 7.pisqririm 10 3 0 0 0 1 14 ;

Fasedufw spp 1 12 0 0 0 0 13
Geste % 2 11 0 0 0 0 13

-O Mar.asser#ar 0 13 0 0 0 0 13
5.6erestis 5 6 0 0 0 0 11,

K.feesene 0 3 0 2 5 1 11
Licasperpr spp 7 2 0 0 0 1 10
G. wha-d==4 7 2 0 0 0 0 9,
P.areastm 0 1 1 0 2 5 9
S. ==a== 0 0 1 0 7 0 8
T. lsresnii 4 0 3 0 0 1 8
T. miscaderm 5 2 0 0 0 1 8
C. scelless 2 2 1 0 0 2 7
E. cimi6rie 2 0 0 0 3 2 7
P.shs 3 0 0 1 1 1 6
C. cryser 0 0 2 0 1 2 5
C. Alipper 0 0 0 0 0 4 4
5.scenebre 0 0 1 1 I I 4
M.cepastm 0 2 1 0 0 0 3
D. pesiessen 0 0 0 0 3 0 3

'

L perus 0 0 0 0 3 0 3
;

A. mediacris 1 0 0 0 1 0 2
C. variegatw 0 1 0 1 0 0 2
D. siscerelle 1 0 1 0 0 0 2
M. seglefam 1 0 0 1 0- 0 2
MeasematAm spp. I 1 0 0 0 0 2
Myosacephats app. O I O O O 0 1
A. sisemistw 1 O 0 0 0 0 1
A. eryrhymeAs 0 0 1 0 0 0 1
A. 4rasme 0 0 0 1 0 0 1+

A. ekyssers 0 0 0 0 1 0 1
A. ecellarw 0 1 0 0 0 0 1

'

D. centreurs 1 0 0 0 0 0 1
M.penninvillel 0 0 1 0 0 0 1
Ophidiidae 0 0 0 0 1 0 1
P. nesriar 0 0 0 1 0 0 1e s. g,2 -r_ ,- I2 o o o 3 o o 3
5. sierias 0 0 0 0 1 0 1
5. retyrr 0 1 0 0 0 0 1* 5.anaus 0 1 0 0 0 0 1

T.fskarw 0 0 0 0 0 1 1,
T.anepe 1 0 0 0 0 0 1
U. porow 1 O 0 0 0 0 I

.

Total 54,007 98.462 97,374 65,610 79,170 95.613 490,236

* Fish identified a se to.ut pacacel s aon.
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APPENDIX IV. Total munbar of samples collected and number of fish caught by esine for endi report year (twoanit opersuanal period: 1976-77
shmugh 198546; three-unit opersuanal period: 198647 through 1992 94).

Year 76-77 77-78 78-79 7940 8041 81 82 8243 8344 8445 8546 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94
-

Nanber of samples 66 72 72 72 72 72 98 120 174 156 156 156 156 180 180 180 135 123

Taman *

Maaidia spp. 40,61918,194 1,335 1,062 7,996 3,186 5,413 9,8M 1,538 1,375 5,441 8,542 6.1M 5,04411.191 B,596 9.503 4,209
Fundafwspp. 1,695 1,199 815 659 952 613 915 1,081 1,463 906 111 432 3,142 831 859 1.224 513 936e
A. guadracw 464 603 258 266 49 94 89 1,827 167 106 297 98 152 302 123 1,078 55 37

3. rpanaw 0 0 17 0 4 0 7 I O 8 6 6 3 521 2,652 2 49

C. wriegatw 48 673 39 30 10 352 146 50 29 28 2 2 21 3 30 1,170 76 4,-

A. americans 6 520 16 51 10 318 82 30 21 0 7 1 4 0 47 156 27 59
*

f.asissais 1 0 1 6 0 2 135 4 19 35 12 12 5 6 825 14 0 18
,

7.pasigitim 5 1 28 2 5 2 10 321 8 11 8 4 30 24 3 6 0 I

S.fwcw 9 3 9 108 6 8 21 12 35 30 33 19 74 11 17 40 11 9

G. acelsarm 9 154 27 5 3 2 5 53 6 6 19 15 38 8 0 3 0 14 "

P. americanst 4 6 4 1 6 5 2 3 17 40 18 17 16 48 9 10 2 1

M. cephalw 0 4 3 23 41 1 4 4 1 0 38 4 46 0 0 1 1 1

G. wheatlandi 0 0 0 0 0 8 6 6 19 12 9 22 9 5 0 1 0 5

A. pseudoAsrangs 0 0 0 0 0 0 0 1 93 0 0 4 0 6 0 0 0 0

Gedidae 2 0 9 2 20 16 11 8 11 11 8 0 2 2 0 0 I I
M. curems 0 0 0 0 0 0 0 1 9 0 0 0 43 3 22 1 0 0

L perw 1 2 0 0 0 0 0 2 0 1 0 16 14 2 1 32 7 0
C. Asrangw 0 0 0 0 0 0 2 0 0 0 30 0 6 1 0 0 0 1

A. rarassa 10 5 12 3 2 0 1 1 0 0 3 0 0 0 0 0 0 0 '

T.fsicars 0 0 1 0 3 0 0 0 0 0 0 0 22 7 0 0 0 0
M. aensew 3 2 1 2 0 0 3 1 3 3 3 2 4 0 0 0 3 2

0.mordaz 0 0 0 0 0 0 0 0 0 2 0 0 18 0 0 0 0 0 ;

Anchas spp 0 0 0 0 2 0 7 2 1 0 0 0 0 0 4 0 0 1

T. onirir 0 0 0 0 0 0 4 0 0 0 0 0 2 0 7 1 1 0
A. aertiusts 2 6 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 1

Gasserosses spp. 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 1 0

C. hippar 0 0 1 0 0 1 0 0 0 1 0 0 4 1 3 0 0 1

S. maculate 0 0 0 1 0 0 1 0 0 3 3 0 1 0 1 0 0 0

T. adspersu 0 0 2 0 0 0 3 0 1 0 0 0 0 0 1 0 0 0

Men. samatilir 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

S.agmara 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0
S. marina 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0
A.aspidiarims 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
F. gunnellw 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
f. sriscanthw 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0

S. vomer 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
C.regalk 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Qupeidae 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0*
Priamorw spp. 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
S.sesspiamh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
UropAych app. 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

.

Total 42,881 21,372 2,579 2,221 9,109 4,609 6,868 13.216 3,444 2,582 6.061 9,196 9,763 6,311 13,667 14,986 10,205 5,351
*

,.

* Pish identi6ed no the lowest puencal tance, j

,
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APPENDIX V, Total number of earnples collecsed and number of fish cought by seine at each saation Uune 1976. May 1994).

Yur JC GN WP TOTAL

Number of samples 738 779 786 2,3(B

Taman *

Wenidia spp. 101,941 25.458 21.953 149,352
o Puedade opp 13,713 2,577 2,076 18,366

;
A. guadracw 6,028 19 22 6.069

-

A. tysanw 762 13 2,525 3.M10

o C. mariegerw I,831 849 34 2.714
A. essericaaw 5 218 1.133 1,356,
P.asumeriz 955 53 87 1,095

P.pi gitim 357 1(B 10 470

S.fwcw 96 67 292 455,

G. aculeats 277 30 60 367
P. amiericeam 43 12 155 210
W.cephalw 99 43 29 171
G. wesatlandi 64 27 40 131

A. peendoAarengw 8 96 0 104
Gadidae 66 32 6 104
M. curenes 66 14 2 82

L perus 66 7 5 78
Anchos spp 16 2 24 42
C. Asrengw 39 0 0 39
A. reenrasa 31 2 4 37
T.fsicarm 30 3 0 33
M. eensew 8 13 9 30 >

0,noordar 18 0 2 20 -

T. onits 12 2 1 15
A. sessimth 3 6 3 12
C. Alppor 10 0 2 12
Gasserartew spp. 0 1 1I 12
S. niaculatus 0 2 8 to
T. adsperse 6 1 0 7
Squoss 0 0 3 3
A.sapidheima 0 0 2 2
Men. sanatilh ! O l 2
P. genaalle 0 0 2 2
P. ariocaasAm 0 1 1 2
S. marina 2 0 0 2
C.regals 1 0 0 1 i
Clupeidae 0 1 0 1 i

* Priamore app. 0 1 0 1 ;
S.sesariank 0 1 0 1

S. iomer 1 0 0 I
Urophych spp. 0 1 0 I.

, _

,.

Total . 126,555 29,655 28,502 184,712
.

* Iish identified to the Iowat pmeccal taman.
,
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Lobster Studies

Introduction impacts associated with coastal power generation.
He potential impacts of power plant operations

Benthic habitats in the vicinity of Millstone on the local populations of lobsters include
Nuclear Power Station (MNPS) support an active entrainment of larval lobsters through the cooling

local fishery for the American lobster (Homarus water systems, impingement of juveniles and adults ,

americanus). As one of the most valuable species on the intake traveling screens, and effects of the
.

in the Connecticut fishing industry (Blake and heated discharge. Entrainment and impingement

Smith 1984), the ung Island Sound (LIS) lobster contribute additional mortality to the local lobster

population is subject to intense fishing pressure. Peplation and may thereby alter recruitmento

Annual Connecticut landings of 0.8 to 2.7 million patterns. Herefore, lobster population studies*

pounds from 1978 to 1994 yielded between $2.4 have been and matinue to be part of ecological

and 8.4 million to lobstermen employed in the monitoring programs associated with mastal power

fishery (Smith et al.1989; Connecticut Department generating stations (Dean and Ewart 1978; LILCO,

of Environmental Protection CT DEP, Marine 198'!; BECO 199 t; NAESCO 1994).

Fishery Statistics). Nearly 30% of the total Studies of the lobster population in the vicinity

Connecticut landings during 1994 were made in of Millstone Point have been ongoing since 1978

New lendon wunty, which includes the Millstone to assess potential impacts associated with the

Point m ea. Mbsters are highly exploited construction and operation of MNPS. De ,

'

throu;hout their range and further increases in objectives of this study are to evaluate year-to-year,

fishing effort could result in overfishing, and seasonal, and among station changes in catch-per-

thereby impact recruitment and lead to a decline in unit-effort, as well as population charactuistics

abundance of mastal populations (Anthony and such as size frequency, growth rate, sex ratios,

Caddy 1980). Subsequently, because fishing effort female size at sexual maturity, characteristics of

has steadily increased over the last decade, lobster egg-bearing females, and lobster movements.
fisheries have become more highly regulated, Additionally, since 1984, studies have been
primarily through the implementation ofincreased mnducted during the hatching season to estimate

miriimum size limits. New federal regulations have the number of lobster larvae entrained through

been proposed by the Atlantic States Marine cooling water systems. Impacts associated with

Fisheries Commission (ASMFC)in an amendment Plant operations on the local lobster population
to the American 1Abster Fishery Management Plan were assessed by mmparing results of the 1994

(FMP), which incorporates a maadatory 3% in study to other 3-unit operational study years (1986-

(82.6 mm) minimum carapace length, prohibitions 1993) and to data collected during 2-unit |

on possession of berried females and landing of operations (1978-1985). Results from the 2-unit

lobster meat (parts of tails or claws), and Period were also compared to combined 3-unit
mandatory installation of escape vents. He operational data (1986-1994) to assess impacts |

iassociated with the addition of Millstone Unit 3.amended FMP will be implemented Match 1995 in.
lobster producing States from Maine to Delaware. When appropriate, results of our lobster study
he federal FMP cautioned that further were compared to other studies conducted in LIS

amendments may be necessary to effectively and elsewhere.*

e manage the lobster stocks and preserve the
resource, in Connecticut waters, the 3% in (82.6 Materials and Methods
mm) minimum legal size has been enforced since

',

1990 and installation of escape vents in traps was Fuu descriptions of methods used to conduct
mandatory beginning in 1984. The prohibitiens on lobster population studies are in NUSCO (1982,
possession of berried females and lobster parts 1987a). To summarize, four pot-trawls, each
have long been enforced in the L1S lobster fishery. mnsisting of five double-entry wire pots (76 x 51 x

2High exploitation rates may also increase 30 cm; 2.5 cm mesh) equally spaced along a 50-75
susceptibility of the local lobster population to m line buoyed at both ends, were used to collect
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Fig.1. leicesion of the Minstone Nuctrar Power Station (53NPS), and the three lobster sampling stations (e), JC=Jonian Cove,
IN=1 stake TT=1%ouse.

.

,

lobsters from May through October. Pot. trawls rebalted with flounder carcasses after lobsters were -
were set near rocky outcrops at three stations (Fig. removed and reset in the same area. . On Fridays,

1). Pots in Jordan Cove (average depth 6 m) were lobsters caught that week were examined and the
set around High Rock 500 m east of the Millstone following data recorded: sex, presence of eggs
discharge. The Intake station (average depth 5 m) (berried), carapace length (CL), crusher claw ;

was 600 m west of the discharge near the power position, missing claws, and molt stage (Alken -t

plant intake structures, and the Twotree station 1973). Imbsters were tagged with a serially
(average depth 12 m) was located south of numbered international orange sphyrion tag

,

Millstone Point, about 1600 m offshore near (Scarratt and Elson 1965; Scarratt 1970), and !

Twotree Island. Beginning in 1984, pots were released at the site of capture. Recaptured tagged
individually numbered to determine the variability lobsters, severely injured or newly molted (soft) i

in catch among pots, and to provide more accurate lobsters, and those smaller than 55 mm CL were !,

values for catch-per. pot than an average catch.per- released untagged after recording the above data. j

pot based on a total of 20 pots per sampling Beginning in 1981, size at which females became ^;

location. Pots were hauled on Monday, sexually mature was estimated by measuring (to the -
;

|Wednesday, and Friday of each week, weather nearest millimeter) the maximum outside width of ' e
Ipermitting; on holiday weeks pots were checked on the second abdominal segment of all females.

the first and last workdays. On each sampling trip, Female size at sexual maturity was estimated by
,

surface and bottom water temperatures and the carapace length corresponding to the inflection :

salinities were recorded at each station. Imbsters point of the sigmoid or "S" curve obtained by .

larger than 55 mm carapace length were banded to plotting the ratio of abdominal width to carapace '!
restrain chelipeds, brought to the laboratory, and length against carapace length (Skud and Perkins ;

kept separated by station in labeled tanks supplied 1%9; Krouse 1973). [
with a continuous flow of seawater. Pots were Imbster larvae have been sampled from 1984 to !

i
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1994 during the period of their occurrence (May Annual geometric mean CPUEs were calculated
through July) at the discharges of Units 1,2 and 3. for all lobster sizes. He annual abundance
Samples were collected with a 1.0 x 6.0 m conical (CPUE) of legal-size lobsters was estimated by
plankton net of 1.0 mm mesh. Cooling water using the A-mean. He A-mean was a more
volume sampled was estimated from the average appropriate statistic for describing the CPUE of
readings of four General Oceanic flowmeters legal-size lobster, since a large number of zero

8located in the mouth of the net; about 4000 m of observations were present in the data (i.e., many
cooling water were filtered in each sample by pots mntained no legal-size lobsters). Both
deploying the net for 45-60 minutes. Day and geometric means of all lobsters and A-means of

*' night samples were collected four days a week from legal size lobsters were used to compare annual
1984 to 1993, and three days a week in 1994. Each variation in CPUE. In the following "Results and
sample was placco in a 1.0 mm mesh sieve and Discussion * section, the geometrie mean abundance,
kept in tanks supplied with a continuous flow of of all lobsters is called "mean total CPUE" while.,
seawater. Shortly after collection, samples were the A-mean abundance of legal-size lobsters is
sorted in a white enamel pan; larvae were referred to as "mean legal CPUE" The
examined for movement and classified as live or distribution-free, Mann-Kendall test (Hollander=

dead. Imbster larvae were also classified by stage and Wolfe 1973) was used to determine presence
acmrding to the criteria established by Herrick of significant trends in the time series of annual
(1911). Larvae abundance in entrainment samples CPUE data, and of several other selected
was standardized as the number of larvae per population characteristia. Trend slopes, when
unit volume. He seasonal (May through July) significant, were calculated using Sen's estimator of
mean density was calculated as the mean of the the slope (Sen 1968; Gilbert 1987).
assumed ' delta" distribution, referred to as A-mean %e influence of water temperature on lobster
(Pennington 1983; NUSCO 1988a). To estimate molting was examined by estimating the time when
total number of larvae entrained, the A-mean lobster molts peaked each year and correlating
density was scaled by the total volume of water annual molt peaks with water temperature. Time
pumped through all units during the sampling of molting peaks was estimated by the inflection
period. points of the Gompertz growth function fitted to

Impingement studies were conducted at Unit 1 data reflecting the cumulative percentage of
and 2 intakes from 1975 through 1987; results molting lobsters at weekly intervals during the
summarized in NUSCO (1987a) included estimates molting season. His growth function has the
of total number of lobsters impinged, as well as form:
mean size, sex ratio, proportion of culls, and

C,- 100e -' a(,.,)
.

survival probabilities for impinged lobsters.
Impacts on the local lobster population associated
with impingement of lobsters at Units 1 and 3 where C,= cumulative percentage of molting
were mitigated by installing fish return systems in lobsters at time t,
the intakes, which return impinged organisms to t= time in weeks,
LIS (NUSCO 1986, 1987b). Subsequently, p= inflection point scaled in weeks
NUSCO and the CT DEP agreed to dismntinue from May 1st, and*

impingement monitoring (NUSCO 1988b). k= shape parameter.
Catch-per-unit-effort (CPUE, i.e., the number of,

lobsters caught per pothaul) was used to describe The first derivative of the Gompertz function with
*

the annual abundance of lobsters in the MNPS respect to time yields a " molt frequency
area. Because these CPUE data are ratios, which distribution" function which describes the

. are not additive and have an asymmetric distribution of annual molts. The times of annual
distribution about the arithmetic mean, the molting peaks were then correlated with mean
geometric mean was the statistic chosen to analyze bottom water temperature during May to
trends in CPUE. The geometric mean is better investigate a possible relationship between water
suited for constructing asymmetric confidence temperature and molting.
intervals for skewed data (Snedecor and Cochran
1%7; McConnaughey and Conquest 1993).
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Results and Discussion T^au 1. M m o u e surfu e a d i u an o m a
temperatures measured at each station during 2-unit (197943),

"
Temperature and Salinity i

EEfast H2!!2!n !

Monthly mean surface and bottom water |temperatures during 2-unit,3-unit and 1994 studies
are presented in Table 1. The mean surface and 'i%%
bottom water temperatures during May 1994 were
among the coldest observed in our studies. Mean MAY 10.2 12.1 10.5 9.2 9.7 8.5 ,

bottom water temperatures in May 1994 ranged JUN 15.1 17A 15.4 13.9 14.4 13J .

between 8.2 (Twotree) and 8.7*C (Intake), lower y $3
8s

2 9 ,

than the means recorded during 2-unit (8.9-93*C) *
SEP 203 21 3 20.9 19.2 19.1 18.4

and 3-unit studies (9.3-10.0'C; Table 1). With the ocr 16A 173 17.9 16.0 16.0 152 > |
exception of Jordan Cove, surface water i

temperatures during May 1994 were also among I!!! alm g,

* * "#* ** I""' MAY 10.1 10.9 9.6 93 10.0 8.7 i1.5 "C cooler than operational period means. JUN 14.9 15.7 15.1 14.1 14 4 14.2 I

Conversely, water temperatures in July 1994 were JUL 19.2 19.5 20.4 183 184 19.7 [
the warmest observed in our studies; surface and AUG 20.7 21.1 21.1 20.1 20.2 20.1

,

bottom water temperatures at Intake and Twotree SEP 19E 20.0 19.2 19.4 19.4 18.7
ocr att 16J 1(4 15 s 1(1 15 swere about 1*C warmer in 1994 than July means

for 2-unit and 3-unit studies (Table 1). g ,

Surface water temperatures during the period of
'

3-unit operation (1986-1994) ranged between 9.7 MAY 9.4 9.7 8.2 8.9 93 8.2

and 22.1*C, and were warmer than the 2-unit JUN 14.2 144 14.1 13.7 14.0 13.6

temperatures of 9.4-21.2*C. The highest $ [ h83 y [17 7 17' i

3
temperatures were recorded at Jordan Cove during SEP 193 19.2 18J 19.1 18.9 18.1 i

both 2-unit (10.2 21.2*C) and 3-unit studies (12.1- ocr 16.0 152 15.7 15.9 15 2 15.7 !

22.1*C). In general, water temperatures at the
nearshore sites (Jordan Cove and Intake,4-6 m
depth) were similar and consistently warmer than Abundance and Catch-per-Unit-Effort :

at the offshore Twotree site (12 m depth). Our |long. term field data for water temperatures at Annual atch statistis of lobsters caught in wire .

Jordan Cove are consistent with results of traps are presented in Table 2. De total number
hydrothermal studies, which indicated that a 2.2*C of lobsters caught during 1994 was 9,849, which j

'

isotherm resulting from 3-unit operation could was within the range of previous 3-unit studies '

extend into the Jordan Cove area. In addition, a (7,106-11,438), but larger than the range of values 1

0.8*C isotherm extends 600 m from the discharge reported in 2-unit studies (6,376-9,109) when 20 -

to a depth of 3 to 5 m (NUSCO 1988c), and may traps were used at each station (Table 2). Iower |,

reach some of the pot-trawls deployed at the catches from 1978 to 1981 of 2-unit studies (1,824- ;
Jordan Cove and Intake sites. 3,259) occurred when only 10 wire pots were used -|

Salinities were similar during 2 unit and 3-unit at each station. De geometric mean total CPUE -
,

. operation; mean surfam and bottom water for 1994 of 2.199 lobsters / pot was within the range i.

salinities ranged between 29.4 and 31.6*/ Due to of previous 3-unit years (1.531-2.457), but higher
the spring freshwater runoff, salinities were than the range of 0.904 to 2.006 reported in 2 unit
generally lower at all stations in May and June, years. Total lobster catches were generally higher

~

during 3-unit studies (1986-94 mean CPUE= 1.849)
than during 2-unit studies (1978-85 mean
CPUE=1.364). A significant increasing trend
(slope =0.051, p=0.01) was observed for the overall

time series (1978-1994) of total CPUE.
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TABt2 2. Catch statistics of lobsters caught in wire * pois from 1978 to 1994.

Total number ; Number pois Geomeute 95% CL Deha 95% CL |
6

lobster caught hauled mean total CPUE aseen legal CPUE a 81.0 mm !

t 81.0 t 81A 2 824 )
i

1978 1824 1026 1.600 1.454 - 1.761 3J,7) 0.118 0.096 0.144 - 0.202

1979 3259 2051 1.404 1.302 - 1.513 gjg 0.101 0.079 0.107 - 0.148

1980 2856 2116 1.103 0.997 - 1.221 gjg 0.076 0.063 0.092 0.126
g. g 0.079 0.069 0.083 - 0.113o 1981 2236 2187 0.904 0.839 0.974 g

1982 9109 4340 2.006 1.925 - 2.089 3Jg 0.126 0.106 0.144 - 0.186

1983 6376 4285 1.331 1.250 - 1.418 34 3 0.109 0.093 0.128 0.168 |

1984 7587 4550 1407 1.540 - 1 477 gjg 0.120 0.104 0.140 - 0.179,
1985 1014 4467 1.352 1.252 - 1.460 gag 0.000 0.068 0.090 - 0.120 |

,
1986 7211 4243 1.585 1301 -1473 3 3 0.060 0.049 0.074 0.097 ;

1987 730 4233 1433 1.562 - 1.707 33 0.054 0.046 OA70 0.089 '1

1988 8871 4367 1.929 1 A46 - 2.015 3 3 0.052 0.047 0.068 0.091 ,

,
1989 7950 4314 1.729 1.645 - 1 A17 0.112 3:gg 0.053 0.097 - 0.126 ,

1990 7106 4350 1.531 1.455 - 1.610 0.161 0.102 gg 0.143 - 0.179

1991 7597 4404 1.542 1.437 1454 0.183 0.117 g.E 0.159 0.206
1992 11438 4427 2.457 2.352 - 2.565 0.208 0.114 333 0.186 - 0.229

1993 10195 4194 2301 2.198 - 2.408 0.197 0.111 33[ 0.175 - 0.220 *

1994 9849 4256 2.199 2.104 2.298 0.200 0.108 gg 0.178 - 0.223 j
!

2-Unit 7845 40261 25022 1.364 1 337 - 1.403 0.134 0.100 0.085 0.127 - 0.141

3-Unit 86-94 77497 38788 1A49 1A15 1A84 0.144 0.087 0.006 0.138 0.151

* 10 wire pots used at each station from August through October 1978, and from May through October 197941; 20 wire pots used at each .|
station from May through October 1982-94. [
* %e minimum legal 4ine froen 1978 to 1988 was 81.0 mm (3 /g in), minimum legal-siae was incrumsed in 1989 to 812 mm (3 '/ in), and

'
8

32
3

in 1990 to 82.6 mm (3 / in).4

The 1994 A meanlegalCPUE(0.071)wasbelow of sublegal-sized lobsters. The fact that catches of 3

the range of values reported in other 3-unit study sublepl-sized lobsters has increased in recent years
years when the legal size was 82.6 mm (0.076- is important in maintaining a steady supply of ;

0.091) and 81.0 mm (0.079-0.086), but higher than recruits for the legal size class. De higher total i
the 1989 mean (0.065) when lept size was 81.8 CPUEs during the past three years is likely related |
mm. Legal CPUE during 1994 and in other 3-unit to the increase in minimum legal size, and, as >

,

years were lower when compared to legal CPUE intended by the regulation, could lead to higher t

reported . in 2-unit studies (197885 A mean legal catches in the future as sublegal-sized lobsters i

range =0.098-0.173). Legal catches in our traps molt into the legal size class.
have exhibited a significant declining trend since During 1994, total and legal CPUE were highest |
1978 (slope =-0.005, p =0.001) and was most likely at Twotree (2.502 and 0.082, respectively); since . :.

due to increases in minimum legal size, which 1978, this site has yielded the highest catches and |
began in 1988, and to an escalation in fishing largest lobsters (Fig. 2). Lobster catches during ,

effort,which has nearly doubled since 1979 (NMFS 1994 were intermediate- at Jordan Cove (total |*

1993). De magnitude of annual legal catches is CPUE=2.267, legal CPUE=0.075) and lowest at j-

highly dependent on the number of lobsters just Intake (total CPUE=1.874, legal CPUE=0.058). i

below (one molt from) legal size. Each year, more Total CPUE at each site was generally higher '

,

than 90% of the legal-size lobsters caught in our during 3-unit studies than during 2-unit studies ,

area had recently molted from the sublegal size (Fig. 2). Since 1978, total CPUE has significantly |
' class. Over the past three years, total CPUEs were increased at Jordan Cove (slope =0.048 p=0.039) t

the highest observed in our 17 years of lobster and Twotree (slope =0.095, p=0.001); no trends in !
studies; the majority of the total catch is composed total CPUE were evident at Intake. In comparison |

!
i
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TAB 1.E 3. Monthly mean total OUE and A-mesa legal
*8j m cm GUE dusing 2-unit (1979 85) and 3-unit studies (IN94) and

during 1994.sm 1
, a.so

j
sm en ,

N
omN

Total OUE lasal OUE* |w#
en a

I e,$ aso f
'

2-Unit 3-Unit 1994 2-Unit 3-Unit 1994
'

,

'
4 o ss -mo- ~

e$ }.y [., .}-{.{.{d MAY 1.468 1138 2.710 0.112 SA65_ 0A32 ,
o.as JUN 1A56 2.303 2.447 0.147 0.112 0.055 t" #-

;;g9gggggyggg;gg; JUL 1238 2.077 2.247 0.204 0.114 0.151 - -!

AUG 1.428 1As3 2.451 0.137 0.083 0.100
*

am too SEP 1.102 1.454 1232 0.113 0A52 0.041 i

am setaME OCT 0.943 1.367 1A0s 0.093 OA45 OA54 > !.

I

'** |^ sso

,,,, $ } ,, E * 'Ibe minimum legal.eine during 2-unit studies was 81A am, a

ym ,$ minimum legal eine uns increased during 3-unit studies to 81 A
,

B ''*- um in 1989 and to 82.6 mm in 1990. j,,

' * ^

) *," '}1.i'h144.,,,yl-f.4
e% 4 CPUE was highest in May (2.710). Total CPUE i

# " ' ' was consistently lowest in October during both - [
. , , , - operational periods and 1994 (Table 3). Legal ,

Iilii!!!!1183fI!! CPUE typically peaked in July following the spring j

molt (2-unit =0.204, 3-unit =0.114,1994=0.151;

." Table 3). Catchability of lobsters is directly [*$ twotner
influenced by water temperature; when water i:= g

_ *% .,1 temperature rises above 10*C, lobster activity (e.g., |,, '

E feeding, movement, and molting) increases. am- wM (McLeese and Wilder 1958; Dow 1966,1969,1976; i

g ,'" Aj m

"3 am k Flowers and Salla 1972; NUSCO 1994).j .=
p **"- N I

4 **7 Lobster catches were shown to be influenced by
.Ii.{.g }'|'i-}.g. o.ie ! the presence of other species in traps during (y,,

I m- *i previous studies (NUSCO 1987a,1994). Incidental !

catches of other species affect lobster catches by ;
IiIfI!!Iifi!!Il!! occupying space in the trap, consuming the bait, j

and blocking trap entrances. During 1994, lobster i

Fig. 2. Mean total CPUE (geometne mean 2 95% C1.) and
mean lesal CPUE (A.meen 2 95% C1.) of lobsters caught at CPUE was negatively inDuenced by catches of ;

each station from 1978 to 1994 (arms indicate incneses in spider crabs at intake and Twottee (Table 4). No '

minimum lessi eine fran s1.0 mm to 81 A mm in 19e9 and s2.6 species afrected lobster catch at Jordan Cove -
"" I" 19 during 1994. Spider crab catches continued to be i

, '
high during 1994 (n=13,803) and have inDuenced

to the increasing trend in total CPUE, legal CPUE lobster catches in all but one year since 1984. |
at each site has significantly declined since 1978

Throughout the North Atlantic Ocean, researchers - i
(Jordan Cove slope =-0.002, p=0.021; Intake

have demonstrated competition, niche segregation 1.

slope =-0.004, p=0.011; Twotree slope =0.007,
and interactions between lobsters and crabs in Beld :

p=0.007). These declines were more likely related and laboratory studies (Richards et at 1983; |to increased fishing effort and increases in the ,

Richards and Cobb 1987; Hudon and Imarche ;minimum legal size than to power plant 1989; Miller 1989). In addition to spider crabs,
operations. lobster catches at Twotree during 1994 were

*

Seasonallobster abundance patterns varied over
affected by the catches of tautog (Taurogs onitis), !

the study period; during 2- and 3-unit studies, total a known predator of lobsters (Bigelow and iCPUEs were highest in July (1.838) and June Shroeder 1953; Auster 1985; Cobb et al 1986).
(2.303), respectively (Table 3). In 1994, total

t
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TABt2 4. Total number of lobsten and incidental catch of On several occasions we have observed large ;

other species caught in traps- tautog in traps along with signs of predation
activity (damaged and dead lobsters, or only parts :

Range 1984-1993 1994 of lobsters).
,

*
todster 7014-11438 9849
Rock, Jonah crab 79-2033' 294
Spider crab 1344-13086* 13803* Size frequency
Hermit crab 286 721* 217

" ,**"oounder Carapace length statistics for lobsters caught in
D[ t,,*

summer counder 440' 12 wire traps from 1978 to 1994 are presented in
skates 14 54 27 Table 5. Mean carapace length (CL) of 70.3 mm,
Oyster toadnsh 8 76 11 during 1994 was within the range of previous 3-.

{j unit CLE (69.5-70.8 mm) but below the range of45

CL means reported in 2-unit studies p0.7-71.8Tautog 39-250 89
sea raven 0-20 0 mm; Tabic 5). The overall mean CL of lobsters*

Whelks 27-178' 87 Collected during 3-unit studies was smaller (70.1
mm) than during 2-unit studies (71.3 mm). I.egal-

(*) Covariance analysis identined these catches as signincant size lobsters (t 82.6 mm) comprised 3.1% of the
factors affecting lobster CPUE (p<0.05).

TABLE 5. Summary of lobster carapace length statistics in wire pot catches from May through October,1978-1994.

N' Carapace length (mm) Percentage of
bRange Mean295% CI legal sizes

t 81.0 t 813 2 82.6

1978 1508 53-111 71.4 2 033 M 5.9 4.8

1979 2846 44-100 71.220.26 M 6.6 5.1

1980 2531 40 96 70.720.27 14, 5.0 4.1

1981 1983 43-96 71.0 2 033 M 7.6 6.6

1982 7835 45 103 70.820.15 12 5.7 4.7

1983 5432 40-121 71.720.19 M 7.4 63
1984 6156 45-107 712 2 0.18 M 73 6.4

19&5 5723 38-101 713 2 0.17 M 5.1 43
1986 5%1 36-107 70.120.17 14, 3.6 3.0

1987 5924 36-99 70.220.17 M 3.2 2.7

1988 7145 21-97 69.520.16 M 2.6 23
1989 6715 34 107 69.920.17 4.5 M 2.9

e 1990 6040 36-102 70.220.20 7.9 5.9 M
1991 6449 31-101 70.220.20 8.5 6.5 M
1992 9594 20 103 70.120.15 6.4 43 M
1993 8487 30-102 70E 2 0.15 6.7 4.6 M.
1994 7841 34-100 703 2 0.17 7.1 4.7 M,

2. Unit 78-85 34014 38-121 71.320.07 7.5 63 53
*

3-Unit 86-94 64156 20-107 70.120.06 5.9 43 33

* Recaptures not included.
8 7* The minimum legal size from 1978 to 1988 was 81.0 mm (3 /g in). minimum legal size was increased in 1989 to 813 mm (3 /n in), and

3in 1990, to 82.6 mm (3 / in).4
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TABLE 6. Summary er lobster carapace length statshcs la and 1990, but was probably more related to '
wire pot cniches at asce siation from May thmugh October, increased fishing effort, which has more than

|. during 2-Unit (1978-19a5).3-Unit (19861993) and 1994 studies. doubled since 1978 (Blake 1991; NMPS 1993).

Mean carapace Percentage of Sa Ratios-
length (mm)* Regels (ts24 mm)

The ser ratio of lobsters collected during 1994
was 0.79 females per male, mapared to a range of

JORDAN COVE
L 2-Unit ranse 69A.71.1 2.5 5.9 0.71 0.88 in prior years of 3-unit operation and ,

Sumitrense no . 70.2 11 4A 0.79 0.97 during 2-unit operation (Table 7). More
L

1* **'" "' 3d females (1.24 per male) were caught at Twotree in*

1994 than at the nearshore Jordan Cove and' a

g Intake sites (0.54 and 0.67 females per male, *

2-unitranse 69.2 - 712 2.9 5.7
3-Unit rense av . ?o.2 14 34 respectively). Sex ratios at Twotree and Intake

im maan 69.5 2.s during 1994 were within the range of previous 2- ,'

an uni st@ at Jordan % the 1M sex.

TwOMEE ratio of 0.54 was within the range of 3-unit studies
2-Unit rense 71.3 73.7 4A - 10.4

3.Unitrense 704 - 71.9 24 6.2 but below the range of 2-unit studies (0.60 0.79).

1994 mean 71.1 3.1 he overall ratio of females to males was higher
during 2 unit studies (0.86 females per male) than
during 3-unit studies (0.80 females per male). At

, , , , , , , - Jordan Cove and Intake, sex ratios during 2-unit
studies were 0.67 and 0.72 females per male,

percentage reported in our studies (2-unit range
5.9-9.1%; previous 3-unit range 3.2-5.0%). Since respectively, higher than the ratios during 3-unit

1978, the percentages of legal lobsters in our catch TABLE 7. Female to male sex ratios * or lobsters mught in
have significantly declined (slope =-0.310, p< 0.01). re Pou ime May thmugh October,1M1m.

When the three stations were compared, the
largest lobsters were caught at Twotree during
1994 (mean CL=71.1 mm) followed by Jordan Jordan intake T=otrae Au

cme stations
Cove (69.9 mm) and Intake (69.5 mm; Table 6).
he 1994 mean sizes at each site were within the
ranges of previous 3-unit studies and at Jordan 197s a79 a97 1.02 a92
Cove and intake, they were within the ranges of 2- 1979 04s o.s3 1.15 022

unit studies (Table 6). However, the mean CL at 1980 046 c.90 1.15 OAs

1981 030 0.71 1.19 cA6
Twotree during 1994 was smaller than the range of

1982 a62 a66 1s9 as
annual means reported in 2-unit studies (71.3 73.7
mm). Twotree catches have typically yielded the $ $ f7 $ [.s2
highest percentage of legal-sized lobsters; however, 1985 cao c47 1.3s o.97

during 1994, the percentage of legals was highest 19e6 045 c.73 1.26 0.s7 .

19s7 c.71 043 1.24 oss
at Jordan Cove (3.4%) followed by Twotree (3.1%)
and latake (2.8%; Table 6). De 1994 percentages . "45

'8

~

at each site were within the range of 3-unit 1990 040 045 c.90 c.71
=

percentages. De percentage of legal lobsters at 1991 c.51 o37 1.13 o.74

Intake and Twotree during 1994 were below the 1992 c.43 0.47 1A5 0.71

l#8 #A7 05' IJ' 084
percentages reported during 2 unit studies; percent .

Im a54 a67 1.24 aw
. legal slac at Jordan Cove during 1994 was within
the range of 2-unit studies. Trends in percentages
of legal-sized lobsters at each station have 2-Unit 7845 c.67 0.72 1.21 cas

exhibited significant declines since 1978. The 3-Unit a6-94 0.56 0.62 1.24 oJo

declines in percent legal size were due,in part, to
* Recaptures not included.

the increases in the minimum legal size in 1988
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studies (0.56 and 0.62, respectively). At Twottee,

f""the female-to-male ratios were similar during 2- m--= - . * -

unit (1.21) and 3-unit studies (1.24). Since 1975, p,, (,sg%Twottee has consistently exhibited proportionally , , ,
more females than have the inshore stations, and **== w ei ~ ~ .-'2.

A
" . '' y ''.except for 1990, the sex ratio at Twotree has E

consistently reflected more females than males Eem

(Keser et al.1983). Female-to-male ratios of |
lobsters caught by commercial lobstermen in LIS { * 55
ranged between 1.06 and 1.81 (Smith 1977) and*

"*
more recently, Blake (1994) reported sublegal .o ,o ,, ,, ,, ,,, ,,,

lobster sex ratios of 2.09 and 2.71 females per male can me M
2

in the western and castern LIS commercial fishery, 2-unit: y - 1.28-(3.13'10-2), , (4.4o.1 .(1.85'1 r ,3o
2 2

respectively. Several factors have been suggested 3*nity-1.os(2.59'17 )x+(4.os'1 1.84'1 ,r .32*
21994: y-1.654532'lo-2)x+(s.36'1 .(4.05'10 r =.35

to cause a predominance of females in the
commercial fishery: differences in female lobster Mg. 3. Morphometric relationship between the abdominal width.

behavior related to molting and reproduction, to carapace length ratio (y) and the carapace length (x) of

fishery regulations designed to protect egg bearing remale iodaters dunn 2-unit (-) and 3-unit studies ( --) and

females, and the fact that mature females molt less d"ri"8 1994 ( )-

frequently than males (Ennis 1980). The overall
'#sex ratio of lobsters in the MNPS area is close to

/,,"the 1:1 sex ratio reported by other researchers for
predominantly sublegal (< 81.0 mm CL) g" f
populations of lobsters (Herrick 1911; Templeman g" i

1936; Ennis 1971,1974; Stewart 1972; Krouse g oe
1973; Thomas 1973; Cooper et al.1975; Briggs and gy /
Mushacke 1980)- |u /

oJ ?

2}7.
Reproduction o.,

". n .o n . . .o..o
The sexual maturity of female lobsters has been cwacc we (,,,,o

investigated in our studies since 1981. The most
obvious indication that females are mature is the

Mg. 4. Proponion oNrried females in each 1 enm canpace
length interval during 2-unit (-), 3-unit (- - -) and 1994

presence of external eggs (berried). Another studies (o o o).
method, first described by Templeman (1935), is
based on abdominal width measurements of periods. Size distribution of berried females
females, which markedly increases during provides further evidence of the unusually small
maturation. Abdominal width to carapace length size at which females become sexually mature in
ratio plotted against CL provides an index of our study area. The smallest berried female
female size at sexual maturity (Skud and Perkins collected in our area was 60 mm CL and 50% werea

1%9; Krouse 1973). Mean ratios of abdominal below 76 and 78 mm CL during 3- and 2-unit
width to carapace length were calculated for each studies, respectively (Fig. 4). Our results agree

*
5 mm CL increment and plotted against the with other studies conducted in LIS; Briggs and
carapace length of lobsters collected during 2-unit Mushacke (1979), using the same morphometric*

(1981-85) and 3-unit (1986-94) operations and for technique, found that females in western LIS begin
1994 alone (Fig. 3). During 1994, females began to mature at 60 mm CL and most are mature at.

to mature at about 55 mm CL, and all females about 80 mm CL. Blake (1994) estimated female
were mature above 90 mm CL The close size at sexual maturity using cement gland staging
correspondence between the 2- and 3. unit curves (Aiken and Waddy 1982) and found that half of
in Figure 3 indicates that female size at sexual the females in LIS reach functional maturity (will
maturity was similar during both operational extrude eggs) at about 73 mm CL in contrast to
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TABLE 8. Peruntage of bemed females caught at each station and annual carapace length statistics from 1978-94.

Percentane of bemed femaics Caranace Lenath (mm) Percentage of
subicaal sizes *

All Jordan Intake Twotree N' Range Mean * 95% C.I.
stations Cove <81.0 <81A <82.6

1978 3.4 1.4 26 53 58 74 88 80.1 21A4 Il 78 78

1979 3.1 1.9 2.7 7.2 70 64 93 80.521.28 g 64 70

1980 33 3.5 1A 54 71 66 - 93 79.121.27 g 73 79

1981 4.2 14 17 7.1 82 69 - 97 81.2 2 135 g 59 62 *

1982 3.1 OE 0.9 6.1 108 64 99 80A 2148 g 66 70
1983 4.7 11 3.2 8.5 123 66 - 103 80.521.04 g 65 67
1984 6.2 34 3.5 10.6 173 62 - 95 79.12 0E7 g 75 76 .

1985 6.2 3.5 4.5 8.5 171 63 94 77.020.81 3 85 86 ,

1986 4E 3.0 23 8.0 135 65 94 78.020.95 II 80 83

1987 5.7 3.2 1.9 94 158 62 - 90 76.5 2 047 g 92 93

1988 3.8 2.4 1.9 64 124 63 - 90 76.9 2 0E2 3 90 90 ,

1989 5.4 22 33 8.2 161 65 98 773 2 0.78 82 g 88

1990 6.6 2.7 4.0 11.2 165 65 - 102 78.1 * 022 75 81 E
1991 8.2 3.2 1.5 13.5 226 62 - 96 78h * 0.75 71 78 g
1992 12.1 3.4 1.7 193 491 60 93 753 2 0.44 89 92 g
1993 12.2 3.1 17 19.4 476 62 - 90 754 2 0.43 88 91 3
1994 10.8 6.1 4.7 16.9 372 61 - 91 75.920.52 85 90 3

2-tJnit 78 85 43 2.0 2.2 7.1 856 62 - 103 79.4 2 039 68 72 74

3-tJnit 86-94 8.1 33 2.7 133 2308 60 - 102 76.420.21 84 88 89

* Receptures not included.
3 7' The minimum legal size from 1978 to 1988 was 8t h mm (3 /u in), minimum legal size was increased in 1989 to 81J mm (3 /n in), and

1
in 1990 to 82.6 mm (3 4 in).

the LIS population of females, Gulf of Maine stations were compared, the percentage of berried
females seldom become sexually mature at less females was highest at Twotree (16.9%); this
than 81 mm CL, and only a small percentage are percentage was within the range of previous 3-unit
mature between 81 and 90 mm CL (Krouse 1973; years (6.4-19.4%) and higher than 2-unit years
Krouse et al.1993). Earlier maturttion of females (5.3-10.6%; Table 8). Percentages at Jordan Cove ;

in LIS is attributed to the warmer LIS water (6.1%) and Intake (4.7%) during 1994 were the
temperatures (Smith 1977; Aiken and Waddy highest reported since the study began (0.8-3.6% |

1980). Sexual maturity of males was not and 0.9 4.5%, respectively). A consistent pattern !

investigated in our study because other researchers of more berried females at Twotree than at the
documented that the size at which males become nearshore Jordan Cove and Intake sites has been t

mature varies only slightly throughout the range of noted since 1975 (Keser et al.1983). The overall ,

*lobsters. In western LIS, males are mature (i.e., percentage of berried females during 3-unit studies
produce mature spermatozoa) at 40 to 44 mm CL, (8.1%) was higher than during 2-unit studies
and over half are mature at 50 to 54 mm CL (4.3%). The mean carapace length of 75.9 mm for .

(Briggs and Mushacke 1979); in northern waters berried females collected during 1994 was within t
'

(Maine), males also begin to mature at relatively the range of average sizes reported in previous 3-
'

small sizes (50% mature at 44 mm CL; Krouse unit studies (75.3-78.1 mm), but below the range

1973). reported in 2-unit studies (77.0-81.2 mm; Table 8). -

'Ibe percentage of females that were berried Berried females were smaller (76.4 mm) during 3-
during 1994 was 10.8%,which was within the range unit studies than during 2-unit studies (79.4 mm),
of percentages reported in other 3-unit studies due to the larger proportion of sublegal-sized
(3.8-12.2%), but higher than the range reported in berried females collected since 1986. Only 7% of
2-unit studies (3.1-6.2%; Table 8). When the three the berried females were above the minimum legal
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! size of 82.6 mm during 1994 compared to a range I

between 18% and 45% prior to 1986 (Table 8). | ,,.
High rates of fishing remove most females shortly g. |, ,,, g 3

,A 8-=* ( - - - ) {' after they reach legal size or after berried females t

/release eggs. De apparent stability of the L1S e
,

\ jlobster population, despite current high s.

iexploitation rates, may be due to the fact that 4 g\ !females bemme mature and bear eggs at siaes well >
# \ jbelow the legal size. ' De regulation to increase 8'

the minimum legal size appears to be effective, as N ~. j* *

* '
the percentage of berried females in our catch has , , , , ,, ,,,

increased in recent years. The increase in
.

uoum
_,

sninimum legal size should improve egg production ns.1 Mait frequency cune mumani nos the Gompem
*

and subsequent recruitment by allowing more rumcu a ori beters caught during 2. unit studies (197s.as;-)
**d *' '''di" (I ~ ~ )*' females to spawn before reaching legal size. i

However, if fishing effort continues to escalate, i.
*

|higher yields (CPUE) due to increased egg -

production may not materialize. j, y,,
'

*4'==

iMolting and Growth ~ .=

g- _- i

Imbster growth is a function of size and weight b ** , , . ' . " !-

increment per molt and molt frequency, with [* * " . - j
**temperature as the . most important factor ;, , , , ,

regulating these processes (Alken 1980). During |
= '=.. .

1994, the majority of molting lobsters were mught
from late spring (end of May) to early sunumer

"
"ympimemEu'nc(ci"

. i=
" " "

!

(middle of June). In several of the previous st@
Fig. 6. Relationship between the date of peak molting (t from

years, a second peak in the catch of molting the compem recum) and anual mesa bonom weier !
lobsters was observed in autumn (Keser et at iemper.t.,, dortog u y. !
1983). Smaller lobsters (60-70 mm CL) may have ;

a higher probability of molting twice in a year than number of molting lobsters for. these studies
'

do larger lobsters (Blake and IJinders, unpublished oxurred in 1994 (12 July) when average May
data). Frequency and timing oflobster molts were water temperatures were the coldest recorded to

,

examined using the Gompertz growth function date (8.4'C; Fig. 6). The earliest molting peak i

fitted to cumulative percent-molt data for 2- and 3 occurred in 1991 (12 June) when average bottom ;

unit studies (Fig. 5). De inflection points of the water temperature during May was 10.8'C (Fig. 6). ;

growth curves were used to estimate annual dates The influence of varying water temperature on the j

of peak molting. Annual molting peaks were molt cycle has been well documented by Aiken and
'

* signifiantly (p<0.05) correlated with mean May Waddy (1980), and Templeman (1936) found that i

!bottom water temperatures and indicated that molting was delayed a week or more when summer
molting occurred earlier when May water water temperatures in the Canadian Maritimes.

j temperatures ' were warmer than average. dropped 1*C.
,

Conversely, peaks occurred later when May water Growth per molt was determined for 260
temperatures were colder than average. Peak molt lobsters that had molted between tagging and

'

during 2-unit studies occurred on 27 June, which recapture during 1994.- Simple linear regressions |*

was one week later than the peak molt observed best describe growth for the size range of lobsters i
during 3-unit studies (20 June; Fig. 5); the caught in our studies (Wilder 1953; Kurata 1962; j
corresponding average bottom water temperatures Mauchline 1976) and were used to compare growth |

during May of the two study periods were 9.2*C (2 for males and females caught during 1994 and' '

unit) and 9.7'C (3-unit). De latest peak in in 2-unit and 3. unit studies (F1. 7). Growth3
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CARAPACE tINCTH AT TAGGING (mm) CARAPACE LENGTH AT TA0GNG (wun)

MALES FEMALES *

N Growth model R2 Incremens N Growth model R2 Increment

2. Unit 380 y=22.168 +0E05(x) 0.70 8.9 mm,133% 587 y=12.678+0.942(x) 0.79 8.7 mm,13.0% |

3. Unit 728 y=16.193+0E95(x) 0.76 9.1 mm.13.7% 913 y=15325 +0.901(x) 0.73 8.9 mm,13.7%
1994 162 y=20374 +0.806(x) 0.64 7.4 mm,11.4% 98 y=22.522+0.772(x) 0.65 7.0 mm,103%

y= size at recapture, x= size at tagging (mm).

Fig. 7.1.Ancar regressions, parameter estimates and average growth increments (mm and %) of carapace lengths at tagging and recapture
times for male and female lotsters caught dcring 2-unit studies (1978-85; -),3. unit studies (1986-93; - --), and during 1994 (O).

TABLE 9. Summary of lobster growth (in mm and as a percentage) at each station in wire pot catches for the period May through
October from 1979 to 1994.

Jordan Cove intane h

Growth Ginwth Growth .

N (mm) Percentage N (mm) Percentage N (mm) Percentage

1979 33 73 10.6 22 8E 123 21 1.1 163
1980 38 8.6 12.7 21 8.7 12.5 33 10.1 14A
1981 29 7.9 113 24 8.9 13.1 40 103 15.4
1982 48 9.0 133 55 7A 12.0 96 9.1 13.2
1983 40 SE 13.4 23 9.5 14.2 71 94 14.5
1984 85 9.0 13A 44 72 123 79 8A 12.9
1985 63 8.4 12A 25 83 13.7 77 8.0 11.7 .

1986 61 9.1 13.5 39 7.5 11.6 69 8.6 12.9
1987 71 7.9 12.0 41 84 123 67 8.9 13.2
1988 93 8.5 12A 58 9.5 15.2 104 94 14.7 .,

1989 82 93 14 3 72 9.5 14.4 80 9.2 14.1
*1990 93 9.1 13.9 51 9.2 14.2 58 10.2 15.5

1991 57 8.4 124 65 8.9 13.4 65 93 14.7
1992 107 8.9 13.8 48 8A 13.2 81 9.4 14.6

*
1993 68 8.5 13.0 35 8.4 12.7 76 84 13.2
1994 84 73 10.9 63 7.0 10.7 113 7.2 104

2. Unit 7945 336 8.6 12.9 214 8.5 123 417 9.2 13.6
3-Unit 86-94 716 8.6 13.0 472 8.7 13.2 713 8.9 13.6
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1

increments averaged 7.4 mm (11.4%) and 7.0 mm TABLE 10. Percentage of cuns Ootsters sunning one or both

(103%) during 1994 for ' males and females, clawn caught in wire pois ran 1Ms.1994.

respectively, and were smaller than the average
growth increments during 2-unit (8.9 mm,133% Jordan intake Twouse AU
for males;- 8.7. mm,13.0% for females) and cave stations

previous 3-unit studies (9.1 mm,13.7% for males;
8.9 mm,13.7% for females). The smaller growth
increments observed during 1994 may be related to $ pj213 1

3 g
the below average water temperatures during the 3,so 13.5 16A 1cA 114

* spring. The smaller incremental growth of females 19s1 13.4 16.7 7.1 12.1

was related to their reproductive cycle; energy that 1982 13.9 14.1 7.0 11.3
1983 su 153 a2 12Acould be used for carapace growth is diverted to

. widening of the abdomen and development of ff f#) hj f"3.

ovaries. Below normal spring water temperatures 19s6 10.9 14.7 62 104
during 1994 influenced growth at each station. 1987 11.9 14.7 6.2 103

Growth increments at Jordan Cove (73 mm), 19s8 13.7 13.6 6.5 11.1*
1989 14A 14 3 sa 12.2Intake (7.0 mm), and Twotree (7.2 mm) were the

lowest observed since the study began (1978-1993 f,, $ $ aj !s
ranges: Jordan Cove 73-93 mm, Intake 7.5-9.5 1992 11A 12.9 6.9 10.0

.

mm, Twotree 8.0-11.1 mm; Table 9). Imbster 1993 11.2 12.6 7.7 10.1

growth appears to be unaffected by plant 1994 112 11.5 6.9 92

operation; growth per molt at Jordan Cove was 8.6
mm during both 2- an6 3-unit studies and varied 2. Unit 7s45 14A 15.2 74 12.1
only slightly at Intake and Twotree during the two 3 Unit e6-94 12.4 13.7 73 los

study periods (by 0.2 and 03 mm, respectively;
Table 9). In addition, lobster growth determined
from our tag and recapture studies during 2. and 1% by 6 inch opening to allow escape of sublegal-

3-unit operation was within the range of growth sized lobsters, and thereby reduces injury and

values reported throughout LIS, where growth has mortality associated with overcrowded pots
averaged between 11.6% and 15.8% for males and (Landers and Blake 1985). He benefits of
between 12.0% and 15.4% for females (Stewart incorporating escape vents in lobster traps has

1972; Briggs and Mushacke 1984; Blake 1994). been well documented throughout New England
(Krouse and Thomas 1975; Fair and Estrella 1976;

Culls Krouse 1978; Pecci et al.1978; Fogarty and Borden
1980; Krouse et al.1993).

The percentage of lobsters missing one or both
claws (culls) was 9.8% of the total catch during Tagging Program
1994, which was the smallest percentage reported
since the study began (previous range 10.0-15.5%; Of the 7,533 lobsters tagged during 1994,26.2%

were recaptured in NUSCO traps, which*
Table 10). Percentage of culls was lowest at
Twotree (6.9%) and highest at Jordan Cove represented the highest percentage recaptured in

(11.8%); the 1994 values at these two sites were both 2- and previous 3-unit studies (14.4-25.2%;
.

within the range of previous 2- and 3-unit studies Table 11). While the percentage of recaptures was
,

(Table 10). At Intake, the percentage of culls was relatively high in NUSCO traps, the percentage
11.5% during 1994, which was the lowest recaptured in commercial traps during 1994 was
percentage observed at this site since 1978 (12.6 only 93%, which was the smallest percentage*

17.8%; Table 10). Claw-loss was lower during reported since 1978 (previous range 17.1-47.6%).

combined 3-unit studies (10.8%) than during the 2 More lobsters were recaptured in NUSCO traps
unit study period (12.1%), likely due to the during the period of 3-unit operation (21.5%) than

implementation of the escape vent regulation in during 2-unit operation (18.9%). In contrast,
1984. His regulation requires that pots contain a fewer lobsters were recaptured by commercial

lobstermen during 3-unit (18.1%) than during 2
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TABL.E 11. tohster tag and recapture statistics for NUSCO pots (May-Oct.) and commercial pots (Jan.-Dec.) from 1978 to 1994.

NUSCO C-- --G1
Number Number Percentage Percentage Mean Number Percentage Percentage Mean
tagged recaptured recaptured legal * Ctfam) recaptured recaptured legal * C14mm)

1978 2768 498 18.0 16.7 75.5 884 31.9 43.6 81.1 |
1979 3732 722 19.4 11.5 75.1 1778 474 27.2 774
1980 3634 522 14.4 ISA 75.7 1363 373 273 %4
1981 4246 707 16.7 12.0 74 2 1484 35.0 25.9 763 i

1982 7575 1282 16.9 10.4 73.2 2519 33.2 23.0 75 3
1983 5160 932 18.1 113 734 2266 43.9 274 M9 '*

1984 5992 1431 23.9 8.4 73.0 1290 21.5 343 78A
1985 5609 1216 21.7 7.7 73.2 1185 21.1 293 78 3
1986 5740 1194 20.8 4.7 723 1177 20.4 27.5 78.2 - .

1987 5680 1356 23.9 5.5 72A 1160 20.4 253 78.9 ,.
1988 6837 1725 25.2 43 72.0 1383 20.2 26.7 78.0
1989 6438 1233 19.2 4.4 (93) 72.9 1183 18.4 20.7 (24J) 78.2
1990 5741 1066 184 5.5 (12.7) 733 1007 17.5 26.5 (322) 793 ,
1991 6136 1109 18.1 7.4 (13.9) 73.4 1228 20.0 33.9 (41.5) SOA T

1992 9126 1842 20.2 3.9(93) 72.4 1360 17.1 23.4 (28.5) - 793
1993 8177 1708 20.9 34 (8.8) 73.4 1741 213 27.0 (47.4) 79.4 r

1994 7533 1974 26.2 3.1(93) 73.4 701 93 19.1 (27.5) 77.7 I

- 2-Unit 78-85 38716 7310 18.9 11.0 73.9 12769 33.0 27.5 77.1 <

3-Unit 86-94 61408 13207 21.5 3.7 (8.4) 72.8 11140 18.1 24.5 (32.1) 79.0 !

* *Ihe minimum I size from 1978 to 1988 was 81.0 mm (3 /g in), minimum legal size was increased in 1989 to 81 A mm (3 '/ in), and
3

32
1990 82.6 mm (3 / in). Parenthetical values for perwntage legal repneent lobsters t 81.0 mm carapam length.4

unit studies (33.0%). De shift in percentages lobsters. Since the regulation was enforced, many
recaptured in NUSCO and commercial traps sublegals escaped from the vented commercial
during 2- and 3-unit operations appears due to the pots, but were still retained in unvented NUSCO

.

escape vent regulation implemented in 1984 and pots. In eastern LIS, I.anders and Blake (1985) :
not to plant operation. Installation of escape noted a substantial reduction in the number of !

vents, coupled with the fact that most of our sublegal-sized lobsters retained in vented pots,
tagged lobsters are sublegal, resulted in fewer without a corresponding decrease in the catch of
tagged lobsters retained in commercial traps. legal-sized lobsters. In Maine waters, Krouse et al.
NUSCO traps do not have escape vents and have (1993) examined lobster catches in traps ulpped
retained greater numbers of tagged sublegal with a variety of escape vent sizes (1 /.,1g/w,1 '/.8 I

lobsters since implementation of the escape vent by 5 /4 in). Hey found that 1 '/ x 5 8 in vents8 / '

regulation in 1984. Average size of lobsters retained fewer sublegals than did traps with smaller
recaptured in NUSCO during 1994 (73.4 mm) was escape vents, and that the overall catch of legals t

within the range of previous 2 unit (73.0-75.7 mm) was comparable for the 1 /, and 1 '/ In vented8
,

and 3-unit studies (72.0-73.4 mm; Table 11). traps.
'

.

Lobsters recaptured in commercial traps have ne percentages of legal-sized lobsters (t 82.6
consistently been larger than those recaptured in mm) recaptured in NUSCO (3.1%) and
NUSCO traps; during 1994, the mean CL of commercial (19.1%) traps during 1994 were the - '

lobsters recaptured in the commercial traps was lowest reported since the study began (previous * '

77.7 mm, 4.3 mm larger than the mean CL in range 3.6-18.8% and 20.7-43.6%, respectively;
NUSCO traps. De overall mean CL in Table 11). %c overall percentage of legal-sized ,

commercial traps was smaller during 2-unit (77.1 lobsters recaptured in NUSCO traps during 3-unit I

mm) than during 3-unit studies (79.0 mm); this studies (3.7%) was substantially lower than the
difference was due to the implementation of the percentage during 2-unit studies (11.0%). Declines ;

escape vent regulation. Before escape vents were were also noted in the percentage of legal-sized
required (1978-83), mmmercial lobstermen lobsters recaptured by mmmercial lobstermen,

recaptured many of the sublegal-sized tagged between the two operational periods (24.5% in 3-
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unit vs. 27.5% in 2-unit studies). Declines in
percentage of legal-sized remptures are attributed Niantic |
to the increase in minimum legal size beginning in say gpg %
1989 and to an increase in fishing effort, which has g covo se%

,

more than doubled since 1978. m J*.
Movement

, ,

8**
Mark and recapture techniques were also used s.4s

.
to follow lobster movements in the MNPS area. (
Tag return information from NUSCO sampling i.es ,

e and commerciallobstermen were used to assess the "
extent of lobster migrations. Since 1978, the '

.e

majority of lobsters recaptured in NUSCO traps Fig. 8. Within station recapture and lobster swvements *

were caught at the station where they were between the three lobster sampling locations (1978-1994). ,

'*
released (Intake 88%, Jordan Cove and Twotree

' "
%%; Fig. 8); of the exchanges that did occur, most
were between the nearshore intake and Jordan
Cove sites. De pattern of small-scale lobster COnneCliCut RI -

b,
movements was also observed in the percentage of
commercial returns made within 5 km of MNPS k

"
during 1994 (99%); similar high percentages were , ,

7 ag*reported in other 2- and 3-unit studies (94 and , ,

%%, respectively). During 1994, lobsters traveled , , us ,.,, , ,

an average of 2.17 km before they were caught by s *
. ,

commercial lobstermen, similar to the average !USGg
distances traveled in 2-unit (2.36 km) and 3-unit ,

studies (2.82 km). Another tagging study |

conducted in eastern LIS by Stewart (1972) _'demonstrated a strong homing behavior of the 4 9. Recapture location and number d lobstem caught by
|"" 'I# ''" ' **' "' '

nearshore lobster population. Because lobsters are [ |,,,

territorial and nocturnal, individuals have a limited j,

home range; they leave their burrows at night and % . _ , j

return to the same shelters before dawn. Similarly' a m 1 |

our tagging studies indicate a predominance of
localized movement which is typical of nearshore ,O

.6'
,, .

|
"" ' '

|lobsters in coastal waters elsewhere in eastern u.

North America (Templeman 1940; Wilder and
,

Murray 1958; Wilder 1963; Cooper 1970; Stewart |,

1972; Cooper et al.1975; Fogarty et al.1980;
, , ,

Krouse 1980,1981; Campbell 1982; Ennis 1984).

4' kIMost of the lobsters recaptured more than 5 km NJ 1a.
3

from the study area moved to the east or ''4 %.
southeast.Jwith only a few (21) of the lobsters
migrating to western LIS (Fig. 9). Since 1978, over i

* 800 lobsters were recaptured in De Race, a deep
water channel 10.5 km from MNPS between LIS Ft. to. Number of tag returns at locations >50 km fran

'

and Block Island Sound, which suggests a MNPS (19781994). :
!migration route for lobsters exiting LIS. Once out

of the sound, lobsters moved easterly and were (MA), and along the south shore of Cape Cod
caught along the Rhode Island coast, Buzzards Bay (Fig.10). Some lobsters traveled southeast to

offshore waters and were reported caught on the

|
'
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edge of the continental shelf in deep water . ;

submarine canyons (Block n=7, Hudson n=10,
'

Atlantis n=5, Veatch n=3). Similar offshore I"
migrations were demonstrated by other researchen "m
working in waters from Canada to southern New b

3*England (Salla and Flowers 1968; Uzmann et al.
1977; Cooper and Uzmann 1980; Campbell and f= _

Stasko 1985, 1986). B=
- -

_

_.
-

%sgg g hq | g h g
r

*Entraintnent -

*""""""""""
I.obster larvae were found in MNPS cooling

'

water samples from 25 May to 4 August 1994, [
which was the latest commencement and 3, ,,p,,, ,, ,,, gyps ,3,,,,,,,, ,,,, 3,,, ,, 3,,4,

termination of the period of oxurrence for larvae
in our 11 year entrainment study. De delayed . >

81994 larval season was most likely due to below TABLE 12. Delta mesa density (number per 1000 m * 5%

normal spring water temperature, which probably cl.) or lobster larvae conceted in day and night entramment
umPim fran im to IW.slowed hatching and development of larvae. A

total of 257 lobster larvae was collected during y,,, .nme Delta mean 95% C1.
1994, which was within the range of valu:s for 3- or day densirf
unit studies (157-625), but higher than the number

1984 Day E158 0.061 0.256
collected in 2. unit studies (102 and 143). lobster

Nisht R737 R138-1336
larvae pass through four pelagic stages before
settling to the bottom as juveniles. During 1994, 1985 Day 0.390 .&0410.82P
stage composition of larvac collected in Night 0.620 0N.y51

entrainment samples was 40% Stage I,3% Stage II
Im Day E 385and III mmbined, and 57% Stage IV (Fig.11). ,

Stage I larvae predominated in many of the :
previous collections ranging 38% and 90% of the 3 ,87 p,y e.791 a040-1.542 *

four larval stages collected during 2- and 3-unit Night 0.667 0.205-1.129

studies (Fig.11). Stage II and III larvae were !

1988 a72 1 1 3rarely collected in our entrainment samples, and
with the exception of the 1988 and 1992
collections, these larval stages have accounted for 1989 Day 0.158 0.087 0.229 |

6only 5% of the total larvae collected since 1984. Night 1.403 0.537-2.269

Stage IV larvae comprised between 4 and 52% of
Oy 0- 81990 Ythe four larval stages collected in previous studies g

(Fig.11). Larvallobster distribution and dispersal -

Iin coastal waters have been associated with surface 1991 Day 0.287 0.131 0.442
*

water circulation patterns (Fogarty 1983) which Night 0.756* 0.502-1.010

develop visible sea surface " fronts' often seen on '
1992 -

the surface waters as ' slick' lines. Rese lines
,

delineate zones where wind-induced surface
currents converge and downwell, and have been 1993 Day 0.963 0.207-2.132

reported to contain high densities of planktonic Night 1.168 4097 2.433 .

organisms including lobster larvac (Cobb et al.
1983; Blake 1988). This mechanism of larval 3g 3y, 0QOj18 D 0

,
transport would explain the patchy distribution of
lobster larvae observed in our entrainment studies. Number per 1000 m . ;* 8

*Other researchers working in southern New sisnifiant dirterence between day and nisht densities based
on 2. sample t-tests (p<0.05).
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TABLE 13. Annual delta mean density (number per 1000 m') of lobster larvae in entrainment samples during their season of -m.s
and annual entrainment estimates with 95% C1. for MNPS from 1984 to 1994.

Year "Dme period Number Mean Cooling Vol.
included larvae density * 95% CL (m' x 10') Estimate 95% CL

)

1984 21May-103ul 102 0,409 0.184 4.635 189.4 77,458 34,847-120,259

1985 15May.16Jul 142 0.504 0.258 4.749 255.1 128,550 65,806-191,040
i

1986* 14May 14Jul 232 0.857 0.418-1.297 666.2 566,619 278,457-864,017 |
* 1987 18May 30Jun 184 0.943 0.274 1.613 423.8 399,608 116,111 683,529

1988 16May-1Aug 571 0.717 0.296 1.137 837.6 600,573 247,935-952,372

1989 22May 28Jul 237 0.701 0358-1.044 562.8 394,518 201,480-587,556

o 1990 14May-30Jul 280 0.748 0.436 1.060 779.1 582,738 339,671-825,805 j

1991 7May-22Jul 157 0.525 0365 0.685 564.1 296,173 205,910-386,435 le
1992 19May-14Jul 625 1334 0.652-2.016 461.2 615,285 300,724 929,846

1993 24May-25Jun 218 1.081 0.273-1389 360.6 389,767 98,433 681,101

1994 25May 4Aug 257 0.908 0.445 1371 745.2 676,639 331,613-1,021/i65.

* Mean densnies are based on the delta-mean (NUSCO 1988b and Pennington 1983).
* Unit 3 began commercial operation.

England waters have found similar high variability densities reported in previous 3-unit studies (0.525-
in both the numbers and stages oflarvae collected 1.334) but higher than the densities reported in 2-
(Bibb et al.1983; Fogarty 1983; Lux et al.1983; unit studies (0.409 and 0.504; Table 13). An

|
Blake 1984,1988). estimated 676,634 lobster larvac were entrained '

Entrainment samples collected at night during through the MNPS cooling water system in 1994,
1994 contained significantly higher densities of which was the highest estimate reported since our
lobster larvae (1.505 per 1000 m') than samples entrainment studies began (1984-93 estimates
mllected during the day (0.268 per 1000 m'; Table ranged from 77,458 to 615,285; Table 13). Since
12). Significantly higher night lobster larvae Unit 3 began commercial operation in 1986,
densities than day densities were observed in four entrainment estimates have been substantially
previous 3-unit study years (1986,1989,1990,1991; higher, because the cooling water demand of Unit
Table 12). The factors causing differences in the 3 alone is approximately the volume required by
day and night lobster larvae entrainment densities Units 1 and 2 combined. The higher entrainment
are unclear and the rarity of night sampling by estimate for 1994 was due to a combination of the
other researchers in New England provides little long period of occurrence of larvae (72 days),
information on the diel behavior of the larval relatively high density, and high cooling water flow
phases. Early laboratory studies demonstrated at the three MNPS Units during June and July,
positive phototaxis of Stage Ilarvae (Templeman particularly at Unit 3, which operated at full power
1937, 1939). In contrast, field surveys conducted throughout the summer. Similarly, in 1988 and
on Browns Bank, southwest of Nova Scotia, 1990 when the larval period was long (78 days) and
indicated that most Stage I larvac were mllected at cooling water flows were high, entrainment-

depths between 15 and 30 m during the day and estimates were correspondingly high.
rarely found below 10 m at night (Harding et al. Evaluating the effect of entrainment on lobster

*

1987). More recent laboratory studies by recruitment in the MNPS area is difficult because
*

Boudreau et al. (1991) indicated that thermal of the unreliability of survival estimates for larvae
gradients were the primary factors influencing and post-larvae (Phillips and Sastry 1980; Caddy
vertical migration of lobster larvae, with all four and Campbell 1986; Cobb 1986; Blake 1991)..

stages seeking the warm water above the Estimates of survival during the larval phase are
thermocline regardless of time of day. wide ranging, from < 1% in Canadian waters

The A-mean density of lobster larvae for all (Scarratt 1964, 1973; Harding et al.1982) to >
entrainment samples collected in 1994 was 0.908 50% in L1S (Lund and Stewart 1970; Blake 1991).
per 1000 m', which was within the range of In addition,little is known on the source oflarvac
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entrained through the MNPS cooling water increased fishing rates and to implementation of
systems. Most of the entrained Stage I larvae fishery regulations in 1984 (escape vents) and 1988
probably originate from the berried females in the (increased minimum size). De lower incidence of
MNPS area, because Stage I larvae are only in the claw loss, and changes in recapture rates and size
water column for 3 to 5 days before molting to the structure of tagged lobsters caught in NUSCO and
next stage. He source of Stage IV larvae commercial traps during 3-unit studies were
entrained at MNPS is probably not from the local attributed to the use of escape vents. De
population because these larvae are between 4 and percentage of berried females collected nearly
6 weeks old and water currents would carty them doubled during 3-unit studies and was probably
to other areas of LIS. Stage IV larvae were also related to the increase in the minimum legal size. =

reported to exhibit directional swimming behavior Both of these regulations were implemented to
and moved tens of kilometers from the origin of improve lobster survival and appear effective.
hatching (Cobb et al.1989; Rooney and Cobb However, fishing effort (number of fishermen and '

1991; Katz et al.1994). Lund and Stewart (1970) traps, and frequency of trap hauls) continues to *

indicated that the large number of berried females increate and fishery managers question the stability
found in western LIS (27%; Smith 1977) may be of the resource under that kind of fishing pressure. .

responsible for recruitment of Stage IV larvae in Imbster larvae denshies were higher during 3-
middle and eastern LIS. unit studies due to the higher percentage of

berried females. Estimated numbers of larvae
Conclusions entrained through the MNPS cooling water systems

were also higher during 3-unit operation, due to
The status of the LIS lobster fishery has been the combination of higher densities and the higher

characterized as highly exploited. Since 1978, cooling water demand of Unit 3. Higher larval
fishing effort in Connecticut waters has more than entrainment may affect subsequent legal lobster
doubled. He fishery is almost completely abundance, but quantification of this impact is
dependent on new animals molting into legal size; difficult given the uncertainty of larval origin,
each year nearly all the lobsters above the larval survival, and recruitment rates to legal size.
minimum legal size are removed by fishing. He Since lobsters require 4-5 years of growth before
total number of lobsters caught and total CPUE in they are vulnerable to capture, and an additional 2
our study area reached remrd levels in 1992 and years of growth to reach legal size, a decline in
remained high during 1993 and 1994. However, local lobster abundance caused by larval
legal lobster catches have significantly declined entrainment would not be apparent for several
since the NUSCO study began in 1978. legal years. He high total CPUE for lobsters in our
catches were expected to improve in 1993 and 1994 study area in the past three years suggests that
after large numbers of lobsters, observed to be just entrainment during the initial years of 3-unit
below legal size in the 1992 catches, molted to operation (1986-88; 7-9 years ago) has not
legal size. Instead, legal CPUE continued to decreased the local adult population.
decline during the past two years in coritrast with
recruitment patterns of previous study years when References Cited
strong recruit classes were followed by increased a

legal catches one to two year later. De fact that Aiken, D.E. 1973. Proecdysis, setal development,
legal catches did not improve during the past two and molt prediction in the American lobster,

~

years may be further evidence that the local lobster (Romarus americanus). J. Fish. Res. Board Can.
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Marine Woodborer Study

Introduction

\.De Marine Woodborer Study focuses on a "C' i-

single species, the shipworm Teredo bartscM, which =|~ ~'
: has maintained a resident population in the warm . wrs j

'* water discharge of the Millstone Nuclear Power .*
'5' "

Station (MNPS) since 1975. T. bortscM is a
"' ""

semitropical spedes conunon from Texas to South
*

,

Carolias (hrner 1966) and first demonstrated an,
ability to coloniae warm water discharges in red. 6.,*.s study

temperate climates during the early 1970s at the h:;:? Qr17* Oyster Creek Nuclear Generating Station
(OCNGS) in New Jersey (Turner 1973; Hoagland p ,. 33 % %, g, ,
1983). Hoagland (1983) reported that distribution Millstone Nuclear Power Station: EF=Emuent (east side),
and abundance of the Oyster Creek population EW=Emuent (west side), QC= Quarry Cass, EB=UDuent
followed the pattern of power plant operation. An Buoy, HR=High Rock, JC= Jordan Cove, WP= White Pcint.

extended outage of OCNGS in the mid 1980s
resulted in eradication of this shipworm population quarry, EW is on the west side of the quany and
from the Oyster Creek and Forked River areas, Panels at QC are located in tt e quany cuts, where
with no reoccurrence through 1993 (Hillman and discharge waters from thru Units enter LIS;
Belmore 1994). panels at these three siteme exposed to undiluted

At MNPS, temperature conditions of the cooling emuent. EB is approximately 100 m outside the
water discharges permitted Teredo barrscM to quany cuts, where surface panels are directly in the

maintain a resident population over the last 20 Path of the discharge plume during ebb tides, to
years. His population was believed to have the ambient tidal waters during Good tides. HR and
potential of adapting to the cold water JC are approximately 500 m outside the quany
temperatures common to the winter months of cuts, but within the discharge mixing zone (2 4 *C
LIS, thereby extending its distribution in the isotherms; NUSCO 1988) during ebb tides; HR is
northeast (Hoagland 1981,1983). The objective of approximately 100 m closer than JC to the channel

the present study is to determine abundance and and the ebb tide path of discharge waters. large
distribution of T. bartscM at sites both within and rock outcroppings at the HR site cause eddies and ;

outside the thermal inDuences of discharge waters. alter water circulation' patterns, which result in '

his report covers the second year of sampling and decressed emuent mixing and increased water
data analysis of the T. barrscM study. Study design temperatures that could enhance recruitment of T.
is based on over 20 years of monitoring data barrscM. WP is the sample site most distant from
collected during the former Exposure Panel MNPS (approximately 1700 m from thc~ quarry |

*

Studies (19681992). cuts), and is considered unimpacted by the MNPS
discharge.

,

Materials and Methods At HR, JC and WP, two sets of three panels
* were deployed 1 m below the water surface by

mean as uMe ster pot buoys)
Wood panels were submerged approximately 1 88C * * * ter Pot*

m from the water surface at seven sites: Emuent (Fig. 2); at EB, a simfar array was attached 1 m
(EF), Emuent West (EW), Quany Cuts (QC), below the mooring bu )y used to mark the Emuent
Emuent Buoy (EB), High Rock (HR), Jordan station of the Benthic Infauna program. De i

Cove (JC), and White Point (WP) (Fig.1). The buoyed panels at EF on the east side of the.
EF site is on the east side of the MNPS emuent emuent quany were attv.hed to a pulley-and-line
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|
;

su m ma AnaAY Shipworms smaller than 5 mm in tube length were ;

!classi8ed only as juvenile teredinids and, although- nm -
'

included as a component of shipworm abundance,
, , , , , , were not included in the 70 shipworm subsample

*

|
k used for identiscations. ;i

o m. ni.,,. s
|~~rp .o.

Results and Discussion !
,

8" ~ ' [ i

h ' i
waaoru m, '

Teredo beacW continued to populate wooden
/ ,

panels in the Millstone Quarry and at sites outside ;*

the Quarry directly caposed to MNPS discharge |w.r ,
waters. Recruitment of this shipworm at QC in i

*

'"^"*"J 1994 (133/ panel) was higher than that recorded in !
'-

1993 (16/ panel) and was also higher at EB (1.3 vs.<a

0.7/pancl; Table 1). T. batscM did not recruit on -|"

"""" *"* '""" Por onnowsmme panels at HR in 1994, while some recruitment was |.
'

observed in 1993 (1/ panel). The newly established

Ye ,Q (1993) EF site failed to recruit T. bartscM in 1993 )
heto pa and 1994, suggesting that water circulation or the ;

WP in the Woodborer Study at MNPS. placement of panels at this site may be i

system to facilitate retrieval, while those on the inappropriate for recruitment.- In 1994, panels- ,

west side were attached to a stainless steel rack as were placed on the west side of the Millstone |

used in previous studies (NUSCO 1993). At QC, Quarry (EW) at the same location and using the |

panels were attached to a buoy and stiff-arm sampling method described in NUSCO (1992). i

system to ~ ensure that the panels ' remained . This sampling site was reestablished to evaluate - |

submerged at the proper depth in the eddy the absence of T. bartreM from EF panels as i

currents. Panel placement in the water column observed in 1993. Densities of this shipworm at I

(near the wrface versus near the bottom) has been
EW in 1994 (200/ panel) were similar to those .!

shown tc gh shipworm recruitment beyond the reported in panels from 19901992 (NUSCO 1992, j

quarry cuts (NUSCO 1991, 1992, 1993). Surface 1993), indicating that panels at EF do not !

deployment tended to reduce settlement of Teredo effectively reGect T. ' batscH : recraitment and i
_

navalis, the native shipworm, and enhance T. abundance patterns in the eft.'uent quarry. His f

bartscM settlement during the 1990-1992 Discharge situation was suspected in 1993 when T. baracM !,

was absent at EF, but present at QC, EB and HR.Study (NUSCO 1993).
T. beucM has not been' collected at JC or WPEach panel (clear white pine 25.4 x 8.9 x 1.9 cm)

,

was secured in a separate section of PVC pipe (35 during either 1993 or 1994. !
'

cm in length x 10.2 cm ' diameter), except at EW Surface panels beyond the quarry cuts have been

where old methodology ' (excluding plexiglass monitored since 1990 and during this period T. !

backers) was used (NUSCO 1993). Two sets of
bartscM was collected at distanas of 100 m (EB), !

!

panels per site were deployed in May and collected 300 m and 500 m (HR) from QC. His shipworm *

in November (redundant sampling was used to was collected most consistently at EB, with ,

i

minimize data loss)._ Three panels at each site densities ranging from <1 shipworm / panel in 1993 ,

j
were processed by scraping fouling organisms and to a high of 78 shipworms /panelin 1990. Absence ;

* '

debris from all surfaces, X-raying (250 kV,5 mA, of T. bartscM in panels at JC and WP indicates

for 45 s) each panel, and removing all or at least that this immigrant species has not adapted to :

70 shipworms per panel. Radiographs were used local ambient conditions. Although untreated oak -

to subjectively estimate wood-loss, to locate pilings at White's Dock provide an attractive food |

shipworms within the panels, and to estimate total resource for this shipworm, cool (<22 *C) summer i

shipworm abundance. Shipworms were identi6ed temperatures combined with cold winter conditions i

after removal from panels to determine percentage appear unsuitable for recruitment and survival of

composition of- T bartscM and T. navalis. T. bartscM.

I
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Table 1. Average density (Ave.) and its standard ener (SE) for shipwona al>=h data conected from surface panels in the vicinity of
MNPS frees May to November during 1993 and 1994. !

SPECIES EF EW QC EB HR JC . WP '

Ave. SE Ave. SE Ave. SE Ave. SE Ave. SE Ave. SE Ave. SE
.,

T. beencM |

1993 0.0 0A 15.7 a.1 0.7 0.7 1h 0.6 0.0 0.0 0A OA- -

1994 0.0 0.0 200.0 0.0 1333 88.2 13 13 0.0 0.0 OA 0.0 OA 0A

T.naveEr,

1993 34.7 2.9 26.7 1.9 683 6.7 383 3.4 14.7 23 64.0 13.7 :- -

i 1994 30.7 0.9 9.0 0.6 15.7 3.5 34.0 6.4 383 16 16.7 03 30 3 1A |
t

' ' Juveniles
e 1993 0.0 0.0 03 03 3.0 1.5 2.0 0.0 2A 0.58 5.0 1.5 i

- -

1994 0.7 0.7 266.7 333 11 6.7 92.8 1.7 1.2 1.7 1.2 03 03 0.7 0.7 ;

9 % Wood. lass
1993 283 1.7 273 8.2 55A 5.0 45A 8.7 63 0.9 45.0 2.9 i

- -

1994 26.7 1.7 763 13 583 16.9 35.0 SA 283 1.7 83 0.9 10.7 0.7 '

,

;

Although not a major focus of this study, appears to be near the limit of suitable thermal j
abundance of the native shipworm, Teredo navalis conditions for T. bartschi recruitment; several
was also determined. la 1994, T. navalis was individuals recruited onto panels there in 1993, .

collected at all sites, with average densities ranging although none were collected in 1994. In I

from 9/ panel at EW to 38/ panel at HR (Table 1). summary, T. banschi occurs in MNPS water by |At most sites, these densities (and associated virtue of higher water temperatures than those in
'

wood-loss) were lower than those in 1993. At QC, I.ong Island Sound. Although a population has
wood-loss in 1994 (58%) was higher than in 1993 persisted in the MNPS Quarry since 1975, there is
(27%) despite lower densities of T. navalis no evidence to suggest that T. banscht has j
(16/ panel vs. 27/ panel); however, this wood-loss expanded its occurrence to other areas in I.ong

'

was associated with high T. banschi abundance Island Sound unaffected by MNPS discharge.
,

(133/ panel in 1994 vs.16/panelin 1993). Highest
|

wood-loss in 1994 occurred at EW (76%), also References Cited ;

related to high T. banschi density (200/ panel).
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Eelgrass

Intmdection Materials and Methods

Many shallow subtidal areas in the vicinity of Three eelgrass study sites in the vicinity of
Millstone Nuclear Power Station support extensive MNPS were sampled during 1994 (White Point-
populations of eelgrass (Zarters marina L). De WP, Jordan Cove-JC, Niantic River-NR) (Fig.1).

y

ability of this species to adapt to wide ranges of The WP and JC stations are lomted 1.6 km and
temperature, salinity and water depth (Osterhout 0.5 km east of the power plants ' discharge,

o' 1917; Setchell 1929; Uphof 1941; Burkholder and respectively, and are within the area potentially

4 Doheny 1968; Dillon 1971; nayer et al.1984) influenced by the 3-unit thermal plume (ENDECO

permits populations to successfully colonize many 1977; NUSCO 1988). The NR site, located about

estuaries and lagoons of temperate and warm 3 km from Millstone Point,is a control station in
boreal coasts in the Atlantic and Pacific Omans an area unaffected by power plant operation (Fig.*

(Setchell 1935). The importance of this species to 1). Water depths (at mean low water) were 2.5 m
coastal ecosystems, now widely recognized and at WP,1.5 m at NR and 1.1 m at JC.

described in more detail in previous reports (e.g., ne WP and JC sites have been sampled since
NUSCO 1994), was brought to the forefront after 1985. The NR site has been relocated several
the disappearana of most eastern North American times -since 1985, due to shifts in eclgrass
*T! European populations attributed to ' Wasting abundance patterns in the Niantic River. The
Disease' (Tutin 1942; Rasmussen 1973,1977). original sampling site (#1, also designated 'old' in

Following the destruction of Zorrere populations, this and previous reports), located midway between

increased wave scour and changes in current Camp Weicker and the navigation channel (Fig.1),

patterns resulted in shoreline erosion. was sampled throughout 1985 and in June 1986.

Concurrently, declines werc observed in abundance A substantial population decline at site #1 was
of many animal species, including commercially noted in July 1986, so another NR sampling site
important fishes and lobster (Stauffer 1937; Dexter was established (#2) 50 m to the south, nearer the
1947; Milne and Milne 1951; Orth 1973,1977; navigation channel. Site #2 was sampled for the
Rasmussen 1973,1977;Dayer et al 1975; Zieman remainder of the 1986 season; however, by

1982). September 1986, the celgrass population at this
Because of the ecologicalimportance of celgrass site had also disappeared. In June 1987, a new NR

and the prediction that the 3-unit thermal plume sampling site was established at the nearest viable

would extend to the nearest population of the Population, located in the lower river (#3). A
species in Jordan Cove (ENDECO 1977), the slower, but steady, decline of the eelgrass
present study was initiated in 1985 to monitor this Population at site #3 has been documented since
population and others nearby. nroughout the 1987 (NUSCO 1993), and by June 1993, no
range of eclgrass, researchers have demonstrated eelgrass shoots were observed at this site. In

,

that temperature changes can affect populations by contrast, an extensive recovery of the celgrass
reducing growth rate, lowering resistance to Population at the old NR site (#1) was noted in
disease, and reducing the production and 1993, and NR samples were again taken at this.

germination of seeds (Burkholder and Doheny station during the 1993 and 1994 sampling periods
.

1968; Phillips 1974,1980; Orth and Moore 1983). (June-September). Monthly surveys and sediment

Objectives of the present study are to identify sampling of NR #3 have continued after
temporal patterns of eelgrass distribution, Population elimination; however, no eelgrass*

abundance and reproduction, and to determine the recolonization- has been observed at this site
extent to which these patterns may be affected by through the 1994 sampling year.
natural variability or by MNPS operation. Samples were collected monthly from June

through September 1994, the period of maximum
standing stock and plant density. At each station,
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16 samphs were collected by SCUBA divers from the population. Shoots were rinsed in freshwater
randomly placed quadrats (25x25 cm,0.0625 m') to remove invertebrates and at the same time, all r

within a 10 m radius of the station marker. The epiphytes were removed. Epiphytes on eelgrass L [
upright shoots from plants within each quadrat shoots were minimal throughout the study, their ~|
were harvested, placed in a 0.333 mm mesh bag, weights were not recorded. Eelgrass standing stock . |
and taken to the laboratory for processing. ~ A 3.5 was estimated as the weight of the shoots taken, f

cm diameter x 5 cm deep core was taken together from each quadrat. From 1985 to 1987, shoots |
with eelgrass samples for analysis of sedimentary were weighed, then dried in an oven at 80 *C to a '

characteristics at each station. Temperature in constant weight. Dry weights from 1988 to 1993
Jordan Cove was measured by submerging an were ' estimated from the wet weight / dry-weight j
encased thermistor recorder. Continuous relationship and presented in this report as grams i

2 3

temperature measurements have been recorded in dry weight /m (3/m').
!Jordan Cove since 1991. Temperatures reported in Nonparametric methods were used to examine *-

this report cover the period from June 1 through trends in the time series of eelgrass shoot density- |
Sqe ' 30, when additional temperature and standing stock. The distribution-free, Mann- .;- .

increases above ambient from the 3-unit operation Kendall test (Hollander and Wolfe 1973) was used {*.
of MNPS could be most detrimental to celgrass in to determine whether the time-series of mean !
Jordan Cove. monthly standing stock biomass or shoot density {

All shoots collected were counted. in the exhibited significant trends. The slope of the j
+

laboratory and the longest blade of each shoot (up trend, when significant, was estimated by Sen's ;

to 20 plants per sample) was measured to the estimator of the slope (Sen 1968). Belgrass shoot ,

nearest centimeter. The number of reproductive length was not' statistically analysed, because |
. shoots in each sample was recorded and used to growth ocx:urs at the base of the shoot (from a |

estimate the percentage of reproductive shoots in basal meristem) and tips continuously erode, and ;

!
;
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Fig. 2. risily average weier temperature at the Jcrdan Cove selgram Nation and at the MNFs intake and dacharge, June thlwough |
september 1994. Unis 1,2, and 3 opersticas are also indicated for the esse penod. !

bemuse leaf turnover rate is highest during the from 13.3 to 22.2*C at the intakes and from 16.9 to !
summer (Roman and Able 1988).

'

32.4*C at the effluent discharge. De maximum '!
Mean sediment grain size and silt / clay content difference between JC and intake (ambient) daily I

were determined using the dry sieving method average water temperatures occurred on 4 July, f
(Folk 1974). Sediment samples were heated to 500 when average water temperature at JC was 2.9'C ;
"C for 24 h to determine organic content, warmer than at the intakes.
estimated as the difference between dry-weight and
ash-weight. Both silt / clay and organic content were Sediments

,

recorded as a percentage of the total sediment j
sample weight. Additional sediment samples Sediments supporting local celgrass populations i

collected at the NR site #3 were analyzed to have been characterized since 1985 through |
evaluate whether any sediment changes noted monthly (June-September) measurements of mean !,

could be associated with the dechne of eelgrass at grain size, sut/ clay and organic content (Fig. 3). |this site. Overall, nadiments at stations nearest MNPS (JC j
'*'

and WP) have been more stable over time than i
Results those at control stations in the Niantic River. Ia

Sediments collected during 1994 were coarser at JC |

Temperature (monthly mean grain size ranging from 0.20 to 0.25 i
.

mm), compared to those at WP (0.11-0.12 mm).
ediments athatainh s%Mg N! Daily average water temperatures during 1994 @24.M) than h at M (&1 15.3%).(June through September) at JC and the MNPS II"N"%''*dI"*"I"'8"" * * " ' * " " * * ' Iintake and discharge are shown in Figure 2.

Temperatures range from 13.3 to 23.8*C at JC, I wer at JC (0.9-2.0%) than at WP (1.7-2.7%) in !

1994. All sediment parameters measured in 1994
,

!
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t s iTABLE 1. Annual and smoothly everage shoot density (noAn ), length (can) and dry weight standing stock (gm/mi ) gar ,,g ,,,,g
aampled near MNPS during the June to September. '

<

IANNUAL MEANS E'
1985 1986 1987 1988 1989 1990 1991 1992 1993 . 1994 Jun Jul Aug Sept ;

i

Shoot Density [

f
Jordan Cove 372 713 542 468 411 338 603 630 484 282 230 384 251 261

Nientic River 413 72 294 307 240 225 249 233 385 132 182 340 5 -, ;

. Whise Point 286 218 227 161 335 185 242 204 310 141 181 152 188 122 !

Eboot Izanth

& Jordna Cove 57 57 77 75 74 38 48 53 54 35 29 35 39 35
m, Nientic River 50 39 al 98 94 73 51 48 58 28 24 30 24 !-

While Point 107 116 126 86 110 106 87 72 107 95 111 108 78 69 +

Standina Stock f,

Jordan Cove 243 276 258 238 202 105 169 210 160 60 44 h3 70 43 j

fNiantic River 156 32 184 181 183 143 81 79 125 18 23 47 1 -

White Point 265 260 201 90 236 180 148 110 275 100 147 110 71 72 I

No plants were coliccied

at JC and WP were within the ranges for previous were the lowest recorded over the study period at {
years.

.

JC and WP, and the second lowest recorded at NR i
Historically, sediment characteristics have been (next to 1986). Monthly shoot densities were !

more variable at sites within the Niantic River highest in Jane at WP (181 shootshn ), and in July
^2

(NR #1 and NR #3; Fig. 3). Ranges of monthly at JC and NR (384 and 340 shootshn , respectively;2

mean grain size at NR #1 and NR #3 were similar Table 1). Moderate fluctuation in monthly shoot j
to each other, but considerably wider (0.19-0.36 densities was observed at JC and WP when ;
mm and 0.17-0.29 mm respectively) than ranges at compared to the extreme fluctuation at NR. |
WP and JC during 1994. Monthly silt / clay content Following the density peak in July at NR, density |in 1994 ranged from 5.4 to 7.5% at NR #1, and declined dramatically to 5 shootshn: by August and . i

from 0.8 to 17.1% at NR #3. Sediment organic no plants were collected during September
content ranges for 1994 at NR sites (1.3-1.7% at - sampling. !

#1 and 1.0-3.8% at #3) were comparable to those Ten year time-series of monthly shoot densities
at JC and WP. With the exception oflow silt / clay at each station are presented in Figure 4. Trend !

content at NR #3 in August, all 1994 sediment analysis applied to this data indicated a signi5 cant j
characteristic measurements were within the decreasing trend at JC (slope =-4.917 -

historical ranges for each NR site. shoots /m / sample period: p<0.05). No significant j2

trend was detected at WP. Trend analysis was not !,

Shoot Density performed on NR data due to insufficient data for
[

any one site resulting from sampling station
Relationships among sampling stations for relocation following localized population |

*

eelgrass shoot density were consistent with those elimination events,.
y

reported in most previous years. Annual mean !
shoot density was typically highest at JC (282 Shoot length

!
,

2shootshn in 1994; Table 1), while densities at NR |
and WP were lower and more similar to each other Yearly (1985-1994) and 1994 monthly (June-

'

2(132 and 141 shootshn, respectively) in 1994. September) average shoot lengths are presented in
Although spatial relationships were consistent Table 1. Shoou during 1994 were longest at WP
during 1994, shoot densities were low area-wide (95 cm), shortest at NR #1 (28 cm) and

'

compared to previous years. In fact,1994 means intermediate at JC (35 cm). The 1994 average .

t
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2Figg4. Mean number of eclgrass shoots per m 2 95% Ct. at Millstone eelgrass stations sampled during the period June-Sepember .

| from 1985 through 1994. f

| ''

shoot length values at JC and NR #1 stations were 35 cm in September. Monthly shoot lengths at NR .

the lowest values recorded at these stations since #1 increased slightly from June (24 cm) to July (30 , ,.

1985 (previous ranges of 38-75 cm and 39-94 cm, cm) then decreased in August (24 cm). No plants
respectively). The 1994 shoot length average at were present in the NR #1 sampling area at the

*
WP (95 cm) was within the overall range of time of September 1994 collections.
previous annual means (72-126 an).

Monthly shoot lengths in 1994 at WP declined Standing Stock
from June through September (111 to 69 cm; Fig. t

5); shoot lengths at JC increased slightly from 29 Eelgrass standing stock during 1994 was highest -

cm in June to 39 cm in August, then declined to at WP (100 g/m ), followed by JC (60 g/m ) and2 2
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2* NR (18 g/m ; Table 1). Annual mean standing stock estimates for 1994 were low relative to
stock at JC and NR during 1994 was the lowest previous years at all stations (Fig. 6). At JC anda

2recorded to date (1985-93 ranges,105-276 g/m for NR, all 1994 monthly values except for June at NR
2JC and 32-183 g/m for all NR sites). The 1994 were the lowest recorded to date when comparing,

mean standing stock at WP was the second lowest the same months from previous years. Monthly
2reported (1985-93 range,90-275 g/m ). estimates for 1994 at WP, although low, were

Monthly standing stock estimates in 1994 were within the ranges for previous years.
2highest in June at WP (147 g/m ) and highest in Trend analysis, performed on monthly estimates,

2 2July at JC and NR #1, (83 g/m and 47 g/m, over the ten year time-series, indicated that I

respectively) (Table 1). Monthly mean standing standing stocks had significantly declined since
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1985 at JC (slope =-3.180 shn% ample (0.2 and 0.6% respectively; Table 2). At WP,7.6%
p<0.001) and WP (slope -3.782. shn% period,

-

ample of the shoots collected in 1994 were reproductive, .-

period, p<0.007). ' Dead analysis was not which was within the range of previous annual
performed on the NR standing stock data due to percentages (0.410.4%). ' Monthly percentage of ,

i
fretluent station relocation. reproductive eelgrass shoots in 1994 was highest in

June at WP (16.0%); the monthly percentage of [
Reproductive Shoots reproductive shoots was also highest in June at NR ,

and JC, but accounted for only 0.4% and 1.6% of . ;

Lonest annual percentages of reproductive the shoots, respectively.. No reproductive shoots i

shoots were observed at JC and NR during 1994 were collected at any site after July 1994, j

!
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. TABIE 2. Number of reproductive shoots, total number of shoots and percentage of reproducthe shoots at celgrass sampling
]

stations from June 1985 through September 1994. j

Aamust June July August September i

b#* % # Total 5 # Total % # Total % # Total %

I& Me

)1985 44 1.9 10 561 1A 23 591 19 11 514 2.1 0 622 OA

1986 10 15 23 756 10 21 585 16 13 1946 1.2 13 464 2Ae
1987 72 33 18 581 11 24 537 4.5 19 496 3A 11 555 10

,
'

1988 58 3.1 20 469 43 11 502 22 2 415 0.5 25 487 5.1 i

1989 30 12 16 534 10 12 526 23 2 356 0.6 0 228 OA
,

1990 9 0.7 2 167 1.2 7 365 1.9 0 395 0A 0 424 GA

1991 24 1.0 14 448 3.1 10 647 1J 0 654 0A 0 662 0A

1992 17 0.7 9 558 14 8 643 1.2 0 708 0.0 0 611 0.0

1993 93 4A 56 493 11.4 36 510 7.1 1 516 0.2 0 417 OA

1994 2 0.2 1 230 0.4 1 383 < 0.1 0 251 0.0 0 261 0.0 I

Nantic River

1985 53 3.2 33 414 8.0 19 308 6.2 1 398 03 0 532 0.0

1986 15 53 1 3 333 14 170 8.2 0 95 0.0 0 18 0.0

1987 2; 1A 4 401 1.0 11 242 4J 6 239 2.5 0 294 0.0

1988 44 3.6 19 356 53 17 309 5.5 0 290 0.0 8 273 2.9

1989 68 7.1 36 333 10A 21 288 73 11 187 5.9 0 150 OA 1

1990 $3 5.9 19 225 8.4 32 266 12.0 2 189 1.1 0 218 0.0

1991 12 1.2 5 197 2.5 7 276 2J 0 296 0.0 0 227 0.0

1992 5 0J 1 229 0.4 4 442 1.0 0 181 0.0 0 81 0.0

| 1993 134 8.7 94 607 15.4 38 387 9A 2 350 0.6 0 196 0.0

1994 3 04 3 182 14 0 340 0.0 0 5 0.0 0 0 0A

White Point

1985 27 2.4 8 394 2.0 17 290 5.9 2 222 0.9 0 238 0.0

1986 79 9.1 51 293 17.4 14 161 8.7 6 234 2.6 8 182 4A

1987 53 5A 20 305 64 12 238 5.0 13 180 7.2 8 184 43
1988 30 4.7 3 186 1.6 13 161 8.1 5 133 3.8 9 164 SJ

| 1989 63 4.7 31 461 6.7 32 400 6.7 0 194 0.0 0 204 0.0

1990 77 10.4 47 199 23.6 25 212 11A 5 186 2.7 0 144 0.0

1991 28 2.9 16 441 3.6 12 308 3.9 0 112 0.0 0 105 0.0

j 1992 4 0.4 1 270 0.4 3 194 1.5 0 195 0.0 0 155 0.0
,

1993 48 3.9 20 403 5.0 17 313 5.4 11 368 3.0 0 156 0.0

1994 43 76 29 181 16.0 14 152 9.2 0 108 0.0 0 122 0.0

* Total number of reproductive shoots.
* Total number of shoots (vegetative + reproductive).
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Discussion occunence in the North Atlantic shows
unpredictable behavior, and wide-spread

Results of the 1994 celgrass monitoring program Population decline. Specifically,long-term eelgrass

indicated a general area-wide decline in local decline / recovery cycles have been reported in the

Niantic River sim* the 1930s (Marshall 1994).populations. Specifically, study parameters used as
Im of celgrass has been attributed to a variety ofindices for overall population health and

productivity (shoot density, standing stock and causes, ranging from natural, e.g., ' wasting disease'

mumber of reproductive shoots) were low at all (den Hartog 1987), severe storms (Patriguin 1975),

stations during 1994 when mmpared to previous or uprooting by swans (Marshall 1994) to human

years. The extent of such declines varied from activities, e.g. eutrophication (Bulthuis 1983; Orth -
i

station to station, with no clear relation between and Moore 1983; Cambridge and McComb 1984;
Neverauskas 1985; Burkholder 1993), landdegree of population decline and site proximity to '

the MNPS thermal plume. reclamation, or changes in near-shore land use

The eclgrass population at WP exhibited the (Kemp et al.1983). The disappearance of eelgrass
-

from the Niantic River in the late 1980s wasleast severe declines in 1994, relative to
populations at other study sites. While several attributed to a decline in water quality and the ,

indices at WP were low in 1994, most were still Presence of Labyrinthula (Short 1988), and it is

within the historical ranges of previous studyyears. likely that these factors, perhaps further
exacerbated by swan grazing, are largelyOnly standing stock at WP exhibited a significant 4

'

decreasing trend over the ten-year time-series. re8Ponsible for more recent population losses at
NR #3 and NR #1. It is reasonable to expectThis analysis was strongly affected by the 1994

data, since no such trend was detected last year small transient populations to reappear in the river

(NUSCO 1994). No trend was evident in WP
in the future through seed production and

shoot density data, and shoot lengths in 1994 were dispersal from nearby healthy populations,
consistent with those observed previously. Both Regardless of the nature of environmental

conditions in the Niantic River, none of the factors
numbers and percentages of reproductive shoots at
WP were well within their respective historical affecting celgrass there appears related to the

ranges. The sedimentary environment at WP Operation of MNPS, as these population sites are

remained stable over the study period, including well beyond any influence of the power plant.

1994. Power plant impacts, if they were to oxur,
The Niantic River sites showed the most would most likely be evident in eclgrass

dramatic decline, and historically the most Populations near the MNPS thermal discharge,

variability. Rapid decline and local elimination of such as the population in Jordan Cove. With

the current study population at NR #1 occurred in modeling predictions indicating that the JC study

1994, a scenario which has become typical for Population may be exposed the MNPS 3-unit

populations in the Niantic River since 1985. In thermal plume (ENDECO 1977; NUSCO 1988), ,

fact, similar population demise was observed at the Population characteristics at this site have been

same site in 1986, at NR #2 in 1987, and a more closely monitored since 1985. Analysis of the
current ten-year time-series showed declininggradual loss of plants at NR #3 was noted from

1987 to 1993. While localized celgrass trends in two important population parameters: .

recolonization has been reported in the Niantic shoot density and standing stock biomass. Levels ,

River previously (at NR #1 from 1989-1993; of both shoot density and standing stock were
NUSCO 1994), little reestablishment of relatively high in early study years (e.g.,1986), and

*
*

Populations elsewhere in the river, including study with some fluctuations, have experienced long-term *

sites NR #2 and NR #3, has been observed over decreases as well as more pronounced declines

the study period. In a recent survey, only small after 1992. Also indicative of population stress at .

patches of celgrass were observed along the main JC is the lack of reproductive shoots during 1994.

navigation channel in the lower river and near the Associating the general decline of the Jordan Cove

entrance to Smith Cove farther upriver. These eelgrass population with a power plant impact is

findings indicate a general population decline in difficult, however, due to the high natural
the Niantic River. Eelgrass biology and population variability of environmental conditions at this site.
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Jordan Cove'is shallow, with large sand flats that for reasons described above. Temperature data

.
'

are exposed to. summer heating, and, during from the winter of 1993-94 also suggest stressful
,

extremely low ' tides,~ freezing in winter. conditions for the JC eelgrass population. On two
*

Furthermore, similar to the Niantic River, shallow - occasions, extreme low tides left the JC study area
!water in Jordan Cove allows for grazing of eclgrass exposed to colder than normal air temperatures

by swans. Derefore, Jordan Cove is more (with recorder registering minimum temperatures
susceptible to natural environmental stress than is of ca. -8"C at the sediment surface), and may have
the deeper water site, WP. resulted in sediment freezing and rhizome damage.

De importance of temperature in regulating -

* re. grass growth and development was first stressed Conclusions '

& Setchell (1929). It was later shown that eclgrass
is sensitive to small temperature variations (Thayer Eelgrass studies during 1994 indicated generally"
et al.1984). Eelgrass does not produce seeds at ;

poor regional conditions for growth and^ temperatures above 15-20 *C (Burkholder and reproduction -of local populations of Zostera
Doheny 1968; Orth and Moore 1983). Higher marina. Populations declines appeared related to |water temperatures, e.g., from heated effluents of.

site-specific stress mechanisms in combination with
power plants, could eliminate eelgrass from nearby area-wide ecological factors. De eclgrass !areas (Phillips 1974; Thayer et at 1984) Studies population at WP appeared to be most robust in
of another seag ass,7halassia,in Florida (Roessler the MNPS area. Population parameters at WP iand Zieman 1%9; Wood et al.1%9; Zieman 1970;

measured in 1994 were within ranges established
Roessler 1971) and of a salt marsh grass (Spamna

:

attemipora) in Maine (Keser et al.1978), showed over the previous nine study years. The deeper
water WP study site (2.5 m depth) provides more

a significant decline in abundance of these plants protection against elevated temperatures' fromin the vicinity of power plant effluents. Elevated ,

insolation in the summer, sediment freezing during '

water temperatures increased respiration beyond low tides in winter, and swan grazing. Eelgrass !levels that could be supported by plant populations at shallow water sites (NR #1 and JC;
Photosynthesis. Recognizing that eclgrass 1.11.5 m depth) are more susceptible to these ;
meadows are among the most productive of marine stress nwhanisms. Overall environmental stress '?
systems (Mann 1973; McRoy and McMillan 1977;

was apparently greatest at NR #1 in 1994, and was >

Zieman and Wetzel 1980) and act to stabilize related to regional and site-specific (depth-related)sediments (Wood et al.1%9; Zieman 1972; Orth
factors, and possibly water quality conditions in the !

1977), a decline in eelgrass abundance at Jordan Niantic River. Zostera populations were '

Cove could also effect the movement of sediments climinated at NR #1 by September 1994. Similar
'

and species abundance of associated infaunal
localized elimination events have been observed atcommunities.

The possibility of thermal plume impacts at JC
Other sites in the Niantic River during the study
period.

iwas also investigated with data from a continuous
Shallow-water stress, as temperature extremes,temperature recorder deployed on the sediment

were measured directly at JC, and were possibly ;surface within the JC study population. Some responsible for population declines observed at 1

elevation in JC water temperatures was observed.
Ithat site. Sediment freezing may have occurred

during the summer 1994, compared to ambient (at during two extreme low tide events in the winter of
the MNPS intakes) temperatures (Fig. 2). His

1993-94. Elevated temperatures measured at JC*
disparity from ambient temperatures, however, during the summer appeared more related toappears to be more related to insolation of the+

insolation of the shallow sand flats in Jordan Coveshallow water sand flats than to incursion of the than to thermal plume incursion. Im-levelthermal plume. Maximum temperature differences,

(2-3*C) coincided with the period of maximum thermal plume incursion to JC is still a possibility, -

daily solar irradiance (June July), a relationship however, based on hydrothermal modeling studies,

consistent with previous years (cf. NUSCO 1992, and could hinder recovery of this already stressed I

population from its most extreme decline to date.
1993 and 1994). Regardless of the cause, these
increased temperatures could stress this population
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Rocky Intertidal Studies !

:
;

Intmduction Materials and Methods !
i

A substantial portion of the shoreline in the Qualitative Sampling |
4 vicinity of Millstone Nuclear Power Station

(MNPS) is composed of rock ledge and boulders Qualitative alga! collections were made monthly ;

supporting a rich and diverse community of at nine rocky intenidal stations (Fig.1). These .,
* attached biota. Shore communities such as these stations are,in order of most to least exposed to '

e are often in close proximity to coastal power plant prevailing winds and storm forces: Bay Point (BP), i

heated effluents, and are therefore particularly Fox Island-Exposed (FE), Millstone Point (MP),
vulnerable to thermal impacts. To effectively Twotree Island (T"|), White Point (WP), Seaside-,

document overall ecological impacts associated Exposed (SE), Seaside-Sheltered (SS), Giants Neck
with coastal power generation, rocky shore (GN), and Fox Island-Sheltered (PS). De MP and i

community studies have been, and continue to be, TT stations were added in September 1981; all j
an important aspe:t of biological monitoring other stations have been sampled since March - >

programs associated with nuclear power plants 1979. A year of qualitative sampling is from
along the New England coastline (Vadas et al. March to the following February, Le., the latest

,1976, 1978; Wilce et al.1978; NAESCO 1994; year of qualitative algal data (1993) comprises
NUSCO 1994). collections from March 1993 to February 1994.

Rocky intenidal studies are part of an extensive The 1985 sample year (3/85 - 2/86) terminated the
environmental monitoring program whose primary 2-unit operational period; the 1986 sample year 3

objective is to determine whether differences that (3/86 - 2/87) was the first in the 3-unit operational
exist among communities at several sites in the period.
Millstone Point area can be attributed to The FE station, approximately 100 m east of the
construction and operation of MNPS,in particular MNPS discharges, is directly exposed to the 3-unit

.

i

since Unit 3 began operation in 1986. To achieve thermal plume (during part of the tidal cycle); FS, ;
this objective, studies were designed and WP, TT, and MP are between 300 and 1700 m -

implemented to identify attached plant and animal from the discharges, and potentially impacted by j
species found on nearby rocky shores, to describe the plume. Stations at BP, GN, SE, and SS are i

temporal and spatial patterns of owurrence and unaffected by MNPS operation. ;
'

abundance of these species, and to identify physical Qualitative collections were used to characterize !

and biological factors that induce variability in the attached flora at each site during each !
local rocky intertidal communities. This research sampling period. At each station, specimens of i

includes qualitative algal sampling, abundance observed algal species were collected at low tide !

(percentage cover) measurements of intertidal from intertidal and shallow subtidal zones, !.

organisms, and growth and mortality studies of including tidepools. Algal samples were identined |
Ascophyllum nodosum. De following report fresh or after short-term freezing. Voucher

,

discusses results of sampling and analysis in the specimens were made using various methods: in
,

-

1993-94 study year, and compares these results to saturated Nacl brine, as dried herbarium mounts, ',

those of 2-unit operational studies (March 1979- or as microscope slide preparations, j

February 1986), and 3-unit operational studies to De qualitative species list includes all attached, j~

date (March 1986-September 1994). macroscopic algal species. Excluded from these !
studies are diverse diatom taxa, blue-green algae !

and some crustose, endophytic or endozoolc algal j
species. These elements of the microbiota are
present, but too difficult to consistently collect,
and for many species to identify as components of
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. :
1

'
A the flora used in a monitoring program. However,

we included taxa that are, or may be, conspecific or
subspecific forms, or alternate life history stages of ia-*

erect macroalgae. For simplicity, we refer to each ;. ,, ,,,

of these entities as a species throughout this ;saa

report. Except where noted, nomenclature follows
O that of South and Tittley (1986).
nun

u ;

a-r Abundance Measurement i
,

'Ihe abundance of rocky intertidal organisms was=*

e expressed as percentage of substratum cover. At
each qualitative collection station except TT

~
.

i(because of insufBcient caposed bedrock), five *

permanent strip transects. were' established
perpendicular to the water-line,0.5 m wide and [.

extending from Mean High Water to Mean Low :
Fig. 2. Detail snap of the MNPS vicialty: FO= original Water levels. Each transect was subdivided into |

experimental A=,, ',ffr site (197944), FN=new 0.5 m x 0.5 m quadrats and was sampled six times -

experimental A_ ,',in site (1985-present), MP, per year, in odd numbered months (or a total of 46 i
" *' '" "8' I' times in the Unit 3 operational period to date). 3

These transects are considered ' undisturbed', as !

:
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they experienced no experimental manipulations. Data Analysis
-De total number of quadrats_in each transect
depended on the slope of the transect. The Analysis of qualitative alpi mllections includes
percentage of substratum cover of all organisms a calculation of a frequency of occurrence index,
and remaining free space in each quadrat was based on the percentage of collections in which ,

subjectively determined. Understory organisms, each species was found out of all possible {species that were partially or totally obscured by collections (e.g., at a station, in a month, during 2-
the canopy layer, were assigned a percentage value unit or 3-unit operation). This inder was used to
that approximately corresponded to their actual calculate similarities among collections, using the

e. substratum coverage. Each quadrat was assigned Bray-Curtis formula (Clifford and Stephenson ;

to a zone based on its tidal height: Zone 1 (high 1975):
'

intertidal), Zone 2 (mid intertidal), or Zone 3 (low ,*
intertidal). E 2 min (X )

1-1SAscophyllum nodosum Studles #
.

= ,

E(X X )fa.

Growth and mortality of tagged individuals of 8-t
;

the perennial brown alga, Ascophyllum nodorum,
were studied at two reference stations (GN,6.5 km '

west of the discharge and WP,1.5 km east of the where S, is the similarity index between collections :
discharge, Fig.1) and an experimental station (FN, f and k,X, is the frequency of occurrence index for '

ca.150 m from the quarry discharges, northeast of species i in mllection f; X. is the index in ;

the Fox Island-Exposed sampling site, Fig. 2). collection k, and n is the number of species in
Ascophyllum populations at GN and WP have been common. A flexible-sorting (cr=-0.25), clustering
monitored since 1979, and those at FN since 1985, algorithm was applied to the resulting similarity
Ascophyllum was also monitored at FO, ca. 75 m matrix (Lance and Williams 1%7). j
cast of the original Millstone quarry cut, from 1979 Quantitative analyses included determination of
to 1984. The FO Ascophyllum population was abundance of intenidal orpnisms as percentage of
eliminated in the summer of 1984 by exposure to substratum covered by each taxon. Unoccupied

.

elevated temperatures from the thermal plume substrata were classed as free space. Cover values '

discharged through two quarry cuts (NUSCO of selected species were plotted against time.
1985). Similarities of communities among stations and .

Ascophyllum plants were measured monthly, between operational periods were calculated using
'

after onset of new vesicle formation, from April to the Bray-Curtis coefficient formula cited above,
the following Aprit At each station, fifty plants substituting untransformed percentages for j
were marked at their bases with a numbered plastic frequency of ocxurrence indices. He same !
tag, and five apices on each plant were marked clustering algorithm was used to form j

with colored cable ties. Linear growth was station / period groupings.
determined by measurements made from the top of Data from Fox Island Nmd (FE) were also
the most recently formed vesicle to the apex of the analyzed separately to determine relationships*

developing axis, or spices if branching had among qualitative algal collections and quantitative )
occurred. Monthly measurement of tagged plants perant-coverage values. Similarity indices were,

began in June; in April and May, vesicles were not calculated between each possible pair of yearly
* yet sufficiently large to be tagged, and five tips collections at FE; these annual comparisons

were measured on each of 50 randomly chosen permitted better resolution of the community
plants. Tags lost to plant breakage were not changes that have occurred at this site,.

replaced, and the pattern of loss was used as a A Gompertz growth curve was fitted to
measure of mortality less of the entire plant was Ascophyllum length data using non. linear
assumed when both the base tag and tip tags were regression methods (Draper and Smith 1981). The
missing. Tip survival was based on the number of Gompertz function form used (Gendron 1989) has
remaining tip tags.

Rocky Intertidal 175

_ . . - _ _ __ _ ____._ ,



. _ _ _ _ _ _ _ _ _ _ _ __ _ . _ _ __ - _ __ _

three parameters, related by the formula: Although they are not newly found at our
4,-g collection sites, two species have been renamed,

L' gf8 based on recent taxonomic research. De red alga
previously reported as Phyllophora truncata is now

where L, is the predicted length at time t, a is the called Coccotylus gruncatus (Wynne and Heine
asympto!!c length (limit of total increase for the 1992). Another red alga, previously reported as '

growing season), k is the rate of decrease of Antithamnion nipponicum is now called |
specific growth (shape parameter), and t, denotes Anathamnionpectinatum (Athanasiadis and Tittley ,

the time at which the inflection point oaurs (time 1994). .

when length is increasing most rapidly). Orowth One power plant thermal impact on the local
curve parameters were compared among stations macroalgal community is seen as shifts in seasonal ,

and between periods using 2-sample t-tests occurrence patterns of annual species typical of [
-

(P=0.05) based on the asymptotic standard errors either warm-water or cold-water periods of the: -

of the parameter estimates. Growth data year. Derefore, it is neassary to first identify |

representing the latest growing season (1993-1994) components of the flera which exhibit this type of
,

were plotted for all stations together and for each natural seasonality, and then use this information
station separately, with summaries of 2-unit (1979- as a baseline from which power plant induced
1986) and 3-unit (1986-1994) operational data. changes can be assessed. In the Millstone area, a '

Because the FN station was established in 1985,2- suite of species typical of cold-water period ,

unit operational data from this site included only (January-June) collections includes Dumontia
the 1985-86 growing season. contorta, Polystphonia urceolata, Spongonema :

tomentosum, Desmarestia viridis, Chonia tomentosa,

Results and Discussion Ulothrix flacca, Urospora penicilliformis,
Monostroma pulchrum, M. grevillei and ;

# #"# '"orPha arcto gable 1). De floristicP ,

Qualitative Algal Studies grouping characteristic of warm-water (July- ,

December) collections isicludes Champia parvula,
Water temperature is an important factor in """# # "#' #"'# ##""'#" "##"*

determining distribution of many benthic marine Ceramium diaphanum, Grinnellia amencanum,'
macroalgal species. In fact, biogeographical 9,,,, y,ggggu yg,,,, gg,y,,gg, ,;,,g,ggg,,, !

regions for macroalgal species distribution in the Enteromorpha clothrata, Bryopsis plumosa and B. !

world oceans are primarily delimited by water
temperature isotherms (L0ning 1990). Derefore, al impact-related differences or shifts in
because some macroalgal communities experience the natural occurrence patterns described above
altered temperature regimes resulting from the (decreased occurrence of cold-water species '

MNPS thermal effluent discharge, shifts in spatial resulting from an abbreviated season, or increased ,

and temporal species occurrence patterns are a occurrence over an extended season for species
likely impact. De current qualitative algal with warm-water affinities) could be detected by
sampling program is used to monitor these comparing operational period frequencies (2-unit
patterns by applying various floristic analyses t vs. 3-unit) at stations potentially exposed to the

'

data compiled from periodic algal collections. thermal plume. The only station where such shifts
!Results of qualitative sampling studies cond ucted have been and continue to be evident is the -

since 1979 are presented as percent frequency of NUSCO site nearest the discharge, FE. For
'

.species oxurrence during 3-unit and 2 unit example, two cold-water red algae, Dumonna
operational periods by month (Table 1) and by contoria and Polyriphonia urecolata, were common
station (Table 2). The 1993 total of species components of the winter / spring flora at FE during I*

collected and identified was 121, which was typical 2-unit operation, occurring in 24% and 26%
I'of previous years and within the range of annual respectively, of collections there prior to Unit 3

totals for 2-unit (101-131) and 3-unit (118-126) istart-up, but neither has been collected at FE
periods (NUSCO 1993). Dunng 1993, no new during 3-unit operation (Table 2). Other cold-
species were added to the overall total of 161

water species occurred occasionally at FE during
species collected since 1979.
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TABLE L Qualitsthe algal collections (Mar.1979-Feb.1994) by month, during 2-unit (379-2/86) and 3-unit (34i6-2/94) operating periods.
Values represent number of times found, as a percentage of possible times found. A dash before a species indicatcs that is was
included in collections made in the latest report year. Taxa enclosed in quotes are, or may be, conspecific or subspecific forms,
or alternate life history stages; see text for additional explanation.

2 Unit Operation 3-Unit Operation
Rhodoohyta Jag fgeb Mar 6tdLay hg Lul&g Ef2 gem 9v Dee Jan Feb Mar AprMay lug luMug $_e2 pet NovDee
-Stylonema alsidii 5 2 2 2 0 4 9 12 21 33 7 5 3 5 1 1 0 1 3 8 10 10 3 4
-Erythrotrichopeltis ciliaris 32 18 18 12 16 11 11 18 32 49 32 25 21 21 11 15 11 6 8 18 29 42 22 25
-Erythrotrichia carnes 4 4 0 0 2 2 0 0 9 4 4 2 1 5 4 10 1 0 4 4 13 14 6 7
Erythrocladia subintegra 0 0 2 0 .0 2 0 2 2 5 5 5 1 0 0 1 0 0 0 3 1 3 3 0
Erythropettis discigera 7 4 2 0 4 0 2 2 7 5 5 5 1 3 4 1 1 0 1 0 4 8 7 4
-Bangia atmmm 65 79 77 86 26 11 4 7 18 21 35 54 58 73 % 76 38 17 6 6 31 31 39 49.

-Porphyra leucosticia 46 68 61 67 44 26 12 9 9 19 18 25 71 78 88 82 72 31 10 7 7 32 2946
-Porpbyra umbilicalis 46 53 77 77 93 72 58 40 25 14 23 28 54 57 71 90 85 58 43 35 29 36 44 60
-Porphyra linearis 0 0 0 0 0 0 0 0 0 0 0 2 3 2 3 0 1 0 0 0 0 0 0 3#
Porphyropsis coccinea 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0
Audouinella purpurea 4 4 0 4 2 2 2 4 2 0 5 2 0 0 0 0 1 0 0 0 0 0 0 0e
-Audouinella secundata 35 53 37 35 35 40 25 23 21 37 18 19 26 30 25 31 22 15 15 10 10 13 8 4
Audouinella davicsil 9 0 2 7 4 4 5 2 2 2 7 0 0 0 3 1 3 0 4 3 0 4 1 0* .Audouine!!a saviana 16 5 14 12 9 11 5 5 19 18 7 11 6 5 8 21 15 7 3 6 17 15 15 8
Audouine!!a sp. 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0
Audouinella dasyae 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1

-Gelidium pusillum 7 9 4 9 1 9 11 9 9 14 12 12 28 22 22 22 21 18 22 24 24 28 35 33
-Nemalion helminthoides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 11 3 0 0 0 0
-Bonnemaisonia hamifera 9 9 18 18 26 53 33 9 0 0 5 5 1 6 6 14 28 44 38 11 3 1 0 4
Trailliella htricata' 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

.Agardhiella ebulata 5 5 5 4 11 14 12 12 18 11 12 12 13 13 10 4 4 10 13 13 14 14 17 18
-Polyides rotunda 5 11 0 7 11 4 11 12 14 14 19 12 6 3 3 1 3 6 7 7 4 0 3 4
-Cystoclonium purpcreum 81 77 68 74 79 79 46 23 12 47 56 68 69 68 57 58 67 68 26 13 18 22 44 50
Gracilaria tikvahiae 0 0 0 0 0 0 0 2 2 0 0 0 10 6 4 3 1 0 0 4 6 4 8 7
Ahnfettia plicata 47 51 49 49 42 44 37 37 37 46 47 56 26 22 18 14 18 24 18 17 14 14 18 26
-Phyllophora pseudoceranoides 23 14 16 16 11 11 12 12 4 19 16 16 13 11 1 3 6 7 4 4 6 7 6 8Phyliophora traillii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Coccotylus truncatus 12 18 7 5 9 12 12 9 11 11 16 19 6 6 14 7 7 8 3 4 3 3 6 3
-Chondrus crispus 96 96 98 98 98 98 98 98 96 % 96 % 99 98 97 97 97 97 99 99 99 97 99 99
-Mastocarpus stentatus 74 56 53 47 56 58 60 56 58 65 77 65 65 70 64 68 67 69 65 65 67 61 68 68P;trocelis middendorfii 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0
Rhodophysema georgii 0 2 7 2 9 2 2 4 4 0 0 0 0 0 3 0 6 3 0 0 0 0 0 0

-Corallina officinalis 60 61 58 56 51 51 61 63 60 68 58 67 71 76 58 63 64 69 60 68 61 63 65 76
-Dumontia contorta 46 65 81 82 81 47 5 2 2 0 2 7 33 49 68 76 74 32 8 1 0 0 0 8
Gloisiphonia capillaris 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0
Chorcocolas polysiphon se 9 12 12 9 9 2 4 4 2 5 2 9 13 11 10 8 6 7 8 3 6 10 4 6
Hildenbrandia rubra 4 2 2 2 0 0 2 0 2 5 0 2 1 0 0 0 0 4 1 0 3 1 0 1

-Palmaria palmata 32 33 49 44 39 46 33 28 21 12 28 30 21 27 22 19 22 26 32 24 15 14 10 18
Champis parvula 35 21 11 7 4 4 35 65 74 79 65 46 15 6 8 4 4 7 50 75 81 67 49 39

-Lomentaria baileyana 4 0 0 0 0 0 5 30 49 28 7 2 0 0 0 0 0 1 6 21 28 13 3 0
-lomentaria clavellosa 11 5 9 16 7 2 2 4 7 4 7 4 6 5 7 8 6 0 1 1 0 0 1 1
-lamentaria orcadensis 2 2 4 0 0 0 0 0 2 5 0 0 1 2 0 0 0 0 0 0 1 0 0 3*
-Antithamnion cruciatum 47 25 5 18 7 16 46 63 70 74 74 67 21 16 8 10 15 21 43 49 26 29 28 15
Antichamnion pectinatum 0 0 0 0 0 0 0 0 0 0 0 0 76 71 39 25 32 39 53 65 78 71 82 83
Callithamnion corymbosum 0 0 0 0 0 2 0 7 9 5 5 0 0 0 0 0 0 0 0 0 0 0 0 0

-Callithamnion roseum 7 2 2 0 0 0 9 18 35 18 14 5 0 0 3 1 3 4 6 18 21 8 8 4
*

-Callithamnion tetragonum 65 46 23 33 21 11 25 26 44 46 72 53 11 17 15 15 8 3 4 7 8 11 10 14,

Callithamnion byssoides 0 0 0 0 0 0 4 4 2 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0'

-Callithamnion belleyl' O O O O O 0 0 0 0 5 7 2 40 29 19 13 8 13 26 25 36 43 56 39
-Ceramium desiongchampii 4 4 0 2 0 2 0 4 4 4 4 9 3 2 0 1 3 0 0 0 1 3 6 1.

Ceramium diaphanum 7 0 0 2 0 0 25 68 49 51 11 12 0 0 0 0 1 635585633 13 1
Ceramium rubrum 88 88 74 81 89 91 95 84 95 93 91 88 90 92 76 81 83 90 92 92 90 86 88 89
Ceramium fastigiatum 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-Spermothamnion repens 54 33 28 26 18 28 28 35 40 72 74 70 47 29 26 22 24 44 38 51 38 43 43 53-Spyridia filamentosa 0 0 0 0 0 2 2 4 12 4 2 2 0 0 1 0 0 0 0 4 10 10 6 3
Scegelia pylaisael 5 2 2 4 5 0 0 2 2 4 4 4 0 0 4 3 3 1 1 3 0 0 0 1-Griffithsia globulifera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 3 1 0
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- TABIE 1. (cont.)
2-Unit Operation 3-Unit Operation

Rhodochyta jgg EggMg 6gMg 23g jg}6gg jgg Qg,Hrw Qg jg EgkMg AgMg jgg jg]63g jg Qgt]$@g ,

Griamenia amencanum 4 0 0 2 2 0 4 9 2 11 12, 7 4 0 1 0 0 3 7 8 15 11 15 6 i

-Phycodrys rubens 2 4 5 12 7 7 4 5 5 7 7 0 0 0 1 7 6 7 3 1 1 3 14
-Desys badiouviana 7 2 0 0 0 0 7 39 30 25 23 11 7 2 1 1 0 31336 32 39 31 28
-Chondria sedifolia 0 0 0 0 0 0 0 4 5 5 0 0 0 0 0 0 0 0 4 1 4 1 0 0
thris baileyana 2 0 2 0 2 0 0 4 16 11 0 5 1 0 0 0 0 0 4 7 13 6 3 1

-Chondria tenussaama 0 0 0 2 0 0 4 2 4 0 0 0 0 0 0 0 0 0 3 4 4 1 0 0
Qiondrin dsayphyus 0 0 0 0 0 0 0 0 2 0 0 0 0' 0 0 0 0 0 0 0 0 0 0. O

;-P2, ,' - denudsta 0 0 0 0 0 0 5 0 4 9 5 7 3 2 1 0 4 3 1 4 0 'l 0 3
JJ, , harveyi 70 39 25 23 19 53 82 95 91 65 68 63 15 8 6 7 to 28 32 35 33 19 25 15 ;

-Polysiphonia lances 82 74 68 60 70 63 61 60 65 72 65 74 74 70 71 65 69 76 67 65 68 67 74 75 |,

-Polysiphosis nigra 5 9 7 11 18 16 2 4 2 4 4 7 1 5 8 81813 0 0 0 3 1 3 J

J ", , -' aigrescena 19 14 18 32 19 28 23 16 18 25 23 21 14 22 6 14 17 24 18 14 18 11 14 18 '

-Polysiphonia arenoista 19 16 30 54 60 32 18 4 4 2 2 4 13 21 21 22 35 24 4 4 3 3 1 10 j
.'

J _ ", , ' ' elongata 0 0 0 0 0 2 0 2 0 0 0 4 1 0 0 0 0 1 00 0 1 0 0 I

-P ', , ' SbrGlosa 5 2 0 0 0 0 2 0 0 2 0 12 3 0 0 0 0 0 0 0 1 4 0 3 -

-PJ, - ' Dadmuun 0 0 0. 0 0 0 0 0 0 0 0 2 11 2 0 0 0 0 0 4 1 7 3 4 i

-P2, , ' aavne-angliae 10 61 42 30 39 44 68 74 74 88 86 84 93 87 57 40 38 75 92 97 99 97 99 99 '

Dhada=ala confemnden 7 9 30 19 9 4 0 2 2 0 2 2 1 3 3 6 3 0 0 0 0 0 0- 0 *
'

2-Unit Operation 3-Unit Operation
Phasonbyta 2g3 [ggMg 6gMg ligg jgj6|gg jgg QgtNgpg jgg f9,gMg 6gMg }||g 23||65|g jgg Qg[Mg|Qgg {
-Ecsomrpus f=eindatus 7 18 12 26 33 35 25 16 28 32 19 9 1 3 14 18 32 36 15 14 24 21 28 11
-Ectocarpus siliculossa 19 32 47 53 60 70 60 39 28 26 23 14 17 32 35 50 44 44 33 32 21 19 28 17 -i
-Ectocarpus sp. 5 12 9 7 0 5 7 4 7 2 5 4 3 0 3 1 0 1 1 1 0 0 0 1 |

-Giffordia granulosa 5 2 4 4 4 7 2 0 5 2 5 4 1 3 1 4 8 14 3 3 1 1 8 4 ;

Giffordia mitchelhae 4 7 2 5 14 19 19 32 32 28 14 7 8 8 6 6 14 11 13 31 39 43 21 11 i

-Pilayella littoralis 21 18 25 35 51 32 12 16 14 21 12 18 11 16 21 26 36 35 7 10 3 21 8 17 ;

-Spongonema tomentanum 18 28 42 30 19 0 2 4 0 7 2 2 4 22 40 24 13 3-1 4 0 6 0 4 |
Entonema accidioides 0 0 0 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 i

-Acinetospora sp. 0 6 0 4 2 0 0 2 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 .

Feldmannia sp. 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0
-Ratisia verrumas 42 56 37 39 46 47 58 65 68 67 54 46 68 65 53 60 40 44 67 74 76 63 72 65
-Elachista fucicola 42 51 61 72 86 82 70 81 77 49 35 26 57 59 71 81 76 88 89 81 69 61 63 54
Halothris lumbricalis 0 2 0 0 5 4 2 0 2 2 0 0 0 0 3 3 6 1 1 0 0 0 0 0 |

-14sthesis difformis 0 2 0 9 19 26 26 11 0 0 0 0 0 0 0 15 36 50 39 4 0 0 0 0 |
-Chordana flagelliformis 0 0 0 5 19 49 37 30 19 5 2 4 0 0 1 3 14 26 25 15 8 6 1 0

'

Sphaerotrichia divaricata 0 0 0 2 5 11 2 0 0 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 ;

(1=damiphon sosierne 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 i

Eudesse vinnaeas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 |

-Pogotrichum filiforme 0 14 5 2 5 0 0 0 2 0 0 0 0 3 4 3 0 0 0 0 0 0 0 0 !
-Dasmotrichum undulatum 0 2 14 7 4 2 0 0 0 4 0 4 0 8 6 7 6 4 1 0 0 0 0 0 i

-Ph==a==caan ardhaail 0 4 2 0 0 0 0 0 0 0 0 0 0 2 4 0 0 0 0 0 0 1 0 0 |
Punciaria latifolis 2 9 16 12 4 9 0 0 0 5 4 4 3 5 10 4 7 6 1 1 0 0 3 6 *

-Punctaria plantagines 2 4 4 2 5 7 7 5 4 0 2 0 0 3 0 3 6 3 3 1 1 1 3 3 ,

-Petalonia fascia 70 84 68 86 84 84 72 9 5 12 42 63 69 90 86 97 90 81 47 7 1 6 4057
-Scytosiphon lomentaria 46 79 93 95 93 95 86 18 5 9 21 32 28 70 92 99 93 90 64 8 0 1 8 18 ,

'

Deinmarca attenusta 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0- 0 0 0 0~0
*

-Desmarestia aculeata 7 2 9 16 9 12 2-7 4 7 11 4 7 8 4 11 13 7 17 4 6 8- 6 4 :

-Damarsatia viridis 2 4 30 44 49 39 2 0 0 0 2 0 0 5 22 49 57 33 0 1 0 0 0 0 1

-Chorda fuum 0 0 0 2 9 19 16 0 0 0 0 0 0 0 0 1 7 25 17 7 0 0 0 0 y

-Chorda somentose 0 0 5 18 28 2 9 0 0 0 0 0 0 5 15 29 19 7 0 0 0 0 0 0 - '*

I ===saaria digitata 2 0 0 0 4 0 0 2 0 0 0 4 0 2 1 4 0 0 0 0 1 1 0 0 [.

1 ==saaria longieruria 9 12 9 14 14 11 12 11 12 18 12 7 11 13 15 15 18 17 18 25 17 22 15 11 ?

I mai= aria aardarins 53 37 53 63 82 77 82 75 60 58 49 58 54 38 57 71 88 96 79 75 64 65 57 51 i

1Eph==8=ria cirmsa 30 16 9 12 16 16 19 21 21 32 37 39 38 27 21 19 28 25 26 22 35 39 38 43 .

i' --6 rigidula 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 1 0 0 1 0 1 30 >

-Ascophyllum modosum 96 96 98 98 98 98 98 98 96 96 96 96 96 95 96 96 96 96 96 96 96 96 96 96 !
-Fucus distichus a edentatus 7 11 18 21 16 4 2 2 0 2 5 4 6 8 11 14 3 6 0 4 6 1 0 3 *

-Fucus distichus a ev=- 14 12 21 19 23 7 2 5 0 4 9 0 3 8 11 13 6 3 4 4 1 3 1 1 i

-Fucus spiralis 2 2 2 9 5 11 7 7 14 7 7 4 11 5 6 10 11 14 11 10 15 11 8 10 }
!-Fucus weiculosus 96 96 98 98 98 100 100 100 96 96 96 96 100 100 100 100 100 100 100 100 100 100 100100 -

-Sargassum filipendula 0 0 0 0 0 0 0 2 0 0 0 0 8 8 7 7 7 7 7 8 8 8 8 8 '
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TABM 1. (cces.)
Operah 3-Unit Operation

Chlomohyta h!! EIkME 6EMa! h!! hl6PA 15n %liNDSS h!!EgbME6mMn h!! Zulon Esn 9s!N=Dec
-Ukahrix Dacca 53 61 74 70 47 7 5 0 2 9 23 32 44 70 71 67 26 7 6 1 7 7 17 26
-Urospora penicilliformis 61 72 74 70 30 7 2 4 2 7 28 44 60 57 65 47 24 7 8 8 7 14 31 50
-Urospots wonnskjoldii 9 7 9 16 2 7 4 0 0 0 0 2 8 6 19 8 10 7 8 6 4- 8 7 17
'Urospora collabens' 7 19 9 2 5 2 2 0 0 0 0 4 1 2 1 0 3 0 1 0 0 0 0 0
Acrochaete viridis 2 2 0 2 0 0 0 0 0 2 2 2 0 0 0 0 1 1 1 0 0 0 0 0

-Monastroma grevillet 25 58 54 60 51 12 2 2 2 0 7 5 6 51 54 75 49 1 0 0 0 0 0 3
-Monostroma pulchrum 19 44 88 91 86 16 4 0 0 4 2 2 1 24 78 79 74 4 0 0 0 0 0 0
-Monastroma oxysperma 2 0 0 2 2 0 0 0 0 0 0 0 0 2 4 7 6 1 0 0 0 0 0 0
4pongamorpha arcta 7 18 39 51 54 32 5 0 0 0 4 4 4 17 24 29 47 24 4 0 0 0 0 1
-Spongomorpha ae.vginosa 4 2 7 14 18 16 5 4 4 0 0 0 1 0 1 22 35 28 3 0 0 1 0 0

e 'Codiolum gregarium' 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Capsosiphon fulvesans 0 2 0 5 4 4 2 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Capsosiphon gmentandicum 2 12 12 14 11 7 2 0 0 0 2 11 3 2 1 1 1 1 0 0 1 0 0 1

e -Blidingin minima 58 44 44 53 70 65 47 67 SR 49 47 53 64 78 63 76 79 82 75 81 79 64 72 65
Blidingia marginata 9 4 0 0 2 0 4 0 0 4 2 2 0 0 0 0 1 1 3 0 0 0 0 0* -Entuvowyl.e clathrata 4 5 2 12 18 19 37 46 37 28 5 4 3 0 3 4 7 8 24 33 36 15 3 1

-Enteromorpha Dexuosa 33 33 25 28 37 40 40 32 46 60 53 35 53 51 61 43 49 36 44 53 71 60 65 65
-Eateromorphs intestinalis 25 26 35 44 49 47 46 51 35 25 21 16 15 17 22 38 29 39 46 35 26 28 10 14,

-Enteromorpha linza 51 30 32 56 67 63 65 60 60 70 63 49 50 49 56 76 78 76 74 69 79 74 68 60
-Enteromorpha prohfera 42 39 33 28 35 37 25 33 32 47 44 47 13 14 6 15 19 18 8 14 13 24 15 21
-Enteromorpha torta 2 0 0 0 4 7 5 7 2 5 2 0 0 0 0 0 1 4 3 1 0 0 0 0
-Enteromorpha ralfsil 0 0 0 0 0 11 7 4 5 2 2 0 0 2 1 0 1 6 6 6 3 3 0 0
Percursaria percursa 2 0 0 5 4 9 4 2 2 2 0 0 0 0 1 0 0 0 0 0 1 1 0 0

-Ulva lactuca 96 88 77 84 89 98 93 91 % 98 % % 94 94 76 83 89 97 96 99 100 96 96 94
-Preslota stipitata 19 21 23 23 23 23 28 25 25 25 19 30 38 35 26 29 32 33 35 31 32 29 31 32
-Chaetomorpha linum 79 58 40 37 56 89 91 95 96 95 84 74 54 33 17 21 46 71 90 86 86 78 72 54
Chaetomorpha melagonium 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
tha pha seres 30 25 26 21 19 26 37 28 42 30 37 30 47 46 28 40 49 42 51 51 40 46 47 46

-Cladophora albida 0 0 2 2 11 9 16 11 12 4 4 2 0 0 0 3 0 3 1 6 4 1 0 0
- Cladophora Deruosa' 14 2 4 7 14 25 37 26 18 28 12 11 10 2 1 4 22 54 75 39 40 31 13 10

*

*Cladophora glaucescens' 0 0 0 0 2 2 2 2 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0
Qadophora lactevirens 0 0 0 2 2 4 4 0 4 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0

.Cladophora refracta' 9 7 2 2 53233 26 28 37 18 16 3 5 4 1 4 11 3 3 3 3 1 7'

-Cladophora sericea 12 5 5 25 53 42 35 37 23 21 18 14 10 2 14 22 39 31 39 36 28 25 17 28
'Cladophora crystallina' 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 4 3 0 0 0

-Cladophora hutchinsiae 2 4 4 2 9 9 7 12 12 14 11 2 3 3 1 3 4 11 8 7 6 4 4 1
-Cladophora rupestris 0 2 0 2 5 2 9 7 0 2 2 0 1 2 1 0 8 10 7 6 3 1 3 0
-Cladophora ruchingeri 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 6 8 14 24 13 14 10 0 j
-Rhizocionium riparium 9 30 25 16 18 18 30 30 28 23 12 16 7 0 8 4 10 26 26 25 13 14 3 7 '

'Rhizoclonium kerneri' 2 0 4 0 0 4 0 0 0 0 0 2 0 0 1 0 1 1 3 1 0 0 0 0
'

Rhizoclonium tortuosum' 0 0 0 0 0 5 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0
-Bryopsis plumosa 7 0 0 0 4 21216 11 12 7 7 7 3 0 0 0 3 11 6 11 3 6 7
-Bryopsis hypnoides 0 0 0 0 2 5 9 2 5 7 2 4 3 0 1 0 7 15 21 19 6 10 11 6
Derbesia marins 7 5 4 9 0 0 2 4 4 9 12 11 0 0 0 0 1 0 1 1 1 4 0 1

-Codium fragile 89 79 2 75 75 82 81 84 88 95 89 86 93 92 76 75 83 90 06 96 96 92 86 90

.
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TAB 2 2. Qualitative algal =Ilmiaa= (Mar.1979-Feb.1994) by station, during 2-unit (3/79-246) and 3-unit (346-254) operating
penods. Values represent number of times found, as a percentage of possible times found. Tasa ==4a== la stuosas are,
or may be, ea==pmeine or suhnpacific fones, or abernate life-history stages; see sent for additional amplanne De last
three miumas represent 2-unit,3-unit, and overall study ===== ries (T=present, <1%).

2-Unit Operation 3-Unit Operation Sussmaries
Rhodochyta gg g g I[ g 3 E g g QH E E I[ g 3,E g M M E jg[
Stylonema alsidii 14 11 6 21211 10 1 6 12 3 0 1 11 2 8 0 0 8 4 6 1

Erythrotrichopeltis ciliaris 32 20 19 23 26 20 27 11 23 37 15 7 11 43 17 26 3 13 23 19 21 |

Erythrotrichia cornea 4 2 0 2 1 4 4 4 0 11 1 5 2 16 9 4 1 2 2 6 4- |'
L,_ " subiategra 1 4 4 2 4 0 0 1 2 0 0 2 0 7 0 0 0 0 2 1 1
Esythropeltis descigers 4 6. 6 'O 5 2 1 2 5 0 6 2 2 8: 0 2 3 3 4 3 3- .

Bangin atropurpurea 48 45 54 35 42 30 49 38 25 49 52 48 40 42 34 48 43 28 40 43 42 !

* 'Porphyra lea aa=== ' 42 27 56 44 32 23 37 31 24 49 42 61 46 51 48 39 41 33 33 46 40
Forphyra umbilicalis 64 42 50 54 54 42 52 64 33 39 51 72 51 74 48 51 75 38 50 55 53 '

Forphyra knearts 0 0 0 0 0 0 1 0 0 0 0 4 1 0 0 1 2 0 T 1 1 *

Porphyropsis -a== 0 0 0 0 0 2 0 0 0 0 0 1 0 0 1 0 0 0 T T T -

A-an- ua purpurea 2 0 0 0 14 0 1 0 1 0 0 1 0 0 0 0 0 0 2 T 1 ,

A=Ra=a n= =ar==taan 39 49 44 23 24 24 30 27 25 21 28 24 7 19 9 9 21 16 31 17 24
A=ta a n= devienti 5 4 2 6 2 2 4 4 4 2 2 1 0 2 1 2 2 2 4 2 2
Aman al= moviana 17 12 19 15 12 13 8 2 6 18 8 4 4 17 12 19 2 8 11 11 11 ,

Audouinella sp. 1 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 T T T
A=sa-a*Il= dasyae 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 'T T T
Gelidium pusillusa 7 0 0 4 1 63 1 0 0 75 0 1 0 33 100 12 3 1' 9 25 18
Ne==haa helminthoiden 0 0 0 0 0 0 0 0 0 0 6 4 2 0 0 0 0 0 0 1- 1 j

nana===iaaal= bamifers 1 20 2 33 0 1 20 29 33 1 3 2 34 0 1 16 23 38 15 13 14
'

'Trailliella intricata' 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 T T T
A8erdhiella subulata 5 7 8 2 24 8 17 4 12 0 2 2 0 81 8 5 2 4 10 12 11
Polyidem iotundus 4 8 8 8 5 8 18 2 26 1 0 4 8 6 0 4 1 9 10 4 7
Cystoclonium purpureum 58 50 67 65 58 58 71 49 62 61 25 53 69 635565559 59 47 52
Gracularia takvahine 0 1 0 0 1 0 0 0 0 0 0 2 1 35 1 1 0 0 T 4 3
Ahnfeitia plicata 20 39 58 92 73 19 52 24 55 8 73841 1 6 34 16 20 45 19 31
Phyliophora pseudoceranoiden 8 7 10 29 10 8 40 7 11 5 1 5 11 3 1 18 3 8 14 6 10 .

'
Phyllophora traillii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 T T
Coccotylus truncatus 11 11 13 10 11 11 21 5 13 3 2 4 17 1 1 14 3 6 12- 6 8
Chondrus crispus 100 100 100 100 79 100 100 100 100 100 100 100 100 82 100 100 100 100 97 98 98
M==sacarpus steustus 25 61 90 100 17 21 65 96 98 27 40 96 100 0 43 100 96 96 60 66 64 ;

Petrocelis middendodii 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 T T T
Fi- , ', m georgii 0 1 0 0 0 2 4 1 12 0 1 0 1 0 1 0 1 4 2 1 2 r
Corallina omcinalis 2 100 100 31 95 70 82 32 27 1 98 99 29 95 100 95 59 19 60 66 63 '

Dumontia contorta 39 19 40 48 26 45 33 32 39 39 9 31 51 0 41 25 20 45 35 29 32
Gioisiphonia capillaris 0 0 2 0 1 0 0 0 0 0 0 0 0 1 0 2 0 0 T T T
Choreocolas r.', , =ta- 14 21 4 2 2 0 5 0 6 12 25 13 3 0 0 2 0 13 6 7 7'

Hildenbrandia rubra 1 0 0 15 0 1 1 0 1 0 0 0 7 0 0 1 0 1 2 1 1
Palmana palmata 36 39 17 69 8 8 44 25 58 15 14 9 62 2 3221743 33 21 26 ,

Champia parvula 37 35 15 33 31 38 61 26 46 31 27 29 35 39 35 44 24 42 37 34 35 ,

Imsnentaria baileyana 21 7 2 6 17 13 17 2 2 12 0 0 1 -13 15 9 1 3 10 6 8
'Lamentaria clavenosa 5 5 0 10 2 5 10 7 12 1 0 4 3 0 0 11 1 7 6 3 4

Lamentarts orcadensas 1 0 0 8 0 0 2 0 1 0 0 0 1 0 0 2 0 2 1 1 1
Antiika=alaa anciatus 44 52 33 40 33 40 62 30 43 19 24 26 25 23 21 32 17 24 43 24 32 a

Antith==anan pectinatum 0 0 0 0 0 0 0 0 0 40 68 84 65 68 55 C1 47 45 05933
CaHithamaios corysabusum 0 7 0 2 2 1 5 1 1 0 0 0 0 0 0 0 0 0 2 0 1 +

Cauithamnion ' aseums 10 6 10 4 18 11 10 4 8 3 2 4 6 29 4 5 1 2 9 6 8. .

CaHithamance tetragonum 38 37 52 63 50 25 45 23 31 2 21 21 16 1 8 15 0 8 39 10 23
,

Callithamnion by==auta= 1 5 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 T T *

'Cauithamnion baileyi' 2 2 2 2 0 0 1 0 1 28 49 46 40 22237 16 19 1 29 17 ,

Ceranium '- ' , i=mpii 13 1 0 4 0 4 1 1 0 2 4 1 1 0 0 3 2 1 3 2 2 i
*

Caranium diaphanum 18 29 2 33 8 13 26 19 19 8 21 4 28 4 7 29 25 25 19 17 18 I

Caramium rubruan 88 95 88 92 87 77 94 87 86 86 99 77 91 78 87 97 85 86 88 87 88
Cesar:,sua fastigiatum 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 T 0 T
Spelmothamnion repens 46 58 40 46 21 27 68 26 48 47 52 24 31 928634247 42 38 40
Spyridia filamentosa 12 1 0 0 0 4 1 0 0 16 3 1 1 0 1 2 0 1 2 3 3
Scagehn pylaisses 1 4 6 2 0 1 6 1 4 0 2 0 1 1 1 1 4 2 3 1 2
Grillithsia globulifers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 2 0 1 T

!

!
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TABLE 2. (cost.)
2-Unit Operation 3-Unit Operation Summanas

' Rhodochvts M EE H E DE E H E EE H E DE E H 'E E E
Orianelha americanum 1 -1 2 2 1 1 13 2 12 0 0 0 . 3 23 3 8 3 13 4 6 5
Phycodrys rubens 0 0 2 8 1 2 18 6 11 0 1 0 8 0 0 9 1 4 5 3 4

. Dasya baulouviana 8 14 2 10 11 21 18 4 13 23 12 11 7 47 15 21 3 6 12 16 14
Choedrin a,Maha 5 1 0 2 0 1 0 0 1 4 0 0 0 0 3 1 0 0 1 1 1
Goodria badsyaan 5 5 13 4 0 4 4 0 1 9 2 3 1 1 7 1 0 1 3 3 3
Qaedria teaulami== 5 0 0 0 1 1 0 0 0 2 1 0 0 1 5 00 0 1 1 1
Qondria dasyphyua 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 T 0 T
7 ; , ='- desudata 0 4 0 -2 5 2 6 1 1 0 4 1 1 6 0 2 1 1 2 2 2-

72, , harveyi 58 63 50 50 70 54 60 51 57 9 19 26 18 36 20 18 13 17 58 20 37
4 Polysiphonia lemona 86 86 100 44 46 27 81 50 94 81 99 100 37 038988098 48 70 69 j

Polysiphonia nigra 1 17 0-2 4 7 12 6 11 9 4 1 2 5 1 15 52 7 5 6 j
72, ';' =' nigrancess 19 23 4 15 15 20 55 10 20 26 21 3 4 12 4 49 6 15 21 16 18 1=

f.e Polysiphonia uroeolata 42 20 23 27 24 5 29 4 13 26 19 23 8 0 0 34 5 3 20 13 16
7 ", 7 =4 elongata 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 1 0 2 1 T T j' 72, ', ='- Sbrinosa 5 1 0 2 4 0 2 1 1 0 2 1 1 1- 0 0 3 0- 2 1 1

'

Polysiphonis sadcaulis 0 0 2 0 0 0 0 0 0 2 7 1 2'1 0 5 5 0 T 3 2
P _ ', , ' - - - - - _ _ - - ' - 60 62 73 58 10 60 48 57 64 80 84 81 77 99 77 86 71 74 43 81 73,_ ;

Phada=ela eonfervoides 14 8 2 10 5 2 6 5 10 1 2' 0 2 0 0 1 2 3 7 1 4 1

2-Unit Operation 3-Unit Operation Summarisa
Phaeoohyta MEEH3$RggMEEHg5EgH EEg
Ectocarpus fascicuissus 17 20 48 33 27 -10 20 20 15 17 28 12 40 4 6 22 19 16 22 18 20
Fdaea pus siliculosis 49 38 25 50 44 37 45 35 29 48 29 26 36 24 23 44 29 18 39 31 35
Thr 8P. 2 6 17 13 2 4 2 4 8 2 2 2 1 0 0-0 1 1 6 1 3
Giffontia granulosa 2 4 8 6 5 2 2 1 4 4 2 2 12 9 1 7 2 0 4 4 4
Giffordia mitchelline 18 13 6 8 32 15 25 6 6 22 -19 12 16 55 11 21 2 1 15 18 17 j
Pilayella littoralis 65 7 6 21 65820 7 6 40 4 2 24 4 54 18 4 7 23 18 20
Spongonens tomentosum 17 20 10 17 12 5 11 13 11 13 7 91212 6 13 12 6 13 10 11
Entonema aecidioides 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 T 0 T
Acinetospora sp. 0 1 0 0 0 2 0 1 0 0 0 0 0 0 1 2 0 0 1 T T
Feld====ia sp. 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 T 0 T
Ratisia verrucons 76 58 42 15 61 60 68 27 42 72 81 65 67 11 73 80 60 52 52 62 58
Einchsta fucicata 70 62 69 58 61 45 61 73 54 77 78 68 73 60 61 75 81 64 61 71 66
Halothrir lumbricalis 1 4 0 0 0 0 4 0 2 2 3 2 3 0 0 0 0 0 1 1 1
1Anthesia difformis 12 1 27 4 14 1 12 1. 4 25 9 26 14 4 11 17 2 1 81210
Chordaria Sagelliformis 15 23 27 15 5 2 27 12 7 4 31 17 11 2 0 8 2 1 14 8 11
Sphaerotrichia divaricata 0 1 2 4 0 0 4 4 1 0 1 1 1 0 0 0 0 0 2 T'1
riadamiphoe mosterne 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 T 0 T
Fudemme virencens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 T T
Pogotrichum filifonne 4 1 4 4 0 2 5 1 1 0 1 0 2 1 1 1 0 1 2 1 1
Desmotrichum undulatum 7 6 0 0 0 2 5 0 4 4 3 0 7 5 1 1 0 1 3 3 3
Phama==celan collinsil 1 0 0 0 0 1 1 0 0 0 0 1 1 0 0 1 1 1 T 1 1
Puccians letifolis 5 5 2 10 2 11 5 5 4 2 4 1 5 4 5 4 4 3 5 4 4
Punciaria plantagnes 5 4 4 0 0 8 7 0 1 9 2 0 1 0 6 1 0 0 3 2 3
Petalonia fascia 54 74 63 46 54 56 70 55 38 60 67 59 65 45 58 61 49 36 57 56 56
Scytomiphoe lomentaria 64 74 48 48 49 64 60 49 40 52 58 53 47 38 56 52 41 31 56 47 51
Delamarea attenuata 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 T 0 T,

Denmarestia sculcata 2 1 4 13 5 10 17 5 11 11 1 2 22 0 0 15 9 11 7 8 8
Denmarestia viridis 12 17 17 25 8 11 17 8 19 13 7 13 26 6 11 19 13 19 14 14 14
Chords Slum 2 1 0 13 1 1 11 4 4 1 2 2 14 0 0 12 5 7 4 5 4 1"
Chords tomentosa 0 4 2 23 2 4 6 4 8 3 4 2 27 0 1 5 6 7 5 6 6 I

laminaria digitata 0 0 0 13 0 0 0 0 0 0 0 0 6 0 0 0 0 1 1 1 1e

Laminaria longlerwis 11 4 13 42 1 1 19 14 14 6 0 8 63 0 6 24 19 21 12 16 14
IJminaria saccharina 62 69 63 96 60 50 61 62 54 69 79 72 88 39 52 74 74 53 62 67 65
*;'- -' --;. cirrosa 49 25 10 6 49 27 18 0 4 67 23 7 0 75 56 28 9 4 22 30 27*

-

Sphacelaria rigidula 0 0 0 0 0 0 1 0 0 2 0 1 0 0 2 0 1 0 T 1 T
Ascophyllum nodosum 100 100 100 100 79 100 100 100 100 100 100 100 100 62 100 100 100 100 97 96 96
Fucus datichus a edentatus 6 71323 11 6 2 7 1 2 5 8 17 1 0 3 5 3 7 5 6
Fucus distichus o evanescens 11 12 2 23 6 6 8 10 12 2 11 7 15 0 0 2 3 3 10 5 7
Fucus sparshs 5 33 8 0 0 1 4 2 1 7 47 31 3 0 0 0 0 3 6 10 8
Fucus vesiculosus 100 100 100 100 82 100 100 100 100 100 100 100 100 100 100 100 100 100 98 100 99
Sargassum Slipendula 0 1 0 0 0 0 0 0 0 0 0 0 0 69 0 0 0 0 T 8 4
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TABLE 2. (cont.)
2-Unit Operation 3-Unit Operation Summanes

Chlorophyts M E E H E D E E E E E E H 3 Ut E E E E E 1s11
Ulothris Daca 37 37 27 17 32 29 45 31 24 38 31 29 33 16 28 32 26 25 32 29 30
Urospora penicillifonnis 38 42 40 33 31 21 43 31 24 35 44 36 27 29 32 32 31 16 33 31 32
Urospora wormakjoldii 5 8 6 0 7 4 7 2 0 12 7 8 3 23 8 14 3 3 5 9 7

'Urospora collabens' 6 6 6 4 4 1 2 2 6 0 3 0 0 2 0 1 0 0 4 1 2

fAacchaete viridis 0 2 6 0 0 1 0 0 0 1 1 0 0-0 0 1 0 0 1 T 1
Monastroma grevillei 26 23 19 19 23 32 23 15 25 21 21 19 26 1 19 19 27 22 23 20 21 i

Monosuoms pulchrum 32 33 25 29 24 23 33 33 31 21 20 23 31 4 23 21 26 25 30 22 25
~

Monastroma cayaperms 0 1 0 0 0 0 0 0 2 0 1 1 1 0 0 1 2 8 T 2 1
Spongamorpha arcia 29 27 31 25 18 4 18 10 7 20 12 31 18 5 6 13 6 2 18 13 15
Spongoasorphs aerugmans 10 5 15 0 6 6 8 5 1 9 16 18 6 1 2 6 5 5 6 8 7
'Codiolus gregarium* 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 T 0 T ,

'

i

r -;- ,' = fulveneens 1 1 0 0 0 2 6 0 2 0 0 0 0 0 0 0 0 0 2 0 1

Capsosiphoe y-- " " = 6 20 8 2 2 2 5 2 5 0 1 0 2 1 2 1 1 1 6 1 3-

Bhdingis minima 61 55 71 71 70 8 64 43 62 66 67 87 84 82 51 77 61 82 55 73 65 ,

Bhdingin marginata 1 2 0 2 4 1 4 1 2 3 1 0 0 0 0 0 0 0 2 T 1
Enteromorpha clothrata 27 4 10 4 25 33 33 1 14 16 13 5 0 14 19 21 3 14 18 12 14 *

Eateromorpha Sesuona 38 40 35 27 63 37 54 12 33 63 52 57 44 84 43 61 35 49 38 54 47
Enteromorphs intestmahs 52 39 40 19 32 27 55 15 30 36 35 27 16 19 21 39 16 32 35 27 30 *

Enteromorpha linza 50 74 75 40 71 35 67 48 42 71 86 87 58 84 60 74 52 37 55 48 62
Enteromorpha prolifera 42 37 35 40 35 35 54 15 40 21 12 11- 9 14 16 21 11 21 37 15 25 i

Enteromorpha torts 5 1 2 0 1 6 6 0 2 2 0 0 1 1 1 2 0 0 3 1 2
Enteromorpha ralfsii 4 1 0 0 4 8 4 0 0 4 0 1 2 1 6 2 2 1 2 2 2

* 4 0 1 0 1 0 0 0 0 2 0 0 2 T 1Percursaria percursa 4 1 0 0 1 .

Ulva lactuca 96 90 % 94 % 89 98 86 86 94 97 95 91 91 92 96 94 88 92 93 93
Premiola stipitata 51 1 4 90 1 1 0 75 8 64 0 0 93 1 0 1 79 48 24 32 28
Chaetomorpha linum 56 81 88 79 69 68 75 79 85 60 60 58 72 14 53 65 77 76 75 59 66
Chaetomorpha melagonium 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 T T T
Chaetomorpha acres 23 26 29 2 74 40 45 2 10 55 37 67 8 72 53 62 6 40 29 44 38
Cladophora albida 5 4 4 0 6 8 14 2 6 2 1 1 0 2 4 3 0 0 6 2 3
'Cladophora Desuoss' 8 26 31 17 13 11 19 17 12 20 32 28 17 18 27 38 22 25 16 25 21
'Cladophora glai

' 0 0 2 0 0 0 4 0 0 0 0 0 0 0 2 1 0 0 1 T T
Cladophora laetevirens 0 0 2 0 0 1 2 1 5 0 0 0 0 0 0 0 0 1 1.T 1

'Cladophora afracta' 83723 8181224 17 12 1 5 5 2 5 5 5 5 1 18 4 10

Oadophora serias 24 20 13 2 40 32 40 11 20 34 19 18 8 28 46 35 5 25 24 24 24
*Cleacphora _ crystallins' 0 0 0 0 0 0 0 2 0 1 0 0 0 1 1 2 0 0 T 1 T
Cladophors hutchinslae 5 1 10 2 13 7 12 2 11 8 5 8 1 4 5 3 2 4 7 5 6 -

Cladophora rupestris 2 2 2 4 2 4 4 0 2 1 2 3 2 9 4 4 2 3 2 4 3
Cladophora ruchingeri 0 0 0 0 1 0 0 0 0 3 4 6 1 19 18 14 1 1 T 7 4
Rhiaoclonium riparium 29 19 8 6 19 49 29 10 10 29 8 12 3 4 19 20 9 3 21 12 16 '

'Rhizoclonium kernett' 2 1 0 0 0 1 0 1 1 3 0 0 0 0 1 1 1 0 1 1 1
'Rhinoclonium tortuosum* 1 0 0 0 2 0 1 0 0 1 0 0 0 0 0 0 0 0 1 T T
Bryopsis plumosa 7 5 0 6 19 4 5 6 4 2 2 2 5 22 2 3 0 3 6 5 5 i

Bryopsis hypooides 2 4 4 0 4 6 1 1 4 11 5 2 7 19 8 12 4 6 3 8 6
Derbesia marina 6 2 0 2 25 7 0 0 2 1 0 0 0 4 0 1 0 2 5 1 3
Codium fragile 81 85 88 100 100 87 81 64 69 92 82 87 87 100 97 97 76 81 83 89 86

.
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the 3-unit period, but much less frequently than horizontal surfaces. The strong dissimilarity of the
during the 2-unit period. Dese include Ulothnr FE 3-unit collection (Group III) to all other
flacca, Monossroma grevillel, M. pulchrum and collections is due to the unique Doristic assemblage

.

'

.%pongomorpha arcra. By contrast, a number of that has developed at this site in response to - h
*

warm-water seasonal species have become more exposure to the 3-unit thermal plume. ;

common ai FE during 3-unit operation. Among A similar analysis was applied to annual,

' these species are Callithamnion roseum, Grmacilia collections at FE (Fig. 3b) to illustrate yearly,

amencanum, Darya baillouviana, Gryonfia changes to the algal community brought about by :

. mischelliae, and Aryopsis hypnoides. Important power plant operational events. Group
*

Distribution of perennial species at FE has also I represents collections made during 2-unit 1 cut , ,

~ hanged during 3-unit opention. His strdy has operation, when the unimpacted flora at FE wasc
'

documented the establishment of populations of similar to that observed at other exposed sites (see,.

species with geographical distributions which Fig. 3a and NUSCO 1987). Temperature . !,

catend into warm temperate and tropical regions, conditions were altered substantially due to !
and are therefore tolerant of 3-unit temperature operational changes occurring in 1984 (2-unit,2- !
regimes at FE (e.g., Gracilaria sikvahtae, cut operation) and 1986 (Unit 3 start-up), and-

Aganthiella subulata and Sargassum filipendula; these events were reflected in the characteristic
Taylor 1957; Luning 1990). Similarly, some species disturbed or early successional stage flora collected !
near the southern limit of their normal at FE from 1984 to 1987 (Group II). Elevated
geographical ranges, such as Mastocarpus stellasus temperature conditions persisted, but were more
and Polysiphonia lanosa, experienced population consistent in subsequent years comprising
elimination at FE during 3-unit operation. collections in Group III. Dese conditions allowed

Some other changes to the overall flora occurred for more long-term development of the unique
during the 3-unit period that are unrelated to flora now observed at FE, characterized by shifts in
power plant operation. Increased occurrence of temporal and spatial species occurrence patterns -

Gelidium pusillum has been observed at FE and described above. Similar floristic shifts have been
several sites farther from the discharge, including observed by other researchers studying attached
a pronounced increase (from 7% to 75%) at our algae near thermal effluents (Vadas et al 1976; j

control site GN. De arca-wide introduction of an Wilce et at 1978; Schneider 1981). _!
exotic species Antithamnion pectinatum (A. I
mipponicum in previous reports), also not Abundance Measurement
considered a power plant impact, occurred during
3-unit operation as well. Power plant impact may also change certain

Rela tionships among composite collections made patterns of organismal distribution and community
during 2-unit and 3-unit periods at each station dominance hierarchy on nearby rocky shores.
were also examined using cluster analysis nese changes may not be evident when using
techniques and illustrated by the resulting descriptors of qualitative community
clustering dendrogram (Figure 3a). In short, the characteristics, presented in the previous section,
addition of 1993 -data has resulted in no which effectively illustrate impacts such as*
substantive change in major groupings, relative to temporal and spatial elimination or introduction of
recent previous years (e.g., NUSCO 1992, 1994). species. Derefore, quantiDcation of species ;

Excluding the FE 3-unit collection, primary abundance and distribution patterns, through
'

,

groupings of all other collections are distinguished determination of percent substratum coverage,'
by floras which develop on differing substrata. complements the qualitative studies and has
Collection areas at sites comprising Group I are become an integral part of the overall rocky
composed of bedrock ledge, with subgroups intertidal monitoring program.

-

separated into exposed sites (WP, MP, BP and FE De objective of these quantitative studies was
2-unit; Subgroup la) and sheltered sites (GN and to sample organism abundance over an area
FS; Subgroup Ib). Collection substrata at Group sufficiently large as to accurately describe large-
Il sites (TT, SS and SE) are primarily large scale patterns of abundance at each sampling site,
boulders and relatively unstable cobble with few to relate these patterns to site-specific physical and
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biological controlling mechanisms and, of primary mechanisms at FE, and has resulted in significant
concern, to determine if any of these mechanisms impacts to the shore biota there, including
result from, or are influenced by, the operation of barnacles. Due to the inDuence of tides, these
MNPS. Subsections describing abundance patterns impacts are most notable in the low intertidal
of important intertidal organisms, i.e., barnacles, (Zone 3). Zone 3 barnacles are cuposed to

. Fucus, Chondrus and common epiphytes, along elevated discharge temperatures for 9-10 hours
with analyses of overall community structure, are each tidal cycle during 3-unit operation, whereas
included below. barnacles in Zones 1 and 2 experience a tidally-

Induced refuge bom ==imum 3-unit thermal.

* Barnacles plume incursion, as they are exposed to air during
most of this time. These conditions have directly

Intertidal barnacles (primarily Senubalanus and indirectly modified the pattern of barnacle'

',

balanosfes) are the dominant sessile invertebrates abundance in Zone 3 at FE. Elevated
*

on local rocky shores and are most abundant in the temperatures directly impacted low intertidal
mid intertidal (Zone 2). Barnacle abundance also barnacles by causing complete population mortality
varies seasonally through an annual cycle of in late summer every year since Unit 3 start up,+

reproduction and settlement in early spring, rapid including the present study year. Reduced early
growth and increases in surface cover in summer, summer maxima, or the lack of any substantial
Barnacle cover decreases through autumn and recruitment in Zone 3, particularly since 1989, is
winter due to competition for space, predation and not considered a direct thermal effect of 3-unit
physical disturbance (Connell 1%1; Menge 1976; conditions, but rather a shift in community
Bertness 1989; NUSCO 1993). dominance patterns. De development and .

In the Millstone area, this annual cycle of persistence of an extensive low intertidal Codem
barnacle abundance was apparent at all sites, in all fmgile population at FE competitively czcludes
three intertidal zones in 1993-94 (Fig. 4). barnacles through preemption of habitat space
Maximum barnacle cover in the high intertidal (Underwood and Dealey 1984; NUSCO 1993). 1
(Zone 1) during 1993-94 ranged from 6% (FS and
GN) to 47% (MP). Minimum coverage in Zone 1 Fucus
ranged from 1% at FS and GN to 9% at MP. In

i

the mid intertidal (Zone 2), maximum barnacle The brown alga Fucus venculosus is a
cover was lowest at FE (21%) and highest at MP codominant in the mid intertidal zone with
(87%); minimum cover was lowest at FE (2%) and barnacles, and is locally the most common
highest at GN (35%). Low intertidal (Zone 3) intertidal species of macroalgae, occurring in all j
maxima during 1993 94 ranged from <1% (FE) to three intertidal zones. Other species of Fucus j

40% (FS). The annual minimum in Zone 3 was included in our abundance estimates are found
lowest at FE (0%), and highest at FS (13%). occasionally at our study sites, but contribute

Barnacle abundance patterns at NUSCO study relatively little in terms of percent substratum
sites (excluding FE) have been remarkably coverage. These include F. d rachus subsp.
consistent over the study period, including the edentarus, F. distichus subsp. evanexens (both
present sampling year, and reflect the temporal occur mostly subtidally) and F. spiralis, which*

stability of environmental conditions at these sites. occurs in the high intertidal.
Spatial variability in these conditions is Temporal and zonal Fucus abundance patterns,

considerable, however; natural site-specific factors in the Millstone area, presented in Figure 5, are
* modify annual barnacle cycles and patterns of similar to those reported elsewhere in New

zonation. Degree of site exposure to wind and England (Lubchenco 1980, 1983; Topinka et al.
waves and slope of available substratum appear to 1981). At most NUSCO study sites, Fucus.

be the most important controlling mechanisms, abundance typically peaks annually in late summer
and their effects on local barnacle population or autumn, reflecting high recruitment and growth
dynamics are described in detail in NUSCO (1993). rates prior to and during this period. Abundance

The effect of periodic thermal plume incursion maximum during 1993-94 in Zone 1 was highest at
is superimposed on these natural controlling FE (27%), with the low maxima of 2% or less at
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GN, MP and WP (Fig. 5). Highest Zone 2 cover discharge (ca. 250 m to the east), the possibility of

during 1993-94 occurred at FS (75%); maximum a power plant impact exists. Indeed, physical data,
cover was lowest at WP (27%). In Zone 3, in the form of water temperatures measured by
maximum Fucus cover during 1993-94 reached a continuous recorders deployed at MP, indicate
high of 40% at GN; the low peak abundance some thermal plume incursion (water temperatures

values occurred at FE and WP (8%). 2-3*C above ambient during slack tides with one to

Spatial variability in Fucus abundance patterns three units operating). However, direct evidence
exhibited by local populations is a reflection of, linking the pattern of Fucus abundance at MP to
and can be explained by, environmental conditions power plant impact is absent, since the present

*

unique to each site. In general, Fucus is most Fucus population at FE remvered relatively rapidly
abundant on moderately exposed shores, common after Unit 3 start-up and currently endures much
environments of most of our study sites. Fucus greater temperature extremes. Elevated ,

abundance is limited at highly exposed sites by temperatures may have indirectly impacted Fucus ,

physical stress from wave shock, while at sheltered recruitment at MP, by enhancement of earlier
sites these species are often outcompeted for space seasonal migration and higher feeding rates of
by another fuccid, Ascophyllum nodosum grazers (mostly Lirrorina littorea; cf. Newell et at -

(Schonbeck and Norton 1978, 1980; Keser and 1971; NUSCO 1993). In any case, Fucus now
larson 1984). Vertical distribution patterns of appears to be well established at MP under 3-unit
intertidal Fucus are also controlled by the degree operating conditions with a luxuriant cover in
of wave exposure, as well as slope of available Zones 2 and 3 observed during 1993-94. Similar
substratum. More detailed description of the role establishment of a substantial Fucus population at
these natural characteristics play in determining BP has been noted in recent years, and may be
Fucus zonation patterns at each study site is part of an even longer abundance cycle than that
provided in previous reports (NUSCO 1992,1993). noted at MP, and beginning before 1979; little

in addition to these natural site-specific Fucus was observed at this site prior to 1991 (Fig.
characteristics, physical stress in the form of heat 5). Some less dramatic increasing trends have
from the MNPS discharge is an important been observed at other study sites in recent years
mechanism controlling Fucus abundance in Zone (e.g., SE, SS and WP), perhaps indicating an area-
3 at FE. Elevated temperatures during periods of wide trend unrelated to power plant operation.
thermal plume incursion have resulted in virtual
elimination of Fucus in Zone 3 cach year since the Chondrus and common epiphytes
opening of the second quarry cut in 1983 and
throughout 3-unit operation (Fig. 5). Thermal Another dominant intertidal species in the
stress was most severe at FE in Zone 3, because Millstone area is the perennial red alga, Chondrus
organisms there were submerged and exposed to crispus. Local populations of this species form
elevated temperatures for much of the tidal cycle. extensive low intertidal turfs on all but the most
After Unit 3 went on line, thermal stress at mid sheltered rocky shores, and can effectively exclude
and upper intertidal levels was substantially other species, including Fucus. Several seasonally
reduced due to increased discharge velocity, and abundant algal taxa coexist with Chondrus in Zone

*

Fucus populations in Zones 1 and 2 returned to 3 (e.g., Monostroma spp. and Polysiphonia spp.) by
abundance levels similar to those observed from attaching to the upright portion of the Chondrus
1979 to 1983. plant itself (as epiphytes) instead of competing .

Several long-term fluctuations in Fucus directly for primary space. Owing to the
,

abundance have been observed at other study sites, importance of these algal populations to low
located farther frors the discharge than FE, which intertidal community structure, and the
we cannot directly relate to either natural or susceptibility of low intertidal populations to -

impact-related factors. Previous reports (e.g., power plant impacts (as mentioned in previous
NUSCO 1992,1993,1994) have described a sections), documentation of abundance patterns of
protracted decline / recovery cycle at MP that Chondrus and its associated epiphytes is therefore
continues to the present report year (Fig. 5). critical to our ecological monitoring program.
Because of the proximity of this site to the MNPS Perennial populations of Chondrus have
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maintained relatively stable abundance levels at 7 was much less at all stations, except at FE,
of the 8 study sites (all but FE) throughout the throughout the study period. Elevated -|
study period (Fig. 6). Abundance maxima at these temperature regimes at TE since the opening of |
sites during 1993-94 ranged from 16% at FS to the second quarry cut (1983) have produced '

appWa'dy 65-70% at MP, SE and WP. In favorable conditions for these species by crtending
general, Chondrus abundances observed during the season of occurrence and increasing the levels
1993-94 at all sites except FE were similar to those of peak abundance. These temperature regimes at
observed throughout our studies. FE have also allowed Polysiphonia spp. to persist

Gondrus is now a relatively minor component through cold water months, when these species are
'

* of the ' low intenidal community at FE, with typically absent from other sites, including FE
ebundance estimates never ewmling 1% during prior to 1983. j
1993-94. Low Chondrus abundance has been 'De annual abundance cycle of Monortroma spp.

~

,
typical for this site since 1984; estimates for that (M. grevillel and M. pulchrum) is nearly opposite to ;

*
period have ranged from 0% to 14%, but have that described for Polysiphonia spp, i.e., peak

,

generally been <2% Prior to 1984, abundance abundance is observed during cold water months
estimates were much higher (40-75%) and (late winter /carly spring) and virtual absence is-

comparable to those at other exposed sites. This noted during warm-water months (July-December;
extensive population was eliminated in 1984 by Table 1, Fig. 6). For the first time since 1988, and
elevated water temperatures from the 2-cut 2 unit only the second time since 1983, Monastroma spp.
discharge (NUSCO 1987). Since that time, only a occurred at every NUSCO study site in 1994,
few scattered plants have been observed in upper including our impacted site, FE. Peak abundance i

Zone 3 study quadrats during cooler months, and levels occurred in the period March-May and
are typically eliminated each summer by elevated ranged from 1% (FE) to 47% (SE). In general,
water temperatures from the 2-cut 3 unit discharge. Monostroma abundance levels during 1994 were ;

His consistent scenario indicates that any high relative to previous years at each site. This ;

successful reestablishment of the Chondrus area-wide trend was likely the result of colder than ;
population at FE is unlikely under current normal spring temperature conditions (see Lobster
operating conditions. The low intenidal section of this report), which extended the period
community at FE is now composed primarily of an of suitable growing conditions for Monastroma.

.
extensive Codium fragile population, persistent Colder spring temperatures even created an

|. populations of Sargassum filipendula and abbreviated period of these conditions at FE,
' ephemeral algae including Ulva lactuca, which rarely occurred in previous years since 1983. ;

| Enteromorpha spp. and Polysiphonia spp. and a ;

: seasonally heavy set of the blue mussel, Myrilus j
'

edulis. Community Analysis
i The presence of both warm-water and cold-water

;

j seasonal epiphytes in the local low intertidal zone Abundances of selected rocky intertidal taxa,
! provides the opportunity to document potential represented as percent substratum coverage in

'

i temporal shifts in abundanz of these species in undisturbed transects, were presented in previous
i* response to altered temperature regimes, such as sections. Rese species, and over one hundred '

| those at FE. Polysiphonia spp., panicularly P. Others, comprise the rocky shore communities in
i novae.angliac and P. harveyt, are common warm- the vicinity of Millstone Station. To permit

7

.

water epiphytes on Chondrus, Ascophyllum and comparisons among such communitics, multivariate *

'* Codam, and also grow attached to rock. ne analyses are commonly used. For instance, a Bray-
annual abundance cycle of these species is Curtis Similarity Inde4, using abundances of rd !

,

y characterized by a late summer peak, with cover taxa in Zones 1 and 2, was calculated for all sites
; .. declining to near 0% by winter (Fig. 6.). Peak over 2 unit and 3-unit operating periods, and for -

; abundances during 1993-94 varied considerably Fox Island-Exposed, for each year. De resulting
from station to station, being lowest at FS and SS similarity matrices, with multiple pair-wise ,

[ (8%) and highest at BP and FE (approximately comparisons, were illustrated as dendrograms, !
j 45%) Within-station variability from year to year using a clustering algorithm (Figs. 7a and 7b).

,
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Among the station / operating period comparisons shore community, a clustering dendrogram was
(Fig. 7s), similarities were generally highest generated using annual collections (Fig. 7b).
between operational periods at the same station, Three groups are evident at the 50% similarity
indicating a relatively consistent species level; Group I (1979-1983) represents an
composition throughout the study period. A clear unimpacted community, before changes associated
exception to t'is generalization occurred at Fox with the opening of the second cut were observed.a
Island h d, where the 3 unit collections Oroup II (1984 1986) consists of annual collections
(Group IV) were greatly dissimilar to those made made during the period of marimmi thermal
during 2-unit operation, and to all other incursion (2-cut 2 unit operation), and Group III
station / period collections. Differences among. (1987-1993)- represents years of community
station groupings resulted from differing development at FE under 3-unit . operating'
proportions of cover by intertidal taxa (Table 3a). conditions. As with the station / period

- For instance, Group I (SS, SE, ON and FE2) was comparisons, differences among groups resulted j
'

. . distinguishable from Group II (WP, MP and BP) from proponional changes in species composition i

at approximately 50% similarity, at least partially (Table 3b). For example, Group I collections were :,

on the basis of higher abundance of fucus and less typical of other moderately exposed sites, with
'

Gondrus. Group III (PS) was less similar (33% catensive populations of Fucus and Gondrus. In
similarity), with higher percentages ofSemibalanus, the years following the opening of the second cut ;

-

Fucus and available free space (rock), and very (Group II), Fucus and Chondrus were reduced or !

little Chondrus. Again, collections from Fox eliminated, and Codium became the dominant
Island-Exposed during 3-unit operation (Group macroalga; Polysiphonia and Enteromorpha spp. I

IV) were most dissimilar (6% similarity), owing to were also abundant. Following Unit 3 start-up
.!reduced abundance of Semibalanus, free space, (Group III), Codium and ephemeral algae

Chondrus and Littorina littorea (Table 3a), and high remained dominant, especially in the low intertidal
abundance of Codmm and ephemeral algae quadrats, preventing the re-establishment of
(Polysiphonia novae-angliae, Enteromorpha spp., Chondrus. However, Fucus populations in the mid i

Ulva lacruca). intertidal remvered to 1979-1983 levels (cf.
'Ibe current FE shore community is distinctly previous Fucus section). Other significant events

different from that found previously at this site, during this period were the appearance, persistence
and from those shore communities at other and expansion of populations of the perennials -

stations. However, the changes that occurred at Sargassumflhpendula and Gracilaria tikvahiae. 'Ihe
.

FE are not directly attributable to start up of Unit high level of similarity among annual collections in i

3 in 1986. Rather, they result from the altered recent years at FE (>75% from 1987 to 1993, i

thermal regime produced by the opening of the >80% from 1990 to 1993; Fig. 7b) indicates a i

second quarry cut in 1983 (NUSCO 1984,1987, consistent species composition, and a relatively ;

1994). To illustrate the effects that construction stable community under 3-unit operating
and operational events have had on the FE rocky conditions. !

Table 3s. Average percent sutstratum coverage of taxa with mean overall (all stations, both operating periods) abundance >1%, la
groupings detennined by community analysis; group numbers correspond to those in Fig. 7s.

a taxon Group I Group II Group III Group IV

Seoubalmu s 6alanoufer 25.83 24.56 34.68 11.18
Eucus wsiculosa 21.73 7.34 34.05 21.90.
rock 17.78 19.70 31.79 5.18 '

* Chondrus crspus 24.48 31J0 4.16 0.38
CodamifbgGr 1.13 0.23 1.25 37.30 *

Mjegphonia a a r;'" 1.55 2.12 034 11.34*
Mjehas edulis 128 458 0.63 8.10
E_ sp.: Ainaa 0.53 1.91 0.27 8.90

' Aac , * " nodoami 3.37 4.61 3.62 0.01
Uhw lacases 2.23 1.93 0.64 537
anad 4.61 0.02 3.45 0.16
Enseromorpha flemose 0.98 0.57 0.56 5.34
haonna liaorea 2.04 2.51 2.48 0.01

~
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Table 3b. Average percent substratum coverage of tasa with mean overall (Fcs Island Fv1w=M only, all years) atmnhaar >1%, in
groupings determined by moununity analysis; group numbers comspond to those in Fg. 7b. ,

i

tason Group I Group II Oroup III

CodmanJhylle 0.95 24.98 38.20

Encur weiculosa 24.33 176 24.13

Janubelanur belarodder 18.94 15.29 10.27

rock 16.91 16.04 3E1 |
Chandrur criyur 30.28 4J8 0.44 i

nL e = rf- 5.90 6.03 12.07
l*

E__ _ 7 .;)lemose 0.92 14.54 4A7'

E_ p.; Jimas 1.23 6.31 a.60

(As locases 3.09 100 6.09

MyaAns e& dis 0.34 155 a.18 ~
"

diatoms 0.11 1.41 2.28 ,

Ast)his wrrucoss 2.77 1.01 0.00

Enarornorpha clackwa 0.00 3.74 0.02

1 EJaciuma Jiscicola 2.04 0.08 1.17 ,

dead barnacics 1.43 1.00 034

'

Ascophyllum nodosum Studies either 3-unit (%.4 mm) or 2-unit (90.1 mm)
operational periods (Fig. 8b). However, the

Ascophyuum nodosum studies during 1993 94 difference between growth estimates during 3-unit

included monitoringof growth and mortality trends and 2 unit operation at GN was significant. 'Ibe i

for three local populations of this common difference between operational period estimates at

perennial brown alga. Previous Millstone studies WP was also significant (Fig. 8c), with the 2-unit

have identified Ascophy#um as a key species within estimate (90.2 mm) higher than the 3-unit estimate

the overall ecological monitoring program, and (86.8 mm). Growth during both operational
studies elsewhere document the value of this periods at WP was significantly higher than growth

'

,

species as a sensitive indicator of local during 1993 94. At FN, growth during 1993-94

em'ironmental conditions. An extensive review of was significantly higher than during the 1985-86 2

phenological, ecological and applied monitoring unit year (90.5 mm), but not significantly different

studies of Ascophyuum is presented in NUSCO from the 3-unit operational mean (118.5 mm; Fig.

(1993). Growth and mortality results from the 8d). The 3-unit mean was also significantly higher

most recent sampling year (1993-94) are presented than growth during the 2-unit year.

below and compared with results from overall 2 Power plant operation continued to impact the

unit and 3 unit operational periods. Ascophy#um population at FN during 1993-94.
Periodic thermal plume incursion at this site

Growth during 3-unit operation (water temperatures
elevated 3-4*C for 3-4 hours each tidal cycle) J

creates conditions which enhance Ascophy#umAscophyuum growth, described by the or
parame're in the Gompertz growth mod'el fitted to growth. Specifically, these temperature conditions ,

the data, is presented in Figure 8. Ascophyuum increased growth by: 1) cxtending the period of

growth during 1993-94 (Fig. 8a) was significantly " normal" or ' ambient * peak growing conditions for

higher (P<0.05) at FN (115.5 mm) than growth at localAscophyuum populations (18-21*C; Kanwisher -

both GN (92.1 mm) and WP (73.7 mm). Growth
1966; Chock and Mathieson 1979); 2) more closely ,

differences between GN and WP were also synchronizing these periods of optimal growing

significant. Inflection points for each growth temperatures with the period of maximum daily
,

!

*

solar irradiance (June); and 3) elevating |curve, which identify the he of maximum growth
rate, were similar in 1993, occurring slightly earlier temperatures in late summer above normal marima

at FN (19 July) than at GN and WP (21 July for but below stress levels (22-25'C), increasing plant

was not significantly different than growth over Photosynthate production (Brinkhuis et at 1976; '|both sites). Annual growth at GN during 1993 94 respiration and growth rates without exceeding

Stromgren 1977,1981; Vadas et al.1978). Similar

1% Monitoring Studies,1994
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,

conditions have been implicated when Ascophylkmiso
growth enhancement was reported near other :

,
coastal power plants (Vadas et al 1976, 1978;

*)
J too

Wilce et al.1978). Consequenth, higher growth {
'

,,, 4. " rates and significanth longer spial tips have been"

,,

} 8' ',,.4. Pl~ consistenth observed at FN, when mapared to the i

g two reference site populations.
I as .d Another relativeh consistent spatial relationship

,.**f 1993-94 between reference sites barame apparent during 3
,
y am 4., oci o r y - unit studies. During most 3-unit years, including*

the present study year (1993-94), higher growthr . .... ... a**

occurred at GN, the control site well beyond any=
, ,

power plant inDuence (NUSOO 1992, 1994).,,
* Several conclusions can be drawn from this

b) relationship. First, site-specific natural.

1. ~ ,,

environmental conditions are important factors in=

}" determining Ascophyllum growth, and have been
apparently better at GN, particularly during 3-unit

f= study years. And second, although predictions that
''p

f
the 1.5'F thermal plume isotherm extends to WPchata N=ck '

,

; during ebb tide (NUSCO 1988), lower growth |
= = == ~ =.

.~ --* . .. . s a =>-w there relative to that at GN indicates that the WP -

"'
population remains unimpacted by MNPS
operation.,s.

c) Year to year variability in Ascophylkm growth ,.

E" ,p * *. was least at reference sites and reflects the relative !-

temporal stability of site-specific natural |.

f, environmental conditions (Fig. 8b and c). Higher
) variability in annual growth noted at FN results :

1" from population exposure to a fluctuating thermal i,
load from the power plant discharge created by.

O scheduled and unscheduled unit outages. As
" * ** * *

* * ~ ~ ~ *-** ' " * - "'--

discussed in previous reports (e.g., NUSCO 1992,,,,

1994), annual growth at FN is highest when
periods of 3-unit operation (maximum thermal'=

,

d) M load) are longer or more frequent during the peak j
;

,,

y" ',# ... - growing season (May-November), compared to
|

....

# years when one or more unit outages occurs during
-

f. i',

that time (NUSCO 1992, 1993). The degree of |
-

/g growth enhancement at FN during 1993 94 was !
e

I" / intermediate compared to previous years and likely |,, ,
. - ' due to the extended refueling outage of Unit 3 '

E.* from August through October 1993.
* * ~ ' * *

i... . m ms-a _. 3 m>-w,

ng. s. Ascophydhm.: growth. a) during 1993-1994, b<!) Mortality
present year 3-unit and 2-unit operational periods at J.

each station. Curva are the Gompera growth model Indicators of environmental stress to localatted to tiP ength data, inciating knamba poina.l
* " ' " * * * " * * * ** Ascophylkm populations include patterns of frond

base tag loss (plant lors; Fig. 9) and spical tag loss
(tip loss: Fig.10) resulting from plant breakage or
mortality. Plant loss at GN during 1993 94 (56%)
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a

was slightly higher than both 2-unit (52%) and 3- the 2-unit and 3-unit means of 75% and 72%,
unit (54%) operational means. At WP, plant loss respectively. Conversely, 1993-94 tip loss at WP

*

during 1993-94 (40%) was low relative to (59%) was low compared to the 2-unit (75%) and
operational period means of 55% and 59% for 2- 3-unit (72%) means. Low degree of tip loss for *

unit and 3-unit periods, respectively. Similarly, 1993-94 was also observed at FN (77%), relative to

1993-94 plant loss at FN (58%) was lower than the the operational period means of 90% (1985-86 2- ,

1985-86 2-unit year (80%) and 3-unit (65%) unit year) and 82% (3-unit years).
means. Temporal relationships for tip loss at each Three-unit Ascophyllum studies have revealed no
station in terms of tip loss were similar to those evidence of impact-related mortality to local
described above for plant loss. 71p loss at GN populations. Somewhat higher mortality rates
during 1993-94 was 77%, which was higher than have been observed at FN, our sampling site
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nearest the discharge, than at reference sites. prevailing wind-generated waves and ability of j
However, these higher mortality rates do not avauable substratum (slope) to dissipate the ,

appear to be related to proximity to the discharge, horizontal force of those waves. i

but rather to the exposed orientation of this site, Physical factors were also responsible for ~i

in contrast to the more sheltered reference sites. community differences at sites in the thermal j
Furthermore, no consistent relationship between ' plume area, such as those observed in the Fox i
level of plant operation (discharge thermal load) Island area (FE and FN). De ecological effects of ;
and mortality at FN, similar to that described for elevated temperature regimes on population and
growth, has been apparent during 3-unit years. An community parameters were detected at these sites,

e - aree wide seasonal pattern of mortality has been and directly attributed to the operation of MNPS.
'

observed throughout our studies which further For example, qualitative studies continued to |
impliates wave-induced stress as a major cause of document shifts in occurrence of the algal flora at

*
mortality. During both 2-unit and 3-unit FE during 1993-94, which included presence or !
operational periods, mortality rates were highest extended season of occurrence for species with ;

*

during the months of August through November, warm-water af5aity and absena or abbreviated ;

when strong storms and high energy waves were season for species with cold-water affinity. |.

frequent. Many studies elsewhere point to stress Impact-related shifts in species abundance were ;

from wave action as the most important factor and observed during 1993-94 only at PE, and were ;
report a strong relationship between mortality and most pronounced in the low interthial, where

'

degree of site exposure to prevailing winds and elevated temperature conditions were most severe. j
storms (Baardseth 1955, 1970; Joncs and %e low intertidal community at W, =t.lch prior ;
Demetropoulos 1968; Vadas et al. 1976, 1978; to 1983 was unimpacted and characterised by !
Wilce et al.1978; Cousens 1982,1986; Vadas and populations of Chondrus and Fucus and seasonally ;

Wright 1986), abundant ephemeral algae, has been replaced by a !

The status of recovery of the Ascophyllum persistent community dominated by Codium, Ulva, i
population at FO, our original experimental site, Emeromorpha andPolysiphonia. Also, populations |
following power plant induced population ofspecies observed in undisturbed transects onlyat ;

elimination in 1984 has not changed from that FE (Sargassum, Gracilaria) continued to persist - ,

reported in reant years (NUSCO 1993, 1994). and expand during 1994.
;

Some individual plants have settled, grown and More subtle thermal incursion (elevated r

persisted at FO during 3 unit operation; however, temperatures 2-3*C above ambient) impacted the
no significant recovery has occurred to date. Ascophyllum population nearest the discharge (FN)i

Environmental conditions at FO created by 3-unit by causing plants to grow longer and more rapidly
operation, although less stressful than those during at that site during 1993-94 relative to growth of |2 unit 2-cut operation, may be outside the Ascophyllum at more distant stations, a pattern ;
extremely limited range of conditions required for consistent with most 3-unit years. The degree of

|
successful widespread recruitment. growth enhancement at FN during 1993-94 was '

intermediate, compared to previous years at that
Conclusions site, likely due to reduced overall thermal plume i

incursion resulting from an extended outage of |e

Differences among rocky intertidal communities Unit 3 for much of the peak growing season.
hA8c8P yllum plant and tip mortality weremonitored during NUSCO studies were primarily*

attributed to variatic in site-speciSc physical associated primarily with exposure to storm forces,

environmental conditioru. At sites not affected by rather than with proximity to the discharge.| *

the MNPS thermal plm.ne, variability in the level j
of wave-induced disturbana was the direct or. :

underlying cause of the most notable among-site |
differences in the occurrence and distribution of |
local species. Susceptibility of local rocky shore
communities to wave-induced disturbance was
determined through site orientation in relation to
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Benthic Infauna

Introduction predation (e.g., lointon and Stewart 1982;
Woodin 1982; Kneib 1988), or to human activities.

Most of the subtidal benthic habitat in the Accordingly, benthic infauna in soft-bottom

vicinity of Millstone Nuclear Power Station subtidal habitats in the vicinity of MNPS have
been monitored since 1973. This monitoring(MNPS) consists of soft sediment (sand and mud),

which supports an abundant and diverse Program was designed to measure infaunal yecies
,

communityofinvertebrates. Infaunalcommunities composition and abur. dance, to identify spatial and

are an important component of coastal ecosystems temporal patterns in community structure and
for several reasons. Infauna are a source of food abundance, and to assess whether observed changes-

for numerous invertebrate and vertebrate species, might have been the result of construction and
.

including demersal fishes (Richards 1963; Moeller operation of MNPS. To date, Millstone studies
et al.1985; Watzin 1986; Horn and Gibson 1988; have identified impacts to infaunal communities
Commito and Boncavage 1989; Franz and that were attributed to Unit 3 intake construction,

Tanacredi 1992; Commito et al. 1995). (NUSCO 1987) and to 3-unit operations (NUSCO

Additionally, sediment reworking resulting from 1988a), as well as regional shifts in species
the burrowing and tube-building activities of composition and abundance that apparently were

infauna promotes nutrient recycling from the the result of natural events. This report presents

sediments to the water column (Goldhaber et at data collected during the 1994 sampling year, and

1977; Aller 1978; Gaston and Nasci 1988). compares them to results of monitoring local
The close association of benthic communities infaunal communities during 2-unit (1979-85) and

with the sediments, where most pollutants 3-unit (1986-1994) operational periods at MNPS.

ultimately accumulate, also make them an effective
integrator of short. and long-term emironmental Materials and Methods
conditions (Diaz and Schaffner 1990; Warwick et
al.1990). Because many studies have documented Subtidal infaunal communities in the vicinity of
changes in benthic communities following MNPS were sampled quarterly (September,
disturbance (Boesch and Rosenburg 1982; Young December, March and June) from 1979 through
and Young 1982; Gaston and Nasci 1988; Regnault 1994 at four stations (Fig.1). The Giants Neck
et al.1988; Rees and Eleftheriou 1989; Warwick et station (GN), located 6 km west of MNPS, is
al.1990; NAESCO 1994), a framework of baseline outside the area potentially affected by power plant
studies exists to aid in evaluating impacts of operations. This station was used to identify
human activities on marine benthic systems. possible region-wide shifts in infaunal community

Environmental variability characteristic of structure and composition which occur
coastal systems (Holland 1985; Nichols 1985; independently of power plant operations. The
Holland et al.1987; Warwick 1988; Rees and intake station (IN) is located 100 m seaward of
Eleftheriou 1989), together with a lack of complete MNPS Unit 2 and Unit 3 intake structures, and is

,

understanding of how physical and biological exposed to scour produced by inflow of cooling
factors combine to impose structure on, and water and the effects of periodic dredging. The
control the functions of, benthic communities effluent station (EF), located approximately 100 m.

(Diaz and Schaffner 1990). 'Ihus long-term offshore from the station discharge into long
,

monitoring studies are necessary to assess the Island Sound, is exposed to increased water
impacts of human activities on marine temperatures, scour, and to chemical or heavy
emironments (Thrush et al.1994). Such studies metal additions to the cooling water discharge."

are the principal means of characterizing species The Jordan Cove station (JC) is located 500 m east
composition and fluctuations in abundance which of MNPS and is considered potentiallyimpacted by
might occur in response to acute or chronic 3-unit operations. The area encompassing this
climatic conditions (Boesch et al.1976; Flint 1985; station can experience increases in water
Jordan and Sutton 1985), to variations in temperatures of 0.8 to 2.2 C above ambient during
biological factors such as competition and certain tidal stages (principally ebb tide) due to the
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JC= Jordan Cove).

3-unit thermal discharge of MNPS (NUSCO x 5 cm core, taken at the time of infaunal

1988b). At each station, ten replicate samples sampling. Sediment samples were analysed using -
(0.0079 m'ench) were collected by SCUBA divers - the dry sieving method described by Folk (1974).
using a hand-held coring device 10 cm in diameter
x 5 cm deep. Each sample was placed in a 0.333 Data Analyses
mm mesh Niter bag and was brought to the
surface. Samples were then taken to the This report summarizes results of the
laboratory, where they were fixed with 10% macrofaunal sampling program conducted from
buffered formalin and after a minimum of 48 h, September 1979 to June 1994. The period

~

organisms were Dosted from the sediments onto a extending from September 1979 through June 1985
0.5 mm mesh sieve and preserved in a 70% ethyl is considered the 2-unit operational period, while
alcohol / Rose Benpl solution. Samples were September 1985 through June 1994 is referred to ,
examined using dissecting miacecopes (10s) and as the 3-unit period. A sampling year encompasses _
orpaisms were sorted into major groups (a=MMa, quarterly collections made from September
arthropods, mollusa, and others) for later through June of the following miendar year. .

identiikation to the lowest practial tanos and ,
counted. Oligochaetes and .:., 30coels were each Sediments
treated in aggrepte because of the difficulties
associated with identifying these organisans. Sediment sieve fraction weights were used to

*

Orpnisms that were too small to be quantitatively
construct cumulative curves for 2-unit (1980-1985)sampled by our methods (meiofauna; e.g., and 3-unit (1986-1994) operational periods by

nematodes, ostracods, copepods, and foraminifera) pooling quarterly weights from each sieve used for
were not sorted. Grain size and the silt / clay grain size analysis within each operational period,
fraction were determined from a 3.5 cm diameter with years serving as replicates. Shifts; in
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' sedimentary environments over the 2-unit and 3 Millstone meteorological tower) were obtained
unit operational periods were then quantitatively from the Northeast Utilities Environmental Data
assessed using the Gompertz function. This Acquisition Network (EDAN). Daily averages of
function has a sigmoid shape and can describe 15-minute values were calculated for the period
cumulative data (e.g., growth data) that are not June 1976 through June 1994. i

necessarily symmetrical about the midpoint of their Wind Sperd and Directico - Wind speed and ,

range (Draper and Smith 1981). This feature direction (n the 33 foot level of the Millstone j

provides the Dexibility to fit cumulative data with meteorological tower) were extracted from the |
or without an inSection point (s-shaped versus EDAN database for each 15 min interval from i

parabolic) within the observational range. The June 1976 through June 1994. These values were*

form of the Gompertz function used was: used to calculate a wind index, which was the wind !

speed weighted by wind direction. A navigational |3
C, - 100 exp(-pe*) chan of ec umpHag ma wu used to calculate

,

site-speci8c wind directional weighting coef5cients. ;
'

where C, is the cumulative sediment weight at a The directional weight ranged from O, when wind !

o _ given particle size, and # and x are the location could not inDuence the station, to a maximum of [
and shape parameters, respectively (Draper and 1, when wind-induced waves could directly aNect j

Smith 1981). This function was Atted to data the area. 'Ibe wind inder was then computed by j

separately for 2-unit and 3-unit operational periods multiplying the directional weight by the wind ;

using non-linear regression methods. Two-sample Speed. Because the effect of wind was assumed to |

t-tests were used to test for differences between the be cumulative, daily averages were derived using

# and K parameters of curves based on data only wind index values greater than 0 (that is, i

when the wind was from a direction which could !collected during each operational period.
produce wind effects). ;

Gmatic Extmees (Deviations) - Additional |Multiple Regression Analyses
explanatory variables were created to represent j
unumal cHmatic mndMons whkh ocurred during j

Multiple regression techniques were used to the sampling period. High or low deviations (i.e., |minimize the unexplained temporal variation in extmmes) wem Med fw dd, rain, water and i
community abundance, in number of species and in a r temperstm data and calalated as the }the abundance of numerically dominant taxa.

dMrence between me quane% mean w dauy. :
Several explanatory variables (described below)

va e and ec Wear mean O M) fw Batwere used to remove variation that was attributable quaner. Deviations based on quane$ means j
to fluctuations in sediments, reproductive or

renect ee eNects of longer term extremes (e.g., an |
recruitment cycles, or climatic conditions. This

unusually c Id winter), while those based on daily
technique was used to improve the sensitivity of valm tend to remow ee eNects of shoner-term !analyses later performed to identify and compare

*P sodic events (e.g., storms). Daily deviations :i
long-term trends in data from the 2-unit and 3-unit

were averaged and also samed in each sampling '

operational periods. Analyses were based on
quaner to assess cumulative eNects.average quarterly abundance data after in(x+1) Sedimentary h - Sediment snean grain*

transformation and on species number collected
size and silt / clay content were obtained as pan of ,from September 1979 through June 1994.

Explanatory variables used in the regression de monitming studies and Gese quane$ values
. ,

analyses were as follows: were used directly as explanatory variables in the !
* multiple regression models, jDaily precipitation recordsPrecipitation -,

Reproductin - Recmitment hponut |
-

compiled by the U.S. Weather Bureau at the:

* Groton Filtration Plant, Groton, CTwere obtained Infaunal mganisms in the Millstone area exhibit !

| from June 1976 through June 1994. Values to the annual peaks in abundance, often reaccting the ,

I nearest 0.01 inch were used as " rain" data. seasonal nature of reproduction and recruitment !

cycles r periods of favorable climatic mnditions.! Water and Air Temperatures - Ambient water
I temperatures (at the intake structures) and air Spectral analyses of quanerly data showed annual ;

cycles in mmmunity abundance and number of
i temperatures (recorded at the 33 foot level of the
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'

species. To account for this periodicity, harmonic Community Analyses
terms (Loida and Salla 1986) with a period of 1
year were also included as explanatory variables in Abundances of the top ten numerically dominant
the regression models. taxa collected at each station were used to

in all,32 variables were initially used during construct cumulative abundance curves (k-
model selection steps. Dese variables included dominance curves) for 2-unit and 3-unit
two sedimentary paraaeters, two operational periods. Comparison of k<lominance
seasonal /repmductive components and seven curves has been suggested as a means of assessing
disatic variables, each of which had four values shifts in the structure of macrofaunal communities ,'

,

representing daily and quarterly high and low (Warwick 1986; Warwick et al.1987). Curves were
estremes. constructed by plotting percentages of cumulative

iabundance (ordinate) versus the natural logarithm *

Response Modeling and Trend Analysis of a taxon's rank (abscissa). To assess possible . ,.

shifts in infaunal community structure between 2- '

'

Quarterly abundance and species number data unit and 3-unit operational periods, the same ,

from September 1979 through June 1985 (2-unit Gompertz function used for sediment data analysis
,

period) and September 1985 through June 1994 (3- was fitted to cumulative abundance data by
unit period) were detrended separately using a substituting species abundance for sediment weight,'

linear regression model A step-wise multiple and species rank for particle size in the equation. ;

regression was then conducted with the residuals of Two-sample t-tests were used to compare ;

quarterly data (i.e., the variability or " noise" about Parameters of curves representing data collected

the linear trend) over the entire sampling period during the 2 unit and 3-unit operational periods.

to identify explanatory factors and combinations of Comparisons of annual collections at each
factors whose regression coefficients were station were made by calculating the Bray-Curtis

significantly different from zero (ps0.05). His similarity inder between each pair of years, using g

probability level was chosen to guard against fitting the formula (Clifford and Stephenson 1975):

more parameters than could be reliably estimated, a

given the sample size. The model that minimized E 2 min (X,,X,)
2the mean-square-crror and maximized the R was 1-1 ,

i; selected to " clean" the original data, and produce a

a time.acries free from variation attributable to E(X,+X,) '

;
8-1

|concomitant physical factors or known biotic
processes such as reproductive / recruitment cycles. i

Straight lines were then refitted to the variance. where S,is the similarity inder between yearf and
reduced time-series corresponding to the 2-unit yeark;Xgis the log transformed (in + 1) abundance :
and 3-unit periods. The nonparametric (i.e., of species iin yearj;X is the abundance in year >

distribution-free) Mann-Kendall test (Hollander k;~ and n is the number of species in common, that

and Wolfe 1973) was next used to determine met the criterion of accounting for at least 0.5% of ,

whether these 2 unit and 3-unit series exhibited the individuals collected. A flexible-sorting (g=- .

significant trends and Sen's nonparametric 0.25), clustering algorithm was applied to the
estimator of the slope (Sen 1968) was used to test resulting similarity matrix (Lance and Williams

*for trend differences. Dese two tests were 1967).
suggested by Gilbert (1989) as particularly well ,

suited for analyzing environmental monitoring data Results ,

because no distributional assumptions are required, , '

and because relatively short time series (n<10) are Sedimentary Environment
acceptable. In this report, plots of the original ,

quarterly data, adjusted data and a graphical
. Sediments at infaunal sampling stations in therepresentation of the linear trend are provided for vicinity of Millstone during 1994 contained Ane to

community abundance, numbers of species and for ;

coarse sands (Fig. 2). Sediments were generally ;
selected taxa.

finest at JC (quarterly mean grain size range 0.14 ,

:
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to 0.26 mm) and coarsest at EF (0.46-0.48 mm).m

p~ Quarterly mean grain size ranges for IN and GN.,,,

g""' were 0.25-0.29 mm and 0.14-0.59 mm, respectively.
g~ Silt / clay mntent estimates in sediments collected in

s/v-- W 4 - J' 1994 were more variable and generally higher at JC
{ u,- Vy / f (quarterly range 7.0-27.9%) and GN (9.8-29.9%),

-

j= than at EF (5.4-7.2%) and IN (5.8-9.6%).
g "" Sediment mean grain size and silt / clay contents
* observed during 1994 were, in most cases, within,

0 //////////////// the ranges of these two sediment parameters
during both 2-unit and 3-unit operational periods
with the following exceptions; silt / clay contents at-

f E= EF in 1994 were the highest recorded during the 3-m,

? f"" unit period, but within the 2 unit range.
| g y /VVAs Conversely, silt / clay mntent in June 1994 at JC was
) _ , , the lowest recorded at this site since September
i i u. 1986. March 1994 values at GN were outside

g= previous ranges for both silt / clay (higher) and

g ", mean grain size (lower),
Cumulative curves based on sediment sieve,

! //////////////// fraction weights (Fig. 3) were used to characterize
subtidal environments, and allowed statistical
comparison of sediments co!!ected at each station=

?~ during 2-unit (1979-85) and 3-unit (1986-94),,m c

{ ""' h operational periods. Based on t-tests of Gompertz
R '"'' ./% s [O /\ ' /s parameters derived from model curves, significant%W J '/v. differences between 2-unit and 3-unit periods were

| 1- noted at all stations except GN. The shift at EF
g" reflected the declining silt / clay fraction and the
g *' increasing grain size since Unit 3 began operation,

(Fig. 2). Conversely, silt / clay content increased ando.

//////////////// average grain size decreased over the same time
period at JC. An operational period difference in

_- sediments at IN (marser during 3-unit operation)
f -- resulted from the addition of data from the..

| { ""' / especially coarse sediments collected in 1994; no

g 4 lho between-period difference was detected for IN
'

R ..

sediments in recent previous years (e.g., NUSCO.._

1 u- 1993, 1994).

General Community Composition
i "

i //////////////// Mean numbers of species and of individuals in
I major invertebrate groups collected during 1994,

and during 2-unit and 3-unit operating periods, are
rig. 2. Quartetty mean grain size (mm) and silt / clay content presented in Table 1. The annual mean numbers

) of ments at Ministone sudiidat stations from september ofs M 6f Imh 6 N @ h
108 (GN) to 122 (EF). De 1994 means at GN
and JC were lower than means for the 2-unit
period (125 and 118 species, respectively) and the
3-unit period (119 species at both stations). He
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1994 mean number of species at IN (112) wastoo g , ___
tmuon higher than both operational means: 87 (2-unit)g
$0"iUUI E' /p and 102 (3-unit). For both operational periods,W

g,, f mean number of species has been highest at EFD*"*"d"'"'

g / and lowest at IN in relation to operational means
- S at other stations. |

~

The largest nusaber of indMdual organisms |
collected in 1994 was at JC (14,167), with smallest |25
numbers mllected at EF (5,149) and IN (5,255). jg
A total of 9,132 organisms was collected at GN in e i

1994. Spatial relationships among sampling sites |.m am im o.so c.2s o.32 om o.c3
c== si" (**) over both operational periods for numbers of ;,

'" individuals were similar to those in 1994: highest

|7s
OTuo.m3 at JC during 2-unit (12,110) and 3-unit periods *

i

C',", ,5g,"4 (12,576) and lowest at IN (2,405 and 5,594,
'

| respectively). Numbers ofindMduals collected la
'

v
,

E ,' # 1994 were lower than operational period means at

X EF and GN, higher than operational means at JC, i
,; 'j and between operational means at IN.

,

Polychaetes were the dominant group in termsB25 ,-
' of numbers of species at all stations during 1994, ;

a ao im o.so a.rs
_

ranging from 56-64 species. Polychaetes were also
o..oo _

o.i om o o3 the most abundant taxon in the 2-unit and 3-unit***'"'**) operating periods (ranges 43-67 and 53-63, .

,, / respectively). - Except at EF during the 3-unit '

- ,cyg

f gg,gso;;,ws
,

,, period and during 1994, polychaetes also
y- p.mone.ies. / dominated in terms of numbers of indMduals i75

9 / (nearly 50% of total individuals). Mollusc and |
'

Y // arthropod species were not as abundant asso
E // polychaetes; 1994 ranges for numbers of species

'

'

were 21-27 for both groups. Numbers of mollusap ""/ ,# and arthropods reported for GN, IN and JC in* * '
-

''....
~

1994 were generally consistent with operational i

period means. At EF during 3-unit operation,
..oo am im so os o.ir om c.os including 1994, oligochaetes were dominant. At

GN and JC, oligochaetes were semnd in '

ioo.

g Jonom covt abundance (after polychaetes) during 1994 and

9,, M*.",00IE!' over both operational periods, followed by either
arthropods and molluscs. Oligochaetes were alsoCa*aad - **

*,/ ranked second in 1994 at IN, but were ranked third a

p"#' / and fourth during 2-unit and 3-unit periods,2 ,
'

// respectively. Arthropods and molluscs ranked .
*

'/ third or fourth in abundance at IN during 1994''j/ and both operational periods. Rhynchocoels and
23 'o

' 'g +

'Others' contributed little to total abundance
during either operational period. '

..m 2.co im o.so c.rs a ir om o o3
caa S** (=m) Some notable differences in genera' community :

composition between operational periods were t

41 0"""I''* *""* ''''*d "" h 9'' *' evident on the basis of species number. The ;

Polychaete-dominated community at EF, present j
sn6- opera and d 1994 at

sutiaidal stations. during 2-unit operation, was replaced during the 3-
unit period by one dominated by oligochaetes. |

'
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i

- TABIE 1. Amaual mean number of apodes (S), number of indrviduals (N) for nach maior tanos counceed in 1994, during 2-unit (1980-
1985) and 3-unit (1986-1994) operational years at Minstone subsidal stations.

1994 2-Unis Period (19801985) 3-Unk Period (19861994)

(S) (N) MEAN QC MEAN E MEAN E MEAN g
(S) (N) (5) (N)

3
Emuent

Polychaeta 64 1853 67 17 4675 17.7 62 23 2499 11 4
4043 12.02885 13.92081Oligochaeta - -- --

3 .. Mollusen 27 672- 29 42 497 29 3 27 3.7 494 16A

Arthropoda 27 405 39 43 723 21.9 29 4.7 415 8.4

171 274138 21.2W 84 - -- --

'Others' 4 54 4 20.4 11 48.7 4 ' 7.5 136 373

Total 122 5149 139 8930 122 7758

Giants Neck

Polychaeta 56 5612 67 4.4 6683 12.9 60 44 6960 8.0

2318 . 5.41932 12.6Oligochaeta - 2837 - -- -

Mollusca 25 303 20 9.9 260 20.7 25 5.1 285 8.7

' Arthropoda 23 313 35 4.6 624 52 31 8.4 970 223

72 18.762 20.450| Rhynchocoela . .. .-

'Others' 4 17 3 26.4 8 43.2 3 10.9 17 25.5

Total 108 9132 125 9569 119 10622

| M
Polychaeta 62 3389 43 33 1110 93 53 4A 3043 19A -

466 23.1253 16.21023Oligochaeta . .- --

Mollusca 21 531 18 108 199 27.0 20 4.1 506 111
Arthropoda 27 284 25 8.2 829 47.4 27 4.4 1552 524

25 17.415 26.4Rhynchococia - 26 - - - -

'Others' 2 2 1 683 1 74.2 1 39.5 2 27.4

Total 112 5255 87 2405 102 5594

3

Jordan Cove

Polychaeta 62 10083 64 4.7 6513 23.2 63 2.4 8131 11 4
2662 6A4124 24.22307Oligochaeta - -. --

Mollunce 26 1060 24 12A 446 24 4 27 3.2 755 8.4

Arthropods 21 610 27 6.2 641 55.4 26 5.9 925 32.5)
92 12.179 123104Rhynchocoela - .- --

'Others' 2 3 3 33.1 4 28.1 3 73 11 33.2 -

Total 111 14167 118 12110 119 12576

8 C.V. of the mean estimate = (Standard Error /Mean) x 100
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$4

;

Abundances of polychaetes and oligochaetes were -
_

more similar during recent years (e.g., NUSCO
1993,1994), including 1994. Also, the number of [=
arthropod species at EF was lower during 3-unit g .t A

*,

operation than during the 2-unit period. The g- *

opposite trend was observed at JC; i.e., more g= |
polychaetes and arthropods, and fewer oligochaetes j

were collected, on average, in the 3-unit period I

than in the 2-unit period. At IN during 3-unit ffffjfffjfffffff
operation numbers in all taxonomic groups -

-

,

increased. At GN, there was little change in -
_,

numbers between operational periods. ,

1-
Community Abundance t ~ ;.. , 3./ v , ,, n.ac,,,a d % i

'->
,

g. a
Ranges of average quarterly abundance jeg*

(individuals per core) at infaunal stations during j
1994 were 110-144 at EF,205-273 at GN,84154

|
at IN, and 302-372 at JC (Fig. 4). At each station, yfffffffffffffff i

1994 densities were within the range for their ;

respective 15-year time series. In general,infaunal !-
..

abundance at all stations during the 3-unit period :

(1986-1994) was similar to that observed during [-
!

"

the 2-unit operational years. Overall, seasonal and E gf ,fgAm j
annual fluctuations were lowest at EF and highest |-

,

x3 A,_. [g if p.n,,4; ' -
|

at IN; however, no consistent seasonal periodicity g" 7 y WJ |
-

was evident in community abundance at any station |
-

during the 15-year period. Analyses oflong-term !
trends in community abundance indicated a ffffffffffffffff |
significant (p>0.01) increasing trend at EF during |
2-unit operation, resulting primarily from peak !

-
__

abundances recorded near the end of that period 4

(1984). During the 3-unit operating period, a {- ;
,

,
- ~ -

3
significant trend (increase) was detected only at JC g ,.. ' ,;;nf,^g ',;,f . i . - - -

,

.
,

Numbers of Species g- i
1
>

De mean number of species (per core) collected
,

during 1994 ranged from 21-24 at EF,20-24 at f/pppppff/pppppf
,

GN,18-22 at IN, and 24-29 at JC (Fig. 5). Dese !
means were within the range of quarterly means '

observed at each station over the previous 15-year ns. 4. ouenarty s - d==,- dem (dom), and varinace-reducedo
i.

period. A significant increasing trend in quarterly data (dashed use), and beenr trends for outsidal communities !
*speacs number was evident at EF and GN during berose and aner Unit 3 operation at MNPS. {

2-unit operation, and resulted from high species !

richness evident at most stations during the period Community Domm, ance
,

*
.

1984-87. During 3-unit operation, there were no i
significant trends in species richness evident at EF, Dominant taxa identified in infaunal samples j
GN, or JC However, at IN, there was a significant during 1994 included representatives of the class !

increasing trend in quarterly numbers of species Oligochaeta, the polychaete species Aricidea ;

detected for the 3-unit operating period. carhermac, Medemasrus ambisers, 7haryr spp., i

|
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accounted for more than 60% of all individuals,
'

""
wuanannu and were: Oligochaeta, Protodorvillea gaspeensis,

Tellina agilis, Archiannelida, at EF; Oligochaeta,
$ ,,,, Thanx spp., Mediomastus ambiseta, Protodorvillea
E gaspeensis at GN; Aricidea catherinae, Oligochaeta,
| ,, Mediomastus ambiseta, Tellina agilis at IN; and
g_ W . . .. ., . %. v .w. - y ,g;, ,,,,,, , ,$g,,,,, ,,g,;g,, ,,,g,7;,,,,.

Oligochaeta, Thaox spp. at JC (Table 2). In most

, .

cases, these organisms were dominant taxa in both,

//////////////// 2-unit and 3-unit operational periods.
Year to year shifts in dominant taxa at infaunal

o monitoring stations have been a common
,,,

occurrence over the study period, with 1994 being( ==5 'm **==

no exception. For example, there was a large
S ,. increase in relative abundance of the opportunistic

0 I polychaete Mediomastus ambiseta at GN, IN and
b. . . , , _ , . _ _ JC in 1994, accounting for 18.7%,10.3% and

,.

g,
,

,7, . , , . 30.0% of the individals collected, respectively.
. . .. ....,7..-.- . . , .

Operational means for both 2-unit and 3-unit
periods were on the order of 4-10% at these

//////////////// stations. Another dominant polychaete, Aricidea
catherinae, exhibited notable shifts in abundance
during 1994 relative to operational periods.

.,,,

However, these shifts were less consistent among""'**'a

stations than those mentioned previously for M.g .,
ambiseta. Increases in A. catherinae relativeg
abundance were observed at IN and JC duringg.
1994, with the most substantial increase at IN=

'^w c . ;.w - ~ N. " 'g ,, (24.6% of the total individuals collected duringe. .a, ,

1994, compared to approximately 7% for both' *

operational periods). Conversely, A. cathennae
//////////////// contributed only 2.8% to total abundance at GN in

1994, compared to 19.6% and 13.1% for 2-unit and
3-unit periods, respectively. At EF, A. catherinae,

decreased from 4.1% during 2 unit operation to' " " " * " " "

g ., 1.6% during 3-unit operation, and was not among
the dominants in 1994.g

g. Similar spatial variability in relative abundance
~ - shifts was exhibited by other historical dominantsli

g, _ , . m. .,y.. _

c. .c
.

. . -a .- .i . .. in 1994, including oligochaetes, species of the
polychaete genus Thanx and the mollusc Tellina
agilis. Oligochaete abundances in 1994 werei.

//////////////// higher than both operational period means at GN
(31.4% vs. 20.8% (2-unit) and 23.1% (3-unit)) and

Fig. 5. Quanerty number of specice data (dots), and variance- IN (19.5% vs.11.1 (2-unit) and 8.9% (3-unit)).nduced data (dashed tine), and linear trends for subtidal Oli ochaete relative abundance at JC in 1994,
Ecommunitics before and after IJnit 3 operation at MNPS.

(16.3%) declined compared to operational period
Protodorvillea gaspeensis, Prionospio steenstrupi, means, particularly the 2-unit period (40.8%). At
Erogone hebes, representatives of the polychaete EF,1994 relative oligochaete abundance (40.4%)

order Archiannelida, and the mollusc Tellina agilis. was higher than the 2-unit mean (32.9%) but lower

The top four ranked taxa at each station in 1994 than the 3-unit mean (51.4%). Thanx spp.
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TABIE 2. Mean relative abund=ad (2) and coefficient of variability (CV*) for each of the ten most tbundant taxa couected at the ;

Minstone subsidal stations during 1994,2-Unit operational years (1980-1985) and 3-Unit operational years (19861994). ;
.

1994 2-Unit Period (19801985) 3. Unit Period (19861994) i

hEs&2f E hEs6li E
% % %

EE.llElli

i
Ohgochaeta 40.4 32.9 4.4 $1.4 1.5 s '

phwadarvausa paysouer . 8.1 44 133 8.1 34

Tamine apilir 72 2.9 17.9 3.0 21 4
,

Mia==*Ma 5.9 14 25.2 1.9 324
~ '

Prionoyio manuespl 3.4 1.5 31A 2.1 28.1

Mi , ' 'Ar a6 smear 2.5 1.5 23.7 1.9 15.4--

*f, ' , * r boni6pr 23 1.5 253 la 25.7

Angrases wuforimi 2.2 1.5 29.1 14 28.1

Pampeonosydha longicirrara 1.7 14 18E 2.1 12.9 ,

Pagurut acadanus 14 14 26.2 2.1 12.0

2.4 12.2 3.0 143 |Rhynchomets .

9.0 16.9 2.7 19.87kryr spp -

10E 10.2 3.0 25 3Polycirms carruus -

4.1 20.6 14 ' 26.7Aricidea cahennae -

_t ;' eneiceia 1.6 21.6-

. . .

Scoissona soeuir 1.9 14.7. . .

OyrneneCa neucosa 1A 35.2. . -

Giants Neck
,

Oligochaeta 31.4 20 3 3.9 23.1 23
Thapr opp. 25.0 20.2 2.2 193 4.4

Medianimuur er 6arra 18.7 4A 27.5 5.1 22.9 !

Prosodorvilisa payapuis 3.0 3A 5.5 32 83
Anchies caseriner 22 19.6 5.0 13.1 8A

Esogone dipar 23 2.7 194 3.2 6.4

Pnonagio mermurupi 14 2.0 161 3A 25.7

Te#ina gilir 13 1.5 25A 1.6 32.1 6

!Scoisserna senuir OE 3.1 14.1 33 9.1

Anyelines wodorurn 0.6 1.2 18.5 2.6 233 :

Cgisella spp. 1.8 19.4 12 11.2-
,

1.2 25 3 1.5 25.5 0Anphesse enericana .

Paswus acadmua 13 34 3 1.5 22.7-

Polydora peadrilobana * ?1.7 28.0. . .

Mise #a &aissa . . . 1.4 31 3
r

* Based on log-transformed data

* CV. of the mean estimate = (Standard Ermr/Mean) X (100)
. = Not among the dominant taxa i
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TABLE 2, continued.

1994 2-Unit Period (19801985) 3-Unit Period (19861994)

MEAN E MFAN Q
% % %

19183

Aricidea cathemar 24h 6.7 18.2 7D 16.2

Oligochacts 19.5 11.1 9.4 8.9 10.4

Medomamu ambLsera 103 de 294 43 23.4

TeDina milis 6.7 4.3 15.9 4.2 15B

Esogone hebes 54 3.9 23.1 5.4 18.2

Pmodorvi#es gaspeans 4.4 1.9 23.4 23 19 4
-'- ~ ~

Tharyr spp. 3A 3.9 21 4 43 11E

Micrqphthalmus aberrans 23 1.4 37h 2.4 20.9

Nuculaprorima 1.7 2.6 26.5 4.1 19.4

hiorunpio stemsaupi 1.7 23 283 4.1 27.4

3.9 24.9 33 20.9Cqpite#4 spp. .

2.4 37.1 3.0 203Arqpelisca vadorum -

4.7 27.5 23 23.9Arqpelises wrrilli .

22 24.9 2.2 15.4Spiophanes bombyr .

Gammarus lowencianus - 2.1 42.1 1.5 49.4

2.7 39.5Leptocheiruspinguis . . .

13 57.6Sobe# aria vulgaris . . -

1.4 19.4Maidanidae . . .

23 28.0Omesia fiaiformis . . .

Jordan Cme

Medomasuu ambiscia 30.0 7.2 26 3 9.6 15 3

Aricidea cathemae 21 4 142 6.1 16.6 73

Oligochaeta 163 403 3.9 223 3.7

Tharyr spp. 4.0 4.4 6.7 4.2 4.6

Te#ina agili 3.6 2.2 23.6 11 17A

hionagno me nstrupi 22 1.4 24E 4.9 16A

Scolesema senuis 2.7 4.7 13.1 5.6 6.4

Arqpelixa vadorum 2.5 1.1 30.1 1.4 40.1

Nucula proums 2.1 13 13.1 28 15.2

Emgant hebes 1.6 1.5 29.9 la 123
'

1.5 343 3.6 28.7Leptocheiruspinguis .

2.2 17.9 2.1 20.0Cqphella spp. .

Polpirrus exuruus - 43 14.2 4.5 13.7

1.5 22.6 2.7 18.4Microphahabnus abarara .

. . . 1.5 122Canura longocirrata
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increased in relative abundance at GN during 1994 abundance and numbers of species time-series.
(25.0% compared to means of 20.2% and 19.3% For a review of the general emlogy of these
for 2-unit and 3-unit periods, respectively). dominant taxa, refer to NUSCO (1992).
Abundance levels of Tharyr spp. In 1994 were more
consistent with operational period means at IN and 011gochaetes - Oligochaetes were ranked first in

JC. Tharyr spp. relative abundance at EF overall abundance during both 2-unit and 3-unit ,

ldecreased from 9.0% during 2-unit operation to operating periods, accounting for 11-41% and 9-
2.7% during 3-unit operation; this taxon was not 51% of total individuals, respectively (Table 2).
among dominants in 1994. More subtle changes Oligochaete abundances during 1994 were
(2-5% increase) in abundance of the mollusc generally highest at GN (48-88/ core) and EF (38- ,

Tellina agilis, relative to operational period means, 75/ core), lowest at IN (2126/ core) and
were observed at EF and IN in 1994, while 1994 intermediate at JC (24-67/ core). These densities
abundance levels at GN and JC were mmparable were within the ranges of densities for previous -

to their respective operational means. study years (Fig. 6a-d). .

Other organisms, noted historically for more Trend analysis of operational period oligochaete
site-specific dominance, exhibited notable shifts in abundance time-series revealed an increase at EF,

'
relative abundance in 1994. Some examples and a decline at GN during 2-unit operation (Fig.
include the polychaete Polycirrus crimius, which 6a and b). Trend analysis for the 3-unit period
was among the dominant taxa at EF and JC during indicated a significant increase in oligochaete
both operational periods, but was not among the s.bundance at IN (Fig. 6c), and a significant
dominants at either site in 1994. Sitnilarly, two decrease at EF. At GN and JC, oligochaete
species of the amphipod genus Arrpelisca (A. abundarce has remained at a consistent level
vadorum and A. verrilli), most typical of IN during 1.le 3-unit operating period (Fig. 6b and d).
collections during both operational periods, were
not dominants at that site in 1994. h acidea cathermae - A. catherinae was among the

Much less common than annual fluctuations in doraisant taxa at all stations during 2-unit
relative abundance were differences between g.sation, and at all stations, except EF, during
operational periods. In fact, relative abundances of the 3-unit operating period (Table 2). Quarterly
dominant taxa between operational periods have average densities during 1994 were lowest at EF
been consistent, with few exceptions. For example, and GN; 1-3/ core and 4-9/ core, respectively.
oligochaetes continued to be the most common Highest quarterly abundance estimates occurred at
taxon overall during 3-unit operation (accounting JC (45131/ core), with intermediate abundances at
for 8.9 to $1.4% of individuals), as they had been IN (3-44/ core). All 1994 densities at GN were
during 2-unit operation (11.1 to 40.8%); however, lower than any recorded previously during the
as discussed in the previous section, oligochaetes study period for that station (Fig. 6f), and
were more abundant at EF and less abundant at December, March and June densities at IN were
JC during 3-unit operation. Most stations were the highest observed at that site (Fig. 6g).
characterized by one or more clearly dominant taxa Densities at EF and JC in 1994 were within the
(oligochaetes at EF, GN and JC, Aricidea range of previous study years (Fig. 6e and h).
catherinae at GN and JC and 7haryr spp. at GN) ne average quarterly abundance of Aricidea ,

during both operational periods. At IN, however, catherinac exhibited several trends over both 2-unit
mean relative abundance of any single taxon rarely and 3-unit operating periods (Fig. 6e-h).
exceeded 10% during either operational period. Relationships among operational period trends at .

EF and IN were similar; at both sites, abundance *
Dorninant Taxa ofA. catherinac significantly declined during 2-unit

operation, and significantly increased after Unit 3
*

Eight infaunal taxa have been identified as being start-up. Abundance of A. catherinac also
affected or potentia!!y affected by construction and increased at JC during 3-unit operation.
operation of MNPS. Trends in the abundance of Conversely, abundances have significantly declined

these taxa were examined using the same at GN during 3-unit operation,largely due to low
techniques as those applied to overall community densities in 1994.
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Fig. 6. Quanerty abundana data (dots). and variance 4cduced data (dashed line). and linear-trends for seleaed dommant organisms
comprising Millstone subtidal communities before and after Unit 3 operation at MNPS.
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Maa--==an sm66sss - M. ambisera exhibited a 7herys spp. - 7haryr spp. were among the
pulse in abundance at three of the four sampling dominant taxa at most stations during 2-unit and
sites in 1994 (Fig. 61-k) similar to the area-wide 3-unit operating periods. 7haryr spp. exhibited
pulse observed during the period 1984-87 at all high variability among sampling stations, with 1994.

stations (NUSCO 1992). Highest densities were quarterly densities (Fig. 61-o) lowest at EF
recorded at JC in 1994 (77-131/ core), followed by (approximately 1/ core), highest at GN (34-59/ core)

GN (27 52/ core) and IN (717/ core). None of the and intermediate at IN and JC (5-6/ core and 13- i

abundance trends at these stations during 2-unit 16/ core, respectively). At the GN reference
operation were significant; however, in spite of station, 7haryr spp. densities have been
increases in 1994, a significant decreasing trend, consistently high, ranking second and during both , !
noted after 1993 at GN (NUSCO 1994), was still operating periods and 1994 (Table 2). At IN and ;

apparent with the addition of the most recent data. JC, 7haryr spp. ranking was also consistent, but at [
! No similar pulse in M. ambisera abundance was a lower level over the entire study period, '*

observed at EF, as this species was not among the including 1994. 7haryr spp. was not among the !,

dominant taxa collected there in 1994 (Table 2). dominant taxa at EF in 1994, while ranking third !
Iand sixth during 2-unit and 3-unit operating ,

periods. respectively.
Results of trend analysis on 7haryr spp._,

=== = 0 abundance during 2-unit operation indicated a !
~ ~ ' * " "

g ., significant increasing trend at GN and JC. Trend
analysis of 3-unit operating data indicatedg .

g. ., p.g |\ , .f. significant trends in 7haryr spp. abundance at all
q fg w m, /* sites, with a decrease detected at EF, and increases '

a .

I. * 7., r/ i.' at the remaining sites.

Polycirrur saimlar - P. crimius has been among f
* '

.

//////////////// the dominant taxa for 2-unit and 3-unit periods at !
two stations: EF (ranking second and third, !

uu, ;) respectively) and JC (ranking sixth in both periods; ;"

Table 2). This species was not among the
$~ dominant taxa collected in 1994, with quarterly ,

I mean densities of approximately 1/ core for each {|" |g. g sampling period at EF and a range of quarterly :
*

f- '',

t' mean densities of 2-4/ core at JC (Fig. 6p-q). These i* '
**

O ! densities weie among the lowest recorded at EF, i

T.'t ' /.N V.y,/ P J !
,

h' and were also relatively low at JC, Trend analysis,.

//////////////// indicated significant increasing densities at both I

stations during the 2-unit operational period. t
'

However, significant increasing trends in P. crimius-
~~ * '

abundance at both sites during 3-unit operation ,

[- noted in previous reports (e.g., NUSCO 1993,
t 1994) were no longer apparent with the addition of |

$= 1994 data. Historically, P. crimius has exhibited *

. ,% both seasonal periodicity and regional long-term*
- s ,

p.
' . , . " (,'%-C.-M% - [

cycles at all stations except IN (NUSCO 1993).** '

,
~

. ,, ,

////////////////

Fg. 6, continued.
,
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Fig. 6, continued.

.t. sum .) Scousses saamis - S. senuis was a dominant"

component of infaunal communities during the 2-* - * *

E" unit and 3-unit operating period at GN (ranking
E sixth and seventh, respectively) and JC (ranking
|, fourth for both periods; Table 2). Average

| "' .8 densities during 1994 were 2 3/ core and 6-13/ core
at GN and JC, respectively (Fig. 6r-s). Thesea .

:- densities were within the range of density values-

, -_ _- .g_

//////////////// from previous years. At both GN and JC, an
_

increasing trend was observed during 2-unit
operation, likely due to low abundances of S. senuis
at the beginning of the time series at both sites.

mi aw m .) Abundan.es continued to decline in 1994 at GN,"

with the significant decreasing trend for the 3-unit" - * *e
$ '" period, first noted last year (NUSCO 1994), still
I apparent. Abundances at JC have been more
| ,, consistent during 3-unit operation, with no*

, - significant trend detected over that period.|" m .. 'v, , - ,.,.w.,*
,

muu. ,.,, u - A gospeensu was. -

,,

//////////////// among the dominant infaunal organisms at EF,
ranking fourth and secx>nd in the 2 unit and 3-unit

Ft. 6, continued. 8Perating periods, respectively (Table 2). A
gospeensis was also a dominant at GN, ranking
fifth during each operational period. A gospeensis
rankings during 1994 were similar to those
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observed over both operational periods at EF and |

GN (second and founh, respectively). Similarly,
quarterly valum - were within the range of
previously reported values, averaging 816/ core at

__

') EF and 2-13/ core at GN (Fig. 6t-u). Signi5 cant
-

ma5 ** =
~~ increasing trends occurred at EF and ON during

g ., the 2-unit operating period. Abundance of P.g
garpeaui. signi5cantly decreased at ON during the ;

l. 3-unit period; no trend was detected at EF during |
. i _t c , f, g 3-unit operation. Until 1994, densities of this s' |

#,".'*
w,- i q, species were steadily increasing at EF, resulting in j

"

,

a significant trend (NUSCO 1993,1994). ;'* *
-

//////////////// i*

Nacmispresims ' Ibis small bivalve was a minor, , ;

but consistent, component of the infaunal !

jcommunities at IN and JC over both operational ,,,,

da""" ," periods, typically ranking sixth or lower (Table 2). ;*)
_

g ,. N.prarima was among the top ten dominants at IN [
and JC during 1994; quarterly mean density ranges ,g

g. were 1-6/ core and 5-12/ core, respectively (Fig. 6v- |
w). Quarterly densities in 1994 were within the !

*
B - .. . .

I. -g [7.^* .\,fr.^:I.i range of those recorded in previous years. No !'

, :r*f t y signi5 cant trends were observed at either IN or JC
'

;

during 2-unit operation. During 3-unit operation, j
//////////////// N.prarima exhibited a decreasing trend at IN, and

conversely, an increasing trend at JC. |
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Cumulative Abundance Curves =

,, -
r

,, ' ,, . ' ,, '- Cumulative abundance curves (Fig. 7) were used y
' ? L o characteriae and compare infaunal communities gt

Lat and station sampled over the 2-unit and 3-unit r
"'

operational periods. At EF and JC, the location
parameter (i.e., percent contribution of the top trrtuon suonos
ranked organism) was significantly different iseo-as.s no4

' " '~'**D * **between the two operating periods, reDecting
' danges in the overall contribution of the

*
*== lamas. tason (oligochaetes), and the overall . i 3 . c,

mmw wmots amshape of the curves were significantly different
between the 2 unit and 3-unit operating periods. | ,,,
There was no signifiant difference in the shape 8
parameter between the 2. unit and 3-unit periods at E

'.ON or IN, and the lomtion parameter was g ,/
different at GN, but not at IN. This relative /E ,, '

- similarity reflects the consistent contribution of
cligochaetes, Aricidea cachermac and naryr spp. at ,/ cwas wcx suonos

GN, and of oligochaetes, A. carhermac and ''$-egsoi
Mediomastus ambisera and naryr spp. at IN. The
lower position of the 3-unit curve at JC reDects a ..
shift toward increased equitability in the *

' mTund Loc or s/tcits ad
*

. d'?tribution of taxa. In contrast, the high starting -

point of the 3-unit EF curve indicates the -

cumerical dominance of the top ranked taxon, /
cligochaetes, during that period. The low starting f f'
point of the IN curves in both operating periods y /
indicate that no single taxon was overwhelmingly y* /

'

dominant in either period (see Table 2). g
-

$ iseo-85= solid
Cassification and Cluster Analysis inse-e4-o o

*
In the previous sections, temporal trends in . , a 3 . .

mms w mats nmab:ndance of selected species at stations in the
vicinity of MNPS were related to construction and | ,,,

_

,f''',.-operation of the power plant. Each of these 8
species exists in a complex community, affected by E /
competition, predation, and other biological and $ ,/
physical structuring factors. Therefore, /,,

development of the benthic infaunal community at /-

b / .ontuicon suonoeeach sampling station was examined by calculating
the Bray-Curtis similarity index for each pair of $ / j'g g Q
annual collections, using the abundance of all
species that contributed at least 0.5% to total ,

abindance, then generating a clustering * i
mTundtoc or s8teits nd

'

dendrogram for each station (Fig. 8).
At Effluent, three groups of annual collections

. ere apparent at a 65% level of similarity. Group Fag. 7. Cumulative species abundance curves based on the tenw,

I consisted of collections from 1980 through 1983, most abundant organisms collected during the 2. unit (1980

; characterized by high densities of Ariciden 1985) and 3-unit (19861994) operational penods at MNPS.
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catherinae and Polycirrus ezimius, and relatively low abundance of Nuculapratima, Aricidea cathennae
numbers of oligochaetes. Group II (1984-1988) and Prionospio steenstrupi. In contrast, Group II
was characterized by decreased abundances of P. (1987-1994) was distinguished by relatively low
crimius, and increased abundance of oligochaetes, densities of Af. ambiseta and oligochaetes, and
Tellina agilus, Leptocheiruspinguis, and Ampelisca higher abundance of N. proxima, A. cathennae and
spp. As discussed in other sections, this time P. steenstrupi. Additionally, Leptocheirus pinguis,
period encompassed the period of maximum Scoletma tenuis and Protodorvillea gaspeensis have
sediment scour associated with opening the second become relatively more abundant in recent years.
quarry cut and Unit 3 start-up. All annual As discussed previously, the shifts in community
collections made at Effluent since 1989 (Group structure were associated with deposition of
III), including 1994, have exhibited high within- sediment in Jordan Cove since Unit 3 began
group similarity (>75%); the relatively stable operation.
environment in recent years has allowed
development of a benthic infaunal community Discussion
characterized by relatively high densities of
Parapionosyllis longicirrata, Prionospio steenstmpi, Infaunal studies in 1994 continued to monitor
Protodorvillea gaspeensis and Caulleriella spp. soft-bottom community response to varying levels

Giants Neck, a reference site unaffected by and types of impact associated with MNPS. De
MNPS operation, exhibited the highest among- degree of impact at these sites can be described as
group similarity, with all annual collections occurring over a disturbance gradient. The critical
clustering at >65% similarity. At a 70% level, two baseline for this gradient, from which impacts can
groups were apparent; Group I (19801985) was be assessed, is an unimpacted community (GN)
characterized by high abundance of Pharocephalus responding only to naturally occurring = - - --

holbolli, Polydora caulleryi and Pol > cirrus etimius, environmental conditions. The next level of
and Group II (1986-1994), by high densities of impact is community change in response to short-
Polydora quadrilobata, Prionospio steenstrupi and term disturbance events, such as dredging at IN
Exogone dispar, and decreased abundance of P. and silt deposition at JC, after which post-impact

| holbolli. Consistently high abundance oligochaetes community development and recovery under more
| and Tharyr spp. in all sample years contributed to natural conditions occurs. Impacts to the infaunal

the high among-group similarity. community at EF, resulting from long-termI

In contrast, annual collections at Intake exposure to discharge scour and temperature
| exhibited low among-group similarity (<45%), effects, is continuous and ongoing, and defines the

influenced by the dissimilarity of Group I (1984- disturbance extreme for these studies.
1987) to the other years. He infaunal community Classification of local infaunal wrnmunities on
in this period was strongly affected by the Unit 3 this impact disturbance scale (i.e., unimpacted to
cofferdam removal and intake dredging, and was continually influenced) was accomplished through
characterized by high abundance of the identification of structuring mechanisms that
opportunistic polychaete Afediomastus ambiseta, produce characteristic fluctuations in species
and low densities ofAricidea catherinae and Tharyr composition, abundance and dominance. However,
spp. Collections from the years prior to this the first step in this process, i.e., separation of
period (1980-1983; Group II) had included higher naturally induced physical and biological
abundances of A. catherinae and Erogone hebes, mechanisms, including naturally varying levels of
and fewer Af. ambiseta; collections from recent mortality, recruitment, competition and vagaries in
years (1988-1994; Group III) were also local physico-chemical conditions is often difficult
characterized by high densities ofA. catherinae and (Watling 1975; Flint and Younk 1983; Nichols
E. hebes, but Af. ambisera, 7haryr spp. and 1985; Watzin 1986; Rees and Eleftheriou 1989).
oligochaetes were relatively abundant, as well. An attempt has been made here (through modeling

Collections from Jordan Cove clustered into two and regression analysis) to more accurately
groups at a 70% similarity level. Group I (1980- separate and assess the contribution of some
1986) was characterized by high abundance of natural factors reported to cause differences
Afediomastus ambiseta and oligochaetes, and low observed in local benthic communities, and thereby
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help isolate other factors possibly related to is evident. In particular, increases in the
construction and operation of MNPS. abundance of organisms mmmon prior to 1983

Fluctuations in sediment characteristics and (e.g., oligochaetes, Aricidea cathennac; Fig. 6c and

community composition have been observed at all g), with mncomitant decreases in abundance of
study sites to some degree, with the highest overall Nucula prarima (Fig. 6v) and other opportunistic
stability in these features noted at GN. Aside species (NUSCO 1993) indicate that a recovery
from the high silt / clay content in March (and process has matinued through 1994. However,
concomitant low mean grain size), sediments other species which have established post-impact
collected at GN in 1994 were similar to previous populations, such as 7haryr spp. (Fig. 6n),
years. Similarly, overall community mmposition at maintained a degree of dominance in 1994, which 1

GN has been remarkably consistent over the study suggests that recovery at this site is not complete.
period; this site was numerically dominated by the Changes such as these are typical of those in ,

same five taxa (oligochaetes. Tharyr spp., Aricidea marine benthic communities following disturbance
catherinac, Mediomastus ambiseta, and (Kaplan et al.1974; Swartz et al.198&, Nichols *

Protodorvillea gaspeensis) in generally the same 1985; Berge 1990).
rank order and relative abundance during both 2- Relatively rapid changes in sediment #

-

unit and 3-unit operational periods (Table 2). characteristics were also observed at JC following
Along with providing documentation of long- Unit 3 start-up, resulting in changes to the

term stability of local infaunal communities under infaunal community there. In 1986, silt scoured
natural conditions, data from GN have proven from the area of the Unit 3 discharge settled at JC,
useful in substantiating area-wide shifts in species increasing silt / clay content of sediments in this area
abundance and community structure. These (Fig. 2). These substratum changes resulted in
included large increases in abundance of the decreased abundances of the previously dominant

opportunistic polychaete, Mediomastus ambiseta, oligochaetes and the polychaetes,Polycirrus erunms
and the amphipods, Leptocneirus pinguis and and Aricidea catherinae (NUSCO 1988a). His
Ampelisca spp. which occurred over several years depositional event likely occurred over a relatively
(1983-88; NUSCO 1989), as well as annual pulses short period (months), and its impact has evidently
in species abundance such as occurred for the lessened since 1986. For example, abundance ofA.
spionid polychaete, Prionospio steenstrupi in 1992 catherinae continued to increase in 1994 to levels

(NUSCO 1993). Dese increases could not be comparable to those observed during 2-unit years
explained by changes in site-specific sedimentary or (Fig. 6g). Other possible signs of community
regional climatic factors (NUS^O 1989, 1993); recovery discussed in previous reports (e.g.,
however, because these changes occurred at all rebounding abundances of oligochaetes and P.

| stations, including the reference site GN, their crimius through 1993; NUSCO 1994) were less
'

cause was assumed to be independent of power evident after 1994 sampling (Table 2; Figs. 6d and
plant construction or operation. Similarly, a 6q). Lower abundances of these two taxa in 1994
notr*4e pulse in abundance of M. ambiseta were probably due to the long-term persistence of
occurred again in 1994 at GN, JC and IN, some of the deposited silt / clay at JC, or to new
indicating an area-wide phenomenon. siltation resulting from shut-down/ start-up cycles of

Power plant related impacts on infauna were the MNPS units. Another indication of slow *

observed at IN, JC and EF. The impacts at JC and community recovery is the continued high
IN were of short duration (months or years), and abundance of the opportunistic mollusc Nucula *
their overall effects have lessened over most of the prarima relative to pre-impact levels (Fig. 6w), a
3 unit operating period. Impacts were noted trend similar to that noted previously at IN. These e
earliest at IN, and were associated with observations are consistent with those of other
disturbances resulting from dredging and coffer researchers studying the effects of siltation on s

dam removal during Unit 3 construction from benthic infaunal communities (Rhoads and Young

1983-85 (NUSCO 1987). Since that time, 197&, Jumars and Fauchald 1977; Turk and Risk
sediments (primarily silt / clay content levels; Fig. 2) 1981; Mauer et at 1986; Emerson 1989; Brey
have stabilized and have become more similar to 1991). Another notable trend in 1994 at JC is a
pre-impact years, and ongoing community recovery substantial decrease in silt / clay content in the last
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two sampling quarters (March and June; Fig. 2), composition). De unimpacted site at GN
with the June value the lowest recorded in the 3 continues to exhibit stability in terms of the
unit period. Further monitoring should document sedimentary environment and infaunal community
any effects this trend,ifit continues, has on future structure. Some stability in these parameters has
infaunal community development and recovery. also been noted in recent years, including 1994, at

Active disturbance processes continued to affect sites impacted by short. term episodic disturbance
both the sediments and the infaunal community at events (e.g., dredging and construction activities at
EF. Increased grain size and decreased silt / clay IN, and siltation at JC). Community recovery is
levels were still evident at EF during 1994. ongoing, but not complete at either site. Long-y
However,it appears that in recent years, sediment, term continuous effluent scour at EF remains a
community and species parameters have stabilized dominant structuring factor on both the
under the new environmental conditions created by sedimentary environment and infaunal community,.

the 3-unit discharge. Silt / clay content levels in EF and is expected to maintain this dominant role,
sediments were the highest observed since scouring throughout MNPS 3. unit operation.
effects were first noted and were similar to levels

I observed during the 2-unit period. Oligochaete References Cited
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